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NATURE STUDY.
James Mills, M.A.. LL.D.

Most people look at many things which the}' do not see, and hear
many sounds to which they pay little or no attention. There are, for

instance, many intellig'ent Canadians who have been looking- at ash and
elm trees all their lives, and they could not describe the bark, leaves, or

general appearance of these two kinds of trees, so as to distinguish one
from the other. They have also, no doubt, noticed half a dozen or more

I ^K^-

W'IMa
Fig. 1. What birds are these ?

What trees are these '?

species of birds in their fields or lawns from year to year, and have heard
them sing very sweetly, and yet have little or no knowledge of most of
them,— their color, markings, songs, or habits.

The aim of nature study is to interest men and women, and especi-

ally boys and girls, in the natural objects which they look at, handle,

taste, or smell from day to day, in order that they may acquire the habit
of observing closelv, and so get all the pleasure possible out of their
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surrounding's in life, and find their daily duties less irksome, and iifather

information that will he helpful to them in overcoming dilliculties and in

working" for a share of the necessaries, comforts, and luxuries of life.

The materials for nature study are everywhere,—the soil, the plant,

and the animal ; and the judicious study of soils and soil formation, or

useful and troublesome plants, or noxious and benelicial insects— first,

as objects of beauty or interest in themselves and afterwards as things

which are useful or troublesome to man— opens up a field of unending
pleasure and profit to the average boy or girl.

The eyes, ears, and other organs of sense in children are wide awake
and keenly attentive ; and the one thing needed is nature-loving, well-

trained, competent teachers in the Public Schools, to direct and develop

ihe love for natural objects which is so strong from infancy to twelve or

fourteen years of age.

One of the best aids -in fact the ever-necessary handmaid

—

of

nature studv is drawing. Nothing contributes more to exact and reli-

able information, say in the study of plants and insects, than an attempt

to draw a representation of the object or organ under examination. All

parts and the arrangement of parts, with every angle, curve, and peculi-

arity, must be noticed and represented in some way ; and I regret to sa\-

that there is nothing in which our Canadian teachers and schools are

more deficient than in this important branch of elementary education.

Bovs from England are far more proficient in drawing than Canadian boys

and girls ; and those who have given any attention to the subject, know
what excellent work is being done under this head in some of the leading

cities of the United States (say Boston, New York, and Philadelphia),

where everv teacher, in almost every division from the kindergarten up,

teaches drawing. The children at school in these cities are taught to

describe by some kind of diagram or drawing nearly everything they look

at or read about ; and the results are very satisfactory,—far beyond what
one would think possible in a Public School course.

Those who have had experience, almost without exception, say that

nature study, properly pursued, does not interfere with ordinary schocil

duties. On the contrary, it breaks the monotony of school routine and
increases the interest in the regular school studies to such an extent

that the most and best book-work is done where a little time is given every

week to the examination and study of some portion of the great world of

nature around us.

This Bulletin is, we think, the first formal attempt in the Province

of Ontario to present items of information and simple, common-place
incidents regarding natural objects, in the hope of interesting some of our

young people, and inducing teachers to undertake such work in the

Public and High Schools of the Province. These simple stories are, no

doubt, very imperfect ; but they constitute a beginning,— the opening up
of a very wide and interesting field for observation and study ; and with

more time and a careful selection of writers according to their special

tastes and aptitudes, we may be able to furnish something nearer what is

required in this important department of educational work



A HANDFUL OF EARTH,

Professor. J. B. Reynolds.

"A handful of earth ! Dirl ! Surely we are not asked to listen to

a story about anything" so common as dirt ! Dirt sticks to our hands and

faces, 'and we are made to wash it off. It clings to our shoes.
_

It gets

onto our clothes, it blows into the

house, and makes the furniture dirty,

and people have to be continually rub-

bing and brushing, sweeping, and
dusting to get rid of it. We should

be very glad neyer to hear of it

agam.

Fig. '1. A handful of earth— in its place.

I fancy I hear many boys and girls

saying this when they see the title of

this story of mine. But stay ! I said

Earth, and what you say is about Dirt.

Earth is very good in its place, but otit

of its place, it is dirt. It is out of its

place when it is on your hands or shoes

or clothes. Then it annoys you and
you call it bad names. There are

other things besides earth that some-
times get out of place and are called

bad names. I have heard it said that

boys and girls are all very well in

their place, which seems to hint that

they are sometimes out of their place. I have known boys, and girls

too, make visits to a neighboring orchard. The owner of the orchard

was a mean old fellow, and when he saw the children in his orchard he

would say, '' Plague on those youngsters : They're at it again." And
he would send someone, or ^o himself, to drive them out, just as you

would brush the dust off your hands. But the fathers and mothers of

those same intruders thought they were pretty good children, and were

proud of them. So with this handful of earth. In its place, that is, in

the garden or field, it is of untold value.

Earth is so common and unlovely, while " birds and butterflies and

flowers " are so bright and beautiful, that all our interest is naturally

drawn to these. But we should know that although the soil has no life

or beauty in itself, yet it supports life, and enables other things to be

useful and beautiful.

The Soil and the Rock.—Take from the field some fine dry earth.

Place a good sized pinch of it on a piece of smooth white paper, and place

under this a newspaper or a piece of thick cloth. Tip the whole so as to

give it a little slope. Then tap this paper with the finger, and you will

begin to see parts of the soil begin to draw away from the other parts.

Keep at this, and you will find some of the soil rounding up in little heaps,

while the rest scatters over the paper. Roll vour pencil forwards and
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Fig. 3. A soil separated, rock grains of niarv sizes.

backwards over this last, pressing- slig-htly upon it, and tap again, until

no more will round up. Then look closely at the little heaps and the
scattered parts. The heaps first formed are made of soil fine as flour.

The next lot of heaps have little grains like granulated sugar. The part

scattered about is sand and lumps. The sand is mostly clear and white,
some of the

grains spark-
ling in the sun
like diamonds
The lumps,
perhaps, are

made of small-

er grains stuck

together, and
do not look
clean-cut and
white like the

sand. Sand, as you well know, is nothing but small bits of rock. Now,
if you hold the little heaps so that the sun shines upon them, you may
see, if your eyes are sharp, very small rock-bits among these too. In

fact, a large part of all soil is rock. When you come to know geology,

you will learn how this rock became broken down into such small bits to

make soil. But for the present we are interested in knowing that the

soil contains rock-bits of many different sizes.

The Soil and the Tree. " But," you say> " many
soils are quite dark in color, while most of this sand
is clear and white ; There must be something else in

soils besides sand grains, or it would not be so dark."

Quite true ; and now we shall see what this is.

Get from the woods, under last year's leaves, some
black mold ; and after it has become dried, treat it as

you did the sample of earth. You will find much the

same separation as before ; but on looking closely at

the heaps and scattered grains of the mold, you will

find two important differences : First, the separate

grains, big and little, instead of being white as the

sand grains were, are all brown or black. Secondly,

instead of looking like rock, these, especially the

coarser ones, look like bits of wood.
Long years ago, before the white man came to Canada, even

before the red man hunted over these hills and plains, the

trees began to grow upon the soil. Year after year, as the

trees grew bigger they drew water and food more and more, from
the soil. The trees were wise, however, and knew that, al-

though the rain that fell might keep up the supply of water that

they needed, yet there was nothing to replace the food they

took from the soil, unless they did it themselves. So they agreed
to give back to the soil as much food as they took from it.

Every year, the maples and the oaks and the beeches dropped their leaves

Fig. 4. Showinn' the
parts tliat the trees
have given to the soil.
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A Sandv Soil.

:-^?i'"'

to the ground. Every tree in the forest now and then dropped twigs and

broken branches. When a big tree died and decayed, it also fell to the

ground, and lay stretched with its arms spreading wide. Slowly but

surely all these things— leaves, twigs and trees,—rotted and passed back

into the form of mother Earth. And thus the mold, which you find so

common in forests, was made.

It is this vegetable matter, or humus, that makes soils dark. It is the

most valuable and enriching part of the soil, and so nearly all the best soils

are dark. The
virgin soil of
Canada, that is,

the soil before it

was cultivated or

cropped, wore a

thick coat of rich

brown mold over
the sand grains

below. Through
many years of
plowing and cul-

tivating, these

two parts— the

humus and the

rock—have
come mixed
gether, just

you found in

earth you
amined. Wood
andleaves are not

the only sources
ofhumus. Straw,

roots, grass, and
clover, if left on
the land, will

finally become
humus.
The Soil and

THE Rain. It was
a dry hot sum-
mer day. In the

fields, the corn

and clover leaves hung limp and lifeless. In the gardens, the flowers

bent their heads, and had hardly strength enough to put forth their buds.

There had been no rain for many days, and the plants had had very

little to drink but the dew that gathered on their leaves at night. So

they were all very thirsty.

That night the rain fell in a long, heavy shower, upon the fields and

gardens. On the steep hillsides it fell, and ran down in torrents to the

be-

to-

as

the

ex-

<"K-. .,.- •*^.

' /V'.

i •~<,:-2<^:-*^J'.-:>

A Clav Soil.

A first-class Garden Soil.

Y\%. 5. Showing- soils, each separated into fine, medium, and coarse grains.
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river below. Upon the gravelly knolls it fell, and trickled quickly down,
down, deep into the ground among the gravels and coarse soil-grains,

and most of it was soon out of sight and out of reach. It fell, too, upon
the clay field, where the soil-grains were all so small and close together

that the rain could not find a way between them, and so the rain stood,

like little ponds and rivers, in the pits and ruts over the field. Lastly it

fell upon good soil, and slowly it soaked away down to the roots of the

clover and the corn and the flowers, and down past the roots to a safe

storehouse below. Next morning what a change ! Even the crops on
the hillside and on the gravelly knolls looked fresh and bright. They
had kept enough of the rain for one good drink at any rate. On the

clay field, the clover stood in danger of having too much of a good thing,

for little patches of water were still to be seen here and there. The good
soil seemed almost dry again. The corn leaves had straightened out, and
every plant in the field was holding its head up straight and strong.

A few days later, and again great

changes. The hillside and the gravel

patch were in as bad plight as ever,—
dry and parched. The wet clay soil,

in the hot sun, had dried and baked and
cracked, squeezing and breaking the

tender roots. The heavy rain and the

hot sun had done bad things for this

soil, and for its litttle nursling plants.

But on the good soil, the crops had
flourished ever since the rain. As soon
as the plant roots and the sun had drunk
up the moisture at the surface of the

ground, the roots sent to the store-

house below the message for more
water. The ready soil-grains below
the roots began to hand the water
from one to another up through two,

three, and four feet, to keep the roots

supplied with plenty to drink. And
so, while the ground above was dry
and dusty, the rain that had fallen into

the good soil many days before, was
still kept on tap, and handed out from
below when called for.

The Soil and the Seedling. In every seed there is a possible

plant, which will produce many other seeds, food for man or beast.

But before the plant can come to life, the seed must be placed in

earth. What sort of earth bed does the seed like best ? Soft, and
moist, and warm. Soft, that is, free of lumps, and fine, and mellow, so

that the earth may lie snug and close to the seed ; moist, so that the

seed may swell and burst, and set the young plant free ; warm, so that

the little plant may be nursed into life.

Imagine now, the little seedling just peeping above ground, and

Fig. 6 The Soil and the Seedling.

'The earth all about the roots becomes a scene
of life and activity

"



sending- its thread-like roots down into the soil below. If it is a hard
cruel soil, as too many are, it cares nothing- for its little nursling-, and
will very likely let it die. But if it is a kind, good soil, it becomes
very fond of the little plant and does all it can to make the nursling
thrive. The earth all about the seedling becomes a scene of life

and activity. When the plant wants water, — and it is a thirsty
little creature,—the sand grains begin to hand the water from one
to another till it reaches the little roots. As the water passes by, the
humus grains hand out a supply of food and put it into the water.
The earth above the roots is all day long drinking in warmth from the
sun's rays and handing it down to the roots. When the winds blow and
try hard to tear the little plant out, the soil-grains cling hard to the roots
and hold them fast in their place. So, you see the soil has all to do
with the roots ; what it does is out of sight, and therefore, often out of
mind. Yet it is well to remember that the usefulness and the beauty of
the grass, and shrubs, and trees come in great part from the earth
about below their roots.

The flowers, still faithful to the stems,
Their fellowship renew'

;

The sten s are faithful to the root,

That worketh out of view
;

And to the rock the root adheres
In every fibre true.— Word^n-orth.

The woorlen plow of the early settler.



THE STORY OF PLANT ROOTS.

Professor Melvillk Gumming.

Pull up a plant, and you will notice three distinct

parts— the leaves, the stem, and roots. The stem

and the leaves are the parts above the earth ;

the roots, the part that is buried in the earth.

To the tarmer, the roots, being the part in the soil,

are in many ways the most important part of the

plant. Sometimes he grows such roots as turnips, car-

rots, and beets for his own use, and then, of course,

they are very important ; but even when he grows hay
or wheat or corn, he can do so only by preparing a good
soil in which the roots may grow. With all his intel-

ligence he cannot affect the sunshine and the air which
surrounds the stem and leaves ; but he can by good
cultivation so improve the soil that the roots can de-

velop in the very best way, and by improving the

growth of the roots he can improve the growth of the

Fig. 7. Corn Seedling, show- other parts of the plant. Since we are going to
ing leaves, stem, and roots,

^^^^j^. ^^^ ^^^^^ ^^^^ ^^^ farmer's standpoint, we will

dig down into the earth and see what we can ot the roots of plants.

What are the roots in the ground for ? They hold the plant in place.

Have you ever walked against a heavy-blowing wind and felt its force,

sometimes so strong that you could scarcely stand up ? If you have, you
can in part imagine the force with which the wind sometimes blows

against a tree that is ten or fifteen times as big as you are. The roots

of a large oak or maple or pine tree must be very securely fixed in the

ground to stand the great strain from such winds ; and although most
of the plants grown on the farm are very much smaller than trees, yet

even they must be very securely held in the soil by their roots.

Not only do roots serve as anchors, but also as the feeding and
drinking organs of plants. Plants, as well as animals, must have food

and water in order to live and grow ; but, unlike animals, they have
more than one mouth through which to take in food and drink. By
means ot their roots they take in all the water they need and all the food

which the soil can give them. However, plants do not get all their food

from the soil. Part of it they get from the air, and the leaves are the

mouths for this food. It will be very interesting, a little further on, to

see why these two feeding organs, the leaves and the roots, are so

diff'erently formed.
Yet another purpose do roots serve in the life of some plants. As

you all know some plants, called annuals, live only one year. Others,

called biennials, live two years ; and still others, called perennials, live

many years. Plants belonging to the last two classes must have some
means of stormg up food for the winter months. Perennial plants, such

as trees and shrubs, generally develop strong stems and branches and
store up fo( d in them. But the stems and branches of biennials and

[lo]
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Fi}. 8. The roots of the tur-

nip and dandelion.

some perennials die in the autumn, and these plants store up food
for their future use in their roots. Some of these with which you are

familiar are the carrot, turnip, beet, parsnip, bur-

dock, blue weed, and dandelion If you pull up
any of these in the fall, you will notice that, just

next the stem, they have a larg-e thickened root,

from which smaller roots branch off. This
thickened part of the root is packed full

of food to be used by the plant the next
springy. Often the farmer takes advantage
of such plants and, instead of leaving- the

roots in the earth for the plant's use next
spring, pulls them up in the fall and uses

them for himself or for his cattle. Many
of you, no doubt, have helped to gather
in turnips, carrots, and beets. Some time,

when vou have a chance, leave a few of

these in the ground and see what becomes of them next summer. Before

passing on, I will give you a question to think about. Would you take

the same means of destroying biennial and perennial weeds as you
would of destroying annual weeds ? Some common biennial and
perennial weeds are burdock, blue weed, chicory, thistles, plantain, and
dandelion.

These, then, are the three uses of roots : i. To hold the plant in

place ; 2. To absorb food and water; 3. To act as storehouses of food

for the future use of the plant.

Now, there is one thing I must ask you to notice before going any
further, and that is, that not all parts of a plant beneath the earth are roots.

Some plants have stems growing in the soil ; and many people mistake

these stems for roots. How many of you, for example, would call the

potato a root of the potato plant ? It is

not, however ; and if you will compare a

potato with a carrot, which is a true root,

you will notice some points in which they

differ. You have often noticed the " eyes
"

of a potato. You will not find any such
'* eyes ' in a carrot. These eyes are buds
just the same as, though looking a little

different from, the ones you have noticed

on the stem and branches of a tree.

Besides, if you look very closely, you will find little scale-like leaves just

beside the eyes. These, however, soon rub off and you may not be

able to see them. And then, if you carefully pull up a potato plant on

which the potatoes have begun to form, you will find that the branches

on which they are borne are not branches of the root but of the stem,

appearing just above, that is, in the axil of a leaf. True roots do

not bear these buds or leaves, and they never start in the axil of a leaf.

The potato is simply the swollen end of a branch of the stem and is

called a tuber. Examine in the same wav the Canadian thistle, and couch

Fiff- 9- Showing the eyes of a potato.
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or witch grass, and see if all the underground parts of these are roots
or if some of them are stems.

You have all tried to pull plants out of the ground ; and in doing so,

you have noticed that some pull up quite easily and others with much
difficulty. Pull up, for example, a corn
plant or an oat plant and then pull up
a burdock or a clover plant. Why is it

so much easier to pull up the corn or oat
plant than the burdock or clover plant ?

If you will dig down into the earth you
will see that the clover and burdock
plants have a long main root extend-
ing deep down into the earth, and that

other smaller roots branch off from this

at different depths and extend out into

the earth in all directions, whereas the -^f4^^-:r; -Tj

'1^>^:.

oat and corn plants have no such main
root, having only the smaller roots ex- ^'^

tending out from the base of the stem.

'. 10. Showing the tubers arisinjj from the
stem and quite distinct from the roots of

the potato plant.

Hence the oat and corn plants are much
more shallow-rooted than the clover or burdock. If you will pull up a
number of plants you will find some like the corn and others like

the burdock or clover, some with very deep and others with very
shallow roots. This is one of the many reasons why a good farmer
grows different crops and not alwavs the same crops, or, as it is called,

follows a " rotation of crops " on the same field from year to year. One
year he may grow deep-rooted plants, and these will feed upon the food
that is deep down in the earth, and the next year he will grow more shallow-

rooted plants, which will feed

in another part of the soil; and
thus the plants are not so likely

to use up all the food from any
one part of the soil.

This main root, which vou
noticed in the clover or burdock
is called the primary root. The
smaller roots growing from the

primary root are called second-
arv roots These in turn mav
branch, producing third or

tertiary roots, and so on until

the whole root system of the

plant is formed. When the
Fig. 11. Showing root system of nrimwrv rnnt iv; vprv miirh laro-pr

clover and oats. Note the main root Pilmfl' } rOOl IS \ er\ mucU larger
of the clover extending deep down into than the Secondary roots, as we
the soil and the fibrous or more shal- , , , -^11..^
low roots of the oat plant. have already seen in the beet,

carrot, turnip, and dandelion,

it is called the tap root. In the case of the corn or oat plant, you will

not have noticed any primary roots. As a matter of fact, if you were
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to notice the very early growth of one of these plants, you would see
a primary root which, however, soon disappears and is replaced by
secondary roots springing- partly from the base of the stem and partly
from the lower joints of the stem. These roots are sometimes called
adventitious roots.

But not only will you notice differences in the length of roots in dif-

ferent plants, but you will notice differences in the same plants in differ-

ent soils. Sow some beet seed in a soil that is not
deeply loosened up, and notice how much shorter
the roots are than those grown from the same
kind of seed sown in a deeply-loosened up soil.

This shows you why farmers in growing such crops
as beets, turnips, and carrots always cultivate and
loosen up the soil as deeply as possible.

Again, trace out the roots of a plant, such as
grass, grown in a soil that remains wet for a long
time in the spring, and then do the same with
a similar grass plant grown in a soil that dries out ,

earlier in the spring. You will find that the roots ^=^-2,^- _
of the grass grown in the drier soil, have extended '^^•"*^'::r^^^

down much more deeply into the earth. The reason ^'^- ''•
ro^oroTcorn.'"""°"'

for this is, that roots are no fonder of cold water to

live in than you are, and therefore in a cold wet soil have to spread out
very near the surface. In the drier soil they strike down deeply. Now
watch the effect when the dry summer days come. The plant on the
soil that was so wet wilts away, because its roots are all near the surface
and cannot reach down to the water below, whereas the plant in the
drier soil, unless the weather becomes very hot and dry, can grow easily,

because its roots are down deep in the soil near the water that lies there.
Do vou not see from this one reason for underdraining- fields ?

Once more, trace out for a little way the roots of a grass grown in
what farmers call a rich, mellow soil, and then do the same in a soil that
is poor in plant food. You will find that the roots in the rich soil have
branched very much more than in the poor soil. This is because of the
large amount of plant food in the rich soil. Have you ever seen people
trying to make a lawn ? If you have, you will have noticed that, in some
soils, the grasses remain in separate tufts and do not mat into a good
sod. These are the poor soils. But in a rich soil you will have noticed
that in a very short time, not more than a year or two, a good close sod
has formed, on which you can easily play croquet or tennis or other
games. This is because the roots have developed so much more thickly
in the good soil, and thus have produced a better growth of grass, and
have become more closely matted together, making a firmer sod.

Now, we have observed a lot of different things about roots. Let us
look a little closer at them and see what we can learn about the way in

which they push through the soil, how they hold so firmly to it, and how
they absorb water and plant food. You have already discovered how
very difficult it is to pull up all the roots of a plant without breaking
them. When I tell you that the roots of some clovers have been traced
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down 30 feet into the earth, and those of some trees 100 feet, you will

quickly see that it is not very likely that you have ever seen all the roots

of a plant.

should grow
So if

some

/

Fio^. 13. Showinir root hairs

on seedlini,' of a bean iilant. (a)

natural appearance
;

(b) some
magnified.

you would know all you could about them, you
plants in your own rooms. Take some bean,

pea, radish, or other seeds and place them
between folds of moistened black cloth or

flannel. Be sure to keep the cloth moist.

In a few days the seed will have ger-

minated and the stem and roots will each
be an inch or two long. Now notice that,

about a quarter of an inch from the tip

the root is covered with a fringe of delicate

whitish hairs. So delicate are they that if

you touch them you will destroy them.
These are known as root hairs and they are

the feeding organs of roots. It is very dif-

ficult to see them in a plant pulled out of the

soil, because they have been destroyed by
the pulling out. However, if by the greatest

care, you can pull out a plant without des-

troying them you will find these little root

hairs near the tips or new parts of all the

roots. As the roots grow, the root hairs keep
falling off the older parts and new ones grow

on the newer parts. Hence you will see that it is at the ends of their roots

that plants take in food and water from the soil, and that the older parts

merely serve to carry these up to the stem. How many of you have ever

watered trees growing on your lawn or in the garden, and in doing

so have poured the water just close to the trunk or stem of the tree

where the old parts of the roots grow? If you have,

do not forget the lesson you have just learned ; and
the next time you water trees, pour the water a little

further away from the stem or the trunk, so that it may
quickly soak in to where the tips of the roots are growing.

Take one of the little bean plants when the root is

about ^ of an inch long, and make small marks upon the

root about 1/16 of an inch apart with a pen dipped in

India ink. Wrap the bean in damp cotton wool, allowing

the marked root to be free. Fill a small bottle with water

and place over its mouth a piece ofcard board with a hole

in it. Hang the bean plant through this hole leaving the

root free in the water. Allow it to grow in a dark place

two or three days. Take it out and notice the position

of the marks on the roots. You will find that the marks
near the tip are now at unequal and greater distances apart, whereas
those farther back are little changed in position. This shows you
that the region of growth is near the tip of the root. This is of great
importance in the root growth of plants, because it gives the roots the

power to push their way in and out among the particles of the soil.

Fig. 14. Showing- at (a)

the marks on the root
of the bean plant, (b)

The same marks after
•2 (lays, thus showing
the region of growth.



even into the most difficult places. You h-Ave noticed that roots

are very pliable—easily bent or twisted ; in fact, not unlike threador cord.

It the reg^ion of growth were some distance back from the tip, the root

'1<I
would have the same trouble pushmg- its way through the

soil that you would have if you were to try to thread a small

needle by holding the thread two or three inches back from

the end. I may also tell you, because you cannot see it

without a strong microscope, that each root tip has a sort

of cap or cushion of cells which protects the true living

part of the root in its act of pushing in and out among
the particles of soil. Thus, you see, the little roots by

being so pliable, by having their growing regions so near

FiK.15. Showing the tip, and by having these protecting caps,

''the protectins? are well fitted for growing in the soil. If
eapofaroot.

^.^^^ carefully lift a young wheat or other

plant from the dry earth, you will notice that each rootlet

is coated with particles of soil. These stick closely to

the root, and it takes much shaking, and even washing,

to remove all of them. Thus you see how closely roots,

by means of their fibrous branches and root hairs,

come into contact with the particles of the soil in which

they grow, and hence they have every chance to get

all the food the soil can give them, and, besides, become
so securely fastened in place that it is almost impossible

to pull some plants out of the earth. You remember
that in the very first part of our story we wondered why
roots should be so different from leaves, which are also

feeding organs of plants. You see now that if roots

were shaped like leaves they could never hold so closely

to the particles of the soil.

Roots are certainly wonderfully adapted to their life in

the soil, and, although there are many other interesting
,Jjfi„i.*;;.,,tt'pran!

things you might learn about them, yet I think you have pulled out of dry

learned enough this time to make you take a greater fn^mateVthe roots

interest in even such things as roots ; and, I hope also, come jn t- oh tact
° . .

,
.'

, . , with the particles oi

to make you take a greater mterest m the way m which soil.

farmers prepare the soil for the roots to grow in.

r

I



THE STORY OF A GRAIN OF WHEAT.

C. A. Zavitz, B.S.A.

A grain of wheat is very Tmall. It is much smaller than the smallest

clay marble that I ever made or that I ever saw. In fact it is so small

that a little ant is able to carry it from one place to another. Boys and g^irls

gfreatly enjoy makinof clay marbles. They can become very much in-

terested also in trying" to make grains of wheat out of clay and water.

EveTH with the g^reatest of care and the best of success, however, only

artificial grains of wheat can be made in this way. No person, either

,,/..»,),-

—
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Suse
"Fis. 17. Back view.

asi

Cross section.

tii'i\

Front view.

young- or'old, can make a real grain of wheat; yet a real wheat grain is of

much greater value and is of far greater interest for the boys and the

girls to examine and to study than even the prettiest artificial grain of

wheat which was ever made. Allow me to tell you a few of the many
interesting things about a genuine living grain of wheat.

An average grain of wheat is about one-quarter of an inch in length,

and one-half as wide as it is long. The hairy end is known as the brush

and the opposite end is usually called the base. Along the front side is

a well defined crease or furrow extending the entire length of the grain.

This crease should be narrow and not very deep. The portion on either

side of the crease is called the bosom,
which should be large, plump, and rather

smooth. The backs of some grains are

curved and those of others are actually

humped Most grains have a slightly

wavy appearance along the central part

of the bacK, but some are so plump that

the wavy appearance is scarcely noticeable.

There is still another part to be mentioned,

and that is the rough portion near the base

and at the back of the grain. This is the

covering to the embryo, or germ, or seed

proper. The embryo itself can be readily

Fig-. 18. Grain of wheat sproutingr, four examined if you first sctak the grain of
tajs, m crioun .

wheat in water tor about a day, and then
carefully remove this covering. A grain of wheat is made up of three

principal parts,— the bran, or skin; the endosperm, or flour ; and the

embryo, or germ. The grain should be plump, the skin thin and nearly

smooth, and the germ fairly prominent.

[i6]

Side view. Back \iew.
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The great difference between a grain of wheat and a marble of clay

lies in the fact that the former has life, and the latter has no life.

Nothing- can be done to induce a marble to grow. This is not so with a

grain of wheat. As long as it is kept in a dry condition, it is simply

sleeping. When it is placed in the ground at the right season of the

year and surrounded with the proper amount of

moisture, heat, and air, it soon awakens. A great

change takes place in a very short time. The grain

y

Fig. 19. Plants v>i'0(1uced from arains of wheat
of dififprent sizes, nine days after planting.

Fig. 20. Young plant of wheat, thirteen days
after planting.

absorbs water, the embryo swells and begins to grow, and in a few days

a young plant is produced.

The little plant at first obtains its food from the starchy part of

the grain. As soon, however, as it sends its roots into the soil and its

leaves into the air, it obtains its food from outside sources. The little,

fibrous roots get food from the soil in the form of liquids, and the green

leaves get food from the air in the form of gases. With the proper

conditions, the plant makes a wonderful growth ; and, as time passes,

we observe the formation of several long, slender, upright stems, with

a very interesting and peculiarly arranged head on the top of each.
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An averag^e head of wheat is about throe and a half inches in length.

It is made up of a large number of spikelets which are arranged alter-

nately along the stalk. Each spikelet usually contains three flowers.

The flower is small and is enclosed by two glumes, which after-

wards form the chafl^. These glumes are sometimes blunt and
sometimes elongated into awns or beards. The
very interesting little flower, therefore, cannot
be seen except by opening up the glumes, which

Fi>;-. 22. Spikelet of wlieat. Wheat flower.

can be readily done by means of a sharp knife or

a pin. A small magnifying glass will greatly help

in examining the \arious parts of the flower. The
flower produces the seed which at first is very

small, but which grows rapidly and ripens in three

or four weeks after the formation of the flower.

As the grain ripens.

QQ
QQ

Front \-ie\v. QQQ
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the leaves turn brown
and wither, the stems

or straws change to a

green or lightish yellow

Fi^. 21. Ileadof wheat, natural color, and the glumes
^'^''" become dry and harsh.

From the one seed which was planted, we
have obtained a well ripened plant, which is

ready to be cut, harvested, and threshed, and

will furnish us with straw, chaff, and grain,

all of which are useful.

I have touched on only a few of the

points in connection with the life history of

the wheat. The gernvnation of the seed ;

the feeding of the plant ; the growth of the

leaf, the stem, and the head ; the arrange-

ment of the flower ; the production of the

grain,—are all subjects which are very interest-

ing and worthy of a person's close attention

and careful study.

In view of the importance of the wheat

crop, a large amount of experimental work

has been done at the Ontario Agricultural
_ _

College in order to glean information which may be ot value in mcreas-

ing both the yield and the quality of the wheat of Ontario. The results

of these experiments have been published in bulletins which have been

m

§Q(J)Q

QQOO

000

Fi^-. 23. A head uf wlieat divid-

ed into three part^;: (a) the grains;

(b) the chaff, and (c) the eentre

stem.
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distributed among- the farmers from time to time. Upwards of 300
varieties of wheat have been grown side by side on the College plots.

These varieties possess many variations, and may be classified accord-

ing to the time of sowing, as fall and spring ; according to the

structure of the chaflF, as bearded and bald ; according to the com-
position of the grain, as hard and soft ; and according to the color of the

grain, as red and white. Theie are other classifications also, but the

ones here mentioned are the most common. Certain varieties of wheat
are particularly well adapted for special purposes ; some for the pro-

duction of bread, others for macaroni, and still others for pastry, biscuits,

breakfast foods, etc. For making flour, both the red wheats and the

white wheats are used ; but for tha other three purposes, the white

wheats are used almost entirely.

For the very best results in crop production, a selection of the most
desirable plants from a field of the best variety of wheat should be made.
From the grain obtained from these plants, none but the fully-developed,

well matured, plump, sound grains should be used for sowing, with the

object of producing grain of high quality to be used for seed in the

following year.

As we grasp the meaning of the little verse

" Little drops of water,

Little o-rains of sand.

Make the mighty ocean

And the beauteous land,"

we can better realize how it is that the little grains of wheat make up the

world's production or about two and a half billion bushels, or of Ontario's

production of about twenty-five million bushels annually.

Let no one despise the little grain of wheat, but rather let everyone
give honour where honour is due, and gladly acknowledge its high posi-

tion in the veg^etable world.



THE STORV^ OF A LOAF OF BREAD.

Professor Robert Harcourt.

Every one has seen and handled a grain of wheat. Each little grain

is a store-house filled as full as it can be. In each of these little store-

houses is ever3'thing- that is needed to make our bodies grow. Some parts

are useful in making bone, some in forming flesh, and some in forming
fat, while others are useful in keeping up the heat of the body, and in

giving us power to walk and run. Each grain of wheat contains every-

thing that is necessary for all these different purposes. This is one
reason why wheat is worth so much money and why we grow so much
of it. The people over in England do not grow enough wheat for their

own use ; so we grow some for them and send it across the ocean in big

shiploads

While we use a large amount of wheat, we do not like to eat it until

it has been ground and made into flour. Long ago, when people first

began to grind wheat, they crushed it between any two flat stones that

happened to be near at hand. A little latter

they kept two flat stones speciallv for the pur-

pose, one of which was fixed in the ground
while the other was turned on it Methods of

grinding in pioneer days are illustrated in Fig.

30. When treadmills, windmills, and, later,

water-wheels came into use, the grinding was
done at mills by men who understood how it

should be done. But in all these ways of

grinding, all the different parts of the wheat
were left together in the flour. Later, the millers

found a method of sifting out the coarser parts.

The grinding of the grain and the sifting of

the flour have gradually been improved, until

to-day we have mills covering acres of ground,
and making thousands of barrels of flour each

Fis- 2t. Loiif,ntuiiinai section of day. In these mills, they are able to separate

S^ai™": ltnr!'7c)\%rm fd' the diff-erent parts of the wheat, and can make
Endosperm, the part of the wheat ever SO many difi'erent grades of flour.
from which the flour is made. -.t- ^ 11 1 iiri ^ • ..1 j-rrYou naturally ask : What is the dinerence

between their various grades of flour ? Are they not all made from
the same wheat ? Yes, they are ; but to understand the diff'erence,

we shall have to learn something about the different parts of a wheat
grain. If we cut a wheat grain through from end to end, and place it,

properly prepared, under a microscope, which is a wonderful instrument
that makes things look larger than they really are, we shall see some-
thing like that shown in Fig. 24. If we were to cut the wheat crosswise,

it would appear as in Fig. 25.

Around the outside of the grain, as you see in the picture, there are

several thin coverings. Underneath these, there is a row of cells tightly

[20]
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packed toi^fether, called the aleiiroue cells. These outer layers and the

row of cells taken together form the greater part of the bran. The little

eg-g--shaped part at the bottom of the first picture is the germ from which

the sprout starts when the grain commences to grow. The remainder of

the grain, known as the Eiidospenn^ is made up largely of starch and
gluten. From a miller's standpoint, this part of the grain is by far the

Fig. 25. Cross section of a grain of wheat : (a) outer

coverings ; (b) Aleurone cells ; (c) Endosperm, the

part of the \\ heat from which the flour is

made.

A part of the section more highly magnified

most important ; for the object of milling is to separate the endosperm

from the rest of the grain and grind it to flour.

In the roller-process mills of to-day, the wheat usually passes

through six pairs of rollers before the grinding is completed. In the first,

the miller seeks just to break the grain into pieces. After sifting, the

coarse parts, called the "tailings", are passed on to the next pair of

rollers, where thev are flattened, and some of the floury substance ground

off of them. This is also sifted, and the tailings passed on to the next

rollers where the flour is removed, .\fter the wheat has passed through

all the rollers in this way, the flattened pieces are almost entirely free

from flour, and are classed as bran. ^^ ,-~-~_^
Figure 26 is a picture of a piece or

In all such meth-" scale " ofbran.

first ; and, being i^^^S^^k^-i^cJ-^^^^^^

. particles, it makes '0^^^-^^^^m0n
Fig. ib. A cross section of a piece of bran : (a) outer

covering of the wheat
;

(b) aleurone cells ; (c)

endosperm. Notice that the endospeiui has
nut been all ground off from the bran.

part is rubbed
free from bran
very white flour. This forms the

grade of flour known as "patent."
That got by grinding closer to the

bran is known as the "baker's"
grades. Still closer grinding forms
the low grades of flour. Generally speaking, the more bran particles there

are in the flour, the lower it is graded. The outer part of the wheat, nearly

all of which goes into the bran, contains much more bone making
material than the flour. Because of this, some say that the " patent

"

and "baker's" grades of flour are not so good as the flour made by

the old stone process. The Graham flour is supposed to be all of the
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wheat ground into flour ; but it is hard to grind the bran so fine that it

will not have a bad effect on man's digestive system. To overcome this,

there has been invented a machine which peels off" the outer coat of the

wheat grain. The remainder is ground, and is known as "entire wheat
flour." Such flour is always dark in color, because the gem is ground
with it ; but it contains more bone and fat producing material than flour

made in any other way.

It is very difficult to determine the exact quality of a flour ; but there

are certain general rules by which a good bread flour may be judged
quickly. It should be white with a faint yellow tinge, and it should fall

looselv apart in the hand after being pressed. When put between the

teeth, it should "crunch " a little ; or when rubbed between the fingers,

it should be slightly gritty. As flour is prepared, possibly there is no one

point which determines its quality so much as the amount of gluten it

contains. Some one asks : " What is gluten ? " Have you ever made

Fig. 27.—Loaves of bread made from eiiiial weights of flour : 1. From Manitoba wheat ; 2. From Wild
Goose wheat ; 3. From Michigan Amber wheat.

gum bv chewing wheat ? Nearly all children in the country have. The
gummy part is gluten. If you have ever tried to make gum from oats,

barley, or corn, you have failed ; because these grains do not contain

eluten. It is because wheat contains this substance that it is so much
used for bread-making. If you take a little flour and add enough water

to make it into a stiff" dough, and allow it to stand for an hour, and then

take it between your fingers and knead it in water, you will see the

water get white with the starch that is separating from the dough.

Continue the washing until the starch is all removed. What remains

is gluten. Notice how tough and elastic it is.

Some varieties of wheat contain more gluten than others. There is

also a great difference in the quality of glutens : some are tough and



can be pulled out like a piece of rubber ; others are soft and break when
pulled. The wheat which contains the most gluten of a good, tough

elastic quality, will make the best flour for bread-making. For this

reason, what are known as Spring Wheats are usually better than those

known as Fall Wheats. To illustrate this point, flour was made from

three kinds of wheat—Michigan Amber, one of our best winter varieties
;

Wild Goose, a very hard Spring variety ; and Manitoba, No. I, hard.

These flours were made into bread and a loaf of each lot was photo-
graphed. The same
weight of flour was
used for each loaf.

Fig. 27 shows the

difference in size of

the loaves. Mani-
toba flour made the

largest loaf, because
it contained more
and better gluten

than the others.
Millers call a flour

which contains good
gluten, " strong,"

and one that con-

tains poor gluten,
" weak."
Now that we have

learned something
about flour, let us

see if we can learn something about the changes that take place when it

is made into bread. If you have ever tried to wet flour with water, you

will have noticed how hard it is to get the flour

all wet. That is because the flour is so very fine.

One of the main objects of making the flour into

bread before it is eaten is to separate these fine

particles, so that the digestive fluids ot the

stomach may more easily mix with them. The
baker commences by mixing the flour with water.

He also puts in yeast, or something which will

produce the same effects, and mixes it all together

so thoroughly that the water and yeast come into

contact with each little particle of flour. When
the paste, or dough, containing yeast, is set in

a warm place, the yeast begins to "work," as we
say, and the dough to "rise." The yeast causes

changes, one of the principal results of which
is the production of a gas. This gas, in trying

to force its way through the dough, comes into

contact with the tough elastic gluten which spreads out and holds the gas

in so as to form little bubbles, and thus causes the dough to rise. In

Fig-. 28 —Loaf of bread made from normal flour from which part of the

gluten had been removed. Note the big cracks up through the loaf, from
which the gases escaped without causing the dough to rise.

Fij^ •29.—Lnaf ot lirt'iil made
from normal flour.



24

this way, the fine particles of flour are separated from one another. The
tougher and more elastic the gluten, the better the dough will rise,

and the lighter the bread will be. This is where good gluten is valuable.

Take a slice of bread and examine it carefully. Notice the little

openings or holes in it. These little holes were formed by the gas being

held in by the gluten as just described. If too much yeast is added to

the flour, too much g-as will form, and the openings will be very large,

or the gas may even spread out the gluten so far that the walls of the

bubbles will break. If the gluten is all or partly removed from the

flour, the dough will not rise, because there is nothing to keep the gas
in, and we shall have a loaf like that shown in Fig. 28 and 29.

After the yeast has worked enough, the dough is put into a hot oven.

Here the heat kills the yeast and causes the gas to expand and stretch

out the walls of the little bubbles, or pockets, which it formed between
the particles of dough, and changes some of the water into steam, thus

raisinof the loaf still more. The heat on the outside of the loaf converts

some of the starch into dextrin^ a gummy substance with a sweetish

taste. This is why the crust is sweeter and tougher than the centre of

the loaf. The harder the loaf is baked, the darker the color, through the

changing of some of this dextrin into caramel, which is a form of sugar.

Some bakers moisten the top of the loaf with water, or water containing

a little sugar, to develop caramel, and to give the loaf a darker and richer

color. Both dextrin and caramel are soluble in water ; and, therefore,

they are easily digested. This explains why the crust of bread andtoast

are sweeter than the soft interior of the loaf, and also why they are more
easily digested.



Fis. 30, In Pioneer days.
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THE STORY OF THE YEAST PLANT.

Professor F. C. Harrison.

We have all heard of yeast, but perhaps, not very many know that
yeast is a plant— a very dififerent plant, however, from what we usually
see. It has no stems, no leaves, and no roots ; it is not even g-reen;

it is so small that a single plant cannot be seen by the naked e3'e. In

order to see it, we must use a powerful magnifying- instrument, called a
microscope. If we examined a yeast plant by means of a microscope, we
should see that full grown plants were round, oval, or egg-shaped, and
so small that 5,000 of them placed end to end would be about an inch long.
Figures 31 and 32 will give some idea of the shape of this plant, and con-
vey a hint as to its size, as the illustrations are photographs of yeast
plants magnified 1000 times.

Most of us eat bread every day ; but only few of us stop to think that
we are indebted to the yeast plant in a large measure for the flavour
and digestibility of the "Staff of Life. ' The baker kneads, or mixes, his

flour, water, and yeast and then leaves it in a warm place, which favours
the growth of the yeast. In a very short time, the yeast begins to grow
by feeding upon the sugar m the flour, and in so doing changes the sugar
into alcohol and a gas, commonly called carbonic acid gas, which is

familiar to us all in ginger ale and other aerated drinks.

The gas formed from the decomposition of the sugar by the yeast
plant in the dough, is unable to get out, owing to the sticky nature of the
kneaded flour It is held in small bubbles, the form of which can be seen
on looking at a \ iece of bread, the small holes being the spaces which are
made by the gas bubbles in the dough. The heat in the oven acting
upon these bubbles causes them to expand, or grow large, and thus pushes
the particles of flour apart, so that the loaf when baked is much larger
than the piece of dough before baking.

The alcohol, a liquid formed, as stated above, by the yeast plant
acting upon the sugar in the flour, may be smelt, if an opening is made in

the dough when it has risen ; but most of this substance is evaporated,
or driven away, by the heat in bakmg, and only a very little of it is re-

tained in the bread.

Thus we see that by the action of the yeast the particles of flour are
divided and subdivided, giving a large surface for the digestive fluids to

act upon when the bread is eaten ; and for this reason, bread is more
digestible than cakes made with baking powder or sour milk and soda.

The use of yeast for making bread is very old. We know that the

Jews were acquainted with the use of " leaven," or yeast ; for we read
that Lot " did make them a feast and did bake unleavened bread."

And the use of yeast for making wine is even more ancient ; for we
learn that Noah, the second father of mankind, planted a vineyard and*
made wine.

The Chinese also knew of the use of yeast for bread and wine
making; for about the vear 2000 B.C.Ching Noung, a Chinese philosopher,

[26]
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tauj^ht the Chinese the art ot husbandry, and the method of making
bread from wheat, and wine from rice.

In the process of wine makino^, the grapes, as soon as they are

picked, are carried to a suitable vessel and there pressed. The juice of

the grape, called "must," together with the skins, is then placed in a

large vat ; and the yeasts, which are always present on the surface of

ripe fruit, begin to grow, and in their growth produce alcohol and gas.

This production of alcohol is called the fir^t fermentation ; and when it is

nearly over, the wine passes through a strainer into a cask to undergo
the second fermentation. This cask fermentation lasts for several months,
and during this time flavouring substances are formed which give the

aroma, or bouquet, to the wine. The high price of certain wines is due
to the excellency of their aroma, which is largely a product of the yeast-

plant.

Sometimes injurious forms of } east get into wine, and cause wine
diseases. One of the commonest is a yeast-like plant which changes the

alcohol into vinegar, and gives the wine a sour, or vinegar, taste.

Cider and perry mav be regarded as the wines of those districts in

which the grape does not flourish. Cider is the juice of the apple fer-

mented with yeasts that are naturally present on the surface of the fruit,

and perry is the fermented juice of the pear.

Barley, yeast, and hops are used in the making of beer. The
barley is allowed to germinate, or

sprout, in order to change the starch

of the kernel of the barley into sugar.

This material, extracted by means of

hot water, is the food in which the

yeast plant grows and produces alcohol

and carbonic acid gas.

Other substances are used to give

flavor to the beer ; but the essential

part of the making is the changing of

the sugar solution into alcohol by

means of the }east plant.

Special varieties of yeasts are used

to make diff'erent kinds of beer, as ale,

lager beer, etc. ; and, as in the case of

wine, disease-producing yeasts very

.often appear and produce a cloudy, or
fied, the natural' size "i.eiii- only one-thou- turbid, Hquor, which is disliked by those

II in the fijfure.
, i •

iwho use such dnnks.

From a study ot the changes in bread, wine, etc., we see that

the yeast plant, in order to grow, requires a proper supply of food,

which should consist of a mixture of nitrogenous substances, a certain

amount of carbon (usualh' supplied in the form of sugar), and also

mineral matter. About 20 per cent, of water is also necessary, and a

suitable temperature, between 60 and 90 degrees Fahrenheit. If these

conditions are present, the yeast-plant is able to live, grow, and pro-

duce other yeast-plaiits.

'.^

\V

Fig- 31. Full <;-ro\vn yeast plants greatl.v magiii
fied, the natural size liein

sandth-part of the size show
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The ^east plant consists of a single cell, which, at a certain stage,

sends out a bud from some part of its surface, which graduall)- increases

in size This bud may or may not remain attached to the parent stem.

If it does so, and the old stem continues to send out more buds, a mass
of cells is soon formed ; but, if each cell as it grows produces a bud, a

long chain of cells is formed.

Under certain conditions (moist surface, plenty of air, favorable

temperature, and strong cells), small round bodies from two to eight in

number are formed inside the old cell, which are called spores. These

may remain dormant (that is quiet or asleep) for a considerable length of

time, but will germinate when placed in suitable food. They are usually

more resistant than the cells in the growing condition. Even the

Fig. 32. A wine yeast, showing spore formation,—niagriifica-
tion, 1 000 diameters. From 2 to i spores may be seen in most of

the cells.

ordinary cell lives for a considerable length of time when it is kept dry ;

and the dry yeast cakes, which are sold for bread-making purposes con-

sist of dried yeast cells mixed with starch or ground corn.

There are several hundred varieties of the yeast plant, possessing

different properties, as there are many varieties of apples ;
and as some

kinds of fruit are better than other kinds, so some varieties of yeast

are more suitable for use than others.

Yeasts of different varieties are used in the manufacture of liquors,

such as beer, whisky, wine, cider, etc., and any of these yeasts could be

used in bread making ; but some would require twelve to fourteen hours

to raise the dough to the same extent as another would in seven or eight

hours. Figure 33 shows that some varieties of yeast produce more gas

than others. Thus, the variety in number i tube would be more
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valuable for a baker than the one in number 3 tube, because it produces

more eas : but this variety would not be suitable for other purposes,

—

say for the manulacture ot wme.
In the same wav, a yeast used for the making- of champag^ne would

not be suitable for making- beer ; and such is the influence of the yeast on

the flavour of the product, that very g-ood imitations of certain wines

may be made by g-rowing in apple juice the yeast taken from the wine.

Fig. 38, Feniientation tubes containing flour and water—

1. With addition of a distillery yeast.

2. " " brewery yeast.

5.
" " dried cake yeast.

Note, in the right anns of the tubes, that there is more gas in 1 than

in the others, i-howing the more energetic working of the distillery

yeast. For the same reason, there is more gas in 2 than in 3.

The injurious yeasts are also quite numerous. Besides those we
have already spoken of, we might mention those that produce bitterness,

not only In wine, but occasionally in milk and cheese. These yeasts

grow in milk, feeding upon the milk sugar, changing it into other com-

pounds, and giving rise to an unpleasant bitter taste, which aff"ects, not

only the milk, but the cheese made from it.



THE STORY OF A POUND OF BUTTER.

Professor H. H. Dean.

Mrs. Boss and her neighbors agreed to hold meethigs throughout

the winter, when not busy.
" They also decided to discuss buttermaking

at the first meeting, and this is what a man who understands cow talk

heard them saving :

Meeting No. i. The first to speak was Mrs. Brindle. She said

that it was her candid opinion that all his talk about " pedigrees " and
" butter-blood" did not amount to very much. She thought that if her

owner would look around he

could find, among her friends

plenty of good cows for mak-
intr butter, which had not anv

papers to show their breeding.

For her part, she considered

that blood was of no account.

What she wanted was a cow
that could do something.

Mrs. Black - and - White,

known in higher cow circles by

the name of Mrs. Holstein-

Friesian, or Mrs. Holstein for

short, said she considered that

it was better to give a large

How of milk, so as to have

plentv of skim-milk for the

calves and pigs, as well as what
is used for buttermaking.

Some of the other cows

thought that there was too much to handle to get a pound of butter from

suchmilk. Mrs. Canadian said that some poor farmers could not raise

enough feed to satisfy the ap-

petite of the Drevious speaker,

and she believed that a small cow.

which is a sm^ll eater, is best for

a poor man.
Mrs. Shorthorn, who also be-

louiJ-.s to the high class in cow
societv, argued in favor oi the

cow that gives milk to drink, and

butter to eat ; and if not satisfied

with that, her owner could turn

her into beef. Some of the mem-
bers remarked that combined ma-
chines never work so well as

special ones.

Mrs. Ayrshire said that, as the discussion was on butter-making, she

had little to say, though some of her relations were just as good for

butter as any cows.

[30]

Fi^-. 34. Holstein.

Fi"'. 85. Shorthorn.
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Fig. 36.—Jersey.

Miss Jersey and Miss Guernsey both spoke at once, and stated most
positively that milk rich in fat could be most profitably turned mto butter.
Such milk made butter with the g-olden color, and the firm texture in hot
weather. They also said that it did not cost the owner so much for the

feed to make a pound of butter,

and pointed to "official tests"
to prove their statements.

At this point the other cows
began chewing- their cuds so
vigorously that it was thought
advisable to adjourn the meeting.

No. 2. At the next meeting,
it was resolved to discuss "feed-
ing for butter," and the only
speaker on this occassion was
Old Mrs. Lineback, who hid
man}- years of experience
" browsing" and running around
straw-stacks in winter, and eat-

ing in fence corners and along dusty road-sides in summer. She had
also tried these new-fangled feeds, called silage, gluten meal, cotton-
seed meal, and the like, but her experience was that there was nothing
equal to good, sweet June grass for making buttei. When the grass is

short and somewhat dry, she advised feeding green peas and oats, or a
small quantity of sweet silage, together with bran and oats. In winter,
clover hay, sweet silage, mangels, bran, oats, and peas make excellent
foods for producing butter. She would also emphasize the importance of
plenty of pure water and salt as aids to digestion, and necessary for .n.

good flow of milk.

With these statements, all agieed, and there was no further dis-
cussion.

No. 3. — The third meeting
was a sort of "indignation meet-
ing." The chief speakers on this

occasion were Miss Jersey and
Miss Guernsey. The}' both pro-

tested against being awakened
from a pleasant nap at half-past

four on a winter morning. So
far as they were concerned, they
did not see any reason for their

owner waking his wife and chil-

dren from a sound sleep at that

hour, then tramping to the stable

with a lantern, whose bright

light hurt their eyes very much, and tJiey iveie sure it 7vas spoiling iJ.eir

beauty. They would much prefer having their owner not a\\aken them
betore daylight, as they did not believe it wise to be eating in the d^rk
when they could not see what was going into their mouths. 1 he quantity

Fig. 37.—Guernsey.



32

of milk in their udders never hurt them, if it was a little long"er time be-

tween nig^ht's and morning's milking'. They had also observed that

whenever the Hired Man had to attend to them and do the milking at

five o'clock in the morning, he was usually in a bad temper. He pinched
their teats, and sometimes hit them with the stool, which made them
feel cross and they did not give so much milk, nor did they put so much
fat into it. Mrs. Holstein and Mrs. Ayrshire said, in their case if

they were not milked at regu-
lar hours and the same num-
ber of hours aoart, that the

milk in their udders hurt

them, and they would enter a

strong protest against the
views expressed by the pre-

vious speakers. When, how-
ever, they gave less than two
gallons of milk a day, they

said it did not make so much
difference to them about milk-

ing exactly the same number
of hours apart

Mrs. Tidy-Cow said she would like to make a very strong com-
plaint against being milked in stables where the air was foul, where she
could not keep herself clean, and against owners who made no effort to

improve the cow-houses in winter. She had found that it was better for

the person, when milking, to wipe the udder and teats with a clean, damp
cloth, before commencing to milk, and to milk with dry hands especially

in winter. She believed in milking quickly, milking out clean, and kind
treatment at all times, especially

while milking, as this caused the

cow to give more milk.

Mrs. Cow-Curious would like to

see a milk-sheet, scale, and test-

bottle in every stable, so that she
could see what her neighbors were
doing.

All agreed that it would be excell-

ent, if each one could know how
much milk and butter her neighbors
gave in

FM4. A\ rsliire.

Fig. 39.—Cream Strainer.

a year. Now that their

curiosity was aroused, it was resolved to find out how their milk was
made into butter ; and, if at all possible, they would go into their owner's
dairy, and watch operations.

No. 4.—The next meeting was held in Mrs. Busy's dairy, soon after

milking As there were no chairs suitable for the guests, each one stood
on the floor of the dairy, being careful not to get in the way. It was
also agreed that they talk very little during the visit to the dairy, but
keep their eyes open and see what was done with the milk which was to

be made into butter.
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They observed that the first thing which Mrs. Busy did was to

strain the milk through two or three thicknesses of cheese cloth and a

fine wire strainer, to remove any dirt that might be in the milk.

Some of Mrs. Busy's customers, it was explained to the visitors,

liked butter made from cream set in shallow pans, some liked it made
from cream raised on deep cans set in ice water, and some would have

nothing but separator butter. So all three methods were in use. Mrs.

Boss and her neighbors noticed that the milk from Miss Jersey, Miss

Guernsey, and Mrs. Canadian were set in shallow pans and deep cans,

because the milk from these contained fat in the form of good-sized

globules (balls) which rise readily. The milk from the others was all

run through the separator, which is a machine with a bowl that revolves

very fast, producing centrifugal (flying from the centre) force. The
heavier skim-milk is forced to the outside of the bowl, and the lighter

cream comes towards the centre. The sweet warm skim-milk is fed to

calves and pigs, and the cream is put in a can to ripen (sour), after being

cooled to 65 degrees. The visitors noticed that some sour milk (culture)

of good flavor was added to the cream, which was for the purpose of

producing good flavor in the butter, especially in winter. The cream was
then put into a moderately warm place until next day, when it would be

ripe and ready to churn.

In the meantime, their owner's daughter. Miss Busy, had washed the

separator and the milk pails, and everything was in nice order for the day.

After apologizing for the tracks made on the floor of the dairy, Mrs.

Boss and her neighbors went back to the stable, having learned a great

deal.

As they were leaving the dairy, Mrs. Ayrshire became excited and

switched her tail into the cream can, for which breach of good manners

Miss Jersey and Miss Guernsey gave her a very severe look which

almost made her horns turn down.

No. 5.— As soon as the morning work was done at the farm house,

the churning completed and the butter from the separator cream was
ready for market, Mrs. Busy went to the cow-house to finish her explan-

ations ; because, as she said, she never could churn and get the butter

ready to go to market in time when she had a lot of visitors. Besides,

visitors were a nuisance in the dairy, for they were always in the road

and were poking their noses into everything.

She began by saying that the milk set in shallow pans must be kept

cool, and be set in a clean dry cellar, or milk-house, where no bad flavors

can get into the cream. In twenty-four hours in summer, and thirty-

six to forty-eight in winter, the pans are ready to cream (skim). This

is done by running a thin-bladed knife around the edge of the pan to

loosen the cream. (Mrs. Line-Back said she had always seen this done

with a finger. Mrs. Busy explained that this was not a very clean way
to loosen the cream, and that a knife was much better ) The cream is

then held back with the knife to allow some skim-milk to moisten the

edge of the pan, which prevents the cream sticking to the tin. The
cream is then guided into the cream-can with as little skim-milk as

possible.
3-124
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(At this point, Mrs. Brindle interrupted to say that she had always

heard of a strainer skimmer being- used for taking- cream from pans, but

she could see now that it caused a waste of the cream and was not g-ood

practice. "We are always learning- ! "). The shallow pan cream is then

set in a cool place until there is sufficient for a churning-, when it is

brought near the stove to ripen (sour) for twenty-four hours.

Cream on deep cans (Creamers) may be removed from either the top

or the bottom of the cans. The milk should be set for 12 to 24 hours in

summer, and 24 to 36 in winter for the cream to rise on milk set in deep

cans. Mrs. Busy also explained that it is necessary to cool the

milk as rapidly as possible to 40 degrees, or not more than 45
degrees as soon as convenient after milking, by using ice in the

water. And, by the way, she said that every person who makes
butter should use, not their finger, but a good glass thermome-

ter to find the temperature. The cream is kept in a cool place ;

and, when there is enough for a churning, it is warmed and

ripened in the same way as cream from shallow pans.

The ripening (or souring) of cream is a very important point,

as this largely decides the flavor of the butter. The ripenmg is

caused by very small plants (called bacteria) which grow in the

cream. It is important to have the right kind of bacteria seed

to put into the cream, so as to get proper plants and proper flavor.

Good seed may be bought, or it may drop into the cream

from the air. It is best to buy the seed in pure form at first, then

grow the plants in pure skim-milk. Add some of this to the

cream at each churning, but keep some to put into fresh skim-milk

each time. This you must know is the great secret of nice flavor

Fig. 40. in butter.
Thermom- (Mrs Brindle said to her neighbor that she did not take much

stock in the '• seed " business. She had observed that at most of

the places where she had been, the farmer's wife just let the cream take

"pot-luck," and most of the time the butter could be eaten ; and, if it

couldn't, her owner could always trade it at the store for crackers and

tobacco.)

Mrs. Busy did not take much notice of this talk of Mrs. Brindle's

but went on to explain how to tell when cream is ripe. She said : Use
your eyes, and see if it is thick, glossy, and velvety in appearance ; use

your tongue, and if it tastes slightly sour, it is ripe. Use your nose, and,

if it smells pleasant, it is ready to churn.

Churn rich separator cream at a temperature of about 50° to 52° in

summer, and 52° to 56° in winter. Cream from cans and pans should be

from four to eight degrees warmer than separator cream as a rule. ],"'-[U.:\

We must leave the talk about chiirning until next day, as I hear

Tommy calling for his mother.

No. 6.—Quietness reigned in the stable next day when Mrs. Busy

continued her story of a pound of butter :

The best churn is a simple box or barrel, which is easily kept^clean.

These new style air-churns and churns with patent dashers are no im-

provement. First, scald the churn to fill the pores of the wood with
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water, to prevent cream and butter sticking: to it, and then cool with cold

water. The cream should be strained through a coarse strainer into the

churn to prevent " specks" in the butter. If coloring is used, put it

into the cream at this stage. Close the lid firmly and turn the churn

at the rate of 60 or 70 turns per minute. Allow the gas to escape

through the opening at the bottom of a barrel or box churn for a few

times during the first ten minutes. Continue churning until the butter is

the size of wheat-grains ; then draw the buttermilk off through a strainer.

(Mrs. Boss remarked to a neighbor that she had always seen the

butter churned into a lump, or until the dasher would stand on top of the

butter, before taking the butter out of the buttermilk in the old dash

churn.)

When the butter will not "come," said their Instructor, it is chiefly

because the temperature or heat is not right. Cream which is difficult

to churn will nearly always "come" after warming to 70"^ or 74° and

churning for half an hour.

After the churning is done, add as much water at a temperature of

45° to 50° in summer, and 55'^ to 60° in winter, as there was cream at

the beginning. Then revolve the churn rapidly for about two minutes

and draw off the water. Allow the butter to drain for 10 to 15 minutes;

then add fine butter salt at the rate of about one ounce of salt to a

pound of butter in the churn ; or remove the butter to a lever worker

and add the salt. Work the butter gently with a downward pressure,

until it is free from moisture on the outside, until it is close in appear-

ance, and until the salt is all dissolved. I wish, said Mrs. Busy, to

impress upon you the importance of preparing the butter for market

in a neat and attractive manner. Use a wooden printer to mould the

butter into oblong prints, weighing one full pound, or a little over, then

wrap them in parchment paper, having the name of the dairy neatly

printed on the wrapper. Put the butter in a cold place, and send to

market once a week in a neat shipping box. In summer, use ice in the

shipping box to keep the butter firm. Always send the butter to market

with the best looking and neatest person on the farm. Send none btit

the finest butter to regular customers^ and be very careful ofyour reptitatiouy

were the last words of the teacher.

No. 7. - To-day we shall try to learn what it is that makes good

butter, said Mrs. Busy in her last talk. Flavor is the most important

thing in good butter. Cream which is kept too long (more than three

or four days) before churning makes butter which has an " old " flavor.

The food which a cow eats also affects the flavor of the butter. Tur-

nips, brewer's grains, decayed silage, and some weeds always taint

butter. Butter with good flavor should have a pleasant, sweet taste

and smell, and should make the person eating it wish for more.

The next point is the grain, or texture, which should not be too hard,

nor yet too soft or greasy, or salvy. Butter should spread nicely on

bread, and then it is nearly perfect in texture. The color should be even

— free from " mottles," white waves, or streaks. Streaks in butter are

caused by improper working. It should not be too yellow, nor yet too

white for home markets.
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The amount of salt in butter should be according to the taste ; but

it must all be dissolved, and the butter must not be "gritty." This
grittiness is caused by using too much salt or by using coarse salt.

The package should be neat, attractive, and stylish, so as to please

the eye of the customer.
Such butter will be eaten much more readily than poor butter ; and

we wish people to eat as much as possible, you know, said Mrs. Busy.

Clean, sweet butter is one of the most easily digested fatty foods,

and all persons should have plenty of good butter on their tables.

This finishes our lesson on a pound of butter, and I hope that you
now know something about how butter is made, and that you will take

more interest in your business of making milk for butter.

Mrs. Boss and all her friends bawled their thanks of appreciation

for the instruction given All were of the opinion that if owners of

cows would take more interest in them, talk to them as friends, share

their secrets with them, and give them more encouragement, as well as

more to eat, cows would give more milk, which would make more
butter, which would bring more money, which would enable boys and
girls to have a greater number of nice things in the home on the farm.

F\g. 41.—Shipping: Box for Butter.



THE STORY OF THE CABBAGE BUTTERFLY.

Professor W. Lochhead.

flittini,

gfarden,

flowers.

HE White Cabbag-e Butterflies can be
seen almost any fine day in summer

about the cabbages in the
and among- the wayside
Although harmless, they

are not liked by farmers and garden-
ers, because they are the parents of
the common green " worms" which
do much harm to cabbages by
eating holes in their leaves.

It seems strange that a green, crawling cabbage worm should grow
into a dainty, white-winged butterfly ; and it is the object of this story to
tell, in a simple way, the strange life of this insect. It must be remem-
bered, however, that the life stories of all insects are not alike. Some
insects spend their whole life above ground; some partly below
ground and partly aoove ; some
partly in the water and partly

while others suck up their food
as a liquid ; some spend part of

their life as a crawling caterpillar,

while others have no such stage.

So varied are the habits of insects

that a noted writer once said :
—

" Insects walk, run, and jump
with the quadrupeds, fly with

ground
;

almost altogether in water ; some
in the air ; some eat their food

the birds,

pents, and Fig-. 4-—The bov and the insect.

glide with the ser-

swim with the fish."

It would be inter-

esting work to find examples of many of the insects to

which this writer referred, and to study their habits ; but
this story must deal with the White Cabbage Butterfly.

The ancient Egyptians had a strange custom of em-
balming their dead, and wrapping them in linen bandages.
These mummies, as they are called, were placed in curious-
ly wrought cases, and stored carefully away in secret tombs
or pits, in the belief that after a time life would return to
them.

Now we have creatures which nature changes into

Living 7nummies for five or six months in the year ; and
living mummies ought to be more interesting than dead

Fig. 43—Egyptian ones. These may be seen at any time during the winter if

a little search be made for them under fence-rails, under
the eaves of outbuildings, and in other sheltered places. I

mean the pupae, or resting forms, of insects. But the particular mum-
mies to which I shall refer are the chrysalids (Fig. 44) of the White

[37]

Mummy in

its case.
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Cabbag-e Butterfly, which are usually abundant in late autumn on fences

about cabbage gardens and turnip fields If one of these chrysalids be
examined, it will be seen how carefully the tongue, feelers, and legs are
folded over the breast and tightly packed together within its " mummy"
case.

But of all the chrysalids which are
alive in the fall, only a few are living in

the spring. For many years observers
have noted this fact, and my custom
has been to prove it for myself every
spring My walk this March afternoon
was back along the farm lane, where I

have always found chrysalids in early

spring. I knew exactly where to look pig. 44-A Cabbage Butterfly Mummy or

for them, for I had watched the full- Cbrysaiis siung up to k rail.

g'rown caterpillars, or " worms," last

autumn leave the cabbage, turnip, and rape plants upon which they had
been feeding, crawl up the posts of the wire fence to the underside of the

capping board, and change to mummy-like chrysalids, each securely

fastened to the board by a silken pad at its hind end, and by a slender
silken band about its middle. I found some of the chrysalids where I

had seen them last fall ; but
a few of these had been killed

by the grubs of little four-

winged flies that had stealth-

ily placed eggs within the

chrysalids before winter set

in. The greater number had
been snatched away during
the winter by birds who had
found out their hiding places.

If one of these chrysalids

is brought into a room in

early spring, it will not be
long- before another wonder-
ful change takes place. It

will first show slight signs of

movement, then its skin will

crack open along the back,

and soon a white butterfly

will come out. At first its

body will be soft and weak,
and its wings small and
shriveled ; but in a few hours

Fio. 45.—Cabbage Butterfly, (a) Male, at rest, wings erect ; ^]^g bodv will beCOme firm
(b) female. j ..u

• Ml u fill Jand the wmgs will be filled

out and expanded, ready for flight. As soon as the March snows have
melted, many of the white butterflies may be seen flying about, lured by
the bright sunshine into leaving their comfortable winter-quarters for
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Fig. 46.—Scales on the
wing- of the Cabbage Butter-

fly. They overlap like

shingles on a roof.

the warm breezes of early spring. But if cold weather returns again

many a poor butterfly is frozen to death. Those that have been made

only'stiff" with cold, the sun's hot rays bring back to life again.

The nature student will

observe that all the white

Cabbage Butterflies are not

marked exactly alike. Some
have two black spots just

below the middle of each

fore-wing, while others have

only one. The former are

the females, and the latter

the males (Fig. 45.) They
all have six legs, and four

wings covered with very

small scales, which brush off

readily. Under a microscope these scales can be

seen to have the shape and arrangement shown in

Fig. 46.

But there are scale-winged insects which are

not butterflies ; for example, the large army of

moths, big and little, which are readily attracted

to lights during the late summer months. We
can, however, easily tell butterflies from moths

in these ways : The wings of butterflies at rest

are held erect, while those of moths are folded

closely over the back or by the sides ; the feelers,

or antennae, of the butterflies are always knobbed

at the tip, while those of moths are either simple Fif;-^*;--f^47i-v™^

or feathery ; and butterflies fly about during the feelers, how the wings are

day, while moths as a rule fly at night or in the

dusk. (Fig. 47.)

Like most butterflies, the white Cabbage Butterflies are fond of

sipping the honey of flowers ; but, unlike many, they show no decided

liking for any special

color or plant. Some
observers are of the

opinion that they per-

haps visit yellowish-

white flowers most fre-

quently, but of this

fact we are not abso-

lutely certain. It is

always interesting to

creep up to a butterfly

which is sipping nectar

from a flower, and

watch it uncoil its long sucking tube and insert it into the corolla. The

honey is sucked up through the tube by means ot little muscles acting

(«•)

>">

Fig. 48.—Head of Cabbage But-

terfly, showing the sucking tubes

coiled in (a) and partly uncoiled in

(b).

Fig. 49—The eargs of the
Cabbage Butterfly.
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on a bulb at its base, just as water is drawn up from a cup into

the mouth throug-h a straw. (Fig. 48).

The female Cabbage Butterflies begin laying their pale-yellow eggs

about the middle of April on the leaves of Shepherd's Purse, Mustard,

and other like plants that have already come up. These eggs are beau-

tiful objects, flask-shaped and ribbed crosswise as well as up and down.

We must, however, examine them under a microscope, if we wish to see

their extremely delicate beauty. Usually several eggs are laid on the

under surface of the leaves in an erect position, but seldom are they

in clusters. (Fig. 49).

In about a week tiny green " worms," or caterpillars, hatch from the

eggs and begin to nibble at the leaves provided for them by the

instinct of the mother butterfly. They eat greedily, and "gorge them-

selves till they seem near bursting." As a result, their growth is rapid;

but as the outer skin cannot stretch enough to allow for the increase in

size, the caterpillar must at certain times form a new skin under the old

one and throw off" the latter. This moulting, as it is called, occurs

four times in the life of the caterpillar, before it changes into a chrysalis.

How different these caterpillars look from the white butterflies !

They have horny biting jaws

,*j.!;V

which work sideways, and eight

pairs of legs—not all alike, how-
ever, for the last five pairs are

more like stubs than legs. Their

feelers can scarcely be seen, and
wings are altogether wanting.

Their bodies are long, and are

plainly made up of thirteen

segments, or rings.

Reference has already been

made to the change from the

caterpillar to the chrysalis. The
first summer chrysalis stage

lasts about twelve days, and a

second brood of butterflies ap-

pears about the end of June.

Eggs are again laid, from which

a second brood of caterpillars

makes its appearance and feeds

on the leaves of cabbages and
other allied plants during part of

July and August. These change
into the second summer chry-

salids, from which in twelve days the third brood of butterflies comes out

in September. Eggs are again laid, and from these hatch the cater-

pillars which are usually so abundant in late autumn. These change into

the chrysalids which pass the winter under fence-rails and other places.

Quite often in autumn many cabbage-worms appear bloated and

sickly. They are sluggish and have no desire to eat. If some of the

Fig. 50. Two full grown cabbage worms resting

after a good meal.
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worms be put into a box and taken home, where they can be easily

watched, the cause of the sickness will soon be made out. Small white

magg-ots bore their way out through the skin and settle upon the

poor caterpillar, as in Fig. 51 ;

and if these maggots are watched,

it will be found that they soon

begin to spin silken cocoons

about their bodies. The cater-

pillar has sometimes enough life

left to crawl away from its tor-

mentors an inch or two ;
but

usually it dies beside them, and

in a day or two no trace of its

body can be found. If these

cocoons be placed in a box for a

few days, small four-winged flies

will come out through lid-like

Fig. 51. (a) The 4-wmged fly which lays her eggs within Qpenino-S at the end. These flieS
cabbage-worms ;

(b) the maggots coming out of cab- f » „ „„,. ^f „
bage-worm to spin their cocoons; (c) a mass of are parasites. cy means Ot a
cocoons; (d) cocoon enlarged showing how the fiy gg^lg „„ j^j^g hinder end of their
comes out by raising a lid. . . r ^u

body, they pierce the skin ot the

cabbage worm and lay their eggs within its body ; in a short time the

eggs hatch small maggots, which grow and feed within the body of their

host until they become full grown, when they come out as already

described.

Frequently, too, some of the chrysalids, which we find in early

spring, are dead and straw-colored. When one is broken open, many

little, grayish maggots may be seen

to fill up the entire space within
;

and, if the dead chrysalids are kept

in a closed box for a short time,

many little bronze-colored flies make
their appearance. These flies also

are parasites. Their eggs are always

laid within the chrysalis case late in

the fall, and the maggots which

hatch from the eggs feed on the

body of the chrysalid. In a short

time they are full-grown, and fill up

the space occupied by the body.

One other thing about this in-

sect may be noted. Its breathing

system is made up of tubes which

branch through the body and supply air to the colorless bloody The

openings of the tubes, or breathing pores, can be readily seen with the

naked eye along each side of the body in the same line as the yellowish

dots (Fig. 50.)

A good practical way of killing cabbage-worms, when they are spoil-

ing the cabbao-es, is to dust a mixture of one pound of insect powder and

Fig. 52. The Insect and the Boy.
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five pounds of flour through a cheesecloth bag- upon the infested plants.

The fine powder of the mixture fills the breathing pores, so that the air

cannot get into the interior of the body, and the worm is suffocated

How strange and eventful is the life of this butterfly ! Strange,

because, beginning life as a beautiful Q^^i which is easily broken, it

soon becomes a sixteen-legged worm-like creature, which, after growing
and moulting, reaches a certain size ; then it changes into a passive

body resembling an Egyptian mummy ; which after remaining in this

state for a definite time, bursts its case, and comes out a dainty, white,

four-winged insect, flitting hither and thither among the flowers and
sipping their sweets Eventful, because it is ever exposed to danger
from the attacks of parasitic insects, birds, and other animals, including

man himself, and from the changing conditions of heat and cold, rain,

and snow.

Fi>,^. 53. The story of a e;ibba'j:e-buttert1y for a year. There
are tliree broods or generations.



THE STORY OF THE BEES.

H. R. RowsoME.

Almost every one has, on some drowsy midsummer day, stood be-

fore a hive of bees, as close as he dare, and watched with absorbing-

interest the small portion of their daily toil he was able to see going on

around the hive entrance, and has wondered what operations were carried

on within that busy community.
If the hive is of a comparatively modern form—one with movable

combs set within wooden frames - it is an easy and safe matter to open

the hive, take out the combs, and watch its inmates by the hour. Bees

do not know one person from another, except as one learns their whims
in order to deal with them peaceably ; they are annoyed by persons

standing in front of a hive and interfering with their flight to the hive.

It is not well to wear wooly or black clothes when among bees, because

the hereditary antipathy of bees to the bear is aroused if they catch their

hooked feet in wooly clothes or hairy wrists ; bears, on their part, keep

up their traditions by destroying many telegraph poles in searching for

bees' nests, on account of the humming of the wires.

Place a veil of leno over your head, get a bee-keeper's smoker, and

puff a few whiff's of smoke in at the entrance to the hive. This drives

the sentinels, who are looking for robber bees, into the hive
;
gently lift

up the cover and blow half a dozen puff's over the tops of the frames.

The smoke causes the bees to ^o down into the hive ; each one dips head

first into a cell and fills herself with honey and is then as good natured as

a man after a full dinner. Now with a screw-driver pry a frame loose

and lift it out. On a warm day all the combs may be taken out and

leaned against the hive. One should be careful not to make rapid move-
ments as if inviting a fight, and should avoid crushing- the bees or jarring

the hive.

One will first notice that it is at the top of the combs that the honey

is placed. This is for the sake of convenience in feeding the brood

below, just as in a stable, the hay is stored in the loft. Honey, as such,

does not exist in flowers but is really made by the bees. The bee has a

very long under lip of reddish color, which can very readily be seen when
in use ; and with this she laps up the nectar that is contained in flowers.

This nectar passes into a sort of crop and there undergoes a chemical

change, which gives it certain medicinal qualities that make it curative

of colds. This is honey. The bee gathers a load of twice its own weight.

One can easily notice how a loaded bee drops heavily upon the alighting

board, almost with a thud, or, missing it, falls into the grass before the

hive and pants and struggles for half an hour to reach the hive. Each
bee fills one cell at a time The honey, as it is carried into the hive,

is nine-tenths water, most of which has to be removed or the honey will

sour. The bees accomplish this, especially at night when they cannot

work in the field, by standing in rows before the entrance of the hive ;

and there, in rank after rank all along the bottom board and up on the

combs, their heads all pointed towards the interior, with abdomens thrust

I 43]
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upwards and feet firmly planted, they go throug-h the motion of flying-

without stirring- from the spot. This forces a strong current of air

throug-h the hive, which absorbs the moisture in the honey and carries it

outside of the hive. The work is very exhausting-, and they work in

short relays or shifts. In this way, if a colony has g-athered a hundred
pounds of honey in a season, it has also expelled from the hive one or

two barrels of water. By this means too, the hive is ventilated and
kept cool in very warm weather ; but if the entrance is so very small

that but little air can be forced in, the bees become discouraged and turn

to loafing. The bee is not always an example of industry.

When nectar cannot be obtained bees will suck juice out of fruit.

Raspberry juice will show through the bee's abdomen and give it a bright

red appearance. Sometimes they gather a very rank liquid from the

surface of leaves and grass. It looks like dew, and is called honey-dew.
It falls upon the ground, being sprayed into the air by a louse or aphis,

—the cow of the ant.

Looking at the comb again, you will notice that just below the honey
there are many cells filled with a red or yellow substance. This is

pollen, often called bee-bread, because it tastes not unlike bread. We
used to believe that the

legs of the bee were wax.
or the dust of the anthers
on the pollen brushes of

ball and placed in the pol-

with stiff hairs on one
One can watch this oper-

early in spring when there

Bees sting

in the immediate neigh-

bright yellow balls on the hind

This is not the case; it is pollen,

of flowers. It is collected by hairs

the legs ; then kneaded into a
len basket, a spoon-like hollow
side, like stakes on a wood-rack,
ation very closely by placing,

is no pollen, a dish of oat meal
thirty yards or so from the hive,

with a little honey in it to

attract bees there

only

borhood of their hive. Some-
times when the pollen is very

plentiful, as in cucumber blos-

soms, they roll their bodies in

it and pick it off with their feet.

Each bee visits only one kind
of flower on each excursion and thus the flowers visited are cross-
fertilized without being hybridized. Another product that is carried
in this way is bee-glue. It is used to stop up cracks in the hive to

keep out draughts It is that sticky substance on poplar and horse chest-
nut buds. Below the pollen is the greater part of the comb which is nearly
black and contains the brood or young bees in all stages of growth.

The most important personage in the hive is the queen or mother-bee,
— so-called because she is the mother of all the bees in the colony. She is

shy and hard to find, but easily recognized, being nearly twice the size of
a worker. Early in spring when food commences to be brought in—for

the queen is provident and will not lay when the larder is empty—she
begins to deposit eggs, one at the base of each cell, and slightly glues it

Fio. 54.—B, Hind leg: of worker ; c, tibia hollowed on
outer side as pollen-liasket

;
,/', tarsus with pollen-

brushes ; g, foot, with claws, side view ; C, foot, front
view, more enlarged. [From nature.]
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place two or more
sting-, remove all

eg-g-s in a cell, the
but one to other cells.

'/!^

Fig. 55.—A, Comb, front view : rf, drone-cells ; u\ worker-cells ; f, transition-
al cells used for storing honey and bee-bread

; g, queen's cell ; 6, brood
capped over ; e. eggs ; m, larva or magg^ot. B, Section of sheet of comb,
showing inclination of cell. C, Queen-cell, with cap cut off by workers.
[From nature.)

there. If she happens to

workers, that is the bees
Drone, o r male,
eg-g-s are placed in

the larger cells and
workers or female
eggs in the small-

er cells. She lays

eg-g-s of either sex
at will ; and the

workers can dis-

tinguish the sex
of an eg-g^ by some
unknown instinct.

At the end of three

or tour days, the

eggs hatch into

small, white mag-
g-ots. The nurs-

ing bees prepare a

food of honey, pollen, and water, partially digest it after the manner of
patented foods for infants, and pour it into the cells for the grubs. In
from four to six days, the maggot grows almost large enough to fill the
cell. The nurses then seal over the apartment with a porous lid of wax
and the grub enters the pupa state. From the middle part of the under
lip two silky threads issue, which cling- together and form a single
thread ; continually extending- and retracting its body, it spins a silkv
white cocoon, something like that of the silk-worm. The inmate of the
cell is now transformed into the shape of a bee, but is pure white, and
for that reason is called a nymph. In twenty-one days or so after the

^Sg is laid, the young bee chews away the cap of the cell. If you
examine a comb of sealed brood, you will generally see two or three of
them with their heads half way out of the cells, taking a first view of the
world. When they emerge they are weak, flaccid, half g^rown creatures,
covered with silver grey hairs that give them such a new appearance as
to excite in the beholder the liveliest sympathy. The nurse bees then
clean out the cell and fasten down its silken lining which serves to
strengthen the comb, and is so thin that a hundred of them scarcely
diminish the size of the cell. The first day the young bee does little but
crawl about and sip honey ; then in its turn it becomes a nurse and feeds
the maggots. When about ten days old, along with scores of other
young bees, it plays during the warm part of the day, just before the
entrance to the hive. It is a pretty sight to see them dancing in the
warm sunshine and learning the use of their wings ; in half an hour they
g-o into the hive again and all is quiet. Besides being nurses they are
tidy little housekeepers, removing every impurity and all dead bees. At
two weeks, the young bee builds comb and goes for its first load of pollen,

of which it is as proud as a boy is of his first pair of trousers.
After this it undertakes to gather nectar. After from two to four
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weeks of this labor, it dies from the wear and tear of Hfe. This
generally happens out in the field, when, under a full load of honey,

it is too feeble to reach home ; or its career may be cut short by the toad

that lives under the hive, or by the kingbird, or its feet may be stuck fast

in the gummy pollen of the milkweed. But in winter and spring they

live eight or nine months.

The drone or male eggs are laid in cells a third larger than the

worker cells and, when capped over, are much longer. The drones are

bulky and have the proportions and habits of the alderman of tradition.

They fly about in the middle of the day to sharpen their appetites, and
when in the hive, do little but gobble and sip honey. They can neither

sting nor collect food. Howev'er, when food does not come in rapidly,

they are bundled out of the hive ; often a wing is torn off and they are

given a hint to go. This happens every fall and, at that time, the drones
will be found all by themselves on the outside combs, hiding from their

termagant sisters, after the manner of men in house-cleaning time.

When expelled, they are often found in some warm place like a hot-house.

The queen, curiously enough, is

hatched from a worker egg, and is often

developed from a worker maggot.
When bees wish to rear a new queen,
they choose three adjacent worker cells,

cut out the partition walls, and throw
them into one. The cell is turned
downward and looks very much like a
peanut. Two of the worker maggots
are destroyed and the third is supplied
with about half a thimblefull of very
strong food, called royal jelly. The
worker grub, two or three days old, is

to be changed into a queen. Some-
times when worker eggs or maggots

cannot be found, bees will, without giving up hope, try to rear one from
a drone grub, which, however, dies from the strong food. Two days
feeding on this food, alters her color, curves her sting, doubles her size,

deprives her of wax pockets, lengthens her life to three or four years,

and reverses all her instincts. When she leaves the cell in which she

has lain head downwards, she takes a sip from an uncapped cell ; and
then runs around and stretches her legs. She hunts for other queen cells

of which there are about a dozen. If the workers permit her, she tears

a hole in the side of the cell and stings the inmates because queens will

not tolerate a rival. If another queen is found they fight, the workers
standing around, and not interfering. Queens very often are afraid to

leave their cells ; and in that case they pipe—making a plaintive cry, a

sort of " peep, peep," that may be heard several yards from the hive.

If nectar and pollen are coming in in large quantities, the queen will

sometimes lay two or three thousand eggs a day, producing during her
lifetime between a million and a million and a half. The hive, of

course, becomes overstocked by the amazing fertility of the queen
;

Fig. 56.—The queen and her retinue.



47

and steps are taken towards sending out a colony. Queen cells are

begun and a week before the first queen comes out, by a sort of

preconcerted mutual agreement, the inmates of the hive divide into two

parties, one remaining in the hive and the other, which consists of the

old queen and about three quarters of the colony, starts out to seek

fortune elsewhere. Besides the old queen, the swarm is composed of

many young bees, some of whom fall upon the ground too feeble to fly,

drones', and a number of veterans whose tattered wings and hairless bodies

show that they have seen something of life. The departing queen soon

settles on the branch of a tree or other convenient spot and the whole

swarm collects in one solid mass around her. While the swarm hangs

there, scouts are sent out to look for a suitable home, and a hollow tree

in the woods is generally chosen. In Asia Minor, a treeless country,

swarms were sometimes found in the stomachs of dead beasts, as in the

case of the lion killed by Samson ; and from this arose the superstition*

that decaying flesh could of itself produce a colony of bees. The scouts

return and report, for one bee may often be seen talking with another by

crossing its horns, or antennae, with its own. The cluster of bees breaks

up and follow the scouts. Even in these days some try to make a

swarm cluster by tanning or beating tin cans. This is a survival of a

heathen ceremony. The worship of the goddess Cybele, who taught

mankind agriculture, was enthusiastic. Her priests ran about with

dreadful cries and howling, beating on timbrels, clashing cymbals, sound-

ing pipes, and cutting their flesh with knives. There is another tradition.

If there has been a death in the family, the bees will take off"ence and die

during winter, if they are not informed of the event.

Bees had a government and a civilization when we were savages.

The division of labor was understood ; laws of hygiene were practiced ;

and provision for the rainy day was made, when our ancestors obtained

their daily bread by turning over stones in the pools of the sea shore,

looking for crabs and clams.

* Compare the legends of Aristaeus the first bee-keeper.



THE STORY OF THE BIRDS.
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Fiff. 57. Swallows niin-ratinar.

Professor M. W. Doherty.

HE snow has gone, the grass is sv'

growing green again, the buds
are swelHng in the trees, the leaves

begin to open - Spring has come
;

and, in a few days, we may ex-

pect to see our feathered friends

They have been paying a visit to the

people of the South, and, having travelled in foreign places and seen

strange sights, they will greet us on their return with a merry tale set

to sweetest music.

Many kinds of birds spend the summer with us, and in autumn go
southward to spend the winter months. Others come to us from the

northern districts and remain here over winter, returning in the spring

to the place whence they came. There are other birds that spend the

winter season south of us and the summer season to the north of us, so

that in their migratory flight, they simply pass through our district on
the way to and from their breeding places. These are " passing migrants"
A few remain with us summer and winter. Who has not heard the

peculiar " quank, quank" of the White-breasted Nuthatch commg from
the almost lifeless snow-clad woods. In spring and summer these same
birds may be seen running up and down and around the trunk and limbs
of the trees. As climbers, the Nuthatches excel. They can run rapidly

Fig-. 58. The Cuckoo migrating.

down the trunk of a tree headforemost. Woodpeckers even do not

attempt this feat In the southern part of the Province, the Crow re-

mains all winter ; and so, along with the Nuthatch, must be classed

as a " resident."

The migratory flight of birds is a most interesting study, and has

engaged the attention of bird-lovers for centuries. A great deal, how-
ever, is not yet understood regarding the " lines of flight." For instance,
" The Eastern and Western Movement of the Blue-bird" in our Province

remains unexplained.

What causes these migratory flights ? You immediately answer :

"The change in temperature." This answer is partially correct, but

you are leaving out of consideration a very important factor, w\z., Jood

[48]
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supply. This, coupled with inherited memory, probably more than any-

thing" else, controls the migration of birds. Do all birds migrate in the same

7^ >> <,' ^-v

|l|3ll32ffi3:^#S^^^^^^^f5^

Fig. 59. The flight of the ducks. ^

manner? No. We have all seen Swallows gather together in immense
flocks before leaving us. There are others again, such as the Cuckoo,

which quietly steal away in pairs,

or in very small flocks. Some
birds in their flight remain close

to the earth, while others fly at

such a height that they remain
unseen to the naked eye. Some
move mostly at night, others in

the daytime. Some birds migrate
to the south, leaving their young

'•/'.

Fig. 60. The Meadow Lark.

to follow them at a later date.

In most cases the males precede the

females by some days in their return to

us in the spring.

Before the snow is gone, we may
hear the shrill piping notes of the

Horned Lark coming from the plowed
fields and meadows. The sound is not

altogether unlike the pleasant note of

the Meadow Lark. Early in March, the

sharp-eyed, cunning old Crow bids good-bye to the southern parts of

the Province and moves northward, with his head filled with new
4-124

Fig. 61. The return of the Crows.
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Fig-. 62. Taking Notes.

schemes whereby he hopes to grow fat and to render the farmer helpless

to prevent his devastations of the fruit trees and corn fields. Then
follows the Robin, whistlings and strutting- around with renewed vigfor

and grace. Then follow in rapid succession. Blue-birds, Song-sparrows,
Black-birds, Phcebes, and a host of
others, until the air is filled with music.
Every tree, shrub, and meadow has its

full orchestra.

Every boy and g-irl should keep a
record of the dates when the first of
ever}' kind of bird is seen each season.
It will add greatly to the pleasure of
spring-time.

Nesting H.abits. Of all the evil

traits which have been handed down to

man, none is worse than the predisposi-

tion of the bad "small boy" to rob
— birds' nests. How much nicer it

would make the home, if instead of

driving the birds away in disgust, the

boys would all fix up some nesting
boxes in the old orchard, and upon the roof of the wood-shed. These
need not be large nor expensive, and yet you will be astonished how soon
the birds will use them as homes. Let every boy vie with his fellows to

have the greatest number of birds summer around his home.
Here is a suggestion for you.

Nail up some nesting boxes near ^.«.r-^|

your home, near by place some ">'''^' «

bits of string and hair that the

birds may use in building nests.

Then, if there is no water close

by, set up on a post a tin dish

that will catch the rain, and you
can from time to time fill it with
fresh w?ter. This drinking place

will attract the birds. Now keep
track of the birds that come
around, and, if you do not frighten

them away, you will soon have
some birds coming regularly to

make their home with you. These
new friends will be interesting,

and ycu will be much happier

in watching them coming and
going through the summer than
in frightening them away.

Many of the birds are paired before they reach us in the spring, and
soon they are busy making snug little homes in some secure and
sheltered spot. The little workers labor industriously, all the v.hile giving

&'^^'^>

Fig. 63. Happy Homes.
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forth sweet melody. Birds differ widely in choice of places for their

nests. The Horned Lark is satisfied with a shallow hollow in a meadow;
while the Baltimore Oriole, trim of figure and bright of color, suspends

its bag--like home from the end of some drooping bough, very frequently

overhanging a stream (Fig. 64). The Bluebird prefers a hollow post or

Fig. C4. The Oriole's Nest.

fence-rail ; the Bank Swallow, a home made in a sand bank ; and the

Blue Heron, or Crane, as it is erronously called, selects the lofty top
of a tamarack or black ash wherein to build his home of sticks.

Watch carefully during the summer, and make a list of the birds

which build their nests: ist, on the ground; 2nd, in shrubs or trees not
more than 15 feet from the ground

;
jrd,

in trees at a greater distance than 15 feet

from the ground; ^fh, in other places, as

sand banks, eaves of buildings, chim-
neys, etc.

Man and Birds. From
an economical, as well as

an aesthetical, standpoint,

man should always be found
offering protection to birds.

This statement is made
with full knowledge of the

fact that there are a few
members of this class of

animals which are of little

service to us, and are not
distinguished for their beauty. Nevertheless, the fact re-

mains that, as a class, we should offer them every protec-

tion, cultivate their acquaintance, and encourage them
to build nests and remain with us. It is very doubtful,

indeed, if there is a single species of bird for the total

Fis. 66. Wood- destruction of which we would be better off". Those who
peckers at work. ,. , . . , , r t ^ ^ r ^t

dispute this point have never made a carerul study or the

feeding habits of birds. Many unthinking persons condemn Wood-
peckers, which are seen flying to and fro in the orchard, because it is

Ficr. 65. The Bluebird's Nest.



assumed that they are working- injury. A careful field study of their food

habits, and an examination of the stomach contents, would reveal the

fact that these birds are destroying- thousands upon thousands of injuri-

ous insects, particularly those which burrow in the wood. The orchardist

sees the Robins carrying- off a few of his cherries, and immediately some
thoug-htless boy brings out the shotgun, with the result that dozens of

these hard working- friends are destroyed. In all probability, had it not

been for these birds, there would have been no cherries ; insects would
have completely destroyed the foliag-e and fruit.

Definite information regarding- the food habits of birds can be

obtained only as a result of careful study and field observations,

tog-ether with the examination of a larg-e number of stomachs. A
study along- these lines frequently results in a complete change in our

attitude towards the species under investigation. For instance, in the

case of the Downy Woodpecker, an examination of a large number of

stomachs revealed the fact that 13 per cent, of the food consumed, con-

sisted of wood-boring beetles, 16 per cent, of bugs that live on the fruit

and foliage, and a large proportion of the remainder is made up of scale

insects, ants, and other such insects.

We might thus speak of all our common birds, and show that most
of them are entirely beneficial ; and, as to the rest, their depredations

are very small when compared with the beneficial service which they

render to the gardner and orchardist. Farmers each year spend
much time and money in keeping up the fight with aggressive and per-

sistent weeds. Seldom do they realize that their efforts would be of

little avail, were it not for the many varieties of birds which each year

destroy millions upon millions of weed-seeds.

Birds have enormous appetites, and, as digestion is rapid, a large

quantity of food is consumed each year. They eat during three hundred
and sixty-five days of the year, so that, even though they do treat them-

selves to an occasional feed of luscious fruit, during two weeks of the

year, we may rest assured that during the other fifty weeks they are

with us they have rendered us services valuable far beyond the injury.

If the birds were destroyed, it is very doubtful whether after ten

years a farmer or gardener could possibly bring any crop to maturity.



THE STORY OF AN APPLE.

Professor H. L. Hutt.

Fio. 67

One evening after tea, I had just

settled down in my easy chair for a

g-lance at the newspaper, when my
trio of Httle folk pounced on me for

a story. "A fairy story," said Jean
" No, one about wild animals," said

Fred. "I like to hear about what
you did when you were a little boy,"
said Gordon. Here was too much
of a variety to be given all at once

;

so I said, "Look at those beautiful

red apples on the table. "
'

' Wouldn't
you like to hear their story? " Fred
was doubtful whether much of a

-Mcintosh Apples.
^^^^^^ ^^^^j^ ^^ ^^j^ -^^^^ ^^^^^^ ^ppj^^, .

but I informed him that every apple has a history, and some have a very

interesting one. ' What variety of apple is that? " I asked. "A Mcin-
tosh," they all shouted in chorus, for they had been learning the names
of apples, and were always pleased to be able to identify a variety

correctly. " How do you suppose it got that name? " I next enquired
;

but as this was too much for them, I said, " Well, that is where we will

begin our story.

"Once upon a time Tor all good stories begin that way), about
thirty years ago, on a farm near Dundela, a little village in Dundas
County, in the St. Lawrence Valley, lived a man by the name oi Allan

Mcintosh. He was one of the early settlers in that section, and had
cleared off most of the forest which once covered his fields, only a few
acres of it having been left for bush. The bush was the favorite resort

of the cows when the weather became warm and the flies were too trouble-

some in the adjoining pasture field.

"One evening, late in September, when Mr. Mcintosh's little boys,

Allen and Harvey, were hunting through the bush for the cows, they

espied just on the edge of a clearing, a little tree bearing near its top a
number of bright red apples. If the}- had discovered it sooner, they

might have found many more on the lower branches. What do you
suppose had become of them ? " " The cows must have got them," sug-

gested Fred. "Yes, the cows had found them first ; but the boys were
soon up the tree making sure that the cows would get no more of them.

" The apples were at that time hardly mellow enough for eating, but
that did not prevent the boys from sampling them ; and they declared

that they were the finest wild apples they had ever tasted. Those
not eaten at once were taken home and kept in the cellar till the family

gathering at Christmas, when all present pronounced them finer than
any of the named varieties grown in the little orchard near the house.

[53]
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" Here then was a little tree g-rowing wild without any care g-iven it,

yet it produced handsome apples of fine quality. How do you sup-
pose it came to be growing there?" "Somebody must have planted
it," declared Gordon. " No," I said "it was not planted, but grew there

from the seed, and was, therefore, what is called a chance seedling."
"The Brownies must have planted it," remarked Jean. "Well, prob-
ably they did," I said, " but I think the Brownies in this case were the

men who helped to chop down the trees in the woods ; for it is most
likely that they had taken with them some Snow apples to eat when they
felt hungry. They threw away the cores and when these rotted the seeds
were left on the ground, and from one of these seeds this little tree may
have grown."

" What makes you think they were Snow apples," inquired Jean.
" Well," I said, " if you will fetch a few Snow apples from the cellar, to

compare with those in the dish, you will probably find the reason your-
self." In less time than it takes to tell, ihey were making comparisons,
and they agreed that there was not'much difference in appearance, except
that the Mclntoshes were, on the whole, a little larger and redder than
the Snows. "What makes those black spots on the skin," asked
Gordon, " they are on both kinds." ' Those," I replied, "are caused
by a fungous disease with which the Snow apple and its relatives are often

troubled. Now cut an apple of each kind and compare the flesh."
" Wh}', they are both nearly as white as snow, aren't they?" asked Jean.
"That is still further proof," I said, "that they belong to the same
family. Now taste them." After much tasting of one and the other, it

was decided that they were both so good that it was hard to say which
was the better ; but when asked to shut their eyes and guess the name of

the one they were given to taste, they found no difficulty in telling which
was the Mcintosh, because it had a "spicy flavor."

"Now," I said, "I think that you have suflicient proof that these two
apples are related. In fact, there is little doubt that the Mcintosh, and
a number of other varieties I might mention, are seedlings from the

Snow, or, as it is more properly called, the Fameusc. None of these

varieties, however, take their names from their parent. The Mcintosh,
as you may have already guessed, received its name from the man on
whose farm the first tree of that kind was found."

" But how does it come there are so many trees of that kind now ?
"

asked Fred. " We have them, and Grandpa has them, and lots of

people have them." Well," I said, "that is one of the interesting

points in the stor}' of nearly all cultivated fruit trees.

" All of the Mcintosh trees now growing in all parts of the country

have descended from that one little tree in Dundas County, not by plant-

ing seed from it, for that most likely would have produced other

varieties, but by grafting and budding other trees with cuttings and buds
taken from it.

" One of the remarkable things about nearly all our cultivated fruit

trees is, that trees grown from their seed show endless variations. If, for

instance, you should plant loo Mcintosh apple seeds, probably no two ot

the trees from them would bear apples just alike, and most likely none of
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them would bear as good fruit as the Mcintosh, althoug-h it is just

possible that even better fruit might be produced. Some day you may
find this an interesting thing

to investigate."
" But what do you mean

by budding and grafting ?
"

inquired Fred. "These," I

replied, "are methods ad-

opted by nurserymen who
make a business of growing
trees, whereby they can grow
any number of trees that

will bear the same kind of

fruit, without varying, as

they naturally would if the

trees were grown from seed.

These methods of propagat-

ing trees depend upon the

fact that every perfect bud
on a tree is capable, under
favorable conditions, of pro-

ducing another branch ; or

indeed, a whole tree of the

same kind as that on which

it grew.
"The Mcintosh in our

garden is a budded tree, which was obtained from Mr. Smith's nursery,

where he grows thousands of other trees just like it. In growing these

trees, Mr^ Smith had in long rows in the nursery, thousands of little

seedling apple trees (that is, little trees grown from apple seeds), which,

if allowed to grow naturally would, he knew, bear a great variety of

mostly inferior fruit,

but he had heard of ^^^^ rT r. ^ ii/?M^

the excellence of the

Mcintosh apple,
and intended to

make them all bear
Mcintosh apples

;

so he wrote to Mr.
Mcintosh and got
him to send all the

young shoots he
could spare from his

Mcintosh tree.

From these shoots,

which were ob-
tained in July, Mr. Smith's men budded the little seedling trees in the

nursery rows'. The bark on each little tree was cut open near the

ground, and one Mcintosh bud was put in and bound firmly in place.

i-i" A yimipre in tin- nui-^ery.

Fig. 69. Budding the seedlings.
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By the end of the season, the bud showed by its plumpness that it had
been adopted and nourished by its foster parent, and to all appearances
it was tpuch the same as any of the other buds, except for ^
the scar around it showing- where it had been inserted.

" Early next spring, however, each seedling tree was
cut off just above the Mcintosh bud, which was thus sud-

denly given the responsibilty of making a new top for the

tree, and that is just what each little Mcintosh bud did.

In three years, each had made a little tree, big enough to

be sold for transplanting; and that year they were all taken

up and sent to the purchasers throughout the country."
" In Grandpa's orchard you may have noticed that the

tree which bears the Mcintosh apples bears also a few yellow

apples." " Yes, Talman Sweets", said Gordon. "Well, that

tree once bore all Talmans ; but one spring Grandpa cut off ^,^

most of its branches and grafted into the stubs left a few no. 7o. The

scions, or bits of twigs, from a Mcintosh tree. These scions adopted bud

united with the growing part of the Talman tree, and pro- around it.

duced large branches which bear the Mcintosh apples, while

the branches which were not grafted still bear Talman Sweet apples."
" By grafting into a large bearing tree in this way. Grandpa's tree

was bearing Mcintosh apples in three or four years ; whereas our tree,

being a young one, was nearly twice that old before it had apples on it."

" From the story of this particular apple, you will have learned how
new varieties of fruits sometimes originate. Varieties found in this way

r^

No. 71. Taken from the nursery and
bundled for shipping'.

No. Old enough to begin bear-
ing.

IIow the grafting
was done.

are said to be of chance origin. All varieties, however, do not originate

by chance. Some are the result of careful and patient work on the part

of men who not only gather and plant the seed, but contrive to have

the new kind combine the good qualities of the two other varieties. It

you will remind me of it next spring, when the trees are in bloom, I will

show you how this may be done."
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" From what has been said about budding^and grafting you will also

have learned how a new variety, once obtained, may be multiplied and
scattered all over the country. If you would like to try what you can do at

such work, you may beg"in next spring" by planting" a row of apple seeds
in the g"arden ; and when the little trees are big" enough, I'll show you how
to bud them, or how they may be made to bear fruit in two or three years
by grrafting" them into a bearing" tree. How many of you would like to

try it ?" " I, I, I," they all shouted ; so we beg"an operations at once by
eating all the apples in the dish, to get the seeds for next spring's

planting.

Fiff. 74. Mr. Molntosh of Dmick'la and the original Mcintosh tree.



THE STORY OF SUGAR,

Professor W. P. Gamble.

From early childhood, the boys and girls of Canada are familiar with

the substance called sugar. We all know that it is used in large quanti-

ties for the purpose of giving a pleasant taste to many of the delicious

dishes prepared for our use ; but how
many of my young friends have taken
the trouble to inquire into the origin and
manufacture of this useful substance ?

There are many kinds of sugar; but
the one we shall speak of more particu-

larly is the cane-sugar, so called because
it was first manufactured from the sugar
cane. Pure cane-sugar, as it appears
on our market, consists of a mass of

white crystals. If this sugar be heated
to 320° Fahrenheit, it will melt to a

colorless liquid, which rapidly assumes
an amber hue, such as you have noticed

when boiling it for the purpose of mak-
ing taffy. If heated to a still higher de-

gree, it turns brown, becomes less sweet,

and gradually takes on a bitter taste.Fig. 75. The Maple in summer.

Old-fashioned brown sugar owed its

color and flavor, in part at least, to this treatment ; for, as sugar was
formerly made, in the process of evaporation over the open fire some of

the sugar was browned
or half burned. Cane-
sugar was formerly sold

more extensively than at

present in the form of

coarse brown sugar. To-
day, with the improved
methods of manufac-

Fig. 78. Shows a branch
of the Maple when
growth again be-

comes active.Fig. 7G. The Maple leaf and key. Fig. 77. The Maple when it l)leecls.

ture, we see very little cane-sugar placed on our markets in this form.

You might think that cane-sugar, from its name, is found only in

[58I
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the juice of the cane, but not so. It is found also in Sorg-hum, a plant
native to India, and now cultivated in the United States and in the south
western counties of Ontario, near Lake Erie ; in certain palms, such as
the cocoanut, and the wild-date palm ; in some kinds of grasses ; in the
green stalks of corn ; in the Maple ; and in quite large quantities in the
sugar beet. Maple sugar, on account of its unique and agreeable flavor,

is now eaten chiefly as a luxury. This sugar, when freed from the color

and flavor derived from the Maple, is identical in composition with that
derived from the sugar cane. Most boys and girls in Ontario, especially

those who live in the country, are familiar with the Maple, and the
process by which sugar is obtained from it ; but why the sap runs from
the Maple is not so well understood by the majority.

During the summer, the Maple is clothed with green leaves, which,
through small openings on their underside, give off the excess of mois-
ture taken up by the roots. Before the water is given off", the food which
is held in solution is removed from it. This food goes to form a new
growth of wood in the tree. In the autumn, the leaves of the Maple fall;

and through the winter, the tree stands bare and does not grow. In
spring, if the Maple is bruised or cut in any way, we notice that the tree
" bleeds," or, in other words, " the sap runs." We have also noticed
that the "bleeding" of the Maple occurs at diff"erent times of the
year. The sap will run from the Maple before growth has begun,
and just as it is beginning. In the two cases, the cause of the
run of sap is quite diff"erent. We find a good example of both
kinds of bleeding in the gathering of sap by the sugar maker. Sap
ib first gathered when the ground is still frozen, and the roots are there-

fore almost, or quite, unable to absorb any water ; but, at the same time,
the air is warmed through the middle of the day by the increased heat
of the sun. At this season, the flowing of the sap from holes or cuts
made in the trunk of the Maple is due to the expansion by heat of the
air inside the smaller branches and twigs of the tree. This sets up at

once a pressure upon the

sap, and this pressure ex-

tends to all parts of the

tree. The sap with
wiiich the Maple is filled,

is thereby forced out as

soon as an opening is

made for its escape. Later
in the season, as the frost

disappears, the roots be-

gin to absorb water. This
absorption process sets

up a pressure within the

tree, by reason of which
the water is forced out of the same opening. " Bleeding," or the flow

of sap, from this last mentioned cause, continues until the leaves are

sufficiently expanded to throw off" the water absorbed by the roots.

The other source from which we in Canada obtain cane-sugar, is the

Fi< . 79. Ke.ys of the Maple separate. During- oerinination a

radicle is sent out which endeavors to obtain a hold
in the soil.
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sugar beet ; and, because of the particular attention which it is receiving-

just now in man}- parts of our Province, we shall study it with a view to

finding- out its life-story.

Beginning with the seed, we find that what is commonly called the
seed is in reality a pod. With the aid of a sharp knife, let us open a
number of these pods, by cutting them straight across the centre. We
now notice that the pod is composed of a rough irregular shell. Inside

the shell are chambers, separated from one another by woody partitions.

In some of these pods, we find but one chamber ; in others, there are as
many as four or five of these cavities. Inside each chamber, we find the

true seed of the beet. The seed, you will notice, is kidney-shaped. It

Fig. 80. The beet pod (on the left). The beet pod opened, showing- the chambers within.

The true seed of the beet (on the ri<,'ht).

is about the size of a turnip seed, and is enclosed within a dark brown
wrapper. When this wrapper is removed, we discover the embryo, or

infant plant, curved around a mealy substance. This mealy substance
is the endosperm^ and is the food upon which the young plant feeds during
the germinating, or infant, stage. The embryo is the essential and
most important part of the seed It has root, stem, and leaves, although
these organs are often as undeveloped in form as they are in size.

Boys and girls will do well to observe carefully the various stages in

the act of germination. For this purpose, a dozen pods or more are

sown in a soil kept duly warm and moist, and one or two pods are

uncovered and dissected at successive intervals of, say, 12 hours, until

the process is complete. In this way, it is easy for us to trace all the

visible changes which occur as the embryo starts to grow.
We thus notice that the seed first absorbs a large amount of moisture.

As a result, it swells and becomes soft. The embryo enlarges, and
shortly the shell bursts, and a sprout

makes its appearance. In the figure

given below, you will notice three

sprouts making their exit from a
single pod. Notice also that these

sprouts have the same general ap-

pearance. Each sprout is called a

radicle. In time, the radicle be-

comes the true root.

Fifr. 81. A beet pod showing three sprouting- seeds ^" ^"^ prOCeSS of germuiatlOU,
(on the right). The radicle making its exit from the yOUng olant grOWS at first wholly
the seed coat (on the left). , , i r . i j r ^

at the expense or the seed. It may,
therefore, be compared to the suckling animal, which, when newly
born, is unable to provide its own nourishment, and consequently depends
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upon the milk of its mother. The cotyledons, or young- leaves of the

plant, during- g^ermination absorb the endosperm, and remain within the

seed coat some time after the radicle has made its exit. When the

plantlet ceases to derive nourish-

ment from the mother seed, the

g-erminating- process is finished.

The baby stag-e in the life-

story of the young- plant is passed.

It must now depend on its own
exertion to supply the necessaries

of life. For this purpose, the

radicle buries itself in the soil,

and sends out slender rootlets to

g-ather in the food found there.

Fig. 84. Sugar Beet
at full tfrowth.

o-rowmg-The plumule , or

point of the embryo, ascends

into the air, in order that it

may come under the direct

influence of the sunlight. As
the days pass, we notice new
leaves unfolding from the

plumule Why are these

leaves sent forth by the plant?

The leaves, like the root, are

food gatherers. They absorb

from the atmosphere sub-

stances which are necessary

to the formation of plant

food, and it is in the leaves that the manufacure or working over of those

materials obtained from the soil and from the air takes place.

Fig. 82. Plantlet

with two leaves ex-

panded.

Fig. 83. Showing immense development
of the root svstem of the beet.
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Let us now direct our attention to the root of the beet. Removing- the

earth carefully, we find that there is one well developed root pushing-

straight downward into the soil, and that smaller roots are sent out from

it in two side rows. We notice also that for some distance below the sur-

face of the soil the main root is smooth, and free from these smaller rootlets.

How is it that so very little of the fleshy root of the beet appears above the

surface of the soil? In reply to this question, we would ask you to

observe the great length of these rootlets. "It has been frequently found

that drains four and five feet below the surface of the soil have been

blocked by them." As the rootlets develop, therefore, they exert a

downward force upon the bulb, and this force tends to draw the bulb

into the soil.

Conditions being favorable, the beet plant grows quickly. The main
root thickens rapidly for a time; then we observe a less marked increase

in size, and finally we can detect little, if any, development in this

direction. During its development, small sacs, or cells, are formed within

the root. These cells act as store-houses for the food material of the plant.

Let us again observe the leaves. The first thmg that attracts our

attention is the color of the leaf. Have you ever thought of the cause of
this shade in the leaves

of growing plants? It is

due to the presence of a
certain green substance
known as chloroplivll.

This big word has been
made up from two Greek
words that simply mean
"leaf green." This chlor-

ophyll plays a very im-

portant part in the life-

story of sugar. The par-

ticular use of this green
matter is to change the

raw material into plant

food. One of the chief

materials of plant food is

carbonic acid gas. This
gas comes from the lungs
of animals. All living

creatures are continually

-Shows the stem sent up from the crown of the beet. Second breathing OUt Carbonic
from their h

Fig. 85.- ,

year of growth. The flower of the beet (in upper corner on right.) aCld
The ovary cut down through tiie centre (in lower corner in right. ) t^, • • • ^

.

This gas is poisonous to

man, but is an essential food of plants. Without this food, the plant

could store up no sugar, nor could it even live.

Carbonic acid gas passes into the leaves of the plant through small

openings situated on the underside of the leaves. Large quantities of

this gas are taken in by the leaves of the beet plant. This gas under

the influence of chlorophyll is made to unite with water, and thus form a

compound from which sugar is ultimately derived. After the sugar has
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been formed in the leaves, it is carried to the roots of the beet by the

downward flow of the sap or juice. In the root of the beet, the sugar is

deposited in cells, which very closely resemble those of the honey-comb

in structure.

You will naturally ask : Does the beet go to all the trouble of manu-

facturing- and storing up sugar for our special benefit ? Not at all. As

you all know, the sugar beet does not produce seed during the first year

of its growth. If we take a beet root from the cellar and plant it we
observe that it again begins to grow. From the crown of the beet, a

strong leafy angular stem is sent up. This stem bears the flowers

which are the forerunners of the truit. The flowers, you will notice, are

arranged at short intervals along the stem and its branches, and are

usually m clusters of four or five. Below each cluster is a small bract.

The flower possesses a perianth, which is composed of five small

green leaves. The lower part of the perianth is united with a fleshy sub-

stance called the receptacle. We also notice five stamens opposite the

perianth. The ovary, or sac, encloses a small body called the ovule.

The ovule eventually changes into a seed or fruit.

After fertilization, the receptacle and base of the perianth of each

flower enlarge considerably. In this way, the perianth of each flower

becomes more or less firmly attached to each other. The fleshy portions,

with the ovaries, eventually become hard. These spurious fruits finaUy

come into the market as " seeds."

During the period of growth and development of the fruit, what has

become of the bulb or fleshy root? Upon examination, we find that only

the walls of the former bulb remain (Notice Figs. 84 and 85). What
is the cause of this change ? The reply is : The store-house has become

emptied of its contents. By what agency ? The sap or juice has carried

it up for the young seeds in the course of their development. We see

therefore, tha't the sugar and other contents of the cells in the roots were

stored up by the plant for the purpose of supplying the food necessary to

fruit or seed, production. In obtaining sugar from the beet, we, there-

fore, simply intercept Nature's plans, and are thus able to appropriate that

which was' not originally intended for us. This sugar is stored up by

the beet plant in the root that it may feed itself the next season when

it is forming seed.

We shall now examine the process of the manufacture of sugar from

the beet. The beets are at the close of the first season removed from the

soil, and are taken to the factory. At the factory, they cire put into large

sheds with V-shaped bottoms, which are connected with the factory by

means of channels. Through these channels a moderate flow of water

carries the beets into the first washing machine. By means of a spiral

arrangement, the beets nre tumbled about, washed, and carried along

until they drop into an elevator. This elevator carries the beets to the

top of the building, where they are weighed and sliced in such a manner

as to open up the cells of the beet as much as possible.

We have already noticed that the cells of the beet in which the sugar

is deposited are very similar to those of the honey-comb. Therefore, it is

very important that the knives used in the slicing operation be sharp, so
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that the cells may not be ruptured, but clean-cut. As the slices come
from under the cutter, they are put into large tanks. Warm water is

forced through the contents of these tanks or jars. By the action of the

water, the greater part of the sugar contained in the sliced beets is dis-

solved. You know how quickly sugar will dissolve in water. The water

containing- the sugar in solution is then withdrawn from the tanks and
taken to a measuring tank. The part of the sugar beet left over, that

from which the sugar has been extracted, is called " pulp." This pulp is

of no further use in the manufacture of the sugar, and is therefore thrown
aside or taken to feed stock.

After the liquid containing the sugar has been measured, it goes to

the mixer, where it is mixed with lime, and then put into a large tank for

carbonation. Carbonation is the process of converting the lime and other

impurities in the mixture into an insoluble form, by means of carbonic

acid gas forced through the bottom of the tank. The mixture is then

poured into a filter-press. A filter-press is simpl}' a large strainer, by
means of which the insoluble matter is retained, as the clear sugar solu-

tion goes through. This process is repeated a second time, after which
the solution is treated with sulphur fumes. The syrup is then boiled

down to remove the water contained in it. This is done by passing the

syrup through four large boilers. What is left after the boiling is called

thick juice. This juice is again boiled in a peculiar kind of pan, called a

vacuum pan, and now becomes raw sugar. The raw sugar is then run

into centrifugals, which are machines used for the purpose of separating

the white sugar from the molasses. At this stage, the sugar is, of course,

damp. By means of a granulator, this wet mass, which has the appear-

ance of snow, is dried. It is then run through sieves to separate it into

fine and coarse grained sugar, and is ready for the market, clean, white,

crystalhne sugar, such as we use every day on the table. Some of the

sugar that we use has been made from sugar cane grown in the West
Indies or in South America, some has been made from sugar beets grown
in France and Germany and Belgium. We cannot tell the diflference

between the two kinds—there is none. We shall soon be using sugar
that has been grown in beets by the farmers of our own Province.



THE STORY OF AN EGG.

W. R. Graham, B.S.A.

Everyone is familiar with the size and shppe of an egg; but very few
of us stop to think how wonderfully it is made. We all know that the
contents of the egg- are enclosed in a shell. This shell appears to be
hard and solid, but this is not the case. True, it has much strength

;

but we find upon examination, that it is full of little holes. These small
holes allow the air next to the shell to get into the egg. Thus it will be
seen that we should keep the egg in a clean place, away from dirty straw,
such as we often see in the nest ; also away from strong-smelling sub-
stances, such as onions ; otherwise, these strong odors, passing through
the shell, will affect the taste of the egg more or less.

Next to the shell is a

thin tissue. This tissue

is made of two layers all

over the egg, except at the

larg-e end, where they

separate, forming a small

open space, called the air-

space. This air-space

increases in size as the

^§'8' evaporates or dries.

The longer the egg is

allowed to remain in the

air, the more air will pass
through the shell; and each
little particle of air carries

away with it some of the

moisture of the egg, and
thus the contents dr}' up
and the air-space increases

in size. Sometimes eggs
that have been left exposed
to the air in a nice clean

Fiaf. 86. Diasrauimatie seotion of an unincubated fowl's egg :

III y:eriii-sp()t ; ici/, white yolk, consisting: of a central flask-shaped

mass, and a number of layers concentrically arranged around it,

the outer layer of white yolk lying: immediately beneath the
vitelline membrane, and connected with the central mass beneath
the blastoderm ; (/.'/. yellow yolk ; i\ vitelline membrane ;

/', layer

of more fluid albumen surrounding' the yolk ; (•/(, chalaze ; a, air

chamber between the two layers of the shell membrane ; in, shell

membranes, where they lie in contact over the t;reater portion of

the egg ; .y, shell : </, denser albumen, which extends around the

place for a year, are found yolk, outside of the internal layer of more fluid albumen ; c,

r ,
' i-,,i j_ ^ boimdarv between the outer and middle iiortion of the albumen.

to have very little content
;

and that which is left is dry and almost hard. These tissues may be pulled

off the shell, especially in the case of a hard boiled egg.

Now we come to the white of the eggs, or what is called the

albumen. This is said by doctors to be a very good food ; but we are

particularly interested in its appearance. So let us break an egg in a

saucer. Notice that the white on the outside is thin and watery ; in a

iltle farther, we see a grey or whitish streak that extends all the way
around the yolk, or yellow portion, but does not touch it. You will

also notice that at each end of the yolk and extending from this whitish

portion is a knotted portion, like a little piece of white string. We
wonder what these are lor, and observe that they are simply an extended
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portion of this first white streak as mentioned. Inside the white streak

is another watery portion. This comes in touch with the yolk. We
shall now look at the yolk. Take your finger, or a blunt pencil, and

try to turn it over, and you will notice that the covering of the yolk

goes into a'l sorts of wrink-

les and folds. So we find

that the yolk is separated

from the white by a thin

layer of tissues or skin.

If you have been careful

in breaking the egg, you
will notice a little round spot

at the top of the yolk

This spot is about the size

of a pea, and is called the

germ spot ; and it is from
this that the chicken grows
when heat and other condi-

tions are properly applied.

To study further the

structure of an egg, we will

have one boiled hard ; and,

after removing the shell and
lining tissues, we will tear

loose a small piece of the

white at the large end of the egg. Now by continuing to pull the torn

portion from the left towards the right, you will notice that this white

has a spiral arrangement. This is generally considered as giving

strength to the egg.

We will next examine the yolk. Take the

yolk out, cut through the centre, using a very

sharp knife, and you will notice a small, flask-

shaped portion of the yolk, which is soft and

light in color, and that the neck of the flask

extends to the outer edge of the yolk. Upon
this the germ rests. The hardened portion of

the yolk, you will notice, is arranged in regular

rings around this flask. This flask-shaped

portion is lighter than the rest of the yolk, and

is therefore always uppermost. No matter how
you turn the egg, this spot will be on the upper

surface.

Let us ponder for a few minutes over the

many things we have found in the egg content.

The germ, resting upon a nice soft cushion in

the yolk, the yolk covered with a thin skin, ad-

joining this is a very thin portion of the white, and outside this a thicker

portion. Now these two portions hold the yolk in position. If a sudden

jar occurs, the yolk, or chiefly the germ, is protected by the skin of the
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yolk. The thin white portion acts as a pad or cushion, and the thick

white portion holds it steady. Those extended cords of the thick layer

of the white act as the axis of the yolk holding- it in position ; and, as
you turn the eg-g- around quickly, you twist the cords similar to twisting-

a string-, with the result that, as soon as the egg- is steady, these cords
unwind, and help to rig-ht the gferm spot, on the upper surface ag-ain.

No doubt by this tmie you are wondering-, if this g-erm-spot and
the portion of the yolk under it are so lig-ht, why the yolk does not come
rig-ht up against the tissues lining the shell. But nature has guarded
against this by the thick layer of albumen, which always tends to hold
the yolk in position. Sometimes when the egg is left for weeks in the

one position, the thick layer is overpowered, and the yolk touches the
wall of the shell. If the yolk remains against the wall any length of
time, it appears to become fastened to it, after which you cannot success-
fully hatch a chicken from the egg- Being fastened in one position,

the germ cannot move properly in order to develop, the result being that

the germ dies. You may say a hen sitting on eggs never moves them,
but in this you are mistaken. The next hen )ou set, put a large pencil

mark on each of the eggs; and place the eggs under a hen with the
pencil marks uppermost. Next day lift the hen, and you will see that

she has altered the position of the eggs.

We have to imitate the hen in running an incubator, in that we
turn the eggs twice a day. But some one asks, what is an incu-

bator ? Well, it is simply a well-built box, heated by a lamp,
and the heat evenly distributed over all parts of the interior, so as
to give the eggs the same temperature. This box is not exactly air-

tight ; for you know that if this little germ inside of the egg is going to
develop into a chicken at the end of 21 days, it must have air. This air,

you will remember, passes through those little holes in the shell, the good
air going in, and the foul air coming off in much the same manner as you
breathe. Now, you will see we have this incubator ventilated in order to
supply the little germ with pure air. There is another point we nearlv
overlooked, that is the temperature.

If you will place a thermometer under a hen, you will notice that it

reads 103 degrees ; so we try to run the incubator at that temperature.
If any of you would like to see that the germ spot always stays

next to the surface, you can readily do so by taking a lamp alter dark,
and going to a hen that has been sitting four or five days. Wrap a
black cloth around the lamp chimney, but first make a hole in the cloth,

much the same shape as an egg, and have the hole exactly opposite the
blaze of the lamp. Put the lamp on a little box, the hole facing you.
Now very carefully remove an egg from under the hen, taking great care
not to turn it over. Place your finger at the ends of the egg, and hold
the egg in front of the light coming from the hole in the cloth that is

around the chimney. If the egg' is fertile, you will see a dark spot, and
from this a number of little veins running in different directions. This is

the germ, and it has started to grow. Now turn the egg slowly around,
and you will observe that the germ moves as you turn the egg, always
resting near the surface. It is best to take a white egg to see this, as
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white eg-gs are clearer than brown ones, and the germ is more readily

seen through them. Should the egg appear clear, or no dark portion be

seen, it is infertile, and will not hatch.

Fig. 89.—Tlie latest thins out.



THE STORY OF WOOL.

Professor G. E. Day.

The next time ycu visit a fall fair, be sure you do not come away
without gfoing- to see the sheep. If you are fortunate enoug'h to

visit one of our larger fairs, such as at Toronto, London, or Ottawa, you
will find the sheep pens a very interesting' place. Here you will see

many different kinds of sheep ; some large, some medium size, and same
small ; some with white faces, some with brown or i>"rav

a^^^j) faces, and some with black faces ; some with their faces so

covered with wool that they can scarcely see out through
it, and some with no wool at all on their faces ; some
with horns, and many with no horns,— in fact, the longer
you look at these beautiful creatures, the more you will

find to interest you There is one thing about sheep that

makes them look very different from all our other farm ani-

mals, and that is the warm coat which the}' wear. This
coat is so thick and so warm that the sheep can stay outside

in the coldest weather without minding the cold in the

least, while a horse, or a cow, or a pig will shiver and
look very uncomfortable indeed. Now, the

horse, cow, and pig have coats, too ; but

their coats are made of hair, while the

sheep's coat is made of w'ool, and wool
makes a much warmer coat than hair.

Did you ever think of what is the differ-

ence between wool and hair ? If you part

a sheep's wool with your hands, you will

find that it is made up of a great number
of very fine wool hairs, or fibres, which
grow out from the skin of the sheep so

close together, and so long, that they form
a coat which the wind cannot blow through.
After handling the wool, } ou will find that

your hands are quite greasy. This grease,

or oil comes from the skin of the sheep,

and is called "yolk." It keeps the wool Fig-. 91.—Lock of

fibres soft and smooth, and keeps them
from tangling or matting together. It also

helps to keep out water, so that a sheep can stay out in quite a heavy
shower of rain without getting its coat wet through. Then, again,

if you look at these wool fibres closely, you will see that they are

not perfectly straight, but that they have a wavy appearance. In

some kinds of wool these weaves, or bends, in the fibre are much
closer together than in other kinds. Look at the two fibres shown

90 and qi. In the first fibre there are very few waves

mm
Fig-. 90.— Lock' of

wool, showing
coarse crimp.

wool, showing
medium crimp.

in Figs.

while in the second the waves are close together. The finer the fibre is,

the more waves it has, while wool with coarse fibre has ver\' few waves.

[69]
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These waves, or bends, are called the " crimp " of the wool. When the

waves are very close tog'ether, the crimp is said to be fine, so that fine

wool has fine crimp, and coarse wool has coarse crimp.

But there is another difference between wool and hair. If you
get a sing-le fibre of wool, and take hold of the end that grew next to

the body of the sheep, and then draw the fibre between the finger and
thumb of the other hand, you will find that it slips through very

smoothly. But if you take hold of the other end of the fibre, and then

draw it between the finger and thumb as before, you will find that it

seems to catch, and does not slip between the fingers nearly so easily.

Whv is this ? It is because every wool fibre has hundreds of very, very

small scales on it, something like the scales on a fish, only so small

that they cannot be seen without looking at the wool with a microscope,

which makes the wool fibre appear many times larger than it really is.

These tiny scales all point towards the outer end of

the vool fibre, so that when you took hold of the outer

end ot the fibre and tried to draw it between the

fingers of the other hand, the points of these little

scales caught on your fingers and made it hard to pull.

The picture. Fig. 92, shows how these scales grow on
the wool fibre, but the fibre and scales are made to

appear very much larger than their natural size. Hair
also has scales upon it, but the points of the scales on
the hair are rounded, and they lie so close to the

hair that they do not catch hold of anything the}' rub

agrainst ; while the scales on the wool fibre have sharp

points and rough edges, so that they catch and cling

to everything they touch. This difference in the kind

of scales, is the most important difference between
wool and hair.

Now, when the weather grows warm in the spring,

the sheep does not need its warm winter coat and so

the farmer clips it all off, or shears the sheep, as we
say. The wool is then sold, and is sent to the large

factories where it is made into all sorts of clothing,

blankets, yarn, and other goods.
Before it is made into cloth, the wool is twisted, or

spun mto yarn. If the wool fibres had no crimp, they

would not stay tightly twisted together, and the yarn would be of very

poor quality. Then the yarn is woven into cloth by machines, and the

way the wool is handled in spinning and weaving causes the little scales,

which we have described, to catch into one another, and the wool fibres

become all tightly matted, or felted together, making a firm, strong piece

of cloth. From what has been said, you will see the use of the crimp
and the scales of the wool. The crimp makes it possible to twist the

wool into yarn which will not easily untwist again, and the scales cause

the wool fibres to stick together, or felt.

It would take too long to describe all the different things that can be

made out of wool ; so we shall mention only a few of the principal classes

Fig. 02.—Wool tilire,

sho\vin<r scales.
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of goods. Wool that is very long", strong, and coarse in fibre is often

called "braid" wool, because it is from such wool as this that braid is

made. Then there is other wool, not quite so coarse as the braid wool,

but still quite long and very strong in fibre ; this is made into what are

called "worsted" goods. Worsteds are used very commonly in making

men's clothing. Some sheep produce wool that is quite long and yet

verv fine in fibre. Wool that is between two and three inches long and

very fine in fibre usually sells for a higher price per pound than other

kinds. It is used very largely for making ladies' dress goods, such as

delaines, and is often called "delaine" wool. Wool that is short and

fine in fibre is used for making such goods as broadcloth, fine undercloth-

ing, tweeds, and other goods of that kind. Some wool that is long and

coarse has weak spots in its fibres ; and any wool that has weak fibres

cannot be used for delaines, worsteds, or braid, but is made into cheap

tweeds, blankets, coarse underclothing, carpets, coarse stocking yarn, and

such like. Thus, you see, there are many kinds of tweed, undercloth-

ing, blankets, and such goods, depending upon the quality of the wool

that is used in making them.

Such goods as delaines and worsteds have a smooth surface. This

is because the wool is put through machinery which stretches the wool

hairs out straight, and they are then twisted together in such a way that

all their ends are tucked in out of sii^ht. This stretching is called

" combipg," and the wool fibres must be sound and strong in order that

they may not break during the operation. But if you examine a piece of

tweed or blanket, you will see the ends of the wool hairs standing

out from the surface, making the material look rough. This is because

the wool has not been combed, but has been put through a process called

"carding," in which the wool is rolled up in such a way that when it is

spun, the ends of the wool hairs stand out from the yarn and give a.

rough appearance to the cloth after it is woven. As a rule, wool that is

lessthan two inches long is not combed, but is used for carding
;
and

wool that is weak in fibre will not stand combing, and therefore must also

be carded. There are many other interesting things which might be said

about wool, but I shall simply ask that whenever you see a sheep, you

will think of what vou have learned about the wonderful coat it wears,

and remember that" we should always be kind to these gentle and timid

animals because we owe to them much of the most beautiful and most

comfortable clothing which we wear.



TOMBOY—THE STORY OF A COLT.

J. Hugo Reed, V. S.

I am a four year old filly. My name is Tombov. My mother is a

half-breed, and her name is Duster. My sire's name is Jim Wassen ; he is

a thoroughbred. Therefore I am three-quarters bred. My mother is a

large white mare, a great favorite of my master, who both rides and drives

her. She is a grand saddle mare and hunter. She likes to gallop across

country after the hounds with my master in the saddle. She jumps over

fences, ditches, stone walls and anything that is not too high ; she can

Fig. 93. Tomboy's Mother, " Duster,"— 20 years old.

run fast and jump better than the other horses in the hunt. She is large

and strong, and although my master weighs 200 pounds, she likes to carry

him as he is kind to her, rides her well, and never pricks her sides with

the spurs, nor hits her with the whip, nor hurts her mouth by bearing too

heavily on the reins. He has always been kind to her and fed her well,

and that is why she is strong and sound and as lively as when she was
young, although she has done a greal deal of hard work in both harness

and saddle.

[72]
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The first thing- I remember was one Sunday mornnig' in May, 1898,

when my master and Ernest, his stable man, came to the stall where my
mother and I were. I was only about one hour old, but I was walking
around the stall. They looked at me for a while, and then my master

came into the stall and put his hand on me and spoke kindly. I was
afraid at first and ran behind my mother, but he followed me, saying,

"Poor little thing, do not be afraid, I will not hurt you;" so after a little time

my fear left me, and I have never been afraid of him since, as he has al-

ways been kind to me, and provided me with a nice clean box stall with

plenty of straw to lie on and good food to eat, and he never works me
too hard. That morning, after looking me carefully over he said, " Well
my little beauty, I am glad that you are a filly

; you are tall enough but

rather too slim, but time and good care will cause you to grow stouter
;

your knees are rather weak but they will grow strong after a while ; I

will call you Tomboy; and if you make as good a mare as your old mother
you will do well." He then gave my mother a nice feed of warm bran and
crushed oats and a drink ot water. He told Ernest to clean the stall out

and put in a liberal supply of clean straw. I liked to lie on the straw,

and did so most of the time for a few days Whenever I got hungry I

got up and took some milk and walked around a little. My mother did

not lie down for three days after I was born ; she appeared to be afraid to

do so for fear of hurting me. My master and mistress came to see me
often, and would always pet and handle me. I liked to see either of

them come, and would always walk up to them to be petted. Ernest gave
my mother her food and water, and kept the stall clean and well supplied

with straw. He likes horses and was very kind to us, and we both liked

him, and would do what he told us. When I was three days old, my
master put a little halter on me and Ernest put one on my mother and
led her out of the stall. I was not afraid, but did not know what to do. My
master, however, was kind and did not get angry and jerk or hit me, but

petted and coaxed me ; he did not expect me to lead the same as a horse

that had been trained to it; so I soon learned what he wanted me to do and
went along with him. They took us to the yard between the stable and
the house. I forgot to tell you that we live in town. There was some
nice grass in the yard ; and as soon as our halters were taken ofi^ and we
were given our liberty, mj- mother commenced to eat it. The day was
fine and warm, and it was nice to be out in the open air. I began to run

around my mother and kick up my heels.

My master and Ernest stood and watched us and laughed at the tun

1 was having. Master said, "That is right, Tomboy, have a good time but

do not hurt vourself, you are not very strong yet, and a little sun will do
you good." When I became tired I lay down and stretched myself out in

the sun. All this time my mother continued to eat grass, but would often

look to see that I was all right ; she was very proud of me. After a

little while some bad boys came along and threw stones at me, one

of them hit me on the head and hurt me. I jumped up and ran to my
mother; the boys continued to throw stones and mother became greatly

excited ; she galloped around and whinnied, and my master heard the

noise and ran out He was very angry at the boys, and told them that
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if they ever threw stones at me agahi he would horse-whip them. We
were then taken back to the stable. We were taken out to the yard

every fine day after that and left there for a few hours, and I soon became

stronger. W^hen I was two weeks old I had my photograph taken. You
can see by it that I was tall and slight, and that my knees had not yet

become quite straight. When I was about three weeks old we were taken

out as usual. A third man was leading my brother, who was a year

old. His name is Banbury. Instead of leading us to the yard as usual

they took us in the opposite direction, down a long street, until we came

to a gate. They led us through this gate into a field, took off" our

halters and set us at liberty. There was plenty of good grass in the

field and a stream of nice cool, clear water running through it. Ban-

bury and I had anv amount of fun running and kicking up our heels ; our

mother would occasionally

join us in our frolic, but

usually she would just look

on. I soon discovered that

grass tasted nice, and I used

to eat all I could. The
weather was warm, and we
stayed in the field day and

night. There was plenty

of grass and good water,

and we had a good time

with nothing to do but eat,

drink, play, and sleep. Af-

ter a while, the grass be-

came rather dry and less

F,o.94.-Tombov when two weeks oM. plentiful, and the flies be-

gan to torment us durmg

the dav time. Our master soon noticed this, and every morning, about

the time that the flies were beginning to trouble us, he would mount his

wheel and ride down to the gate, which he would open. Then he would

whistle ; and as soon as we would hear him we would all gallop up to hun,

when he would put a halter on my mother and lead her out of the gate. We
would follow, and he would then shut the gate, mount his wheel, and start

towards home. Banbury and I would sometimes run ahead and sometimes

lag behind ; but we never got far away. We all were taken to the stable

and put into our stalls, the windows of which were darkened to keep the

flies out. Ernest then gave us some nice new hay and crushed oats, hav-

ing nailed a little box up in one corner of the stall, just the proper height

for me to eat out of. I was too small to reach my mother's feed box.

When evening arrived, we were taken back to the field, as the flies

did not bother us now, and it was better for us to be out than in the

stable, and we liked it better. This was done every day until the weather

became colder in the fall, and the nights were so cold that we would be

uncomfortable in the field. The flies had mostly all disappeared by this

time, so we were kept in the stable at night and turned out in the day

time. After a time the weather became so cold that we were not taken
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to the field at all, but were allowed to run out in the yard for a few hours

every fine day, The time soon arrived when I had to be weaned. I was
taken to a nice stall in a part of the stable distant from my mother. I

did not like to be taken away from her. Neither did she like to be left

alone. I was taken to her stall and left with her for a few minutes three

times a day for three days ; then twice daily for three days ; then once

daily for a few days ; after which I was not allowed with her at all for a

long- time. By this time, I had grown quite stout and strong-, and my knees

had become straight, as my master said they would the first time he saw
me. I was fed all that I could eat the first winter. Ernest gave me good hay

and scalded chopped oats, with a carrot or two every day, and twice

weekly he gave me a feed of bran. My stall was kept clean and well

supplied with straw, and I was allowed to run out in the snow with Ban-

bury every day that was not too cold or stormy. My master used to trim

my feet every month. He said that the wear was not equal to the growth,

and that if he did not keep them trimmed to the natural shape there was
danger of them becoming ill formed and injuring me for life. He used to

put a little bridle on me and leave it on for an hour or two every day. He
said this was to give me a mouth. By that he meant to accustom me to

the bit. I did not like it at first, but after a few days I did not mind it in

the least. Then he put a set of little harness on me and left it on for a few

hours daily. He soon put a check rein on the bridle. A portion of this

rein was elastic. He fastened the rein to the check hook, but did not

check me up tightly.

When I poked my nose out the elastic would stretch ; but

when I relieved tension it drew my nose back to the proper posi-

tion. He said that this would gradually teach me to yield to the

restraint of the bit, give me a good mouth, and thereby make me a more
valuable horse, and more pleasant to ride or drive. I did well the first

winter, and I learned a great many things that came very useful after-

wards. When the grass became plentiful and the weather fine in the spring

Banbury and I were taken out into the country and turned into a field on

the farm of Mr B. This was about the end of May. Our master told

Mr. B. to watch us closely, and if we should not do well to be sure to let

him know. The grass was very nice, and there was a stream of clear,

cold water running through the field. We enjoyed ourselves very much,

and resumed the sports of the previous summer, as we were always great

chums and never quarreled. In two or three days I began to leel unwell,

my throat became sore, and I could not swallow easily. I felt cold all

the time, although the weather was warm. I did not feel well enough to

play with Banbury. I grew worse day by day. The soreness of my throat

increased until I could not swallow anything without feeling great pain;

my eyes became sore, tears ran down my cheeks, and I could not bear to

look at the sun. My joints became sore. I had a painful cough and a

discharge of mucous from the nostrils. Mr. B. saw us every day. One
day he said to his son, "The filly has a cold, but I guess she will soon

get over it." The son said, " But, father, you promised to let Mr. R.

know if anything went wrong with the colts. You know he is very fond

of them, and you should send him word about it." Mr. B. said, "I'll
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think of it some day when I am in town." I graduall}' became weaker,
as I could neither eat nor drink. One day we saw our master coming down
the lane, and we were both very gflad. (Banbury was quite well, but was
very anxious about my condition). We knew that he would do some-
thins^ to help me. As soon as he saw me he said, " Poor Tombov, how
you have failed. What is the matter?" Mr. B. was there, and after our
master had examined me, he said to Mr. B., "Why did you not let me
know that the filly was ill ? You are in town mostly everyday." He
said that I had influenza, and that it would require very careful nursing-

to pull me through. He was very angry with Mr B. for not telling him.

He took both Banbury and me home. I was very weak, and we had to

go slowly. When we reached home he rubbed something on my throat

and gave me some medicine, which did not taste nice but did me good.
He and Ernest gave me a great deal of attention, and my throat soon
got better, and I was able to eat. When I got strong enough he turned

us out to pasture on Mr. W. 's farm, where we remained until the

weather became cold, when we were taken back to town. The following

winter we both did well. One day my master put a set of harness on
me and drove me out on the street. I was so accustomed to harness and
to do as I was told that he had very little trouble with me. He did this a

few times, and then he hitched me to a light cutter. It was something new
for me to have to draw a load but I knew that it was all right, else

my master would not ask me to do it. He walked behind at first, but I

went all right, so he got into the cutter and I drew him too. He drove
me a little every day for a couple of weeks, and I heard him tell Ernest

one day that I was pretty handy now and would never give any trouble

in harness. The next spring we were again turned out on good pasture

and again taken to the stable in the fall. We were well cared for during

the following winter. Banbury did some regular dri\ ing, and 1 was
driven some to continue my education. The next spring Banbury was
four years old and I was three. One day a man came to the stable and
looked at all the horses. He asked if Banbury was for sale, and my
master said, "Yes, I will sell him ; he will make an excellent lady's

saddle horse." The man said that he wanted him to send to South Africa

with the mounted infantry. My master then said, " Well, you can not

have him, as I will not sell him for that purpose;" so the man went away,
and I was glad that he could not get Banbury to send to the wars. After

a little while a lady came to the office one day and asked my master if

he had a good saddle horse to sell. Banbury was taken out for her

inspection. She liked his looks and asked if she might ride him. My
mistress's saddle and bridle were put on him, and the lady mounted and

rode away. When she came back she said she liked him, that his prices

were good, and he had an excellent mouth and good manners. She
bought him. I was sorry to see him leave the stable, but glad that he

had been bought by a kind lady who wanted him for herself. My master

saw him a few months later, and I heard him tell Ernest that he looked

well, that he was homesick for a few weeks, but was now quite contented

and happy in his new^ home, that his mistress was kind to him and very

fond and proud of him. One day Mr. T., a friend of my master's, asked
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permission to ride me. He was told that I never had been ridden, that

I was of a nervous, sensitive disposition and required very g-entle, kind

treatment, and that he would like to ride me first himself but was too

hea\ y for me. Mr. T. said that he would like to try me, so a saddle and
bridle were put on me, and I was taken out to a vacant lot. My master
held me while Mr. T. mounted, and then led me for a while. I was
afraid, as I never had weight on my back before, but while my master
went with me I knew that it was all rig^ht and I went nicely. He said

to Mr. T., "Now, I will let her go; be gentle with her and do not worry
her mouth ;

" so he let go. I became nervous then and made two or

three plunges. Mr. T. sat me well, w-as easy with my mouth, and spoke
kindly to me, so I settled down and walked along quietly. Mr. T. then

said, "So my lady, you thought you could unseat me, but I will teach you
that I am master here." He then drew heavily on the reins and hurt

my mouth, and he hit me a

smart cut with his whip,
which caused me pain. This
made me angry, as he had
no right to punish me when
I was acting nicely ; so I

bucked and threw him off.

He alighted heavily on the

hard ground ; and I stood
still until he got on his feet.

My master came to me and
caught the bridle ; he asked
Mr. T. if he was badly
hurt, and told him that he

should not have punished
me. Mr. T. said that he was not badly hurt and that he would mount
again, which he did; and as he used me kindly I did not throw him again.

The next day I heard my master tell Ernest that two of Mr. T.'s ribs

had been broken by the fall. I felt sorry, but really it was his own
fault. After this I was ridden daily by Ernest. He was kind to me,

and I acted well. I soon became handy, and Ernest said that I was
verv easy to ride. One day my mistress asked if she might ride me; and

my master said yes, that I was perfectly safe. So they put saddles and

bridles on me and my mother, and my mistress and master rode us.

After that she rode me often, and said that she liked me better than her

own saddle horse. She sits me well and has very light hands. I like to

have her ride me. She says that I walk, trot and canter well, and that

my mouth is perfection. One day she asked me to jump a ditch, and I

did it so well that she tried me over fences. I like jumping ; I think I

inherit the liking and ability to jump from both my parents. When the

hunting season commenced, my master rode a big bay half-breed that he

calls Pharoah, and my mistress rode her big bay half-bred mare, Dorothy.

There are so many barbed wire fences and so many swamps around here

that they cannot hunt foxes as they do in some countries ; so the

huntsman rides across the country with a ball soaked in oil of anise

Fig. 9ri. The colt "'i^es a lesson.
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trailing after him. He avoids swamps and barbed wire fences. Then
the club comes out on horseback, and the huntsman brings the hounds
out. The hounds scent the anise, and follow the course that the
huntsman had gone. This is called hunting a drag. The hounds make
a lot of noise, which is called giving tongue. I heard my master tell the
huntsman one day to make a short run, as he wanted to try Tomboy
across country, and that he would ride Duster ; that the one was too
young and the other too old for a long run, and to make it about four
miles. So we were taken out one afternoon. My master rode my mother,
and my mistress was up on me. As soon as the hounds came in sight

I noticed that my mother became excited. She pawed the ground
and champed the bit and wanted to be off. I did not understand it, as I

saw nothing to be excited about. There were about twenty ladies and
gentlemen in the saddle. After a while the hounds scented the drag,
and one of them gave tongue. My master said, " Old Cecil has found,
it ; steady Duster, steady."

Away the hounds went over the fence. My master had his hands full

controlling his mount, but he managed to steady her and said to my mis-
tress, " Now, I will give you a lead ; steady her well at her jumps. " He
gave my mother her head and took the fence. I followed and off we went
after the hounds. The other riders followed. My mother was very anxious
to go fast, but her rider held her in, and said to my mistress, "Keep Tomboy
back for a while ; we will save our mounts at first, and see if the
old mare and her daughter cannot beat them all out at the finish." I

soon understood my mother's excitement, as I was becoming excited too,

and anxious to run to the front. Our riders held us back without being
severe or cross with us, and we jumped everything that came in the way.
We enjoyed the sport as much as our riders. My mistress talked to me
and praised the way I was carrying her, and said that she would let me
have a brush with my mother at the finish. By this she meant that she
would let me try to outrun her. I would rather have gone faster, but
wanted to please my mistress, and I knew that she was the better judge.

Some of the riders were ahead of us and some were behind as their horses
refused to jump. We went along steadily and did not make any mis-
takes, but took our jumps well. After we had gone about three miles we
noticed those in front of us stop short. The riders took their mounts back
and then turned and whipped them ; after which they ran to a certain place
and balked. Two of the riders went forward over their horses heads and
were lost to view, while the horses galloped over the field with empty sad-

dles. My master said to mj' mistress, "They have come to a stream and the

horses refuse to take water." He meant that they would not jump over
the water. " It is a broad jump and our mounts will require speed to take
it ; steady Tomboy and follow me, but do not whip her." He gave my
mother her head, and she went fast, with me close up. We passed
through the other horses and both jumped the stream with ease. The
hounds had lost the scent and were running around the field without
making any noise. We came to a standstill and got a rest. Our master
blew his horn, when everyhound raised his head and looked towards us. He
blew again, and they all came to us. In the meantime, some of the horses
got across the stream, but some would not take it. Master told the
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hounds to hunt and Cecil again found, and gave tongue. The others soon

joined her, and away they went, making a great noise. Both my mother
and I were excited now and anxious to be off, but our riders controlled

us until the hounds got well away, when our master said, "We are near the

finish now so let us have a brush and try Tomboy's mettle." They gave
us our heads and off we went side by side. I was anxious for my mistress

to win ; but my mother can run fast even though she is old. We left the

other horses behind. There was an open gate leading into the road,

and about a quarter of a mile off we saw the hounds had lost again, and
we knew that this was the finish. We ran down the road very fast; and
just at the last I got about half my length ahead of my mother and won.

Fiq- 96.—Tombov and Duster lead the \va\'.

I think she allowed me to do so, but she will not admit it. This was
near home; so we were ridden home; and my mistress gave me great praise

and said she would never allow me to be sold, but would keep me for her

own saddle horse. I was glad that I had done so well, as I liked my mis-

tress and had a good home, and a horse never knows what kind of a

master he will get when he is sold. We were taken home and given a

few mouthful's of water, put into our stalls, and given a nice warm mash
each, rubbed until we were dry, and bandages put on our legs, and left on
for about three hours. The next day we were given some walking exer-

cise, and we both felt quite fresh. My mistress intends to ride and hunt
me regularly; but my master says my mother is too old for such violent

exercise, and he does not think he will hunt her again. He says he will

keep her as long as she lives ; that it would be mean to sell so good a

servant in her old age, and that he could not bear to see her owned by
any person who might not be kind to her.
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Ontario Agricultural College and Experimental Farm

T^ o TJ :f».

By Prof. F. C. Harrison and Dr. H. Streit, Bacteriological Depaitment of

the Ontario Agricultural College and Experimental Farm.

The most widely spread and destructive disease affecting domestic
fowls in Ontario, and perhaps in Canada, is commonly known as

Roup, Canker, or Distemper. By some, the disease is called Cancer
of the Mouth, Throat, etc., or even by the name of Fowl Diphtheria;
but all these different names are given to the same disease, according:

as some particular symptom is more or less prominent

Fig. 1.— A section of false membrane of a roupy fowl. a False membrance.
b Epithelium, e Submueosa.

Econoviiic Importavce. The economic importance of this disease
is very great, as it is probably one of the greatest hindrances in the

[3]



-poultry business. The direct losses from the disease vary greatly in

diflerent epidemics. Thus, in a virulent outbreak, there may be

many deaths in a short time ; while, in another, a flock may become

infected and only a few birds die. Of much greater importance are

the indirect losses ; and these are apt to be overlooked by farmers or

those who keep only a few fowl and pay but little attention to them.

The diseased birds recover very slowly; and they remain thin,

anaemic, and unfit for egg production, fattening, or breeding,—eating

just as much as if they were normal and living at the expense of

their keeper.

%>w
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cally, whilst others, especially when the face or eyes become swollen,
lose their appetite, grow thinner and thinner, and finally become too-

weak to stand or walk around, when they lie down and die in a few
days. During the last stage, diarrhoea, with offensive yellow or'green.

discharge, often sets in and causes death in a short time.

Many poultry keepers assert that roupy birds show fever ; and
it is certain that the head is very often hot, but the body tempera-
ture is normal, or only very slightly higher than normal.

Special Symptoms of Roup.

By the term Roup we generally understand a more or less put-
rid discharge from the nostrils, which lasts for weeks or even months..
The disease often follows a common cold, to which fowls, especially

Fig. 3.—Pigeon (Ko. 6) thirteen days after inoculation with the roup
bacillus and two days before death.

young fowls and those of the more delicate breeds, are much predis-
posed.

In the first stages of Roup, the birds often cough or sneeze, and'
the breathing is noisy, caused by the partial closing of the air pas-
sages, which become blocked with the discharge from the nostrils.

When the air passages are entirely closed by the discharged products,.,

the fowl has to open its beak in order to breathe.
Sometimes a yellowish cheese-like mass forms in the nostrils,

growing quickly and pressing the upper walls of the nose upwards :

and if this mass is removed, an uneven bleeding surface is left, which
forms a new cheesy mass in from 24 to 48 hours.

Whilst many roup}^ birds show only the above mentioned symp-
toms, others become more seriously diseased. The face o roupy
birds is very often swollen, especially betw^een the eyes and the nost-



6

rils ; and this swelling, which is hot and sore, sometimes grows into

a tumour as large as a walnut,—generally firm and hard. A bird in

this condition is frequently found scratching at the tumour with its

claws or wino;s, as if endeavorinof to remove it. If the tumour grows
on the inner side, towards the nasal passage, it forces the roof of the

mouth downward, and the upper and lower beak are slowly pressed

out of their normal position, so that the bird cannot close its mouth.
On making an incision into the tumour, we find a solid, cheesy,

yellowish matter, which may be pulled out like the root of a plant
;

but it usually has to be broken into small pieces ia order to get it

out. Around this mass, there is a more or less smooth, grey or brown-
ish membrane that is capable of again forming a cheesy mass similar

to what ha3 been removed.
The mass itself, when not attended to, often grows into the

nasal canals, and blocks them up completely. Generally, combined
with the formation of the tumour on the face, there is an affection of

the eyes ; or the eyes become diseased without the preliminary dis-

charge from the nose, in which case poultry keepers speak of fowls

as suffering from " Roup of the Ej-es."

Rowp of the Eyes. The first symptom of the eyes is generally

an infiammation of the eyelids. These become red, swollen, and hot
;

then the mucous membrane and glands of eyes become inflamed and
begin to secrete a liquid,—at first clear, and then of a grey slimy, put-

rid character. Occasionally the mucous membrane of the eye socket

is the primary seat of the infection of the eye, and the eyelids swell

as a secondary symptom. It is easy to understand that the ej^es may
become infected from the nasal cavity, as the eye socket has free con-

nection, by means of the lachrymal canal, with the nasal cavity, and
thus the diseased products from the nostrils can pass into the

-eye sockets.

The secretion from the eyes is similar to that described as com-

ing from the nostrils, i. e., at first a clear liquid, then changing to a

putrid grey and offensive discharge., which dries on the feathers at

the side of the head, causing them to stick together or fall out. If

the secretion is retained in the eye socket, it undergoes a change,

becoming a yellowish, solid, cheesy mass of the same appearance as

that found in the nasal tumour. This cheesy mass either forces the

eye out of its socket, or the imflammation entirely destroys it. These

cheese-like masses form in one or two days, and may reappear after

many daily removals.

All these affections, described above, may be localised on one side;

but often both nasal passages and both eyes are affected at the

same time.

Combined with the symptoms of roup above described, there

often are patches of a greyish yellow exudation firmly adherent to the

mouth, throat, etc. These patches are called " false membranes "; and



on account of their somewhat close resemblance to the membrane which
is formed in human diphtheria, it has been thought by some writers

that the avian and human diseases are the same. Here, how^ever, let

it suffice to say that the weight of evidence is against this contention;

but this phase of the subject will be more fully dealt with later on in

this'bulletin.

We may also point out that many poultry keepers who notice the

false membrane on the throat and mouth of their fowls, regard the

disease as quite different from the catarrhal form and call it "canker",

which is probably a popular form of the word " cancer".

Whether the di.sease is characterized by false membranes, offen-

sive discharge, or cheesy masses, the cause is the same, as we have
many times experimentally demonstrated.

Fig. 4.—Hen 47 ; sixty-seven days after inoculation with B. pyocvaneus and the

dav before death.

At one or several places in the mouth or throat, these yellowish,

smooth or uneven membranes appear, and either remain small and

disappear after a few days, or gi-ow thicker, spread, and become firmly

attached to the mucous membrane ; and if they (the false membranes)

are removed, an uneven, bleeding surface is exposed, which looks like

a true cancer.

After the appearance of the membranes, the adjacent submucous

tissue sometimes becomes inflamed, and finally the growths are found

to be similar to those so often seen at the side of the face,—containing

solid cheesy matter in the centre.

When the throat is blocked by these false membranes, the ani-

mal's breathing becomes abnormal, and the air passing through the

throat produces loud noises. Gradually, the visible mucous membrane
and the comb turn blue, and the fowl finally dies from suffocation.
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The symptoms are much the same when the lungs are the seat of
the disease. In dead roupy fowls we have often found the higher

bronchial tubes completely filled with solid cheesy matter, which pre-

vented the air from passing into the lungs.

Occasionally cheesy matters are found in the folds of the pleura,

and in other situations.

The Course of the Disease.

The course of roup is usually of long duration. A simple, putrid

discharge from the nose may stop in three or four weeks, and similarly

false membranes may soon disappear ; but generally the symptoms

^Fig. 5.— Head of hen 8.5; eight days after infection witli a
culture of the ro ip bacillus—a, cheesy matter.

ast for months. When the eyelids become swollen and tumours
appear, the case is usually chronic. Affected birds may be better for

a few days or weeks, and then becorce very weak again. Damp, cold

weather usually intensifies the disease.

It is well known that fowls may be more or less sick from roup
for one or even several years ; and these birds should have the great-
est care and attention, for they are generally the cause of new out-
breaks. Once introduced, roup may remain in a flock for many years.
The first cold and moist nights of the fall and early winter cause all

kinds of catarrhs, which in many instances are followed by roup.
Roup spreads rapidly in the winter time, and may attack from 10 to

90 per cent, of the fowls in a flock. Towards spring, the disease
gradually disappears ; during the summer months, a few birds remain
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chronically affected ; and then the first cold nights give the disease a
fresh start.

Young fowls and fowls of the tine breeds are especially liable to

roup. While some poultry men maintain that birds once having
suffered from roup never take the disease again, most of the experi-

mental evidence tends to show that no acquired immunity exists, as

sometimes happens after other diseases. Some fowls are, however,
naturally immune, and never take the disease. In the course of our
own experiments, a white chicken which had never had roup, was in-

oculated with repeated and large doses of the roup germ, but without
effect.

V'lg a.—Head of fowl 36; twenty-two days after inoculation
with a culture of the roup bacillus—n, false membrane.

The Cause of the Disease.

Many opinions have been expressed as to the cause of the disease
;

and some of these have been based on scientific research, while others
have been mere guesses. Some writers have thought that the disease
is due to " Protozoa," alow form of animal life ; and others have isola-

ted various bacteria from the disease tissues, which bacteria when
grown in pure culture and introduced into healthy hens, have pro-
duced symptoms of the disease.

As roup, especially when located in the mouth or throat, resembles
human diphtheria, it has been claimed that the well-known organism
of this disease, the Bacillus dijjhtheriae of Klebs-Loeftler, is the cause
of roup, or, as it is termed by some, " fowl diphtheria."
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Statements have been made by European writers that outbreaks

of diphtheria occurred in men, while at the same time poultry kept in

the buildings in which the men lived were suffering from roup. They,

however, do not state whether the roup commenced before the diph-

theria or vice versa, and they give no good reasons for supposing that

the outbreaks were actually connected with each other. In fact, we
must state that the cases referred to, of alleged transmission of chicken

diphtheria to man, are on examination found to be mere assumption,

due to ignorance of veterinary pathology.

In 1898, several articles appeared in the Agricultural Press, writ-

ten by H. A. Stevenson, M.D., who said, " Roup is caused by a specific

germ, which appears to me to be identical with the Klebs-Loettier

bacillus," i.e., the bacillus which causes human diphtheria
;
and in an-

other place, he sa.ys, " I believe roup and canker to be the t^ame disease,

a disease identical with diphtheria in man."

If the above statements were borne out by experiments, and found

to be correct, we should have to demand the most rigorous treatment

of diseased birds ; for Dr. Stevenson takes the position that diphtheria

may be spread by roupy birds in exactly the s-ame manner as tuber-

culosis is supposed to be spread by tubercular cattle.

These statements of Stevenson are, however, not based on careful

experiments, and the human diphtheria antitoxin which he recom-

mended as a sure cure for roup, has been found to be absolutely

worthless for that purpose.

The following experiments and observations may be cited under

this head :

A student of Professor Tresbot's devoured diphtheritic membrane

from fowls without contracting the disease ; and Loffler, the discover

of the human diphtheria germ, and Colin were never able to produce

diphtheria in fowls by inoculation with human diphtheria germs.

Gratia and Lieneaux treated roupy fowls with the human diphtheria

antitoxin, and secured very poor results.

We have also ourselves made a large number of experiments with

roupy fowls ; and in about 300 roupy birds that have come under our

observation, we have never been able to isolate the Klebs-Loeffler

bacillus, i. e., the bacillus of human diphtheria. Roupy fowls have

also been again and again treated with diphtheria antitoxin without

any result. Were the germs of human diphtheria and fowl diphtheria

the same, the antitoxin would certainly have affected the diphtheria

in the fowl, since it is the best known remedy for diphtheria in

man.
Further, we find that the diphtheiitic membranes in man and

fowls are different. That of the former consists of a fibrinous exu-

dation,—granular material, pus corpuscles, and debris of epithelial

cells,—and contains the Klebs-Loeffier bacillus in great numbers ;
and

these can readily be stained by Gram's method.
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The membrane from fowls consists almost entirely of pus cells,

some granular masses, debris of epithelial cells (especially swollen

nuclei of these), and bacteria ; but amongst the bacteria, we seldom

find one that can be stained by Gram's method.

Roupy fowls never show any of the symptoms caused by the

bacterial toxin (poison secreted by bacteria,) which usually follow an

infection with the true diphtheria bacillus.

waeis
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The first experiments were conducted, to find out tuhether or not

Roup was an infectious disease ; and, for this purpose, 10 healthy-

fowls which had never been exposed to infection, were confined

in a cage with diseased birds ; and after varying periods of

time, five of the healthy birds caught the disease. Fourteen healthy

birds were then treated by rubbing a portion of the false membrane,
or putrid nasal discharge from roupy birds, upon the normal, or slightly

scratched, mucous membrane of the nose or eyes ; and in this way,

two birds were infected with typical roup.

These experiments, therefore, show the infectious nature of the

disease; but the degree of infectiousness was not large. We must, how-
ever, remember that when fowls are kept under natural conditions

where they are subject to cold, etc., the infectiousness may be much
increased.

Having thus shown that roup is infectious, the next step was to

isolate the causal micro-organism, a task of some difficulty, on account

of the fact that the discharge from the nose, the false membrane, etc.,

is in close contact with, and likely to be contaminated by the air and

food, which always contain large numbers of bacteria that fined suit-

able material and favorable temperature for growth in the albuminous

secretions of fowl.

Very many bacteria were isolated, but when inoculated into

healthy chickens, they proved to be harmless.

In other infections, such as Fowl Cholera, etc., it is comparatively

easy to isolate the causal organism, because it is found in the blood

and organs of the diseased fowl ; but in roup we find that, as a rule,

the organs and blood are free from bacteria, or else if bacteria are

present, they are harmless.

Without giving the results of a long- continued series of fruitless

examinations and experiments, made within the last four years, we
may nay that at length we have isolated a germ which causes roup,

with all its varied symptoms. To this germ we have given the name
Bacillus cacosnius (ill-smelling), and shall refer to it as the "roup

bacillus." A technical description of the germ will be given in a

more scientific paper at a later date.

Chronic diseases, of which we have an excellent example in roup,

are notoriously hard to reproduce by the inoculation of healthy ani-

mals, because in most cas^s of sickness there must be, not only the

causal organism, but a lowering of the vital forces ; and, to get over

the difficulty,we used pigeons, which are easily infected, to increase

the virulence of the causal organism and thereby assist in the infection

of hens. In this wa}^ we produced roup in hens at pleasure by
inoculation with the roup bacillus, taken from roupy pigeons.

The " roup bacillus " tends to penetrate the deeper layers of the

mucous membrane or submucous tissues. Hence cultures made from

swabs taken from the false membranes very rarely contain the " roup
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bacillus," because the bacilli are retained in the depths of the animal
tissue.

The " roup bacillus " is especially difficult to isolate in cases in

which the bird has had the disease for a long time, as the tumours
and false membranes contain very many other kinds of bacteria in

large numbers. In our experiments, even when roup was produced in

healthy fowl by inoculation with pure cultures of the " roup bacillus,"

the mucous discbarge from the very beginning contained many kinds
bacteria.

The roup germs seem capable of remaining in a sort of dormant
condition in the depths of the tissues for a long time,—so long that

the fowls sometimes appear convalescent ; suddenly, when the con-

stitution is weakened by a cold or other causes, the roup germs become
active and the roupy symptoms re-appear.

We have also found that roup, with all its varying symptoms, can

be produced by the inoculation of healthy hens with the well-known

Fig;. S.—The Roup bacillus (B.
cacosmiis), from a twenty-four
hour old agar culture.

Fiji, 9 —The Roup bacillus shew-
ing the flagella (organs of locomo-
tion). Van Ermegem's method.

Bacillus pyocyaneus, or green pus germ, which we have frequently
isolated from roupy birds. Hence, it would seem that roup is simply
a complex suppurative process ; but, different from ordinary forms of

suppuration, the pus in fowls appears in the form of a half or entirely

solid, cheese-like, yellowish white mass, without any tendency to be-

come soft or liquid, or to perforate the surrounding skin.

This may be proved by the injection of sterile turpentine (oil)

into the eye-lids, which gives rise to inflammation and the formation
of solid cheese-like matter in the depth of the tumour.

Therefore, the cheesy masses must be regarded as pus.

To sum up, roup, or fowl diphtheria, canker, etc., is a complex
of suppurative processes, taking place especially in the head of fowls.

This suppuration may be caused by different species of bacteria,

and these may be very wide spread (e. g. Pyocyaneus), and thus an
outbreak of roup may occur in a flock living in unsanitary condi-
tions, without any previous introduction of the germs from elsewhere

;

but certainly this is the exception. More often, the disease is spread
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by sick fowls introduced into healthy flocks. Germs generally are

spread throughout a yard by means of the secretions, although these

do not always contain the casual organism. The infected fowls are

not very much different in their general appearance and condition at

the beginning of the disease, and thus they often take food and water
for a long time, contaminating the food, troughs and cups. As the

germs cannot infect fowls so long as the mucous membranes are intact

and healthy, the disease does not spread for a certain length of time,

although the germs may be present almost everywhere in the yard.

Then comes a change of weather, such as a cold night or the beginning

of fall and winter,—and suddenly the infectiousness of the disease

is increased and roup spreads rapidly among the birds. Unfavorable
weather, which causes colds and other infections of the mucous mem-
branes, directly opens the way for infection. But it is possible that

the roup bacilli, having infected a number of fowls, may gain so much
in virulence as to be capable of entering into the tissues of the fowl

without previous colds. Like colds, other circumstances which weaken
the constitution of the fowls, such as unsuitable feed or feeding, unhy-
gienic yards, bad water supplv, etc., contribute towards the spread of

the disease. Once present in a poultry yard, the loup-causing bacilli

cannot be got rid of, unless by very careful disinfection ; and this is

valueless so long as any of the fowls are diseased ; and, as we have
already stated, fowls often remain affected with roup, carrying the

germs in a semi-dormant state, for months or years.

It is possible that just one kind of bacillus, for example, our
" roup bacillus," causes an outbreak of roup ; or an outbreak may be

caused, as here at the Ontario Agricultural College, by several species.

Treatment and Preventives.

As roup is not a specific infectious disease, that is, a disease

caused by a single species of germ, it is almost impossible to prepare a

preventive or curative serum. Hence this method of treating infec-

tious diseases cannot be used in roup ; and besides it would be very

costly.

The germs of roup are not very resistent ; they can easily be

destroyed when present in cultures, or somewhere outside the animal

;

but in the animal tissue, they are very difficult to kill, because they

penetrate into the tissue ; and unless this too is killed, the germs con-

tinue living for a long time.

Roup may be cured by remedies, if the treatment is careful and
judicious. Obstinately re-appearing false membranes can be success-

fully treated by burning the diseased tissue with a strong acid

(hydrochloric acid 50 per cent, to 75 per cent.), or other caustics, such

as silver nitrate. If the eyes and nose are attacked, they have to be

carefully washed, at least twice a day, with an antiseptic solution,

such as 2 per cent, boracic acid in a decoction of chamomile flowers, or
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h per cent, solution of corrosive sublimate. Thus the micro-organisms
are killed or, at least, the diseased products which are discharged are
removed, and the irritation caused by them ; also the transformation
into large cheesy masses is prevented.

We had chickens badly affected with roup of the eyes, which
were cured with boracic acid and chamomile. On account of the small-

ness of the nostrils and nasal canals, it is very difficult to get the
antiseptic solutions into the nose and nose cavities ; but it can be done
with a small syringe. If this treatment is too troublesome, then the
nostrils, at least, should be washed and opened several times a day, to

allow the secretions to pass away. We have treated chickens for 14
days by daily washing with a 2| per cent, solution ot creolin and
glycerine. After the washings, small plugs of cotton wool, filled with
mixture, were placed in the nostrils and lachrymal ducts. This remedy
did not cure the roup in the head, although the same mixture readily
kills the roup bacillus in cultures in from 2 to 3 minutes. The great-
est hindrance to a sure cure by remedies which have been used locally,

is the ability of the germ to penetrate into the tissue and the many
secondary cavities of the nostrils which cannot be reached by the
antiseptics.

Fiy. 10. —Showing- method of treatment of rou)iy birds bi'
immersion of the head in one to two per cent, solution of
potassium permanganate

.

Another method of treatment which gives excellent results,

especially in the earlier stages of roup, is the use of a 1 to 2 per cent,
of permanganate of potash. Fowls are treated in the following
manner : the nostrils are pressed together between thumb and fore-
finger in the direction of the beak two or three times. Pressure
should also be applied between nostrils and eyes in an upward direc-
tion. This massage helps to loosen the discharge in the nostrils and
eyes. The bird's head is then plunged into the solution of permanga-
nate of potash for twenty or thirty seconds, (see Fig. 10) in fact the
head may be kept under the solution as long as the bird can tolerate



16

it. The solution is thus distributed through the nostrils and other

canals and has an astringent and slight disinfecting action. This

treatment should be given twice a day and continued until all sym-
ptoms have disappeared.

If there are solid tumours in the eye-lids, they should be opened
so that the skin may bleed freely. The cheesy matter should be

removed, and the surrounding membrane touched with a 5 per cent,

carbolic acid or silver nitrate solution, and then a cotton plug filled

with some antiseptic solution, put into the cavity. The cavity has to be

washed out daily with an antiseptic mixture, and a fresh cotton plug

put in again to prevent the cavity from healing too quickly. We
have cured chickens in this way in about a fortnight.

As all these methods of treatment demand a great deal of time

and care, they cannot well be used for whole flocks, but the more
valuable fowls may be treated in this manner. Farmers and poultry-

men should first try the permanganate of potash method of treat-

ment as it is the easiest to employ.

Food remedies influence roup only by strengthening the fowls

and assisting nature to throw off or conquer the disease.

As in other infectious diseases, the most important thing is to

prevent an outbreak, or to suppress it as soon as possible. All diseased

fowls should be separated from the healthy ones ; and the healthy ones

should be examined daily, with a view to isolate newly aflfected birds.

After the isolation of the diseased birds, the poultry yard should be

disinfected thoroughly with a 5 per cent, solution of carbolic acid,

followed by a careful white- washing of the walls, etc. Slightly dis-

eased fowls, or any of special value, can be cured, if much care be

taken. Less valuable birds, which it will not pay to treat, should be

killed as soon as manifest symptoms of the disease appear, especially

when the face becomes swollen. These fowls, unless the best care is

taken, will remain diseased for months, or perhaps years, and give rise

to fresh outbreaks whenever an unfavorable season (with much wet,

cold weather) occurs.

The most effective preventive for roup is to keep fowls in good

sanitary conditions—in dry, roomy yards and dry, clean, airy houses

which are free from draughts and can easily be cleaned and disinfected.
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RECOMMENDATIONS.

The results reported in this bulletin of experiments conducted at

the Ontario Agricultural College in growing peas and in combating

the pea weevil, as well as the information obtained from some of the

most extensive growers, merchants, millers, and exporters of peas in

Ontario, lead us to make the following recommendations :

(1) That the acreage of both field and garden peas of the very-

best varieties be greatly increased in those sections of the Province

where there are no pea weevils

;

(2) That the growing of both field and garden peas (to be ripened)

in the weevil-infested districts of Ontario be discontinued for the next

two years, and such crops as Early Yellow Soy beans. Grass peas,

Emmer (improperly called Spelt), mixed grains, etc., be substituted ;

(3) That if any persons continue to grow and ripen peas in the

infested districts, they make the best possible use of the fumigation

method
;

(4) That seedsmen, farmers, and others send no infested peas into,

those districts of Ontario where the pea weevil does not exist ; and

(5) That farmers, gardeners, seedsmen, millers, exporter.'*, im-

porters, and all others who have anything to do with the growing or

handlinof of peas in Ontario, co-operate heartily in the eftbrt to eradi-

cate the pea weevil from Ontario within the next two years.

Ont. Agr. CoLLteGE, C. A. Zavitz.

GUELPH, Ont. W. LOCHHEAD.
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Professor of Biology.

The field pea (Pisum arvense) is a native of Italy and has been
grown in the East from time immemorial. The garden pea (Pisum
sativum) is regarded by some botanists as a cultivated variety of the

field pea. Both kinds have been extensively grown in Ontario for

many years, and have been highly prized for their intrinsic value.

Different Uses of the Pea Crop.

Peas are used in, perhaps, a greater variety of ways than any
other crop grown in this Province. They are most commonly sown
alone, but not unfrequently in conjunction with oats, barley or spring

wheat. The crop is occasionally pastured off the land by farm stock,

and it is sometimes plowed under to increase the fertility of the soil.

When harvested, the unthreshed pea crop may be used as green fodder,

or cured and fed in the form of hay. The ripened peas are used ex-

tensively for feeding farm stock, or are sold for seed purposes in the

foreign as well as in the home markets. Shelled peas, when either

green or ripe, are prepared and used in various ways for culinary

purposes. The straw of green peas is hauled from the canning fac-

tories and fed at once, or placed in the silo, or made into hay ;
and the

straw of the ripened crop is used throughout the winter season for

feeding sheep, dairy cattle, and other farm animals.

Pea Growing in Ontario.

The pea crop has undoubtedly occupied a very important place in

the agriculture of Ontario. According to the reports of the Bureau
of Industries, the average market value of the threshed peas grown
in Ontario during the past twenty years amounted to fully eight

million dollars a year. In 1897, no less than 896,735 acres were
devoted to the pea crop, this being the largest area under peas in any
single year. Since that date, however, there has been a gradual de-

crease until the year 1902, when only 532,639 acres of peas were
grown. This decrease is undoubtedly due to the great damage done
to the crop in south-western Ontario by the pea weevil, commonly
known as the " pea bug."

[5]



Insect Enemies of the Pea Crop.

Pea Weevil. Scientifically, the pea-weevil is known as Bruchus
pisorum, a name given to it by the celebrated Linnaeus, who first

described the insect sent to him from America. Although called a
weevil, its snout is very short ; hence, it is not a true snout-weevil.

The adult beetle is scarcely more than one-fifth of an inch in

length, and one-tenth of an inch in width. As to color, it is brown-
ish-black, with white and black markings, arranged as in Fig. 1, d.

Besides the white markings, there are two black spots on the end of
its body, which the wings do not cover. When examined closely

with a good magnifying glass, the feelers are found to be composed
of eleven joints, the sides of the thorax are notched, and the thighs
of the hind legs are thickened and provided with two spines.

The beetles make their escape from the peas either in the late

summer or spring ; the majority probably in the spring. Those that
appear in the fall, pass the winter in the barn or under fences or rub-
bish, or possibly in the ground. When the peas are in blossom, the
beetles appear on the vines, and the female deposits her yellow,

spindle-shaped eggs on the outside of the young pods. Many eggs
are frequently found on a pod, but always singly, and attached by a
sticky substance, which becomes white and glistening when dry.

In a few days, the grub hatches from the eg^, bores through the
wall of the pod, and enters the nearest pea. Within the seed it

feeds and grows.

The grub (Fig. 1, a) is maggot-like, being fleshy, slightly swollen in

the middle, and white, with the exception of its mouth, which is brown.
It has three pairs of minute legs, which are frequently overlooked.
When full grown, it is about one-fourth of an inch long. It eats a
a circular hole on the side of the pea, leaving only a thin hull as a
covering. It then lines this cavity with a thin paste, within which
it changes to a pupa.

The pupa (Fig. 1, b and c) is white, but often becomes brown after

the peas are threshed and fumigated. The pupal stage is the resting

one, and lasts about a week, the exact duration depending largely on
weather conditions. It then transforms into an adult beetle, which
may either emerge from the pea immediately or remain passive
within its cell, even until late in the spring.

Pea Moth. This pea enemy, known as the pea moth, (Semasia
nigricana) is more widely distributed in Canada than the pea-weevil,

but it does not work so much injury. This tiny moth (Fig. 2, b and c)

is the parent of the small caterpillars, or " worms," which are often
found within the pod on the surface of partly eaten and web-covered
peas. Besides inflicting injuries to the peas, these "worms" (Fig. 2, a)

leave much excrementitious matter in the form of pellets, which
render the seeds disgusting and worthless. When nearly full grown,



the caterpillars go into the ground, where they spin a fine cocoon, and
remain all winter. In July, the moths emerge, and begin egg-laying

a few only being laid on the young pods. The young caterpillars

hatch from the egg;^ in about two weeks.

Late peas are injured most, and sometimes these are badly

damaged. (Fig. 2, d). No reliable treatment has as yet been found to

control them, but it is advisable to sow early peas, since these are

least injured.

Fifr. 1. Pea Weevil.— {a) The
grub

; (6) the pupa, under sur-

face ; (c) the pupa,upper surface
;

(d) the adult weevil. (Original.)

Fig. 2. Pea Moth.—(a) A full grown " worm" or caterpillar

(enlarged) ; {b) adult moth with wings expanded (enlarged) ;

(c) adult moth with wings closed ; (d) a group of five peas
injured by the caterpillar of the pea moth.

Pea Aphis. Within the past few years, the pea aphis,

(Nectarophora pisi) appeared in several localities in Ontario, especially

in Prince Edward, Lennox, Addington, and Wentworth, where it

caused considerable loss. In many of the States to the south of us,

the losses from this insect were very large. The life history of the
" aphis " is interesting, as it spends the first part of the season on
clover, migrates to peas in summer, moves back to the clover in the

fall, and upon it spends the winter. In Ontario, however, it has done
no serious harm to the clover crop. Fortunately it is attacked by
several predaceous and parasitic insects, and by a fungus, all of which
aid in keeping it in check.
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The History of the Pea Weevil in Ontario.

Until recently it was the general belief that the pea weevil was a

native of America ; but there is a strong reason in favor of its foreign

origin. It is not known to feed on any other plant than the culti-

vated pea, of the genus Pisum, which is an introduced plant of

Eastern origin. It is likelj'', therefore, that it came from the East,

whence came so many of our cultivated plants, and their insect

enemies as well.

The earliest published record of the depredations of the pea

weevil in Ontario, so far as we are aware, is that made by the Rev.

Geo. S. J. Hill of Markham, in 1857. This gentleman won the second

prize (£25 ) offered by the Legislature of Canada, for an essay on the

insects injurious to the wheat crop. Incidentally, in that essay, allu-

sion was made to the pea weevil, which was stated to be one of the

most injurious insects to the farm. It is very probable, then, that the

weevil even in the fifties was an old offender.

About 1860, the weevil was very injurious in Wentworth county.

It is stated that the farmers, almost to a man, at that time gave up
growing of peas for two years with the result that the weevil was
destroyed. The south-western counties have nearly always suffered

most severely; for frequently when the remaining portions of the

Province have been entirely free from the pest, the pea crops in the

south-western counties have been badly injured.

Rev. Dr. Bethume, editor of the Canadian Entomologist, writes

us that the weevil has been a familiar insect to him for nearly forty

years, and that while he was editor of the entomological column of the
" Canadian Farmer, " published by the late Hon. George Brown, from
1865 to 1873, he frequently had occasion to give correspondents in-

formation regarding the insect. During this whole period of nine

years, the weevil was very injurious, especially in the south-western

part. In 1870-71, few peas were grown in Essex, Kent, and Lamb-
ton, while good crops were common and the weevil was not abundant
in the neighborhood of London. Gradually, however, and year by
year, the weevil spread north-eastward ; and about 1878-1880 most of

the farmers in that part of the Province, south of a line drawn from
Newmarket to Goderich, were compelled to give up, to a laige extent,

the growing of peas.

During the years 1885, '86, '87, the weevil did very little injury.

The acreage devoted to the pea crop in south-western Ontario was
gradually reduced during 1882, '83, and '84, and this may account for

the partial disappearance of the weevil during the following years.

( Fig 3, c ) A few farmers, however, neither stopped growing peas

nor fumigated their infested crops ; and this was a great mistake, as

it prevented a general eradication of the weevil. Along with the in-
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crease of the acreage from 1886-1890, the weevil increased in numbers
and spread rapidly along the Lake Ontario counties to the great pea-

growing sections of Prince Edward and Lennox and Addington.
During 1892-1893, the weevils were very numerous, but during 1894-

1895 there was another decrease in the extent of the injury done
From 1896 until the present, the pest has been on the increase and
many sections have given up the growing of peas. Durham, Nor-
thumberland and Prince Edward, some years ago, grew large quanti-

ties of seed for French and American seedsmen ; but the depredations

of the weevil became so serious that the growing of peas has, to a
large extent, been discontinued in these counties.

There is a larger section of the Province, however, which is free

from the weevil. (See Fig. 4.) A line drawn from Brockville to Midland
separates the weevil area from the area which is practically free from
the weevil. This more northern area includes such fine farming dis-

tricts as the Ottawa Valley, the Temiscaming district, Parry Sound,
Southern Algoma, the Manitoulin and St. Joseph Islands, and the Fort
William and the E.ainy River districts. This northern area could

grow sufiicient peas for home consumption, and for our foreign

markets, until the pea weevil is eradicated in southwestern Ontario.

LOSS TO ONTARIO IN 1902 BY THE PEA WEEVIL.

It is always a difficult problem to estimate correctly the losses

caused by an injurious insect, as several factors of uncertain value
must be considered. In the case of the pea weevil, the factors are :

(i) The Decrease in Acreage. (Fig. 3). This in itself should not
be considered a total loss ; for if the land is not sown to peas, it is

not lying idle, but is used for the production of some other (often

substitute) crop. When we study the statistics of the pea crop of

Ontario for the last twenty years (since 1882), we are forced to con-

clude that the acreage of peas in 1902 is just about one-half of what
it would have been if the weevil had not proved destructive. In
1882, the total acreage of peas was 560,770 acres; in 1885, 646,081

acres; in 1888, 696,553 acres; in 1891, 752,453 acres ; in 1894, 785,007

acres; in 1896, 829,601 acres; m 1897, 896,735 acres ; in 1898, 865,-

951 acres ; in 1899, 743,189 acres; in 1900, 661,592 acres; in 1901,

602,724 acres ; and in 1902, 532,639 acres. There was, therefore, a
gradual increase from 1882 up to 1897, then a gradual decrease from
1897 to 1902. That this decrease in acreage was due to the pea
weevil there can be but little doubt. If we suppose that the area

devoted to the pea crop in 1902 should have been about one million

acres, according to the natural rate of increase from 1882 to 1897,

then there is a decrease of about 500,000 acres in 1902. The decrease

in yield would be about 10,000,000 bushels, worth about $6,000,000.
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(2) The Decrease in Yield per Acre. In a season like that of

1902, when all kinds of pea crops were partial failures, it is difficult

to estimate correctly the loss due to the weevil alone. The average

yield of peas for the past year was about five bushels per acre less

than the average yield for the past twenty years ; and it should be

understood that the returns sent to the Bureau of Industries are

given in measured bushels and not in weighed bushels of 60 pounds.

(3) The Decreased Market Value of Weevilly Peas. This is very

marked in the south-western part of Ontario where the weevils have

done so much injury for a number of years past. As there are large

areas in Northern Ontario, however, where peas of excellent quality

and free from weevil are still grown, Ontario's reputation as a pro-

ducer of seed peas of high quality should be maintained. More than

half of the territory of Ontario is practically free from the weevil

;

and with care, our foreign trade in seed peas of superior quality

should be increased rather than diminished.

(4) The Decreased Value of Weevilly Peas for Feeding Pur-
poses. As a result of a number of examinations, it is found that

where weevils have infested all the peas and have afterwards escaped,

the seed weighs on an average about 45 pounds instead of 60 pounds

per measured bushel, or in other words, the weevils have eaten one-

quarter of the peas. In the case of the small peas, such as the Chan-
cellor variety, the injured seed weighed only 37.7 pounds per measured
bushel ; and in the case of the large peas, such as the Black-Eyed

Marrowfat and the New Canadian Beauty, the injured peas weighed
from 48 to 52 pounds per measured bushel.

(5). The Small Germinating Poiverof Weevilly Peas when Used

for Seed. On an average, only about 30 per cent, of the weevilly peas

will germinate. Farmers, however, try to secure sound peas, or use

an increased quantity of weevily peas for seed purposes.

The average annual yield of peas per acre for twenty years (1883-

1902) is 19.3 bushels, while for the last five years (1898-1902) it is

17.6 bushels. This gives a decrease of 1.7 bushels per acre ; and with

an area of 532,639 acres in peas in 1902, it represents a loss of over

900,000 bushels, worth over half a million dollars. These amounts
do not represent the actual loss in yield, due to the weevil ; they

simply mean that the loss in 1902 was $500,000 more than it would
have been on the same acreage during an average year of the twenty

;

but the weevil was more or less injurious during all of these years
;

so the real loss in 1902 due to decrease in yield per acre, would
probably be upwards of $1,000,000.

If we group the losses due to the last three factors, we may get

a rough estimate, by supposing that one-quarter of all the peas pro-

duced in 1902 was destroyed by the weevil and hence made less

marketable, less valuable for feeding, and less germinable. The total

yield in 1902 was 7,664,679 bushels, worth in round numbers only
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$3,000,000, instead of $4,000,000, a loss of $1,000,000. There is,

therefore, a total direct loss of over $2,000,000.

In dealing with the probable losses by the weevil we have been

very conservative in our estimates. For example, we have attempted

to estimate the loss occasioned by the decrease in acreage ; but unless

the best substitutes for the pea crop are grown, persons engaged in

the bacon industry, or the export trade, will be disposed to believe

that Ontario suffers a heavy loss in this great decrease.

Varieties of Field Peas.

Upwards of one hundred varieties of peas have been grown in

our experimental grounds within the past fourteen years. The
greater number of these have been tested for at least five years in

succession, after which time the poorer varieties have been dropped

and th3 more valuable kinds have been retained in the experiment.
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Careful tests have been made each year, to determine the productive-

ness, the quahty, the resistance of the attacks of the pea weevil, etc.,

of all the varieties under experiment. The table here presented

gives the average results of each of twenty-six of the leading varie-

ties for a period of seven years.

It will be observed from the average results given in the table

that there is a great variation in the comparative size of the peas.

One thousand seeds of the New Canadian Beauty weighed 10.7

ounces, and a similar number of the Common Golden Vine variety

weighed only 5.2 ounces, the weight of the former being more than

double that of the latter.

The average number of days between the time of seeding and the

time of ripening of all the varieties for the seven years is 101. It

will be observed, however, that the Chancellor variety matured in

S* days after planting, and that the Prince Albert required 109 days

to reach maturity. There was thus an average of fifteen days be-

tween the dates on which the earliest and the latest varieties reached

their ripened stage.

In the average length of vines there is a great difference, the

extremes being 19 inches for the White Wonder, and 52 inches for the

Prince Albert variety. Owing to the extreme shortness of the straw

of the White Wonder peas, they are suitable only for very rich so'il

which naturally grows an abundance of straw. The Golden Vine

variety produces a straw which is exactly the same length as the

«,verage of all the varieties included in this report.

In each of the past seven years, very careful notes have been

taken regarding the average percentage of peas of each variety which

were infested with the pea weevil. In order to obtain this information,

two hundred peas of each variety were opened on each examination,

and the number of weevilly peas- was carefully counted. It will be

seen from the figures given in the table, that all of the varieties were

more or less affected. Those varieties having the smallest percentage

of weevilly peas in the average of the seven years' experiments were

the Egyptian Mummy, 25 per cent., and the Canada Cluster, 29 per

cent. The Egyptian Mummy and the Canada Cluster are varieties

very similar in their habits of growth. Those varieties having the

greatest number of weevilly peas were the Improved Grey, 49 per

«ent.; Crown, 41 per cent.; and New Zealand Field, 40 per cent. Of

all the peas grown from the twenty-six varieties during a period of

seven years, 35 per cent, were weevilly.

Although all the varieties of the peas grown and harvested in

the Experimental Department for seven years have been submitted to

the carbon bisulphide treatment, and no live weevils have been sown

with the peas during that length of time, yet the percentage of

weevilly peas in the resulting crops has steadily increased from year
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to year. The increased amount of damage done by the weevil to the
pea crop for seven years is represented by the following proportions
of peas infested with the weevil : 1894, 4 per cent. ; 1895, 8 per cent.

;

1896,12 per cent.; 1897,26 per cent.; 1898,39 per cent.; 1900, 65 percent.;
and 1901,89 per cent. While we have been very careful to treat the peas
immediately after harvest, some ot the neighboring farmers have con-
tinued to grow peas, and have not fumigated the crops ; hence the
marked increase in the number of weevilly peas from year to year.
The fact that the percentage of weevilly peas has increased in this

district from less than 10 per cent, to practically 90 per cent, in a
period of six or seven years indicates what is likely to occur in those
districts of Ontario where the pea weevil is just getting a hold, pro-
viding no precaution is taken to eradicate it, either by fumigation or
starvation. Neither in the Experimental nor the Farm Department
of the College were any peas sown in the spring and allowed to ripen
in the summer of the present year.

The average weight p3r measured bushel of all the varieties

given in the table is 59.4 pounds. These results have been influenced
more or less by the damage done by the weevil

; but as the peas were
treated immediately after harvest, they weighed heavier than if the
weevils had been allowed to complete their work and escape from
the peas. As a result of careful examinations which we have made
of peas, all of which had been infested and from which the weevils
had escaped, we found the weight per measured bushel varied from
vi8 to 52 pounds according, largely, to the size of the peas ; the
smaller the peas, the greater the amount of damage done by the
weevils.

It will be seen that thf» average amount of straw produced by the
different varieties varied from 1.1 to 1.8 tons per acre. For the aver-
age soil of Ontario, those varieties which produce a medium to a large
amount of straw, usually give the best satisfaction.

There is, perhaps, no result of the varieties here presented which
is more striking than the yield of peas per acre, the highest being 38.2
and the lowest 23.5 bushels. It must be remembered, however, that
the White Wonder variety, which stands at the head of the list in

yield of peas, is not suitable for the majority of Ontario farms, owing
to its short growth of straw. The Egyptian Mummy variety pro-
duces a large yield of both seed and straw, but the straw is coarser
than that of most other varieties. It will also be remembered that
the individual peas of this variety are quite large in size, and that
the percentage of weevi.ly peas was less than that of any other
variety.

Within the past nine years, ten varieties of field peas which have
given good results in the trial grounds at the college, have been dis-

tributed throughout Ontario for co-operative experiments. These
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experiments have been successfully conducted on five hundred and
seventy-one Ontario farms. Those varieties which have given the

largest average yield of grain per acre, each producing upwards of 25
bushels, are the Egyptian Mummy, Chancellor, Prussian Blue, and
Striped Wisconsin Blue ; and those varieties which have given an
average yield of between 24 and 25 bushels per acre are the Early
Britain, the Canadian Beauty, and the Canada Cluster.

Each experimenter has been asked to examine the peas carefully

for the weevil by .splitting open 200 peas from each plot and counting
the number of weevils in the form of either little white worms or
darkish brown beetles.

From the reports received, we find that, with the exception of a
very few scattered places, there is no pea weevil north and east of a line

drawn from Brock ville to Midland. The accompanying map (page 9)

shows the distribution of the insect throughout Ontario, based largely

on the reports of our co-operative experimenters for the past two
years (1901 and 1902). Reports have been received from all of the

districts in New Ontario, and indicate something of the great possi-

bilities of that country in supplying peas of superior quality until the

pea weevil can be eradicated from south-western Ontario.

Selection of Seed.

Large and Small Seed. An experiment has been conducted
for five years in succession to ascertain the relative value for seed

purposes of large and small peas of the same variety. In each of five

years, a certain number of large sound peas were carefully selected

and counted. A similar number of small sound peas were selected at

the same time and from the same variety. The small peas were
usually about one-half the size of the large ones In each year, both
lots were sown at the same time and on uniform plots of equal size,

situated side by side.

The average results for the five years were as follows : Yield of

the large seed, 80.3 bushels of grain and 1.3 tons of straw per acre,

and that of the small seed, 28.9 bushels of grain and 1.1 tons of straw
per acre. A certain number of large peas, therefore, gave 26.8 per

cent, mure grain, and 18.2 per cent, more straw than a similar

number of small peas of the same variety in the average of five

years' experiments.

Whole and Split Seed. Many farmers thresh their peas with
a grain separator and part of the peas are split in the process of

threshing. Some farmers carefully separate the split peas and sow
nothing but whole seed ; while others sow their peas without making
this separation. An experiment has been conducted at the college for

eight years in succession by sowing on uniform plots equal quantities

of whole and split seed of the same variety. The average results for
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the eight years were,—the whole seed, 30.7 bushels of grain and 14
tons of straw per acre, and the split seed, only 10 bushels of grain
and 3-5 of a ton of straw per acre.

SouNT* AND Weevilly Seed. Many observers have noticed fre-

quently that the weevil is not full grown Avhen the peas are harvested,
and has not eaten much of the substance of the pea. We have also
observed this fact ; but very frequently we have observed that the
grub is full grown and in the pupa or the imago state, and has done
practically all the harm that it is capable of doing.

Fig. 5. (a) An infested pea showing the spot where the weevil entered ;

(6) a pea not infested, with " skin" on ; (c) same as {b) but with" skin" re-
moved

; (d) an infested pea showing how the germ is often destroyed by the
weenl, "skin" on ; (e) same as (d) but " skin " removed

; (/) an uninfested
pea opened up into halves showing- the germ

; (g) an injured pea opened
up, showing how the weevil often destroys both the food and the germ.
(Original.)

When the grub is not full grown, the fumigation of the peas will

preserve them from further injury ; but when the weevil has reached
the pupa stage, it has done all the injury of which it is capable.

It is frequently stated that the grub, when working in the pea,

avoids the germ or embryo, and that peas which are bored with the
weevil are as valuable for seed as those which are not thus injured.

Such statements are wholly incorrect. On examining many hundreds
of " weevilly " peas at various times, we have found that the great
majority of the seeds have their germs completely destroyed, and that

2—126
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the grubs show no inclination whatever to avoid the germs. (Fig. 5).

Moreover, germination tests, carried out on several occasions with
injured seeds, have proved conclusively that but a small percentage of

them germinate, and a still smaller percentage develop into vigorous

plants. In 1897, we found that about three-tilths of the peas of the

Marrowfat variety, which had been injured, did not germinate, and
that with the Golden Vine variety only thirteen per cent of the peas
germinated. If a person were sowing weevily seed of the Golden
Vine variety, it would be necessary to sow 15 acres of peas in order

to get as many plants as would be produced from sowing two acres

with sound seed.

The material has been stored within the seed by the plant for a
purpose, and that is, to serve as a food supply for the germinating
plantlet. Not until the plantlet has developed both a root system
and a leaf system can it prepare food for itself. Up to this period it

is entirely dependent on the food stored up in the seed ; and it is

plain that seeds which have a large portion of their food eaten by the

weevil will stand but a poor chance of producing good plants.

Dates of Seeding.

Peas were sown in our experimental plots on six different dates,

in the spring of each of six years previous to 1901. One week was
allowed between each two seedings. In the average of the six years,

the first seeding took place on April 18th, and the last seeding on
May 23rd. The average of grain per acre from the six different seed-

ings was as follows:— 1st seeding, 26.5 bus.; 2nd seeding, 30.1 bus,;

3rd seeding, 28.8 bus.; 4th seeding 25.5 bus.; 5ih seeding, 21.5 bus.;

6th seeding, 19.5 bus. The peas from the different seedings were ex-

amined, and it was found that as the season advanced, the percentage

of peas containing weevils decreased slightly. In order to get more
complete information on this subject, peas were distributed for co-

operate experiments throughout Ontario in 1899 and again in 1900,

and were sown on four different dates with two weeks between each

two seedings. The first seeding took place in the latter part of April

and the last seeding in the early part of June. The following are

the average results of the various tests made over Ontario for two
years:

—

Seeding.

Ist Seeding.
2nd Seeding
3rd Seeding .

4th Seeding .

Per cent



19

Seed per Acre.

There is a great difference in the comparative size of the peas of

different varieties and also a considerable difference in the character

of growth of the plants of the various kinds. It is impossible, there-

fore, to state any definite amount of seed which will always give the

best results with all varieties. While we have obtained excellent re-

sults from sowing 2 bushels of the Golden Vine, Chancellor, and
Sword peas per acre, which are small seeded varieties, we have found
that it is necessary to sow 3J bushels per acre of the large seeded

varieties, such as, the Black-eyed Marrowfat, and New Canadian
Beauty, if we wish to get equally good returns.

Methods of Sowing,

Thirty experiments have been made, comparing the results of

sowing peas broadcast and with a grain drill. The land has been in

a good state of cultivation in every instance. A spring tooth culti-

vator, which slightly ridges the land, has generally been used im-

mediately before sowing. The average resultsof the thirty experiments,

show that the land on which the seed has been sown with a grain

drill, has produced one and one-third bushels per acre more than the

land on which the peas have been sown broadcast.

Growing Peas with Other Crops.

Mixtures for Green Fodder and for Hat. For .six years in

succession, peas, oats, barley, and spring wheat were sown separately

and in eleven different combinat'ons, for the purpose of ascertaining

whether or not better results could be obtained from growing certain

crops together than by growing the same crops separately ; and also

of finding out which mixtures would give the best results for green
fodder and for hay. It was found that in fully 90 per cent, of the

experiments, the grains which were grown in mixtures gave a larger

yield of both green fodder and hay per acre than the same grains

sown separately. In the average results of six years' experiments

with eleven different mixtures, the greatest yield was obtained from
a mixture of peas and oats.

In another experiment conducted for six years, in which nine

different proportions of peas and oats were used, it was found that

the most satisfactory results were obtained from a mixture of two
bushels of oats and one bushel of peas, or « total of three bushels of

seed per acre.

Among all the different varieties of peas and oats which have
been grown at the College, a few of the most suitable kinds have
been selected and grown in combination in order to find out which
varieties give the best results for fodder purposes. In an experiment
which has been conducted for five years in growing three different
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mixtures of peas and oats, comprising early, medium, and late varie-

ties, we get the following results in length of time required to produce

fodder of the best quality, and in yield of green fodder per acre

:

Daubeney oats and Chancellor peas, 70 days, 5.9 tons ; Siberian oats

and Prussian blue peas, 77 days, 6.9 tons ; and Golden Giant oats and

Prince peas, 84 days, 6.1 tons. The Siberian oats and the Prussian

Blue peas form a mixture which has given the best general satisfaction

of all the varieties grown together for fodder. By sowing this

mixture at different dates in the spring, the time in which the fodder

can be used to good advantage can be considerably extended.

Co-operative experiments were conducted over Ontario for five

years in succession to test the value of peas and oats (2 of oats and 1

of peas) as compared with tares and oats (2 of oats and 1 of tares)

for green fodder. The average yield of green fodder from each acre

per annum was 7.9 tons from the former, and 8.2 tons from the

latter. It will, therefore, be seen that the mixture of tares and oats

surpassed the mixture of peas and oats by an average annual yield of

600 pounds of green fodder per acre.

In those districts of Ontario where the pea weevil does not exist,

peas and oats can be grown together satisfactorily for the production

of either green or dry fodder. In those portions of the Province

where the pea weevil is troublesome, spring tares may be used instead

of peas to mix with oats. If. however, peas and oats are grown
too-ether for green fodder in the weevil-infested districts, the crops

should be cut about the time that the peas have reached the blossom-

ing stage.

Mixtures for the Production of Grain. In the trial grounds

at the College, peas, oats, barley and spring wheat were grown
separately and in eleven different combinations for the production of

grain. This experiment was conducted in duplicate for six years.

A mixture of oats and barley gave the greatest yield (2,261 lbs.) of

grain per acre ; a mixture of oats, barley and peas gave the second

highest yield (2,101 lbs.) of grain per acre
;
aad a mixture of oats and

peas gave the fifth highest yield of grain (1,988 lbs.) per acre.

On examining the peas which were grown with the oats, wheat,

and barley, we found weevils ; but the percentage of weevil was not

quite so high as where the peas were grown by themselves.

Peas as a Pasture Crop.

In 1900 and again in 1901, we tested oats and peas, both separ-

ately and in combination, for pasture purposes. When the crops were

about twelve inches high they were pastured off by cattle. That the

green oats were eaten more readily than the green peas was quite

noticeable. These crops did not prove very satisfactory as cattle pas-

tures. From observations made we believe that a mixture of oats and

peas would perhaps make a suitable pasture for sheep, and that either
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peas alone or a mixture of peas and oats would furnish a good pas-

ture for swine.

Peas as a Green Manure.

An experiment was conducted in different parts of the experi-

mental grounds for four different years, to ascertain the relative value
of peas, buckwheat and rape for plowing under as green manure for

fall wheat. These crops were sown at such times that they would
reach the best condition for plowing under by the end of July. After
the crops were plowed down each year, the land was cultivated on the
surface three or four times during the month of August and the wheat
was sown on or about the first day of September.

As the result of four experiments, the average yield of wheat per
acre per annum was 36.1 bushels on the pea land, 30.4 bushels on the

rape land, and 29.6 on the buckwheat land. It will, therefore, be seen,

that the land on which field peas were used as a green manure pro-

duced 6| bushels per acre more than similar land on which buck-
wheat was used for plowing under.

Substitutes for Ordinary Field Peas in Weevil-infested
Districts.

Owing to the ravages of the pea weevil in Southern Ontario, the
importance of using substitute crops is becoming pretty generally re-

cognized. Several varieties which might be classed under this head-
ing have been grown in our experimental plots for several years in

succession, the results of which are here presented :

Grass Peas. The Grass Pea is a leguminous plant, which pro-

duces long, flat vines, slender leaves, white blossoms, medium-sized
pods, and hard, angular, white or greenish white, seeds (Fig. 6). It

is entirely proof against the attacks of the pea weevil. In many re-

spects it resembles the bitter vetch {Lathyrus sativus), of Europe,
which, however, has blue flowers, and brown seeds. It also appears
to be free from the poisonous principle which the bitter vetch is said

to possess. This is borne out by scientific investigations which
have been made, and by the extensive and satisfactory use of the

Grass peas as a food for farm stock. They are highly prized as a regu-

lar farm crop in some sections of Southern Ontario where they have
been extensively grown and fed for several years. They have been
largely used as a substitute for the ordinary peas in some of those sec-

tions where the pea weevil has been doing serious damage for many
years. In 1902, however. Grass peas, as well as nearly all other legu-

minous crops, were a partial failure, owing to the cold, wet weather
of the summer. The yield of the Grass peas for 1901 was also below
the average in some localities, owing to the excessively hot weather
at the time of blossoming. For feeding purposes, they seem to com-
pare favorably with the ordinary field peas. They are usually sown
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alone, but sometimes with oats and barley. The crop may be used as

green fodder, or as hay, or may be ripened fo_ the production of grain,

for which purpose, one and one-half bushels of seed per acre are usual-

ly sown with a grain drill. The straw is richer than that of any of

the grain crops ; and the peas are very hard, but, when ground, make
a rich meal that is relished by cattle, sheep, and hogs. The meal of

the Grass pea, being rich in flesh-forming constituents, should form

not more than about one-third of the entire meal ration for farm

stock. In this respect, it is very similar to the meal of ordinary field

peas. Grass peas, however, cannot take the place of garden peas for

table use, nor of field peas lor the export trade.

Fig. 6. The Grass Pea, showing the thin, grass-like stems, the white
flowers, and the pods containing white, angular peas. (Original.)
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The Grass peas have been grown in the trial grounds at the col-

lege for at least nine years, and have given good results, except in

1902, when they were a partial failure owing to the cool weather and
excessive rainfall. In the average results of tests made for a period

of seven years it is found that the annual yield of grain has been 25.7

bushels, and the yield of straw 2.2 tons per acre. In 1900 the yield

was slightly over 43 bushels per acre. The grain has been excep-

tionally heavy, the average weight per measured bushel being about
64 pounds. In comparing the results of the Grass peas with the
Golden Vine peas (the common, small, white pea of Ontario), for a
period of seven years, we find that the latter has given an average
annual yield of 1.4 bushels of grain per acre more than the former

;

but that the former has given a yield of 4-5 of a ton of straw per acre,

and grain which has weighed fully four pounds per measured bushel

more than the latter.

In the averaf^e results of 27 co-operative experiments conducted
throughout Ontario in 1901, the Grass pea gave about 3-4 of a bushel

per acre less than the Early Britain variety, and 1-2 bushel per acre

more than the White Wonder variety.

To compare the value of Grass peas and Common Tares, or

vetches, for green . fodder, seed of these varieties was distributed

throughout Ontario for co-operative experiments in the years 1897,

1898, 1899, 1900, and 1901 The average results of these experiments
for the five years were Grass peas 6.7 tons, and the Common Tares, or

vetches, 6.8 tons per acre.

Egyptian Peas. The Egyptian pea is a leguminous plant, grown
extensively in the Mediterranean regions, and in Central Asia. It

has many common names, such as the Coffee pea, Chick pea, Idaho
pea, Gipsy pea, etc., and is scientifically known under the na.me of

Gicer arietinwm. It has been used as feed for cattle, and also as an
article of human food for upwards of 3,000 years. The seed is some-
what larger than that of the common pea, and is enclosed in a short,

thick, hairy pod, there being from one to two peas in each pod. The
plant itself is seldom used except as a soil renovator, but the yield of

grain is large, and is ground into meal which makes a very valuable

stock food when fed in much the same way as cotton seed meal. The
straw is of little value. As a human food the peas are used in various

ways. The ripened grain is sometimes prepared for the table in much
the same way that we prepare our Canadian beans for culinary pur-

poses. It is also sometimes roasted and used as a substitute for coffee.

The average results from growing Egyptian peas in our experi-

mental department are a yield of one ton of straw and 35.6 bushels of

grain per acre, the grain weighing a little over 62 pounds per meas-
ured bushel. It will, therefore, be seen that the Egyptian pea is a large

yielder of grain. It is, however, slow in reaching maturity, and pos-
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esses straw which is short and of poor quality. The crop is usually-

slow in maturing, requiring about two weeks longer to ripen than

ordinary field peas. As the plants are usually short in growth, the

Egyptian peas are suitable only for very rich soil. As was the case

with nearly all of the leguminous plants, the Egyptian peas were a

partial failure in 1902, owing to the unusually cold, wet weather.

Egyptian peas were distributed for co-operative experiments

throughout Ontario for four years in succession. In the average of

180 successfully conducted experiments, the annual yield was found

to be only 21.1 bushels per acre. So the Egyptain pea does not

seem to be suitable for the average soil of the Province.

Cow Peas. Nearly all the varieties of Cow peas ( Vigna Sinensis)

require such a long season of growth that they are suited only to the

warm climate of the south. A few of the earlier kinds have been

grown in the Northern States and have been tested at our experiment

station at Guelph. We have as yet, however, been unable to find any
variety of Cow peas on which we can depend to produce ripened grain,

as our season is short, and it is only in exceptional years that even

the earliest varieties of Cow peas will mature their seed.

Soy Beans. The Soy beans {Glycine hispida); also known under

the names of Soja beans, Coffee beans, Idaho peas, etc., have been cul-

tivated in China and Japan for a great length of time The Soy bean

is an annual legume ; the plants have an upright growth and are almost

completely covered with short hairs. The seed is generally sown at the

rate of about one-half bushel per acre in drills from 2 to 3 feet apart,

which are cultivated in a similar manner to our Canadian beans. The
crop is used for green fodder, or is allowed to ripen for the production

of grain, which is exceedingly rich, and when ground into meal is

considered about as valuable as cotton seed meal for feeding purposes.

Eight varieties of Soy beans have been imported and grown in

our Experimental Department. Some of the varieties have proved to

be entirely unsuited for Ontario, owing to the long season required to

reach maturity. The Early Yellow Soy bean, however, has given

good satisfaction as a grain producer, and the Medium Green variety

for the production of green fodder. The average result from growing
the Early Yellow Soy beans for a period of seven years, has been 17

bushels of seed per acre. In the production of green fodder, the Early

Yellow variety has produced an average of 8 and the Medium Green
variety an average of 9.3 tons per acre for the same length of time.

The Early Yellow Soy beans were distributed over Ontario last

year for co-operative experiments, and the average yield of grain as

produced on thirteen Ontario farms was 21.4 bushels.

We believe it would be a decided advantage to Ontario farmers

to grow the Early Yellow Soy beans more generally for the produc-

tion of grain for feeding purposes ; and the Medium Green Soy
beans for placing in the silo with corn.
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Vetches. Both the Common Vetches and the Hairy Vetches are

serviceable when grown alone or with oats or barley for the production
of green fodder, but are not suitable for the production of seed for

feeding purposes.

Emmee. This is a species of wheat, known under the scientific

name of Triticum dicoccum. Emmer is grown at the present day in

Switzerland, Germany, Russia, Spain, and some of the other European
countries. When the grain is threshed, the heads break at the

different joints, leaving the grain in the chaff as closely clasped as

ever. To secure the clean seed, special machinery is necessary to

separate the chaff frem the grain. The flour obtained is said to pro-

duce a coarse bread. It is doubtful if Emmer will ever be grown
extensively for flour production in Ontario, but the indications are

favorable for its becoming a regular and valuable crop for stock
feeding. The grain, when ground with the chaff, appears to make a

meal of good quality, and the straw is considered by many to make
very valuable feed. Emmer is incorrectly called Spelt, or Speltz, by
many seedsmen and farmers in Ontario and in the Northern States.

The true Spelt {Triticum spelta) is quite distinct from Emmer, and is

generally considered much inferior.

Different varieties of both Emmer and Spelt have been grown in

the experimental grounds at Guelph within the past thirteen years, the

former producing good, and the latter, poor results in nearly every case.

In the average results from growing Emmer in the trial grounds for

the last three years, the yield of grain has been upwards of 2,300
pounds per acre, which is about equal in weight to 68 bushels of oats,

or 48 bushels of barley.

Emmer has been distributed throughout Ontario for two years
and tested with other kinds of spring wheat. The Emmer surpassed
the Wild Goose spring wheat in yield of grain per acre by 46 per
cent, in the average of thirty-nine co-operative experiments in 1900,
and by 63 per cent, in the average of thirty-one co-operative experi-

ments in 1901. It will, therefore, be seen that Emmer is a large

yielder of grain, and that it might be well to give it a trial, especi-

ally in those sections where the pea weevil is troublesome.

Other Substitute Crops. Besides the different varieties of

crops here described, an increased area of our prominent cereals, such
as oats, rye, six-rowed, two-rowed, and hulless barley, might be
grown, either separately or in various combinations. These crops

are too familiar, however, to require any detailed description.

Mixtures composed of oats and barley ; oats, barley, and Wild
Goose spring wheat; or oats, barley. Wild Goose spring wheat, and
Grass peas, which are sown and allowed to ripen, usually yield more
per acre than any one of them when grown by itself, or than peas

and oats when grown in combination. Mixtures of oats and tares
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and of oats and Grass peas, are sometimes used instead of oats and
field peas for the production of green fodder and of hay.

Treatment for the Pea Weevil.

Within the past seven years about thirty different treatments of

peas have been made in the Experimental Department for the destruc-

tion of the pea weevil. In handling the crop, care has been taken

throughout to pull the peas at the proper time, to haul them to the

barn when dry, and to thresh them as soon as possible. Th« late

varieties have usually been threshed immediately on coming from

the field, but the early varieties have sometimes remained in the barn

for a few days, or perhaps for even a week. The threshing has

usually been done with a machine, but occasionally with a flail.

Method of Fumigation. Immediately after threshing the peas

were put into cotton or jute bags. As soon as thirty bushels of peas

were threshed they were placed in a fumigation box for treatment.

One pound of carbon bisulphide was poured out into three flat pans,

which were placed on the top of the peas ; the cover was then put

on the box and weighted with heavy stones. After forty-eight hours

the cover was removed and the box ventilated. The pans had become

dry, as the liquid had changed into a gets, which, being much heavier

than air, had sunk down amongst the peas penetrating them and
killing the weevils. The quantity of carbon bisulphide used by us

was larger than that usually recommended, as a pound or a pound
and a half is generally considered sufficient for 100 bushels of peas,

but we wished to err on the safe side.

Effectiveness of Fumigation. Only once during the seven

years did we find live weevils after treatment. In this instance,

the treatment was repeated by using one and one-half pounds of

the liquid, but again a few live weevils made their appearance.

After a third treatment, however, with two pounds of the liquid,

no live weevils could be found. We were never able to account

for the ineffectiveness of the treatments at this particular time. On
all other occasions, the insects were destroyed by the first treat-

ment, no mati,er whether they were in the larvae form, in the pupa
stage, or had become fully developed. We find, from correspondence

with a large number of exporters, that the treatment with carbon

bisulphide is almost always effectual in killing the weevils with

one treatment. One of our e.xporters, however, writes us as follows -.

"Carbon bisulphide treatment has not always been successful in killing all

the weevils in the peas. The amount of carbon bisulphide which I have found to

give the best results is one gallon to two carloads of peas, or 450 to 500 bags.

(This is a little more than one pound to 100 bushels). It is generally assumed

that the treatment in the air-tight chamber, or " bug-house," for a period of 24

hours will be efTectual. Last year, however, having a quantity of peas for ship-

ment to the English market and being desirous of treating them effectually, I

placed them in the "bug-house," and kept them there for nearly a week, and

gave them two treatments of carbon bisulphide. After the peas reached England

my correspondents there reported that there were still some live weevils in them
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I can account for this only on the supposition that at the time of the treatment
some of the weevils had not advanced in their development as far as the rest, and
that there was less of the inner part of the pea consumed, and that, consequently,

the thicker covering protected the weevil from the action of the carbon bi-

sulphide."

The weevils usually die soon after the laying of the eggs on the

young pods, but the exact duration of the life of an adult weevil, so

far as we are aware, has never been definitely ascertained. It may be

that the weevil lives some weeks after the deposition of the eggs.

A somewhat remarkable occurrence of live weevils in peas is told

us by a reliable observer. A shipment of peas was fumigated in

Ontario, shipped to England, and stored in a seed ware-house. For
some reason or other, these peas were left undisturbed for nearly two
years ; and in the handling of the peas, a few live weevils were found.

This case is, of course, abnormal, and simply means that some weevils

may survive after two years of torpor, induced by cold ; but it also

shows that pea dealers should be exceedingly careful in their ship-

ments, lest some of the live weevils be carried to new districts.

Escape of the Weevils. -The time of escape of the weevils

from the peas is, unfortunately, so variable and irregular, that it may
be said with a great deal of truth that they keep on escaping in

July, August and September, and from early April to the beginning

of June.

It would be a comparatively simple matter to kill the great

majority of the weevils with carbon bisulphide, as explained, if they

always remained long enough in the peas to allow for the unavoid-

able delays in harvesting the crop, threshing the peas, and treating

the seed. Some of the weevils may escape, however, before the peas

are even harvested. The peas grown on the College Farm, in 1901,

were threshed in the field with the College separator on the 15th day
of August. The pea crop had not been stacked, but was threshed

directly from the land and as soon as it was properly cured ;
and

even at that early date, some of the weevils had escaped from the

peas. The unevenness in the development of the weevils in the indi-

vidual peas of the same crop is likely due lo the unevenness in the

blossoming of the peas in the different parts of the same field, in the

individual plants growing side by side, and in the diff'erent parts of

the same plants. Saveral repeated examinations have shown that

peas grown on even a small plot in the experimental department and
fumigated immediately after they were harvested contained weevils

in almost ever}'- possible stage of development. To illustrate this

fact, the Marrowfat variety has been selected. Two hundred average

peas grown and treated in each of four years have been care-

fully examined. In order to represent the results obtained, four

stages in the development of the weevils were selected as the basis of

classification. The classification, therefore, is represented as follows :

1. Larva, one-eighth grown; 2. Larva, one-half grown; 3. Pupa;
and 4. Adult Beetle, escaped. Every weevil in the peas was placed
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in the class which it resembled most closely. The following table

gives the results of this examination of the development of the

weevils at the time they were fumigated.

Stages in the development of the pea weevils
at the time of fumigsktion.

Larva

(I grown)

Larva
(I grown)

Pupa

Adult
escape d

Average percentage of weevils at each stage
of developnr ent when fumigation took place.

1897

47

1898

14

27

59

1900 1901

10

82

50

20

25

53

Average
4 years.

11

16

60

13

These results are very suggestive. They throw much light upon

the probable effectiveness of the fumigation process in the eradica-

tion of the pea weevil. It is owing to the irregularity in the

development of the weevil that some of the insects escape so

early in the season, while others remain in the peas until a much
later date.

In some seasons, the weevils develop and escape much earlier than

in others. It is quite probable that the conditions of the weather, such

as temperature and moisture, exert an influence on their development.

In 1902, the weevils did not escape until much later in the season

than usual, evidently owing to the wet, cold summer.



29

Moreover, it is a matter of common observation throughout the
country, that man_y pods shell their peas in the field while the crop is

being harvested. If the peas were pulled just before they ripened,

not only would there be less shelled peas on the ground, but the straw
would be of much better quality. Hogs turned on the pea stubble
would eat a few of the scattered peas and the weevils which they
contained. If the peas were stirred into the soil by a cultivator, or

turned under with a plow, it is quite probable that some of the
weevils would be destroyed by this process.

Weevilly peas which remain in the straw after the crop is

threshed, which lodge in the separator t j be scattered on the ground,
which lie on the threshing floor for several days after threshing, etc,

give the weevils an opportunity to escape.

In any effort to destroy the pea weevil, attention must be given
to garden peas. Most persons do not realize that when a mess of

green peas is eaten, a large number of the grubs of the pea weevil
are (to put it mildly) prevented from doing further damage. If all

the garden peas were eaten in this way and prevented from ripening,

there would be no danger to the general pea crop from such
a source. An effort should be made, therefore, neither to allow
any garden peas to ripen nor any seeds containing live weevils to

be planted.

Carbon Bisulphide. Carbon bisulphide is a colorless or slightly

yellowish liquid, one-fourth heavier than water. It is extremely
volatile, i. e.. evaporates very rapidly when exposed to the air, and
when pure will not injure or stain the finest goods. The com-
mercial liquid has an acrid taste, and an odor like that of rotten

eggs. The vapor is more than two and a half times as heavy
as air. Carbon bisulphide may be purchased in small quantities

from any druggist at about 30 cents per pound, or 40 cents per
pint. For larger quantities, better rates can be given by the

druggist. The gas, or vapor, which comes from carbon bisulphide is not
only combustible, but it is very explosive when mixed with air.

Great care should, therefore, be taken to treat the peas in the day-
time only, for a light or a flame of any kind brought near the liquid

may cause a serious explosion ; and smoking near it should be posi-

tively prohibited. Moreover, the vapor should I not be inhaled, as

it is very injurious, even a small portion causing headache, giddiness,

and nausea. The treatment with carbon bisulphide should be made
in boxes, barrels, or " bug houses," located some distance from the

insured buildings on the farm.

With the strict observation of the preceding precautions, no one
should hesitate to use the carbon bisulphide. As a matter of fact,

we have never heard of any bad results following its use in the

treatment of peas. This happy condition of things may be explained

when we say that all who used the liquid were wise enough to be
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cautious. There is, moreover, no danger that the vapor will injure the

peas or render them unsafe as food. Experiments have shown that

the liquid can even be poured upon articles of food, and, after

thorough exposure to the air, not a trace of it will remain.

Fumigation Box. The fumigation box which has been in use in

the Experimental Department for seven years for killing the pea
weevil by the carbon bisulphide process is well illustrated by the

accompanying diagrams ( Fig. 7 ). The box is rectangular m form,

Fig. 7. Fumigation box used in the Experimental Department at the O.A.C. The method
of construction is readily seen. (Original.)

being five feet long, two and four-iifths feet wide, and three feet

high, and capable of holding about thirty bushels of peas at one
time. It is made of pine lumber, 1^ inches thick, tongued and
grooved. The end pieces are mortised into the sides. All the joints

are made very tight by the use of white lead. The cover is lined

with a strip of cloth and is made to fit very closely. 1 his box has

been used for the double purpose of fumigating peas to kill the

weevils, and of dipping sheep to kill the ticks.

Coal-Oil Barrels. When a box such as we have described, is

not readily made or procurable, one or more coal- oil barrels may be
used. These are water-tight, and may be covered with a blanket and
a close fitting cover, upon which may be placed some heavy stones.

Fig. 8 shows the method of using barrels for this purpose. A barrel

will hold about five bushels ; and for this quantity of peas, three to

four ounces of carbon bisulphide are necessary.

This method of treatment is valuable for small quantities of seed

peas, but would hardly be adopted when the entire season's crop is to

be fumigated, as it would necessitate either a very large number of

barrels, or an extended period of fumigation with a few barrels.
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Fig. 8. Method of treating peas in coal-oil barrels, (a) Shows the carbon
bisulphide in two pans on the surface of the peas

; (6) shows how the peas are
fumigated. (Original.)

Bug Houses. Many of our large buyers and shippers of peas
have specially constructed air-tight chambers, or " bug houses, " in

which several hundreds of bags of peas are treated at one time with
carbon bisulphide. In some cases, farmers, especially when the pea
crop is large, could profitably erect " bug-houses." It is not necessary
in all instances to construct a separate building for this purpose. It

would be more economical for the farmer to build a compartment in

his barn, as it would make tight, clean storage for grain, robes, blan-
kets, or other articles, during the portion of the year when it is not
used for treating peas.

ff^]^ -^ig,^. a-ffect msurr.ne.^.

A chamber 12 feet long, 6 feet wide, and 8 feet high is about the
right size for treating the season's crop. Besides the siding on the
outside of the frame, there should be two thicknesses of dry tongued-
and-grooved matched lumber, with building paper between, well
nailed on the outside of the fame. The ceiling should also be made
in a similar manner. The beams and joists of the building should be
so rigid that they will not give in the least when loaded, lest a crack
be made in the side, and allow the gas to escape. The floor should be
made of two thicknesses of sound, matched, tongued-and-grooved
lumber, with building paper between the thicknesses.

The door-way should have two doors, an inner one not on hinges,

but have two handles with which to lift it and put it in place, and an
outer one which is hinged. Both of these doors should fit against
rubber or felt strips laid on grooves cut in the door-frame. The doors
can be wedged tight against the rubber padding by means of three
oaken cross bars (at the bottom, middle, ani top) which can be driven
like wedges into slots cut in the door-casing. (See Fig. 9.)

Other Methods of Treating Peas. The method of holding over
peas in closed bags or tight boxes for a year is one which has been
in operation for many years. The weevils which escape from the
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seed soon die, and are not able to lay their eggs in the field. This

method is only partially effective, since many weevils make their

escape before they can be bagged.

The boiling water treatment has also been used for many years.

The infested seed is thrown into boiling water l jr one minute, then
quickly removed. This method has never been w lely adopted, since

the germ is very apt to be injured by longer immersion than one

minute in the boiling water.
>^

Fig. 9. ' Fumigation [house' at the Ontario Agricultural College. There are two
doors, one in front and the other in the rear, to facilitate ventilation ; the door is

driven up tightlj" against [the felted casement by means of large wooden buttons.

(Original.)

Infested peas may be treated successfully by heating them to a

temperature of 145 ^ F. without injury to the germ, but this method

has never been widely adopted, for obvious reasons.

Although we have never tried the coal oil treatment, some of our

correspondents report successful results, and outline the process as

here described : The peas are spread on the barn floor in a thin

layer about six inches deep ; and the oil is sprinkled over the seed

through a machine oil-can Then the peas are turned over very

thorouo-hly so that every pea becomes coated with a thin film of oil.

In this condition the peas are left for two or three days, when it will

be found that the weevils have been killed. One quart of oil is suflic-

cient for twenty bushels of peas.

This method is to be recommended in the treatment of small

quantities, such as seed peas ; but we are of the opinion that it would

not be a practicable method for treating peas in large quantities

immediately after harvest.
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BULLETIN 127. MAY, 1903.

Ontario Agricultural College and Experimental Farm.

FARM POULTRY, WITH THE RESULTS.OF SOME EXPERI-
MENTS IN FATTENING CHICKENS.

By W. R. Grahaji, B.S.A., Poultry Manager and Lecturer.

This Bulletin is intended to give information to farmers and
others, on general matters pertainingf to the keeping of poultry.

It also contains the results of a few experiments which have been
conducted at this institution in fattening chickens for the home and
export market.

CONSTRUCTION OF POULTRY HOUSES.

We find poultry thriving and yielding good returns in so many
different styles of houses, that it is very difficult to lay down any
hard and fast rules. The tendency at present is towards cheaper
houses, with better ventilation. The hot-house style of housing poultry
during the winter has not been satisfactory, many of the houses being
damp, and the air in them anything but agreeable. Disease has been
quite common ; and the results in many cases have been disappoint-
ing. To the plans given below, there are no doubt some objections;
but there are strong points in each. Many of these houses are giving
excellent results in Ontario.

Every poultry house should be light ; at least one-third of the
south side of it should be of glass, or otherwise opened to the sun. It

should face the south-east or south. The sun's rays are very bene-
ficial to towl, especially during the winter months.

Poultry House of L. H. Baldwin, Deer Park (Toronto).

Mr. L. H. Baldwin's poultry house is a good one. It is well
planned and has given good results. I have always found Mr. Bald-
win's fowls very healthy and in good laying condition. The point
of excellence in this plan of a house is that the fowls are allowed
exercise in the open air, and are, at the same time, protected from
the wind. It also furnishes a warm roosting pen.

[3]



After a very full inspection of several hen-houses erected on many
of the leading poultry farms of the Eastern States. Mr. Baldwin de-

cided to build a hen-house on the scratching-shed plan. He came to

the conclusion that this plan was best suited for a climate such as

they have in Toronto.

His hen-house is a frame building 72 feet long and 10 feet deep,

and is divided into four scratching-sheds and four hen-houses proper.

The ground plan is shown in Fig. 1. The sills are 4x4 cedars, resting

on large stones. The end sill rests on stone, and the sill running the

length of the building rests on top of the end sill. The studding used
is 2x4 hemlock. The top of the sill is one foot above the surface of

the ground, and a base-board is fastened on the inside of the sill, and
the Hoor of the hen-house is tilled with sand to the top of the base-

board. The building is banked up on the outside to the same level.

The stones upon which the sills rest are placed at varying distances

to meet the joists and at intervals of about 8 feet. 'I he north wall is

* feet high from the top of the sill, and the south wall 7 feet high.

In the north wall, the studding is placed at each corner of the hen-

house proper and an additional one in each centre, also at the corner

of eacli scratching-shed, and an additional one in the centre. In the

south wall the studding is placed in the same way, excepting the one
in the centre of the hen-house, which is placed so as to accommodate
the window. At the east end, an extra stud stands as a door post

;

and one at the west end, in the centre. For rafters, he used 2 s4 hem-
lock, placed at 2 feet centres. On the outside of the studding and
rafters he used the most ordinary lumber, running the boards length-

wise. The ends of the building, the north wall, and the south fronts

of the hen-house proper are covered with a two-ply " ready roofing;"

and for the roof he used three-ply " ready roofing." A scantling 2x4
reaches from the north sill to the south sill at the base of each divi-

sion between scratching pens and hen-houses proper, and between the

hen-houses. The division wall between the scratching-shed and the

hen-house is made of rough lumber on the scratching-shed side with
a lining of tar felt nailed on the interior of these boards, and battened

closely with laths to make the joints of the tar felt complete.

The division wall between the hen-houses proper is made of 7x8
tongued and grooved flooring, and the other interior walls of the hen-

houses proper, that is, the walls against the scratching-sheds and the

north and south walls, are lined with 7x8 tongued and grooved dressed

material. The ceiling is also completed in the same way. But before

the putting on of this dressed material, a second layer of tar felt was
placed between the sheeting and rafters, so that there is a dead-air

space. The large doors between the scratching-sheds and the hen-

houses proper are about three inches thick, made of two thicknesses

of 7x8 tongued and grooved dressed material, with a space of one
inch between, and lined with tar felt on the inside of each



thickness. These doors are raised a foot above the level of the

sills, and in this space near the south wall is cut small doors for the

poultry, 10 inches wide, having sliding doors.

Interior ArrangeTnents.

The dropping board is three feet wide and 18 inches above the

level of the top of the sills. Two roosts, each 2x3, are placed on the
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back of the nest is made in two pieces. The upper part is fastened

to the lower board by spring hinges, which enables one in collecting

eggs to reach the nest c mveniently ; and the spring hinges make the

top board fly back into place. Against the inside division between the

hen-houses proper, a 12 inch board extends on the level of the drop-

ping board to within 12 inches of the door, and an upright 12 inch

boari is fastened to the end of this and runs up to the ceiling. To
correspond with it, a board is placed against the opposite wall, and a
cotton curtain on a two inch roller is fastened to the ceillin^. This
curtain is shown by the dotted lines across pens in Fig. 4 and at x in

Fig. 1 When this curtain is down it comes to the bottom of the two
last mentioned upright boards that is to about 2 inches below the

level ot the dropping board. The purpose of this curtain is to pro-

tect the fowls on very cold nights. Mr. Baldwin has found that it is

not necessary to use it when the pens contain over 15 birds ; but if

the number is reduced, and the thermometer drops to the neighbor-

hood of zero, it is well to let it down.

Plenty of Light

The windows in front of the hen-houses proper are each three

feet wide and two feet 6 inches high, containing 6 panes, 10x12
inches each. The windows are placed high in the front wall and
slide to the right and left. The windows being placed high up, the

sun in winter, when it is low in the heavens, shines on to the roost

and dropping board. The door between the hen-houses proper, which
is also a foot above the level of the sills, is a simple door of 7x8 inch

stuff, the upper half being made of wire netting. The front of each

scratching shed is divided in two by the centre studding, on each side

of which there are cotton screens hinged at the top, and reaching

down to within one foot of the top o^' the sill ; and, when down, close

upon top of a rainboard which slopes to the outside, so that rain beat-

ing against the cotton screen is carried outside ; and this keeps the

interior dry. These screens swing up to the roof, and are there canoht

by hooks from the rafters. The front of each scratchirg-shed is closed

with two-inch mesh wire netting. (One-inch mesh should have
been used to keep out the sparrows, which now get in and run off with
a lot of grain). An eaves-trough runs the length of the building,

distributing the water east and west. Drinking fountains are placed

on the end of the board that runs out from the dropping board ; and
on the wall opposite thereto the boxes for grit and oyster shells are

hung.

Sanitary Precautions.

The interior of the hen-houses and the scratching-sheds is filled

with sand to the level of the top of the sill ; and on top of this a



plentiful supply of loose straw is kept, to encourage the birds to

scratch and thereby get exercise. In August the straw is all cleaned

out ; and the sand, so far as it appears to be soiled, say, to a depth of

four or five inches, is all taken out, and fresh sand put in its place.

It is advisable to do this in August, so that the sand may become per-

fectly dry before the winter sets in. No straw is placed on top of

the sand until the time comes to close the birds up for the winter.

The windows of the hen-house proper are open every day. Of course,

when the weather is stormy or bitterly cold they are open only for

15 minutes or half an hour in the middle of the day. When the sun
is shining brightly they may be left open for some hours. This

thoroughly ventilates the hen-houses, dries up all moisture, and keeps

the place clean and sweet. The .screen in front of the scratching-

shed is let down only on very cold days, and when the weather is

cold and stormy, the idea being to keep the open shed dry where the

birds take exercise in the open air.

This method of housing poultry keeps the stock in the most
vigorous health ; and this is the secret of Mr. Baldwin's success in

obtaining a plentiful supply of fertile eggs. He began incubating in

January last, and out of 1,100 White Wyandotte eggs set during the

season he obtained 66 per cent, of chicks. The runs of his hen-houses

extend to the north and west of his buildings, as it best suits the

shape of his lot. The runs are in most cases placed to the south of

the building ; and sometimes, where it is possible, they are extended
north and south, and are used alternately. From the practical exper-

ience of five years' use of the building, Mr. Baldwin's opinion is that

it is well adapted in this section of the country for keeping breeding

stock and maintaining it in most vigorous health, which is the

foundation of success. He keeps only White Wyandottes, and thinks

that the building would, perhaps, be too cold for the more delicate

breeds, although he at one time kept White Leghorns in it with con-

siderable success. In one phenomenal hatch of Leghorn eggrs he
secured fl5 chicks from 95 fertile eggs, out of a total setting of 100
eggs. This affords some idea of the vigor of the stock, and the fertility

of the eggs secured from birds kept in hen-houses erected on this

plan. Mr. Baldwin believes that many who have adopted the scratch-

ing-shed hen house have adjusted windows to the front of the scratch-

ing- shed in place of the screen ; and this might be an advantage,
especially in sections of the country where the weather is more severe

than in Toronto.

Cost of the Building.

He estimates the cost of his building at $250, allowing for his

own time ; but on account of the increased cost of lumber and labor,

a similar building would now cost about $300. The cost, of course,

depends upon the facilities for obtaining material and labor. He
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keeps about 18 hens in each pen during the winter, and obtains a
plentiful supply of eggs.

The Poultry Houses at 0. A. C.

The Colony House in use at this College is more or less of an
experiment, but it is cheaply constructed, and allows a warm roosting

pen and exercise in the open air. The canvas door protects the fowls

:&
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Fig. 5.—Ground plan of colony house at O.A.C.
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Fig. 6.—Cross section of colony house.
R, R, roosts.

Fig. 7.—Ground plan of closed pen.
R, R, roosts.

from the extremely cold winds. In very severe weather the board
door in front of the house may be shut.

This house is made of a single thickness of planed lumber, the

cracks between boards being covered by battens. It is not sheeted

on the inside, except in the roosting compartment, which is lined with
paper and matched lumber. We wintered Plymouth and Wyandotte
fowls successfully in this coop before the roosting compartment was
put in. It was, however, so cold at night time, in very severe weather,

that egg production was practically stopped for a day or two. I

would not recommend its use where Leghorns or such birds are to be

kept. This house will accommodate from 20 to 25 chickens.

The plan of the closed house in use at this College (see Figs. 7

and 8) is designed to admit of exercising the fowls in the open
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air, to have a constant supply of fresh air, and a warm roosting

pen. Formerly, this house was equipped with double doors, walls,

and windows; it was as tight as a drum, and there was a constant

dampness during the winter, owing largely to a lack of fresh air.

R R
a a
D

Fig. S.—Crossed section of closed pen. R, R, roosts ; D, dropping board.

The substitution of a curtain for the door on the south side will, we
are satisfied, admit abundance of air and do away with the dampness.

This house will accommodate from 40 to 50 fowls.

GENERAL RULES FOR BUILDING.

Every hen should be allowed at least 6 square feet of space in

the scratching pen, and about 4 square feet in the roosting pen. Each

bird of the Plymouth Rock, Wyandotte, and such breeds, requires

about 9 inches of perch room ; Leghorns, etc., about 8 inches : and

Brahmas, 10 inches.

Roosts should be made low, or near the ground. There are

several reasons for this. Fowls of the heavier breeds cannot fly high,

and those of the lighter breeds frequently injure the soles of their

feet in jumping from high perches.

When dropping boards are used, they should be moderately low

down, to admit of easy cleaning. Dropping boards should be made
of matched lumber, and should

be 20 inches wide for one

roost, and three feet fen" two
perches, the first being placed

eiofht to ten inches from the

wall.

Most poultry men prefer

roosts 2 inches by 2 inches,

with edges slightly rounded.

Nests. Many use only old

boxes ; but such nests, if near
the ground, are apt to induce
egg-eating. Dark nests pre-

vent this. (Figs. 9 and 10.)

^^
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Ground floors are more in favor than board floors, and cost much
less.

In my own experience, the best results are obtained fiom keeping
20 to 25 birds in a flock. Some succeed with SO to 75 in a flock ; but
these are the minority.

BREEDS OF POULTRY.

Plymouth Rocks. There are three varieties of this breed, viz.,.

Barred Plymouth Rocks, White Plymouth Rocks and Bufl" Plymouth
Rocks. The Barred variety is the oldest and most popular, owing to

its having been introduced some years previous to the last two named
varieties.

The same general characteristics apply to the three varieties.

They are fairly hardy, good winter layers, fair summer layers, lay

brown eggs, make fair mothers, are sitters, have naturally yellow legs

and flesh, have single combs, and are all-round good general purpose
fowl.

The standard weights are: Cock, 9| lbs.; cockerel, 8 lbs.; hen, 7h
lbs., and pullet, 6h lbs.

Wyandottes. There are several varieties of this breed, viz.,

White, Black, Bufl, Silver-Laced, Golden-Laced, Partridge, and Silver-

Pencilled.

The last two varieties are comparatively new, and are not at

present nearly so plentiful as are the other varieties.

The White Wyandotte is bred by many market poultrymen, and
is very popular.

This breed, in its diflferent varieties, possesses the same general

characteristics as the Rocks, with the exception that they have a rose-

comb and are more blocky in appearance.

The standard weights are : Cock, 8| lbs. ; cockerel, 7| lbs. ; hen,

6 J lbs., and pullet, 5h lbs.

Rhode Island Reds. This breed is bred extensively by the

farmers in the State of Rhode Island, where it originated. It has not
as yet been admitted to the American standard of perfection. Hence
we have no official description of the breed, except that given by the

Rhode-Island-Red Club.

They are said to be fairly hardy, fair winter and summer layers,

are setters, only fair mothers, brown egg breed, have yellow legs and
skin and mature early. They are a reddish buflf in color, with a

strong tendency to black colored tails and wings ; also black ticking

in the hackle feathers.

The R.I.R. Club gives the following weights : Cock, 7 lbs. ; cock-

erel, 6 lbs. ; hen, 5 J lbs., and pullet, 4^ lbs.
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Orpingtons. There are three varieties of this breed, viz., Black,

White, and BufF Orpingtons. The Buff variety is far more popular

than the other two. Buff Orpingtons seem to be well adapted to this

country, and have the color of flesh sought after in the British market.

They will certainly be great rivals of the Rocks and Wyandottes as

the farmers' fowl.

They are fairly hardy, good winter layers, brown egg breed, are

setters, good mothers, have white legs, white skin, and usually have

single combs. There are a few rose-comb Buffs, but they are rather

scarce.

Standard weights: Cock, 10| lbs; hen, 8| lbs. ; cockerel, 9 lbs.,

and pullet, 7 lbs.

In breeding this variety, where market chickens are wanted, I

would prefer birds of at least one pound less in weight than the

standard weight given.

Leghorns. There are several varieties of Leghorns. The most

popular are the Single-Comb White, Brown, Buff, and Black, 'ihe

Kose-Comb White and Brown are also bred to some extent.

All Leghorns are considered to be non-sitters. An occasional

one shows some inclination to sit, but these are not to be relied upon.

They are excellent layers, especially during the summer months.

The eggs are white in color. As a rule, the Single-Comb White lays

a larger egg than the other varieties.

Leghorns require a fairly warm house on account of the size of

their comb, particularly the male bird. These birds are fairly hardy

and vigorous. They are too small for table use, unless as broilers.

Minorcas. The Single-Comb Black is the most popular variety.

The Rose-Comb Black and Single-Comb White are not so generally

bred. This breed is larger than the Leghorn or Andalusian. They
lay vpry large white eggs. They are a good summer layers and are

usually non-sitters. Their very large combs are an objection in cold

climates. These fowls are fairly hardy and vigorous.

Standard weight : Cock, 8 lbs.; hen, G| lbs.; cockerel, 6| lbs.;

pullet, 5h lbs.

Blue Andalusians. This breed is midway in size between the

Minorca and Leghorn, and generally non-sitters, and lay a large white

egg. They are splendid summer layers. The chief objection to them

is that they do not breed tiue to color, the chicks coming blue, black,

and nearly white. There are usually about 50 per cent, blue chicks.

The size of their combs is also considered an objection in a cold clim-

ate. They are fairly hardy and vigorous.

Standard weight: Cock, 6 J lbs.; hen, 5^ lbs. ; cockerel, 5| lbs.;

pullet, 4 1 lbs.

Games. The Indian Game is the chief variety of interest to the

farmer. They are a good market fowl, having a splendid develop-

ment of breast meat ; but their breast is considered by some to be
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rather short. They are fairly hardy, but are only moderate layers

of medium-sized brown ecjgs. They are good sitters and mothers.

Crossed with Dorkings, Rocks, or Wyandottes, they make excellent

fowls for the market. These crosses are, however, seldom good
layers.

Standard weight : Cock, 9 lbs ; hen, 6| lbs.; cockerel, 7| lbs.;

pullet, 5J lbs.

Dorkings. There are several varieties of this breed, the most
popular being the Silver Grey and colored varieties. Birds of this

breed are among the best market fowls yet produced, and they are

fair layers of good-sized, white eggs. They are fair sitters and
mothers. They have white legs, white skin, and five toes.

The fault of this breed in Ontario is that they do not do well in

confinement, and are not considered hardy. With some farmers,

however, they are very popular.

Standard weight of Silver Grey variety: Cock, 8 lbs.; hen,

G^ lbs. ; cockerel, 7 lbs.
;
pullet, 5| lbs.

EGG PRODUCTION.
To produce eggs in winter time, we have to consider the stock,

the quarters or housing, the feed, and the weather.

Stock. The stock needs to be the best obtainable. An ideal bird

for winter egg production is a pullet that is mature at about Nov. 1st,

and is strong and vigorous, and of a good laying strain. Something
depends upon the breed, but more on the strain of the breed ; also

much upon a good strong constitution, and an abundance of vigor.

These are the essential points.

To get pullets of such birds as Rocks, Wyandottes and Orping-
tons matured by November, it is necessary to hatch them in April.

Some seasons May chicks mature quirikly and begin laying about the

first of December, but not as a rule. If a pullet does not commence
to lay before Christmas, it is doubtful if she will begin much before

March, unless the weather is favorable. Then again, good yearling

hens that have moulted early are likely layers. The problem, how to

get hens to moult early, is not entirely solved as yet. No doubt it

has been noticed that hens which sit and bring out a brood of chicks

from June 10th to July, usually moult about the time they are leav-

ing their chicks. Some hens that sit earlier also moult early ; but as

a rule they begin to lay after sitting, and are rather inclined to late

moulting,

From the above, it would appear that the best method to get the

flock in general to moult would be to place the flock under conditions

similar to those of the sitting hen. This is done by some egg-farmers

with more or less success. The plan followed is to change the hens to
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a new, free range about July 1st, and feed but very lightly, not more
than one handful of grain to each hen daily. The object is to in-

duce the hens to dine largely on grass and water, and stop egg 'product-

ion. After being thus treated for from two to three weeks, the hens
are again well fed on a good laying ration. In many cases they begin
to moult ; and, if fed well, get their new coat of feathers in quicklv,

and thereby save time. I have had a few hens which have begun to

lay heavily as soon as I have started to feed them well ; but this is

not very often the case.

Hens over two years of age are seldom good layers. Leghorns
Minorcas, etc., are sometimes good during their third and fourth j^ears

;

but generally speaking, the Rocks and such fowls are of little or no
use as layers after the second year, being much inclined to become
excessively fat.

I'or summier egg production the lighter breeds and late-hatched
pullets of the heavier breeds ai(} best. Do not expect a hen that has
laid well all winter to lay exceptionally well during the summer. A
hen that lays early is inclined to show a desire to sit early in the
season. The following tables show plainly that esfgs can be produced
at a profit during the summer, even where all the grain has to be
bought.

Egg-Production at the O. A. C. in 1901.

April 22 to May 22nd. Rocks—13 hens, 1 cock :

Mixed feed—17 687 lbs , at .?1.33 per cwt 23 526 cents.
Bone—16. 687 lbs., at $1 00 per cwt 16 687 "
Mash—32.375 lb*., at gOc. per cwt 29 137 "
Wheat—21. 875 lbs., at .?1.13 per cwt 24.71 "
Milk—32 lbs., at 10c. per cwt 3.20 "

Total 97.26 "
Eggs laid, 16 dozen ; cost per dozen, 6.06 cents.

Nearly all Rocks were broody during last week.

April 22nd to May 22nd. Andaluaians—13 hens, 1 cock :

Mixed cracked grain—14.3 lbs , at $1.33 per cwt 19 61 cents.

Greenbone—13 75Ibs., at.$1.00per cwt 18.75 "
Mash—35 lbs., at 90c, per cwt 31.50 "
Wheat—24 lbs., at 81.33 per cwt., or 68c. per bushel 31.92 "
Milk— 35 lbs., at 10c. per cwt 3.5 "

Total 99.68 "
Eggs laid, 20^ dozen ; cost per dozen, 4.86 cents.

May 22nd to June 22nd—Barred Rocks:

Oats—2 lbs. 8 ozs., at $1.00 per cwt 2.5 cents.

Bone—2 lbs., at .Sl.OO per cwt 2.

Mash-40 1b9., at 90c. percwt 36.

Milk—40 lbs., at 10c, per cwt 4. "
Wheat—34.8 lbs., at §1.13 per cwt 39.32 "

Total 83.82 "
Eggs laid, 13 dozen and 10 eggs ; cost per dozen, 6.15 cents.
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May 22nd to June 22ndi Andalusians:

Milk—40 lbs., at lOc. per cwt 4. cents.

OatB—3 lbs., at $1.00per cwt 3.

Wheat— 35.437 lbs. at $1.13 per cwt 40 04 "

Mash— 40 lbs., at 90c. per cwt 36.
"

Bone-11.375 lbs., at $1.00 per cwt 11.37 "

Total 94 41 "

Eggs laid, 18 dozen and 2 ; cost per dozen, 5.06 cents.

June 22nd to July 22nd. Barred Rooks

:

Wheat—26.375 lbs., at $1.13 per cwt 29.80 cents.

Oats—6.25 lbs., at .^1.00 per cwt 6.25 "

Mash—41.75 lbs., at 90c. per cwt 3757 "

Milk—41 lbs., at 10c. per cwt 4.1 "

Bone—lib., at $1.00 per cwt 1.00 "

Total 78.72 "

Eggs laid, 13 dozen and 10 ; cost per dozen, 5.69 cents.

June 22nd to July 22nd. Andalusians:

Wheat—35.625 lbs , at $1.13 per cwt 40.25 cents.
Oat8-6.25 'bs., at SLOO per -!wt 6.25 "

Mash—40 lbs., at 90c. per cwt 36.00 "

Milk-40 1b8., at 10c per cwt 4.00 "

Bone— 1 lb., at $1.00 per cwt 1.00 "

Total cost 87.50 "

Eggs laid, 16 dozen and 1 ; cost per dozen, 5.44 cents.

July 22nd to August 22nd. Barred Rocks:

Wheat—32.625 lbs., at $1.13 per cwt 36.86 cents.
Oats—9 lbs., at $1.00 per cwt 9.00 "

Mash—35.9 lbs., at 90c. per cwt 32.31 "

Milk—40 lbs , at 10c. per cwt 4.00 "

Bone—2 lbs., at $1.00 per cwt ., 2.00 "

Total cost , 84.17 "
Eggs laid, 14 dozen and 1 ; cost per dozen, 6.2 cents.

July 22nd to August 22nd. Andalusians:

Wheat—27.25 lbs., at $1.13 per cwt 30.79 cents
Oats— 14.875 lbs., at $1.00 per cwt 14.875 "
Mash—40.5 lbs., at 90c. per cwt 36.45 "

Milk—40 lbs., at 10c. per cwt 4.00 "
Bone—3 lbs., at $1.00 per cwt 3.00 "

Total cost 89.115"
Eggs laid, 14 dozen and 9 ; cost per dozen, 6 cents.
Average cost per dozen for Rocks, 6.02 cents per dozpn.
Average cost per dozen for Andalusians, 5.34 cents per dozen.

Housing. The housing of fowl was discussed in a previous para-
graph. It is well to remember, however, that the house should be
clean, the droppings being removed at least twice a week

; it should
also be well aired and kept dry, to avoid dampness and foul, stagnant
air.

Feeds and Feeding. The main points to be considered in feeding
are, that there be a good supply of green food, meat food, and grain,
the latter both ground and whole. It is also necessary to feed so as
to induce birds to take exercise. In winter green food is supplied by
feeding cabbage, turnips, or other roots, pulped or whole, and by



15

feeding steamed cut clover or clover leaves m the mash. Meat food

is supplied in the form of ground green bone, cooked offal, such a beef

heads, etc., and in the form of animal meal. In Ontario the ground

bone is perhaps the best and cheapest, where one has a bone mill
;

where not, beef heads, livers, etc., give good results. Animal meal,

dried blood, etc., are good foods, but in many cases are more expensive

than the others mentioned. However, they are very useful during

the hot weather, when it is almost impossible to use fresh meat.

Partially decayed meat should not he used, as it is not healthful.

Wheat is undoubtedly the most popular grain food for fowl in

Ontario. It is certainly a good food, and is very much relished by
poultry.

Corn is not used so much in Ontario as in New England States.

There it appears to be used quite freely in both summer and winter

feeding of fowls. It is used whole, ground, and cracked, the meal

being used principally in the mash foods. Cracked corn is used

largely for young chicks and fowls when scattered in the litter. The
whole corn is rather large and conspicuous ;

and, when in the litter,

does not give enough exercise. I am of the opinion that corn can be

used in portions of Ontario, where it is grown extensively, much more
freely than it has been heretofore. Corn is a heating and fattening

food, and is therefore best adapted for winter use. It is considered

by many, when fed in large quantity, to make the hens fat
;
yet it is

used extensively by many progressive poultrymen with little or no

evil effects.

Oats should be a first-class food for poultry ; but, owing to the

large percentage of hull, they are not relished by chickens, and for

this reason they are somewhat indigestible. When ground they are

used pretty freely in mash food ; also the rolled and granulated oat-

meals are used for feeding young chicks. The ground oat, without

the hull, is used extensively for fattening fowl.

Barley, either whole or ground, is very good. It has lather too

much hull ; but otherwise it is a satisfactory food. It is considered

by many to be next to wheat in point of value.

Buckwheat is very popular as an egg-producer, in districts where

it is grown extensively. Some difficulty i- at times experienced when
first feeding it to fowls in getting them to eat it, but this is usually

overcome in a day or so, if other feeds are withheld. Boiling the

buckwheat will sometimes staH the birds to eat it. After the birds

once get accustomed to its appearance, it is much relished by them.

Giound buckwheat is an excellent food to use in a fattening ration.

It is somewhat like corn in its fattening properties and therefore it is

better for winter than summer use.

Shorts and wheat bran are both used extensively in making

mashes, or soft foods. They are excellent foods to use in maintaining

the health of the flock.
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The general method of feeding is to give a mash of mixed ground

grains, moistened with water or milk, in the morning ; a little whole

grain scattered in the straw covering the floor, at noon ; and all the

whole grain they will eat at night. This latter meal is usually fed in

the straw. Some poultrymen adopt the plan of not feeding the mash

until evening. We have been practising this plan for some time, and

we like it very well. The objection to the former plan is that the hen

is likely to become gorged with food early in the morning, and thus

take to the roost for the rest of the day, which is usually followed by

hens becoming too fat, and the egg record becoming small ; but not-

withstanding, many successful poultrymen use this method to advan-

tage. The objection to feeding the mash at night is that it becomes

quickly digested, and the bird has not sufficient food to last it during

the long \\nnter night ; but this objection can be overcome by giving

a little whole grain after the mash at night.

Some poultrymen feed their fowls but twdce a day, morning and

evening, and get very good results ; but I favor feeding three times a

day. Our plan is somew^hat as follows :

Early in the morning the fowds are given half a handful each of

whole grain. This is buried in the litter on the floor. Thus the fowls

get exercise (a very necessary thing) in searching for it and at the

same time keep themselves warm. At noon about two handfuls of

grain are given to a dozen hens in the litter; they are also given all

the roots they will eat, either pulped or w^hole, as fowl relish mangels,

sugar beets and turnips. Cabbage also—a very good green food—is

sometimes given. About four o'clock in the afternoon they are fed a

mash composed of equal parts of bran, shorts, oat-chop and corn-meal

(during cold weather); and to this is added about 10 per cent, of

animal meal, if we have not cut, green bone or cooked meat. These

foods are thoroughly mixed together in the dry state, after which is

added steeped clover, which has been prepared by getting a bucket of

clover leaves, or cut clover hay, and scalding it with boiling water.

This is done early in the morning, and the bucket is kept covered with

a thick sack throughout the day. This will be quite warm at night,

if it has been kept in a warm place. There is usually sufficient liquid

to moisten the meal that has been mixed. Our aim is to have about

one-third of the ration, in bulk, of clover. After the mash a small

amount of whole grain is fed in the straw. There is—and should be

—a plentiful supply of good, 'pure water within easy reach at all

times.
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NATURAL AND ARTIFICIAL INCUBATION.

Whether it will pay t.o buy incubators and brooders depends
largely on one's circumstances. Where chicks are wanted in con-
siderable numbers earlier than April 15th, an incubator becomes
practically a necessity, as it is seldom that hens become broody in
numbers until after the 1st of April. Again, where one wishes to
hatch more than 150 chicks, an incubator is in many cases cheaper
and bette"- than the natural method. It is also a necessity where one
is breeding from the non-setting varieties.

There are numerous illustrations of chicks being raised in large
numbers by the natural method in the States of Rhode Island and
Massachusetts, particularly in the former State. Where this method
is followed, the chicks are hatched largely during the months of May
and June ; and where from 500 to 1,500 laying hens are kept, there
is little difficulty in getting a sufficient number of broody hens.

Those who are keeping large numbers of hens appear to be well
satisfied with the natural method ; but there can be no doubt that
the number of incubators in use is increasing from year to year.

Hen and Incubator. As to results, I am of the opinion that on
the average, the incubator will hatch as many chicks as the hen.

There is no doubt that some individual hens hatch a much higher
percentage than a machine ; but when we put 240 eggs into a
machine nnd the same number under 20 hens, our experience is that

we get about equal results in the number of chicks hatched.

The average hatch is probably one chicken from every two eggs
set. This, of course, varies with the different seasons, also with the

percentage of fertile eggs, and the strength of the germ. We have
found duiing the months of February and March, when the ground is

covered with snow and the fowls are closely housed, that the percentage
of fertile eggs is small, and that the germs are very weak. Under
such conditions we have very poor hatches and chicks that are

very hard to rear. Much belter eggs are obtained in December and
early January, or when the fowls get out into the fresh air and are

able to pick some grass. Thus it will be seen that, as a jjeneral rule,

as the percentage of fertile eggs increases, the vitality of the germ
increases, the percentage hatched is larger and the mortality among
the young chicks smaller. For example, we would expect to get a

much larger percentage hatch of the fei tile eggs from eggs that were
90 per cent, fertile than from those that were 60 per cent fertile

;

and, moreover, we would figure on raising a much larger percentage

of chicks from the former eggs than from the latter, owing to the

chicks being stronger and having greater vitality.

Setting the Hen. It is generally apreed that, in order to secure

a good hatch, the hen must be placed where other hens are not likely

to disturb her ; for, as a rule, we seldom get good hatches where
2—127
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other hens lay in the nest with the sitter. Some farmers do not set

a hen until one becomes broody on a nest where no others lay, which

often necessitates late chick-. The difficulty can be overcome by

making a new nest for the broody hen. Get a box about 12 inches

square and 6 inches deep
;
put some earth, or an overturned sod, in

the bottom, taking care to have the corners very full so that no eggs

can roll out from the hen and get chilled ; next put on about two
inches of straw or chaff ; and then put a few earthen eggs into the

nest. Place the nest in some pen where nothing can disturb the hen,

and put her on after dark. Feed and water must be within easy

reach and a dust-bath should also be convenient. If the hen is

sitting quiet the next day, you will be safe in putting the eggs under

her. In our experience we get 90 per cent, of the hens to sit by

following this method.

It should be remembered that the hen will be in better condition

if dusted with insect powder when set, and also a few days before the

hatch comes off". This will usually keep the lice in check, especially

if some tansy or mint leaves are used in making the nest.

When hens are to be set in large numbers, I know of no better

method than that adopted by the Rhode Island farmers. Early

in the spring, the hens aie set in any old outbuilding; later on they

are set as seen in the cut, that is, the nests are stacked tier upon
tier; a few boards serve as a shelter; and the wire run gives room
for some green food, a dust bath, etc. The hens are generally let otf

to feed and water every other day. It is considered advisable to have

an attendant present to see that the Ijens get back to the proper ne.^ts
;

also to prevent their fighting.

Incubators. There is really very little known about the running

of incubators. Some people succeed in hatching a large percentage,

while others, under exactly the same circumstances, fail. The exact

reason why, we do not know. This much, however, can be said, the

machine should not be placed in a direct draught, nor yet in a build-

ing where there is a lack of ventilation. Fresh air is one of the most
important things in an incubator room. I have known machines to hatch

well in well-ventilated cellars, kitchens, dining-moms and bed-rooms.

Hardly any two people agree as to which is the best place to operate

the machine. As a general rule, it is wise to follow the manufacturer's

direi-tions. I find that different makes of incubators require different

treatment, both as to temperature and otherwise, and we generally

get the best results when runninir closely to the directions. Where
possible, the temperature in the room should vary but little; for, if it

varies 30 to 40 degrees in 24 hours, it is very hard to keep an even
temperature in the machine ;

and it is absurd to expect that the mach-
ine will not vary with such changes in the surrounding temperature.
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REARING OF CHICKS.

Chickens hatched in an incubator can be reared either with hens
or with a brooder. Some people are able to make good hatches with
their incubators ; but they are unable to rear the chickens in brood-

ers. In this case I would advise the use of broody hens for mothers

;

and the same would apply to those who have an incubator, but do
not care to invest in a brooder.

The best plan I know of to get the broody hens to take the

chicks, is to give the hen two or three eggs out of the incubator on
the 18th or 19th day and allow her to hatch them. When your incu-

bator hatch is over take a dozf^n or fifteen chickens and put them
under the hen after dark. Even if they happen to differ in color from
those she has hatched, she will mother them all the same. If you
give them- to her in the day time she may not do so. Never neglect

to give the hen a thorough dusting before giving her any eggs. If

there is one thing more than another that requires careful attention

in rearing young chickens, it is to keep them free from lice. If lice

get upon them, from the hen or elsewhere, a large proportion of them
will be almost sure to die.

There are many good brooders upon the market which are well

described in the manufacturers' catalogues ; hence a description here

is unnecessary. Personally, I am in favor of a three-compartment

brooder, as it admits of keeping the chicks in near the heat when
young, and on stormy days. The brooder lamp should always be

arranged so as to give little chance of fire.

If the brooder can be placed in a small portable house, it is a

good plan, as the brooder is thus protected from stormy cold winds

in the early spring ; also from the heat later on. The house protects

the chicks f i om rain, and serves as a roosting coop after they become

too large to stay in the brooder.

Chicks should not be fed until they are at least 86 hours old.

It is a serious mistake to feed them earlier. Too early feeding is the

cause of indigestion and bowel trouble in many cases. We try to

keep the temperature of the brooder between 90 and 95 degrees

throughout the first week. After the first week the temperature is

gradually lowered, generally speaking, about 1 degree a day. When
the chicks are put into the brooder, it is well to remember that

every 15 chicks will raise the temperature of the brooder 1 degree.

Be careful not to get } our brooder too hot, nor yet so cool as to chill

the chicks. This is very important, especially during the first 10

days.

The floor should be covered with dry sand or clover chafi" before

the chicks are put into the brooder. Luke warm water should also

be put into the brooder for drink just before the chickens are taken

from the machine. I have had best success in starting young chicks
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on hard-boiled eggs, finely chopped, shell included, and bread ciumbs
—about 4 parts by weight of bread to one of eggs. This is fed dry.

After the first two days we begin to give an occasional feed of seed

chick -food, which is made as follows :

Cracked wheat 25 parts.

Granulated oat meal 15 "

Millett seed 12 "

Small cracked corn 10 "

Small cracked peas 6
"

Broken rice 2 "

Rape seed 1
"

Orit (chicken size) 10 "

Tlii.s can be used lor the first feed and continued through the

first 8 to 10 weeks with good results. We aim to feed the chicks fi\ e

times a day. Generally after the tirst few days, there are three feeds

a day of this chick-food, one of bread and milk (the bread being
squeezed dry and crumbled), and one of whole wheat, or a mash made
of (qual paits of bran, shorts and corn meal, to which has been added
10 per cent, of animal meal or blood meal. If we can secure fresh

liver and get it boiled, this is generally given twice a week, and the
animal meal is than omitted from the mash. If the chicks cannot
get out to run about, the seed chick-food may be scattered in the
chaff, and the little chicks will work away most of the day for it.

This gives them exercise, which is a necessity in rearing chicks. If

there is no green food to reach, it must be supplied. Lettuce is excel-

lent. Sprouted grains are very good, as is also root sprout, cabbage,
rape, etc.

When the chicks get to be about 8 weeks of age, we usually feed
about three times a day—the mash food in the morning and whole
wheat and cracked corn at noon and nisfht. If we are anxious to

Fi<;. 11. Coop A.—Each side of roof 24 in. by 30 in.; bottom, 2 ft. 4 in.

force the chicks, we give two feeds of mash and increase the animal
meal a little.
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The chicks are taken from the brooders at frum 6 to 8 weeks of

age, according to the weather. A small coop (Fig. 11.) is set in front

of the brooder, so that the chickens cannot get to the brooder en-

trance, the result being that they get into the coop A. After a day or

two take away your brooder, and the coop can then be moved daily

to fresh ground. This will keep the coop clean. When the chicks

get too large for the coop A, which will be in about ten weeks, they
are put into coop B. (Fig. 12.) The same process is gone through

Fig. 12. Coop B.—Length, 6 ft. ; width, 2 ft. 6 in. ; height in front, 2 ft. i in. ; height at hack, IS in.

with coop B. It is set in front of coop A, so as to obstruct the en-

trance ; and the chicks then go into the coop B, and soon take to the

roost. Coop B will roost 20 chicks until full grown. Try to keep

your chickens roosting in the open air as long as possible. Never
house them in close, stuffy houses. If you do they will be sure to go

wrong, become weak, and be of little or no value, either as breeders

or egg-producers.

BREEDING MARKET FOWLS.

When looking over dressed poultry in some of the exporter's

shops, I have often thought how easy it would be to improve the

appearance of much of the ordinary poultry, and some of that which

i>^ specially fattened, if the birds were bred to a proper type. I have

spent much time in examining different types of birds, alive and
dressed, and in observing the feeding capacity of certain types ; but

it would take years to arrive at definite conclusions on these points.

I am however of the opinion that one of the most important things to

be sought after is constitutiov. This may have no actual market
value, but it certainly has much to do with the bird's ability to grow
and put on flesh. What we want is a good feeder, and an economical

producer. Generally, a bird with a short, stout, well -curved beak, a

broad head (not too long), and a bright, clear eye, has a good consti-
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tilt ion. Aud I have noticed that when a bird has a long, narrow beak,

a thin, long comb and head, and an eye somewhat sunken in the head,

it is usually lacking in constitution. Such a bird is likely to have a

narrow, long body and long legs, upon which it seldom stands straight.

There are some exceptions to this rule
;
yet, generally speaking, if a

bird has a good head, the chances are favorable for a good body ; and,

if it has a poor head the chances are against it. I have frequentlv

noticed in the Rose-comb breeds, such as Wyandottes, that a good-

shaped one is S'^Mom found with a long, narrow comb.

Ki- l;;.

The neck should be moderately short and stout, indicating vigor,

The breast is the most important point in a market chicken. It

should be broad, moderately deep; and, if broad, it will present a fine

appearance and appear well-fleshed. It is quite possible that a broad,

y.
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deep breast will carry more meat than a moderately deep breast of

the same width
;
yet there is no doubt but that the latter will present

much the better appearance, and sell more quickly and at a high( r

price in the market.

i'li?. 14.

When considermg the length of breast, we must try to have it

come well forward (see Fig. 13), and not be cut off at an angle, as in

Fig 14. The body, in general, should present the appearance of an
oblong when the head, neck, and tail are removed.

...J

ti-. I.'
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Fisr. 17.
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We frequently see birds that are very flat in front, aud cut up
behind, as in Fig. 15. Chickens of this class have a very short
breast ; and, if the breast happens to be deep, as it is in this bird, the
chicken will have a very poor appearance when dressed, as it will
show a marked lack of width and length of breast, with excessive
depth. (Notice that the head is narrow and long, the body is narrow,
the eye is bright but slightly sunken, the legs are long and not
straight under the body).

In Fig. 1 4 observe the very flat breast, the length of back, the
long neck and head, the narrow comb, the sunken eye, and the length
of legs. The breast comes fairly well back, but not well forward.

In Fig. 18, the bill is short and stout, but not so well curved as

it should be. Note the breadth of bead, the prominence and bright-
ness of the eye, the short, stout neck, the great width of the breast,

the fulness caused largely by the breast bone extending well forward,
the short, stout legs (straight under the body), and the width between
the legs. There is an expression about this chicken that indicates

health and the essence of vigor.

The back should be broad, to give lung and heart capacity ; and
the width should extend well back to the tail-head. We do not want
the wedge-shaped back, as seen in some fowls that have great width
at the shoulders and taper rapidly towards the tail-head.

It is much easier to get good-shaped market pullets than good
cockerels. The market demands a five-pound bird when dressed, and
farmers have gone into raising big chickens. To that end they are

asking for large, overgrown cockerels, of excessive depth, for

breeders ; and the result is that we get dressed chickens weighing four

to five pounds each, that have immense, high breast-bones and very
long legs. These are not attractive to the buyers, and they sell at

less price per pound than plumper birds. For example, if given two
birds of the same width of breast, one is one and one-half inches

deeper in the breast than the other. The result will be that one bird

will look plump and sell readily, while the other will lack in plump-
ness and be slow in selling. This lack of plumpness can be bred out

by using such males as that shown in Fig. 13.

We like to have birds as well built as we can get them ; and Fig.

13 is as near the ideal market chicken as we have in the breed which
he represents.

The hen, as seen in Fig. 16, is of a good market type. (Note the

width and fulness of breast). As a breeder, she is a little fine in

bone, and rather too small. She has, however, that blocky appearance

which is desirable.

3—127
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Fig. 17 is a photo of a cross-bred chick (sire, Buff Orpington;

dam, Houdan). Note the length and fulness of the breast ; also good

beak and eye.

Fig. 18 is a ten week's old son of Fig. 13. You will observe the

same general characteristics as seen in the father—fair beak, good eye,

excellent breast, both as to length and width, without excessive

depth. The thigh is also medium in length.

Fig. 19 shows a good head throughout, very full and wide

breast, and legs that stand well under the body and well apart. This

bird is of the type we like to feed in the fattening crate.

Fig. 20 represents the long, narrow sort. (Note the long beak,

the narrow head, the sunken eye, the long neck, and long crooked

legs). When dressed, his appearance will not be pleasing.

TRAP-NEST.

Fig. 21 represents a trap-nest made by the college carpenter.

This nest is very simple in construction. The door is adjusted low

enough so that the hen on entering raises it slightly, thus relieving

the hook, which drops back and allows the door to fall. This nest

works well. The only objection to it is that the fowls using it re-

quire to be pretty much of the same size. A small hen may not

raise the door enough to unfasten it.

Fig. 21 (a). Showing hook which holds up
the door. The nest is 12 inches wide, 12

inches high and 15 inches long. Fig. 21 (6). Nest set ready for the hen to enter.

Where one is anxious to build up a special strain of birds, either

for special utility or for fancy exhibition purposes, the trap-nest, if

looked after, will show what hens lay, and which hen lays certain

eggs, thus enabling the breeder to know exactly what he is doing.

They require considerable time in the way of keeping records,

and releasing hens after laying.
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FATTENING CHICKENS.
A number of experiments have been conducted in fattenino-

chickens for the market. There is an unlimited market for well-
fleshed fowls in England, and the demand at home is constantly in-

creasing. Fatted chickens were on September 18th, 190"^, selling for
13 cents per pound in Montreal, and the dealers could not get nearly
as many as they wanted.

The English market requires a white-fleshed chicken, and our
best home market also appears to favor this color of flesh. Black-
feathered chickens, and those having black legs are not in favor.

There is little use in trying to fatten scrub stock. Good pure-
bred males of such breeds as Plymouth Rocks, Wyandottes, and Or-
pingtons can be purchased at moderate prices, and these only should
be used to breed from. Very large chickens are not in favor. What
is required is a meaty bird weighing from four to five pounds. The
breast should be especially well developed, and should be plump, as
this is the most valuable part of the body.

Construction of Fattening Crates.

Fattening crates are usually made 6 ft. 6 in. long, 18 to 20 in.

high, and 16 in. wide. The crate is divided into three compartments,
each holding from four to five birds, according to the size of the

^^^-.

^^U

Fig. 22. Showing a single crate or coop.

chicken. The crate is made of slats, except the ends and partitions

between the compai'tments, which are solid wood—those on the top

bottom and back running lengthwise of the coop, while those on the

front run-up and down. The slats are usually 1^ inches wide and
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I inches thick. Those in front are placed 2 in. apart to allow the

chickens to put their heads through for feeding. The slats on the

bottom are placed about f inch apart, so as to admit of the droppings

passing through to the ground. Care should be taken not to have

the first bottom slat at the back fit closely against the back. An
opening between the first slat and the back prevents the droppings

from collecting and decomposing. The slats on the top and back are

usually 2 inches apart.

There is a small V-shaped trough arranged in front of the coop

for feeding and watering the chickens. This trough is from 2 to 3

inches deep and is generally made of f inch lumber.

Very fair coops may be made from old packing boxes, by taking

off the front and bottom, and subsituting slats in their places, (see

Fig. 22). During warm weather, these crates may be placed

out of doors. They need to be protected from the rain which

is easily accomplished by placing a few boards over them. In cold

weather the crates should be placed in a house or shed where they

are protected from raw, cold winds. When fattening chickens inside

of a building, it is well to darken the building and keep the birds as

quiet as possible.

After each lot of birds is killed, we paint the crates with some
liquid lice-killer. Coal-oil and carbolic acid is very good. Use one

gallon of coal-oil to one pint of crude acid. We have used some of

the prepared mixtures with good results. If the birds (bought from

different parties) are very lousy when put up, they should be well

dusted with sulphur. The birds should be watered at least twice

every day in warm weather. Grit should be given them twice a

week.
During the first week, feed lightly,—never quite all the birds

will eat. I prefer feeding three times a day during the first week,

and twice a day during the succeeding weeks. It seldom pays to
' feed the birds longer than three or four weeks. Chickens weighing

from three to three and one-half pounds each, that are thrifty and of

good breeding appear to be the most profitable for feeding. Large

chickens, weighing from five to six pounds, gain less and eat more than

smaller ones.

Should a bird become sick in the crate, I find that if it is given

a teaspoonful of salts and turned out on a grass run it will usually

recover.

Cramming Machine.

The crammer consists of a food reservoir, to the bottom of which

is attached a small force-pump moved by a lever and treadle which is

worked by the foot of the operator.

Communicating with the pump is a nozzle, through which the

food passes to the bird.
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"A" is the food reservoir ;
" B," the pump ;

" E," the pump rod
;

" 0," the lever, which on being depressed at the lettered end, causes
the pump rod " E," to which it is attached, to move downwards, and
to eject the contents of the pump " B " out of the nozzle " K." On
relieving the pressure at " O," the lever and the parts connected there-

with are drawn up by the spring " C," until the motion is arrested by
a stop " M," which serves to determine the quantity of food ejected at

each depression of the tread e.

The charge may also be varied by arresting the pressure at any
point in the downward thrust of the lever " 0."

The illustration (Fig. 23) shows one method of operating with
this crammer, and this plan is now largely followed in some parts of

Sussex, England.

Tig. 23. Cramming machine for the forced feeding of chickens, turkej's, etc.

Kind of Food Used in Cramming Machine.

Not all kinds of foods can be used in the machine. The food

must be in a semi-liquid condition in order to pass through the

machine. This necessitates the use of some kind of grain that will

stay in suspension in the milk, beef broth, or whatever liquid is used

in mixing the grain. Finely ground oats, with the hulls removed, or
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shorts, answer the purpose well. We use almost entirely the former
food. Grain like corn-chop, or barley meal, are riot suitable, as they
sink to the bottom of the hopper and clog the machine. When
cooked they work well, but are not good foods as is shown by experi-

ments conducted here—see page 33.

The food is mixed to the consistency of ordinary gruel, or until

it drips from the end of a stick.

Will it pay to buy a Cramming Machine ?

For the ordinary person, I think not. First-class chickens may
oe had by feeding in the crate from the trough only ; indeed, I have
had equally fleshy birds that have been fed for four weeks from the

trough as where we have fed them two weeks from the trough and
one week from the machine.

Where one has a special trade for high class poultry, I am of the

opinion that a more uniform product can be secured by using the

machine. Machine-fed birds should realize at least one cent more
per pound than trough-fed birds in order to pay for the extra labor, etc.

Birds that are fairly well fleshed when put into the crate will do
better if put at once on the machine, instead of being crate-fed first.

Fattening Chickens in July.

Early in July, several groups of chickens were put in crates for

fattening. The results are given below :

Lot I. consisted of 12 Barred Rock cockerels weighing, when put
up in crate, a total of 37 pounds.

First week .

.

Second week
Third week .

Fourth week

Lbs. Grain
wonsuuied.
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Lot II. consisted of 8 high-grade Leghorns, weighing a total of

18^ pounds.
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Feeding All-Cooked Food.

We fouad it impossible to buy finely ground oats during the

latter part of August, so we tried cooking rolled oats, barley, and
corn-meal. The grains were used in the proportion of 50 per cent, of

rolled oats and 25 per cent, each of barley and corn. These foods

could not be used in the cramming: machine without first being

cooked.

Two groups of 12 birds were fed from the trough, one group for

two weeks and the other only one week, with the following results :

Group I. consisted of 12 grade Plymouth Rock cockerels. They
weighed when placed in the crates a total of 85f pounds. During the

two weeks they consumed 103 pounds of cooked food, or equal to

about 34 pounds of uncooked grain. They made a gain of five

pounds. At the end of the two weeks the birds were very thin and
sickly, their digestion being very bad. One of them died. The others

were turned out on a grass run, and two of them died the second day
they were out. The remainder are beginning to pick up again.

Another lot of 12 Rock chickens, weighing a total of 62 pounds,
which had been fed the previous week on raw food, were given

cooked food. During the week they were fed on cooked food they
lost in weight, and three of them became so sick that they died. The
remaining nine were placed on uncooked food the next week, and put
on more than three-quarters of a pound each.

Two hundred chickens were crammed with cooked food. A few of

the birds gained slightly, but the majority of them lost in weight.

After having been fed in this manner for one week, a few of the best

were shipped to a Toronto dealer, who complained about there being no
meat on the breast. They sold for y cents per pound, live weight,
while chickens fed on raw food sold for 13 cents per pound. The
remaining birds were turned loose on a srrass run.

The chief difficulty with the cooked food appears to be that it

damages the chicken's digestion. Many of the birds that were put
out on the grass run after being fed on cooked food have not recover-
ed yet— three weeks after being turned out.

Cooked food can no doubt be fed to advantage in conjunction
with raw food, but an all-cooked ration that is of a forcing nature
appears to be entirely unsuitable for fattening fowls.

Geain Rations.

The following table shows the amount of feed consumed by the
different groups of chickens, the cost of producing a pound of gain,
and the number of pounds of grain it took to make one pound of gain.
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General Conclusions.

1. It is evident from these experiments that chickens that are

being fattened, produce a pound of gain at a less cost when fed in

crates than when allowed to run at large in a pen.

2. That the birds fed in the crates from the trough and the cram-
ming machine in addition produced a pound of gain at the least cost,

the food consumed being taken into account only.

3. That feeding chickens in a pen loose, is not to be commended
when the object is to fatten or flesh them for market purpose.

4. There is a slight difference in favor of a chicken weighing less

than four pounds.

DRESSING AND SHIPPING POULTRY.

All fowls should be fasted from twenty-four to thirty-six hours

before killing. Where this is not done, the food decomposes in the

crop and intestines, the result being that the flesh becomes tainted

and does not keep well.

There are two methods of killing that are considered proper.

One is to kill by bleeding, which is accomplished by making a deep

incision with a sharp knife in the roof of the mouth, immediately

below the eyes. This method is considered to be the better one in

Fig. 24. A chicken weighted in shaping
board. (Lewis Wright.)

the Eastern States and also in some parts of Canada. The other

method is to kill the bird by wringing or pulling the neck. This is

done by taking the chicken in the hands, stretching the neck, holding

the crown of the head in the palm of the hand, and giving a quick

turn backward and at the same time a steady pull. This method is

favored by the exporters of dressed fowls, and is much cleaner than
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bleeding the fowls. It is claimed by the exporters that the flesh will

keep longer and will not be so dry as where the birds are bled, I

prefer the latter method.
After the bird is killed, plucking should begin at once. Care should

be taken to keep the head downward, to allow the blood to collect in

the neck. Where the birds are allowed to become cool before being

plucked, it is very hard to avoid tearing the skin ; and the plucking

is much more tedious. The birds should be plucked clean with the

exception of about two inches of feathers adjoining the head.

Fig, 25. Showing a number of chickens in the shaping boards.

After the chicken has been plucked, it should be placed on a

shaping board, as seen in Figs. 24 and 25. The weight placed on the

top of the chicken is used to give it a compact appearance. This

weight may be of iron, as seen in the cut, or a brick may be used in

its place. If chickens are hung by the legs after being plucked, it

spoils their appearance, making them look thin and leggy.

Many good chickens are spoiled by being packed before they are

thoroughly cooled. Care should be taken that all the animal heat is

out of the body before the fowls are packed. We always cool the

birds at least twelve hours before packing them.

The chickens are packed in box^s as seen in Fig. 26. The box is

lined with parchment paper ; and, if the chickens are to be shipped a
long distance, each bird is wrapped in paper. This prevents the
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chickens from bruising each other, and at the same time, to a consid-

erable extent, checks decomposition. Do not use ordinary wrapping

paper, as it draws dampness, and will cause the chickens to become

clamy, which makes them more or less unsaleable.

Fig. 26. Showing the top layer of chickens in a shipping case as used for local trade. This is one system

of packing dressed poultry. The boxes are usually made 3 feet long, 17 inches wide and 7 inches

deep for 24 chickens weighing about 5 pounds each.

There are several other kinds of boxes used for shipping poultry.

Nearly every exporter has his own shape of box, and his own method

of packing. For shipping locally, we use a box three feet long,

twelve inches wide, and twelve inches deep. The chickens are packed

similar to those seen in Fig. 26, with the exception that they are

three tiers deep. The box will hold thirty -six 4|-pound chickens.

The boxes are made strong so that we can have the dealer return them

to be refilled. Do not use cedar in the construction of the boxes, as

in some cases it taints the flesh. Basswood or spruce answers well.

EGG PRESERVATION.

Several methods of preserving eggs were tested in our Poultry

department during the year of 1900. The eggs for this purpose were

taken early in June, and were tested in December. Many of the

same methods that proved fairly successful in previous years were

again tried.

Method No. 1. A solution composed of one part water glass

(sodium silicate) and five parts water that had been previously boiled.

This was a very strong solution, and unless an egg was absolutely

fresh it would not sink in the solution.
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The eggs from this solution were of fairly good flavor, and all

were well preserved.

Method No. 2. This was similar to No. 1, except that eight parts

of water were used instead of five parts. The eggs in this were

nearly as good eggs as those in No. 1. This is a good preservative

where it is desired to keep summer eggs for winter use.

Method No. 3. This was composed of ten parts of water to one

part of water glass. There were no bad eggs in this solution, but the

eggs were inferior in flavor and in poaching quality to those kept by

methods No. 1 and No. 2.

Method No. Jp. This consisted of the same solution as No. 2 ; but

in place of allowing the eggs to remain in the liquid, they were re-

moved after having been in it for a week, except the last lot, which

was put into the solution. This lot was left in the solution for the

remainder of the season.

(a) The eggs, after being in the solution for a week, were re-

moved and placed in an ordinary ^gg case in the cellar. They were

all good when tested, but had evaporated considerably and were

lacking in flavor.

(6) These were the second lot of eggs to be placed in the liquid.

They were handled similarly to those in (a), and were of about equal

quality.

(c) These eggs were allowed to remain in liquid. They were

well preserved, all being good.

They were scarcely equal in quality to those from No. 2 method,

but were superior to those from No. 3.

Method No. 6. A lime solution made as follows:

Two pounds of fresh lime were slacked in a pail and a pint of

salt was added thereto. After mixing, the contents of the pail were

put into a tub containing four gallons of water. This was well stirred

and left to settle. Then it was stirred thoroughly the second time

and left to settle; after which the clear liquid was poured over the

eggs, which had previously been placed in a crock or tub. Only the

clear liquid was used.

These eggs were well preserved ; but those from the bottom of

the tub had a decidedly limey taste, and the yolk in them was some-

what hardened.
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INTRODUCTION TO REVISED BULLETIN.

The exhaustion of the large edition of the " Weeds of Ontario"

prepared by Professor Harrison in 1899 called for the publication of

a new edition. On account of the increasing demand for information

regarding weed-seeds, it was deemed advisable to incorporate into this

revised bulletin some information regarding the identification of the

<;ommon weed-seed impurities which are found in commercial clover

a,nd timothy seed. A few additional weeds are described, and the

methods of eradication are in many cases given in greater detail. The

drawings of the weeds on pages 87 to 89 and of the weed seeds on pages

7 to 13 were made by Mr. John Buchanan, B.S.A. ; and much assistance

was given by Mr. T. D. Jarvis, B.S.A., Fellow in Biology at the O.A.C.

Wm. Lochhead.



BULLETIN 128. TORONTO, AUGUST, 1903.

Ontario Agricultural College and Experimental Farm.

SOME COMMON ONTARIO WEEDS.
BY t>

i

F. C. Harrison, Professor of Bacteriology, and William Lochhead, Professor

of Biology.

A leading educational authority lately said he did not believe

that one farmer in a dozen could give the generally accepted common
names of twenty of our common weeds. Whether this be so or not,

one thing is certain, viz., that noxious weeds are spreading very

rapidly in the Province of Ontario, and farmers need all the informa-

tion they can get in preventing further loss from this very serious

hindrance to successful agriculture. Hence the preparation of this

bulletin for the Committee on Economic Botany appointed by the Ex-

perimental Union in connection with the Ontario Agricultural College.

The writer wishes to express his thanks lor the assistance rend-

ered by Wm. McCallum, B.S.A., who has labored unremittingly in

collecting plants and in arranging material ; and to Norman Ross,

B.S.A., for his exact and artistic pen-drawings of the plants found in

the bulletin. Mr. Ross made the drawings from specimens collected

in this vicinity and from photographs taken in the laboratory.

Why Weeds are Injurious.

A weed has been defined as any plant out of place ;
and, in that

sense, a wheat plant in a field of turnips is a weed.
_

Most weeds do considerable,and some very much.injury to the crops

in which they are found. They produce these effects in several ways :

1. They absorb soil moisture. The amount of water w-hich is

taken up by weeds and evaporated from the surface of the leaves is

very great. For instance, an average Mustard plant pumps from the

soil about fourteen ounces, or seven-tenths of a pint, per day
;
a sun-

flower, thirty-three ounces ; and so on. The transpiration is generally

in proportion to the surface of the leaf ; but thin leaves transpire, or

throw off water, more freely than fieshy ones. Consequently Aveeds

having large leaf-surface draw from the soil and give oflf through the

leaves a large amount of water, and thereby rob the surrounding

plants. Many botanists consider this waste of moisture the most seri-

ous injury done by weeds.

2. They use plant food. Weeds naturally make use of the same

food as the cultivated plants among which they grow. Consequently

they deprive a crop of a large amount of the available nourishment ;
and



they rob the succeeding crop as well. For example, an analysis of the

Russian Thistle by Snyder showed " that it contains from 12 to 17

per cent, as much nitrogen as there is in clover ; and an ordinary

thistle of this kind covering a square yard takes more potash and lime

from the soil than two good crops of wheat from the same area."

3. They shade, crowd, and choke useful 2)la'nts. Weeds often

grow more vigorously than useful plants; and, as a consequence, they

shade, or crowd, or partially choke the seedlings of the desiied crop.

'Black Bindweed (Fig. 20), for instance, often covers completely a large

part of the plants among which it grows.

4 They increase the labour and expense of cleanivg seed. At
best, it is difficult to clean many of the smaller seeds, such as clover,

grass, and rape seed ; and the difficulty is greatlj^ increased when they

are grown on a dirty farm. It is almost impossible to clean clover

seed by winnowing. Hence the necessity that the land on which it

grows be clean.

5. TJiey interfere unth a regular rotation of crops. A well

balanced rotation of crops conserves the fertility of the soil ; but it is

often necessary to depart from such a rotation when noxious weeds

get possession of the farm— to give undue attention to the growth of

hoed crops, for instance, or alm< st omit a certain crop altogether for

a time, as in the case of the oat crop on a farm overrun with wild oats.

6. They harbor' the spores of injurious fungi Many of the

rusts which attack grain crops tind a resting place on weeds of the

grass and other families, which preserve them through the fall, winter,

and spring.

7. Lastly, they ofend the eye, or are, as we say, an eyesore to good

farmers and all people of taste. The> also intei fere with the use of

mowers, binders, and other implements in taking oft' crops.

Introduction and Spread of Weeds.

Most of the injurious weeds found in this Province have come
directly or indirectly from other countries. They are brought in and
conveyed from tield to tield and farm to farm in various ways : ,

1. By the wind. Seeds which are carried by the wind usually

have tufts of fine silky hair attached to them. Such are the seeds of

the Dandelion, Canada Thistle, Sow Thistle (annual and perennial).

Willow Herb, and Cotton Grass. These and f^imilar seeds are wafted

to and fro, till they become attached to the soil and commence to

grow. In some cases, as in the Dock and Wild Parsnip, the seeds are

winged ; in others the pod containing the seed has flat and extended

edges, exposing much surface to the wind. The Penny Cress is an
example of the latter.

Some weeds are rolled along the ground by the wind. To this

.class belong the Russian Thistle and the Tumbling weed of the North-
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west. When these weeds ripen, they break off close to the ground
;

and being light, they are easily carried by the wind, especially on an
open prairie, and the seeds drop out as the weed rolls from place to

place.

An examination of snow drifts in Dakota, a few j^ears ago, showed
the presence of many weed seeds. Thirty-two seeds of nine species

were found in two square feet of a drift. In the same place it was
observed that a twenty-five mile wind carried wheat seed a distance of

thirty rods in a minute.

Seeds which become sticky when wet often adhere to leaves, and
go wherever the leaves are carried by the wind. This is true of the

Plantain.

2. By water. Some seeds, especially those of aquatic plants, are

distributed by water. Darwin maintained that many seeds, dropping
into the sea or being washed in from the shore, might be carried nearly

thousand miles by the movements of the water without injuring

their vitality. Seeds which fioat on the surface of water are carried

to and fro by the wind till they find a lodgment and begin to grow ;

'

and many, of various kinds, are carried from high to low ground and
distributed far and near by the rills and streams which flow from
mountain, hill, and upland after heavy rains and spring thaws. The
common Speedwell and Ragweed are often distributed in this way.

8. By birds and ot'-er animals. Seeds are distributed by animals

in a variety of ways. " It is estimated that about ten per cent, of all

flowering plants possess seeds which are dispersed by means of barbed

or cleaved processes." By these barbs or processes the seeds cling to the

feathers of birds and the hairy coats of animals, and in this way are

carried from place to place. To this class belong the Bur, Burdock,

Hound's Tongue, Bedstraw, Cockle, and such like, xlnd the seeds of

some plants, such as Mistletoe and the Meadow Saflron, exude sticky

substances which cause them to adhere to birds and other animals.

In the hardened earth taken from the feet of birds Darwin found

a large number of seeds, many of which germinated ; and it is un-

doubtedly true that seeds are often conveyed from one place to

another in the dirt that clings to the feet of animals.

Seeds often pass through the stomachs of animals without being

digested ; and during their passage they are conveyed hither and

thither by the animal and finally deposited, to grow and reproduce

their kind, whether of weeds or useful plants. Every farmer knows
,

the truth of this statement as regards cattle, horses and swine
;
and

it may be mentioned that Darwin picked from the excrement of small

birds twelve kinds of seeds which were perfect in form and germin-

fcited in nearly every instance.

Ants, locusts, and other insects also, do something in the way of

distributing the seeds of certain plants, including noxious weeds.



4. By man. Man himself, however, has most to do with the

spread of troublesome weeds, chiefly through the agency of railroads,

implements, farm yaid manure, feed stutts, and impure seed

Many weeds are carried from one province or country to another

in the fodder and litter used by animals in transit on railways and in

grain carried by rail. More or less of the grain, litter, and fodder are

scattered at places alon«: the track, and at stations where grain and

animals are unloaded and cars cleaned out. Weeds thus get a start

and spread to neighbouring farms. The Russian Thistle was intro-

duced in this way.
The constant changing of implements, with dry earth, pieces of

sod, etc., attached to them,'from tield to field, and from one faim to

another, is a common method of spreading weed seeds all oyer farms

and throughout whole neighborhoods ; and threshing machines from

dirty farms are well knowm sources of trouble under this head.

Fresh farmyard manure fron. city stables is very often full of

weed seeds, and should be rotted or piled and allowed to heat thor-

• oughly before it is applied to clean land. Wild lettuce, for example,

wa's brought from Toronto to the neighborhood of Burlington in

manure ; and in this w^ay many other pests have been distributed

from towns and cities to the farms of the Province.

A Few Facts Regarding Weed Seeds in Clover
AND Grass Seeds.

Of many hundreds of samples of commercial clover and grass

seeds which' were analyzed at the Agricultural College during the

last two or three years, very few were free from noxious w* ed seeds.

Many samples were fovl, and there is no doubt that the sowing of an

immense number of weed seeds accounts largely for the alarming

spread of noxious weeds in recent years. The analyses made by the

Department of Agriculture at Ottawa confirm those made at the

College.

To give an idea ot the foulness of many of the samples analyzed

the following statements of some of the results may be valuable : In

1894, each of 12 samples of clover out of 60 contained 200 weed seeds

to the ounce ; another and the worst sample contained 9,080 weed

seeds per ounce of clover seed. In 1902, fifty samples of clover and

timothy w^ere examined, and the percentage purity of the red clover

seed ranged from 72 to 97 per cent. One sample contained 10,538

weed seeds per pound ! In 1903, over 150 samples were examined,

and the results were just as startling.

The following weed seeds were found in common red clover:

rib-grass, curled dock, green foxtail, lamb's quarters, Canada thistle

white cockle, broad-leafed plantain, false flax, shepherd's purse, worm-
seed mustard, ragweed, mayweed, sheep sorrel, black medick, pepper

grass, ox-eye daisy, and chicory.



In white ViUch clover: Broad-leafed plantain, pepper grass, rib-

grass, may weed, sheep sorrel, yellow foxtail, and lamb's quarters.
In crimson clover : white cockle, pigeon weed, wild mustard,

sheep sorrel, and poppy.
In fiax seed: lamb's quarters, yellow foxtail, lady's thumb, white

cockle, false flax, wild buckwheat, curled dock, wormseed mustard,
burdock, wild mustard ragweed, hawkweed, and barnyard grass.

In spring wheat from the North-west: great ragweed, common
ragweed, wild oats, corn cockle, wild buckwheat, and tumbling
pigweed.

In cultivated oats exposed for sale : wormseed mustard, lamb's
quarters, spiny sow thistle, night-flowering catchfly, lady'.s thumb,
shepherd's purse, Canada thistle, sour dock, broad-leafed plantain,
smartweed, pepper grass, wild tare, and black medick

In alsike clover: rib-grass, curled do 3k, sheep sorrel, broad-
leafed plantain, false flax, foxtail, Canada thistle, white cockle, lamb's
quarters, wormseed mustard, shepherd's purse, ox-eye daisy, night-
flowering catchfly, mayweed, mouse-ear chickweed, lady's thumb, and
sour dock.

In timothy seed : false flax, sheep sorrel, wormseed mustard,
pe]>per grass, foxtail, rib-grass, shepherd's purse, curled dock,
lamb's quarters, white cockle, Canada thistle, broad-leafed plantain,
Norway cinque-foil, catnip, ox-eye daisy, spiny sow-thistle, night-
flowering catchfly, mouse-ear chickweed, mayweed, pigweed, stickseed,

hor.-eweed, wild mint, corn cockle, chess, old wntch grass, yellow avens,
Kentucky blue grass, and ergot.

In the foregoing list the weed seeds are given in the order of

relative abundance.

Collection and Identification.

Not only every seedsman, but every farmer, and every teacher

in a rural school, should have a collection of weed seeds for reference

and comparison, in order that he may be able to detect and identify

such seeds when they are in grass seed, clover seed, rape seed, or any
other kind of seed which is sold or offered for sale. A good collection

can be easily made in the summer months. All that is necessary is a

number of small bottles and a little attention at the right time. The
so-called homeopathic vials of one drachm capacity are suitable for

the purpose, but they should be carefully and plainly labelled. If

they are not so labelled, the collection will be valueless.



Descriptions of the Weed-seeds Illustrated on opposite page.

1.. Green Fox-Tail. About one- twelfth of an inch long ; oval with

blunt ends ;
unequally bi-eonvex ; brown and often mottled ; surface

granular and striate.

2. Chess. About one-third of an inch long ; back rounded
;
glume

7-nerved ; middle nerve projecting as an awn ; the plate bears a row

of spine-like hairs along each nerve.

3. Wild Oat. About three-fourths of an inch long; spindle-shaped;

glume 9-nerved, middle nerve forming a twisted and bent awn ; a

tuft of brownish hairs arise from scar at base.

4. Couch Grass. Seeds about one-half inch in length ;
rather

slender ; oval ; and tipped with a short awn.

5. Curl Dock. One-eighth to one- twelfth of an inch long
;
pointed

elliptical, with three faces ; surface smooth ; reddish brown.

6. Sheep Sorrel. Seeds about one-twentieth of an inch in length
;

usually greyish or reddish brown, and finely roughened
;
provided

with three equal faces, egg-shaped, each face of the cover of the seed

bears central ridges with branches.

7. Lamb's Quarters. Circular, lens-shaped, and black
;
grooved on

one face ; often partially covered with the seed covering.

8. Purslane. One-twenty-fourth to one-twenty-fifth of an inch

in diameter
;
jet black ; flattened egg-shaped ; notches at smaller end

;

surface finely roughened,

9. Corn Cockle. Seeds from one-twelfth to one-eighth of an inch

long ; angular in outline ; color jet black, occasionally dark brown
;

each surface is crowded with ridges or spines arranged in circular

rows leading from the scar.



The small drawings beside the enlarged [drawings represent the natural size of
the seeds.
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Descriptions of the Weed-seeds Illustrated on Opposite

Page.

10. Bladder Campion. About one-sixteenth of an inch in length
;

kidney-shaped ; surface roughened by many little projections arranged

more or less in concentric rows ; light brown in color.

11. White Cockle. Resembling Bladder Campion, but lighter in

color; roundish and not so angular ; depression about .scar not so well

marked.

12. Night Flowering Catchfly. Resembles white cockle.

13. Pepper-Grass. About one-sixteenth of an inch in length
;

egg-shaped but much flattened ; the groDve is curved and quite evi-

dent ; the scar is white ; reddish yellow to reddish brown.

14. Penny Cress. Seeds one-twelfth of an inch long ; somewhat
egg-shaped and flattened ; surfaces have 12-14 curved ridges, which
start and end at the pointed end of the seed ; color dark reddish brown.

15. JVild Mustard. One-sixteenth of an inch in diameter; dark

brown to reddish brown in color ; almost spherical in outline,

16. Worm Seed Mustard. About one-twenty-fourth of an inch in

length ; most are pointed at the end opposite the scar ; the groove is

quite evident ; surfaces smooth and dull ; reddish yellow in color.

17. Shejjherd's Purse. About one-twentieth of an inch in length
;

somewhat flattened ; oval ; each face has two grooves ; color reddish

yellow.

18. False Flax. Reddish brown ; more or less oval and slightly

flattened ; about one-twentieth of an inch long ; the groove more
evident on one face than on the other ; a whitish scar at one end.

19. Field Bindiueed. About one-sixth of an inch long; oval;

color dark brown ; surface is somewhat roughened ; outer face convex;

inner face divided by a ridge into two plane faces

20. Dodder. Ranging from one-sixteenth to one-twenty-fourth

of an inch in length ; slightly egg-shaped and flattened ; notched near

one end ; resembles clover seed ; color is yellow to dark brown and
reddish.

21. Bound's Tongue. Seeds are spiny nutlets, one eighth of an
inch long ; upper side flat, oblique and roughened with hooked
pricklfes.



The small drawings beside the large drawings represent the natural size of

the seeds. .
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Descriptions of the Weed- seeds Illustrated on Opposite

Page.

22. Blue Weed. Stone-like in hardness ; about one-tenth of an

inch in length t surface roughened and of a gray color ;
the scar is

large and triangular at flat end ; the ridge along the outer face is

convex.

23. Mullein. About one-twenty-fifth of an inch in length ;
thim-

ble-shaped ; base flat with scar at centre ; thimble slightly six-sided,

each side deeply pitted; pits of adjacent rows alternate; light to dark

brown.

24. Rib-Grass. From one- eighth to one-twelfth of an inch in

length ; oval in shape with one face rounded, the other deeply grooved

bearing a central scar ; dark brown or amber colored.

25. Ragweed. Ranging from one- fifth to one-twelfth of an inch

in length ; top-shaped ; apex pointed, and bearing a crown of four to

eight spines ; light to brown in color.

26. Yarrow. Seeds about one-twelfth of an inch long ;
small and

thin ; slightly egg-shaped ; color varying from yellowish-white to

gray.

27. Ox-Eye Daisy. About one-twelfth of an inch long; ten

slender, white ribs running from end to end ; a knob at the broad end
;

and slightly club-shaped.

28. Burdock. One-fifth to one-fourth of an inch in length
;
pris-

matic and mottled ; four or five faces ; apex broader than base ; apex

star in centre of a distinct brown ring.

29. Canada Thistle. From one-eighth to one-twelfth of an inch

in length ; brown in color ; somewhat spindle-shaped, but often

flattened ; top end cup-shaped with a rim and a small central knob.

30. Chicory. From one-eighth to one-twelfth of an inch in length •

usually light brown ; usually cylindrical ; top flat and crowned with

scales.
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The small drawings beside the enlarged drawings represent the natural^size

of the seeds.
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Descriptions of the Weed-seeds Illustrated on the Opposite

Page.

31. Prickly Lettuce. Seeds one-eighth to one-sixth of an inch in

length ; broadly lance-shaped ; each face has 5-7 ribs
;

color dark

brown, somewhat mottled with black ; apex is tipped with a beak

which is almost as long as the seed.

32. S-piny So^i^ Thistle. One-eighth of an inch in length ;
varying

from oval to lance-shaped ; flat ; each face bearing three narrow

ridges which meet at the ends ; surfaces smooth ; color straw-colored

to reddish brown.

33. Perennial Smv Thistle. Slightly spindle-shaped with blunt

ends and often much flattened ; five coarse, finely wrinkled ri(1ges

runnino- lenffthwise on each face ; dark reddish-brown ;
about one-

eighth of an inch long.

34. Fleahane. Seeds one-twentieth of an inch long ; oval ; rem-

nants of pappus bristles remaining often at the apex.

35. Dandelion. Seeds one-eighth ot an inch long; exclusive of

short beak ; lance-shaped in outline ; ten ridges running lengthwise
;

provided with barb-like teeth towards the apex ; color varies from

light to dark brown.

36. Wild Carrot. Seeds each one-eighth of inch in length ;
and

flattened on the back
;
primary ribs slender, bristly, and five in

number ; secondary ribs, 4 in number, each bearing a row of barbed

prickles.

37. Pigeon Weed. Nutlets one-twelfth of an inch long; egg-

shaped and curved ; scar is conspicuous ; surface roughened
;
gray in

color.

38. Broad-Leafed Plantain. Seeds about one-twentieth inch

long ; flattened ; outline variable from oval to rhomboidal ; wavy lines,

on surface ; color, brown.

39. Pig-Weed. About one-twenty-fourth ofan inch in length; flat-

tened, egg-shaped, or lens-shaped
;
polished and jet black ; a slight

notch on sharp edge is the scar ; near the scar-notch is a small pro-

jecting point.
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Tlie small drawings beside the enlarged drawings represent the natural side of

the seeds.
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-^"A small magnifying glass is very useful in identifying seeds.
Perhaps the most convenient glass for the purpose is the tripod
magnijier (Fig. A), costing about fifty cents. The linen-tester ( Fio-. B)
is cheaper, but yet quite serviceable.

'^

Fig. A. Tripod magnifier. Fig, B. Linen tester.

Classification of Weeds.

Weeds may be classi6ed according to the length of time they live,

as follows

:

Annuals, or weeds which germinate, bloom, fruit, and die, in one
year or season. Corn Cockle is an example.

Winter Annuals, which germinate late in summer or autumn,
pass the winter as seedlings or immature plants, and complete the
cycle of their existence by blooming, fruiting, and dying during the
following summer. Such are Chess and Shepherd's Purse.

Biennials, which produce leaves and roots the first year, and
flowers and seeds the second year, after which they die. The Wild
Carrot and Evening Primrose are familiar examples.

Perennials, which last from year to year, blooming and seeding
annually. These are divided into two classes

:

(1) Those with underground creeping stems, such as the Canada
Thistle.

(2) Those with roots which do not spread underground, such as
Chicory and Plantain.

It is important to know the class to which a weed belongs, as the
method of eradicating an annual is often very different from that
required to destroy a perennial.
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Ekadication of Weeds.

The most important points under this head are :

First, a determination to get rid of weeds and to keep the land

clean.

Second, the method or methods of tillage and cropping.

As regards the latter point, the writer feels that he cannot

do better than submit the method outlined by our late Farm Super-

intendent, Wm. Rennie, whose experience of over thirty years warrants

him in speaking with some confidence on the subject. Mr. Rennie's

method not only cleans the land but increases its fertility, and those

who wish fuller information should consult the college reports for

1895, 1896, and 1897.

For various reasons, very few farms in the older sections of the

Province of Ontario are free from weeds, and the question how to

clean our lands without incurring too much expense is one of the most
important which can engage the attention of Canadian farmers.

In the tirst place, I would say that all obstructions to cultivation,

such as piles of stone, must be removed—hauled away to the woods or

an out-of-the-way corner in the winter or some other slack time.

Secondly places for harboring weeds, such, for example as snake

fences, should be got rid of as soon as possible. On the Ontario

Experimental Farm, nearly all held fences have been removed. The
outside and lane fences are almost the only ones leit. Portable fences

are used when required for pasturing live stock.

Annuals and Biennials. Wild oats, wild mustard seed, and

some other seeds belonging to these classes, have great vitality. If

down pretty well beyond the reach of the air, they will live for twenty

years, and will germinate as soon as they are brought near the suface.

The be.st way to destroy annuals and biennials is by thorough and

frequent shallow cultivation, early after harvest in stubble ground

and in sod plowed for the following year, and at the proper season

(spring and summer) among what are called "hoed crops" that is,

potatoes, carrots, turnips, mangels, Indian corn, etc. By shallow,

cultivation the seeds are kept near the surface, and by frequent stirr-

ing of the soil they are made to sprout : and having sprouted, they can

be killed by further cultivation. Those which sprout late in the fall

are destroyed by the winter Irost It is impossible to get rid of such

weeds by plowing the ordinary depth, say seven or eight inches, once

in the fall or at any other time. Plow shallow (not more than four

inches in sod and three inches in stubble ground), and harrow and

cultivate from frequently, as by each stirring of the soil fresh seed is

made to sprout and what has already sprouted is destroyed. When
necessary to loosen the soil to a greater depth, use a grubber or a

subsoil plow.
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Perennials. It is necessary to study the habits of perennial

weeds to see how they grow and propagate themselves fromyearto year,

in order to keep them in check ; and a close examination of almost

any of them will show that the bu(is from which the young plants start

are near the surface of the soil. Hence shallow cultivation, similar to

that mentioned above, is the effective method of destroying them.

Deep plowing only transplants the buds to a greater depth and in-

creases the trouble. Plow shallow(see preceding paragraph), and harrow
and cultivate frequently, using a grubber or subsoil plow when it is

necessary to stir the soil to a greater depth. As above, the cultivation

must be early after harvest and throughout the fall in stubble ground
and sod, and in spring and summer among corn, potatoes, and root

crops. Ill-timed, irregular or partial cultivation only makes all weeds
grow more vigorously.

Canada thistles, soiu thistles, couch-grass, bindweed, etc., can be
destroyed by the following method • Middle of May gang plow the

land about three inches deep and harrow thoroughly. In two weeks,
when the weeds are nicely up, cultivate with a common or spring-

tooth cultivator provided with wide points that overlap so as to cut

off" every plant two or three inches below the surface. Then harrow
to pull up the plants and leave them die. In the middle of June,

there will be another crop, and possibly a greater number of plants,

but not so vigorous as the first crop. Repeat the operations with the

wide point cultivator and the harrow. In July a few delicate plants will

make their appearance and will have to be destroyed in the same way.
This will be sufficient for most weeds ; but bindweed may need one
or two extra cuttings with the wide points and a corresponding

number of harrowings.

The preceding method will clean the land, but it involves the

loss of a year's crop ; so it is well to add, that land may be kept com-
paratively free from weeds without the loss of a crop, by after-har-

vest cultivation of all fields not in grass, begun with each field Jus^ as
soon as the crop is of and continued throughout the fall, first by shal-

low gang- plowing and harrowing and afterwards at intervals, as

above, by the wide-point cultivator and the harrow. This treatment
followed by a hoed crop properly attended to will destroy most per-

ennial weeds and all annual and biennial seeds that are near the

surface.

Note. To Mr. Rennie's method or methods, as above given, I would
venture to add one which we have seen carried out with the most
satisfactory results by Mr. Rennie on the College farm, and with
marked success by far.ners in other parts of the Province. It may be
put in the imperative foim, as follows : Sow much with red clover,

ia order to have a rich clover sod to plow down for all or nearly all

spring crops, taking as far as possible only one crop of hay or pasture
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before plowing, occasionally two, but not more than two. Plow the

clover sod shallow, not more than four inches, early after harvest, say

the 1st to the loth of August, and harrow at once. Let it stand a

couple of weeks ; then cultivate, the same way as it was plowed, two
or three inches deep, with a spring-tooth cultivator. After a while,

cross cultivate a little deeper. If possible, cultivate a third, or even

a fourth time, going a little deeper each time. Then, if you can man-
age to do so, rib it up with a double mouldboard plow, as you would
for a crop of turnips. When this is done the available plant food

(clover roots, etc.) is preserved in the center of the drills, the water

runs ofi early in the spring, and the drills <jan be levelled with the

cultivator and harrow, either for spring grain or for hoed crops.

This method will not only clean land but will greatly enrich it.

Information from Farmers as to New Weeds, Etc., in Different

Parts of the Province.

At the request of the writer, the Ontario Department of Agricul-

ture, in 1898, kindly sent out a few questions about weeds to its reg-

ular correspondent-*, and others, chieHy those who had done satisfac-

tory experimental work in connection with the Experimental Union.
A large number of answers were received, and as part of the informa-
tion contained theiein is not given elsewhere in the bulletin, some
of the answers are briefly referred to below. The questions were as

follows :

1

.

What is the chdrncter of the soil in your township ? This was
to ascertain what species of w^eeds grow most abundantly in certain

kinds of soil.

2. Are the lueeds in your neighborhood more numerous and
more troublesome than they were ten years ago . The majority of

the correspondents s.ay that weeds are far more numerous than they
were, and that the injury done by thena is far greater. The Canada
Thistle, however, is spoken of as much less troublesome than it was,

—a fact due, no doubt, to the vigorous methods taken to eradicate it

from cultivated land, and in a less degree to the law for its destruc-

tion on the highways.

3. Are the provisions of the weed low enforced in your tovmship ?

About 95 per cent, answer iVo most emphatically. They say that a
number of townships appoint men to look after the Canada Thistle,

but that little or nothing is done with other weeds. " The township

council takes no action, because the councillors are afraid of losinof

votes at the next election." " Pathmasters do not enforce the Act, for

fear of incurring the enmity of neighbors
;

" and " lented larms,

especially such as belong to loan companies, are often overrun with

weeds, to the great injury of neighboring farmer.-^."

2—128
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4. What is the estimated annual loss ivhich you sustain from
weeds ? Some of the answers to this question are amusing, but the

^eat majority of them show a full appreciation of the fact that a ser-

ious loss undoubtedlj- results from the existence of weeds among farm
crops.

Some consider the weeds a blessing in disguise, as they compel
lazy and careless farmers to keep on cultivating the soil ; and very
many, in making their estimate, seem wholly to overlook the loss

from the use of plant food and the absorption of soil moisture by
weeds. A number estimate their loss at twenty- five cents per acre,

and quite a few place it as high as $5 per acre ; so, considering the

whole list and counting labor, with the loss of soil moisture, fertility,

etc., we think that $1.00 per acre is a conservative estimate of the

annual loss throughout the Province.

5. What means do you use to destroy the weeds on your farm !

and with what success!' Many full answers were given to this ques-

tion ; and the most valuable information contained in these answers
has been set forth under various heads in the descriptions which fol-

low. One point, however, which is strongly emphasized by many,
may be mentioned in passing, viz., that no method, however good it

may be, is of any use, unless it is faithfully carried out. A lack of

thoroughness in the work done for the destruction of weeds always
results in failure.

6. What new weeds have you notice I lately in your locality !

Are they spreading rapidly '? and how have they been introduced f

As to the ways in which the above weeds have been introduced,

the answers are various, but the great majority of the correspondents

mention two agencies as chiefly responsible : ( 1) Impure seed, espec-

ially grass and clover seed
; (2) Threshing machines.

Several grades of clover seed are sold by seedsmen :—No. 1, or

the best quality, is usually clean, but most of it is exported, as Cana-
dian farmers will not pay the price asked for this grade ; No. 2, or

second quality, is the kind generally sold in country stores through-

out the Province. Of the samples referred to on a previous page as

having been examined by us, by far the worst were from country

stores, for which fact we cannot say that the storekeepers are to

blame any more than the farmers who refuse to pay the price neces-

sary to secure the best seed.

We would again urge that every farmer, no matter what the

assertions or statements of sellers may be, should examine carefully

with a glass all grass and clover seed which he thinks of sowing on

his land ; and in case he discovers foreign seeds which he does not

know, let him send samples to the Ontario Agricultural College,

Guelph, and all such samples will be promptly examined and reported

upon
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A NUMBER OF COMMON WEEDS, WITH POPULAR
DESCRIPTIONS AND NOTES ON

ERADICATION.

Fig. i.

Fox-tat L. Ykli.ow Fox-tail, Bottle Grass, or Pigeon Grass.

Chameraphis glauca (L).

A common weed in stubble, fallow or root fields. It has a peren-

nial root, with stems about two feet high, of erect habit of growth.

At the summit of that part of the leaf which sheaths the stem (the

! igule ) there is a fringe of hairs. The leaves are flat, rough above,

lad smooth beneath. The dense, close spike, which resembles millet,

.s bristly and tawny yellow in color.

The seeds are ^ in. long, various shades of brown in color, wnth

t mnsverse wrinkles. They frequently retain their green color, and

ire quite commonly found as an impurity in clover and grass seed.

See Fig. 1, a.) An average plant produces about 15,000 seeds.

Time of flowering, July-September.

Time of seeding, August October.

Eradication. Gangplow stubble ground about three inches deep

. arly in the fall ; as soon as the seeds have had time to sprout, culti-

\-ate thoroughly ; repeat cultivation and rib the land with a double

iiould board plow the last thing before the frost. Put in a hoed crop

' potatoes, roots or corn) next spring and cultivate thoroughly through

-

lut the growing season. Follow with a grain crop seeded with clover,

vithout plowing after the roots, for if the land is plowed it is liable

10 bring more seed to the surface. When the sod is broken up, plow

hallow in the latter part of harvest, cultivate with harrow and culti-

vator throughout the fall, and rib up as above.

In the early after-harvest cultivation of stubble ground, some

narrow the stubble as the first step ; and when the weed seeds have

-prouted under their light covering, then gang-plow and harrow, and

-tir afterwards with the cultivator as time permits throughout the

iall.



Flo 1.

Yello\t Fox-tail.

(Ckameraphis glauea).
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Fig. 2.

Chess, Cheat or Wheat Thief.

Bromiis secalinus (L).

A weed naturalized from Europe. It is a winter annual, with

fibrous roots and rough coarse leaves. It has large spikelets, dark

green in color, of characteristic shape, and grows from three to four

feet high.

Many look upon Chess as degenerated wheat, because it appears

among fall wheat that has been winter-killed. This idea is erroneous

and without foundation. The fact is that Chess will mature seed

under adverse conditions, even thouijh the plant be only a few inches

high. The seed possesses great vitality, and is often found in wheat

and rye.

Chess is most commonly found among wheat and rye.

The flour made from it is dark -colored and has narcotic principles.

Care in the selection of seed grain and careful cultivation, tending to

prevent the maturing of the seeds, are the chief remedies. The plant-

ino- of a crop that can be harvested before the Chess matures is a good

plan in badly infested localities. An average plant produces about

1,000 seeds.

Time of flowering, June. Time of seeding, July.

" Chess is a typical plant belonging to the genus Bromus. Wheat

belongs to the genus Triticam. Chess will produce Chess and only

Chess, and a seed of wheat cannot be sown to produce Chess, and

Chess cannot produce wheat under the most favorable conditions of

growth.
" In instances where parts of a plant, apparently a combination

of Chess and wheat were so united as to seem but one plant, close ex-

amination proved them to be parts of separate plants, and that the

apparent union was not real."

Eradwation. Avoid fall sown crops, and follow as far as prac-

ticable the same method as is recommended for Mustard. In this

case, however, the meadow will require special attention, and any

weeds that appear must be removed. If many weeds appear in the

meadow, it will be better to break it up and follow the rotation sug-

Sfested under Fox-tail.



CUBSS.

{Bremus secahnits.l

[23]
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Fig. S.

Wild Oat.

Avena fatua (L).

An annual weed with erect and smooth stems. The leaves and

stems are covered with white bloom, which give a peculiar white-green

color to the whole plant. The head forms a loose panicle, with nod-

ding and spreading branchlets. I^he awn is long and bent, and

covered with brown hairs. It is bent most when dry ; but if

moistened, it uncoils and wriggles around, thus causing the seed to

move appreciable distances.

The principal points of differences between the wild and culti-

vated oats are (1) In the former the chaff' is thick and hairy, while in

the latter it is thin and hairless ; and (2) The wild oat has a long,

stiff awn which is bent and twisted when dry, while the cultivated

oat either has a much smaller and less stiff" awn or none at all. An
average plant produces about 800 seeds.

Time of flowering, July. Time of seeding, July-August.

Dispersal— conveyed from place to place by threshing machines,

and as an impurity in seed-grain.

Wild oats are at home in any soil that will grow cereals, and

they ripen their seeds among almost any cereal crop. The seeds pos-

sess wonderful vitality, some of them remaining buried in the soil for

years and germinating as soon as they are brought under favourable

conditions.

Eradication. On a field infested with wild oats, cereal crops

should be dropped out of the rotation as far as possible ; and hoed crops,

soiling crops, hay, and pasture should take their place. To get the

land under grass, it should be fallowed during part of the season, the

cultivation being frequent and shallow, to destroy all seeds that may
have germinated in the upper layer of the soil. The land can then be

sown with winter wheat and seeded, or with an early variety of

barley, which should be cut on the green side. The treatment men-

tioned IS suitable for pasture land, or land which has produced a haj

or soiling crop during the forepart of the season.



'A

FlO. .!.

Wild Oat.

{A vena fafua.)
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Fig. 4.

Couch-grass, Twitch-grass, Quack-grass, Quitch-grass, or Quick-

grass; ALSO Wheat-grass.

Agropyron repens (L).

Couch-grass is a creeping perennial which grows from 1 to 3 feet

high. It has a jointed root -stock which penetrates deeply into the

ground and possesses great vitality. The plant produces spikes from

3 to 8 inches long. The small spikelets alternate at each notch of the

flower stalk, with the side of the spikelet turned towards the stalk.

The seeds are about ^ in. long, and rather slender (Fig 4, a.). An
average plant produces 400 seeds.

Time of flowering, June-July.

Time of seeding, July-August.

Dispersal—the root-stocks are carried around by implements, and

the seeds are occasionally found in seed-grain.

Whatever value Couch-grass may have for pasture, its habit of

taking and keeping possession of the soil renders it extremely

objectionable. It flourishes best in loamy or humus soils, from which

it is especially difficult to eradicate.

Eradication. As soon as the crop is harvested plow lightly, then

harrow with the ordinary harrow, and if necessar}^ cultivate with the

spring-tooth cultivator. This shakes the roots free from the soil and

makes it possible to gather them up with the horse rake. Burn as

soon as they have dried sufficiently. Repeat this proce.ss two or three

times. If the weather at this time should happen to be dry and hot-

so much the better. Late in the fall, rib up the land into drills and

allow to stand over winter. The frost in all probably will render

material assistance in the eradication. The following spring, plow

about the end of May, cultivate well and put in some hoed crop, or

summer fallow, sowing buckwheat, the crop to be plowed in. A care-

fully cultivated crop of rape is recommended as being particularly

effective in destroying this pest.



; <.

Fig. 4.

Couc/i Gra-ss on litrVit of figure and part of a stalk of perennial rye-grass {Lolium perenne) on left. Note

the arranarement of 8]'ikelets in lye-grass.

[27]
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Fig. 5.

Dock, Cukled Dock, Sour Dock, or Yellow Dock.

Rumex Crispus (L).

A deep-rooted perennial weed introduced from Europe.

It occurs around buildings, in neglected lanes, along waysides and

in pastures. The stem is quite slender, and the leaves are from six to

twelve inches long, with wavy margins ; hence the common name,
" curled dock." The flowers are in racemes, green in color.

The seed is winged, and is carried considerable distances by the

wind. The manner of attachment of the seed to the wing is shown

in illustration (Fig. 5, a.). The seeds are light brown in color, triangular,

with sharp edges and tapering point. They are smooth and shiny

(Fig. 5, b).

The wind acts as an agency in scattering the seed, and it is a

very common impurity in clover and other seeds used on the farm.

An average plant produces about 17,000 seeds.

Time of flowering and seeding, July-August.

Eradication. In most cases this weed can be kept in check by

the frequent introduction of wellcared-for hoed crop^ into the rota-

tion. The shorter the rotation, the better. The later sown hoed crops,

especially rape, are more effective than those sown earlier in the sea-

son. Before the hoed crop is sown, this weed may be kept from

breathing above ground by going fiequently over the field with a

broad-shared cultivator, which will cut the plants an inch or two

below the surface ; but as the roots are tough and strong, it may
sometimes be necessary to use the gang-plow, or even the single plow.

About the 1st of July, the land may be sown with rape in drills, say

26 inches apart, and kept clean, or nearly so, by the horse-hoe and

more or less hand hoeing. The rape can be pastured off in the usual

way during the fall ; and occasionally it may be necessary to put

another hoed crop '»n the same ground the following spring, say a

crop of corn ; but much depends upon the timeliness, regularity, and

thoroughness with which the hoeing is done.



Fig. 5.

OuRLED Dock.

{Bktmex erigpw>)
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Fig. 6.

Sorrel, or Sheep Sorrel.

Rumex Acetosella (L).

A perennial with running root-stocks. The stem is slender and

erect with branches. The leaves are spear-shaped and quite charac-

teristic. The flowers occur in recemes and are green in color. The

foliage has a pronounced acid taste.

The seed is 1-16 in. long, triangular, smooth, and shining when

naked, but dull brown when invested by its covering. An average

plant produces about 10,000 seeds.

Time of flowering June- September.

Time of seeding, July-October.

Propagation—by its running root-stocks, and as an impurity in

clover seed, especially Alsike.

Eradication. Sorrel is usually an indication of a poor, sandy,

or gravelly soil. It prefers acid soils, hence liming and manuring are

effective remedies when the land is well tilled. The remedies given

for the Dock (Fig. 5) are applicable to Sorrel, only it requires more

frequent use of the broad shared cultivator, which should be used so

as to cut the roots just below the surface of the soil, without bringing

up any of the creeping root-stocks.



SllKRP SORRKL.

(liiiinex acetiigella.)
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Fig. 7.

Lamb's Quarteks, or Goosefoot.

Chen(ypodiu7n album (L).

An annual weed widely distributed in cultivated land. It grows

to a height of from 2 to 6 feet. The stem is grooved and much

branched. The leaves are whitish green below and dark green above.

The flowers are inconspicuous and greenish in color.

The seed (Fig. 7, a.) is black and shining, len^-shaped and roand,

about 1-16 in. in diameter.

Time of flowering, June-October.

Time of seeding, August-October.

Distribution—by seeds, especially as an impurity in clover and

grass seeds.

Eradication. Late cultivation is especially neces-ary in com-

bating this weed, as it flowers and seeds till very late in the season.

The land should be gang-plowed shallow and harrowed immediately

after harvest, and cultivated at intervals until late in the fall, when

it may be plowed or ribbed up for a hoed crop the following spring

Subsequent treatment the same as for Foxtail (Fig. 1.)



Fig. 7.

Lamb's Quartkrs.

(Chenopodium album.

3—128 [33]
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Fig 8.

Pigweed, or Redroot

Aninrantus retrojiexus (L).

An annual, with pink root, stout, erect stem, and many branches.

It grows from 1 to 6 feet high. The leaves are light green in color,

and ovate in shape. The flowers are in spikes, which terminate

branches, or are from the axils of the leaves, and are green in color.

The seeds (Fig. 8, a) are round and lens-shaped, smooth and shiny

black in color, resembling the seed of Lamb's Quarters, but slightly

smaller and thinner. An average plant produces 15,000 seeds.

Time of flowering, July-September,

Time of seeding, August-October.

Dispersal—the seed is distributed by the wind and as an impurity

in grass seed.

Eradication. Special attention must be given to fall cultivation

of the soil, so as to prevent plants from ripening, and to sprout and

destroy the seeds which have fallen upon the ground. The land

should be gang-plowed shallow and harrowed immediately after har-

vest, and cultivated at intervals until late in the fall, when it may be

plowed or ribbed up for a hoed crop the following spring. Subsequent

treatment the same as for Foxtail (Fig. 1).



Fio. 8.

PiG-WBBD.

{Amarantus retroflexus.)
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Fig. 9.

Purslane, or Pursley.

/ Portulaca oleracea (L).

Purslane is pre-eminently a garden weed and is readily recog-

nized by its fleshy leaves and stem, which lie prostrate on the ground.

It is an annual.

The stems are red, and the leaves wedge-shaped and clustered at

the ends of" branches. The flowers are bright yellow, about I in.

across and open only during full sunlight for a few hours in the

morning. The seeds (Fig. 9, a), in small capsules, are black, kidney-

shaped, and extremely small. An average plant produces 60,000 seeds

Time of flowering, July, until frost.

Time of seeding, August, until frost.

Dispersal—by seeds.

Purslane has been used as hog feed in very dry seasons, but the

cost of gathering it is too great.

Eradication. Careful hoeing and constant cultivation. The

latter should be as early as possible. The same treatment should be

followed as that outlined for Foxtail (Fig. 1).



Fig. 9.

Purslane.

(Portulaea oleracea.)

[37]
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Fig. 10.

Corn Cockle, or Corn Campion.

Agrostemma githago (L).

An annual adventive from Europe, about 1 to 3 feet high, with

erect habit of growth. It hae but few branches, and the stems are

all very hairy, with whitish-green hairs. The leaves are rather l-ong

and narrow, with pointed ends. The flowers are red to purple, and

the flower cup (calyx) has long lobes, three or four times the length

of the petals.

The seed capsules are generally well filled with seed which is

black in color and kidney-shaped, with tubercles (small conical pro-

jections) arranged in rows around the sides of the seed. (See Fig. 10,

a.) The seed is about \ in. across. An average plant produces about

500 seeds.

Time of flowering, July.

Time of seeding, August.

Dispersal—by birds, in manure, and as an impurity in seed

again.

It may be noted, in passing, that the seed is injurious to young

chickens, and the husks of the seed often elude the miller and appear

as black specks in flour, which is seriously damaged thereby. An old

writer, Gerarde, says :

" What hurt it doth among corn (wheat) the spoyle unto bread,

as well in colour, taste, and unwholesomeness, is better known than

desired."

Eradication. Sow clean seed ; and when the weed is not verj*

thick pull it by hand. Otherwise use the same treatment as for

mustard. (See Fig. 15).



^ifTj^
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Fig. 11.

Bladder Campion, or Cow Bell.

Silene infiata (L).

A naturalized perennial which promises to be a bad weed in On-

tario ; and it is spreading very fast. It grows from 6 inches to 2

feet in height, and branches from the base. The leaves are oblong

and vary greatly in size. The flowers are white, about ^ in. broad,

and are arranged in a loose panicle. The flower cup (calyx), veined and

inflated like a bladder, distinguishes the plant from others that

resemble it.

The seeds are brown and kidney-shaped, with minute tubercles

disposed regularly over the surface (Fig. 11 a). An average plant

produces about 9,000 seeds.

Time of flowering, June-August.

Time of seeding, July-September.

Dispersal—by root-stocks and as an impurity in seeds.

The Night-flowering Catchfly (Silene Noctijiora), resembles the

Bladder Campion ; but it is an annual, tall and very leafy, with a

viscid secretion all over its stem, often so profuse that the stems and

leaves are covered with small insects entangled in it. It opens at

night and possesses a fragrant smell. It is not so bad a weed as its

relative, the Bladder Campion. In Fig. 11 are shown the seeds of

these two plants, natural size and enlarged. That on the left is Blad-

der Campion, that on the right is the Might-flowering Catchfly.

Eradication. For these weeds practically the same treatment as

outlined for the creeping perennials (Canada Thistle, etc.) will answer,

although the plow may have to be resorted to more frequently, in-

stead of the broad-shared cultivator, on account of the size and thick-

ness of the roots.



Fig. 11.

Bladder Campion.

{Sileiu injiata.)
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Fig. 12.

White Campion, or White Cockle.

Lychnis alba (L).

A biennial weed introduced from Europe, with hairy and branch-

ing stems from 1 to 3 feet high. Like the Night-flowering Catchfly

it has a viscid secretion, which attracts many insects. The leaves are

oblong, with acute tips. The flowers are in loose panicles, white or

pink in color, and nearly f in. broad. As a rule they open at night

and remain so until the morning of the following day. The pod has

short teeth around the top, which curl back when dry, and the seeds

are distributed by the winds swaying the stem, when the seeds drop

out. In wet weather these teeth straighten out and completely close

the opening at the top.

The seed (Fig. 12, a) is brown in color and kidney-shaped, with

tubercles regularly disposed over the surface. An average plant pro-

duces 10,000 seeds.

Time of flowering, June-August.

Time of seeding, July- August.

Dispersal—by wind and as an impurity in seeds.

Eradication. Exercise great care in cleaning seed grain, and

examine all purchased grain with a sharp lookout for this seed. If

the weed be on the farm, follow the method outlined for Foxtail (Fig.

1) or Mustard (Fig. 15).



Fig. 12.

White Cockle.

(Lychnis alba.)
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Fig. 13.

Pepper Grass, or Tongue Grass.

Lepidium Virginicum (L).

A native annual which grows from six inches to a foot and a half

high. The stem usually has many branches, and the lower leaves ter-

minate in a large lobe (with small lateral ones), with edges slightly

cut in along the margin. The upper leaves are tapering. The flow-

ers are small and white, with slender spreading flower stalks. The

seed pods are round, with a very small wing at the top and a notch

at the extremity. The end of a branch with seed pods is shown nearly

natural size in Fig. 13, a.

The seeds (Fig. 13, b) are reddish brown, flat and oval in shape,

and" 1-16 in. long. The average plant produces about 18,000 seeds.

Time of flowering, June- August.

Time of seeding, July-September.

Dispersal—by birds and as an impurity in clover seed.

Eradication. Be careful to prevent the plants from seeding, and

do not plow them under when half ripe, ss many of the seeds will

germinate even though partially matured. Pull and burn where only

a few plants exist, and when they are numerous use the method em-

ployed for the eradication of Mustard (Fig. 15).



Fig. 13.

Pbpper Grass.

{Lepidium Virginicum.)
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Fig. 14.

Penny-cress, Bastard-cress, French Weed, Wild Garlic, or

Stink-Weed.

Thlaspi arvense, (L).

A winter annual, introduced from Europe, and a very bad weed.

It is very abundant in Manitoba and is becoming rather common in

Ontario. It grows as an erect plant, with a number of branches from

the upper part. The leaves are numerous during the first of the sea-

son, and clasp the stem by ear-line lobes. The Howers are white and

small, with spreading Hower stalks. The pods which succeed the

flower are very characteristic. They are nearly orbicular, about half

an inch broad, quite flat, with a bi-oad wing all around, and notched

at the top. Fig. 14 shows this peculiarity. Each pod produces about

twelve seeds, which are dark brown to black and oval in shape, with

curved lines. An average plant produces about 20,000 seeds.

The plant has a peculiar odour, resembling that of garlic, hence

some of the common names. The seed also has a very pungent taste.

When eaten by milch cows, it imparts a disagreeable flavor to the

milk.

Time of flowering, May-September.

Time of seeding, June-September.

Dispersal—chiefly by the wind.

Eradication. Continuous growing of hoed crops wi£h thorough

cultivation thereof, followed by heavy seeding with rye. In places

where the weed is very thick, mowing and burning is a good remedy.

The method outlined for eradicating Mustard is applicable to this weed.

(Fig. 15).



Fio. 14.

Pbnny-Crkss.
(Thlaspi arvense

.
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Fig. 15.

Wild Mustard, Charlock, or Herrick.

Brassica sinapistrum, (L).

Arnonof the worst weeds in Ontario is the Wild Mustard, an an-

nual, naturalised from Europe, with fibrous roots and erect habit of

growth. The stem is rough, with stift' hairs somewhat scattered over

the surface. The branches arise from the upper part of the stem and
bear oblong leav'es ; and the lower leaves have one terminal large lobe

and several smaller lateral ones (lyre shaped). The flowei's are yel-

low, showy, and about f in. broad, with stout flower stalks, which are

more noticeable when the plant is in fruit. The pods, which appear

on the lower part of the stem whilst the top is still in flower, are from

1 to 2 inches long, and are either spreading or ascending.

The shape of the pod is characteristic ; it is constricted between

the seeds, thus giving the appearance of a rounded enlargement where
each seed is borne. This appearance is termed " knotted." The pod
terminates in a two edged beak, and the two valves of the pod are

strongly veined or ribbed.

The seed (See Fig. 15) is black, | in. in diameter, perfectly spheri-

cal, and very much like rape or turnip seed ; and it retains its vitality

for a long time when buried in the soil. An average plant produces

15,000 seeds.

Time of floweringf, June-September.
Time of seeding. July-September.

Dispersal—by birds and implements, but chiefly as an impurity

in seed.

Eradication. Owing to the great vitality of the seed. Mustard is

a very hard weed to eradicate. The seeds, once in the ground, live

for years and continue to germinate as they are brought near the sur-

face. Hence it takes patience, a great deal of labor, and a long time

to get rid of the weed, when it once gets possession of the land.

When present only in small amounts, hand-pulling is the best method,

provided the pulling is done before seeds have formed ;
and as pei'-

sons pulling in a hurry cannot wait to examine for seed, it is best to

put the weeds, as they are pulled, in bundles where they can be buaied
when dry.

When fields are overrun with the weed, it is best to proceed as

follows : Harrow stubble-ground early after harvest, or gang-plow
and harrow. As soon as the seeds have had time to sprout, cultivate

thoroughly ; repeat cultivation at intervals ; and rib up with a double

mould-board plow the last thing in the fall. Put in a hoed crop, either

roots or corn, the following spring, and cultivate it thoroughly through-

out the growing season. Cultivate and harrow well two or three

times after roots or corn, having first run the plow along each row of

corn roots to cut the roots and turn them up ; and rib up before the

frost. (If the plow is used after roots or corn, it is likely to bring



Fio. 15.

Ml'STARD.

{Biasx ica t-inapixtrmii.)
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more seed to the surface). Sow a crop of grain the following spring

and seed with clover. Pull weeds by hand out of the grain crop ; take

a crop or two of hay, or pasture ; and break up the clover sod, treat-

ing it as outlined in the note to Mr. Rennie's method of cloanino' land.

(See page 15). When necessary at any stage in this method, use a

grubber or subsoil plow to stir the soil to a greater depth than is

reached by the surface cultivation.

Blue stone rtiethod. When mustard plants are sprayed with a 2

per cent, solution of blue stone (blue vitriol, or copper sulphate),

which is made by dissolving one pound in 5 gallons of water, or 9

pounds in 45 gallons of water, they are killed. It is necessarj- that

the plants be sprayed early, just when coming into bloom, and on a

fine bright day, if the best results are to be obtained. A barrel (45

gallons) should spray an acre.

Fig. 16.

WoRMSEED Mustard, or Treacle Mustard.
Erysimurti cJxirantJioides, (L.)

A native weed, which seems to be spreading rapidly through the

Province. Many specimens have been sent here for examination

during the past year.

An annual or winter annual with erect and branching stems from

8 in. to 2 ft. high. The foliage is bright green and abundant. The
leaves are long, tapering at the base into a short petiole, and they are

covered with T-shaped hairs. The flowers are yellow and about ] in.

across. The little stalks (pedicels) holding the pods, come out from

the stem obliquely, but the pod stands erect on the pedicel, parallel

with the stem. The pod is about an inch long and four-angled, with

one row of seeds in each cell. The seeds are 1-16 in. long and light

brown in color, with a furrow on one side (Fig. 16a). An average

plant produces 25,000 seeds.

Seeds give a bitter taste to feed containing them.

Time of flowering June-July. Time of seeding, July-August.

Dispersal—frequently as an impurity in Clover seed.

Eradication. Hand-pulling and burning is the best remedy when
the weed occurs in small quantities ; but where there is much of it,

the following procedure is advised : Harrow stubble-ground early

after harvest, or gang-plow and harrow. As soon as the seeds have

had time to sprout, cultivate ; repeat the cultivation, and rib up the

land with a double mouldboard plow the last thing in the tall. Put

in a hosd crop, either roots or corn, the following spring, and cultivate

thorouo^hly throughout the growing season. Cultivate after the roots

or corn, sow a crop of grain, and seed with clover. If not too much,

pull weeds by hand out of the grain crop
;
take a crop or two of hay

or pasture ; and break up the clover sod, treating it as outlined in

note to Mr. Rennie's method of cleaning land. (See page 15.)
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Fig. 17.

Shepherd's Purse.

Capselia bursa-pastoris, (L).

A winter annual, naturalised from Europe, with a loner, deep, tap

root. The root leaves are lobed and form a lars^e rosette which lies

close to the ground, and in this state it passes the winter. The follow-

ing spring a more or less branched stem arises, with arrow-shaped

leaves thereon. The flowers are very small and white in color, and

are much less conspicuous than the seed vessels, which are triangular

in shape, and are attached to the stalk or pedicel at the lower apex of

the triangle. From the character of these pods, the plant obtains its

scientific and common name. The triangular pod is divided down the

centre by a partition, forming two cells, each of which contains from

10 to 12 seeds, (Fig. 17, a). In size the plant varies greatly from a

few inches to two feet, depending on the soil and locality. But even a

very diminutive plant produces many seeds. The seed is very small,

light brown in color, and oblong in shape, (Fig. 17). An average plant

produces over 50,000 seeds. Fig. 17 shows shape of seed, also the

arrangement of seeds in the pod.5

Time of flowering, early spring till the beginning of winter.

Time of seeding, early spring till thejbeginning'of winter. '1

Dispersal—as an impurity in grass seed ; also by birds, as the

pods when ripe open and drop the seeds, which mo eaten by birds,

and often evacuated without digestion or injury.

JEradication. It easily succumbs to cultivation ; and as the plant

spreads only by seed, persistent effort should be made to prevent

seeding. The method employed against the preceding weed may be

used for eradicating the Shepherd's Purse. (Fig. 16).
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Fig. 18.

False Flax, or Gold of Pleasure.

Gamelina sativa (L).

This weed probably came to this country in imported flax seed.

In Europe it is cultivated for the fine oil extracted from the seed,

which is used in feeding cattle. Its common name arose from its

supposed resemblance to flax.

An annual and winter annual, with simple or branching stems ;

the lower leaves are long, with a srem, or petiole ; and the upper ones

clasp the stem with arrow-shaped bases. The flowers are numerous,

yellow, and somewhat inconspicuous. The seed vessel, or pod, is

pear-shaped or globular, with a small projection from the upper end.

The little stalks holding the pods are slender and spreading or ascend-

ing. The seed is brown and somewhat larger than that of Shepherd's

Purse. (Fig. 18). An average plant produces about 40,000 seeds.

Time of flowering, June-August.

Time of seeding, July-August.

Dispersal—as an impurity in flax and clover seed, and occasion-

ally in grain.

Eradication. Plow lightly as soon as the crop is harvested.

Harrow and then cultivate frequently throughout the autumn, to

destroy the young seedlings. It is important that this autumn culti-

vation should be thorough. Grow a hoed crop the following year.

The rotation of crops should be modified in the infested fields by

dropping winter wheat out for a time. Grass seed should be sown

along with the spring wheat or barley.
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Fig 19.

Wild Carrot, Bird's Nest, or Devil's Plague.

Daucus carota (L.)

This is a biennial, naturalized from Europe, with a deep, strong

tap root, a bristly stem, and much divided leaves like the cultivated

carrot. The clusters of flowers are in compound umbels which re-

semble bird-nest cavities.

Time of flowering, July- September.

Time of seeding, August-December.

Dispersal—by seeds carried by wind and animals.

Eradication. Spudding is quite effective when the roots are cut

before blossoming the first season. When the field becomes badly

infested it should be plowed and cultivated and treated to a hoed

crop, as described for the treatment of Blue weed (page 64).
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Fig. 20.

- Bindweed,

Convolvulus arvensis (L).

A very troublesome weed which wiuds its tough and curling

stems around the stalks of various plants, partially chokes them, and
thereby hinders their growth. It is a perennial with a very exten-

'sive creeping root which penetrates far into the soil, and any piece of

the root possessing one or more buds is capable of starting new plants,

hence it is necessary to clean implements very thoroughly after they

have been used in a field containing this weed. The stems are

branched and either trail on the ground or climb by twisting around
some other plant. The leaves are rather small, with 2-4 lobes at the

base, giving them an arrow-headed shape. The flowers are white or

rose-colored and 1 inch across. The seeds, three in number, are large,

black, and angular, and are held in a spherical capsule (Fig. 20). An
average plant produces about 160 seeds.

Time of flowering, June-September. Time of seeding, August-
October.

Dispersal—chiefly by means of its creeping roots ; sometimes as

an impurity in seed grain.

Eradication. This is a very difficult weed to eradicate, and care-

less cultivation only increases the trouble by carrying the roots from
place to place. Salting is recommended by some practical farmers

who have succeeded in eradicating this very troublesome pest ; but we
cannot speak from experience as to the value of this method of

treatment.

The weed may be kept in check by the frequent introduction

of Avell cared-for hoed crops into the .rotation, and the shoiter the

rotation the better. The later sown hoed crops, especially rape, are

more eflectual than those sown earlier in the season. Before the hoed
crop is sown, the weed may be kept in check by going frequently

over the field with a broad-share cultivator, so as to cut all the plants

an inch or two below the surface without bringing up any of the

creeping root-stocks. About the 1st July the land may be sown with

rape in drills, say 26 inches apart, and during the early growth of the

crop the weeds may be kept in check by means of the horse-hoe, with

more or less hand-hoeing. If the land has been well manured or is

naturally rich in vegetable matter, the rape will make a rank growth
and smother some of the weeds. The rape may be pastured in the

fall, and in extreme cases may be followed by another hoed crop,

such as corn. If the corn is well cultivated and hoed, most, perhaps

all, of the plants will be destroyed.

lu some cases it may be advisable to summer-fallow, and in such

cases it is best not to plow more than is absolutely necessary, but to
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eiepend mainly on the broad-share cultivator. Buckwheat sowm ®n
summer-fallow and plowed under when coming into blossom, followed

bj surface cultivation with broad-share cultivator, will assist very
much in killing the weed. If necessary, the summer-fallow may be
followed by a hoed crop.

Fig. 21.

Dodder, Clover Dijdder, Devil's Gut, or Strangle Weed.

Cuscuta epithymwni (Murr).

Judging from the number of enquiries made about Dodder, we
fear that it is spreadiiig rapidly in the Province of Ontario.

The seed takes root in the soil and puts forth a shoot which
winds around some living plant. Havin;,' a good start, the shoot dis-

connects itself from the earth and derives its nourishment from the

juices of the plant to which it clings. Drummond says :
—

" There are

certain plants—the Dodder for instance—which begin life with the

best intentions, strike true roots into the soil, and really appear as if

they meant to be independent for life. But after supporting them-
salves for a brief period, they fix curious sucking discs into the stem
(Fig. 21, (.S) ) and branches of adjacent plants, and, after a littie ex-

perimenting, finally cease to do anything for their own support,,

thenceforth drawing all their supplies ready made from the sap of

their host. In this parasitic state the Dodder has no need for organs

of nutrition of its own, and Nature therefore takes them away.
Henceforth, to the botanist, it presents the degraded spectacle of a

plant without a root, without a twig, without a leaf, and having a

stem so useless as to be inadequate to bear its own weight."

The stems are very slender and red in color, curling around
clover or grass and completely choking it, as well as appropriating its

juices. It puts forth dense clusters of small whitish flowers, which are

succeeded by rounded pods full of seeds. The seeds are small, grey
or yellowish-brown, and round in shape. An average plant produces

about 2,500 seeds. There are numerous species of dodder, parasitic on

tJax, onions, and a variety of other herbs and small shrubs.

Time of flowering, June-July.

Time of seeding, July-September.

Dispersal—often as an impurity in clover and lucerne seed.

Eradication. Guard carefully against it in clover and other

seeds. Cut before ripening, as near the ground as possible, collect,

and burn ; and modify the rotation so as to leave clover out for a

time.



•
Fig. 21 [4].

Dodder Seed.

Natural .size and en-

I

larged five times.

Fi^. 21 []). Dodder o.v Grass and CbovKR.
Fig-. 21. [5j. Dodder.

Showing the seeds in situ.

Fig. 21 [oj. Dodder.
(a) Cross-section of Dodder stem.

(6) Cross-seotion of Clover sPejii.

(c) Sucker from stem of Dodder.

Fig. 21 [2). DoBBER
growing on st«iB of Hap.

(After Kerner.)
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Fig 22.

Hound's Tongue, Dog Bur, or Burs.

Cynoglosaiirii offi-cinale, (L.)

A biennial weed, with erect hairy stem, of rank growth, and

much branched, one to three feet high. The lower leaves have

petioles ; the upper ones clasp the stem. They are 6-12 inches long

and covered with downy hair, and have a disagreeable odour resem-

bling that of mice. The flowers are small and lurid purple-red in

color. The fruit consists of a broad, rounded bur, |-inch long, with

one flat side and covered with short spines which enable it to adhere

to clothing or to animals (Fig. 22a). An average plant produces

about 600 seeds.

Time of flowering, June-August.

Time of seeding, July-September.

Dispersal—chiefly by animals carrying the burs.

Eradication. Spud or cut deep in fall and early spring; the

former to destroy the plant in its first year, and the latter to complete

the destruction by removing those that escape the first cutting.



Fio. 22.

Hound's Tosoik.

(Cijnogloiisvrn officianle.,

V^



64

Fig. 23.

Blue Weed, Viper's Bugloss, Blue Thistle, or Blue Devil.

Echiura vulgare, (L).

A biennial weed naturalized from Europe, with deep tap root,

which penetrates to a great depth. During the first year, the portion

above ground is a rosette of leaves ; and from the centre of this, next

season, bristly, hairy, and erect stems arise one to two and a half feet

high. The leaves are oblong, two to six inches in length, with both

upper and lower surface hair)^ The flowers are numerous, arranged

in a rich spire, and are azure blue in color. The seeds are hard and

brown in ^^color, with a broad base and angular body ^ in. long (Fig.

23a). An average plant pi'oduces 8,500 seeds. The seeds are prob-

ably dispersed in winter by the wind, as they remain for a long time

the plant.

Its names, both Latin and English, are significant of the notioa

that it was an effectual remedy against the bite of a viper.

The weed prefers gravelly and lime soils.

Time of flowering, July-October.

'I ime of seeding, August-October.

Dispersal-^by seeds, especially in winter when they are blown

over the snow.

Eradication. This weed gives very little trouble in arable land,

if the cultivation is at all thorough. In fence corners, on roadsides,

and in waste places, cutting below the crown with a spud, is practi-

cally the only effective method of destroying the weed. Sometimes,

however, this is impracticable, because of the number ; and in such

cases, some special treatment, similar to that recommended for the

Dock (Fig. 5) may be resorted to.



Fig 23.

Blue Wekd.

{Echium Vulgare.)
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Fig. 24.

Mullein, or Velvet Dock.

Verhascwni thapsus, (L).

The mullein is a weed introduced from Europe,—very common
in waste places, road sides, and gravelly or sandy pastures. It is a

biennal, with large, long roots, from which spring- a tall and usually

unbranched stem, 2 to 6 feet high. Both stem and leaves are densely

woolly all over, with branched hairs. The leaves are whitish, thick,

and velvety to the touch. The flowers are yellow and arranged on

densely crowded elongated spikes. The capsule containing the seeds

is about I in. long, and the seeds are small, about 1-20 in. long, six-

sided, with irregular ridges running lengthwise between the sides.

The color of the seed is dark brown. An average plant produces

6,000 seeds.

Time of flowering, July-September.

Time of seeding, August-November.

Dispersal—as an impurity in clover and grass seed.

Eradication. Spud or cut below the crown ; or dig up the roots

when young ; or break up the sod and grow hoed crops. It easily

succumbs to cultivation.

The Moth Mullein (Verbascum blattaria), is a worse weed than

the common mullein, as it infests meadows and bears far more seed.

The seed is often found as an impurity in clover and timothy. The

plant itself is smooth and slender, from 2-6 feet high, with dentate

leaves. The flower is yellow, with brown marks on the back of the

pet£|,ls ; and the stamens have violet filaments. The seed is brown,

very small, and six-sided. Treat it the same as common mullein.

In Fig. 24 are shown the seeds of the mulleins—the upper seed

is the common mullein, the lower is the moth mullein.
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Fig. 25.

Plantain, Black Plantain, Rib-grass, or Rib-wort.

Plantago lanceolata, (L.)

This plant was once very generally believed to be a favorite food

of cattle, yet the opinion of most agriculturists is against it. It is

considered a bad weed, especially when it appears in lawns. Numer-

ous inquirers ask what it is, and how to get rid of it. It is a peren-

nial or biennial, with a short thick root-stock, of erect growth, or

more generally, lying on the ground as a rosette of leaves. At the

base of the leaves there are tufts of brown hair; and the leaves them-

selves are long, narrow and tapering, with prominent veins, or ribs

running lengthwise; hence some of the popular names. The flower-

stock is slender and channelled, is without leaves and terminates in a

dense spike. The stamens project from the inconspicuous flowers,

giving a whitish appearance to the whole head. The seeds are en-

closed in small pods, each containing two seeds. The seeds are about

1-12 of an inch long, brown and shiny, with a grove on one side, in

the centre of which there is a black spot. The opposite side is rounded,

as are also the ends (Fig. 25, a). An- average plant produces 1,200

seeds.

Time of flowering, June-September.

Time of seeding, July-September.

Closely allied to this plant is the Broad Leafed Plantain (Plant-

ago major), which has broad oval leaves and very long tapering

spikes.

The seeds of both of these weeds are very common in clover and

grass seed ; and persons buying these seeds or lawn mixtures, should

examine closely and guard carefully against plantain seed.

Eradication. If the plants are not numerous, cut below the crown

with a spud. If they are, use treatment outlined for Mustard (Fig. 15).
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Fig. 26.

Ragweed, Hogweed, Bitterweed, or Roman Wormweed.

Aynhrosia artemisiccfolia, (L).

Eag\veed is an annual. The stem is much branched and slightly

hairy, from 1 to 3 feet high. The leaves are very finely divided, the

lower surface being of a lighter color than the upper. The flower

heads are very numerous, from 1 to 6 inches long, green, and incon-

spicious. The flowers are yellow, 1-6 inch across, infertile in the

terminal spikes, and fertile only at the base of the spikes. The seed

is dark brown, with a sharp tip, around which are arranged 4 to 6

spines, 3-16 inches long. They have great vitality and remain in the

soil a long time without injury. An average plant produces about

5,000 seeds. The seed has a bad taste and gives a peculiar odour to

the milk of cows which eat it.

Time of flowering, July-September.

Time of seeding, August-November.

Dispersal—as an impurity in seed grain ; and by wind and water,

being borne long distances by freshets.

Eradication. For the eradication of this weed, special attention

must be given to the fall cultivation of the soil, to prevent seeds from

ripening. Gang-plow or cultivate, and harrow stubble ground

immediately after harvest, and repeat cultivation at intervals until

late in the fall ; then plow or rib up, and follow with a hoed crop.

Care should be taken with the hoed crops that no specimens of Rag-

weed go to seed. When in grass, go over with a mower in September

or October, if any plants are likely to mature seed. Do not sow late

maturing crops. Ragweed when eaten by cows causes bitterness in

milk.
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Fig. 27.

Yellow Daisy, Cone-Flower, Black-eyed Susan, or Niggerhead.

Rudheckia hirta, (L).

A biennial and sometimes annual weed found in pastures and

meadows. It grows about 1 to 3 feet high. The stems are sparingly-

branched and very bristly. The leaves are thick, hairy, oblong and

tapering towards the point. The flower is about" 1 in. across, with

orange yellow rays or petals (10 to 20 in number) and dark purple

brown discs almost spherical or cone-shaped. The seeds are dark

brown, almost black, four angled, and about ^ in. long, with no pappus,

or tuft of hair (Fig. 27, a). An average plant produces about 2,000

seeds.

Time of flowering, June-August.

Time of seeding, July-September.

Dispersal—as an impurity in seed grain.

Eradication. It can generally be killed by mowing, but it is

sometimes necessary to break up meadow or pasture land, as

suggested in note to Mr. Rennie's method of cleaning land (see page

16), and follow with a hoed crop. If this is well cared for, it will

destroy all Cone-flowers.
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Fig. 28.

OxEYE Daisy, White Daisy, White Weed, or Poverty Weed.

Chrysanthemum leucanthemum, (L).

The Oxeye Daisy is a weed naturalized from Europe, and is very

closely related to the Chrysanthemum or national flower of Japan.

It is a perennial with short, thick rootstocks, possessed of much

vitality. Very many stems spring from one root. It grows from 6

inches to 3 feet high. The leaves slightly clasp the stem, the lower

ones, narrow, long, and toothed along the edges, the upper ones, small

and without teeth. They are slightly aromatic, more perceptibly so if

bruised. The flowers are 1 to 2 inches broad, on long stalks, with

from 20 to 30 white rays and bright yellow disc. The seed is about

1-12 in. long and angled, with alternate white and black longtitudinal

ribs. It has a short point but no pappus (Fig. 28). An average plant

produces 7,500 seeds.

Time of flowering, June-August.

Time of seeding, June-September.

Dispersal—chiefly in grass seeds and by birds.

Eradication. The Daisy is most troublesome in pastures, and

can be got rid of only by breaking up the sod. It can be eradicated

by the method outlined for Canada Thistle (Fig. 30) ; or by seeding

down to clover and plow up after one crop has been cut and taken off.

The clover should always be cut before the Oxeye Daisy has had a

chance to mature seed.



Fig. 28.

OXETE DaIST.

(Chrysanthemum lexKanthemum.)

[75]



76

Fig. 29.

Burdock, Great Bur, Clot-Bur, or Beggar's Button.

Arctium lappa (L).

A biennial weed with tremendous roots, probably the largest of

all weed roots. This root is uniform in size for a foot below the sur-

face ; further down it is much branched and has a great hold on the

ground. The stem is much branched (from 4 to 9 feet high) and

rough, with broad rounded leaves, the lower surface of a lighter green

than the upper. The flower heads occur in clusters and are purple in

color. The flower receptacle, or mvolucre, as it is called, is composed

of hooked spines, which are very adhesive and do much injury to the

wool of sheep. The seeds are brown, | in. long and spotted with

darker brown (Fig. 29).

Time of flowering, July-September.

Time of seeding, August-October.

Dispersal—chiefly by animals carrying the seed from place to

place.

The plant when burnt yields a good quality of alkaline ash,

equal to the best potash ; and a decoction from the roots is said to be

equal to the juice of Sarsaparilla as a blood purifier, etc.

Eradication. Cut below the crown with a spud and burn

the tops.
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Fig. 30.

Canada Thistle, ok Creeping Thistle.

Carduus arvensis, (L. & Robs).

This weed was originally introduced from Europe, and hence in-

correctly named Canada Thistle. It is a hardy perennial, with

numerous underground stems which bear a large number of shoots.

(See Fig. 29, illustrating two of these shoots). It grows to a height

of 1 to 3 feet. The leaves are narrow and long, deeply indented into

very prickly, lobed segments. The leaf has a crimped appearance,

and at the base slightly clasps the stem. The under suiface of the

leaf is woolly, the upper surface less so. It produces numerous heads

containing flowers, which are ^ to f inches across and of a lilac-purple

color. The flower is smaller than that of other thistles. The seed is

grey, oblong, and about 1-8 in. long, with slight longitudinal mark-

ings. Attached to the top is a conspicuous tuft of long hairs (the

pappus) (Fig. 80, a). The seed is carried long distances by the wind.

An average plant produces 3,500 se"'ds.

Time of flowering, June- August.

Time of seeding, July- September.

Dispersal—chiefly by the wind.

Great care should be taken to prevent Canada Thistle from seeding.

Eradicition. The Canada Thistle can be eradicated in several

ways, if thorough work is done at the right time :

1st. By careful and persistent spudding, done in such a way as

to prevent the plant from developing top above the ground.

2nd. By early after-harvest cultivation of stubble ground.

3rd. By the frequent introduction of hoed crops into the rotation.

4th. By seeding much with clover, taking one or two crops of

hay, plowing the clover sod shallow early after harvest, and cultivat-

ing frequently throughout the fall.

5th. By summer-fallowing.
Assuming that all land should be plowed in the fall, we may out-

line briefly one or two methods of destroying thistles :

(1) In stubble ground for spring crop. Gang-plow shallow and

harrow early after harvest (immediately after the crop is oft")
;
and as

soon as seeds have had time to sprout or thistles begin to appear,

cultivate thoroughly with a broad-share cultivator, the points or

shares overlapping far enough to cut all plants ; and harrow again, to

pull up and expose the plants that have been cut. Repeat the culti-

vation at intervals throughout the fall, and plow in the usual way,

or, if possible, rib up with a double mould-board plow just before the

frost. This systematic cultivation from harvest till winter, will check

thistles and other weeds very much, and when followed by a hoed

crop (mangels, corn, turnips, carrots, beans or rape), properly cultivat-

ed, it will not only clean the land, but put it into good shape for a

crop of grain (oats, barley, etc.,) the next spring, which crop should be

seeded with red clover.
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(2) In sod {'meadow or pasture) for spring crop. After one or

two, but not more than two, crops of hay or pasture, plow shallow
(not more than four inches) early after harvest, say the 1st to the 15th
of August, and harrow at once. Let it stand a couple of weeks, and
then cultivate the same way it was plowed, two or three inches deep,

with a spring-tooth cultivator. After a while cross-cultivate a little

deeper. If possible, cultivate a third, or even a fourth time, going a

little deeper each time. Then, if you can manage to do so, rib it up
with a double mould-board plow the last thing in the fall This will

make a good foundation for any crop the following spring—grain,

roots, corn or rape—and if the portion in hoed crop is thoroughly

cultivated with horse and hand hoes, very few, if any, thistles will be

left. The portion intended for rape must be kept clean by surface

cultivation till the time for putting in the crop, say the last half of

June or the 1st of July, after which it should be treated like other

hoed crops.

Some recommend a crop of fall rye on land which is intended

for rape the following summer, but the rye takes so much moisture

from the soil in the spring that the rape after it is apt to be a poor

crop, unless in favorable seasons.

If summer-fallowing is resorted to, it will be well not to 'plow

any more than is necessary, but to rely on surface cultivation with

the broad- share cultivator and the harrow, done in such a way as to

cut the plants two or three inches below the surface, without bringing

up any of the numerous rootstocks which run along a little lower

down. It will also be well to keep the fallow covered part of the

summer by growing some kind of green crop, say a crop of buckwheat,

sowed rather thick and plowed under when coming into bloom. This

will help to prevent the loss of nitrates which bare laud suffers from
washing, and will improve the soil by increasing the supply of veget-

able matter in it.

When necessary at, any stage in the above method of cultivating

either stubble-ground or sod, say for mangels, use a grubber or sub-

soil plow to stir the soil to a greater depth than is reached by the

surface cultivation.

Fig. 31.

Chicory, or Wild Succory.

Cichorium intyhus, (L).

A perennial weed introduced from Europe, with long, deep tap-

root, which, when dried and ground up, is used in adulterating coffee

and as a substitute for it. The stems are almost leafless, from 1 to 3

feet high, much branched, slightly hairy and whitish in color. The
leaves, spread out on the ground, are long, with irregular edges. The
flower heads are numerous, occuring in clusters, without flower stalks,

on the naked branches. The flowers are about 1| inches across, bright

blue in color, and are usually closed by noon. The seed is about 1-8
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in. long, tapering to a blunt point, the opposite end having a fringe of
minute hairs around the crown. The body of the seed is corrugated.
An average plant produces about 3,000 seeds.

Time of riowering, July-October.
Time of seeding, August-October.
Dispersal—frequently as an impurity in clover and grass seed.

Eradication. The method outlined for Canada Thistle may be
followed in eradicating this weed, but the plow may have to be used
more frequently than is advisable in combatting thistles.

Fig 32.

Wild Lettuce, Southern Thistle, or Trumpet-milkweed.

(Erroneously called Prickly Lettuce.)

Lactuca Canadensis, (L).

An annual or biennial plant with a leafy stem, which may attain

a height of seven feet. The leaves are deeply lobed, terminating in

an acute point, and have stalks or petioles, the lower ones being
smaller than those near the top of the stem. The stem branches at

its summit into a compound flower-cluster. The flowers are small,

yellow in color, and open only a few at a time. The seed is dark
"•own in color, flat and oval, with longitudinal ribs and a thread-like

^ak at the apex, and possesses a small white tuft of hair (Fig. 32a).

Time of flowering, June-October.
Time of seeding, July-October.
Dispersal—chiefly by the wind.
Eradication. Where there is not much of it, pull and bum before

ripening. Where this cannot be done, use the same method as for

Mustard (Fig. 15).



Fig 32.

Wild Lettuce.

(Lactuca Canttdensis.)
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Fig. 33.

Prickly Lettuce.

' Lactuca Scariola, (L).

Prickly Lettuce is a native of the old world, and has invaded

this Province both from New York and Michigan. It is a winter

annual ; it springs from seeds in the fall, and survives the winter.

The plant grows to a height of 3| feet ; the stem is leafy and usually

smooth ; the leaves are oblong, and slightly pointed, often clasping at

the base ; the under surface of the midrib of the leaf is spiny : Heads

are numerous and yellow.

Time of flowering, July-September.

Time of seeding, August-October.

Dispersal—By means of its seeds, which are provided with a pap-

pus or tuft. An ordinary plant may produce 8,000 seeds.

Eradication. The best methods of destroying the weeds are : 1.

To mow repeatedly as it comes into bloom, or earlier ; 2. To cultivate

thoroughly with a hoed crop. By this method the weeds in the soil

will be induced to germinate. They should not be covered deeply in

plowing. Mature plants should be cut down and burned lest the seeds

be blown about and scattered by the wind.

Farmers should be careful to buy only clean clover, millet and

grass seeds, and the weed inspector should insist on the fulfilment of

the law, and have all fence-corners, roadsides, and waste lands cleared

of the pest.



V
Fio. 33.

Pbickly Lkttuce.

{Lactuca gcariola.)
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Fig. 34.

Orange Hawk Weed, Devil's Paint Brush.

Hieracium aurantiacunti (L.)

A plant introduced from Europe, and a pernicious pest in pastures,

meadows and roadsides in the eastern portion of the Province. The

heads are bright red orange in color, and are clustered. The stems

grow to a height of 12 inches. The leaves are oval, downy, and grey-

ish-green in color. The seeds are provided with tufts of down, whereby

they are scattered by the wind.

Time of flowering, June to August.

Time of seeding, June to September.

Dispersal—This plant is propagated by roots, runners and tufted

seeds : also by seeds purchased in clover seed.

Eradication. Salt at the rate of 1| tons per acre will kill this

weed in pastures.



Fi, ....

Orange Ha»>k Wthr.

(Uieracium Aurantiacwn (L).)

[87]



88

Fig. 35.

Annual Sow Thistle, Common Sow Thistle, or Milk Thistle,

Sonchus oleraceus, (L).

and Sonchus A^per, (Vill.)

An annual weed introduced from Europe. It grows 2-3 feet

high, has fibrous roots and leafy stem, and is not quite so large or

coarse as the Perennial Sow Thistle. The leaves are much lobed, and

have short, soft spines. Each head is many-flowered ; but the flowers

are small, about h in. across, and of a pale yellow color. The seeds

are brown, thin, and about 1-8 in. long, with longitudinal markings,

and attached to the top is a large tuft of fine hairs united at the base.

Time of flowering, June-August.

Time of seeding, July-August.

Dispersal-—chiefly by the wind.

Eradication. Cultivate stubble-ground and sod early after har-

vest and throughout the fall as for Canada Thistle (See Fig. 30.)

Follow with hoed crop, preferably corn or roots, and cultivate

thoroughly throughout the growing season. Use the cultivator,

instead of the plow, after roots or corn ; sow a crop of grain and seed

with clover ; if practicable, pull the weeds by hand out of the grain

crop ; take one or two crops of hay or pasture, and again break up

the sod, plowing, harrowing and cultivating as for Thistle (Fig. 30).



Fio. 35.

Annual Sow Thistlb.

(Sonchus Asper.)
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Fig. 36.

Perennial Sow Thistle, Field Sow Thistle, or Corn Sow
Thistle.

Son^hus arvensis, (L).

A perennial weed, 1 to 3 feet high, with large and vigorous root-

stocks, full of a milky white juice. The stems are rough, and the

growth of the lower part of the plant is rank. The leaves are deeply

cut and furnished with small spines, and at their base clasp the stem.

The flowers are bright yellow, of fair size, ^ in. across, and quite sim-

ilar to those of the Dandelion. They close up in strong sunlight. The

<?alyx, or flower cup, is green and covered with yellowish bristles.

The seed is brown in color and about 1-8 in. long, with both longitud-

inal and transverse markings. To the top, a tuft of silken hair is

attached (Fig. 36a.) An average plant produces about 2,000 seeds.

Time of flowering, June-August.

Time of seeding, June-August.

Dispersal—by running rootstocks, and the scattering of seeds by

the wind.

The Sow Thistle draws much water from the soil and is a heavy

feeder. It is less troublesome on stiff clays than elsewhere.

Eradication. The method used for the eradication of the Canada

Thistle is recommended for this weed.



Fio. 36.

Pbrbnnial Sow Thistlb.

(Sonchus arvensis.)
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Fig. 37.

Fleabane, or Horse Weed,

Erigeron Canadensis, (L.)

A tall hairy plant, very common in meadows. It is a winter

annual. The stem is much branched and is hairy. The leaves are

downy, from 1 to 4 inches long. The flower heads are numerous,

about I in. broad, with white flower rays. The seeds are small, light

in color, and 1-16 in. long, with a pappus o£ short tufty hairs. An

average plant produces 120,000 seeds (Kerner).

Time of flowering, June-September.

Time of seeding, June-September.

Dispersal—chiefly by the wind.

Eradication. Having a small root, this weed can be easily

pulled. Hence, where there is not very much of it, hand-pulling is a.

satisfactory means of eradication. As a rule, the weed is trouble-

some only in meadows, and the frequent breaking up of meadow land

tends to keep it under control.



Fia. 37.

FtEABANB.

(Erigeron Canadensis.)
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Notes Concerning Other Noxious Weeds.

Corn Spurry, (Spergula arvensis, L). This is an annual with
small white flowers, and is related to the chickweeds. It grows from-

7 to 12 inches in height. The needle-like leaves are in whorls at the-

joints of the stem, and the plant is covered with clammy hairs. Ifc

grows mainly on sandy soil. Its effect is to smother the crop. It

seeds very profusely.

Treatment Frequent stirring of the soil to make the seeds-

sprout, and frequent harrowing to destroy the seedlings.

Tumble Weed, or White Pigweed, (ATuarantus albus). This-

plant resembles Russian Thistle quite closely, but can be distinguished

from it by its round, shiny, jet-black seeds, and by its leaves, which,

although small, have a definite blade. It is a low branched annual
when growing in sandy, open fields and roadsides.

Treattaent. Prevent the maturing of the seeds which ripen ia

August. The plants as a rule are conspicuous, and may be readily

collected and burned. The seeds are often found in grass-seed

'

mixtures.

Lady's Thumb, or Smartweed, (Polygonum Persicaria). This
plant grows to a height of 12 to 18 inches. Its leaves are lance-shaped,,

usually with a blotch near the centre. It is an annual, and is often

abundant.
Treatment. Prevent from seeding, and sow clean seeds.

Toad Flax, or Butter and Eggs, (Linaria vulgaris. L). This is a

perennial which has escaped from cultivation as an ornamental, and
become a decided pest. It grows in tufts, and has bright, yellow,

spurred flowers. It flowers from July to October, and seeds from
August to November. It propagates itself by root-stocks, and by
seeds in grass seed. It is found chiefly in meadows and roadsides.

Treatment. Continuous cultivation will subdue it, but care

must be taken not to spread the root-stocks. Coal-oil, salt, etc., are

effective after hoeing.

Wild Barley, or Squirrel-Tail Grass, {Hordeum jubatum). This-

pest is a native of the western prairies, but is invading the western

parts of the Province. It has a dense head, like that of barley, and
grows to a height of 12 inches or more. It is quite a serious pest in

Manitoulin Island and the districts farther west. Ic should be
gathered and burned w^herever found.

Wild Tares, or Perennial Vetch, (Vicia cracca, L.). This is a
perennial plant, with a deep system of root-stocks. It is often re-

ported difficult of eradication. The flowers are blue, and there are

10 to 12 pairs of leaflets to each compound leaf. This plant appears to

persist most tenaciously in damp soil. The same cultivation which is

used in controllincr the Canada and Perennial Sow Thistles will sub-

due the Perennial Vetch.
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The Cinque-Foils, or Five Fingers. There are two or three

species of Cinque-Foils which are becoming quite noxious. The large-

flowered Cinque-Foil {Potentilla recta) is a perennial, with cream-

colored flowers. The Norway Cinque-Foil {Poienlilla Norvegica) is

also a pest in many pastures. Cultivation, spudding, and hoeing will

keep these plants under control.

Pigeon Weed, Wheat Thief, Red Root, or Corn Gromwell (Litho-

spermum arvense, L.) A winter annual naturalized from Europe,

with reddish roots. It is usually branched, and grows to a height of

12 inches. The leaves are sessile, narrow, and harsh to feel. The

flowers are small and white ; at maturity, four small smooth seeds are

produced, which have considerable vitality.

Time of flowering from April to July.

Time of seeding from June to August.

Dispersal— mainly through seed grain, such as wheat, r3-e,

timothy, and alsike clover,—often spread by birds, and distributed in

the manure.
Eradication. Drop fall wheat from the rotation. Cultivate

lightly after harvest and cause the seeds to germinate. When three

or four inches high, harrow or plow them under. If this treatment

is repeated each fall, wheat can again be grown.

Sweet Clover {Melilotus alba). The white sweet clover is a very

common plant in vacant grounds and neglected fields about cities and

along roadsides. It is a tall, rank growing plant, and thrives best on

heavy clay soils. It may be classed among the weeds, inasmuch as it

grows where it is not w^anted, but it cannot be considered a noxious

weed. As a soil-former sweet clover is a valuable plant. It roots

deeply, and is a nitrate producer. With the aid of the rains and

frosts it gradually mellows the soil of unproductive clay, and makes

it fit for cultivation.

It is a biennial. The shoots of the first year's growth are tender,

and are valued in the South as fodder for stock, but those of the

second year are tough, fibrous, and branching, and bear the flowers

which are very attractive to honey bees. In some districts sweet

clover is growm extensively by apiculturists. The number of seeds

produced every year by each plant is very large. Experience shows

that sweet clover is not difficult to control. It grows altogether from

the seed. If seeding is prevented by cutting down the plants at

blossoming time very few plants will make their appearance the

following season.
. t u j

Although a fodder plant in the South, sweet clover is not relished

by stock in Ontario. On account of the tough, fibrous structure ot

the second year's growth there is a possibility that the plant may m
a few years be grown for the manufacture of binder-twme, etc.
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BULLETIN 129 December, 1903

Ontario Agricultural College and Experimental Farm.

BACON PRODUCTION.

By G. E. Day, Professor of Agriculture and Farm SupenntendenL

PART I.—BUILDINGS.

The question of buildings for swine is such a complicated one that it seems

a hopeless task to attempt a discussion of the subject. Almost every piggery

that is built possesses certain features peculiar to itself, and rendered neces-

sary by the circumstances which it is intended to meet. All that will be

attempted here, therefore, is a brief discussion of the desirable features of a

piggery, illustrated by drawings of a cheap and convenient building which may
be modified to meet almost any requirements.

The most important requirements of a piggery are dryness, ventilation,

light, freedom from draughts, reasonable warmth, and convenience.

Dryness. Dryness is closely associated with ventilation, but is also influ-

enced by the material of which the building is constructed. Good results can

not be obtained in a damp pen; and dripping walls are a pretty sure indication

of impending disaster. Rheumatism and numerous forms of unthriftiness result

from dampness. Stone and cement walls are very cold in winter, and chill the

air of the pen, causing it to deposit its moisture upon their surface. In a

short time the wall becomes quite wet, and trouble is stored up for the pigs.

A hollow cement wall is much less objectionable than a solid one; but our
experience leads us to prefer wooden walls, constructed in such a way as to

form a complete dead air space in the centre.

Ventilation. Thorough ventilation is a great help in preserving dryness;

but it is a difficult thing to secure in a piggery without unduly lowering the

temperature. It is a great aid to ventilation to provide a large air space, or,

in other words, to have a high ceiling. The tendency at present is to do away
with the common loft over the piggery, and to have the space above the pigs

extend to the roof. This gives more air space, and makes ventilation a sim-
pler problem. The admission of fresh air can be provided for by constructing
shafts in the walls at intervals of fifteen or twenty feet. These shafts open
outside near the ground, and inside, at the ceiling. Provision should be made
for the closing, or partial closing, of these intakes when cold air is admitted
too rapidly. Windows in the roof, as described in the plan, are a very efifec-

tive means of removing foul air.

Light. Light, especially sunlight, has a wonderful influence in promoting
health. So far as possible, the windows should be on the south side of the
building, as the south side gets most sun, and is least exposed to cold winds.

Draughts. While ventilation is necessary, draughts are extremely injurious,

and their prevention should be kept in view when building.

Warmth. Warmth is a good thing; but it should not be secured at the
expense of ventilation. A somewhat cold pen, well ventilated but free from
draughts, is preferable to a warm pen where the air is damp and foul, and
the pigs will suflfer less discomfort in the former than in the latter.

[1]
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Plan of Piggery.

The plan which is given here is taken from a new piggery built this year

by Mr. J. E. Brethour, Burford, Ont. Its construction is comparatively cheap,

and its possesses many desirable features. It is capable of many modifications;

and a careful study of the plan will be helpful Jo those who intend to build.

Of course, the building can be made any length desired.

The building is 36 x 100 feet, outside measurement. A cement wall 8 inches

thick rises 3 feet above the floor. On top of this wall the frame is built

The walls are built of 2 x 4-inch studding, boarded on the outside with cheap
lumber, covered with building paper and tightly clap-boarded on top of the
paper. On the inside, the walls are lined with matched lumber, so as to
form a dead air space inside. The lining also extends over the lower side of
the rafters, giving a dead air space to the roof, as well as the walls.

rM

Cross section of Piggei-)-, showing- contour of floor, shape of roof, and supports for same. /

From the cross-section it will be seen that the total height of the wall on

the north side is 11 feet and of that on the south side 8 feet. The roof has

the same pitch on both sides, so that there is a drop of 3 feet from one section

of the roof to the other, at the centre ofthe building. In this space vdndows
are inserted to throw light and a certain amount of sunshine into the row
of pens along the north side of the building. These windows are hinged at

the bottom and can be opened at any angle according to the requirements of

ventilation. A ratchet device, similar to that used for opening the ventilators

in greenhouses, would be very convenient for this purpose.

The floor is cement. Cement is so durable and so easily cleaned, that it

seems to be about the only satisfactory floor. The part A B (sec cross-section)

is 6 inches higher than C D. There is a fall of 1J/2 inches from A towards B,

and a fall of 3 inches from D towards C. Thus all the drainage is towards C,

the lowest point; and the bed, being on top of A B, is always dry.

There is a partition 3^ feet high between the bed and the feeding pen,

and the opening from the bed to the feeding pen is 2^2 feet wide. The
partition shelters from draughts, and also economizes bedding by holding the

straw in place. The other partitions are 4 feet high. The partition next to
the feed passage is made of No. 9 coil steel wires, 2 inches apart at the bottom
and grading to about 3 inches apart near the top. They are stiffened by a



heavy upright wire in front of each pen, fastened to the horizontal wires by

means of washers used for that purpose. The wire partition is set in about

214 inches from the side of the trough next to the passage, thus allowing room
to pour feed into the troughs.

The troughs are cement, and are 8 inches high next to thejeed passage, 4

inches high next to the feeding pen, and 10 inches wide.

The feed passage, which is 5 feet wide, is 4 inches lower than the feeding

pen. This is merely a device to show the pigs to better advantage.

The purpose of the doors in the partitions between the pens is easily

understood. They can be swung back, closing the pigs in the back apart-

ment and leaving a continuous passage for cleaning out the pens. The bed-

ding is also taken in and distributed from this passage. These doors are also

used in moving pigs from one pen to another, since there arc no doors from

the pens into the feed passage. The absence of doors from the pens into the

feed passage is one of the most inconvenient features of the pen, but is hard

to avoid where a wire partition is used. The wire partition, however, is more
sanitary than wood and gives a much better view of the pigs.

It will be noticed that the sleeping quarters have cement floors. When
bedding is plentiful this may give no trouble, but it would be a simple matter
to place a portable wooden platform on the cement.

The roof is supported by the four lines of posts to which the partitions
are fastened. Each row carries a line of plates which support the rafters.

There are six windows, each 5 feet long by 2j4 feet high, in the south wall,
and the same number in the roof, placed as previously described. The north
wall has only two windows.

The dimensions given for the small pens, include partitions.

The pens as described are not suitable for farrowing pens. As a matter
of fact, it is better to have sows farrow in a building away from other pigs,

especially during cold weather when the building must be kept pretty well

closed up. The air of a piggery where a large number of pigs are kept, does
not seem to agree well with little 'pigs. However, if it were desired to have
the sows farrow in the large piggery, one of the sections on the south side
could be modified to answer the purpose by making the sleeping apartments
2^2 feet wider, thus giving beds 8 x 8^ feet.

The absence of a loft for storing straw will be a strong objection in the
eyes of many. The ventilation of the building, however, and the health of the
animals are of vastly greater importance than the inconvenience occasioned
by the absence of a loft. It is generally possible to locate the building so as
to make it comparatively easy to obtain straw for bedding.

Portable Pens.

The accompanying sketches show a very cheap and easily constructed
pen, suitable for winter quarters for breeding sows. The pen is 16 feet long
by 8 feet wide. It is 7 feet high in front and 3^2 feet high at the rear. It is

boarded with cheap lumber, but all cracks are securely battened. It should be
Practically wind and rain proof. The opening is at one corner; and the pen
should be set with the opening towards the south. A door is not necessary.
Plenty of bedding should be supplied, and the pen should be banked outside
with horse manure to the depth of about two feet. This method of housing
sows is better than close confinement in warm pens. The same pens will
answer for shelter from the sun in summer.



End view of Portable Pen.
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Front view of Portable Pen.



PARf il.—THE CANADIAN EXPORT TRADE.

In the United States there is an immense home market for lard and oleo-

margarine (artificial butter). In Canada we have no trade in oleomargarine,
and a very much smaller home market for lard. The American packer, there-

fore, can utilize very fat hogs, manufacturing lard and oleomargarine from the

fat and placing only the leaner carcases and the lean parts of the fat carcases

upon the market to be consumed as meat. On the other hand, practically all

the Canadian hogs must be consumed as meat; and as there is a very limited

and decreasing demand for fat pojk the production of a leaner class of hog
has become a necessity in Canada. Great Britain is the home of the export
trade in pork products of both Canada and the United States, the latter coun-
try exporting vastly larger quantities than Canada; and to keep out of a hope-
less competition with the Americans our packers hgve been forced to cater
to an entirely different class of customers. Thus it comes that the lean and
carefully prepared bacon of Canada is taken by the large cities and retailed
to the well-to-do classes, while the American product goes mainly to a less
fastidious class of customers at a lower price. Canadian bacon, therefore,
does not come into direct competition with the bulk of the American product
in Great Britain; and a very little consideration of facts outlined above should
convince any thoughtful person of the importance of avoiding American com-
petition as far as possible. As a matter of fact, we are compelled to go out
of the fat hog business, owing to the vast advantages possessed by the Ameri-
cans in the way of markets for their products.

The kind of bacon of which Canadian packers make a specialty is what
is known as the "Wiltshire side." Denmark and Ireland are our main com-
petitors; but their conditions are somewhat similar to our own, and the com-
petition, therefore, is not a hopeless one. At the same time, we need to put
forth every eflFort if we are to hold our own in the British market; and hence
we require to give the subject of bacon production most careful study.

To make Wiltshire sides, a hog is required weighing from i6o to 220 pounds.
live weight. These are not cast-iron limits, though 160 pounds is rather too
light for making the best side. The most suitable weights are from 180 to
190 pounds. The diagram which follows shows a retail dealer's method of cut-
ting a Wiltshire side and the approximate retail values in Great Britain.

A Wiltshire Side,

Showing retail dealer's method of cutting, and appro.ximate range of retail vahies in Great Britain.

The diagram shows that the most valuable meat is found along the upper
part of the side as far forward as the shoulder. When the shoulder and neck
are reached there is a very material d'op in the value. This teaches that the
hog with a heavy, rough shoulder produces a very undesirable side, because
it gives a side which is heavy at the cheap end. It teaches further that the
hog should have good length from the back of the shoulder to the ham.
because this is the most valuable part of the side of bacon. It will be noted



Fig. 1, No. 1 selection Fig. 2. Fat.
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also that the belly meat is cheaper than the part above it, and this explains

why we require the bacon hog to have a trim belly and a straight underHne.

The figures given on page 7 are from photographs of sides from hogs used

our breed experiments.

Fig. I shows a No. i side. Note the uniformity in thickness of the layer

of fat along the back. This layer of fat should be from i]4 to i}^ inches in

thickness, and should be practically the same thickness from loin to neck.

The side is very uniform in depth also, and does not show undue weight oi

shoulder and neck. Compare this with Fig. 2, which represents a fat side.

There is too much fat all along the back, and the fat arches considerably over

the shoulder. If these two sides are compared with the diagram, it will be

seen at a glance how much more cheap meat is shown in Fig. 2 than in Fig. i.

The side shown in Fig. 2 came from a hog possessing a heavy, arching
neck, a broad shoulder, broad, fat back, and a deep, heavy belly.

The conformation required for bacon production is described more fully

under selection of boar and sow.
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• PART III.—BREEDING FOR BACON.

To produce the best type of hog for bacon production, care must be

taken in the selection of breeding stock. There are those who claim that it is

oractically all a matter of feeding; but this is a very serious mistake. It is

true that by careful feeding an objectionable type of hog can be greatly im-

proved but it can never be made to produce an ideal side of bacon. io

produce the best bacon, both the breeding and the feeding must receive careful

attention.
Breeds O" Swink.

In 1896 an experiment was commenced for the purpose of comparing six

breeds of swine, both as regards economy of gain and suitability for the export

trade. The breeds used were Berkshire, Yorkshire, Tamworth, Chester White,

Poland China, and Duroc Jersey. The experiment was repeated in 1897, 1898,

1899. and 1900, making five carefully conducted tests. In each of the five years,

six pigs of each bree^d were used for the test. In 1901 the same breeds were

again fed under the same conditions, using a larger number of each breed.

This experiment, however, was conducted for the purpose of comparing out-

side with inside feeding, and no attempt was made to compare the relative

cost of production in the different breeds. The breeds were compared how-

ever as to suitability for export.

Altogether, therefore, we had five experiments in which the six breeds

were compared as to cost of producing 100 pounds gain, live weight; and six

experiments in which the six breeds were compared as to their suitability for

export.

The Relation of Breed to Economy of Production.

The table given below shows the average amount of meal required for 100

pounds gain, live weight, in the five experiments. In the making up of this

table only the meal has been considered. Such foods as dairy by-products

and green feed, which were fed sometimes, were the same for all breeds, and

have been omitted to simplify the comparison.
The following shows the average amount of meal consumed for 100 pounds

gain, live weight, in five experiments:

Pounds.
Berkshire 36445
Yorkshire 369.51
Tamworth 380.47

Pounds.
Duroc Jersey 384-23

Chester White 387.89

Poland China 391-42

Before any conclusions are drawn from the table given above, a_ second

table will be presented for consideration in connection with it. This table

shows the standing of the breeds for each year, each column being ranked in

order of economy of gain:

Table showing the dilTerent breeds ranked in order of economy of gain

for each year of the experiment:

1896.
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In considering these tables we must bear in mind that averages are

frequently misleading. For example, in a certain experiment one breed may
suffer from some unfavorable circumstance which is in no way related to, or

influenced by the breeding of the animals; yet this circumstance may seriously

affect the average standing of the breed in question.

A study of the last table reveals the fact that there is little or no con-

stancy in the standing of any one breed, except the Berkshires, which certainly

make a remarkably good showing. It may be possible that the Berkshires

were able to digest and assimilate a larger percentage of their food than were
the other breeds, but we believe that, at least, a large share of their success

was due to another cause. All the pigs used in these experiments were pur-

chased at ages varying from six to ten weeks, and ir was noted that the Berk-

shires seemed to adapt themselves to the new conditions and change of food
more readily than any of the other breeds, and thus scored an advantage at

the commencement of the experiment, which they generally held until the

close. We are inclined, therefore, to attribute their high standing to their

ability to adapt themselves to changed conditions, rather than to their power
to digest and assimilate a larger percentage of their food.

Everything considered, we are led to the belief that there is little, if any,
relation between breed and power to digest and assimilate food, and that
individuality is the all-important factor in this connection. To produce bacon
cheaply we require a healthy, thrifty, growthy pig. Whether its color is red.
white or black; or whether its ears are erect or drooped, are largely matters
of taste.

Relatiox of Breed to the Export Trade.

It has already been stated that we had six experiments, in which six
breeds of swine were compared as to their suitability for producing export
bacon. In each experiment the hogs were shipped to the Wm. Davies Co.,
Toronto, where they were slaughtered and the carcases critically ex-
amined by an expert, who was given no information as to the -breeds which
they represented. The table given below shows the different breeds ranked
according to suitability for the production of "Wiltshire sides."

1396.

1
/Yorkshire.
I. Tamworth.

3. Berkshire.
{'^uroc Jersey.
Poland Ohina.
ChesterWhite

1899.

1 . Yorkshire.
2. Tamworth.

f Rerkshire.

3 ) Cbe?terWhil-e.

j
Durnc Jersf-y.

[ Poland Chill'*,

r Yorkshire.
\ Tamworth.

3. Perkshire.
4. Poland Thina.

g / Chester White.
\ Duroc Jersey.

1901.

1. Yorkshire.
2. Tamworth.
3. Berkshire.

r Chester White.

4.-J
'"'uroc Jersey.

tPoland China.

1

.

Yorkshire.
2. Berkshire.
3. Chester White.
4. Tamworth.
5. Duroc Jersey.
6. Poland China.

1. Yorkshire.
2. Tamworth.
3. Berl^ shire.

4. Duroc Jersey.
5. Poland China.

. Chester White.



11

From this table is will be seen that the Yorkshires had a very distinct
i^rom ^nis

Y"^'
. ^ experiment. The Yorkshire carcases were char-

aS :fb; good ffgth of lide'uniformity in thickness of fat along the back,

a good -enefal development of flesh (lean), thickly tleshed loin, thick, fleshy

bellv and a fleshy ham which required little trimming. Their most serious

faults ran in the direction of an undue weight of shoulder coarseness of bone

and thickness of skin, though these defects were noticeable m only a small

proportion of the carcases.

The Tamworths generally had a light shoulder and a very unitorm layer ot

fat along the back; but, as a rule, they did not quite equal the Yorkshire in

length of side thickness of loin and belly, and development of ham. In many

of them there was a marked lack of flesh over the loin, accompanied by a

thinness of belly and a decided lightness of ham.

The strong point of the Berkshire carcases was their large muscular

development, giving a fleshy carcase. The ham was well developed; but, in

many cases, it carried too much fat and required considerable trimming. The

main faults were the shortness of side and an undue weight of shoulder, with

the fat running very thick over the shoulder top. There was, moreover, a

marked lack ol uniformity in the Berkshire carcases, some of them making

capital Wiltshire sides, while others were entirely unsuitable. The Yorkshire

carcases, on the other hand, were specially noted for their uniformity.

The Chester White, Poland China and Duroc Jersey carcases were very

similar in character. Occasionally a good Wiltshire side was found among
them; but it was a noteworthy exception. Shortness of side, a superabund-

ance of fat, and a lack of flesh were generally characteristic of the group.

Relation Betweex Bacon Type and Economy of Pkoduction.

The results of our experiments are in direct opposition to the theory that

it costs more to produce a pound of gain in a hog of the bacon type, than in

one of a thick, fat type. It is true that the Berkshire made a better showing

in regard to economy of gain than the Yorkshires and Tamworths. which

scored highest in the slaughter test; but it is also true that the Berkshires

were much superior as bacon hogs to the Duroc Jerseys, Poland Chinas and

Chester Whites, and stood higher in point of economy of gain. The last

three breeds were the least suitable for export; and they also stood at the

bottom of the list in point of economy of gain. If the tables given above
prove nothing else, they certainly demonstrate very clearly that a hog of good
bacon type can be fed just as cheaply as one of an undesirable type. This
also applies to animals of the same breed, but of different types.

Selection of the Boar.

It is perhaps unnecessary to say that the boar should be pure bred. The
pure-bred male will transmit his own qualities to his progeny and produce
pigs more uniform in character than will a grade or a cross-bred. Not only

should he be pure-bred but he should be well-bred; that is to say, he should
belong to a family noted for its general excellence in the qualities which we
desire to reproduce. In addition to these things he should himself possess
those qualities which we wish to see in his progeny. A boar of this descrip-
tion is likely to give satisfactory results.

Bacon Tvpk in Boars.

In the first place a boar should show male character and give indica-
tions of strong constitution. He should have good width between the for-e

legs and be thick through the heart, or just back of the elbow. He should hi
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deep from the top to bottom back of the shoulder; and the space back of the

shoulder should be well filled out, giving a good heart girth. The jowl

should be broad and strong, but not fat and flabby; the forehead broad, and

the poll broad and full. The neck should be of medium length and strongly-

muscled, but should show no heavy crown of fat. The eye should be large,

full and bright, and his general appearance should indicate alertness and

activity.

The shoulders are heavier than would be desirable in a sow or barrow;

and as he grows older "shields" develop on the sides, which often give the

appearance of roughness. He should be very compact on top, however, and

blend well with the top line and the rib at this point. The bacon type shoulder

is upright, making the animal comparatively short from the back of the shoulder

to the head, and long from the back of the shoulder to the ham. This forma-

tion gives the largest development where the meat is most valuable.

The spring of rib is very characteristic. It should arch out boldly from
the backbone, then suddenly drop in an almost vertical direction, giving a

flat, straight side. This point should receive special attention in making a

selection, for it is a sure indication of a strong development of muscle along
the back; and muscle is lean meat.

The top line should rise slightly above the straight line, giving a very
slight arch, the highest point of which is over the loin. The back should be of

medium width and uniform in width throughout. The loin should be as

wide as the rest of the back and be full, strong and heavily muscled. The
rump should be the same width as the back and loin, slightly rounded from
side to side over the top, and from the hips to the tail. The ham should
taper towards the hock and carry the flesh well down towards the hock, espe-
cially on the inside of the shank.

The underline should be trim. and straight, showing no tendency towards
a sagging belly; and the hind flanks should be full, giving good thickness
through at this point.

The legs should be of medium length, and the bone heavy, but clean and
presenting a flattish appearance. Rough, puffy legs are very undesirable; and
it is also a serious objection to have the bone fine. The pasterns should be
upright, so that the animal walks well up on his toes. A hog with weak pasrerns
should not be bred from.

The hair should be abundant, but not coarse. A row of bristles standing
up along the neck and over the shoulder top is extremely objectionable.

The carriage should be easy, the animal walking without apparent exertion,
and without a swaying movement.

V Selection of the Sow.

For the production of bacon it is not absolutely essential that the sow
be pure bred. A grade sow of good type will usually produce very good pigs
for bacon purposes, provided the boar is such as has been described in regard
to breeding and quality. Many feeders prefer a cross between two distinct
breeds; and, no doubt, this method has produced many excellent pigs. What
is the best cross will probably never be known, as it is largely a question of
the individuality of the animals used. We have crossed the Yorkshire and
Tamworth with the Berkshire and Chester White with very good results; and
we have also crossed the Yorkshire with the Tamworth with very fair suc-
cess. As yet, however, we have conducted no systematic experiments in
cross-breeding.

A sow should be selected from a prolific mother, because fecundity is
hereditary. The number and development of the teats should also be noted;
and at least eleven fully developed teats should be insisted upon The teats
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should be set well apart, and the front teats should be well forward on the

body.

Bacon Type in Sows. The sow is finer in head, neck, shoulder, and bone

than the boar. Outside of these points, the description given of the boar

will also apply to the sow. Extremes should be avoided. A long, scrawny

neck, narrow chest, and long coarse legs, indicate a slow feeder and an unde-

sirable quality of bacon. The carcase of such an animal contains too much
bone, and is deficient in muscle, or lean meat. The thick, short type is also

undesirable; and the best bacon type is a mean between two extremes. Though
coarse bone is bad, it will not do to go to the other extreme and select very
fine bone. The bone should be clean and strong; and there should be enougfh
of it to insure a good-sized animal. Weak bone, which tends to break down
at the pasterns, should not be tolerated.
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PART IV.—FEEDING FOR BACON.

Soft Bacon. If we are to maintain and develop our trade in bacon with

Great Britain, it is of the greatest importance that we pay strict attention to

quality Not only must our hogs be bred to give the desired conformation;

but they must be fed and managed in such a way as to give the desired qual-

ity. One of the greatest defects in quality with which our packers have to

contend, is a tendency of some sides to turn soft during the process of curing.

Softness has nothing to do with fatness; in fact, a thin side is more apt to

develop softness than a fat one. In a soft side, the fat is soft and spongy;

and sometimes even the lean is affected. There are all degrees of softness

up to a mere slight tenderness; but any degree of tenderness detracts very

much from the value of a side; and a really soft side is practically worthless.

The percentage of soft sides is sometimes very high, even as high as 40 per

cent, of the total at certain seasons of the year. It will, therefore, be easily

understood that such a condition represents an enormous shrinkage in value;

and this loss is bound to be reflected in the prices paid the farmer for his hogs,
to say nothing of the injury to the reputation of our bacon in Great Britain.
This is_ not a matter, therefore, which afifects merely the packer. It affects the
bacon industry as a whole; and the farmer, sooner or later, must shoulder the
loss. It is important, therefore, that the farmer should pav particular attention
to the question of quality.

Causes of Soft Bacox.

To describe all our experiments under this head would occupy too much
space, and would be found tiresome, and perhaps confusing, to the average
reader. The conclusions which follow are based up(jn a careful analysis of
our work to date, descriptions of which have been published from year to
year in the annual report of the college. We have also been able to drawupon considerable unpublished data.

Exclusive Meal Feeding. This is perhaps one of the m.ost common causes
of softness, especially when hogs are confined in pens from birth to the time
of marketing. Some kinds of meal are more dangerous than others; but
wherever exclusive meal feeding is practised, and the exercise is limited, more
or less softness is almost sure to result.

Corn and Beans. Of the grains in common use, corn has the greatest
tendency to cause softness. Its injurious tendency can be modified by mixing
It largely with other meal, and by feeding skim milk, green foods, and roots;
but Its tendency to produce softness is so strong that it must be regarded as
an undesirable food.

We have not experimented with beans; but the Central Experimental
Farm at Ottawa found that beans have an eflfect similar to corn.

Lack of exercise. Lack of exercise has a tendency to produce softness;
but this tendency can be largely overcome by judicious feeding.

Unthriftiness Unthrifty hogs, no matter what the cause mav be, invari-
ably produce soft bacon.

Lack of finish. Thin hogs have a marked tendency towards softness
Marketing hogs before they are properly finished, is no doubt responsible for
a good deal of softness.

Holding back. When a hog is finished, it should be marketed at once in
order to produce firm bacon. If the feed is cut down, so that the hog makesno gain in weight for some time, or loses in weight, the bacon from such ahog IS almost sure to be soft.
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Production of Firm Bacox.

From what has been said, it will be seen that softness may result from a

number of causes; and it is possible that there are causes outside of those

mentioned. Enough has been said, however, to place the feeder on his guard

against the most common causes; and below are offered a few suggestions

regarding methods of feeding, and management which we have found to give

good results.

Feeding. As already stated, exclusive meal feeding is apt to injure the

quality of bacon. We have also found that it does not give so economical gains

as a mixed diet. Among the foods which we have used along with meal, are

skim-milk, whey, roots, rape, vetches, and clover. We have found that these

foods, combined with a liberal meal ration, invariably give better gains than

an exclusively meal ration, and produce a better quality of bacon. It is prob-

able that much of the beneficial influence of these foods is due to the fact that

they help to keep the animals healthy and thrifty, a condition necessary to the

production of the best quality of bacon.
But while these succulent foods have an important place in hog feeding,

they may also be abused. If an attempt is made to feed hogs almost exclu-

sively upon them, the chances are that the hogs will not be properly finished,

and soft bacon will likely result. The use of various foods will be found
more fully discussed under "Notes on Foodstuffs."

Exercise. In our experiments, we have found that unlimited exercise dur-

ing the fattening period is not conducive to cheap production. At the same
time, the exercise has a good effect upon the firmness of the bacon produced.

We have secured our cheapest gains, and an excellent quality of bacon from
allowing the hogs only a limited amount of exercise in small outside yards

adjacent to the pens, and feeding a limited ration of mixed meal accompanied
with all the green food they will eat. By a limited meal ration, is meant an
allowance slightly less than the hogs will eat if given the opportunity. We
have found this method more economical than feeding meal on pasture, though
it requires more labor. It is a notable fact, however, that hogs which have
run at large until they weigh loo pounds in thin condition, may be finished on
almost any meal mixture and still produce firm bacon. This fact illustrates
the marked influence of exercise upon firmness of bacon.

Notes ox Foodstuffs.

It will invariably be found that a mixture of foods gives better results
than a single kind. In the notes which follow, some of the principal pig
foods are briefly discussed, and suggestions given regarding their combination
with other foods.

Peas. Whole peas are very palatable, but entirely too wasteful, as the

hogs do not digest them thoroughly. Pea meal is a valuable food, but should

never be fed alone. The heavy, close nature of the meal renders it difficult to

digest, and the pigs are very apt to sicken. It combines well with barley, or

barley and wheat middlings. A few well ground oats may also be added.
Peas are noted for the excellent quality of bacon wihch they produce.

Barley. This is a noted hog food in Europe; but some feeders in this

. country do not look upon it with favor. We have secured excellent results
from barley, however, both in the amount of gain and the quality of bacon.
For young pigs it should be mixed with wheat middlings, a very little barley
oemg used at first, and the quantity gradually increased. For older pigs, peas
^J' wheat may be added. Some succulent food, such as roots or green food,
should always be fed with it: and skim-milk makes a great improvement. It
is not generally regarded with favor as a food for breeding sows.
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Wheat. This grain has a higher feeding value than barley, but requires
mixing with other meal to get tlie best results. It combines very well with
barley, or barley and middlings.

Oats. Owing to the amount of fibre in this food, hogs cannot digest it

so well as can cattle. Oats are more suitable for matured breeding stock
than for young or fattening pigs, though a few finely ground oats may be used
in a mixture to give variety, and to lighten heavier meal, such as that from
peas, wheat, or corn. For young pigs, they are better to have the coarser
hulls sifted out.

Rye. Rye has a feeding value a little lower than wheat, and a little higher

than barley. It may be used in practically the same way as wheat.

Corn. This is a fattening food, and is not conducive to the development

of bone and muscle. When fed alone, it gives poor results in producing gain

in weight; and its bad influence upon the quality of bacon has already been

described. If fed at all, it should be mixed largely with barley or middlings,

or both; and some form of succulent food or skim-milk should always be fed

with it. Owing to its tendency to produce soft bacon, it should be used as

little as possible for hog feeding, when bacon production is the object.

Middlings. This by-product is also called shorts, though some millers

make a distinction between shorts and middlings. It is almost universally

used for young pigs, and mixed with skim-milk when such is available. If very

floury, it is safer to mix a little bran with it, or some finely ground oats with

the coarser hulls sifted out, when used for very young pigs; otherwise it some-
times causes indigestion. Soaking for a few hours, or scalding, improves it

for young pigs. It combines well with almost any kind of meal, and makes a
good food for pigs of all ages.

Bran. The use of bran in pig feeding is rather limited. It contains too

much fibre, and is rather too bulky to be fed in large quantity to pigs. Some-
times a little of it can be used to advantage for the purpose of diluting or

li<ihtening other foods, as has been indicated. It can be used in larger quantity

for matured breeding stock, where the object is to hold the animals in light

breeding condition.'&

Skim-milk. With the exception of whole milk, there is perhaps no food
better S'uited to pigs of all ages than skim-milk. It is especially beneficial in

the case of young pigs, and tends to promote the development of bone and
muscle. For fattening purposes, milk has been found to have the greatest
feeding value per loo pounds, when not more than three pounds of milk are
fed for each pound of meal. Fed in this way, as low as 327 pounds of skim-
milk liave proved equal to 100 pounds of meal. This is an exceptionally good
showing, however. In Danish experiments, it required, on an average, about
600 pounds of milk to equal 100 pounds of meal: but in these cases a very
rnuch larger proportion of milk to meal was used than the proportion men-
tioned above. In feeding skim-milk, therefore, the feeder must take into
account the relative cost of milk and meal, in deciding what proportions to
feed.

A strong point in favor of skim-milk, is the excellent quality of bacon it
produces. It tends to correct the evil influences of corn, when fed in con-
junction with that food; and our experience is that when it is used hogs pro-
duce firm bacon though kept in comparatively close confinement.

^
Whey. Though unsuitable for very young pigs, a limited amount of whey

gives very good results after the pigs are three or four months old. We haveobtained the best results from whev feeding bv using onlv enough whev tomake the meal into a thick slop. When fed in this way. we have found that
It requires from 12 to 14 pounds of whey to be equal in feeding value to one
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pound of meal. This is a very much higher feeding value for whey, how-
ever, than can be expected when it is fed in large quantity.

Its influence upon the firmness of bacon was very satisfactory; and it

appeared to correct the bad influence of lack of exercise.

Sugar Beets. Hogs seem to prefer sugar beets to almost any other kind

of roots. Some difference of opinion exists regarding the amount of roots

that may be fed with profit to hogs. They should be fed in limited quantity

to small pigs; but pigs weighing over lOO pounds live weight, will, in some
cases, take five or six times as much roots as meal, by weight, and make very

good gains. We have obtained our best results, however, from feeding equal

parts by weight of roots and meal. The proportion of roots may be increased

considerably, if thought advisable, as the hogs advance in weight.

In all our experiments, we have obtained very satisfactory results from

root feeding, so far as firmness of bacon is concerned.

Mangels. Though not quite so high in feeding value, mangels compare

very favorably with sugar beets for hog feeding. If the hogs have not been

fed sugar beets, they will eat mangels very readily. Their influence upon the

firmness of bacon is the same as that of sugar beets.

Turnips. Hogs are not so fond of turnips as of mangels and sugar beets;

but if they do not know the taste of either mangels or sugar beets, they will

eat a considerable quantity of turnips. Turnips are made m.ore palatable by

cooking, though it is doubtful whether cooking increases their actual feeding

value, which is very similar to that of mangels. We have found the feeding of

turnips along with a meal ration to give a firmer quality of bacon than when
meal is fed alone.

Potatoes. Cooking is essential in order to get the best results from

potatoes. If they can be cooked so as to leave them dry and mealy, hogs will

eat them much more readily. They make a very palatable food when mashed
and mixed with meal. Their influence upon the quality of bacon is also bene-

ficial.

Artichokes. In some sections, this crop is very popular as a hog food. It

is suitable, however, only for somewhat light, sandy soils. Artichokes may be

planted in the late fall or early spring, in rows 21 to 24 inches apart, and from
12 to 18 inches apart in the rows. They are usually ready to feed about Sep-

tember 15th, and the hogs are turned in to dig them for themselves. Frost

does not injure them, and usually enough are left in the ground for another

crop, if it is thought advisable to leave them. When it is desired to eradicate

them, the hogs may be turned on them again in the spring, and the plot subse-

quently sown with turnips.

Artichokes have a little higher feeding value than potatoes, and hogs are

very fond of them.

Feeding Value of Roots. As has already been intimated, much of the

feeding value of roots consists in their action upon the general health of the

animal. They tend to prevent indigestion and constipation, and to promote
general thrift. The results of our experiments, and of those conducted by
other experiment stations, indicate that from 6 to 8 pounds of sugar beets,

mangels, or turnips, are equivalent in feeding value to one pound of mixed
meal; and that 4 to 4V2 pounds of potatoes are equivalent to one pound of

mixed meal. The meal equivalent of roots varies considerably, depending
upon circumstances; but the figures given will serve as a general guide.

Rape. This is an exceptionally valuable food for swine, and may be past-

ured, or cut and fed to the pigs in pens. For fattening hogs, we have obtained
best results from feeding about a two-thirds meal ration, and all the rape the

hogs will eat. The hogs were kept in pens with small outside yards, and the
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rape was cut and carried to them. This method of feeding gave more economi-

cal gains than fattening on pasture, and the bacon was of equally good quality.

For breeding -.vs, however, pasturing the rape is preferable, owing to the

exercise it gives -imals. When on rape pasture, matured sows require

little other food.

Young, growing sows, however, require a fairly liberal meal ration in

addition to the rape.

Vetches. Hogs eat vetches even more readily than rape, but the vetches

do not furnish so much food per acre. The vetches are reaay for pasture a

little earlier than the rape, and our common practice is to sow half our hog
pasture with vetches, and half with rape. The sows are turned on the vetches

first; and after this is eaten ofif, they are turned on the rape, and the vetch

ground is sown with rape to furnish pasture late in the season.

Vetches may also be used as a soiling crop, as described under rape.

Hairy Vetch. The seed of this crop is very expensive. There is no doubt,

however, that it makes an excellent pasture crop for swine. If not pastured

too closely, it grows up quickly when the hogs are removed. For early spring

pasture, it should be sown early in the fall, the latter part of August being a

suitable time in most seasons. About lYi bushels of seed p^r acre are re-

quired.

It is our intention to modify our arrangements regarding our hog pasture,

and to sow about one-third of it with hairy vetch and rye in the fall; and in

the spring, sow one-third with common vetches, and one-third with rape. The
hogs will then go on the rye and hairy vetches early in the spring, then on the
common vetches, and then on the rape. The common vetch ground will be
sown with rape as soon as the hogs leave it; and the hairy vetches and rye will
make a second growth while the hogs are eating the first plot of rape. By
this means we hope to provide pasture earlier in the season than our present
plan permits.

Red Clover. This crop is best suited for pasture; and the hogs should
be given quite a large range, or the clover will likely be killed out. It is

especially useful for breeding sows.

Alfalfa. Where the soil and other conditions are suitable, alfalfa makes
an almost ideal pasture for swine. Care must be taken, however, not to pasture

too closely, or the crop may be destroyed. On the college farm, where a short
rotation is practised and only a small plot is set apart for a hog pasture, we
think we get more satisfactory results from annual crops.

Soja Bean. This crop makes a valuable soiling crop for swine, but is not

suitable for pasture. It has a high feeding value, and is much relished by
swine. The crop is usually sown at the rate of half a bushel per acre in drills

two feet apart. The medium green variety is quite satisfactory for this pur-

pose. It is usually sown in the early part of May.

Feeding and Management of the Boar.

The age at which a young boar may be first used, depends a great deal

upon his development. Some boars will serve a few young sows when only
six or seven months old, and apparently not be injured by it. As a rule, it is

safer not to use a boar before he is eight months old, and to use him as
sparingly as possible until he is a year old. No hard and fast rule can be laid
down, and the owner must exercise his judgment in the matter.

The quarters for the boar should be roomy, and he should have an out-
door lot in which to take exercise. Some boars are extremely active, and
will take plenty of exercise in a comparatively limited space. Some are very
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quiet and inclined to become too fat. It will be found beneficial with -^uch a

boar to force him to gather part of his living from pasture.

The boar should not be permitted to serve a sow more than once, and

under no circumstances should he be allowed to run with the sows to which

he is to be bred. This practice exhausts the boar, and is likely to result in

small, weak litters. The best plan is to turn the sow into the boar's pen

when' she comes in heat, and to remove her immediately after she is served.

Boars frequently become lousy from serving lousy sows. Almost any of

the standard sheep dips will kill lice if faithfully used. They should be mixed
somewhat stronger than the directions call for. Coal oil is a very effective

insecticide; but its tendency to blister the skin renders it objectionable. An
excellent wash may be made as follows: Thoroughly mix 4 oz. of soft soap
with 6 quarts of soft water; then add 8 oz. of naptha and mix again. This
wash makes a good insecticide, and is also beneficial to the skin. The remarks
on remedies for lice apply to all classes of pigs.

The food for the boar should be varied, nutritious, and moderately bulky.

Succulent foods, such as roots in winter, and green food of some kind in

summer, should always be fed with his meal ration. Succulent foods are

necessary to keep him in good health. Finely ground oats are very suitable

for the main part of his meal ration. An equal weight of middlings, or mid-
dlings and bran, added to the oats, makes a good combination. Small pro-
portions of other kinds of meal may be added, if desired. He should be fed
only what he will eat up clean; and if he is inclined to become fat and lazy, the
food should be reduced.

Feedixc! ,\xd Manaoemext of the Sow.

Asow should not be bred before she is eight months old, and in many
cases it is better to delay breeding two or three months longer. The develop-
ment of the sow will influence the breeder in this matter.

During the period of gestation, sows of all ages should have abundant
exercise. In summer, pasture should be provided for them. The winter quar-
ters may vary with conditions; but the matter of exercise should never be
neglected. Where only a few sows are kept, they can frequently be given the
run of the barnyard, where they will take exercise rooting over the manure.
They should have dry, well bedded sleeping quarters, that are free from
draughts. When it is impossible to use the barnyard, it is more difficult prob-
lem. Perhaps one of the best methods is to make use of the portable pens,
described in another place. These should be placed at least fifty yards from
the feeding troughs. The door should face the south, and the pen should be
kept well bedded. If the pen is banked about the outside with horse manure,
draughts will be excluded, and the pen will be comfortable and well ventilated.
This plan forces the sows to take exercise in going to and from the troughs;
and exercise is absolutely essential to the production of strong, healthy lit-

^f
^' 1,^ ^^^S^ number of sows can be run together in this way. Care should

i- t"
*° provide plenty of trough room; and the troughs should be located

on high, dry ground, or a platform should be arranged on which to place them.

A record should be kept of the date of service of each sow, so that the

date of farrowing will be known in advance. Sixteen weeks from date of
service to date of farrowing, is a sufficiently close calculation. A week or ten
days before she farrows, the sow should be placed in the farrowing pen, so
as to become accustomed to her changed conditions before farrowing. She
should still be encouraged to take a reasonable amount of exercise, however.

The pen should be provided with guard rails, made of 2 x 8-inch planks

placed with the edges against the sides of the pen about ten inches from the

floor. These prevent the sow from lying against the partition and lessen the
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danger of .n:::ry to the little pigs, which often find the space under the guard

rail a very convenient refuge. A little cut straw or chafif makes the best bed-

ding, as the little pigs are apt to become entangled in long straw, and find

difficulty in keeping out of the way of the sow when she moves about. The
sow should be handled, more or less, before she farrows, so that she may
become accustomed to the presence of the attendant in the pen. A sow
treated in this way, is less likely to become irritable and excited when the

attendant enters the pen after she farrows. If everything goes well, she will

require but little attention after farrowing, and the less she is interfered with,
the better, except when it is absolutely necessary.

Many sows will take the boar a few days after farrowing. To breed a

sow at such a time is a bad practice. No sow can do justice to herself and

two litters of pigs at the same time. The sow usually comes in heat a few
days after her pigs are weaned, and may then be bred again, if not too much
pulled down by nursing. If she has raised a large litter and is very much
emaciated, the chances are that she will produce a very small litter the next
time, if she is bred immediately after her pigs are weaned. In such instances,
she should be given three weeks or a month of liberal feeding to enable her
to regain her lost strength and vitality before she is bred. Many a man has
been puzzled to know why his sow, which had raised a fine, large litter, should
drop down to only four or live puny pigs the next time. The reason is not
far to seek. To produce a large, vigorous litter, the sow must be strong and
full of vitality at the time of service.

In feeding the breeding sow during the period of gestation, the feeder

should aim to keep her in good, strong condition, without having her become
extremely fat. Many go to the other extreme, and keep their sows thin;

and the thin sow either will not do justice to her pigs, or will become a

mere wreck herself during the time she is nursing her litter—in fact, the chances
are that both these things will happen. A sow may be kept in pretty high
condition and still produce satisfactorily, provided she takes plenty of exercise.

When on good pasture, particularly clover pasture, sows require very

little meal. As a rule, however, it is well to give them a light ration of ground
oats and bran or middlings. It is well to avoid the heavier and more heating
kinds of grain. If used at all. they should be used very sparingly. In winter,

roots should take the place of the green food; and when the sows are fed out-

doors as recommended, it is best to feed the meal dry. They will require little

water outside of that supplied by the roots, during cold weather. In cold
weather, a little corn, wheat, or rye may be added to the oats and bran ration
when the sows are fed outside, as they can stand rather more heating food
under these conditions. It is, perhaps, just as well to omit barley from the
ration of a breeding sow.

When the sow goes into the warm farrowing pen, it is advisable to feed
the meal in the form of a thick slop, and a moderate ration of roots should
be continued.

_
This system tends to prevent constipation, and a more or less

fevered condition, which may result from changing from outdoor life to con-
finernent. After she farrows, there should be no hurry about feeding her. If
she lies quiet for ten or twelve hours, so much the better. At first, she should
have little more than a drink. A very thin slop of bran and middlings, givenm small quantities, will answer very well. The food mav be gradually in-
creased, and in the course of a week or ten days she will be on full feed. A
good mother with a large litter requires very liberal feeding. If the litter
'S 5"?^''- 't "."y be necessary to reduce the quantity of food.

Many different rations are used for nursing sows. A verv good ration
can be made by mixing two parts of finely ground oats with one part of bran

fil^
°"

A
^:^^^ '"^^''"^ middlings, and allowing the food to soak between

leeas. A tew roots should also be fed. Sweet skim-milk is good. Some feed
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11 ^„ontUv of nil cake and no doubt it is beneficial in the mixture. The

Llvi'er Tainfshould be f^d.^ry sparn.gly. if at all; and barley should be

omitted, as it is not a good milk former.

After the pigs are weaned, the food should be cut down to check the secre-

tion of r^ik. Dry oats are a safe food for a few days after the pigs are taken

away If the udder gets very full, it is a good plan to turn the sow in with

the pigs once a day for a few days.

Feeding and Management of Young Pigs.

When the little pigs are born, the attendant should be on hand and see

that they are placed on their mother to suck as soon as possible Some preier

to put the pigs in a box or basket, for the first day or two, taking them out

at short intervals to suck. If the pigs are strong, however, and the sow is

a reasonably good mother, it is better to leave them with her.

By the time the pigs are three weeks old, they will have learned to eat.

If at all possible, they should be given access to another pen, in which is kept

a small trough. Here they can be fed a little skim-milk, with a very little

middlings stirred into it. The quantity of middlings can be gradually increased

as the pi^s grow older. If they can be taught to nibble at roots during this

time all ""the better. A little whole wheat, or soaked corn, scattered on the

floor of the feeding pen, will cause them to take exercise while hunting for it.

Exercise is very important for young pigs; and every possible means of

securing it. should be adopted. If they are kept m a small pen with the

mother, some of the best of them are apt to become too fat, and are ikely

to sicken and die. Pigs that come in the spring, however, or early fall, are

more easily managed than winter litters, as they can be given outdoor exercise.

If the sow is turned out with her pigs, it is not well to give her a large range,

as she is likely to travel too far and tire the pigs too much.

The pigs may be weaned at six weeks old. If skim-milk is not available,

it is generally better to defer weaning until eight weeks old. If they hav«

been taught to eat as described, they will go right on eating and suffer but

little from weaning. Skim-milk and middlings make about the best food for

young pigs at this time. The middlings should be soaked a few hours before

feeding, or, better still, scalded. If fed freshly mixed, they are likely to cause

indigestion. A few finely ground oats with the hulls sifted out, make a good

combination with middlings. When the pigs are first weaned, it is better^ to

feed four times a day. feeding only what they will eat up clean before leaving

the trough. When well started, they may be changed to three feeds a day.

When the pigs are three months old. a little ground barley may be added

to the meal mixture. At first, the barley should constitute not more than a

fifth of the total ration; and it can be gradually increased as desired, or other

foods added as indicated under notes on foodstuflfs.

It is important to teach young pigs to eat a few roots as early as possible;

or, if it is too late in the spring for roots, some form of green food should be

supplied every day.
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PART v.—MISCELLANEOUS.

Cooking Food for Swine. A great many experiments have been conducted

with cooked food for swine at the various experiment stations; and for this

reason we have done practically nothing in this hne of work, with the excep-

tion of cooking turnips. Taking the results of tests from different stations,

we find many contradictory results, sometimes the cooked food scoring an

advantage, but oftener, the uncooked taking the lead. So far_ as can be

made out from the results, it would seem that cooking does not increase the

feeding value of meal; and the weight of evidence is in favor of the theory

that cooking decreases the digestibility of meal. Potatoes, however, appear

to be improved by cooking. Turnips are rendered more palatable by cooking;

but it is doubtful whether their feeding value is increased thereby. If it is

desired to feed a large quantity of turnips, no doubt cooking is an advantage.

In the case of sugar beets and mangels, which the hogs eat readily in the

raw state, it is very doubtful whether cooking pays. On the whole, therefore,

cooking apparently tends to make foods more palatable in some cases; but

its effect upon the digestibility of foods appears to be injurious, rather than

beneficial. Potatoes, however, seem to be an exception to the general rule,

and are believed to be more digestible, as well as more palatable, when cooked.

Soaked, Wet and Dry Meal. So far as can be gleaned from experiments
to date, soaking meal for several hours before feeding appears to improve its-

feeding value. It is doubtful, however, whether wetting the food just before
feeding has very much influence. One of the difficulties we have experienced
in feeding dry meal, is the prevention of waste, particularly in outside feeding,
where a rather large number of hogs are fed together. In such cases, consid-
erable meal is thrown out of the troughs and trampled into the earth. Where
only a few hogs are fed together, especially where they are fed in a pen with a
cement floor, there is very little waste. Where the meal is fed wet, there is

danger of forcing a hog to take more water than it requires, especially in cold
weather. This is most important in the case of breeding sows', especially where
they are fed outdoors, as recommended elsewhere. For breeding sows fed
outdoors, we would recommend dry meal. There may be a waste of meal,
but we believe this will be more than paid back when the pigs are born. The
whole matter, after all, is largely one of judgment, and calls for careful study
of the conditions under which the feeding is done. For ordinary winter feed-
ing, we have had very satisfactory results from mixing the dry meal with
pulped roots, and allowing the mixture to stand from one feeding time to
another. Both roots and meal seem to be made more palatable in'^this way.
In warm weather, there is much less danger of supplying more water than is
required.

Relation of Live Weight to Economy of Gain. In various experiments it
has been shown that the amount of meal required for a pound of gain in
weight steadily increases as the pig becomes heavier. Our experiments with
pure-bred swine bring out this point very clearly, as the following statement
shows:

Live weight of hogs. Meal required for

lOO lbs. increase

,,
in weight,

lbs.
lbs.

54to 82 310
82 to 115 ^-^
115 to 148 ^^J
^48 to 170 ;:: 455

ing t^aWe Zdt' tW^^' 'T ^'l^u^'J^
"^''^', ""^ Feeding," gives a very interest-ing table under this head, which he compiled from the resuhs of many experi-
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^.nt stations This table indicates that hogs weighing from 150 to 200 pounds
ment stations, i nib I

pounds gain; trom 200 to 250 pounds, 498
require 482 pounds meal tor i(X>po»,

^^^^ ^^ ^.^^ ^^ ^^^^

K^^rsffigu^es^S Xe wefStTwhic^ th'e Canadian packer wants the

hog, is just about the limit of profitable feeding

Correctives Swine appears to have a craving for what might be called

unnaturar ubstances. This is especially true of hogs that are kept in con-

finement which will eat greedily such substances as charcoal, ashes, mortar,

foft coal' Gotten wood, etc. It is probable that some of these substances are

not 'ood for hogs; but there is no doubt that charcoal and wood ashes have

a beneficial effect, the former being greatly relished. t is good Practice to

<=udd1v charcoal, especially during the winter months. Wood ashe., or a mix-

ture of wood ashes and salt, may be used in place of charcoal; but charcoal

is preferable. Sods make a very fair substitute for charcoal. A waggon load

or two of sods placed conveniently near the piggery, so that the feeder can

throw one or tAvo into each pen occasionally, will be found well worth the

labor involved. Pigs that are outdoors in summer, and have access to earth

and vegetable matter, have little need of other correctives. The term cor-

rectives" is used for want of a better; but such substances as those described,

appear to correct, or to prevent, derangement of the digestive organs.

The Feeder. To make a successful feeder, a man must have a love for

the animals under his charge, and be willing to sacrifice his own comfort and

convenience to theirs. He must possess sound judgment, and must make a

study of the animals under his care, so that he will be able to detect the first

signs of anything wrong. He must have a knowledge of the foods suited to

different ages, sexes, and conditions, and his judgment will be shown in using

these foods to secure the best results. In spite of all directions which may
be given, emergencies are always arising to test the judgment and resourceful-

ness of the feeder. The suggestions, therfore, which have been offered in

this bulletin, are intended as a general guide, but they cannot supply the

place of skill and judgment on the part of the feeder.
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A COMPARISON OF THE BACTERIAL CONTENT OF CHEESE

CURED AT DIFFERENT TEMPERATURES.

By Pro'f. F. C. Harrison and Prof. W. T. Connell.

The {oUowing investigations were made partly at the Agricultural Col-

lege, Guelph, and partly at the Eastern Dairy School, Kingston, the latter

being done under the direction of the Commissioner of Agriculture and Dairy-

ing for the Dominion. The object was to determine the bacteriological con-

ditions existing in Canadian Cheddar cheese when cured at dififerent tempera-

tures; to note the relationship existing between the bacterial contents and

other curing agencies; and to learn, if possible, some lessons of practical value

for those engaged in the production of cheese.

Sources of Cheese Analy.sed.

The cheese subjected to analysis were of two distinct groups. The tirst

group consisted of those made and kept at the factory at Carp, Ontario, dur-

ing the seasons of 1899 and 1900. This lot coimprised 28 cheese in all, 14 being

analysed in 1899 and 14 in 1900, each cheese being examined a number of

times at various intervals. One-half the cheese examined each season was

kept in an insulated curing room at a temperature varying between 60 and 65

degrees Fah., the average for both summers being 62.2 degrees Fah., the maxi-

mum recorded being 67 degrees and the minimum 56 degrees. The remain-

ing half was kept in an ordinary curing room in which no attempt was
made to control the temperature. The average temperature of this room in

1899, vvhile containing the cheese analyzed, was as follows: Last fifteen days
of June, 68.7 degrees Fah.; July, 70.5 degrees Fah.; August, 70.8 degrees Fah.
The average temperature of this room in 1900 was: July, 72 degrees Fah.;
August, 69 degrees Fah.

The temperature of the insulated room, which was isolated from the ordi-

nary curing room, was regulated by a sub-earth duct and by'the use of ice in

racks. Full details as to methods of structure and insulation of the ordinary
curmg room and factory are given in the reports of the Commissioner of Agri-
culture and Dairying for 1899.

7
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The second group of cheese consisted of those made at the Agricultural

College factory, Guelph. The work in this group related to the effects ot

ripening cheese at a temperature of about 40 degrees Fah. throughout the

whole period of curing, and ripening for one and two and three weeks m an

ordinary curing room, and then removing to cold storage—both compared

with ripening for the full period in the ordinary curing room.

In these experiments five flat Cheddar cheese were made from each curd,

and were marked A, B, C, D and E. The cheese were put directly into ice

cold storage, where the temperature averaged 37-8 degrees Fah., and the

percentage of humidity averaged 91-6 degrees for the season. The extreme

variation in the monthly average temperature of the cold storage from April

to November was 4 degrees; and the variation in the humidity was 4 degrees.

The other five cheese were put into the ripening room, and transfers were

subsequently made from the ripening room to cold storage, as follows: The

B cheese at the end of one week; the C cheese at the end of two weeks; and

the D cheese at the end of three weeks. The E cheese were left in the ripen-

ing room and ripened in the ordinary way at an average temperature of 63.8

degrees Fah. for the season. The average percentage of humidity in this

room was 79.1 degrees for the season. The average monthly variations in the

temperature of this room were from 86.6 degrees in July to 58.7 degrees in

November. The humidity varied from 84.3 per cent, in August to ^2,.^ per

cent, in October. The temperature of the air outside averaged 56.9 degrees for

the season. The( average maximum temperature outside ranged from 85.8 de-

grees Fah. in July to 39 degrees in November.

The average minimum outside temperature ranged from 59.6 degrees in

July to 24 degrees in November. The month of July was the hottest month

of the season, and August was next, with .maximum and minimum averages of

79.7 degrees and 56.3 degrees. June averaged 77.4 degrees and 53.5 degrees

for maximum and minimum temperatures.

It should be remembered that it is not strictly accurate to take the aver-

age temperature by adding together the maximum and minimum temperatures

and dividing for the average, as there is often a large variation in tempera-

ture, and the temperature for the day would, as a rule, more nearly approxi-

mate the maximum figure for a longer period of the day than the average.

T-iKixG OF Samples.

Samples from the Carp factory were taken by Mr. Wood-
ard, the maker, under the direction of one of us. Samples were
always taken of cheese of the same day's make, kept in the regulated and
variable rooms, so as to have a contrast between cheeses of the same age. The
samples analyzed and compared were always taken from cheese of the same
day's make. The samples were taken with a thoroughly cleansed cheese borer
and immediately placed with great care in sterilized test tubes, always two
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of each cheese, in order to have a duplicate in case any accident should befall
one of the samples. The cheese borer was cleansed before using to obtain
the second specimen; and the test tubes were plugged, packed on ice and for-
warded to Kingston, being received about eighteen hours after they were
taken.

At this point the analyses might not be entirely reliable; for while speci-

mens usually came in good condition, still on several occasions, the ice in the
packing box was completely melted, and the contents of the box were almost
at the temperature of the air—which was likely due to the placing of the box

in some exposed place by the carriers. The exact effects of such a change

in temperature could not be accurately gauged; but when it was considered

to be a factor, the results of the analysis were excluded from the tables.

The samples of cheese taken from the College factory, Guelph, were ob-

tained in a similar way, except that it was not necessary to pack them on ice,

as the laboratory is only a few minutes' walk from the factory. These sam-
ples were promptly taken from the factory to the laboratory and immediately

analyzed.

A source of error in the quantitative bacteriological analysis of cheese is

the fact, repeatedly determined in control analyses, that plugs from different

parts of the same cheese, of the same age, vary as much as 30 per cent, in

their bacterial content. Further, even in the same plug, portions of equal

weight sometimes show as high as 20 per cent, of difference in the number of
bacteria contained in them. A few examples of this fact may be given. A
plug from cheese of July, igo2, age 12 days, gave 144,000,000 per gram. From
cheese made in September, 1902, the age being 40 days, one plug gave 27.000,000

per gram; and another from a different part of the cheese gave 22,500,000 per
gram. From cheese of July, 1902, age 12 days, the upper portion of a plug gave
210,000,000 per gram and lower portions of the same plug gave 293,000,000.

We have also noticed in abnormal cheese, made by adding a culture of a

gas-producing germ to the milk, that in the separate particles of curd which
unite to make the cheese, the exterior surface of each particle contains a

larger number of bacteria than the interior thereof. Thus, in an analysis of

cheese made in November, the exterior, or outer surface, of the curd particles

gave 456 millions per gram, while the interior thereof gave 51 millions per
gram; and again, at a later date, the exterior and interior of the curd particles

in the same cheese gave respectively 67 millions and 37 millions per gram.

These examinations, which are typical of many others which we have made,
show that there is not an even distribution of bacteria throughout the sub-
stance of a cheese, and it would, therefore, seem necessary to modify some-
what our methods of analyses.

Methods of Anajltsis, Etc.

Methods followed in the Analysis of Samples. The samples sent from
Carp factory to Kingston were all subjected to an examination by the differ-



ent methods of culture. Control microscopic examinations of the cheese were

frequently made to determine if there were in them any forms which did not

develop in the culture plates. No forms were found, however, except those

which developed in the cultures.

The medium used for the culture o; the bacteria contained in the cheese

from the Carp factory was the ordinary beef-ipeptone-gelatine (12 per cent.).

Agar proved entirely unsuitable for the requirements of the investigation. The

cultures were made aerobically, the few cultures made anaerobically not show-

ing the development of any forms except those found in the ordinary plates.

The medium used for the Guelph cheese was peptone-whey gelatine (10

per cent.), with or without the addition of blue litmus, precipitated chalk, or

rosolic acid. Usually two plates were made from beef-peptone lactose gela-

tine. For each sample, from 5 to 7 plates were made.

Kingston Method.

As the methods followed at Kingston were somewhat different from those

used at Guelph, we shall briefly outline them.

The Kingston Method. Usually one-tenth gram of the interior of the plug

was taken and thoroughly pulverized in a sterile mortar with coarse granu-
lated sugar. The sugar had been previously sterilized by soaking under ether
for 2 to 7 days and then carefully evaporating the ether.

The finely pulverized mass was then washed with a measured amount of

sterile water into a sterilized shaking bottle, and this was kept constantly
agitated so as to secure a thorough and even admixture. The amount of
dilution required varied with the age of the cheese. It was found that for
green cheese a dilution of one part of cheese in from 20,000 to 100,000 parts
of sterile water was required. This dilution was commonly effected as fol-
lows: 100 cc. of water were used to dissolve the powder and wash it into the
first sterile shaking bottle. After this bottle had been thoroughly agitated for
at least three minutes, 5 cc. were quickly removed with a sterile pipette and
added to a second shaking bottle. To this was then added as many cc 's as
would make the dilution required. By this means one avoided the use of a
large amount of diluting fluid. From the second bottle, after prolonged agita-
tion, measured quantities were quickly added to melted gelatine After a
careful admixture with the gelatine culture was secured, plates were poured in
the usual manner. These plates were incubated at from 21 to 22 degrees C,
till all development had ceased. The colonies which had developed were then

Toltt-ri-tr"' '\ •"'"' '"''^"- °' ^'^ '^"^^"^^ P^^^^^' -d the various
colonies identified as to their species. Repeated sub-cultures in various media



lactici.

GuELPH Methods.

The Guelph Methods. One-half or one gram of cheese was taken and

pulverized in a sterile mortar, with ten grams ot powdered glas. thorough y

t ilized; and 50 cc. o^f sterilized warm water (37 degrees C.) was gra^^^^^^^^^

added with constant stirring, to make a fine emulsion. And ye think that by

taking cheese in considerable quantity from different parts of the interior of

the plug and pulverizing the samples with sterilized powdered glass, using ten

<xrams of powdered glass for each gram of cheese, more accurate results were

obtained than could be secured by the methods followed in former investiga-

tions. When these larger amounts of cheese were used, the quantity of the

diluting fluid had to be considerably increased, and the labor of preparing the

samples was much greater; but undoubtedly the results obtained were more

accurate and gave a more reliable estimate of the bacterial content of the cheese

For the larger number of the Guelph analyses, one gram of cheese was used.

In a few insta,nces five grams were used.

From the first dilution, one or two cc. were transferred to a measured

amount of sterile water in a sterilized flask. After thorough shaking, a meas-

ured quantity was again transferred to a measured amount of sterile water m
another sterilized flask; and, after further shaking, various quantities of this

third dilution were added to the culture media. For transferring portions of

the mixture from one dilution to another, straight-.sided (Mohr) pipettes were

used, and great care was taken to keep the liquid in the pipette in motion; for

if not kept in motion, the particles in suspension would settle in a short time

at the bottom of the pipette and thus interfere with the accuracy of the results.

The amount of dilution varied with the age of the cheese from 750,000 to

100,000 parts of sterile water to one part of -cheese. The plates were levelled

on a nivellating apparatus, cooled with ice, and subsequently placed in a cool

incubator at 20 degrees €., where they remained till all development had ceased.

The colonies were counted by means of a Jeffets counter; and computations
were made therefrom.

De Freudenreich's method of obtaining liquefying germs by making surface

•cultures from the last dilution was occasionally used.

As previous work upon the bacterial flora of cheese had failed to show any

obligate anaerobes, no anaerobic methods of culture were used.

Bacteria Found.

The bacteria found in the cheese at Guelph are divided into four classes:
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A. True Lactic Acid Bacteria, of which several varieties diflfering only in

slight particulars were found. All were bacilli, usually arranged as diplo^

bacilli, at times in short chains. The commonest species was undoubtedly the

B. acidi lactici (Esten).
*

B. Gas-forming Bacteria. These were mainly varieties of the B. coli com-

munis and the B. lactis aerogenes, although once or twice a species which in

most particulars resembled Proteus vulgaris was isolated.

C. Indifferent Bacteria. Various sarcinae, particularly Sarcina lutea, some

yeasts, and torlae were found. B. subtilis and one or two other casein digestors

were isolated; but their action, on account of their small numbers, must be

considered insignificant. Further, none of these latter species was constantly

present; so their action may be regarded as having little or no influence in the

curing of the cheese.

In this class one of us included all bacteria, not lactic acid or gas-producing.

D. Digesting Bacteria. By means of surface gelatine plates and emulsions

of cheese, heated in order to destroy all vegetative forms and thus leave only

spore-iproducing species, constant endeavor was made to isolate organisms
belonging to this class.

In former analyses of cheddar cheese, one of us found seven different

species of digesting or liquefying germs, the commonest form being B. buty-

ricus. In this investigation, liquefying bacteria belonging to the subtilis group,

M. aureus lactis, M. varians lactis, B. fulvus and' B. halofaciens were isolated.

Most of these species are liquefying, chromogenic forms. According to Conn,
the second named is a distinctive dairy type which he found very frequently in

milk. We may add that it has been isolated from the milk-ducts; and, in this
connection, may note Harding's opinion, that the enzymes from liquefying bac-
teria, isolated from the udder of cows, may have some influence in the ripening
changes of cheddar cheese. However, as already pointed out, none of these
species are constantly present in cheese. Hence their action must be insig-
nificant. ^

t

As may be seen from the appended tables, the lactic acid bacteria were
the only constant bacteria present in vary large numbers.

Commercial Opixioj;.s on the Kingston Cheese.

Commercial Opinions on the Kingston Cheese. Commercial examinations,
of the same batches as those analysed were made at different dates Part of
the cheese was examined in Montreal in November, 1899, where the cheese

iL T ^"
f°^^

''°''^' ^'""^ '^'^ ^^'^y P^'-t oi September. Cheesefrom the non-regulated room, made on and after the 29th of July, were de-



stroyed by fire on the way to Montreal; so no comparison can be made between

the cheese of these days' make kept in regulated and in non-regulated curmg

rooms.

C0MMENT.S or THE Judges ufon Kingston Cheese made is 1899 :

tDate. Cheese in regulated room.j Cheese in non-regulated room.

June 22—Body texture and flavor bet-j Tender; on verge of going off.

Not clean.

Hardly clean; tender.

> ter. I

July I—Better body and flavor and
more waxy.

July 7—Nearly alike; rather better

body, and slightly better

cheese.

July 13—Clean; waxy.
July 19—Good cheese.
Juljr 29—Ofif flavor.

August 10—Good flavor.

tPor the bacterial data of these cheese, please refer to the same dates in the

tables of analysis commencing on page 14.

Commercial RA'ri>GS of thb Kingston Chkbsk made in 1900.*

Not quite clean; body tender.

Pasty; not clean,

f Not reported owing to destruction in

\ transit.
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Scorings of the Guelph Cheese.

Quality of the Guelph Cheese. These cheese were scored according to

the following scale of points: Flavor, 40; closeness, 15; even color, 15; texture,

20; finish, 10; total, 100. They were all scored 10 points for finish, in order

to make the results more uniform. Six prominent cheese buyers of Mon-

treal and four Ontario buyers did the scoring; and the following table shows

the average of all the scorings made by months:

Flavor. Closeness. Even color. Texture. Total.

. t Max. 40 Max. 15. Max. 15. Max. 20. Max. 100.

April cheese. Av. Av. Av. Av. Av.

A 357 147 14-2 17-6 92.3

B 35.5 14.6 I4-I 17-4 91-5

C 34-5 147 I4-I 17-4 907
D 35-8 14-3 I4-I I77 91-9

E 25.6 14.1 II. 5 15-5 767

May cheese.

A 36.1 147 I4-I 17-9 92.9

B 35-9 14-4 137 17-8 9i-8

C 35-4 14-5 13-8 17-5 9i-2

D 3S.8 14.4 13-8 16.9 90-9

E 33.9 13.9 13.9 16.2 87.9

June cheese.

A 33-5 14-8 14-5 i7-4 90.2

E 31-6 I4-I 14-0 iS-2 84.9

tFor* the bacterial data of these cheese, please refer to the same dates in

the tables of analysis commencing on page 14.

The first scoring of the cold-storage cheese (A, B, C and D in the table)

was made when they were from three to four months old; and they were scored

several times thereafter. The cheese ripened in the ordinary room (E in the

table) were scored the first time when they were from six weeks to two months

old, and again at intervals of about one month after the first scoring, until

it was considered that there would be no advantage in keeping them for a

longer time.

Re^iarks on the Analytical Result*.

A study of the tables of analysis (page 14 to end) shows that each day's

cheese differs in its quantitative bacterial content from the cheese of every

other day's make. This is not to be wondered at, when we remember that

each day's milk dififers more or less from that of every other day, and that

little differences in handling are of daily occurrence. Such differences in the
milk, in the handling o^f the curd, and in the use of various temperatures, no
doubt account for the differences in bacterial content. A perusal of the tables
shows a very great difference in the initial number of the bacteria in cheese.
The lowest number found in cheese under four days old was 110,750,000 per
gram; and the highest number in cheese of the same age was 635,000,000 per
gram.

th ^i
'"^^ ^^^° ^^ "°^^^ ^'^^* ^^^ bacterial content declines more rapidly in

tne cheese of some day's make than it does in others. This may also be due
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to different conditions, such as those already mentioned, and to the influence of

the products of bacterial activity upon the living organisms.

The tables also show that the bacterial content of normal cheese is usually

at its highest at the time of taking from the press or durmg the first few

days after the cheese are placed in the curing room. In other words, the

bacteria in cheese are the survivors of bacteria in the curd. This statement,

however, does not always hold good; for we may have cheese in which the

acidity has not developed to such an extent as is usually considered desirable;

and in such a case there will likely be a period of bacterial development after

the cheese is placed in the curing room. It has also been claimed that there

is more likely to be bacterial development when the cheese are moister than

usual; but, in our investigations, no difference was observed in the quantitative

analysis of cheese coming from "moist" and from "ordinary" vats.

By the experimental data given here, the number of bacteria was shown

to be at its maximum when the cheese were taken from the press; and follow-

ing this period we had (taking into account the factors leading to error in

analysis) a continuous and gradual decline in the bacterial content. This

decline continued till about the looth day, when the contents seemed to remain

fairly stationary for some time. Following this period, in which the bacterial

content remained at a fairly constant level, we had a gradual decline; but in

some cheese a year old, from 10,000 to 500,000 lactic acid bacteria were found.

The decline was more gradual and the contents remained high for a longer

period in the cheese kept in ice cold storage at an average temperature of 40

degrees than in cheese kept in an ordinary curing room. This statement, but

in a lesser degree, is alscf true of cheese kept in cool or regulated rooms.

Without exception, we found a higher bacterial content in the cheese kept in

the ice cold storage and in the regulated room,. and also noted that there was

better body and flavor in the cheese from these rooms, than in those from the

unregulated curing rooms. This factor of higher bacterial content must, there-

fore, be one of considerable importance, particularly as regards the flavor of

the cheese. The proportion of lactic acid bacteria to undesirable organisms

is much greater in cold-storage and cool-storage cheese than is usual under

ordinary conditions; and this ratio remains constant for a greater length of

time in the refrigerator cheese than in either of the others; and it is obvious

that a cheese with the ratio of 97 lactic acid bacteria to one undesirable organ-

ism will be of better flavor than a cheese kept in an unregulated curing room

with a ratio of 47 lactic acid bacteria to one undesirable one. These ratios are

in some of the cases, given in the tables of analysis.

The lactic acid bacteria are practically the only organisms present in

normal cheese, and certainly the only bacteria in each particle of it; so it must

be the only microbe of much importance in good cheese. It is true that gas-

forming bacteria and other undesirable kinds were found in nearly every cheese

we examined; but they were usually present in the samples taken at an early

date, and very exceptionally in those of later date. They seldom, if ever,

increase in numbers.
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The presence of the proteus form in the cheese of July 29th, even though

it did not increase in numbers, likely accounts for the cheese of that day

going "off" in flavor. Such forms are favored by the warmer temperature

of the variable room; but the large numbers of the lactic acid bacteria pre-

vent their growth and soon destroy most of them. Gas-forming bacteria do

multiply and are found in large numbers in open cheese, and especially in

cheese in which this taint develops early. This may be due partly to a lack

of acid in the cheese, and partly to various other defects in the manufacture.

Both B. Coli and B. lactis aerogenes produce mottling. Conclusive evi-

dence of this fact was obtained from a number of our experiments, made by

using starters of these gas-producing organisms and manufacturing cheese

therefrom. The mottles were most marked at the places where the particles

of curd came together; holes and cracks also developed at these places, and

it was evident that the gas produced by these organisms, particularly the

hydrogen, had a marked bleaching action upon the curd. We also found that

the white particles produced by bleaching contained much larger numbers of

the gas-producing organism than other portions of the cheese.

The results of more detailed experiments upon this phase of the question

will be given in a subsequent publication.

The lactic acid bacteria decline most rapidly in cheese kept in a room with

a variable temperature; and when such decline takes place, any other bacterial

species present is likely to multiply and produce its characteristic effects.

This, iperhaps, accounts for cheese going "ofi" in flavor when they become
quite old; and such an undesirable result is much more likely to occur in

cheese irom a room of variable temperature than from cool or cold rooms,
regulated by any of the methods adopted for the purpose. It may also be
possible that abnormal flavors are produced by organisms which can grow
only after a certain decomposition effected by a previous organism, the first

furnishing a suitable food for the second. We do not yet know whether lactic

acid bacteria render cheese suitable or unsuitable for the growth of any other
species. The neutralization of the lime salts of the cheese by the generated
lactic acid may at times bring about a condition suitable for the development
of other bacteria which may be present in a dormant condition. The meta-
biotic phenomena in cheese certainly require further study.

As cheese become older, the lactic acid bacteria gradually lose their power
of producing lactic acid when introduced into fresh milk. No morphological
change can be detected in these bacteria. Colony formation on culture media
remain quite characteristic. Lloyd has obtained similar results. He, how-
ever, thinks that lactic acid formation still goes on in the centre of the cheese;
but, in our opinion, these bacteria are simply persisting forms of the contained
bacteria. Reference to the tables shows that, on several occasions, we had
an apparent increase of bacteria in cheese, several weeks old, kept at a tem-
perature of 40 degrees Fah.; and we explain these results as due to the unequal
distribution of bacteria in the cheese; for, by a number of experiments, we
proved that there could be no increase of the lactic acid bacteria in milk kept
at 40 degrees Fah. Some of the experiments on this point may be referred to.
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On the 26th of November, 1902, 80 cc. of sterilized milk were inoculated with

2 oese of a 24-hour old bouillon culture of the lactic acid bacillus; and plates

made from this mixture gave 430 colonies per oese. On the 3rd of December,

this milk, at a temperature of 40 degrees Fah., was again examined and showed

ISO colonies per oese; and at the same time, one drop of the milk was diluted

in 12 cc. of sterilized water and two colonies per cc. of this mixture developed.

On the i6th of December, the temperature being the same, 42 colonies per

cc. and 2 colonies per oese respectively developed. The milk was then trans-

ferred to the incubator at 20 degrees C, and coagulated in 24 hours. Other

experiments with gas-producing germs had similar results—there was no in-

crease in the number of bacteria held at 40 degrees Fah. This experiment was

repeated with lactic acid bacteria and gas-producing bacteria, with similar

results, viz., that there was no increase in the numbers of bacteria in milk held

at 40 degrees Fah. Consequently, there could be no increase in the number

of lactic <Qcid and gas-producing bacteria in cheese held at this temperature.

Bacterial Contents and Ripening Phenomena.

Bacterial Contents and Ripening Phenomena. The question of the really

active agent or agents in the curing of cheese is still an open one. If bac-

teria are the active agents, then lactic acid bacteria must be the agents in the

process. De Freudenreich appears to have shown that these bacteria can

produce an increase of the soluble nitrogenous products ili the casein of milk,

provided calcium carbonate is present. Klein and Kirsten stated that, by the

use of starters, normal cheese can be made from pasteurized milk (which is

free from enzymes); but Boekhout and Vries were unable to produce normal

Edam cheese 'from aseptic milk with the addition of a culture of the lactic acid

bacillus; and Chodat and Bang did not obtain an increase in the quantity of

soluble nitrogen by growing lactic acid bacteria on coagulated casein; so, tak-

ing these facts into account, we are bound to admit that there still exists more
or less doubt as to the ability of the lactic acid bacillus alone to produce an
increase in the amount of soluble nitrogen.

Babcock and Russell attributed to Galactase (an enzyme which they dis-

covered in milk) the principal influence in the ripening of cheese; but De
Freudenreich has shown that 0.5 per cent, of lactic acid enfeebles the action

of galactase; and the very considerable amount of acid in normal Canadian
Cheddar cheese must still more diminish the action of this ferment, as the
percentage of acidity or acid salts in ordinary cheese of this kind varies at

different ages from 0.76 per cent, to 1.5 per cent.

Babcock and Russell (subsequent to the discovery of Galactase) and Jensen
simultaneously proved that the pepsin in rennet increased the higher decom-
position products, such as albumoses and peptones, in cheese; and there is

the well-known fact that cheese-makers increase the amount of rennet when
they want a fast-curing cheese.

Rennet acts more quickly and better than galactase in acid solutions; and
it seems that the function of the lactic acid bacteria, whose growth in milk is
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&o carefully Postered by the cheese-maker, is to create the requisite acidity in

order that the pepsin of the rennet may exercise its digestive action on the

cheese; and it appears certain that the fundamental curing changes commence

during the maturing of the curd in the vat, but do not make themselves manifest

til] later.

Pkoouction of Flavor.

Production of Flavor. The most important characteristic of cheese is its

flavor. Buyers of cheddar cheese, especially, judge very largely by the flavor;

and no other characteristic counts for so much in estimating the market value.

It is, therefore, necessary that the factors which contribute to the production of

flavor should be thoroughly understood.

B. coli, B. lactis aerogenes, Proteus, etc., are sometimes present in milk

and cheese, and are to be guarded against, on account of the abnormal flavors

which they produce; and other species are occasionally found, but in such small

numbers that they produce little or no efifect upon the flavor of the cheese;

but from the analyses here presented, it is evident that the lactic acid bacillus

is the only species of organism which is of much importance to cheese-makers.

Generally speaking, the flavor of the cheese depends mainly upon this organ-

ism, when it is present in large numbers, and in what we ordinarily term pure

culture, we get the best flavor. It is only when the cheese breaks down under
the influence of the enzymes in the rennet, after the ground has been prepared
by the lactic acid bacteria, that flavor develops. The rapidity and character of
the ripening process, involving the life of the lactic acid bacteria, largely depend
upon the temperature at which the cheese is kept; and the most important
factor m the control of temperature is a well-regulated cold or cool room.

The quality of the cheese in the Guelph experiments was in the order of

placing in cold storage as regards time—that put in directly from the hoops
being the best. In the Kingston experiments, the cheese in the regulated room
was superior to that in the ordinary non-regulated room; and in all these best

cheese, the most noticeable fact was the high number of lactic acid bacteria
which they contained and the length of time these organisms remained alive
in them.

The similarity of germ content in the same kind of cheese, though made
in various localities, has a bearing on the question; and we have found that in

normal cheese from various parts of the Province, the lactic acid bacillus is the

only species that is constantly found in large numbers.

Conclusions.

1. The presence of certain undesirable bacteria sometimes produces "oflf"

flavors in cheese. The Proteus form found in the cheese of July 29th was likely

the cause of the cheese of that date being abnormal in flavor.

2. In nearly all the cheese examined, gas-producing, digesting or indifferent
species of bacteria were found; but they always were in insignificant numbers
and soon died out.
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3 Undesirable bacteria such as are found in cheese seem unable to grow

at a temperature of 40 degrees Fah. Consequently, the flavors in cheese caused

by the growth of bacteria therein do not increase in cold storage.

4. In normal cheese, the greatest bacterial content is usually found when it

is one day old, though occasionally it is at the maximum in cheese from two

to five days old. At this period the number of bacteria sometimes reaches the

enormous total of 625,000,000 per gram.

5. Following this period, we have a gradual and continuous decline in thQ

number of bacteria as the cheese get older.

6. The bacterial content remains high for the longest time, and the decline

is most gradual, in cheese kept in ice cold storage, at an average temperature

of 40 degrees Fahrenheit. In cheese kept in a cool, well-regulated room, simi-

lar results occur, but the decHne in the number o>f bacteria is more rapid. As

this higher bacterial content constantly corresponds with a better flavor in the

cheese, we infer that it is the chief factor in determining the flavor of cheese

properly made from good, pure milk.

7. Lactic acid bacilli are practically the only bacteria in norm9,l cheese

during the ripening process; and throughout the process they gradually and

constantly decline in number. As the curing changes are manifested only after

the lapse of some time, these changes must be influenced by the products of

the early activity of the bacteria; and we believe that the fundamental curing

changes begin and continue during the ripening of the curd in the vat, but do

not make themselves manifest till later.

8. The lactic acid bacteria in cheese, not only decrease in number with the

lapse of time, but gradually lose their acid-producing power; and this circum-

stance, with the fact that the most rapid decline in the number of these bacilli

takes place in cheese in the ordinary curing room, may give rise to a condition

which is favorable to the development of any taint-producing species which

may be present. Hence the cheese from a cold storage or a well regulated

cool room ought to keep better than cheese from the ordinary curing room.

9. The flavor of cheese depends mainly on the breaking down of the casein

under the influence of the curing agent (likely the pepsin of the rennet), aided

by the acidity and other conditions produced by the growth of the lactic acid

bacilli; while the most important factor in the control of these conditions is

the temperature—a regular and cold or cool temperature being necessary for

the best results.

10. As may be seen from the conclusions and remarks of the judges of the

cheese analysed, cheese kept in cold storage at about 40 deegrees Fah., and

also those kept in a well-regulated cool room, were better in flavor and body

and of much greater commercial value than cheese kept in the ordinary curing

room with its variable and generally too high temperature.
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Cheese
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Cheese of April 29th,—B. One Week in Ordinary Curing Room and then
INTO Refrigerator.

Date.



21

Cheese of May 6th,—B.
Refrigerator.

One Week in Ordinary Curing Room and then into

Date.
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Cheese of May 13th,—Refrigerator. (Guelph).

Date.

May 13..
" 21..
" 29..

•June 6 . .

.

" 12..
" 21..

24..
16..

7...

July
Aug.

Age.
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Cheese of May 20th,—A. Rbfrigeratok. (Guelph).
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Cheese of May 27th,—A. Refrigerator (Guelph).

Date.

May 27.

JuDe 4.
•' 11.
" 18.
" 25.

July 18.

Aug. 7.

Age
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BULLETIN 131 December, 1903

Ontario Agricultural College and Experimental Farm.

RIPENING OF CHEESE IN COLD STORAGE.
By Prof. H. H. Dean, B.S.A., and Prof. R. Harcourt, B.S.A.

The following results have been obtained in continuing the experiments

relating to the ripening of cheese in cold storage. Bulletin No. 121, published

in June, 1902, gave the results of experiments conducted in 1901, which were

reported as preliminary. The experiments of 1902 are a continuation and ex-

tension of the work.

Possibly no phase of the cheese industry has received so much attention

in recent years, as the ripening of cheese at low temperatures. The season of

1902 was phenomenally cool, and Canadian cheese never enjoyed so good a repu-

tation in British markets, as they did last season. This was partly due to the

scarcity of cheese, but the cool season, no doubt, had a great deal to do with

it; thus was demonstrated in a very forcible way the great value of low tem-

peratures in the manufacture and transportation of Canadian cheese.

Nature of the Experiments.

The experiments of 1902 were divided into eight series or groups as fol-

lows:
1. Four cheese, marked A, B, C and E, weighing about thirty pounds each,

were made from one vat of milk. A was placed, directly from the press, in

an ice cold storage, which had an average temperature of 38.9. The lowest

average monthly temperature was Zl degrees in April, the highest was 40.5

degrees in August. B was placed in an ordinary ripening room, which had an
average temperature of 62 degrees, for one week, when it was moved to the

ice cold storage. The highest monthly average of this ripening room was 66.2

degrees in July and the lowest 58.2 degrees in October. C was also placed in

the ordinary ripening room and moved to the cold storage room at the end of

two weeks. E was allowed to remain in the ripening room all the time.

(The D cheese, which was moved to the cold storage at the end of three weeks
in the experiments of 1901, was dropped from the tests in 1902.)

2. Five cheese, weighing about 30 pounds each, were made from one vat
of milk and marked A, B, C, D, and E. The first four were placed at once,
-after taking them from the press, into an ice cold storage, while the fifth (E)
was put in the ordinary ripening room, and remained there all the time. The
A cheese remained in the cold storage during all the time of the experiments.
B was moved to the ordinary ripening room, which had an average tempera-
ture of 62 degrees, at the end of one month. C was moved from the cold stor-
age at the end of two months, and D at the end of three months.

The object of this experiment was to see what effect the changing of
cheese, from a cold storage to an ordinary cool temperature, would have on the
quality of the cheese.

3. The third series related to the effect on clieese of using an extra quantity
of rennet (6 ounces per 1,000 pounds milk) in the milk as compared with the
regular quantity of three and a third ounces per 1,000 pounds milk. The A
cheese were placed directly in cold storage, the E in an ordinary ripening room,



while the B and C were moved from the ripening room to cold storage at the

end of one and two weeks respectively, as in series i.

4 Series 4 consisted of two sets of experiments. In both cases the cheese

were made by using a large quantity of rennet (6 ounces per i,ooo pounds

milk^ cooking to 94 degrees instead of 98 degrees, and using one-half pound

less (two pounds instead of two and one-half) salt per 100 pounds curd One-

half the cheese were ripened in an ordinary ripening room and the other half

in an ice cold storage.

5. In the fifth series the curds were salted at the rate of two and a

quarter pounds salt per 100 pounds curd as compared with two and three-

quarter pounds salt per 100 pounds curd. Both lots were ripened in cold

storage.

6. Five cheese, marked A, B, C, D, E, were made from one vat of milk.

A and B "were taken from the press to cold storage. A was put on a shelf

and turned regularly, while B was placed in a cheese box and not turned. C,

D, and E were put in the ripening room where E remained, but C and D were

moved to the cold storage at the end of one week. C was placed on a shelf

and turned regularly, while D was put in a cheese box and not turned.

7. This series related to the effect of formalin sprayed on the cheese and

in the box to prevent mould.
8. Cheese were dipped in melted parafSne wax, which was at a temperature

of about 180 degrees. Some of the cheese were placed in cold storage and some
in an ordinary ripening room. A portion were dipped in the wax directly from
the press, some at the end of one week, sOime at the end of two weeks and
some at the end of three weeks, and the remainder were not coated with the

paraffine.

Results of the Experiments.

1. Chee.ftd Ripened in Cold Sforar/e and the Ordinary Ripening Room.

From April 14th to September 15th, 1902, six lots of cheese were made—24
cheese in all. Six of these (the A's) were placed directly into cold storage
from the press. The remaining eighteen were placed in the ripening room,
six of which (B's) were removed to the cold storage at the end of a week,
another six (C's) were moved into the cold storage at the end of two weeks,
while the remaining six (E's) were allowed to ripen in the ordinary room.

The A cheese lost an average of 2.26 per cent, in weight at the end of one
month. The B cheese lost an average of 2.90 per cent, in the same time. The
C lost 3.20 per cent., and the E cheese 4.21 per cent, in weight at the end of
one month.

The cheese were all scored from one to four times. The first scoring of
the E cheese was made in from six weeks to two months after they were made,
while the cheese placed in cold storage were scored the first time when about
three months old. and again at intervals of one month. This plan was fol-
lowed in the scoring of all the cheese in the cold storage experiments.

Average Score of the Cheese. (All cheese were scored 10 for finish.)

Qualities.



It will be noticed that there is very little difference in the quality of the

cheese whether put directly into cold storage or placed there after one or two

weeks 'in an ordinary ripening room. However, we need to bear in mind that

1Q02 was an exceptionally cool season, and the cheese held in the regular ripen-

ing room for two weeks did not deteriorate so much as they would likely do m
a hot summer. In 1901 those cheese put directly into cold storage from the

press stood first in quality. If it is more convenient to do so we should judge

that placing cheese in cold storage once a week, from the factory ripening

(curing) room would be quite satisfactory.

Tihe E cheese ripened in the ordinary room were inferior in quality as com-

pared with those in cold storage. These results agree with those obtained

in 1901.

2. Cheese, moved from Cold Storage to Ripeninrj Room.

It has been claimed that if dairy, goods are held for some time in cold

storage, and then brought into a moderately warm temperature, they would

deteriorate very rapidly. To test this point, from April 17th to November 12th,

six lots of cheese were made, having five cheese in each lot—thirty cheese alto-

gether. Four cheese in each lot were taken to the cold storage from the press,

while the fifth was placed in an ordinary room and remained there. One of

the four (A) remained in the cold storage, while the other three were taken

to the ripening room—B at the end of one month, C in two months, and D
in three months.

The A cheese which remained in the cold storage lost 2.04 per cent, in

weight at the end of a month, the B cheese lost 2.18 per cent., the C cheese 2.18,

the D 1.87. and the E, in the ordinary ripening room lost 4.24 per cent, in weight
in one month.

Average Score of the Cheese. (All cheese scored ten for finish.)

Qualities.



3. Cheese Made with Extra Rennet and Ripened in Cold Storage.

Eight lots of cheese, having four in each lot, were made between April 2i_st

and September 8th. Each lot was made by usmg rennet at the rate of six

ounces per i,ooo pounds milk instead of the usual quantity (three and a third

ounces).

The A cheese were placed directly from the press in cold storage at an

average temperature of 38.9 degrees. The B and C cheese were moved into

cold storage at the end of one week and two weeks, while E remained in the

ordinary room.

The percentage loss in weight in one month was respectively 2.37. 2.75,

3.20, and 3.86, on cheese weighing about 30 pounds each.

The average score of the cheese Avas as follows:

Average Score of the Cheese.

Qualities.



Average Score of Cheese in Series 4.



Between July 2nd and November 5th, 1902, twenty-five cheese were made.

Five were marked A, and were put directly from the press on a shelf in the

cold storage and turned frequently. Five were marked B and also taken-

directly from the press to cold storage, but were put into boxes without turn-

ing. C and D were taken to the cold storage, after remaining a week in the

ordinary ripening room, when the C's were placed on a shelf and turned,

while the D's were put into a box and not turned. The E's remained in the

ordinary ripening room.
The A's lost an average of 2.35 per cent, in weight during one month,^

while ripening, the B's 1.74, the C's 2.69, the D's 2.36 and the E's 4.67 per cent.

Average Score of the



The best results, in appearance, were got by dipping the cheese in hot wax

about one week after they were made, and then placing the cheese in cold

storage. For cheese ripened in an ordinary room, we can see no particular

advantage in parafifining cheese. It tends to prevent the growth ot mould, and

prevents loss of weight while ripening. Recent reports from England say

that the cheese which have been paraffined have not been well received on the

markets of Great Britain. The chief advantage seems to be to prevent loss of

weight while the cheese are held. It will probably pay the speculator to have

the cheese coated, but it is a question whether it will pay the average factory-

man to dip his cheese in paraffine wax at the present time.

Average Score of the Cheese in Parafifining Experiments.

Cheese.
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son. At dipping, the curd ranged from .18 to .23 and averaged .198 for the

season. When the curds were milled the acidity varied from .69 to .9 and

averaged .S06. At the time of salting, the acidity varied from .85 to 1.14 and

averaged 1.005 for the season.

In our cheese work at the Dairy department of the College, we have

practically discarded the rennet and hot iron tests, as the acidimeter is more
convenient, less wasteful of material, and much more accurate in its results.

White Specks in Ciieesk.

No white specks were noticed in the cheese ripened in cold storage in

1902. The only explanation we can ofifer is that the cheese were not allowed

to go below freezing point in the Avinter of 1902 and 1903, whereas in the win-

ter of 1901 and 1902 the cheese were below freezing point, and the white specks
were quite pronounced in the cheese.

The general conclusions of Drs. Babcock and Russell of Wisconsin on this

question are:

"The chief factors determining the formation of white specks in cheddar
cheese seems to be that of temperature and salt. Low temperatures favor very
much the production of these specks. Rarely do they appear at 60 degrees
Fah., except where other conditions are peculiarly favorable for their pro-
duction."

"The addition of salt tends to prevent their formation under all conditions.
Also they are not so apparent when increased quantities of rennet are used.
They are especially abundant in skim cheese, but do not appear in very rich
cheese even at low temperatures. In sweet curd cheese no specks were found
at any temperature."

The Effect of Temperatcre ox the Rate of Ripening of Cheese.

There is every reason to believe that the ripening of cheese depends on
the growth and chemical changes produced by ferments. Just what are the
best conditions under which these ferments work is not definitely known, nor
are the chemical changes that take place fully understood. It has been proved,
however, that cheese will ripen more slowly, and will develop a milder, cleaner
flavor and better texture at a temperature of 40 degrees Fah. than at 60 de-
grees Fah. All the chemical changes which take place within the cheese during
the ripening process have not been studied out; but it is known that one of
the most important is the changing of the insoluble casein into soluble com-
pounds. These changes apparently take place much more slowly, especially in
the early stages of ripening, at the lower temperature. In order to study the
amount of casein rendered soluble and the comparative rate at which these
changes take place under the two different conditions of ripening, a large num-
ber of analyses of cheese were made from month to month in 1901 and again
in 1902. The cheese used in this work were marked A and E in series i of
this bulletin, and cheese made and ripened under similar conditions in 1902.
also marked A and E*. In both year's experiments the A cheese were placed
at once in cold storage, the average temperature of which for the season was
38.9 degrees Fah.. and E in ordinary ripening room, where the average tem-
perature was 62 degrees Fah. An endeavor was made to determine the total
amount of nitrogenous matter, or casein, the amount of casein soluble in

*See Bulletin 121, Ontario Agricultural College. Ripening of Cheese in
Cold Storage Compared with Ripening in Ordinary Curing Ro()om.
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„a,e. and t„e amount
^ ^^^^^'^i^'^^^::^^?^^o"^^^

each cheese made
'"Xrlvinool but enough was done to show the amount

:rcL"e?n ^e^d«'e°d "5ub.f..ionXy' d "ing a 'period o, eleven months.

Notes on Methods of Analyses.

c v,.rr Tn taking the sample for analysis, two plugs were drawn from

.j:^^. if
'-

t? ahh^rSo-p'peT u°;t,eTns?drthe''h^o"t.r.t.tr

t

:'hfn s^^a^I! wei; mii^I'a^d'tiih.'ircor.Tup. ^From this portions were taUen

for analysis.

Total Nitroo-enous Matter, (principally casein). The nitrogen as deter-

mined by the Kleldahl process', was multipUed by 6.25 to obtam mtrogenous

matters.

Water Soluble Nitrogenous Water. Ten grams of cheese were ground in

a porcelain mortar with sharp clean sand, transferred to a ^^^^ treated wt^

from 7S to 100 cc. of cold distilled water, and warmed m a \yater bath to 00

to 65 degrees C. as soon as possible. After reachmg this temperatu e

and after thorough stirring the liquid was poured on a pad of cotton wool in

a glass funnel and filtered into a 500 cc. flask. Another portion of water at

abSut 60 degrees C. was then poured on the sand and cheese, and the tlask

containing them replaced in a water bath at 60 to 65 degrees L. Ihi^ operation

was repeated six or seven times, with frequent stirrings, the water remaining

in contact with the cheese from 15 to 30 minutes. Each extraction occupied

from two to three hours. The cheese extract thus obtained was cooled ana

made up to a volume of 500 cc, and then filtered under pressure through a

- thick pad of asbestos. The nitrogenous matter soluble in water was then

obtained by determining the nitrogen in an ahquot portion of the extract by

the Kjeldahl process, and multiplying it by the factor 6.25.

Ammonia was determined in the original cheese by grinding a suitable

quantity (usually 10 grams) with cold water in a porcelain mortar, transferring

to a distillation flask, making alkaline with magnesium oxide (MgO) and dis-

tilling off the ammonia.

It is not, strictly speaking, correct to use the term "casein'' when the total

nitrogenous matter is meant; yet, as casein is the principal nitrogenous con-

stituent of new cheese and the one best known to dairymen, it will be used in

that sense in the discussion of results hereafter given.

Rate at which Caseix is Changed to Soluble Compouxds.

The following table gives the average percentage of total casein in A and

E cheese found soluble in water at the end of one, two, three, and up to eleven

months. The figures do not represent the rate at which the casein in any one

pair of cheese became soluble; but the average of all cheese for the season

when one, two, three, etc., months ofd. The percentage of total casein changed
to ammonia for the same periods is also given. These figures, therefore, repre-

sent the averages obtained from cheese one or more months from date of mak-
ing at all seasons of the cheese-making year.
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The average percentage amount of total casein changed to soluble and am-

monium compounds per month for 1901 and 1902.
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first column gives the date of making and tlie succeeding ones the conditions

of the casein immediately on taking from the press and at one, two, and up to

eleven months from that time.

Percentage amount of total casein soluble in water at stated intervals in cheese

made in 1902.

Date of

Manufac-
ture.

April A.
28th E.
May A.
12th E.

June A.
16th E.
July A.
14th E.
Aug. A.
nth E.

Sept. A.
15th E.
Oct. A.
20th E.
Nov. A.
12th E.

1 day.

2.7
2.7

4.0
4.0
3.7
3.7
4.3
4.3

3.6
3.6

Number of ncontliB f<om date of making.

8.0
15.5
7.4

14.1

13.5
22.7
12.1
22.1

9.7
16,6
10.5
18.0
8.2
14.0

11.4
22.8
9.2 ' 11.2
17.9 21 8

16.3
31.8

17.4
28.8
11.1
22
13.7
21.3
9.3
17.2

16
28
18
29
16
21
15
25
12
21

.5

.9.

.5

.7

.1

.1

.7

.5

.5

.5

13.4
29.2
Disca

21.6
36.5
18.1
30.1
20.6
32.5
15.3
28.2
19.6
29.2
16.2
22.6

rded o

bad

31.2
33.0
n acco
flavor.

21.6
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be explained, unless it is due to errors in sampling. As cheese is a mixture

of substances, no assurance can be given that the two plugs taken as a sample

alwavs accurately represented the whole cheese. Yet larger samples could not

very" well be taken when the analyses were to be continued for a number of

months At the same time, the monthly analyses probably give results which

fairly well represent the changes in the solubility taking place during the ripen-

ing process.
, • ,, i

The curved lines in the accompanying diagrams graphically represent the

rate at which casein changed to soluble compounds in the cold storage cheese

as compared with those ripened at the higher temperature. Notice how much

more perpendicular the first part of the lines representing E cheese are than

those representing A cheese. It will be remembered that April cheese were

reversed in August; notice the abrupt upward curve of the line representing A
cheese at this point. June gheese were reversed in November, but the upward

curve following the change is not so pronounced as in the preceding case.

Possibly this is due to the casein being at a more advanced stage of decom-

position when the cheese were changed. Another noticeable point is the

similarity in the rate of ripening of July and August cheese under A and E
conditions. The same may be said of September and October.

The quality of the cheese under the two methods of ripening has been
d.ealt with on page 2 of this bulletin; but for purpose of comparison, the

total scores and the time at which they were made are given in the following
table:

Total scores at several different dates.

Date of
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moisture, and total casein soluble, as afifected by the two quantities of salt used,

are selected. The twelve cheese were examined twice—once when they were

two, three, and four months old, and again when five, six, and seven months

old.' The results reported under two and five, three and six, four and seven

months are from the same cheese; and as there were two pairs of cheese each

month, each result is an average obtained from two cheese. The following

are the results:

Efifect of different quantities of salt on the amount of moisture and salt

retained, and on the rate of decomposition of the casein of cheese.

Age of
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4- The cheese made in the months of June, July, and August ripened faster,

both in the ordinary ripening room and in cold storage, than those made in

the spring and fall months.

5. The cheese which were ripened in cold storage for periods of one to

three months and then moved to an ordinary room, did not deteriorate rapidly

after moving, but those allowed to remain in cold storage for the longest

period were the best in quality. So far as those experiments indicate there

is no risk in moving cheese, which has been ripened in cold storage, to an ordi-

nary temperature for a reasonable length of time.

6. When cheese were removed from cold storage and placed in the ordi-

nary ripening room the rate at which casein was decomposed increased, while,
when the change was made in the opposite direction, apparently the reverse
was true.

7- An extra quantity of rennet used in making some of the cheese placed
in cold storage appeared to improve the quality as compared with cheese made
in the other series, although no direct experiments on this point were made in
1902. The results also indicate that if a large quantity of rennet be used, the
cheese should be placed in cold storage soon after being made in order to
obtain the best results.

8. An increased yield of cheese equal to one or two per cent, may be ob-

tained by using an extra quantity of rennet, and by cooking to 94 degrees, and
by salting lightly, but the quality of the cheese made in this way in 1902 were
not so good as those of 1901. At present we do not recommend cheese
makers to try to leave more moisture than usual in the curd where cheese are
to be placed in ice cold storage, though later experiments indicate that it

may be all right for cheese ripened in mechanical cold storage.

9. From the results obtained during the past two years it would appear

to be quite feasible to place cheese boxes in cold storage either directly from
the press or after remaining a week on the shelves. This plan means a great
saving in labor, and a saving of shelf room. The chief drawback is the growth
of the mould on the cheese. This can be overcome to a large extent 'by spray-
ing formalin on the cheese and in the boxes. The boxes should be clean
and dry.

10. Dipping the cheese in paraffine wax at a temperature of 180 degrees

makes a light coating over them, which prevents loss of weight while ripening

or when held in cold storage. It also tends to prevent the growth of mould,

and to some extent improves the appearance of the cheese, especially when
placed in cold storage. So far as our work has gone we are not prepared to
recommend the general paraffining of cheese to the ordinary factoryman. If

the cheese are acceptable to British buyers, it would seem that the speculator
in cheese is the person who would receive most profit from the process.

11. No "white specks" were noticed in the cold storage cheese of 1902,
which we attribute to the fact that the cheese were not allowed to go below
32 degrees Fah. as they did in 1901, when the "white specks" were observed.

12. The amount of salt retained in cheese was not in proportion to the
amount added.

13. When curd was salted at the rate of 2.75 pounds of salt per 100 pounds
of curd, there was less water in the cheese, and the rate at which casein was
changed was slower than when 2.25 pounds of salt were used.

14- Cheese ripened at a low temperature ripened more slowly during the
first month or six weeks than those kept at a higher temperature; but after this
period one ripens as fast as the other.
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ROUP : AN EXPERIMENTAL STUDY.
Prof. F. C. Harrison axd Dr. H. Streit, BACTERioi.cxncAr- Department.

One of 'the most important poultry diseases in America is fowl dipfitheria,

more often called "Roup." It is very widespread ; but it is more prevalent in

some places than in others; thus, for example, it is said to be almost un-

known in the Canadian Maritime Provinces and in Eastern Ontario, while in

Southern Ontario it is the most prevalent disease of fowls.

F'^- 1-—A section of false membrane of roupy fowl (No. 9). a. The false membrane
partly separated from the middle epithelial layer, b. c. Submucosa. d Normal
mucous g:lands.

The views of poultry raisers as to the origin of roup differ very much. A
small number trace it to a neglected case of ordinary cold or catarrh, basing
their belief on the fact that among fowls livmg under hygienic conditions,

1 Bull. 132



where even common colds receive prompt attention, roup is quite unknown
;

but by far the greater number of breeders consider roup a more or less in-

fectious disease, which is said to be produced by a certain micro-organism.

This view is strengthened by accounts of the disease in the literature of poultry

breeders, according to w'hich epidemics hive been caused by disea-ed fowls being

brought into healthy flocks.

There is also an impression among poultrymen that fowls that have once

overcome the disease possess a certain degree of immunity.

In America, V. A. Moore is the only person who has examined roup scien-

tifically. The results of his investigations, however, are insufficient to estab-

lish the etiology of roup, and hence the need of further research.

For several years in succession roup has made its appearance in the poultry

yards of the Ontario Agricultural CoiHege, usually during the cold, damp

weather of late autumn and early winter. It usually causes a direct loss of

from 10 to 15 per cent., and a muc'h larger indirect one from the disease becom-

ing chronic. It often lasts for months, and makes the fowls attacked ab-

solutely worthless either for table use or for breeding ; and the most valuable

fowls of the special breeds are the ones most frequently attacked by the dis-

ease. Young birds, six months or a year old, are particularly susceptible.

Clinical Symptoms.

In the majority of cases, the first symptoms of roup appear in the nostrils.

Moore found the disease most frequently localized in the eyes ; while, accord-

ing to the statements in German. Italian, and French literature, the mouth,

pharynx, nostrils, and wind-pipe are the places in which the first symptoms

of the disease usually appear.

Over 300 cases of the disease havL- been studied at this institution. Thirty-

six of the most severe were examined daily for several months. Of these,

four recovered ; and the others died, or were killed for dissection.

Nose.

Nose. Roup usually appears first in weak fowls as catarrh of the nose.

At one or both nostrils a serous tiuid is observed. Occasionally on a cold

night in autumn or early winter a large part of the flock is suddenly attacked

by catarrh ; and next morning as many as three-fourths of the fowls show a

serous nasal discharge. In from three to eight days many fowls under nor-

mal conditions recover from this catarrh, without any further result. In

others, however, both the general and local conditions grow worse, and de-

velop through all the different stages of roup.

The serous nasal secretion soon becomes streaked with grey
; a slimy

matter forms and dries quickly to dirty crusts, which often completely close

the nostrils. The secretion never becomes yellow, as, according to Zuern and
Friedberger-'Froehner, is said to be the case in European fowl diphtheria.

On the removal of the crusts around the nostrils, a few drops of grey
secretion flow out. These can be increased by pressing the nostrils. In
later stages, small, solid, yellowish-white particles of matter are often found



in the grey nasal secretion. The secretion decomposes and emits an offen-

sive odor. On the mucous membrane of the nostrils, small cancers form
;
or

the whole nostril is completely filled with a firm, whitish-yellow cheese-like

mass, which frequently grows very rapidly and separates the nostrils and forces

the dorsal wall of the nostrils upward. This mass soon becomes dry and

brown on the outside ; and it adheres quite firmly to the mucous membrane.

If -it is- removed, it quickly forms again.

Fig, 2.—A section through the deeper epithelial layer under a firmly attached false

menihrane. a. Swollen epithelial nuceli. b. Epithelial layers dislodged from
their normal position. c. Submucosa infiltrated by leucocytes. d. Homo-
geneous fibrinous exudate, e. Mixed fibrinous and purulent exudate.

As the changes above described progress, it becomes impossible for the

bird to breathe through the nostrils, and the beak is kept open for breathing.

In the early stages of the catarrh, the irritation causes sneezing ; but later

this symptom disappears.

Eyes.

From the diseased mucous membrane of the nostrils, the inflammation easily

spreads to the mucous membrane of the mouth, pharynx, and larynx; yet, these

parts may be the first seat of the infection. When the disease afifects the eyes.



there is olten lurmcd in the inner corner of the eye a viscous, kicrymal secre-

tion, which contains air-'bubbles. These bubbles come from the nose, and are

forced into the eye through the lacrymal duct, because the natural air-passage

through the nostrils is half stopped up and the air finds this outlet.

Soon a serous Conjimctivitis forms. The Conjunctiva becomes very moist.

swollen and grey. The secretion gradually assumes a slimy, purulent condi-

tion. The lids well oedematously. and become perceptibly thicker in a single

night. They are hot. sore, very much inflammed, and stick together very

easily, because the eye at this stage of the disease is, for the most part, kept

shut. Often the lacrymal duct remains open, and the secretion passes out

into the nasal or pharyngeal cavity. In all the more severe cases, however,

this canal is completely closed. The accuinulating secretion frequently over-

flows into the inner corner of the eye, and defiles the surrounding region with

greasy crusts of dried secretion. The small feathers on the side of the head

stick together, and often fall out. When the lids stick together, they are

forced outwards by the masses of secretion formed under the eye. The se-

cretion consists of a somewhat thin, clear, or turbid fluid, containing jelly-like

lumps, which are clear or striped with grey. The gelatinous masses are

formed by a homogenous, or lightly striped, unstainable substance, mingled

with pus corpuscles, epithelial cells, and bacteria. The grey parts are much

richer in leucocytes than the clearer ones. The epithelial cells ars ciliated,

with or without a swollen unstainable nucleus. The free epithelial nuclei are

usually very much swollen (as large as i6m.m.m.), round. Iiomogenous. or

slightly granular and unstainable. In the centre of the nucleus there may be

found one or two small, round bodies which can be stained.

Tf the secretion is left in the closed eye-lid, it may be completely changed

in 24-4S hours to a firm, smooth, yellowish-white, cheese-like body, which fills

up the whole eye-lid. and lies like a cap over the bulbus ocnli. This chee-y

mass may become so large that it forces the lids open, and projects between
them. The outside then dries and becomes a brownish crust. Moore ex-

plains the formation of these cheesy masses by assuming that the liquid con-

tent of the eye-lid undergoes coagulation ; but. as stated above, they (the

cheesy masses) are formed from jelly-like masses in the eye-lid. In all prob-

ability, the secretion is an abnormal product of the lacrymal glands and con-

junctiva, and contains epithelial cells, as well as free swollen epithelial nuclei.

The grey spots of these gelatinous masses contain very many round cells.

The greyer, firmer, and more turbid this mass becomes, the more numerous
are the cells. When the mass finally assumes the cheese-like appearrmce. it

consists of leucocytes, granular detritus, epithelial particles, and bacteria.

The yellow cheese-like masses are produced by the pus corpuscles exuding in

large numbers on to the surface of the mucous membrane, where they stick

together, mix with the pathologic secretions, and probably with coagulable
plasm. If the gelatinous masses are removed from the eye-lid and allowed
to dry. they become a dirty, grey crust.

It is astonishing with what rapidity cheesy masses that have been removed
form again. Thus, from lien ri, cheesy masses, the size of marbles, were re-



moved from the same eye on three successive days. These sohd masses can

be easily removed ; but thty may sometimes adhere to a croup )as membrane

on the mucosa.

In the further course of the Conjunctivitis, small croupous membranes ap-

pear on the Conjunctiva, and on the swollen lids, or the mucous membranes.

These usually adhere closely : and, on their removal, the mucous membrane

begins to bleed.

Fi^-. 3.— Sei-tioii through the deeiier epithelial layer under a (irmly

attached false membrane from hen No. 9, maunitication 700.

a. Swollen epithelial iiviceli with 1 or 2 well-stained nucleoli.

b. Nucleus of normal size jjranular staining. c. Leucocytes
and fibrinous exudate. (/. (Jramilar detritus. ''. Two sjicirt

bacteria.

The Cornea may also become a direct seat of the disease, m which case

small croupous membranes form on it. These may remain on the Cornea,

or spread over the Conjunctiva of the bulbus oculi. Often the membrane

grows through the whole Cornea. If it falls ofl, the interior eye cavity is

either directly opened, or the remaining layer of the diseased Cornea is too

thin to resist any following perforation. After the opening of the eye-cavity,

a prolapse of the lens may occur ; and following this, a purulent ophthalmia

develops. After the destruction of one eye, the other usually becomes sym-

pathetically diseased. If both eyes have been originally the seat of the dis-

ease, panophthalmia may form on both sides.

The swellings in the eye-lids may remain the same for a long time ;
but,

frequently, the swelling spreads under the inner corner of the eye towards the

nostrils. The lids, as well as this tumour, have a high temperature ; and are

at first soft and oedematous. Later, indurations form in the centre, which

become larger and larger, and at last lie directly under the skin. The outside

of these indurations is rough or smooth, and the skin on it may be moved.

In rare cases, an abscess forms instead of the induration.
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I'.csidos the indirect aHcclion ol the eyes from the nostrils, there is a more

direct way wltich is also very connnon. In such a case the ceUa infra-orbitalis

is generally affected from the beginning of the roupy, nasal catarrh, and the

retained secretions become so large that the bone-walls are pressed out in all

directions. Later, these, under the ever-increasing pressure, become absorb-

ed in some places ; as, for example, Ijetween the mncr corner of the eye and

the nostril. Here a hot tumor witli a hard centre forms. The swelling

quickly extends to the eye-lids, after which serous putrid, croupous-diphtheritic

Conjuctivitis sets in. These tumors are well known among poultrymen, for

they fre(|uently recommend the upening of the tumors and "extracting the

roots of the disease." The masses taken from the tumors form again, with

great rapidity and obstinacy. Often, after there had been for an indefinite

period only a slight swelling on the lids, even without conjunctival catarrh,

blindness ensued without any preceptible cause. Later, the iris and pupil be-

came grey, and the cornea cloudy. When the disease of the eye appeared

in this waj', the general condition was always very much disturbed. In these

cases, the post-mortem examination showed that the phlegmonous processes

had spread from the eye-lids into the loose tissue of the peri-orbital cavity :

and grey, streaked pus, or thick, well-marked, yellowish-white, cheese -like

limips of matter, like those in the eye-lid, were found.

Mouth and Pharynx.

^louth and Pharynx. Primary or secondary catarrh of the nuse, croup-

ous or diphtheritic membranes appear on the mucous membranes of the mouth
and pharynx, especially about the fissure of the palate, on the hard palate, on the

side of the mouth, near the larynx, and under the tongue. They are usually

small, but they often grow to large, extended patches. The thickness varies

from J^-4m.m. The outside is uneven or smooth. The color is yellowish-

white
; in the older membranes, a light brown. They either adhere firmly,

or fall off easily. In the foriner case, they leave a dirty, greyish mucous mem-
brane which bleeds slightly ; in the latter case, the underlying mucous mem-
brane appears unchanged. A slight reddening of the region of the mucous
membrane affected, may precede the appearance of the pseudo-membranes.
Usually, however, this is not the case ; but the mucous membranes is pale, with

a grey surface, which can be easily removed as a thin membrane. This grey

superficial membrane gradually changes to a croupous or diphtheritic mem-
brane.

In fowls I, 4, 9, and 10, the first stages of a diphtheritic membrane were
present, and the ducts of the sub-lingual glands were filled with a clear, tough,

gelatinous secretion, which was turbid, and which finally became a solid yellow
white membrane. At first, these membranes were arranged in lines on both
sides near the tongue. Later, they spread farther and became a single large

membrane. In addition to this, in fowl q, there developed a large tumour in

the submucous tissues, which contained a firm, cheese-like lump directly ad-

herent to the membrane. Frequently large swellings in the region of the

sublingual glands occurred, which then hardened to firm, smooth, or uneven



tumours, while the mucous membrane of the mouth remained apparently nor-

mal. These tumours enclosed the above-mentioned cheese-like masses.

The pseudo-membranes in the mouth may appear in a third way, which

usually happens in more severe types of the disease. The Cella inira-orbitahs

becomes distended on all sides by the secretion retained in it. For this rea-

son, it presses the palate towards the mouth-cavity. The palate, therefore,

may thus attain twice and three times its regular breadth (as in fowls 5 and 27).

Where the pressure is strongest, the bone stratum becomes absorbed, and a

typical pseudo-membrane forms. This latter may easily be removed
;
and if

left it communicates directly with the firm cheese mass in the infra-orbital cavity.

P^^^- ^HPPW
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In fowls that had l)een sick a long time, catarrh and intlammation of the

bowels set in (hens 3, 4, 13, and 18). The fowls then stopped eating alto-

gether. A severe, putrid diarrhoea followed ; the feathers around the cloaca

became smeared and matted with greyish-yellow, fluid excrement ; and tht-

fowls soon became as thin as skeletons, and usually died from loss of strength.

General Symptoms

Corresponding to the polymorphic local appearances of roup, the general

symptoms are also very different. As long as the disease exists only in the

form of simple catarrh of the nose, slight affections of the mucous membranes

of the mouth, and of the lungs, the general condition is quite normal. In all

chronic, or more severe cases, especially after the appearance of swellings on

the face and eye-lids, the general condition is disturbed. The sick fowls

become weak, separate themselves from the other birds, and cower in a corner

Fig. 5.— Section through the newly formed diphtheric
membrane from hen No. 28. a. Swollen epithelial
nuceli which stained but slightl.v. b. Remains of

epithelial nuclei associated with Kitt's "Molluscum
bodies" in the epithelial cells.

Fij;. (i.— Cover-glass preparation from the upper
epithelial layer under a false membrane of

hen No. 18 stained with niethyelene blue.

a. Much swollen epithelial nuclei with or
without nucleoli, c. Nuclei of leucocvtes.

of the yard with head drawn close to the body. The eyes are kept shut, and

the head is often drawn under the wings, so that the feathers are smeared witli

the secretions and fall out. The birds often wake up from this sleeping posi-

tion, rise, open their eyes, shake themselves, scratch the swollen places with

their feet, walk around a few steps, and take some food or water, and sink

back again into their apathetic condition. Usually the disturbance of the gen-

eral condition fluctuates, that is. the birds for a few days often appear in better

condition, or normal, and then become worse again. Towards death, they

lie down on the floor of the cage and usually do not get up again.

At first, the appetite is not impaired ; later, it fails, but often continues for

a long time. The taking of food may become quite impossible from purely
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mechanical reasons. For example, with fowl 5, the lower mandible was dis-

located by the cheesy mass in the nostrils and infra-orbital cavity, and could

not be closed. In many cases, there is a pronounced thirst. The fleshy con-

dition of fowls attacked by roup usually becomes worse with the chronic con-

tinuance of the disease. The flesh of fowls which die after a short attack, is

less afifected. As for the body temperature .of birds with diphtheria, it is the

universal statement that the body temperatures are high in diseased birds. The

English and American text-books on poultry all speak of fever as the constant

accompaniment of roup. But, 'according to our observations, their statements

on this point are incorrect ; and our conclusions are confirmed by the investi-

gations of Friedberger-Froehner. The temperature of the head is very Oiften

above normal ; but in numerous cases in which we have taken the body temper-

ature of roupy birds, there has been no increase ; or at least, no considerable

increase. The highest temperature that we ever found was 42 degrees C. in a

perfectly healthy hen. The minimum temperature of healthy, as well as dis-

eased, fowls, was 40.2-40.8 degrees C, the average being 41. 5-41.8 degrees C.

In all simple catarrhs of the nose the prognosis is a favorable one. As soon

as complications set in it becomes bad.

Fig. 7.—Fowl No. 47 inoculated w ith B. pyocyaneus.

The course of roup, with few exceptions, is chronic ; it lasts weeks, and

even for years. Certainly the cause of its becoming chronic lies for the most

part in the condition of the exudations or diseased secretions and their local-

ization. Slighter afifections of the nose very frequently disappear. If, how-

ever, the conchae or the infra-orbital cavities are attacked, or the nose passages

become filled with solid masses of exudation, a natural recovery is either im-

possible or very slow. As has been described, these firm exudation masses

become very large in a short time ; they act like foreign bodies, setting up irri-

tation, and become larger and larger by the continued transudation ; and, by

reason of the pressure of these bodies, various kinds of hypertrophies and atro-

phies ensue. They can be discharged only after having become softened and



10

liquefied ; and such cases appear but seldom, while the cheesy matter in the

nose, as well as under the skin, shows no inclination to become so. They,

therefore, remain where they were formed, and lead to chronic catarrh. Often

there is apparent recovery, so that for a few days or weeks, the clinical symp-

toms vanish. Then the catarrh again becomes manifest. These cases of ap-

parent recovery are very important, as birds in this condition spread the dis-

ease if put among healthy ones. The pseudo-membranes in the mouth and

pharynx may be of a very transitory nature. They appear first here, and

then there, and but seldom disappear permanently, so long as any of the other

Fig. S.—Pigeon (No. fi) 13 flays after inoculation with culture of the Roup
bacillus, {B. cacisiimti) anrl two days before death.

symptoms of roup are present. In some cases (hen 28), the pseudo-membranes

form again with great obstinacy in a certain spot. In these cases, poultrymen

describe the trouble as cancer of the mouth. In a few exceptional instances,

death occurs after a short sickness. Hen 9 died in this way after symptoms

of roup had been recognizable for only two days. This bird showed a strong,

hemorrhagic inflammation of the mucous membrane in the olfactory region,

as well as swollen vessels in the meninges. Usually, however, death does not

come until the disease has run for some time. The direct causes of death

are anaemia, suffocation, inability to take nourishment, inflammation of the

brain from the nose or eyes, invasion by decaying products of albuminoid sub-

stances, and intoxication with bacterial poisons.

Pathological Anatomy.

In addition to the pathologic-anatomical changes already cited in the clini-

cal account, the post-mortem examinations furnish other data. In diseased

hen 9, mentioned above, the nasal passages were completely closed by dry,

cbessy masses, without any apparent clinical symptom. The bird had been

sick two days and showed small bloody extravasations in the upper parts of

the nasal mucosa. The mucous membrane itself was verv much inflamed.



11

The eyes were quite normal. The cheesy mass must, in this case, have formed

very quicklv, and without being preceded by serous-purulent catarrh. This,

however, was the only case in which there was hemorrhagic inflammation. The

diseased mucous membranes were, in other cases, always swollen ;
but dirty

grey, or brownish in color. They were covered with a grey, putrid mass. Sec-

tions through the mucous membrane showed the epithelial cells with cloudy,

or finely granular, protoplasm. The nuclei were, in most cases, normal
;

some were swollen, homogenous, and difficult to stain, excepting one or two

extra round central corpuscles, which stained deeply. Many leucocytes were

present between the epithelial cells. They were usually rather long in shape,

Fig-. 9. —Head of fowl 36, 22 days after inoculation with a culture

"of the Roup bacillus, ff. Firmly adherent thick diphtheritic

nienihrane upon the conjunctiva of the upper eyelid.

and were found migrating towards the suriace. The sub-mucous tissue showed

a numerous increase of leucocytes, and dilated vessels. The leucocytes which

migrated to the surface of the mucous membrane became free, and often joined

the firm, cheese-like bodies which have been described. As these grew very

quickly, they produced various deformities.

The mucous membrane may disappear entirely, or be changed to a brown-

ish tissue of round cells, which are identical with the pyogenous membrane en-

closing the cheesy matter in the sub-mucous tissues, etc. In one case (dis-

eased hen i), part of the mucous membrane of the nose was dry and necrotic.

Tt consisted of a yellowish, dry. crumbly mass, which easily fell away from the

cartilage. The latter was itself necrotic. Very often the medial wall of the

infra-orbital cavity was absorbed, and then the solid mass of cheesy matter was

in direct connection with that in the free nasal cavities. For this reason, the

cheesy mass appeared to have grown fast, which, however, was not the case.
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111 fowl 28, a large part of the solid cheesy matter in the inira-orbital cavity be-

came softened and semi-liquid. The surrounding membrane had changed in-

to a red granulation tumour, which was full of vessels and projected into the

cavity. It was lumpy, very soft, and contained in its depths an epithelial layer

which grew toward the outside. The conchae of the nose may have been alto-

gether absorbed under pressure of the solid cheesy mass.

The inflamed conjunctiva behaved like tlie mucous membrane of the nose,

except that pseudo-membranes were more frequently formed on them. In

the submucous tissue of the eve-lids, which had been serinus'v infiltrated at

Kiu'. ](!.— Fuwl 40 ; tluuat and Ijottoui of the niontli with
false ineiiibranes (111), 14 days after inoculation with
B. i)yoeyaneiis.

the beginning, small, grey bodies of matter were found; these grew large, united

and finally became compact, oheese-like yellow-white tumors. The surround-

ing tissue was sharply separated from these by a greyish-brown, smooth, pyo-

genous membrane, 1-3 m.m. thick. Usually the pseudo-membranes of the

conjunctiva whidi at first were easily detached, were later firmly fastened to

the cheesy massses in the depths of the lids. The firm, cheese-like masses in

the lids showed no inclination to become soft, or to perforate the skin, like

those formed in other places. On the inner and exterior sides of the lid of

infected fowl 35, pseudo-membranes were formed, which had grown fast to one
another. Similarly, the whole cornea of fowl 11 and inoculated pigeon 16 were
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changed to a diphtheritic membrane. It putrid panophthalmia appeared, the

bulbus oculi shrank ; the corpus vitreum became grey with pus, and partially

softened'; and the retina was in shreds.

In birds that were suffering clinically from pneumonic dispnoea, and often

in those that had not shown any symptoms of disease of the lungs, the post-

mortem examination revealed extended pneumonic patches.

In the region of this inflammation, the branches of tracheae were stopped

with firm, yellowish-white masses o'f exudation. Often in the centre of the

pneumonic region, a mass of cheesy matter (from 1-2 cubic centimetres in size)

was found connected with the masses in the branches of the trachea. These

masses of cheesy matter were separated from the lung tissues by a brownish-

Fig. 11.—Head of hen 35, 8 clays after inoculation with a culture
of the Roup bacillus. a. Cheesy matter projectini; from
between the soiled and featherless eyelids. Nostrils are closed

by a crust of dried secretion.

red granular membrane. The more peripheral parts of the diseased lungs were

usually normal, or oedematous. The changes in the lungs were often accom-

panied by cheesy exudations into the pleural folds betweeen heart and lungs.

These grew to 3 cm. in length and were often i cm. in thickness and breadth.

They were always covered by pleura. The latter, however, changed to a

brownish, pyogenous membrane, from 1-5 millimetres thick. It was smooth

on the outside, but the side, turned towards the exudation, was somewhat un-

even, and covered with gray pus. Twice in the pericardium (diseased fowls 6

and 18) a somewhat grey, serous-purulent exudation was present. The peri-

cardium and epicardium were gray. Firm, cheese-like exudation masses were

often met with in the folds of the mesentery, between the intestines, gizzard

and stomach. In fowls 4 and 18. the mucous membranes of the intestines were

haemorragicallv inflamed.
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The heart blood was always well coagulated, the spleen small and normal,

the liver normal or enlarged, with fatty degeneration.

Croupous and Diphtheritic Membranes

Croupous and Diphtheritic Membranes. The pathologic anatomical con-

ditions of the pseudo-membranes in mouth, eyes, etc., varied considerably. The

small, grey, thin pellicles, which are often the first stage of the membranes,

were found to be the outer epithelial-layers mingled witli leucocytes. Sections

of the epithelial-layers showed these to be more or less invaded by leucocytes,

while the submucous tissue usually seemed intact. In all more severe cases,

however, the loose, submucous tissue was completely filled up with leucocytes.

The epithelial layer underwent changes, especially in the middle layer. The

epithelial cells were dislodged from their normal position by fibrinous putrid

exudation (Fig. 2). They lost their contour, and the protoplasm became

Figs. 12 and 13.—The Roup bacillus (Z>. cocoxiiius) iiu\<j;nified about S50. The bacillus
is stained with srentian violet, the flagella by Van Ernies^eni's method.

cloudy or decayed to a granular detritus. The cell-nuclei swelled till they be-

came two to six times their normal size, and the contents of the nuclei became
homogenous and were difficult to stain, except one or two round, central or

excentric nucleoli.

O'ften, too. tlie plasm of tlie nucleus became a fine granular detritus. These
granules could then be deeply stained. The abnormal nuclei remained round
and sharply outlined by thin nuclear membranes. They appeared like foreign

bodies, and have usually been pronounced to be protozoa. Fig 3 shows these

transformed nuclei, in which the edges of the separate cells have completelv
vanished and changed to a partly granular, partly turbid, decayed mass. In

these cells there were a few nuclei of normal size ; (a) the greater number,
however, were swollen in varying degrees, with one or two well stained nuc
leoli

; (b) the contents of the swollen nuclei, when freshly examined, werc^
found to be homogeneous (see Fig. 6) ; but in Fig. 3. they appear granular,
which is due to the treatment of the section whfle ha'rdening was going- 'Onj

In (c) we see leucocytes ; at (d), tw-o bacteria. The swollen epithelial nuclei-

are also distinctly visible in the markedly changed middle epithelial layers of
Fig. 2 (c).

The swelling might be caused by the simple coagulation of the protoplasm,
following death

; or there was a mucous or colloidal degeneration. The latter
was so much the more probable, as changed nuclei were found in the gelatinous.
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mucous masses in the eye and in the glanular canals. A certain interchange,

therefore, seemed to exist between the two. The transformed nuclei were

fairly resistent, which might be due to the condition of the nuclear membranes,

for, while the cells themselves decayed, the nuclei lasted for a long time. They

were constantly found in all more severe cases of pseudo-membranes. Trans-

formed nuclei mig'ht be seen in the slimy-putrid secretions of mucous mem-

branes, in the cheese-like exudations in the nostrils, eyes, bronchial tubes, lungs,

pleural and peritoneal folds ; or. in other words, wherever there were epithelial

or endothelial cells. They were not found in the solid masses o'i matter in

the lids and in other submucous or subcutaneous tissue.

In the above-mentioned jelly-like exudations, the products in the eyes of

fowls 35, 36, etc.. the epithelial nuclei were greatly swollen. They were homo-

geneous, clear, with or without nucleoli.

While the changes described in the middle epithelial layer were taking

place, compact masses of pus were deposited over this layer and the pseudo-

membranes were thus formed. All membranes which could be easily re-

moved became separated from the region of the middle epithelial layer (Fig.

i). We then had typical croup membranes and a regeneration of the epithelium

took place from the lower layers. In those cases in which the membranes

were firmly attached, even the lowest epithelial layers were very much altered.

They were swollen and loosened by fibrous purulent exudations. Under the

lasting invasions of the leucocytes, the constituents of the epithelium were

lost. The compact mass of epithelial pseudo-membrane advanced towards the

lower layer of the epithelium, and finally reached the submucous tissue and thus

became a typical diphtheritic membrane.

Submucous glands were often partly, or altogether filled with leucocytes.

In typical diphtheritic membranes small quantities of fibrous exudation were

found especially in the region of groups of bacteria. The croup-membranes,

the cheese-like bodies in nostrils and eye-lids, in bronchii. pleura and periton-

eum, as well as the firm masses in the different tumors of the head, were made
up of leucocytes, granular detritus, of bacteria and eventually, of a remnant

of epithelium and foreign bodies.

Bodies Resembling Protozoa.

When the secretions and exudations of birds affected wiih roup contained

remains of epithelium, the round, protozoa-like epithelial nuclei, referred to

above, were present. Besides these, other very different bodies, which often

more or less resembled the protozoa described as the cause of fowl diphtheria,

or epithelioma contagiosum, were seen. No case of epithelioma contagiosum

came under our observation. Table i shows some of the protozoa-like bodies

found. These figures were drawn from fresh preparations which had been

stained either with methylene blue, gentian violet, fuchsin, or Lugol's solution.

The material was quite fresh, or had been stained without drying or heating.

Many peculiarities could be distinguished with the methylene blue or Lugol's

solution. The commonest forms of protozoa-like bodies were the swollen

epithelial nuclei, which have been more minutely described above. They were



16

always most nunu-rous on the outside of the cheese-like matter in nostrils,

eyes, and bronchial tubes, as well as on the underside of the pseudo-membrane,

or in the material which was scraped from the mucous membrane. The other

protozoa-like bodies were present in the greatest numbers in material from the

same source. If we compare the drawings of the different bodies in (Figs. 14-

25), we find very many forms which agree with the protozoa found by Rivolta,

Silvestrini, Magganti. Piana, Pfeififer, Babes, Puscariu, and Galli-\^alerio.

i>-0:5?

Fig. 14.— Protozoa-like bodies from the lironcliial exudate of Fig. 15.— Bodies from tlie slimy purulent
pigeon No. 1. a The nuclei of leucocyte.'-. b. Swollen nasal secretion of pigeon No. 12. Same
epithelial nuclei with or without nucleoli. /. Fat drop- lettering as figure 14.

lets. /(. Yeast cell with spores, z. Probably a giant cell.

Epithelial nuclei lia\ e a diameter of s-io u, the othei-

bodies are drawn on the same si-ale.

Round, amoeba and crescent-shaped forms, etc., were often present and the

contents of these bodies were homogeneous, granular, or partly homogeneous

and partly granular. They stained either badly, or not at all. Very often, one

or more nucleoli were present which appeared in unstained preparations as

clear or reddish spots. In stained preparations, the one small nucleolus was

often stained, while the other in the same cell had not taken the stain at all.

Besides these central bodies, the protozoa-like forms often held enclosed larger,

clear vacuoles, which could be stained black with osmic acid, and were, there-

fore, fat globules. Other similar globules as they appeared in pigeon 4, and

hen 7 gave no fat reaction and might have been true protozoa, but were more

probably yeast-cells. Such accidental existence of foreign bodies in the exuda-

tions is not a rare thing, as is shown by Figs. 18, 19, 22 and 23. Very many
of the protozoa-like bodies were either enclosed in the remains of cells, or

showed debris of cells that had been present.

Twice, motile protozoa were present. In the bronchial tubes of infected

hen No. 41. there were some oval forms which moved by means of a wreath

of short cilia around the head end. (Infusorium diplodinum (See Fig. 22, i).

On the surface of the firm exudations in the mouth of pigeon 6, round,

granular forms, each with three long cilia, were present. There is nothing

remarkable in this, for motile protozoa were frequently found in the mouth
cavity and intestines of perfectly healthy fowl.
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Kitt describes and gives drawings of protozoa, or "Molluscum-Koeper," as

he describes them. They are irregular bodies which stain intensively, and were

found in the cells of an epithelioma.

We observed the same bodies in the epithelial cells under the pseudo-mem-

brane in the mouth of fowl 28, and they are shown in Fig. 5. Unstained, they

were homogeneous, clear and greenish in color. They were stained dark blue

with haemotoxylin. In those parts of the epithelium in which these bodies

were absent, the cell nuclei were homogeneous,, or finely granular, and very

much swollen. The clinical form of this case of the disease was striking be-

cause the membrane always formed again with extraordinary obstinacy, and

in some cases grew right into the bone tissue ot the left lower jaw. Similar

bodies were present in the exudation of bird 26, and inoculated fowl 29.

FU^. It).— From the eyelid of fowl No. 29

structures resembling Kitt's " Mollu-

scum t)o<iies.'"

Fig. 17.—From the serretion and exudation from
the eyelids of hens u 35, 36 and 39. Swollen
epithelial nuclei are 16 u in diameter.

As appears from the drawings, the most varied protozoa-like bodies were

present in the secretions and exudations, of naturally diseased fowls and of

those inoculated with bacterial cultures.

In conclusion, we may state that most of the above described bodies were

probably different products of degeneration of the epithelium and endothelium.

Some must be regarded as foreign bodies and protozoa accidentally present in

the exudations.

Kitt's molluscum bodies, in the epithelium of fowl 28, resemble the cell

enclosures frequently found in Carcinoma, which are claimed by some as being

the causal organism.

Bacteria.

In all the pathological exudations and secretions, bacteria were present.

Cultures in gelatine and agar plates and aerobic and anaerobic cultures in

bouillon were usually made. In some cases, the material was only examined

microscopically. In six cases of diseased fowls (29, 30, 33, 34, 35 and 36), B.

pyocyaneus in pure cultures grew from spleen, liver, kidneys and blood. In all

other cases, either some colonies of B. coli grew from cultures made from

these organs, or the cultures remained sterile.

Frm the exudations and secretions, many dififerent micro-organisms de-

veloped, and occasionally, yeasts and fungi were present. The colon bacillus

2 Bull. 132
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uas suinelmifi i^ulaicu, ana a large number of other bacieria-cocci, bacilli and

a spirillum. ihe spirillum which had three or four turns could not be grown

in any culture medium. Some five or six of the other micro-organisms were

grown in pure-cultures, and their pathogenic properties were investigated by

inoculations into guinea pigs, mice, and chickens. No results followed these

inoculations ; and, consequently, we must regard these forms as purely ad-

ventive.

Fig. 18. —From the cheese-like exudate from the
cella infiaorbitalis of pigeon 6. rf . Is one of

the Flafrellata with three motile fla>rella.

Fig. 19.—From the underside of a diphtheri-mein-
hrane from hen Xo. 7. p. Probably some form
of veg-etable life.

We succeeded, however, in isolating two virulent forms of bacteria. The

one was a typical Bacillus pyoc3'ianeus. This bacillus was present in the cheese-

like masses in the lungs of hen 9, in company with a few B. coli ; in the firm exu-

dations of the Cella infra-orbitalis of hen t,2 ; in the cheesy masses of hens 29,

30, 31, 33, 34, 35. 36. In the six cases last mentioned, the bacillus was also

isolated from the blood, liver, kidneys and spleen. Five of these birds were

killed and had been dissected at once.

This Bacillus pyocyaneus was. as the inoculation experiments show, cap-

able of producing typical croupous and diphtheritic membranes in mouth and

eyes ; it was the cause of severe tumors in the submucous, or subcutaneous tis-

sue, the contents of which were firm, cheesy and yellowish-white. It produced

purulent conjunctivitis ; blindness ; purulent panophthalmia: inflammation of

the lungs ; and hard cheese-like exudations in the bronchia] tubes. In a word,

it produced symptoms identical with those of roup.

The second virulent form of bacteria isolated seems to be a new organ-

ism. We have named it B. cacosmus and s'hall also refer to it as the roup

bacillus. It was in great numbers in the croupous membranes under the

tongue of hens i and 9 ; in the cheesy material of the tumor on the head of hen

5. as well as in the purulent conjunctival secretion ; in the nasal secretion of h n

4 ; in the purulent masses which closed the lacrymal duct of hen 21 ; and was

also found in a number of other birds affected with roup.
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Further, this bacillus was repeatedly isolated from the secretions of the

hens and pigeons which had been inoculated with it. At first, it was usually

•present in the tumors of the submucous or subcutaneous tissue in pure culture.

Later, it was found mixed with other bacterial forms in the tissues and also

in the exudation products. In chronic cases of the disease, the roup bacillus

could not be culturally detected, but it could often be identified microscopically
in the cheese-like masses of diseased or inoculated fowls. We have never
isolated this bacillus from the blood or other internal organs.

Morphology of B. Cacosmus.

The roup bacillus is a small rod .25 to sm.m.m. thick, .25 to 5m.m.m. long,

with rounded ends. It often occurs in pairs and occasionally in short chains of

4 or 5 cells. The smallest forms are coccus-like, the longer are rods. With the

ordinary aniline stains, they stain very well. In old bacilli, there are often

only zones or parts of the cell that take the stain (involution forms). The
bacteria are not stained by Gram's method. In young agar or bouillon cul-

tures, the roup bacilli are very motile. They possess 4 or 5 peritrichous cilia

which are three or four times as long as the bacilli. Capsules and spores are

not formed.

Ctltubes.

Gelatine Plate Cultures. Colonies appear in 24-28 hours as small, round.

iridiscent points, which grow slowly. They are flat, round, or somewhat irregu-

lar in shape. They never become prominent ; but, as their growth continues.

Fig. 20.^From the nasal secretion
of hen 11 and 2ti. Ciliated cell

showing slimy degeneration.

Fig. 21.—Bodies from a tumor
from hen No. 17.

they sink deeper into the gelatine. The surface is smooth and shining. They

are light grey in color. Through the microscope, young colonies are seen

to be slightly granular. The centre is dark, yellowish or brown, the border

zone clearer, and usually provided with darker, radiate markings ; m older

colonies, these disappear, and the gelatine becomes liquefied to the bottom of

the plate. The growth at the edge of the colony lasts for about 8 days, and

then ceases. In t'his time, they usually reach the size of from 3-5 mm., while

after two days fhey were from 1-2 mm. in size. The submerged colonies ap-

pear as round, slightly granular, clear points, which quickly penetrate to the

surface of the gelatine.
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Gelatine Streak Cultures. Along the needle track, a thm, grey, shining

growth appears, under which the gelatine soon becomes furrowed. The groove

sinks deeper into the gelatine, and the liquefied gelatine and the bacteria flow

as a turbid mass to the bottom of the tube.

Gelatine Stick Cultures. After 24-28 hours, a homogeneous, fine, grey

band forms along the line of puncture. At tihe same time, on the surface of

the gelatine, a smooth, fine covering grows, and, after two or three days, the

gelatine becomes liquefied slowly around the puncture, spreads gradually over

the whole surface of the gelatine, and then the liquefaction becomes stratiform.

The liquefied gelatine is turbid, but never ropy. On the surface oi the solid

gelatine, a copious grey sediment settles. After two or three weeks, when

about 2-3 of the gelatine has become liquefied, growth ceases. The liquid

mass gives a very strong alkaline reaction, and has a very disagreeable putrid

sm 11.

Agar Plate Cultures. At ,57 degrees C, in 24 hours the surface colonies

appear as smooth, gleaming points, whicih grow quickly into round or irregular

shaped masses. The centre becomes somewhat thicker and greyer. After

two days, they are three to five mm. in diameter. The whole colony has an

iridiscent lustre. Deep colonies appear as grey points. Seen through the

microscope, they are round, or somewhat irregular, clear, and darker at the

margin.

Agar Streak Cultures. The culture spreads over the whole surface, and

forms a smooth, faintly gleaming, thin, grey cover, wlhich appears blue when
the light falls on it. The condensation water becomes turbid and grev. On

/ e

Fig;. 22.—From the broncliial exudate No l(i.

('. A motile infusorium with ciliated crown.
Fig. 23.—Bodies from the slim.\' pus from the Regio

olfactoria, or hen No. 23. V. Ciliated cells witli
swollen nuclei, ji. A foreign body, perhaps of
vegetable ori"in.

agar, with 5 per cent, glycerine, the gro-wth is the same, only much slower.

Bouillon Cultures. In 24 hours, the bouillon is uniformly turbid. The
reaction is unchanged, and a grey sediment forms which diffuses uniformly
when the test-tube is shaken. After 4 or 5 days, a thin, grey pellicle appears
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on the suriace, which is easily broken and then smks in shreds to the bottom

of the tube. The culture has a very disagreeable, sweetish odor. Old cul-

tures are always very alkaline. Very old cultures become completely sedi-

mented. and brown in color. Growth occurs in slightly alkaline or acid bouil-

lon, and small lumps appear in the sediment.

Milk Cultures. In four days, the milk coagulates into a soft curd with

a tihin layer of turbid, yellowish-grey serum on the surface. The reaction is

slig-htly alkaline, and the curd digests slowly, as it takes about four weeks for

the curd to completely dissolve. Tbe liquid is turbid, yellowish-grey in color

somewhat thick, and with an alkaline reaction. There is usually a thick, grey-

ish-white sediment. The culture has a disagreeable odor.

On Potatoes, the roup bacillus develops fairly well, as a thm, grey,

smooth and shiny layer.

In Dunham's solution, a uniform turbidity appears. At the bottom, a

grey, flocky sediment forms. After three or four weeks the culture is dark

brown, very alkaline, and has a putrid odor.

T per cent, solution of Peptone with 4 per cent. Dextrose. In this

medium, a copious, diffuse turbidity forms, as well as a granular sediment. 14

per cent, of gas collects in 48 hours. The reaction is slightly acid, and re-

mains so.

Temperature relations. The roup bacillus grows best at a temperature of

37-40 degrees C, and it also grows well at room temperatures. 20-22 degrees C.

The thermal death-point (Sternberg's method) is 65 degrees C. for to

minutes.

Oxygen requirements. It grows best aerobically. Anaerobic cultures are

poor, and grow very slowly.

Relation to sunlight and dessication. An exposure of 2 hours to direct

sunlight CLat. -|2) kills the bacillus exposed in agar dish cultures. It suc-

cumbs to dessication in 6 days.

Action of disinfectants. The disinfecting power of the following chemicals

was :

Corrosive sublimate, i per cent 10-15 seconds.

Lysol. 2 per cent 1V2-2 minutes.

Carbolic acid, 5 per cent 12-15 seconds.

Creolin and glycerine, equal part. 5 c.c. in 100 c.c. water

( Friedberger-Froehncr ) 1-2 minutes.

Lime water (Sat. solution) 10-15 minutes.

Virulence.

The virulence of the roup bacillus was at first weak, but was much increased

by passing once or twice through pigeons. Like B. pyocyoneus, the roup

bacillus produced suppuration, but the efifect was strictly local.

Pathogenesis. Rabbits die after an intraperitoneal inoculation of I c.c.
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of a young bouillon culture in from i8 to 24 hours. Dissection shows a wide-

spread, purulent peritonitis, with slight bloody extravasations of the peritone-

um. Subcutaneous inoculations' of small quantities of bouillon cultures lead

to hot tumors, w*hich spread quickly and in which firm, hard centres form.
Ihe whole tumor gradually assumes the same hard, uneven condition. The
skin becomes dry, cracks, splits and forms a brown, thick crust which, after

some time, falls ofY. Under the crust, there is an extensive, uneven yellowish-

white, cheese-like mass, 2 mm. to 2 cm. thick, firmly adherent to the underly-

ing tissue. Gradually tlhis mass falls off, and regeneration of the tissue from
the edges of the skin follows. The hard, cheese-like masses look exactly like

the croup and diphtheritic membranes of fowls and pigeons. They consist

Fig. 24.—From the na^al secretion of hen Fig. 25.—Bodies from the under side of
No. 6. m. Kitt's "MoUuscum bodies." a false membrane from pigeon No. 11.
r. A red lilood cell.

of bacteria and leucocytes, as well as of some detritus. The general conditions

of the rabbits is poor, so Jong as there is a hot tumor. Later, their condition

miproves, though the animals remain very thin in spite of being well fed. In

a few cases, sympathetic inflammation of the eyes, purulent conjunctivitis on
one or both sides, purulent panophthalmia, perforation of the cornea, etc., oc-

cur during tihe course of the 'healing of the local lesions. If there are no com-

plications, the local lesions heal in from 3-5 weeks ; if the described complica-

tions set in, death comes after the disease has run its course lor 1-3 months.

Old cultures filtered through Chamberland filters, produced, when inoculated

intraperitonealy, neither death nor sickness.

Guinea Pigs. The effect of the roup bacillus was the same on these ani-

mals as on the rabbits.

Mice die in 12 to 18 hours from inoculation with 1-8 to 1-4 c.c. of a bouillon

culture of the bacillus. Dissection shows excessive swelling of the spleen.

Intraperitoneal inoculation gives rise to hemorrlhagic purulent peritonitis. The
bacilli are present in great numbers in the exudations and spi..'en ; whilst

they are but seldom found in the blood.

The effect of the roup bacillus on hens and pigeons, is shown in the fol-

lowing table of inoculation experiments.
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Table of the Natural Cases of the Disease.

o
X!

a
s
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Zurn says that diphtheria is a highly infectious disease. He claims that

secretion and exudation products of diseased birds are probable carriers of the

poison, but he did not support this statement with experiments.

According to the statements of Siedamgrotsky, Friedberger and Perroncito,

it is impossible, or very difficult, to infect healthy birds with the pathological

products of rpupy ones. Cornevin and Nicati, on the other hand, inoculated

the pathological secretions of diseased birds into healthy chickens and rabbits,

and produced diphtheria in these animals. According to Trinchard, it is easy

to infect healthy birds, the time elapsing from the date of infection to the first

symptoms of the disease being 7-20 days.

Babes and Puscariu were not able to produce the disease with diphtheritic

membranes, containing bacteria and numerous trichomonas.

Massanti transferred the disease with fresh pseudo-membranes containin;:r

many flagellata. When he killed these protozoa with salt, he never succeeded

in producing the disease. Loir and Ducloux infected healthy birds with the

blood and any of the parts of organs from diseased ones. Kitt states that a

transfer of croupous-diphtheritic membrane to healthy birds very frequently

produces no infection. Friedberger and Froehner declare that diphtheria caus-d

by protozoa can more easily be transferred to healthy fowls than diphtheria

produced by bacteria.

Moore tried to infect healthy chickens with pathological secretions and

exudations, and kept healthy fowls in with diseased ones ; but in no case was

he able to produce the disease.

Tn the following experiments, the diseased birds were obtained from the

poultry department of the Ontario Agricultural College. Most of the healthy

ones were purchased from different farms where no roup was present, but a few

were secured from the Poultry Department where they had been exposed to

infection, but had never become afifected.

Experiments to Ascertain if Healthy Birds Become Affected When Kept
WITH Diseased Ones.

Fowl No. I. Small hen about 6 months old, in fair condition. To irri-

tate the conjunctiva, a few drops of 2 per cent, acetic acid were dropped under

the left eye-lid. Then the hen was placed in the cage with diseased chickens

No. 1-5. 3 Dec. 01.

Dec. 9.—General conditions unchanged. From the left nostril a little serous

fluid escapes, when one presses on the dorsal wall of the nose, more of this

secretion exudes from the nostril.

Dec. 13.—The left nostril is closed entirely with dirty looking crusts of

dried up secretion, mixed with food particles. Under this crust is a small

quantity of a grey, sticky and putrid-stinking liquid.

Dec. 18.—Very copious stinking secretion runs from the left nostril. Gen-
eral condition disturbed. The bird generally stands at the back corner of the

cage, in a crouching position, the head drawn close to the body and very often

tucked under the wing. Eyes often kept shut, and the beak generally a little

open.
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Dec. 19.—Discharge irom both nostrils. Nasal secretion is slimy and

putrid.

Jan. 3, igo2.—Hen has lost very much flesh. All visible mucous mem-

branes are pale. General condition occasionally normal, but generally great-

ly depressed. Appetite always fair. On the mucous membrane in the mouth

is some sticky slime, and on both sides near the tongue there are two small

greyish-white pseudo-membranes about i mm. thick. They can be easily

removed. The mucous membrane under them is uneven, red and begins to

bleed at various spots.

Jan. 8.—Pseudo-membranes have disappeared from the mouth. The left

nostril is entirely closed by a dry, yellowish-white, cheesy mass, which can

only be removed with difficulty, when the surface underneath bleeds. This

diseased part was treated with a 2>4 per cent, solution of Creolin.

Jan. 9.—At the place treated with Creolin yesterday, a new pseudo-mem-

brane has formed. Treatment again renewed.

Jan. II.—The left nostril again blocked up by the cheesy yellowish mass.

In many places in the mouth, thin, grey pseudo-membranes and at two places

on the left side of the mouth yellowish-wihite patches of croup-membranes have

formed.

Jan. 14.—Both nostrils are free from any secretions, but the disagreeable

smell continues. At several places in the mouth, small pseudo-membranes

may be seen. General condition, fairly good.

From 15th of Jan. to 3rd of Feb.—Chronic catarrh of both nostrils, some-

times with serous, and at other times with much pus. From time to time,

the discharge from the nostrils may stop for one or a few days. There is

always a very bad smell present. Very often pseudo-membranes appear

in the mouth, especially on both sides near the tongue, around the entrance

into the larynx, or on the palate, etc., for one or a few days. They never

grow larger than 1-4 cm. The general condition was always disturbed, some-

times more, sometimes less, with loss of flesh and anaemia.

Feb. 3.—Killed with chloroform.

Post-Mortem : Thin carcass.

Conjunctiva and mucous membrane 01 the mouth very pale, without pseudo-

membranes. Nostrils are filled with dirty grey dried secretion. The mucous
membrane in the regio olfactoria is very soft, red and swollen. It shows at

several places, small, bloody extravasations. It is covered with a grey, slimy

mass mingled with pus and bloody streaks. The lower parts of the nasal

canals are blocked up with a mass, consisting of putrid slime, and solid granu-
les of solid white pus. The whole mucous membrane and submucous tissues

have disappeared. The cartilage of the left oral concha is at several places
black, dry and necrotic, or grey with very bad smell. In the dorsal wall of
the pharynx and the mucous membrane of the higher third of the oesophagus
are very many lymphoid follicles, swollen and filled with a yellow ciheesy mat-
ter. They extend often as deep as the muscles and consist of pus corpuscles
and four different kinds of germs (short thick rods, single or generally two
together

;
long chains of another germ ; streptococci and staphlococci). The
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organs are normal ; spleen and liver small. Cultures from these two organs

remain sterile. The putrid slime from the nostrils consists microscopically

of slimy masses, desquamated epithelial cells, pus, erythrocytes and very

many spirilla. A large coccus, several B. coli and aerogenes bacilli, and the

roup bacillus in a few specimens, were isolated.

Fowl No. 2. Healthy cock, about one year old. 13th Dec. '01. Was
kept in the same cage with fowl No. i, and the diseased chickens 1-5.

Dec. 21.—General condition normal. At the right nostril, a small quant-

ity of a clear serou^ fluid is visible.

Dec. 26.—The right nostril is entirely closed with thick grey, crusty se-

cretion. On taking this away, large quantities of a grey, putrid, stinking

slime exude from the nostril.

From Dec. 27 to January 10 there occurred chronic nasal catarrh ; some-

times discharging and at other times stopping. Offensive smell from nose

and mouth. General condition not much altered ; appetite good. No path-

ological changes were observed on the mucous membranes in the eyes and

mouth.

Jan. 29.—^For eight days, the bird showed neither nasal catarrh nor any

other abnormal appearance. Killed by decapitation.

Post-Mortem : Fairly well nourished carcass. In the nasal parts of the

right ductus lacrimalis are some small, brown spots, encased in the mucosa.

Fowl No. 5. Large, strong, well-developed hen, about i year old. It

was kept in a cage with infested fowl 4 for ten days.

Jan. 10.—^Both nostrils are partly closed by a clear, serous slimy, fetid-

smelling liquid. Mucous membranes very pale. General condition and ap-

petite, normal.

Jan. 14.—At the entrance to the laryn.K, and on the dorsal wall of the

larynx itself, a pseudo-membrane is located. It has an uneven surface, is

yellowish-white in color, i to 2 mm. thick, and can be removed with little

difficulty. The undersurface after removal begins to bleed at several spots.

Jan. 15.—At the place where the pseudo-membrane was removed, the
mucous membrane is apparently normal. Discharge from the nostril almost
entirely stopped.

From the T6th of January to the 4th of Alay chronic nasal catarrh of both

nostrils, with fluctuating severity, occurred. Often the mucous membrane in

the mouth had lor one or several days small pseudo-membranes. General

condition was abnormal during the later stages of the disease, with sleepiness,

diminished appetite, and all visible mucous membrane pale. Chronic anaemia

set in, as a secondary disease, following the roup.

Fowls Nos. 10 and 11 were healthy hens, about one year old. They were
kept with the diseased chickens the second half nf the month of December
iQOi, and the whole month of January. 1902. General condition remained un-

changed. Eyes and nostrils remained normal. Several times on the mucous
membranes in the mouth, small croupous membranes appeared for one or two
days ; then they disappeared again. The mucous membrane was pale, and
was sometimes covered with a stickv slime.
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Feb. 6th and 7th.—Left nostril of hen No. 10 shows a small quantity of

serous, odorless fluid, which had disappeared the next day. These two hens

remained normal and healthy

Fowls No. 6. a., b., c, d., and e., were kept with the diseased chickens

during the month of December. 1901. and January, 1902, without becoming in-

fected. Later these chickens were used for experimenting with the roup

bacillus, which had been made- virulent by passage through pigeons. All re-

acted with typical symptoms of chicken diphtheria.

Experiments to Show if Healthy Bikds Could be Infected wtih Secretion

OR Exudations of Diseased Ones.

Fowl No. 4. Young, healthy hen. 17th Dec. 1901. Some of the solid,

cheesy peritoneal exudation from diseased fowl No. 4. was rubbed on the

sound or slightly scratched membranes (mucous) of both eyes, the mouth,

and in the 'higher parts of the nostrils.

Jan. 18.—General condition normal. At the small scratch wound in the

mout/i the membrane is slightly swollen and red. A little clear, serous fluid

f^xudes from the right nostril.

Jan. 19.—nMouth normal. Both nostrils are moist, with a little serous

liquid having no smell.

Jan. 21.—The secretion from the nostril is grey, slimy and has a putrid

smell. On the mucous membrane of the right side of the mouth, an irregular

yellowish-white spot is located. It is about i m.m. thick and 1-2 cm. in size.

This patch was taken of¥. and the membrane under it bled at a few spots.

Jan. 14.—Chronic, putrid nasal catarrh. General condition unchanged.

Mucous membrane in the mouth always very pale, sometimes with small

pseudo-membranes.

Jan. 21.—In the middle of the palate, a pseudo-membrane is located, about

J4cm.2 in size, and i to i^'< mm. thick. It was removed and rubbed on the

left conjunctiva.

Jan. 22.—The membrane has reformed in the mouth. Eyes are normal.

Jan 2i.—Some new membranes have formed at different places in the

mouth.

From the 27th of Jan. till the middle of ]\Iarch, the chronic nasal catarrh

disappeared, after having ceased several times for only one or a few days.

The local infection in the mouth disappeared at the same time. General con-

dition was good.

Fowd No. 5a. Healthy hen. half year old. On the 17th of December, some

of the putrid nasal secretion from diseased chicken No. 4 was rubbed in and

upon the mucous of the eye and the regio olfactoria.

This hen never became sick or diseased.

Fowl No. 7. .\ hen like No. 5a was inoculated on Jan. 3rd. 1902. with

nasal secretion and pseudo-membranes from fowl 5. Inoculation on and

under the mucous membrane of the mouth, and on the mucosa of the regio

olfact. No visible reaction followed.
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Fowl No. 9. This fowl suffered from chronic diarrhoea. It was kept in

the stable for four months and then inoculated in eye-lids, mouth, and nos-

trils with croupous material from the eye-lid of diseased chicken No. il.

Fowl No. 8. Healthy cock, three years old. Had been kept in the stable

continually for three months.

Jan. 4.—On the scratched mucous membrane in the mouth near the tongue,

a croupous membrane from fowl 3 was rubbed in.

Jan. 5.—The mucous membrane at the place oi infection was red, and

covered with much saliva. General condition, normal.

Jan. 6.—At the place of infection, the mucous membrane is uneven grey ;

at several places, yellowish-white points appear.

Jan. 7.—Near the tongue, a croupous membrane has formed, yellowish-

white in color, i mm. thick and about i cm. in area. The surrounding mucosa

is reddened. After having taken off the membrane, the mucosa begins to

bleed. At several other places in the mouth, very thing, greyish pseudo-

membranes formed.

Jan. 8.—The pseudo-membrane near the tongue, which had been removed

yesterday, has reformed, and is larger than before.

Jan. 15.-—At the primary seat of infection, the croupous membranes have

disappeared, but a small croupous patch is located on the left side of the

mouth, and there are four others upon the mucous membrane of the palate,

near the entrance to the nasal cavity.

From the i6th Jan. till the 25th Feb.—0;ten pseudo-membranes appeared

on the mucous membranes in the mouth, and disappeared again in a few days.

The general condition at this stage was poor. All visible mucous membranes

were pale.

This fowl was killed and the post-mortem examination showed the exist-

ence of anaemia. No growths in cultures from the spleen.

Fowl No. 21. Young, healthy hen.

Jan. 3.—Was inoculated with slimy, putrid, nasal secretion from fowl

No. I, containing very many spirilla. i^ c.c. was injected into the mucosa
and submucosa of the mouth and nose, Yz c.c. into the right eye-lid and V2 c.c.

into the right pleural cavity.

Jan. 4.—General condition unchanged. Eye-lid slightly swollen and con-

junctiva moist. On the palate, one pseudo^membranous patch has formed,

% cm. in size, yellowish-white and cheesy. Mucous membrane of the mouth
is pale.

Jan. 7, and later.—General and local condition normal.

Fowl No. 24a.—This bird was inoculated the 23rd of January, 1902. with

material taken from the cheesy, degenerate lymph follicles in the oesophagus of

fowl No. I.

Fowl No. 25.—This chicken was inoculated with a solid mass of yellow-

ish pus taken from the eye-lid of diseased fowl No. 21.

In both cases, the eye-lids became swollen for a few days. The mouth
remained unchanged, and the general condition was never disturbed.

Besides these experiments, we tried to infect six other chickens (6-12
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months old) with pathological secretions and exudation products. Several

times the eye-hds became swollen for a few days, but no typical roup disease

could be produced.

These results show that out ot lo healthy chickens, kept with diseased

ones, five became infected. In four cases, nasal catarrh appeared in from 6

days to i^4 months. In the same birds, pseudo-membranes sometimes ap-

peared in the mouth for a few days. In fowl No. lo only, they appeared

without any changes in the nostrils. Five fowl did not take the disease at

all, although they were exposed to the same infection.

Of the 14 chickens and i pigeon (see later) which we attempted to infect

with secretions and exudations from diseased fowls, only two fowls (Nos. 4

and S) became diseased with roup. These experiments show that chicken

diphtheria, or roup, may be transferred.

Experiments to Infect Healthy Fowls with Bacillus Cacosmus (the Roup

Bacillus.)

Fowl No. 3. Small hen, weak constitution, about one year old.

Dec. 17.—The conjunctiva and the higher parts of the nasal mucosa were

irritated with dilute lactic acid, after which a portion of a young agar culture

of the roup germ (isolated from diseased hen 4) was rubbed in.

Dec. 18.—General condition unchanged. At the right nostril, some fluid

can be seen.

Dec. 21.—At the right nostril, a small quantity 01 a slimy, putrid secretion

is apparent. Disagreeable smell.

Jan. 8. 1902.—Typical chronic nasal catarrh is present. Mucosa of the

mouth is pale. Under the tongue, an irregular croupous membrane is lo-

cated, about I mm. thick. This membrane was difficult to remove, and after

removal the surface beneath bled.

Jan. 9.—An extended new membrane has formed at the old place. It

-was again removed, and cultures were made from the mucous membrane ly-

ing beneath the false membrane, from which the roup germ was subsequently

isolated.

Jan. 10 to Feb. 10.—Nasal catarrh remained chronic and putrid. The

croupous membrane disappeared after having reappeared after four daily

removals. Later, several small membranes appeared at different places in

the mouth.

April 24.—The discharge from the nose has disappeared for 8 days, and

there is no disagreeable smell. All visible mucous membranes are extra-

ordinary' pale. General condition, norma!. No apparent loss o: flesh during

the disease.

Fowl No. 13. Healthy hen, about 8 months old.

Jan. 10. 1902.— 1/2 c.c. of a bouillon culture, made from parts of the epithel-

ial membrane under a removed croupous patch of diseased chicken 9, was

subcutaneously inoculated. The culture was not pure, but the most numer-

ous germ was the roup bacillus. .\t the place of inoculation, a hot tumor

appeared, and became slowly resorbed in a few days.



30

Fowl No. 4. Weak hen, about ^ year old.

Jan. \2.— Inoculated in the mouth with an anaerobic bouillon culture, 48

hours old, made with the same material from diseased chicken No. 9. It

contained coli and roup bacilli, and a streptococcus.

Jan. 13.—At the place of infection in the mouth, two small white spots

have formed.

From 14th of Jan. till loth of Feb.—General condition, normal. Several

times, small croupous spots formed on the mucous membrane in the mouth

for a few days.

Fowl No. 18. Healthy young hen.

Jan. 12.—Was inoculated with an aerobic culture from diseased hen No.

9 in the mouth and under the right conjunctiva. This culture contained the

roup bacillus, and some long and thick rods, and a few cocci.

Jan. 14.—The infected eye-lid is slightly swollen. Mouth, normal.

Jan. 15th till Jan. 23rd.—General condition always normal. Swelling-

of the eye-lid disappeared. Mouth never affected.

Fowls 22 and 2^. \bout 6-month-old hens.

Jan. 21.-—A young agar culture of the roup bacillus, isolated from fowl

3, was inoculated in the mucous membranes of the mouth and nose without

any abnormal changes subsequently taking place.

Fowl 26. Healthy hen, i year old.

Had suffered from natural roup at the beginning of winter, but wholly

recovered after being diseased for two months.

March 15.

—

% c.c. of a young culture of the roup bacillus, isolated fr(nn

an infected pigeon, was inoculated in the left superior eye-lid, and in the

pleural cavity.

March 16.—^General condition very much disturbed. Eyes were kept

shut, left eye-lid swollen, and warm. The conjunctiva is very watery, and

grey. Under the eye-lid, there is much sHmy matter. The bird breathed

through the beak with loud inspiratory noise.

March 17.—General condition much improved. Respiration through the

beak, swelling in the eye-lid diminished. Killed by decapitation.

Post-Mortem : Carcass in a fairly well nourished condition. Conjunctiva,

pale and watery. In the depth of the submucous tissue of the left eye-lid, a

solid mass of grey pus, about i]/- cm. long, is found. It can be extracted with-

out breaking, being surrounded by a smooth brown membrane. At several

places in the periorbital tissue, similar pus masses are present, but was sharply

separated from the surrounding tissue. The interior eye is in tact. The nasal

mucosa in the regio olfact. is highly reddened and covered with much slimy

putrid secretion. In the mucous of the left lacrymal canal are small bloody

extravasations. Lungs are oedematous.

Fowl No. 27. Small healthy hen, about one year old.

Had several times been inoculated with the roup bacillus without result.

On the 28tih of April, this bird was again inoculated with a young agar culture

of the roup bacillus, which had been passed through two pigeons. ^ c.c. was
injected into each of the upper eye-lids, and 3 c.c. in the right pleural c?vity..



s

31

The next day, the eye-lids were swollen, and the general condition of the fowl

was disturbed. In a few days, all pathological symptoms had disappeared .

Fowl 28. Large strong hen, about i^ years old.

Had been diseased with roup at the beginning of the winter, and entirely

recovered.

March 15.—Was inoculated with 11.2 c.c. of a 24-hour-old roup culture in

the right pleural cavity, and % c.c. under the conjunctiva of the right eye.

March 16.—^General condition disturbed. Small swelling of the eye-lid.

]\larch 17.—Condition, normal.

April 14.—Subcutaneously inoculated with a 5 c.c. of a culture of the roup

bacillus near the sternum.

April 15.—General condition, normal. Locally no change.

April 22.—5 c.c. of a 24-hour-old roup culture again subcutaneously ino-

culated.

April 23.— General condition much disturbed. The bird is apathetic and
mopes in a corner of the cage. Locally, no change.

May I.—General condition still disturbed, with loss of flesh. All mucou
membranes are pale ; no appetite.

The 14th of June, a stinking diarrhoea set in, and the fowl died on the i8th.

Post-mortem examination showed many grey, solid nodules in both lungs.
and a slimy catarrh

; at other places, a hemorrhagic inflammation of the thicker
bowels.

Fowl No. 29.—Young hen which had been afifected with roup in the early

winter ; healthy when inoculated.

March 16.—Inoculated in mouth and eye-lids with a culture of the roup

germ, which had been passed through pigeons.

March 17.—Eye-lids considerably swollen, and hot. On the right sid',?

there is a serous secretion from the conjunctiva. Conjunctiva is grey, swoll

en and soft. General condition, highly disturbed.

^larch 19.—In the depth of the right upper eye-lid, a solid round tumor hai?

formed. It is neither in direct contact with the mucosa or cuticle of the eye-

lid, both being movable upon it. Conjunctiva, grey-brown in color. Slimy,

putrid catarrh of the conjunctiva. The left upper eye-lid is but slightly swoll-

en. and no conjunctival catarrh exists. General condition, very much dis-
turbed. Bird apathetic, with almost no appetite.

March .re—The tumor in the right eye-lid is better, and symptoms of

acute inflammation have disappeared. Secretion of the conjunctiva is slimy

and putrid. General condition, much better.

^larch 21.—Dead.

Post-Mortem : Carcass fairly well nourished. The solid tumor in the

right upper eye-lid consists of a firm mass of pus. 2 cm. long. I2 cm. wide, and
2 mm. thick : color grey. It can be easily extracted, being surrounded by
a dirty grey, smooth membrane. Conjunctiva is grey, and uneven. In the

submucous tissue of the left upper eye-lid, there are a few grey layers of pus,

not surrounded by a membrane, as in the right eye-lid. The inner eye and
other organs unchanged.
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Fowl No. 30. Healthy hen, about 2 years old, had been diseased with

roup at the beginning of the winter ; but apparently healthy when inoculated.

March 17.—Was inoculated with the solid matter (suspended in sterile

water; irom the eye-lid of fowl No. 26. A few drops were injected into the

right upper eye-lid, i c.c. in the right thoracic cavity. The solid matter con-

tained leucocytes and roup germs.

March 18.—Small swelling of the eyelid, without pathological scretion of

the mucous membrane. General condition, very much disturbed.

March 20.—General condition, better. Sometimes the hen coughs. Swell-

ing in thf eye-lid mostly disappeared.

Later, the fowl recovered entirely.

Fowl No. 31. Had been diseased before. Inoculated in the same man-

ner as fowl 30. After 24 hours, the general condition was very much dis-

turbed, the eye-lid swollen, but the bird recovered in a few days.

Hen No. 32. Hen, gray, about one and a half years old. Had suffered

with natural roup till New Year. Healthy now.

March 19.—Inoculated with a small quantity of the cheese-like matter from

pigeon 12 (which had been inoculated with the roup bacillus) on the mucous

membrane of the mouth and in the pleural cavity.

March 20.— General condition disturbed. A croupous membrane has form-

ed in the mouth, about 54 cm. in size and i mm. thick. It can easily be re-

moved. The mucous membrane under it is uneven and grey.

March 2b.—General condition, better. At several places in the mouth cav-

ity, small pseudo-membranes have formed. Appetite lacking.

April 8.—Great loss of flesh. General condition, very bad. Fowl general-

ly lies on the 'ground and does not care for food. Killed.

Post-Mortem: On the left side is a chronic indurative pleuritis (pleura thick

and uneven, gray); liver small, spleen very large, without germs. The interior

of the thin boweU contain a little food mixed with much slime. In the mucous
membrane are petechial spots at many places.

Fowl No. 33.—Small hen, abont 2 years old, had been diseased with roup.

Was inoculated like fowl 32. Only a quirkly passing disturbance of the general

condition was tihe result.

Fowl No. 34.—Large, healthy hen that had never been diseased, about i;-2

years old.

March 24.—Inoculated with agar culture (28 hours old) isolated from pigeon

20 (second passage through pigeons). The culture was rubbed in the mucous
membrane of the mouth, and 1-8 c.c. was injected under the mucous membrane
of the upper eye-lids.

March 25.—General condition disturbed. Hen takes no interest in its

surroundings, but cowers in a corner of the cage, with the neck drawn close to

body, and eyes shut. The right, upper eye-lid is considerably swollen, and has
its skin reddened. Conjunctiva gray. The left upper eye-lid is slightly swollen.

Mucous membrane in the mouth is pale. Several yellowish-white pseudo-mem-
branes are located on the tongue, and tlie mucous memlM-ane near it. The
submucous tissue on the bottom of the mouth cavity is oedematous.
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March 26.—The oedema under the tongue has increased and spread over

the face, up towards the eyes. The right eyc-Iids are sticking together, and

cannot be opened. On the mucous membrane of the pliarynx are several

pseudo-membranous spots. The whole mucous membrane in the mouth is

covered with clots of saliva.

April 2.—General condition improved. The right eye is always kept shut,

and the lids are sticking together. Beneath the eye-lid there are putrid, slimy

masses, and conjunctiva is dirty gray. The upger eye-lid is much swollen, the

swelling having extended especially towards the nostrils.

April S.^Condition the same On the conjunctiva of the right upper eye-

lid, a croupous membrane is located, yellowish-vvhite, uneven, 2-3 mm. thick,

and about J4 cm. in size. It can be removed. The mucous under it is uneven,

gray and begins to bleed at several places. The oedema under the tongue has

become absorbed. A small pseudo-membrane has formed on the palate near
the entrance to the nasTl cavitv

April 10.—General condition very bad. The fowl cowers in a corner of

the cage, and pays no attention to its surroundings. It kepes its eyes shut,

and the feathers are in great disorder. The appetite is very poor, and the

whole face is much swollen. The wattles are swollen and prominent.

April 13.—General condition is improved. The purulent secretion from
the right eye has diminished. The swelling of the face still exists. At several

places fluctuation can be noticed ; at others, an emphysema.
April 16.—The whole tumor is less hot, and is in an emphysematous con-

dition. The tumors in both upper eye-lids are in communication with the

tumor of the whole face. A croupous membrane still exists on the palate.

April 24.—General condition very bad. The hen lies most of the time
on the floor of the cage in a comatose condition. The local changes have
remained as they were, but the purluent conjunctivitis on the right side has
almost entirely disappeared

-\pril 26.—Dead.

Post-Mortem : Carcass almost destitute of flesh and fat. Mouth and nares
seemingly normal. Spleen a little swollen. In the subcutaneous tissue of the

head there is a putrid abscess, the pus is dark brown, liquid, mixed with solid

I'heesy masses, and stinks oflfensively. The walls of the abscess are formed
bv a pyogenous membrane, which is covered with a solid layer of cheese-like.

dry matter, having the appearance of the pseudo-membranes in the mouth. The
roup bacillus was found in the pus, together with large numbers of coli-like

bicteria. The spleen contained some coli-like bacilli.

Fowl No. 35.—Healthy ben, about one year old, which had never hnd roup.
Ti- was inoculated with the same culture as fowl No. 34.—two drops in the
upper eye-lid of the right eye, and two drops into the high parts of the nose,
the needle of the syringe being thrust through the dorsal wall of the nose.

March 24.—General condition much disturbed. SAvelling of the right eye
(considerable, hot and firm, and the skin reddened. In the eye-lid, large quant-
ities of slimy lacrymal secretions are present. Conjunctiva gray and swollen.
Two small pseudo-membranes are located on the Conjunctiva of the upper lid.

3 Bull. 132
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The right nostril is covered with dirty gray, partly dried secretion. Under the

tongue a croupous membrane has formed, being about 34 cm. 2 in size.

March 26.—General condition bad. The hen lies on the bottom of the

cage in somnolent state ; occasionally it wakes up, rises and walks around, tak-

ing some food or water. The tumor in the right eye-lid has grown down the

fa("(^ ;is far as the wattles. It is soft and hot. The eye-lids are sticking to-

gether. By opening them, a large quantity of a purulent secretion exudes ; and

a clear jelly-like mass about one c.c.m.2 in size, can be removed from the depth

of the eye-lid. A pseudo-membrane, about 2-^ mm. thick, has formed on the

conjunctiva at the bulbus oculi, just over the cornea. On removal, the mucous
membrane beneath begins to bleed. The membrana nicticans is greatlj' swoll-

en. On the interior side a pseudo-membrane has formed about 4 mm. in size.

The Dseudo-membrane in the mouth has increased in thickness and size. A
purulent secretion exudes from the right nostril.

ATarch 27.—General condition, better. The membrane on the ludbus oculi

lias reformed and the jelly-like mass in the lid sack has reappeared, but is now
turbid and gray.

March 28.—The secretion from the nostrils smells offensively. The right

eye-lids are again sticking together, and the eye-lid contains a jelly-like, gray-

isih ma<;'5

IMarch 29.—^General condition is very bad. The eye-lids are sticking to-

gether and bulge out, because a yellowish-white, solid cheesy mass fills the

whole eye-lid. This mass has formed from the jelly-like mass, which had been

removed yesterday.

April I.—Dead.

Post-Mortem: Fairly well nourished carcass. Left eye normal. The

right eye-lid diffusely swollen. Between the partly opened lids a cheesy tumor

protrudes (See Fig. N. 11). It fills the whole eye-lid and can be removed

by pressing on the eye-lids. The conjunctiva gray and uneven. On the

upper eye-lid a small pseudo-membrane has formed ; similar membranes are

located on the outside and inside of left eye-lid. Small masses of solid yellow-

ish matter can be found in the subcutaneous tissue of the upper and lower eye-

lid. The nasal cavities are blocked up w-ith cheesy yellowish-white matter. The
right infra-orbital cavity is filled up with the same cheese-like substance. On
account of the pressure of this mass, the lateral bone-wall has disappeared,

and the cheesy mass lies directly under the skin of the face. The mucosa of the

nares is grey and \'ery soft. I'he mouth ontains sticky masses of saliwi ;

spleen and liver are small and normal. Cultures made from portions of these

organs remained sterile.

Fowl No. .^6. Young healthy hen.

March 24.—Was inoculated like fowl No. 35, in the nose and right eye.

March 25.—General cundition is considerably disturbed. Eye-lids swollen,

conjunctivitis, on the upper lid is a small croupous membrane. Nostrils are

dirty. A small quantity of yellowish-white liquid can be pressed out of the

risht one.

March 26.—The pseudo-ni<nibranc cm the eye-lid has spread upon the bulbus
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ocuH. It is about 1-2 mm. thick, and was removed. The mucous membrane

under it is grey and uneven. Several small thin membranes have appeared

near the tongue.

March 27.—The membrane in the eye has reformed General condition

improved.

April 2.—A solid, smooth tumor has formed in the depth of the right upper

eye-lid. It has extended towards the nostrils.

April 15.—Chronic, putrid conjunctivitis. Eye-lids often sticking together.

Croupous membranes of the Conjunctiva always reappear after removal. Small

pseudo-membranes often appear in the mouth. General condition disturbed

ivith loss of flesh. Killed.

Post^Mortem : Eye-lid contained gray, slimy masses. Mucous is uneven.

A cheesy membrane, about one cm. 2 in size and two to four mm. thick covers

the mucosa of the upper eye-lid. (.Fig. 9). It adheres firmly to the mucosa,

and is directly connected with solid, cheesy matter in the depths of the eye-lid.

The mucous membrane of the nares shows a few small, bloody extravasations.

Other organs are normal.

Fowl No. ^7. Healthy, young hen which had had roup in the early winter.

Inoctdated like Fowl No. 36 in the left eye. After 24 hours, the eye-lid was
swollen. Later a heavy, putrid catarrh of the conjunctiva set in, and pseudo-
membranes formed several times on the conjunctiva. The general condition

was more or less disturbed, and the appetite normal.

April II.—The posterior half of the cornea was covered with an irregular

pseudo-membrane, about i>2 mm. thick, yellowish-white, the other half clear,

with the exception of a small turbid border near the pseudo-membrane. .A.t

the same time, the conjunctival secretion smeVt offensively,

April 12.—A great part of the pseudo-membrane had disappeared, leaving

the cornea uneven and gray. Two small membranes have formed on the up-
per eye-lid. At the place where the cornea had been covered by the pseudo-
membrane, an ulcer developed, grew deeper and deeper, and opened on the
17th of April into the anterior eye cavity. The lens fell prolapsed and grew
together with the perforated cornea. The cornea wound soon became filled

up with a gray granulated tumor, which regenerated slowly.

The general condition was very much disturbed, and never again became
normal.

On the ist of May, the general condition' was very bad. All visible mucous
membranes were very pale. The sweihng in the eve-lids and the conjunctival
catarrh have disappeared, but the hen was b'ind. Death o^ccuTed on the 4th
of Jtme.

Post-Mortem
: The Post-mortem examination showed all symptoms of

severe anaemia. The corpora vitrea were partly, softened, the retina split in
many places and portions of the retina were mixed with th.e liquefied corpus
vitreum.

Fowl No. 38. Hen about two years nld.

April 3.—Was inoculated with virulent Roup bacillus, 1-5 c.c. under the con-
junctiva of the right eye. and on the scratched mucous membrane of the mouth.
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April 4.—The eye-lids were inflamed, hot and sticking together. Under

the eye-Hd, there is much slimy lacrymal secretion, and a jelly-like mass. The

places of inoculation in the mouth are covered with thin pseudo-membranes.

General condition disturbed. Later on, several small croupous membranes

formed on the mucous membrane in the mouth.

April II.—The whole eye-lid was filled with a cheesy, solid mass, which

could easily be removed. Conjunctiva dirty gray. On the upper eye-lid a

fairly large pseudo-membrane has formed. The next day the cheesy mass

had reformed larger than before.

April 24.—A large solid tumor has formed in the depth of the upper eye-

lid. The pseudo-membrane could scarcely be removed. Later, the putrid

conjunctival catarrh ceased, the pseudo-membrane disappeared, the tumor in

the eye-lid remained unchanged. The general condition was slightly disturb-

ed, and the hen lost flesh.

Fowl No. 39. Inoculated with a Roup culture, which had been passed

twice through pigeons, but then cultivated on agar for three weeks. The eye-

lids became swollen, but the swelling soon subsided. General condition re-

mained normal. The culture, therefore, had lost most of its virulence.

Fowls No. 42-45. Healthy young bens, inoculated with freshly isolated,

virulent Roup bacillus, on the mucous membrane in the mouth. Everywhere

croupous membranes appeared at the places of inoculation. There they re-

mained for a few days, and generally reappeared after removing once or twice.

The most severe reaction occurred in fowl 43 the day following the in-

fection ; the general condition was very much disturbed, the beak was kept open,

and much saliva was found in the mouth. The palate was covered with a

whitish croupous membrane. Other membranes were located in the pharynx.

The last pseudo-membranes disappeared in all these infected fowls in two
or three weeks.

Pigeon Inoculations.

Pigeon No. i. This bird was inoculated in both eye-lids, and on the

mucous membrane in the mouth, with cheesy matter taken from the wattles

of diseased fowl No. 24.

Feb. 18, 1902.—The only result was a swelling of bhe eye-lids, which quick-
ly disappeared.

Feb. 27.—Condition normal. . Some croupous membrane taken from a

diseased fowl was rubbed on the mucous membrane of the pigeon's mouth, and

on the conjunctiva.

March 4.—Normal. Inoculated % c.c. of a culture of the roup bacillus,

which had been grown for several months on agar. The next day the bird

was weak and somnolent, with no appetite. Both eyes are kept shut, the eye-

lids sticking together ; conjunctivitis.

April 17.—The acute conjunctivitis generally became chronic and putrid,

but disappeared after a while. No pseudo-membranes formed on the con-

junctiva, but several of them appeared on the mucous membrane of the mouth

for several times. The general condition was better.
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Inoculated 2 drops of a roup culture (24 hours old) in the left conjunctiva

on the upper eye-lid, and into the mucous membrane of the mouth.

April 18.—General condition very much disturbed ; eye-lids sticking to-

gether, and swollen. The lid-sack contains slimy tears. A whitish pseudo-

membrane has formed on the palate. Inoculated 3 c.c. of a filtered (sterile)

bouillon culture under the skin.

April 19.—Condition like yesterday. The filtered culture has been entire-

ly absorbed.

April _-8.—The chronic catarrh of the conjunctiva still exists. In the depth

of the upper eye-lid, a solid tumor has formed. Good general condition.

Pigeon No. 4, This bird was inoculated on the 18th of February with

cheesy masses, taken from the lungs of fowl 41 (B. pyocyaneus), on and in the

mucous membrane of the eye and mouth.

Feb. 25.—General condition, not disturbed. The day following the in-

fection, small croupous membranes formed at several places in the mouth.

The whole palate is covered with a yellowish-white diphtheritic membrane
which was difficult to remove ; the mucous membrane was uneven, gray and

bleeds. The eye-lids are slightly swollen.

March 6.—The pigeon is apparently normal. V^ c.c. pure culture of the

roup bacillus was inoculated into the left pleural cavity.

^larch 8.—'General condition very badly disturbed.

March 13.—General condition has slowly improved. All mucous mem-
branes are very pale. On the palate, a small croupous membrane has formed.

Killed.

Post-Mortem: Left lung is firmly adherent to the pleura. The central

part of the lung, that is, the region of the branching of¥ of the larger bronchial

tubes from the wind-pipe are solid, and inflamed. In the centre 01 this in-

flamed area is a solid, dry cheese-like, yellowish-white mass, measuring about

I c.c. in diameter. This mass is partly surrounded with a smooth red-brown

membrane. Spleen is small, and cultures made from it remained sterile.

Pigeon Xo. 3. Inoculated the i8th of February in the same manner as

pigeon 4, and in addition i c.c. of the cheesy mass, triturated in sterile water,

was injected in the left pleural cavity. The general condition was very much

disturbed for the first 3 days after inoculation. The eye-lids were swollen, and

a few small croupous membranes appeared in the mouth.

Feb. 27.—Condition normal. Some of the mucous membrane from fowl

No. 27 was inoculated, after trituration in sterile water, into the mucous mem-

brane of the eyes and mouth. No reaction followed.

March 6.—1-5 c.c. of a culture of the roup bacillus was injected into the

left upper eye-lid. The eye-lid became very much swollen, and an acute ser-

ous conjunctivitis developed, and became slimy and putrid. h solid tumor

formed in the swollen eye-lid. The general condition was much disturbed at

the beginning and slowly became better.

May 6.—General condition normal. Local conditions have disappeared

with the exception of a solid tumor in the upper eye-lid.

Pigeons No. 5. 6. 7. 10. and 11. These birds were inoculated in the mouth
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and eye-lids with aliDut 1-5 c.c. O'f a bouillon culture of tlie roup bacillus, which

had been growing on artificial media for about two months. The only re-

sults were slight swelling, whicb generally disappeared after a few days. They

were inoculated again with the roup bacillus, wdiich had been previously passed

through two pigeons. Local swelling followed the iniection. with putrid,

chronic catarrh of the conjunctiva, and diphtheritic membranes in the mouth.

Tn pigeon No. 5. on the 20th day after the infection, a bad swelling, with

putrid catarrh of the nostrils, set in. and remained until death occurred. The

tumor in the left upper eye-lid trrew down towards the nostrils. The side of

the face became very much swollen, hot and painful. .\fter a while, the centre

of the tumor became solid, and the left half of the palate began to grow down

into the mouth cavity. At the lateral side of the palate, croupous membranes

appeared, and always reappeared afer removal. At other places in the mouth

and pharynx, similar membranes appeared. The general condition of this

bird was always disturbed. Tt lost most of its flesh, and died the 14th of

.^pr^]. (Second inoculation had taken place on the Qth of February").

Post-AIortcm : A putrid chronic conjunctivitis is present. The tumor on

the left side of the face is formed by a solid yellowish-white cheesy mass, b^-

ing just under the skin. This cheesy mass protrudes into the infra-orbital

cavity, and also fills the nasal cavities. The tumor had pressed down the 'e^t

part of the palate towards the mouth cavity and cause a total absorption fby

pressure") of the bone at the lateral edge. Here, a thick yellowish cheese-

like pseudo-membrane had formed, and this was in direct contact with the

cheesy matter in the infra-orbital cavity. The lower parts of the nasal cavity

contained a little putrid, slimy secretion, which liad an offensive smell.

Tn Pigeon 6, a putrid catarrh of the nares appeared the 6th day after the

second infection (19th of ^larch). The left palate began to be pressed down
towards the mouth. On the nth day (24th of IMarch) both nostrils were en-

tirely closed with dried secretions, and the bird kept its beak open for breath-

ing. The left eye was shut, the lids sticking together. On opening the lids,

a putrid, slim}- secretion, containing many solid, cheesy masses, could be press-

ed out. The anterior part of the cornea was covered with yellowish, uneven

pseudo-membranes. This was removed, and the remaining cornea had th?

appearance of a cancer. Tt was soon covered again with a pseudo-membrane.

The general condition had not been very much disturbed at the beginning.

but grew worse towards death, which occurred the 27th of March, that is 15

days after the second, or 39 days after the tTrst inoculation. (See Fig. 8).

Post-^Iortem : Carcass in poor condition. Nostrils and left eye are cov-

ered with dirty, offensive s^melling secretions. The left conjunctival sac con-

tains a slimy, putrid, lacrymal secretion, and a solid, cheesy mass. Con-

junctiva is gray and uneven. Only a small part of the cornea, the posterior

edge, has a normal appearance, the other part beng covered with a pseudo-

membrane, wdiich had spread upon the surrounding conjunctiva. No turbid

zone betw-een diseased and healthy cornea exists. Under the pseudo-mem-

brane, the cornea has the appearance of a cancer. A solid yellowish, cheesy

mass was extracted from the left upper eye-lid. There was also a little tumor
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under tlie lower eye-lid. The intra-orbital cavity is filled with cheesy matter.

The palate is pressed down towards the mouth cavity. The mucous mem-
brane of the nares is gray and swollen. The nasal cavities are filled up with

a stinking, putrid, slimy secretion. A small pseudo-membrane is located in

the pharyngeal membrane. Liver is enlarged ; spleen small, and contains a

few coli-like bacteria.

In Pigeon No. 7 no nasal catarrh set in. The putrid secretion from the

left eye smelt offensively. Conjunctival catarrh and swelling of the eye-lids

had disappeared in six weeks. Inoculated a third quantity of a virulent cul-

ture, with the same severe reaction as with the second.

Pigeon No. 10 suffered from a severe putrid catarrh of the conjunctiva for

two months after the inoculation. In the latter stage of the disease, severe

diarrhoea set in.

Pio-eon No 11 had been inoculated the second time with i c.c. in the pleural

cavity.^nd with a few drops in the right upper eye-lid. General condition was

very'much disturbed at the beginning; later, it became better, only to be-

come worse again. A putrid catarrh of the right conjunctiva developed, and

a solid tumor formed in the depth of the upper lid. 7 days after the second

infection the pigeon was dead. (23rd of March).

Post-Mortetn : From the eye-lid. much solid, cheesy matter was extracted.

The conjunctiva was gray and swollen : the cornea turbid, but smooth
;
the

corpus vitreum was partly liquefied, turbid, and contained pieces of the des-

troyed retina ; the periorbital tissue has a few gray spots of pus. The central

part of the right lung is completely congested, red and contains a small, putnd

centre. The pus was liquid, with an offensive smell.

Pigeon No. 15. This case was similar to that of Pigeon No. 11. The

bird died 5 days after the second inoculation.

Pigeon No. 9. Was inoculated with a virulent culture of the roup bacillus

by rubbing this on the mucous membranes of the mouth and nostrils. (5th of

March).

Small croupous inembranes appeared in the mouth. Genera! condition

was much changed. Five days later the pigeon was killed.

Post-Mortem : The lower parts of the nasal cavity coitamed much putnd

secretion. The left infra-orbital cell was filled up with a solid, cheesy mass.

The mucosa of the nose was gray, with small blood extravasations at several

places ; a cheesy mass had formed, in the submucous tissue underneath the

tongue. Near this place, the mucous membrane bears a small diptheritic spot.

Pigeon No. 12. Was inoculated 14th of March with a roup culture (fresh-

ly isolated from the nares of fowl No. 23), in the mouth, nose and pleural

cavity. General condition was a little disturbed the next day, when a croup-

ous membrane formed between larynx and base of the tongue. Later on,

other pseudo-membranes appeared.

^Slarch 18.—Near the left angle of the beak, a new croupous membrane has

formed, and the left nostril was partly blocked up, with an offensive, gray se-

cretion. General condition bad. The bird lies most of the time on the

bottom of the cage in a somnolent condition.
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March 19.—Dead.

Post-Mortem : The central part of the right lung was inflamed. This

lung contained two, small pneumonic spots. All other interior organs were

normal, the spleen containing but a few colon bacilli. The nasal cavities were

<filled up with a slimy, gray offensive secretion, which contained many cheesy

masses. The left infra-orbital cavity was full of a yellow, cheesy matter,

which was in direct contact with an extensive pseudo-membrane on the palate

and left side of the mouth cavity.

Pigeon No. 13. Was inoculated with roup bacillus like pigeon No. 12.

The general condition was disturbed. Six days after the infection, the pigeon

was killed.

Post-Mortem : Nares apparently normal. Under the tongue, 2 small

pseudo-membranes have formed. The submucous tissue contains a solid,

cheesy mass, about as large as a hazel nut.

Pigeon No. 14. Was inoculated with a roup culture which had been

growing in bouillon for 4 weeks. 1-5 c.c. was injected into the conjunctiva

of the upper eye-lid and mouth. The general condition became disturbed.

The eye-lids became swollen, and a solid tumor formed in it. This tumor

began to get soft again after two months, and finally showed typical fluctu-

ation. Size of the tumor, about 2 cm. 2. Two and a half months after the

infection (14th of April), the pigeon was killed.

Post-Mortem : The tumor in the eye was caused by an abscess. The

centre contained liquefied, putrid, gray pus. The walls were formed by a

solid cheesy matter, which again was surrounded by a pyogenous membrane.

Pigeon No. 16. Was similar to pigeon No. 14.

Pigeon No. 23. Was inoculated with a virulent roup culture. The gen-

eral condition was considerably disturbed. Small croupous membranes form-

ed on the mucous membrane in the mouth. Five days after the infection (14th

of April), a serous catarrh of the left nostril became apparent. Two days

later, the pigeon had a very offensive smell. These symptoms disappeared

after a few days, and the pigeon recovered.

Resume or Inoculation Experiments.

Reviewing our experiments with the 24 chickens, we see that to produce

a typical case of roup, it was necessary to use a freshly isolated roup bacillus

culture (fowl No. 3). Fowls 22 and 23 had been inoculated with the same
culture grown for some time on artificial media. This caused considerable

loss of virulence and failed to produce the disease.

Fowls 13. 17 and iS were inoculated with young cultures from some of

the diseased parts of naturally infected fowls. These were not pure roup

cultures, and their effect upon the chickens was only a slight one. By pass-

age through pigeons, however, the roup bacillus was made more virulent.

The bacillus was usually isolated on agar or gelatine plate cultures.

The fowls 26. 28-33 were infected with a culture passed through one pigeon.

These fowls had been suffering from natural roup in early winter, but at the
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time of their inoculation were quite healthy. Four out of the six became

diseased, while the rest showed only passing symptoms and disturbances.

A second series of experiments was carried on with roup cultures which

had been passed through two pigeons. The chickens concerned in these ex-

periments are No. 34-39 and 42-45- One of them, i.e., fowl 39, was infected

with a culture which had been grown on artificial media for three weeks, after

isolation from the second pigeon ; in this case the bird was only very slightly

affected. In all the other fowls, the cultures were used as soon as possible

after isolation from the last pigeon. All reacted with pronounced symptoms

comparable to those of a natural attack of roup. Two cases ended in death

in five and thirty-three days respectively. Two lead to chronic loss of flesh

and were anaemic. Fowl 2,(> was killed after a bad attack which lasted 22 days.

The other diseased fowls recovered in 3 or 4 weeks.

The virulence of the roup bacillus might be made even more virulent by

passage through a longer series of pigeons.

The pigeons themselves can be infected with the roup bacillus and show

symptoms identical with those in chickens, but we seldom hear (A pigeons

sufifering from roup under natural conditions, but they may become diseased

as has been proven by these experiments. Very probably, they are more

resistant against the natural channels of infection, being kept in relatively

healthier localities than the average flock of farm chickens.

Fowl No. 27 could not be infected even with large quantities of the viru-

lent cultures of the roup bacillus. It seemed to possess a natural immunity

to roup.

Subcutaneous injections of 1-8 c.c. to H c.c. cultures of the roup bacillus

caused only slight disturbances of the general condition. The skin was often

colored green about 24 hours after the injection, and occasionally small solid

tumors (solid pus) formed. Larger quantities (2-5 c.c.) of the culture caused

large tumors, which were hard and painful at the beginning ;
later,

a hard solid, smooth or uneven, tumor formed in the depth (similar to the ef-

fect on the eye-lids), when the symptoms o.f acute inflammation disappeared, the

solid tumor remained as a foreign body for months ; and the fowl lost flesh,

became thinner and thinner, anaemic, and often died in from two to six months

after inoculation, or recovered very slowly. The solid tumors are nothing but

a mass of solid cheesy pus (see fowl 40 and pigeon 5).

Injected into the muscles, the roup bacillus causes extended necrosis of the

tissue, which smelt offensively.

In the pleura and peritoneum, putrid inflammations are produced, from which

the fowls may recover, but often die after a chronic disease (anaemia) lasting

from 2 to 12 weeks.

Two chickens and two pigeons were fed with cultures of the roup bacillus

mixed with their food, and no bad results followed.

Fowls and pigeons once infected with roup could be infected a second time

after recovery from the first attack. Birds which had suffered from a natural

attack of the disease and then recovered, also became again infected by the

inoculation of the Roup bacillus ; and finally serum from naturally or artificially
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infected birds did not show any apparent influence on the roup bacillus. In

test tubes, traces of an agglutination appeared in proportions of 1:50 or 1:100.

The bacillus does not form a strong toxin. Old cultures filtered through por-

celain inoculated in doses of 3-6 c.c. produced no local or general disturbances.

Bouillon cultures heated to 65 degrees c. for 10 minutes and inoculated in

doses of 1-4 to I c.c. into the eye-lids of healthy fowls produced considerable

inflammation, which disappeared in 2 days. 2-5 c.c. inoculated into the pleural

or peritoneal cavity disturbed the general condition for i to 3 days, and pro-

duced trembling of the muscles.

We attempted to immunise several fowls and rabbits with the roup bacillus.

first injecting small quantities of heat killed cultures, followed by small doses

of living cultures. The amount inoculated was slowly increased, but as soon

as we liegan to use large amounts, small tumors formed beneath the skin. These

became solid, hard, and had no tendency to become absorbed or to produce

abscesses. Tlu-y remained under the skin and led to chronic anaemia and death

ni th"^ animal. After intraperitoneal injection of the cultures, the animals be-

came chronically diseased, and grew thin and anaemic. The rabbits very often

suffered with a secondary, putrid inflammation of the eyes.

These attempts to produce immunity were finally abandoned, as it seemed

impossible to produce immunity 'by the methods described above.

Experiments to Infect Healthy Fowls with Bacilous Pyocyakeous.

Fowl No. 41. Healthy hen, about i year old.

Jan. 12.—Was inoculated with a 24-hour-old culture of B. pyocyaneus which
had been isolated from diseased chicken No. 19, by rubbing a little of the cul-

ture upon the mucous membrane of the eyes, and injection of ij^ c.c. into the

pleural cavity.

Jan. 13.—General condition considerably disturbed. There is hot swell-

ing of the left eye-lids, serous conjunctivitis. Conjunctiva is gray, swollen,

and at several places covered with croupous membranes, which are easily re-

moved.

Jan. 26.—General condition more or less disturbed ; no appetite
;
putrid

conjunctivitis of the left eye ; the cornea is turbid, gray, and uneven ; the beak

is generally kept open for breathing. ]\Iucous membrane is gray and covered

with much slimy saliva.

p^.l) i7_—'General condition is very much disturbed. The fowl is almost

a skeleton, and lies in a corner of its cage in a somnolent condition. The re-

spiration, especially the inspiration is very irregular. Mucous membrane and

crest are cyanotic. A chronic, putrid conjunctivitis exists on the left side.

Cornea gray: right eye seems to be normal, but the fowl is unable to see.

Killed.

Post-^liirtem : Left cornea is uneven, gray, and covered with a thm.

putrid mass. The corpus vitreum is turbid, partly liqucified, and mixed witli

parts of the destroyed retina. A solid mass of cheesy matter has formed in

the pleural membrane between heart and lungs, and the surrounding membrane
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i. changed into a thick mass (2-3 mm.) of granulation tissue of a brown color.

On the left side, all bronchial tubes in the region of the larger branches ot the

wind-pipe are fiUed with solid cheesy matter. The lungs themselves contam

a few small pneumonic spots, which contain cheesy centres. The B. Pyocyaneus

was isolated from all diseased parts. The cheesy mass itself contains nuclei

of epithelial cells and a few real protozoa, motile, with short cilia (see Fig. 21.)^.

Fowl No. 41a. Was inoculated on the mucous membrane of the mouth

and nose with the same culture as fowl 41- The next day (February I3th\

the mucous membrane in the mouth was reddened, and showed a few blood-

extravasations. These symptoms soon disappeared.

Fowl No. 46. Healthy, gray hen.

April 18.—Was inoculated with 1-5 c.c. of a young culture of B. pyocyaneus

under the conjunctiva of the left upper eye-lid. and on the scratched mucous

membrane of the mouth.

April 19.—General condition unchanged. Eye-lids hot, swollen, and stick-

ing together. Conjunctival sack contains a slimy, putrid secretion. :\Iucous

membrane in the mouth is gray and covered with slimy saliva.

April 21.—On the conjunctiva of the upper eye-lid. a pseudo-membrane has

formed. It was removed, and the mucous membrane began to bleed. Several

other membranes have formed on the mucous membrane near the the larynx

(1-2 mm. thick).

April 25.—The condition is about the same. Putrid conjunctivitis and ap-

pearance of pseudo-membranes. The membranes around the larynx reappear

after removal. A putrid secretion from the right nostril has appeared. The

general condition of the fowl is much disturbed, but appetite still exists.

May 2.—Dead.

Post-^Mortem : Thin carcass. Mucous membrane in the mouth pale. Be-

tween tongue and larynx a cheesy croupous membrane has formed, which is

easily removed. On the edge of the larynx, a few thick pseudo-membranes

have formed. The laryngeal cavity is almost filled up with pseudo-membrane-

ous, cheese-like masses. The membranes are either located on the mucous

membrane, or directly on the cartilage. The mucous membrane is entirely

transformed into croupous membranes (see Fig. 10). The upper eye-lid con-

tains a solid cheesy mass, which was attached to the surrrounding pyogenous

membrane by a few thin fibres. The conjunctiva of the same eye-lid is partly

covered with a pseudo-membrane. The mucous membrane of the nostril is soft

and covered with a putrid, slimy mass containing much solid cheesy matter.

The nasal secretion has an offensive smell.

Fowl No. 47. Was inoculated on the i8th of April in the same manner

as fowl No. 46. A putrid conjunctivitis formed. Diphtheritic membranes

appeared in the mouth. The general condition was much disturbed at the

beginning, but improved after a while. The fowl, however, grew thinner, be-

came badly diseased again, and died the 25th of June. (See Fig. 7.)

Post-Mortem : The eye-lids were swollen, and the whole orbital cavity was

filled up with a solid cheesy mass and offensive, stinking matter, the eye

having disappeared.
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Pigeon No. 29. The 14th of April, two drops of a young bouillon culture

of B. pyocyaneus were injected under the conjunctiva of the left upper eye-lid.

The next day the general condition was very much disturbed, the eye-lids

swollen and sticking together. The eye^lids contained much slimy secretion

and later two small croupous membranes had formed on the conjunctiva, the

conjunctivitis became putrid, and the secretion smelt offensively. Often,

pseudo-membranes appeared on the conjunctiva. A solid tumor formed in the

upper eye-lid. The cornea was turbid. Subsequently, the bird recovered.

Pigeon No. 30. Was inoculated with i c.c. culture of B. pyocyaneus in

the peritoneal cavity. Six hours later, it was dead.

Post-iMortem : The post-mortem examination showed an extended serous

putrid peritonitis. The spleen was enlarged and cultures from this organ pro-

duced a pure culture of the inoculated bacillus.

From these ifew experiments with the B. pyocyaneus, it is apparent that

this bacillus can produce chicken diphtheria in its dififerent localizations in the

mouth, eyes, nose, lungs, etc.

The virulence of the B. pyocyaneus is very soon lost by growing it in the

ordinary culture media, but the virulence can be increased by passing it through

several pigeons.

Reviewing the results of our experiments with chickens and pigeons, and

comparing them with the symptoms of the natural disease, we conclude that

chicken-diphtheria or roup is a complex of putrid processes, especially affect-

ing the mucous membranes and the submucous tissues of the head. We could

produce aseptic putrid processess in chickens by inoculation of sterile turpen-

tine oil into the submucous tissue of the eye-lids, and always found the pus in

the form of a solid, cheesy mass, which showed no tendency to become soft

and liquid. Putrid processses in chickens seem to behave similar to those

often found in rabbits, that is, the pus appears as a dry, cheesy, solid mass,

not as a fluctuating abscess. (See the submucous and subcutaneous tumors
in chicken-diphtheria).

In the cases of a severe putrid catarrh, the pus corpuscles often stick to-

gether, with the help of the abnormal secretion, from the mucous membranes
or glands (note the jelly-like masses in the eye-lids), and finally become large,

cheesy masses, which do not adhere to the diseased mucous membranes.
(Cheesy masses in the nose, eye-lids, pleura, and peritoneum). In the mouth
cavity, pharynx, larynx, and occasionally on the conjunctiva, the leucocytes,

which passed through the mucous membranes, may remain adherent to these.
Corresponding to the amount of transuded leucocytes and the degree in which
the mucous membranes have been destroyed by them, or by accompanying
fibrinous exudations, we observe pseudo-membranes of different severity and
size.

The reason the transudated pus corpuscles remain attached to the surface of

the mucous membrane in the mouth, and often in the eyes, too, but not in

the nose, may be explained as follows: i. The leucocytes have a natural tend-
ency to stick together. 2. The described processes are very often accom-
panied by formation of pathological secretions (jelly-masses) in eyes and slimy
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saliva, or by fibrinous exudations between the cell elements of the epithelial

tissue.

These two circumstances, especially the latter, produce the formation of

pseudo-membranes. The third, and perhaps most important, reason is that

the mucous membranes in the nostrils possess very many mucous cells, which

mix their secretion products with the transudated leucocytes, and remove these

from the epithelial surface. The conjunctiva, it is true, is not without mucous

cells; but they are relatively scarce. Pharynx and mouth are without mucous

cells, and. therefore, pseudo-membranes easily form in these locations.

Besides the two bacilli already described as causing the chicken diphtheria,

other causal agents are more or less known ; thus, Loefifler described the

Bacillus diphtheriae columbarum, Loir and Ducloux, the Bacillus diphtheriae

gallinarum as causing diphtheria in fowls, and proved it by many experiments.

Besides, there are protozoa, or corpuscles similar to protozoa claimed by other

writers as the cause of fowl diphtheria.

All these results show that diphtheria in fowls cannot be a specific disease

like the human one ; and. from this point of view, we have to consider the

pathological symptoms. For example, the fowl diphtheria in Tunis, as re-

ported by Loir and Dudoux, is differentiated from all other forms by the very

acute character of the disease ; the presence of the infectious germs in all or-

gans, secretions and excretions : and the easy infection of healthy fowls with

any parts of diseased ones.

European and American fowl diphtheria is especially a chronic disease,

with very variable virulence, and severity of symptoms, which partly depends

on the causal agent.

Roup or fowl diphtheria is generally brought into a healthy flock by a

diseased iowl from another place, a fowl having sufifered from a chronic attack

of the disease (the more common form may be a catarrh of the nostrils or

conchae and cella infra-orbitalis) during the summer suddenly becomes very

ill again during the late autumn or winter; spreads the germs of the disease and

infects the flock.

The third possibility is that in unhygienic locations, fowl diphtheria may

appear without any preceding attack or importation of a diseased bird, the

causal organism being very ubiquitous, for example. B. pyocyaneus. By means

of the pathological secretions, the bacilli are spread throughout the whole fowl-

yard. These germs may become more virulent by passage through one fowl

to another. As the appetite is not generally altered at the commencement

of the disease, water and food utsenils become infected with the causal organ-

isms, and if these are sufficiently virulent, infection may take place by means

of contaminated food or water ; but in all cases which have come under our

observation, the first symptoms of roup generally appeared after common

catarrh of the mucous membranes. The roup germs, therefore, seem to be

unable to invade normal mucous membranes, but become a great danger to

those affected by common colds. Poultry keepers know very well how ex-

posed chickens and other fowls are to all kinds of colds by sudden changes in
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:he weather. Young l)irds and individuals of the finer Ijreeds are especially

susceptible.

Fowl Diphtheria usually appears here with the unfavorable weather of the

fall and early winter. In one night, a large number of fowls may become af-

fected with catarrh, following which some fowls may become roupy, while

others recover in a short time.

The experiments to transfer the disease by means of the pathologic se-

cretions and excretions seems to contradict to a certain extent, our opmion about

the way natural mfection takes place. To explain this, we must bear m mind the

fact that the causal organisms may be present in the pathologic secretions,

etc., in large numbers, and in a very virulent form, whenever the germs are

located on the surface, or in the highest layers of the epithelial membranes.

(See fowl No. 8, and the result of isolating the bacilli from its pathologic pro-

ducts).

The Roup bacilli are not always localized in one place like the Klebs-

Loeffler bacillus, which produces human diphtheria. The organisms causing

Roup penetrate into the deeper and submucous tissues, and become the cause

of phlegmonous processes and secondary catarrh of the adjacent mucous mem-
branes and glands. In such cases, the roup bacilli are seldom present in the

slimy, putrid secretions and pseudo-membranes. Further, the roup bacilli

have often entirely disappeared from the pathologic secretions, or are mixed

with many other 'bacterial species. This phenomenon occurs not only in

chronic cases of natural infection, but also takes place in fowls which have

been inoculated with the roup bacillus.

The pathological products themselves are sufficient, owing to their local-

ization, their consistency, and the histological changes they cause, to produce

the continuance of chronic catarrhs. Finally, as already stated the roup bacilli,

enclosed in the cheesy masses, lose their vitality.

The fowls experimented with did not suffer from common colds, which
must play an important part in the natural disease. As our experiments show,
it is easier to infect healthy birds by keeping them a long time with diseased

ones (5 out of lo became diseased) than by direct inoculation of pathologic
products on the experimental animals. The explanation of this is that fowls

kept with diseased ones for a long time, are exposed to the possibilities of an
infection, and at some time during this exposure the natural resistance of the
bird is lowered, or sonic unfavorable condition allows infection to occur.
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BULLETIN 133 December, 1903

Ontario Agricultural College and Experimenial Farm

THE PRESENT CONDITION OF THE SAN JOSE
SCALE IN ONTARIO.

By Wm. LdCHHKAP, B.A., M.S., Profkssor of Biology and Geolouy.

It is now nearly ten years since the San Jose scale made its appearance

in the United States east of the Rockies, and it is about seven years since it

first appeared in Ontario. It has made progress in that time in spite of all

the efforts which have been put forth to keep it under control. In the St.

Catharines district there are but tew orchards which have escaped invasion,

and many have succumbed to the terrible attack. In the West the scale is

very prevalent in South Essex and Kent. Although the scale is so wide-

spread in these districts, yet we must remember that if it had not been for

the energetic action of the Government in appointing inspectors, and m pass-

ing the Fumigation x\ct for the treatment of nursery stock, in my judgment,

the scale would have spread to most parts of the Province.

Never before has the San Jose scale problem seemed so easy of solu-

tion as it does to-day. After long experimentation we now know that we have

methods which are both effective and easy to apply. The whole solution of

the difficulty lies now with the fruit grower himself. There are five more or less

effective remedies— first, the lime, sulphur, and salt mixture ;
second, crude

petroleum; third, crude petroleum and whale-oil soap emulsion; fourth, whale-

oil soap solution; fifth, the McBain Carbolic Wash. With regard to the lime,

sulphur, and salt mixture, its effectiveness was demonstrated beyond doubt by

Mr. G. E. Fisher, and it is being extensively used, in the West particularly,

as an effective remedy. The chief points of excellence of this mixture are:

First, its cheapness ; second, its effectiveness ; third, its cleansing effect upon

the tree from both insect and fungous pests. The fact that it is somewhat

('ifficult to prepare and hard on the men and apparatus, has made this mix-

ture unpopular with some of our fruit growers. Where the fruit grower has

the proper appliances for making the mixture its operation is not so difficult

as it appears.

The crude petrohnim is well adapted in the West for apple treatment, and

in the Chatham district I fail to hear of the death of a single tree. In that

district the oil is easy to procure and the fruit growers are well pleased with

the results. The objections which have been urged against crude petroleum

are: (i) The great variation in strength of the oil; (2) The disagreeableness

of application, and (t,) The great liability of its injuring plums and peaches.

The emulsion of crude petroleum and whale-oil soap, although a very

effective remedy, has never taken well with the fruit growers, on account of

the difficulty which was found in making the emulsion, and of the disagreeable-

ness of the application.



Whale-oil soap solution, allhough ciuile effective when properly applied,

proved too expensive for the average orchard, and lias been given up.

The McBain Carbolic Wash is a new insecticide which has been tried fur

the first time in Canada this summer and has given good satistac'ion wherever

it has been tried. Further experiments are necessary, however, tn determine

if the winter applications of the Carbolic Wash will prove as succesful as the

summer applications.

W. W. Hillionrs appliance for making the lime-sulphur-.salt niixtin'c.

The lime, sulphur, and salt treatment, which the Essex fruit growers are

using quite freely, is extremely cheap. Mr. J. D. Wigle, of Kingsville, tells

me that it cost him 'but ten dollars for outside help to spray forty apple trees

and eight hundred peach trees with this mixture. Mr. W. W. Hilborn, of

Leamington, is also quite enthusiastic over the mixture. He had some hesi-

tation last spring in using it, but when he came to prepare it he found it much
simpler than he had expected. He used a boile'-. which be procured for ten

dollars, to supply the steam for boiling the mixture. Pie used the 15, 15, 10

formula. The lime he slaked slowly in a coal-oil barrel with four gallons of

water; then the sifted sulphur was added with sti'-ring to the hot mixture,
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and the whole boiled for an honr; then the salt was added and the mixture

boiled fur hall an hour longer. -Mr. 1 Hlborn kept a second barrel of hot water

always convenient. This mixture was very effective, and I failed to find a

single scale at the time of my visit, August 27th. It was applied also against

the^Scurfy Bark Louse and the Oyster Shell Bark Louse, and the results were

e.xtrcnu-ly satisfactory. The Township of Gosfiekl, in which Kingsville is

situated, passed a by-law last spring compelling treatment of infested orchards,

and a township sprayer, Mr. H. Bruner, was appointed to do the work when-

ever the owner himself cared not to spray. The results were quite satisfac-

tory to most of the fruit growers, and they now see the solution of this prob-

lem of the San Jose scale.

In the St. Catharines district, however, the lime, sulphur, and salt treat-

ment has not become popular, but no one seems to doubt its eiTectiveness

against the scale.

I'lATK 1. The Kottmeier orchard of about 400 plum-trees at St. Catharines treated

with the McBain Carbolic Wash. (Pho. Aug. 14, 190.3).

Mr. G. A. McBain has had a very interesting experiment under way,

testing the effectiveness of his "Carbolic Wash" (Plate i.). He undertook to

clean up the Henry Kottineier orchard, which contains about four hundred

trees, mostly plums of five years' growth. Mr. McBain has given the orchard

three applications. The first was made with his winter wash on the 28th

and 29th of April, the second with his summer wash on the 14th and 15th of



;rj

03
o

O
S2

n: o

*



July, and the third with the summer wash on the 14th and 15th of August.

The' winter appUcation, although fairly satisfactory, did not kill all the scale,

but as large a percentage as one could naturally expect from the encrusted

condition of the trees. Besides, Mr. McBain tells me that he c(juld now guar-

antee a much larger percentage of scale killed, because he was afraid to use

a stronger formula than the one he had been using in California. I examined

the orchard on the 14th of August, before the third application, and found but

few scale on the trees. The trees looked healthy and had made a decided

growth. Some of the leaves of the trees had been singed by the summer mix-

ture, but I think no appreciable damage would be done.

There are two preparations mads by Mr. McBain under the name of

Carbolic Wash—the Winter and the Summer preparations. The Whiter

Wash was used in the first spraying operations and against the aphis. The

Summer Wash is, in my judgment, the more effective scale remedy. It is not

so black and does not contain so much crude carbolic acid as the winter wash.

It remains to be seen how etYective the Summer wash will be when applied

in the winter, as Mr. McBain intends doing in future.

The McBain Carbolic Wash has been in use for some years in California

as a scale remedy. It is a black, oily liquid, and smells strongly of crude

carbolic acid. Other ingredients are pine tar and fish oil. The strong

point in favor of this wash is the readiness and ease with which the spraying

liquid can be prepared. When a barrel of liquid is to be made up, two or

three gallons of the black carbolic wash are placed in the barr.-l and cold

water added. The wash dissolves very readily, and the barrel of liquid has

a milky appearance. Another feature of the preparation is that its application

by the spray pump is not an unpleasant operation. The operator does not
need a special suit of old clothes, as he "would if he were spraying crude pe-

troleum, whale-oil soap, or the lime, sulphur and salt mi.xture.

In my judgment the points of the 'McBain Carbolic Wash which I have
indicated are very important ones in future operations against the San Jose
Scale, for experience proves that the ordinary fruit grower is influenced might-
ily by the character of the spraying operation. I believe that the main reason
why the crude petroleum, and the other preparations which are efifective

against the scale, did not take with the people was this very factor—the dis-

agreeable nature of the spraying. As we all know, a perfect insecticide must
possess the following qualities:

—

I. It must be effective against the insect; 2. It must not harm the plant;

3. Tt must be readily and easily applied ; 4. It must be cheap.
From my observations this McBain Carbolic Wash possesses at least

three of these qualities, and it may have the fourth also, for I do not know
what the retail price of it will be. This is an important point, but if the
manufacture of the substance is to be made a business matter, then I have
not much fear on this point.

In addition there is ground for the belief that this wash is valuable not
only for controlling the aphis of apple, plum and cherry, but also as a fungi-
cide lor peach-leaf curil, apple scab, and the brown rot of plum, when used
at the rate of i to 30.
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Now as to tlic tulure of the San Juse Scale. I do not advocate that the

Provincial Government should continue to lay out large sums of money every

year in fighting the scale. They might with just as good reason be asked to

spend money in fighting the Potato Beetle, the Codling Moth, or the Hessian

Fly. The Government, I maintain, has done its duty with regard to the scale;

and now that reliable, efficient remedies are known, the matter of controlling

the pest must remain with the fruit growers. I am sure that the Government

is willing to assist the fruit growers with advice and even with help when neces-

sary.

This help should come in the form of reduction of cost of chemicals, as

has been given in previous years, and in establishing a system of Township
Sprayers under Governmental supervision, perhaps. To my mind the greatest

need at the present time is not a new remedy, for we have efficient ones al-

ready, but an organized system of sprayers by whom every orchard can be

sprayed at a reasona^ble cost at the proper time, and in the proper manner
Many of our smaller fruit growers have neither the outfit for doing gooc.

work, nor the time and help to spray at the proper season. They would be

perfectly willing, however, to pay for the spraying of the orchards by a reli-

able party. In Gosfield Township, Essex County, a township sprayer was
appointed last spring, and so far as T could learn from inquiries in the

vicinity, the fruit growers are thoroughly satisfied with the results. A prom-
ment grower told me that he no longer feared the scale, so long as he could
get his orchard sprayed with the lime, sulphur and salt mixture, and by reliable

sprayers at a reasonable cost. (See Plate 4.) A St. Catharines fruit grower
thinks the 'McBain Carbolic Wash solves the difficulty in regard to keeping
the scale in check. He thinks that there will now be no difficulty in finding

good sprayers to do the work, since the wash is not disagreeable to use. He
said that his own men looked upon the spraying operations with crude oil, or
the wihale-oil soap as a veritable ordeal.

There is another matter in regard to the scale which should be attended
to as soon as possible. In the scale-infested sections there are orchards
which are never sprayed. As a result they are neglected, and they form veri-

table breeding grounds for the scale, and other pests. T know of several or-

chards which are thus neglected. (Plates 2 and 3.). It is not fair to the other
fruit growers that they should be exposed to such conditions.

The townships should see to it. and pass a by-law compelling the spraying
of the neglected orchards, or to have them cut down and burned. The Gov-
ernment might very reasona'bly look after the inspection necessary for the
proper carrying out of the .by-law. We all know how such a by-law would
soon become a dead letter through difficulty in getting the local authorities
to carry out its provisions. An outsider can carry on the work, but a local

man cannot.

Furthermore, fruit growers must recognize the necessity for at least one
spraying every year. Tn badly infested orchards two sprayings should be
made.

Fmally, good spraying outfits,—a 5-ply hose—not an ordinary garden
hose, should be used.
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Hints on Making Nature Collections in Public and High Schools

By W. H. MULDREW, B.A., D. Paed, Dean of the Macdonald Institute

INTRODUCTORY.

A short time aeo the Macdonald Institute issued its first leaflet to

teachers on the subject of Nature Study. The replies already received

show that such assistance as was there proposed is a very real need of

the schools, and will be appreciated by the teachers.

The present bulletin treats one aspect of the subject with some

detail and is intended to be kept in the schools for permanent reference.

It may seem to emphasize the rural and agricultural sides of the question,

but this is inevitable from the nature of the subject. The surrounding

conditions of country life favor Nature Study for the same reasons that

cause Manual Training and Domestic Science to be welcomed in the

cities. This does not mean that Nature Study is to be ignored in the

urban schools, but ratlier that its development there will follow some-

what different lines. Other phases will be dealt with in later

numbers.

As a centre of interest for the Nature Studies of a school, there is

nothing more helpful than a collection of suggestive things from the out-

door world. The value is, however, in the making and the using rather

than in the keepivg, and this bulletin is intended as a guide to teachers

a,nd pupils in beginning such work. We need hardly say that collections,

like books and other tools, are but the means, while the end is to be

found in the interest that is aroused and the thought that is

stimulated.

It is not to be exp-'cted that all of these suggestions will be practic-

able in our schools at once. Teachers have many duties to take up their

time and attention, and Nature Study must be content with small be-

ginnings, until it can shew itself worthy of a place with the older sub-

jects of the school-room. The important thing is to make a beginning,

however small, and then to grow with the work as results may

warrant.

1—134



In recent years, local Fairs have given prizes to schools for nature

collections, and in some places excellent sets have been shown. The

weakest point with these has been want of method and uniformity in

the preparation of exhibits which should follow some general system.

It is very probable that such competitions will be encouraged more and

more in future years in connection with the larger Exhibitions as well

as at the smaller Fairs, and it is therefore important that there should

be some general standard for the guidance of teachers and scholars.

In the preparation of these instructions assistance has been received

from the staff of the Agricultural College. Prof. Lochhead has con-

tributed many practical suggestions besides preparing the sections deal-

ing with insects and aquaria. Most of the illustrations have been pre-

pared for this bulletin by Mr. John Buchanan, B.S.A , of the Experi-

mental Department. Thanks are also due to Mr. F. W. Hodson of the

Dominion Depaitment of Agriculture for suggestions gained from his

pioneer expeiiences in introducing school children's exhibits in Nature

Study at local Fairs.

This suggestion as to exhibits at local fairs has the heaity sympathy

of Mr. H. B. Cowan, Superintendent of Agricultural Societies for Ontario,

who is making them one of the important features of exhibitions and

fall fairs. Mr. Cowan is now preparing an illustrated pamphlet dealing

with this subject.



Collecting Ideas from Nature.

Outdoor nature is full of

interesting things and events.

Liftle eyes and ears are quick

to see and hear, and little

minds are quick to think.

Suppose we help them to keep

a record of the happenings of

this outside world. A simple

note-book and a pencil sup-

ply the needed outfit ; five

minutes in morning or after-

noon supplies the time; the

children will gladly supply

the ideas. A brief discussion,

a few suggestive questions,

and a permanent record will

form a worthy lesson to begin

the day's work and will not

lose its effect. Is there a

teacher who cannot do as

much ? Give date, place and name of observer with all needed par-

ticulars. Let older pupils make their own entries, but give equal credit

to the earliest efforts. Use only the right hand pages reserving the

opposite for later notes and explanations.

What things may find a place in these Nature Notes ?

of interest to children or to the com-

munity, in the world of Nature. We
suggest a few classes of items from the

endless variety supplied by the changing

seasons. The aim will be to form the

habit of observation rather than to col •

lect information, but the facts will have

a value and interest of their own.

(a) First things of the season : the
'"'

return of the common birds, as Robins>

Crows, and Bobolinks ; the northern or

southern flight of Geese, Ducks, and -

Fig. 1. Taking Notes.

All things



G'llls; the appearance of hibernating animals as the Woodchuck,

Chipmunk, Snake, and Bat ; the awakening of the Frogs ; the leafing

and flowering of the Trees, the opening of the wild Flowers ; the re-

appearance of Insects as Butterflies, Mosquitoes, Potato Bugs; the

coloring and falling of leaves in Autumn.

(6) Events of interest : frost, snow, rain, hail, rainbows, new and

full moon, eclipses ; the beginning and end of sleighing
;
plowing, sowing

and planting, haying, harvesting, p )tato-digging ; making maf)le sugar
;

going fishing or berry picking ; the birds building nests or feeding their

young
;
crows pulling corn or eating grasshoppers ; the young of wild

or domestic animals ; the swarming of bee?; use or harm of birds and

insects; tracks of animals in winter.

(c) Histories of growth, with descriptions and drawing-; showing

changes from day to day ; notes on the condition of sjme chosen

development, as, for example,

(1) A plant from a seed.

(2) A tree, from bud to leaf and fl iwer and fruit.

(8) A bird's or wasps' nest.

(4) A field of grain or roots.

Records of things like these would form a very interesting book.

The inspector would be glad to see it. Next year it would be doubly

valuable for comparison. A careful summary would be welcomed by any

good local paper. It would add much to an exhibit at the autumn fair^

for it would shew thinking as well as collecting, and the very best one

in the Province would make an excellent bulletin for the schools in 1905.

Living Collections.

It is not n3cessary that specimens should be dead and dried, for

living things are always of greater interest. Neither is it necessary to

keep birds or anlmils or frogs or fishes in thi school-room, though even

this has bsen done with profit, and an aquarium for the development of

tadpoles, small fishes, insects, etc., is quite practicable in some places.

Potted plants are already common in the win lows of well kept school-

rooms.

But trees an I shrubs are easily planted and form a permanent
living collection of constantly increasing value. They attract the birds

and other forms of life and shelter the wild flowers. In this way they



prepare for wider Nature Study, and, therefore, deserve first attention.

Arbor Day need not be limited to one day, but should rather keep pace

with a growing interest in trees and plants. No school can afford to

neglect the planting of trees and shrubs to baautify its grounds and

interest its scholars.

In transplanting from the bush or from a nursery a few simple rules

should be kept in mind. The tree joins itself to the soil by fine fibrous

roots, and these should be disturbed as little as possible in the uproot-

ing. The roots should also be protected from sun and wind and brought

into doss, firm contact with the earth in their new home. This is

Fig. 2. From Bailey's " Hints on Kural Scliool Grounds."

secured by trampling and pounding good soil (with water added if con-

vt.nient) around and between the roots, in a hole rather broader and

deeper than seems necessary, so that no air spaces can exist. All this

is best done in cloudy or rainy weather ; but in any case many of the

roots will be lost, and the top must be reduced in proportio.i. There is

little danger of over-trimming, for a healthy stem will pro luce new

branches if able to support them.

The Ontario Agricultural College is preparing to grow seedlings of

forest trees for the use of farmers who wish to change waste land into
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woodland. It is very probable that such nursery seedlings will be

offered to schools that have shown an interest in such matters, and that

will be willing to protect them and study their growth. School grounds

may thus become object lessons in forestry for the farms of the neighbor-

hood.

School wardens are now attractincj much attention as an aid to

Nature Study, and they are encouraged by a special grant from the De-

partment of Education. Such

means improve the children as well

as the grounds, and have a perma-

nent influence over the whole

neighborhood.

At a recent meeting of the

Canadian Forestry Association in

Toronto a gentleman described such

a garden made in the grounds of

the school where he taught twenty

-

five years ago. It had trees and

shrubs from the neighboring woods

and flowers grown from seeds, all

planted and cared for by the

teacher and pupils. The trees are

now a foot or more in diameter,

and farmers' wives in that section

still ffrow flowers descended from

the little school garden. That

teacher is now a member of Parlia-

ment for the same constituency,

well as the familiar bouquets still

Was it worth while to take a little

Fig. 3. Insect life in winter.

and deserves his promotion as

brought him by his old pupils.

trouble with that little school in the days when Nature Study had

not yet received a name ?

Our illustration shows a collection of living things with no

signs of life. These are cocoons of moths and butterflies gathered dur-

ing the winter and waiting to be awakened from their sleep of transfor-

mation. In the autumn they were caterpillars ; the warmth of spring,

or of the school-room, will bring them out as beautiful winged creatures.



An aquarium may be arranged for the study of water insects and
animals. Failure to keep a healthy and sightly aquarium often attends

the efforts of a beginner

through neglect of proper

care and manaoement. The

eecret is to imitate Nature,

i. e., to make conditions sim-

ilar to those of some pond

where water life flourishes,

and to get a good balance of

water plants and water an-

imals. When this balance is

established the aquarium re-

quires but little attention

beyond the addition of water.

Large battery jars and pre-

serve jars serve admirably

for this DUrnOSe ^^*^' '^' ^ ^^^^' small poud and its people."

The following common water plants and animals are suited for

aquaria : Duckweed, water- milfoil, stone wort, waterweed, snails, water-

scavengers, beetles, water-boatmen, back-swimmers, mosquito wrigglers,

caddice-worms, etc.

Collections of Pressed Plants and Leaves.

A flow^er that has withered and dried in the usual way is useless

;

it has lost even the likeness of its growing self, and has become brittle,

faded and crumpled. But if dried instead between sheets of porous paper

under heavy pressure it retains much of its original color and strength

in a form that is very convenient for examining as well as for preserving

and exhibiting. When thus prepared and mounted on a suitable card

with a proper label it forms a useful permanent specimen for study or

comparison.

To prepare plants properly in this way, the following materials

will be needed : Drying paper (carpet-felt or coarse porous paper), sheets

of tea-paper (or smooth newspaper leaves), two pieces of smooth board

12 inches x 20 inches; a few weights (suitable stones of about 10 lbs.

each will answer); mounting paper, in sheets 11 inches x 16 inches or

8 inches x 11 inches; liquid glue or strips of gummed paper; labels show-

ing botanical and common name, date, place and collector; a collecting

box or vasculum and a note book.
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The entire plant, as far as possible, should he in the collection.

When this is impossible, as with trees and shrul s, branches with leaves,,

or leaves and flowers, should be collected and preserved. In drxinL^

Fig. 5. A specimen properly mounted. Wlitit weed is this?

plants, care should be taken to secure the specimen (free from outside-

moisturej without breaking any portion of it. It should be spread very

carefully Letwten two leavts of tea-paper with sheets of drying paper
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above and below. Many plants may be placed one above the other,

separated by drying- paper, aod pressed at the same time by weights

on the upper board. When a plant is placed thus to be dried, a note

should be put with it, stating its name, the date of collection, the locality

where it was collected and the collector; for one must not trust too

much to memory in these matters. The collection will very likely grow

rapidly and experience will soon show the need for keeping not\s of

every plant collected. Carpet-felt makes excellent drying paper, and

can be obtained at most dry goods stores for about four cents a square

yard. Instead of tea-paper, ordinary newspaper, cut up into convenient

sizes, may be used. The secret of drying plants well is to change the

dryers frequently. The more water the plant contiins the more fre-

quently should the dryers be changed, and in some cases this might be

done daily.

When the specimen is thoroughly dried it should be mounted on a

sheet of stiff white paper or cardboard, about 11 inches x 16 inches. For

smaller plants, one half this size, 8 inches x 11 inches, will answer very well.

Suitable mounting paper may be obtained from Mr. F. W. Hodson,

Dominion Live Stock Commissioner, Ottawa, at a rate of 50 cents per

hundred sheets of the

larger size. Mr. Hodson
will also suj)ply schools

with suitable printed

labels free of charge.

The latter must be care-

fully filled out and gum-

med to one corner of the

card, while the plant is

securely fastened in posi-

tion by glue or strips of

thin gummed paper.

A close tin box or vasculum about 18 inches long and of a shape

suitable for carrying by a shoulder strap, is very useful for collecting

fresh plants, and may be easily made by any tinsmith.

Fig. 6. , A Collecting Box.

Collections of Grains and Grasses.

Specimens of mature grains, grasses or clovers may be easily pre-

pared and form an interesting exhibit. These should show the complete
2—134
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plant, root, stem, leaves and heads, (or merely the heads with a few

inches of stem) with the name of kind and variety in every case. Such

Fig. 7. What are the Tree Fruits?

plants may be pressed and mounted on the usual card hy carefully bend-

ing the stalk when too long or they may be kept straight and tied in

bunches, supported, if necessary, by a light rod or lath.
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Collections of Seeds and Dry Fruits.

It is woith while to learn to know the seeds of noxious weeds that

are often mixed with the seed of grain, grass, or clover. These should

be collected and kept in suitable small bottles with proper labels. The

best vials for this purpose are of clear glass with wide necks and closed

by a metal screw-cap. Those holding 1 drachm are of suitable size, being

about 2 in. X i in and can be secured through local druggists at a cost

of 15 to 20 cents per dozen.

These vjals are best shewn on sheets of cardboard to which they

are secured by loops of cord or elastic. Seeds must be quite ripe and

dry to prevent moulding, and the pods or heads should be enclosed as

well as the clean seed.

The dry fruits of trees and shrubs are equally interesting and may
be fastened in the same way, or by means of glue or mucilage, on similar

cards. The keys of the Maples, the acorns with their cups, the winged

fruits of Ash, Ehn, and Pine all serve for important lessons on the re-

production of trees and the distribution of their seeds. Many Canalians

have never seen the seed of the Pine ; and many can see no connection

between the cones at the summit and the seedlings at the foot of the

giant of the forest. A collection of tree seeds carefully mounted and

named is an excellent lesson on forestry.

Specimens of Wood.

Sections of wood from the various kinds of trees form an interest-

ing and useful collection. These should be prepared in such a way as

to shew the bark, and two planed surfaces. The size should be 3 inches

in length by 1 inch in width, by | inch in thickness. Such pieces may
be neatly fastened on cards like those used for pressed plants and should

be labelled in the same way.

It is better to use sections from the body wood of the trees, but

this is often inconvenient and the size given above can be very easily

secured from a branch without destroying the tree. Similar sections

shewing the work of insect borers or of woodpeckers may be mounted

in the same way and will be very useful.

Collecting and Preserving Insects.

Insects may be collected at all seasons of the year, but the best time

is undoubtedly the summer months. Many collectors find the moths and

butterflies most interesting on account of the extreme beauty
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Pig. 8. The B(V anfi the Insect.

The great majority of the moths must be

caught at night for they rest during the day

time. Most of them are readily attracted to

lights, and may be secured, by devices

such as trap lanterns. Many insects are also

attracted readily by sweets, such as sugar or

molasses, and if a sweet solution is brushed

on the bark of trees

of their wings ; others find

greater interest in beetles ; still

others prefer the study of groups

which are not so beautiful to

the ordinary observer. Insects

of special harm or use, for any

reason, are always interesting

itht11) (

gather

1 3 S Z
Fig. 10. 1, 3, 5, In.sect Pins.

2. German Steel Pin.
Fig. 9. The Poison Bottle.

frequently

at such trees

alter dark and are

easily captured.

The following arti-

cles are needful for

collecting: Cyanide

bottles, one or more
;

insect pins; cigar

boxes or insect cases
;

spreading boards, dif-

ferent sizes; date and locality labels; larvae bottles

The cyanide bottle is needed for killing insects before they can be

pinned. (Fig. 9.) This bottle may be made as follows by an}' druggist

:

Place two or three lumps of cyanide of potassium, of the size of beans, in

a wide mouthed bottle, pour insufficient water to cover the lumps, and

add enough plaster of paris to take up the water. If the bottle is lelt

uncorked for a short time, the plaster will rapidly set and harden. Care

should be taken not to inhale the poisonous fumes which come from this

bottle, nor to leave the cork out for any length of time, for the cyanide

would soon be lost through the escape of the fumes. It is often desirable

to place a circle of thick blotting paper on the surface of the plaster to

absorb any moisture which may form.
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Insect pins do not readily rust when placed through the bodies of

insects. Probably the best are made of German Silver. They may be

be obtained in assorted sizes from Alex. Stewart, Druggist, of Guelph,

at a cost of 25c. per package of 150, post paid. The most desirable pins

for the ordinary work of the collector of insects are Nos. 1, 3, 5,—No. 1

being suitable for small insects, No. 3 for i^^ertc of medium size and

Fig. 11. Method of Pinning.

No. 5 for insects with large bodies. German steel mourning pins with

glass heads are second best, and may be had at any dry goods store.

Care should be taken when pinning insects to thrust the pin through

two-thirds the length so that from one-third to one-quarter of the pin

projects above the back of the insect. The beetles should be pinned

through the right wing cover ; other insects through the thorax, or

that part of the body just back of the head. (See Fig. 1\.)
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A handy boy can readily make an insect net for himself. All that

he requires is a broom handle, three feet of stout wire, a little heavy

sheeting, and one yard of cheese cloth. The wire can be bent into a

circle of about ten inches in diameter and the ends fastened firmly into

the end ol the broom handle. The cheese cloth is made into a bag and

attached to the band of sheeting which folds over the wire. (Fig. 12.)

The collector will be a little awkward at first in the use of the

insect net, but with practice the wiliest and most rapid of insects may
be cantured. Care is needed in transferring the insects from the

net to the cyanide bottles lest the wnngs and legs should be injured.

'H:^3i£^-

FiG. 12. The Insect Net. Fi«. 1:1 The Insect and the Bov.

Moths and butterflies when captured seldom die with their wings

outspread so it is necessary to use spreading boards for those forms

which we desire to preserve in this position. (Fig. 14) shows the con-

struction and use of a spreading board. Two pieces of pine, fasten-

ed together by cleats at the end, are left wide enough apart to admit

the body of the insect. Narrow strips of cork are then tacked on

the under side of the pine strips so as to form a bottom to the groove

and to serve as a support for the pin upon which the insect is placed.

Another broad strip is nailed to the cleats and forms the base of the

spreading-board. Of course tlie insects must be pinned to the

spreading-board before they have time to become brittle, and w^hile

they are in a relaxed condition. It will require some patience and

skill to spread the wings of the smaller moths without injuring them,

but practice will make perfect.
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Fig. 1-1. The Spreading-board.

Cases are necessary for hold-

ing and displaying the insects

captured. At first the collector

may use cigar boxes very satis-

factorily, but the time will come
when he will not be satis Hed with
anything less than good insect

cases, which will keep out dust and
minute insect pests. The bottoms
should be lined with sheet cork
which can be purchased from
dealers in insect supplies, or with
bottle wrappers obtained from
druggists. For exhibition pur-

poses insect cases should have
glass covers, if possible. Collec-

tors who wish to make their col-

lections look tidy, neat and artistic

may line their cases with fine,

glossy white paper. This im-

proves very much the appearance

of the collection as a whole.

Every specimen which has been

placed in a collection should have
a date and locality label and a name
label attached. These labels may
be written free hand or they maybe
printed with pen and ink. Printed

labels, as a rule, look much better

than written ones. The proper time

to place date and locality label

upon the insect is at the time of

pinning, and it is usually placed

below the insect about a third of

the way up the pin. The name

label is placed near the bottom of

the pin.
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Witli rcn-anl to the preservation ot* tlie larvtu oi' insects, much may
be said. It is important that collectors should preserve the larval forms

as well as the other stages of the insect for it should be borne in mind

Fig. 15. ,\ SiiiipU' Insect Ciisc.

tliat those collections are of highest value educationally which show the

life history of the insect in all stages—the egg, the larva, the pupa and

the adult. The larval stage of the insect, moreover, should be carefully

A l;("i(1 caM' \\ itii .i^hi.ss rover. S]i(.'ciiiicns not laliolled.

preserved throughout all its molts foi'the mature larva frequently differs

considerabl}^ from the younger forms. Some collector.^ place the lar-

\ve in liquid in vials ; other prefer to intlate them and have them

placed on pins beside the adult forms. For school purposes, how-

ever, the vials are to be preferred.
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A good preserving'

liquid may be made as

follows : 50 parts meth-

ylated alcohol, 50 parts

water, 4 parts formalin.

This mixture can be

prepared by any drug-

ofist at a cost of about

25 cents per pint. It

must be kept closely

corked as it evaporates

very readily. Special

bottles with bent necks

are very suitable but

rather expensive, costing

about 5 cents each. Two
drachm horacEopathic

vials^with wide mouths

may be obtained from

Fig. 17. Vials for preserving larvic in liquid. drUggists at lUUCh lower

rates and will answer very well.

Historical Collections.

Objects that link the past to the present are of great educational

interest and value. Such things are found in every neighborhood, and

the school is the proper place for their keeping' and interpretation.

The boy who has picked up an ancient arrowhead or pipe from the site

of some long-forgotten village may well feel a personal interest in the

early exploits of Huron and Iroquois. But we need not go back to

Indian times for relics of the past. The early pioneers of our own race

have disappeared, too, and their primitive weapons, tools, and manu-

factures are hardly known to the children of to-day.

How much true history would be suggested by a few articles from

a settler's outfit of 100 years ago ? The flint-lock musket, and the

smooth hollowed stone used for grinding grain by hand, are almost

as far removed from the present as are the tomahawk and the bow-

and-arrow. Those who possess such relics would often be glad to

place them where they could be assured of permanent care itnd

usefulness to successive generations of children.
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Articles of this class should be carefully numbered and described

in a note-book or by means of tickets securely fastened to them

Small objects are best fastened

on cards in the same way as speci-

mens of wood described on page 10

Such a collection needs little

care or preparation, and if properly

used will be both interesting and
instructive.

Mr. David Boyle, of the Edu-
cation Department, Toronto, is our

best authority on all that pertains

to these relics of our past history,

and he is always ready to assist

collectors in understanding their

" finds." In case of doubt or diffi-

culty he will be glad to hear from

teachers and scholars, and will be

able to explain most of the objects

that come under this heading. pio. ig. ^hat are these? who made them?

The Provincial Museum, of which Mr. Bjyle has charge, is one of

the best, in Archaeology, on this continent, and specimens of more than

local interest should be deposited there for public use and safe-keeping.

Due credit will be ofiven for all such donations,

which will be exhibited over the name of the collector.

Miscellaneous Notes.

There are many things not mentioned previously

that might find a place in a good school collection of

natural objects. Such are specimens of the work of

animals : Birds, insects, squirrels, etc. The wasps were

the first pulp and paper makers just as the beavers were

carpenter's and architects and the birds weavers and

masons. This work is worthy of careful study and can

be easily kept in a school-room.

Boys often collect birds' eggs, but this is a destruc-

FiG. 19. What birds tlvc practice and should be discouraged in every way in

^^is\hefrnestr"^ the making of children's collections. A careful descrip-
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tion of a nest and its eggs with dates of building, hatching and

fljring in the "Nature Notes " of the School-Room is far better than

the ruined home with its empty shells. It should be known also that

the destruction of harmless birds or their eggs is an offence punishable

by fine or imprisonment. In this way the law recognizes the value of

the birds in destroying insect enemies of farm and orchard, and in

entertainiog us by their songs.

There is one bird, however, that deserves no such protection. It builds

no nest at all but lays its egg along with those of one of its neighbors

where it hatches out and bullies the honest

nestlings, often causing their death. When
such an eo'cr is found in a nest it should be

destroyed for the sake of the others. What
bird is this ?

In many places very good local colkc-

tions of rocks and minerals may be made.

These should be ticketed or labelled so that

their names and localities may be readily

seen, and in the case of useful minerals the

composition should also be stated in some

simple way. For instance, magnetic iron

ore might be shown as containing nearly

three-fourths of its weight of iron, or

crystalline marble as merely a form of limistone.

Stones or pebbles which show the action of nxtural forces like frost,

runninof water, etc., have an interest and a use without regard to the

materials which

they contain.

Specimens of

fossil animals

or plants are of great value as

illustrating the simple world-

history, now taught in con-

nection with physical geo-

graphy.

Besides the actual objects

and its owner? as here described representa-

tions such as pictures, drawings, water-color paintings and photographs

from nature are all valuable additions and can be used to beautify the

Fig. 20 One of the earliest .spring birds
colored "like the sky above and

like the earth below."
Did you ever find

"the nest ?

Fig. 21. A good drawing. Do you know this nest

o
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school room as well as to improve the minds of the pupils. Scholars-

shouLlbe encouraged to draw siin plenatural objects, and the best work

should become a part of the school collection. This is one means-

of cultivating the natural fondness for expression by drawing and color-

ing which has been too little helped by our schools.

Books on Nature Subjects.

The Department of Education now grants liberal assistance to

school boards in forming libraries for public schools, and many such

have been established in recent years. Each of these should contain

good books of reference in the various departments of Nature Study.

Children should be encouraged to use these in supplementing their

observations, but never as text-book 3 or as substitutes for original

work. The teacher, too, needs the help of suitable books of reference

and cannot do his best work without them. We give here a list of

recent Canadian books ; similar lists of American publications may be

had from booksellers or publishers.

Guide to Nature Study, Crawford ; Copp Clark Co. - - . .90

Modern Nature Study, Silcox & Stevenson ; Morang & Co. - .75

Public School Nature Study, Crawford ; Scott, Dearness and

Elliot ; Copp Clark Co. - - - - - .40

Agriculture, James ; Morang & Co. - - - - .30

High School Botany, Pt. 2, Spotton ; Gage & Co. - - - .60

Sylvan Ontario, a guide to our trees and shrubs, Muldrew ; Briggs. .75

Birds of Ontario, McIIwraith ; Briggs - - - 2.00

The following publications may be had free by teachers upon request

to the Department of Agriculture, Toronto :

—

Reports of Entomological Society.

Birds of Ontario in relation to Agiiculture, - - Nash.

Nature Study, or Stories in Agriculture - The Staff of the O. A. C,

The Weeds of Ontario, _ _ _ Harrison and Lochhead.

Insects and Plant Diseases. . - - Panton and Lochhead.

The Teaching of Agriculture in our Public Schools, - James,

The Grasses of Ontario, - . _ . Day and Harrison,



THE OPINIONS AND EXPERIENCES OF TEACHERS
AND INSPECTORS.

Extracts from Letters received in answer to the first

Macdonald Leaflet on Nature Study.

" Withi7i a short distance of our School, we found stratified rocks

showing marble and limestone ; a perfect miniature glacier ; a canyon

forming the gorge of a little Niagara ;
rochs in all stages from blocks

6 ft. by 8ft. on the hillside, to the finest sediment on the plain below
;

roots petrified by the action of lime in the soil. Tlius we saw in our

own little world tlic action of the same forces as are seen in the Alps,

in Colorado, in the Nile and Ganges, or in the fossils of past ages."

(Condensed).
" Every Friday afternoon he devoted to this study, but it did not

meet with the approval of the parents or Trustees. The objection was

that He was filling tf/e children s lieads with nothing but nonsense

about lueeds luhen tJiey should be learning A ritlimetic and Writing,' and

so of course Mr. Blank got his discharge."

" Wfiat is the attitude of the teachers ? Never hear them mention

it except luhen ive appear at a Convention, and we hear a lecture on it

and it is good, then we say so and forget all aboat it."

" What are the most serious hindrances 1 Downright neglect of the

teachers, also no definite luork to do on the subject. It betters discipline

by making the teacher and pupil more conversant."

" The teachers are luilling, but they do not know how to set about

the luork intelligently. TJiey are so ivilling, and the clamor for some

such ivorkhas been so incessant that they are ready to follow any method

that o^ers. I do not think that the ivord ' clamor ' is too strong. I have

talJced to many intelligent people in rural districts, and while there is

no demand for such a thing as Nature Study (becauf^e they do_ not know

it by this name), there is a strong feeling thai much of tfte time of the

child could be put to more profitable use, and that education should be

of more practical service."

" I have Jieard the question asked repeatedly, How are we to teach a

subject about luhich we Icnow less than the pupils ? How can ive act as

guides where we know nothing ?"

" In the schools I have, for over h%lf a century, endeavored to

imveave the methods of Nature with the ordinary methods. In the Press

and on the Platform, I have strenuously urged a revolt against the old

Par^rotism luhich made Memory a lumber garret and Heart and Intellect

rooms to let ; and a loyal return to the long outraged Queen, a submissive

[21]
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study of her will, Jeer ivays, her beauties and her mysteries. Years have
but increased my contempt for the Rote system, of Cram, (not tenclving),

a system which ''put the cart before the horse' ; a system which taught
Names before Things, feeding the child on symbols without realities, and
leaving him at last stunted, nauseated, paralyzed. He might pass
Examinations as these things go, but those who never 'passed' passed
him in the race of life."

" Hotu am 1 fo educate 135 teachers in Nature Study ? Shall I
hold a Summer School, or what is to be done ?"

" I have taught all grades of Fablic and High School Work, and
am a Specialist in Science, yet I must confess to you that I am unable
to meet the demands of this new line of work."

" We cannot too soon do aivay with the dry, uninteresting second

and third readers. We want lessons on the animals, birds and plants

of our own country aiid not those lessons on things which are never seen

except at a circus."

" Your letter comes like a ray of sunshine to me, for as yet I see no
jpossibilit If of being able to take a special course in Nature Study, and
£ know that I have wasted much valuable time and lost many golden
opportunities in not being able to take up the work properly. I knoiu

so little that when I try to follow a plan 1 am lost, and hitherto I knew
not where to apply for inforimation and assistance."

" I have heard excellent teachers of long experience threaten to resign
their positions if called upon to teach all that is required by this neiv

draft of proposed ngulatious."

" Instead of quarreling on the way to and from school, they have
their eyes and ears open to find neiu jjlants, birds or aninfials. The
gloomy days and dull Friday afternoons are brightened up by Nature
Study talks."

" The chief hindrance I have found is the want of time. Too muck
importance is put on promotion examination in this county to put much
time on Nature Study."

" The Government could help a great deal in Nature Study by giving
to each school a book, containing pictures and simple descriptions of the

common birds, animals, and plants of Ontario."

"The children can name and tel' some thing about nearly all the

birds in this neigborhood. I knoiv them only as they tell me, and they

often bring me new plants and ask me about them. Very frequently, I
do not know and cannot find what they are, and thus lose excellen

opportunities."

" The size of our grounds would not permit a school garden, but all

the school children in the city were given seeds to take home and care for,

and at the end of June we are to have a flower show in the rink. Each
child is to bring his best plant for exhibition."
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" TJie practical tuork in this study began in the school as the result

of prizes offered by the Local Fair for School Children's collections of
Natural objects. The Inspector was in thorough sympathy with the

work of introducing this study into the schools 'and made a special visit

to his schools luith a lecturer on Nature to encourage them to undertake
the study and collection of one class at least, of natwral objects"

" We made a beaatifid collection of colored autumn leaves which I

waxed and the children mounted on our heavy mounting paper."

" There were no ill effects on the other studies or discipline. On the

other hand it seemed to be almost a recreation from the heavier studies

where its facts were often made use of, and tended certainly to a closer

relationship between the teacher and pupil."

" My pupils were very much interested in the work and saiu a great

many things daring their walks to and from school that they had not

taken any notice of before we began our collection. The iveeds we ivere

not able to classify we sent to the Experimental Farm and thus found
their names. I enjoyed the luork thoroughly and my pupils did also.

We had very few books except some Bulletins from the Agriculturcd

College.''

" About four years ago ive started keeping a record of the first appear-

ance of different kinds of spring birds, date of appearance, observer, and
remarks. We have kept these recordsfrom year to year. Pupils have learned

to see the birds and know and love them, to study their uses and relations

to the rest of Nature. Some of our most destructive boys have become

the birds' best friends. We have brought the flowers and, ferns of the

woods into the school and planted them in our windoiu-gardens. Marsh-
marigolds, hepatica, violets stored away in the fall, rue have blooming in
the windoivs before the snoiv is off the ground."

NOTICE.

Durinof July of the present year a Summer School in Nature-

Study for Teachers will be held at the Macdonald Institute. The

work will be suitable for public schools, and the fee will be nommaL

Full particulars may be had upon application to the Dean.
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THE CREAM-GATHERING CREAMERY.

By H. H. Dean, B.S.A., Professor of Dairy Husbandry, and J. A. McFeeters.

Instructor in Dairy School, O.A.C.

The manufacture of butter on the farms of Ontario is carried on \n

many cases under discouraging circumstances. Labor is becoming more

difficult to secure each year, and especially the kind of labor required to make

good butter. Not only is the labor problem a serious one. but the fact that

many farms lack suitable utensils and a suitable place in which to set the

milk and make butter, causes a very inferior quality to be produced. Then,

again, this ibutter is often " traded out " for dry goods and groceries, where

no discrimination in price is made between good and bad batter. This sys-

tem does not encourage the good buttermaker, but places a premium on care-

lessness and inferior butter. In a discriminating market the diflference in

price bcnween mferior dairy butter and the best creamery butter is from

five to ten cents per pound. The difiference is sufficient to pay the cost of

manufacturing at the creamery, and leave a good margin of profit to the

farmer. Besdde'S this, the work on the farm is lessened very much b"y having

the butter made in a creamery. If the persons producing " ten-cent butter
"

were able to produce it so cheaply that they make a profit at this price,

the situation would not be so bad. However, when we consider that the

average food-cost of one pound of butter is probably about ten cents, +hc

profit on such butter is very small, if, indeed, it is not produced at a loss.

Not only does the farmer lose money through inferior dairy buttter, but the

merchant, the dealer, and the reputation of Canadian butter, all sustain a

loss. The remedy for this in the majority of cases, is the adoption of the

creamery or co-operative plan of buttermaking.

Ceeam-gathering and Whole Milk Creameries.

Many districts, owing to the small cow population scattered ovei * .

.

siderable extent of territory, are unsuitable for delivering the whole milk

at the creamery. The cost of hauling the milk from the farm to the creamery

and the skim-milk back to the farm is altogether too great, hence the plan of

creaming the milk on the farm, by setting it in cans or pans, or by means of a

cream separator, and sending only the cream to the creamery, is being more

generally adopted; While the average quality of the butter is not so good

under this system, the advantages outweigh the disadvantages in many cases.

The cream-gathering creamery is a great improvement over the plan of mak-

ing butter under the conditions! which prevail on the average farm. There

are .farm dairies which turn out a quality of butter equal to the best creamer}',

but they are the exception rather than the rule.

The Cows.

The dairyman satisfied with anything short of the best cows obtain-

able may not be considered progressive. If the best native or grade cows



are used for foundation stock, the herd may be very much improved by raising

the heifer calves from these cows, if sired by pure-bred males belonging to

one of the dairy breeds. These heifers should be reared on new milk for

about three weeks, then be gradually changed to warm, sweet skim-milk. In

addition, they should be fed some ground oats and bran mixed in equal parts,

green feed in summer, and clover hay and roots in winter. They should be

kept in a thrifty, growing condition, but not too fat. They should freshen

when about two and one-half years old, and again twelve to fifteen months

later. At the end of the second lactation period all heifers which do not give

at least 6,000 pounds of miJk, or make 250 pounds of butter, should be dis-

posed of, unless in special cases, when a third trial may seem to be ad-

visable.

To find the individual production of the cows, it is necessary to weigh the

mi'lk from each cow at stated intervals throughout the year, and also to

take samples lor testing with the Babcock test, in order to determine the fat

in the milk. The pounds of milk given in any period of time multiplied by the

percentage of fat in the milk, plus one-sixth, is approximately the butter

produced.

For example, if a cow produced 30 pounds of milk daily on three con-

secutive days in the month of April, the pounds of milk produced for the

month would be about 900. If this tested 3.5 per cent, fat., the pounds of

milk fat would be 900 x 3.5, divided by 100 equals 31.5 pounds fat ; 31.5 plus

1-6 equals 36.75 pounds of butter for the month. The sums of the individual

monthly milk and butter production would be the approximate amount of

milk and butter produced by each cow during the year.

Feeding the Cows.

Where cows have plenty of good grass and are in good condition, no
other feed is necessary. Where the pastures are short they should receive

green peas and oats, green clover, corn or mangels, or, what is preferable,

considering the cost and convenience, a small silo should be filled with good
corn for -summer feeding. This silo should not have more than three or
four square feet of surface for each cow to be fed. About twenty pounds
of corn silage and two to four pounds of bran or chopped oats will maintain
the milk flow during a period of short pasture.

For winter feeding, a daily ration of corn silage (35 pounds), clover hay

(8 to 10 pounds), mangels (20 to 30 pounds), bran (4 pounds), oats (3

pounds), and oil cake (i to 2 pounds), will produce a satisfactory and econ-
omical flow of milk with good cows. If possible, the hay should be cut,

the mangels pulped, and both mixed with the corn silage from six to twelve-

hours before feeding. The meal should be fed according to the milk flow,

using about 8 pounds of the mixture for each 30 pounds (3 gallons) of milk
produced, or for each pound of butter in the milk. The careful feeder will

soon learn the capacity of each cow for economical milk and butter pro-
duction.



Care and Management of Cows,

All cows should be treated kindly. This is especially necessary with the

young cow. Vicious cows are usually the result of bad handling and harsh

treatment. Cows should also be kept in clean stables, which are well ven-

tilated, light, convenient and sanitary. While in the fields, and where possible

in the stables, they should have access to plenty of pure water and clean

salt.

The cows when inside should be kept clean. This can be done by having

the stalls of proper length with a drop behind the cows, and by using the

currycomb and brush frequently on the cows. If the hair on the hind-

quarters and tail is clipped in the fall, it is much easier to prevent dirt

sticking to them.

Milking should be done regularly, with clean, dry hands. The milk pails

should be clean and of uniform weight for weighing the milk. Immediately

after milking the milk should be strained through a fine wire strainer and

two to four thicknesses of cheesecloth. The milk should then be set or

separated as soon as possible.

Creaming the Milk.

There are three common methods of getting the cream from milk-

shallow pans, deep cans and the modern cream centrifuge or separator.

Shallow Pans. Cream from small, shallow pans is frequently not suit-

able for sending to the creamery in hot weather, because it is usually sour

when removed from the milk or shortly after. If the patron has a clean, cool

cellar, free from bad flavors, dust and draughts, where the temperature does

not go above 60 degrees at any time, the cream from milk set in small

pans may be in fairly good condition. Such cream should be removed from

the pans about twenty-four or thirty-six hours after setting, and while the

milk is still sweet. The cream should be taken ofi carefully by first separ-

ating the cream from the edge of the pan with a thin-bladed knife. Then wet

the edge of the pan with some of the milk, when the cream may be carefully

run into a cream can, removing as little of the skim-milk as possible. Per-

forated skimmers should not be used, as they are wasteful of the fat. Tlie

pans, after skimming, should be emptied at once, be rinsed with cold water,

then washed with hot water, and afterwards scalded and put out in the air

and suns.hine. Pressed tin pans without seams, or granite.ware, should be

used.

Deep Setting. The best method of obtaining cream by gravity is by set-

ting the milk in cans which are about eight inches in diameter and twenty

inches deep. These cans of milk may be set in a stream or box of running

cold water or in ice water. The temperature of the water should be from

forty to forty-five degrees F. A very good rule is to have some ice in the

tank all the time. The milk should be put into the cans as soon li.s pos-

sible after milking, then set in the cold water, with the covers on the cans.

The water should be as high as the milk in the cans, or the cans may be put

under the water, if made for that purpose. At the end of twelve or twenty



hours the cream may be taken off by means of a cone-shaped dipper from

the top, or the skim-milk may be removed from below the cream through a

suitable tap. It is necessary to have a glass in the side of the can near the

tap, so that the operator can tell when the skim-milk is all removed. Cans

which are skimmed from the bottom should be either cone-shaped or slant-

ing on the bottom, so as to remove any sediment there may be with the

first-drawn skim-.milk, and also in order to assist in removing all the skim-

milk from under the cream. The skim-milk next to the cream line may con-

tain an extra amount of fat, but as a rule it should be drawn quite closely

to prevent the cream being too thin.

Soime cans are stationary in the creamer box. This plan saves the labor

o.f lifting the cans in and out of the water, but they are more difficult to

clean, and more liable to rust and leak when so fixed.

The cans should be treated similarly to the pans when washing them

—

empty at once, rinse with cold water, then wash with hot water, scald and

put outside. Where a double set of cans are available, it will pay to allow the

cans to set twenty-four hours, otherwise they must be skimmed and washed

twice a day..

The cream should be kept in cold water until it is called for by the driver,

whicli should be daily in hot weather, and not less than three times a week

at any time. It is very important that the cream be kept sweet until it is

delivered at the creamery. The patrons can assist in this matter by keeping

the cream cold. All the cream on hand should be given to the driver. The
plan of holding some of the cream back in order to get a higher test is

not advisable, as it tends to spoil the quality of the butter, and is of no ad-

vantage to the patron, but rather a disadvantage, when the Babcock test is

used.

The Cream Separator. For those patrons who have six or more good
cows a hand separator is a great help. If some power is available, such as

steam, electric or tread, it reduces the labor and expense to have the sep-

arator run by power other than hand. However, these machines are now
made so that hand power is practicable. There is no best separator. No
one machine has all the good points, and no one is free from all defects.

There is, also, in many cases, as much difference between machines of the

same make as between those from different manufacturers. The best cream
separator is the one which can cream the most milk in a giv6n time, leaving

not over five-one-hundredths of one per cent, fat in the skimmilk^ and giv-

ing a cream testing not less than twenty-five per cent, fat, and at the same
time can be purchased at a reasonable price, with a guarantee from the manu-
facturer that it will do the work claimed for it, or the machine is to be
removed without cost to the purchaser.

The most convenient place for a separator is in a room connected with
the stable. The whole milk is then convenient for separating and the skim-
milk for feeding. This room, however, as well as the machine should be
kept clean. This involves carrying hot water from the house for cleaning,
and frequently this is neglected, and the room and the machine are often
found in anything but a cleanly condition.



If extra help or mechanical power are available, the separator may De

started soon after milking commences, so that the cream and skim-milk ar#

separated shortly after the milking is done. Where this is not practicable,

the separating should take place as soon as, possible after milking. The
bowl of the separator should be wet and warmed by pouring in a quart or two
of hot water before allowing any milk to enter- This prevents the cream
sticking to the bowl, and allows of a more complete separation. The speed

should be as uniform as possible, at the rate recommended by the manu-
facturer. A little above this speed, five or six turns to the minute, will do
no harm. The supply can should, as far as possible, be maintained nearly full

of milk. After all the milk is out of the supply can, a quart of warm water

may be added to the bowl to flush out the cream. The bowl should then

be allowed to stop of its own accord, then be washed. The slime on the

inside of the bowl should* be burnt. After washing and scalding, the parts

should be exposed to the air in a clean place. The skim-milk tubes and all

parts not easily cleaned with a brush should receive special attention at the

hands of the person responsible for washing. Sometimes bad flavors and
sour cream result from improperly washed machines. It is needless to say

that the machine should be thoroughly washed after each time of using.

Merely rinsing with cold water and washing "once a day or once a week is

not sufficient.

Immediately after separating the cream should be set in cold water *aud

stirred until it reaches a temperature of about 50 degrees. Fresh cream should
not be added to cream from previous separations until it has been cooled down
to below 60 degrees. Warm, fresh cream added to the older cream causes un-

pleasant fermentations, which give the cream a bad flavor.

^
Ricft Cream Advlsable.

Not more than ten or twelve per cent, of the whole milk should be
taken in the form of cream. Where scales are convenient, 'it would be well

for those using the hand separators to weigh the milk and cream occa-
sionally in order to see how much cream is being Haken. Where there are
no scales, the cream should be measured. From ten gallons of milk not
more than one to one and a quarter gallons of cream should be taken. Using
too much water or skim-milk to flush out the bowl will cause a thin cream.

The advantages of rich cream are :

1. The patron has more skim-milk for feeding stock.

2. It costs less for hauling the cream to the creamery.

3. Less labor and expense are required in cooling the cream at the farm
and factory.

4. Less vat and 'churn room are needed for a given amount of butter. '

5. There is less danger of the cream becoming too sour.

6. There is less loss of fat in >the buttermilk by churning rich cream„
and the quality of the butter is better because it can be churned at a lower
temperature than can poor cream, or cream containing a low percentage of
fat. The cream at the farm should not test less than twenty-five per cent^
fat from the hand separator.
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Wooden stirrers should not be used for stirring cream in the can. These

are difficult to keep clean, and often impart a bad flavor to the cream. The

stirrer should be made of tin, with few seams, and all crevices- should be tilled

with solder.

The patron's cream can should be rinsed with very little water when it

is emptied into the driver's pail, as this dilutes the cream. It is preferable to

remove the cream adhering to the sides of the can with some sort of a

scraper, but this must be kept clean.

Delivery of Cream.

The impartance of making frequent collections of cream is a matter too

often underestimated by creamery managers. The facilities at the command
of the average patron for keeping milk or cream in a clean, sweet condition

are very limited, and it is very seldom that cream left in the hands of patrons

for more than three days will prove to be of fine quality. It is quite safe to

say that, other conditions being equal, the more frequent the collections of

cream, the better will be the quality of butter produced.

On the other hand, the cost of collecting, which is one of the largest

items in the cost of manufacture, has to be considered. The greater the

amount of cream obtainable in a given area, the lower will be the cost per

pound of butter for collecting.

While seeking to practice economy on one hand, quality of butter should

not be lost sight of on the other. It is, or should be, quality which deter-

mines the commercial value of dairy products.

A district or route which will not furnish sufficient cream to warrant mak-
ing at least three collections per week during the summer months will

scarcely be profitable.

At times we find some drivers adopting the practice of omitting to call

on patrons supplying small amounts of cream, and especially those located at

outlying points. The fact should not be lost sight of that the addition of a

few small lots of cream that have developed a high acidity or an objection-

able flavor, from a pantry or" cellar, may materially lower the grade of the

butter manufactured from the entire load.

A really choice quality of cream will scarcely be obtained unless there

.are from four to six collections made each week.

Means of Delivery.

Oblong or oval tanks have proved very satisfactory for the use of

cream collectors. The sides, top and bottom, should be well insulated, and

the edges of the lids inlaid with cork in order to make a close joint. The
inner lining should be of heavy tin (22 or 24 gauge), with as few seams as

possible. Long, oblong tanks require some support for the sides, and should

have two square " wings " or partitions, extending from the top to within cne
or two inches of the bottom. These " wings " prevent, to some i^xtent,

the swaying and splashing of the cream from one end of the tank to the

other while en route to the creamery. The oval-shaped tajiks, however, do
not seem to require any special " splash-wings."



In placing an order for new tanks, such specifications of outlets or "taps"

should be given as would best serve the requirements of the particular location

of the factory. For instance, if the receiving door or window were acces-

sible from one direction only, then it would be necessary to have the outlet

of the tank on the side or end next the creamery. A tap or other outlet

placed in one corner of a tank affords the best possible means of draining, as

the platform or driveway may be levelled so as to throw one rear waggon

wheel lower than the rest, thus causing the tank to drain freely.

As a creamery inch contains about 113 cubic inches, the capacity in

inches rfiay be estimated by dividing the number of cubic inches by 113. The

capacity in pounds may be obtained by dividing the numaer of cubic inches

by 27.5848—the number of cubic inches in one pound of cr'nm.

Insulated or jacketed cans, holding from 30 to 35 creamery inches, are

preferable in some ways to tanks. Where these are used a buttermaker is

sometimes able to "grade" the cream when receiving it at the factory. If the

contents of one can is found to be overripe or "off" in flavor, a maker may

locate the source of trouble with much less difficulty than when tanks are

used. On the other hand, however, well constructed tanks give better pro-

tection to the cream during transit. At creameries where both tanks and cans

are in use, the temperature of the cream received from the tanks during

warm weather is frequently six degrees lower than that delivered in cans-

The ideal System of delivery would find its nearest approach in the use of

separate cans for each patron. The measuring or weighing and sampling

would then justly fall to the buttermaker, who would then be brought in

close touch with the cream produced by each patron. This plan also enables

the manager, if he wishes to do so, to grade the cream, and pay for it

according to whether it is first or second class.

When cream collectors are prc-ided with a means of straining each lot

of cream, a patron's attention may be drawn to any curd or other matter

found in the cream.

Waggons or other vehicles used by cream collectors should be equipped

with suitable springs, in order to avoid, so far as possible, agitating the cream

sufficiently to cause a partial churning. An undue loss of fat in the butter-

milk, and butter with a weak, greasy body or grain, will be the probable re-

sult of allowing the churning process to commence while the cream is on the

waggons. A light canvas top or covering for the waggons makes a good

protection from the sun.

The Collector. The value and importance of a competent, reliable cream

•collector is too often underestimated by the factory management. In the

first place it is necessary that he be strictly honest in his weighing or measur-

ing and sampling. Secondly, he should be so well informed along general

dairy lines, and possess such keen sense of taste and smell that the slightest

^' off " or objectionable flavor would be detected, and a probable remedy for

the defect given in a quiet, pleasant, tactful manner. Thirdly, he should be

treat and clean.

Cream Testing.

Cream varies in richness much more widely than does milk. The yield of

tuttftr per 100 pounds of cream sometimes goes as low as 12 or 15 pounds, and

as high as 45 or 50 pounds.
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When operating a hand separator the richness of cream produced may be

caused to vary from day to day by a variation in one or more of the following

conditions :

1. Speed of Separator. A high speed produces a richer cream than a

lower speed.

2. Temperature of the milk at time of separating.

3. The feed of milk to the separator. The faster the milk is allowed to

enter the bowl of the separator the lower will the cream test.

4. The amount of liquid used to flush the bowl. The same amount should

be used each time.

5. The percentage of fat in the whole milk.

Tlie most accurate method of determining the richness of cream is by

means of the Babcock t-est, which is becoming quite generally adopted by many
progressive creamery managers.

The system may be briefly outlined as follows : The collectors are pro-

vided with suitable bottles to enable them to take a sample of the cream
supplied by each patron. It is well to have the sampling .done on some par-

ticular basis. The size of sample taken should be proportionate to the

weight of cream supplied, say, a fluid ounce for every 30 or 40 pounds crer.m.

Upon arrival at the creamery these small samples should be examined for

flavor and acidity, and then be transferred to composite sample jar?, to which

a small amount of preservative has been added. In this way the samples

received during a month may be so thoroughly mixed together that .1 Bab-
cpck t€st made at the end of the month will give the average fat content of

the cream supplied by a patron during that period.

As the Babcock test is based on weight, it is necessary to either weigh

the cream or estimate the weight from the number of creamery inches. Ac-

cording to experiments conducted at the Ontario Agricultural College, 3.11

inch of average cream in a pail 12 inches in diameter will weigh 4.1 pounds.

Thus, if it were found more convenient to measure the cream than to weigh
it, the weight could be determined by multiplying the number of inches by

4.1. The number of pounds of cream furnished by a patron during a month,
multiplied by the test, or the per cent, fat, and divided by 100 will give the

number of pounds of fat which the cream contained.

Requirements.

. I. A Babcock tester. A'24-bottle steam turbine tester is the most sat-

isfactory.

2. A double set of cream bottles (4 dozen), a portion graduated to read

30 per cent, and a portion 40 per cent.

3. An 18 c.c. pipette. A pipette graduated to 17.6 c.c. for milk, and iS'

c.c. for cream is a convenience. The careful use of a sensitive scale which
will weigh grams insures greater accuracy than measuring.

4. A supply of commercial sulphuric acid, which costs about 65 cents per
gallon, or about 1-4 cent per test, and suitable acid measures.

5. A wooden case or rack that will hold 24 cream bottles. It is well to-

have a separate space or opening for each bottle.



9

6. Sufficient pint or half-pint milk bottles to furnish a composite sample

jar for each patron.

7. Gummed labels bearing the patrons name, ur number, should be pasted

on the necks of the jars and coated with white shellac. This will prevent the

labels being washed off.

8. The sample jars should have sound corks. Turned wooden corks are

;-''.ry satisfactory.

9. A supply of preservative in the form of tablets or powders, consisting

of 7 parts of potassium bichromate to one part of corrosive sublimate.

10. Dividers or compasses to measure the fat column.

Notes.

1. The quantity of preservative required for each sample jar is about what

will lie on a ten-cent piece. This should be placed in the composite jar

before the addition of any cream.

2. The addition of each subsequent sample of cream should be followed by

a rotary motion to thoroughly unite the fresh sample with the preservative.

3. Sample jar« should be kept well corked, and preferably in a cool place.

A detailed outline of the Babcock test may be found in Bulletin 114 from

the Ontario Agricultural College.

Oil Tests.

The value of cream for butter making may be approximately estimated by

means of the oil test, which is simply a churning process. The outlines of

this method of testing are generally known, and call for only a passing re-

ference.

The readiness with which a separation of the oil is effected from the

serum is governed very largely by the degree of acid developed in the samples

before the commencement of the churning process. This being true, it neces-

sarily follows that ripe or sour samples of cream will give a higher or more

satisfactory test than samples of fresh, sweet cream ; thus, the oil test may
be said to place a premium on S'Our cream.

As the Babcock test is rapidly displacing the oil test in cream-gathering

creameries, it may be well to become familiar with the relation between the

readings of the two tests.

Viewing this relation from the theory of the Oil Test, we have somewhat

as follows : A standard creamery inch is one inch of cream (in a pail 12

2 )~ ^
3.1416 X I equal to 113 cubic inches. One pound of butter contains-

about .25 cubic inches of butter oil, which is 22 per cent, of 113. Therefore, any

sample of cream which will yield 22 per cent of its volume in butter oil should

read 100 and make a pound of butter per inch. A reading of 100 by the oil

test would, therefore, theoretically, be equal to 22 per cent of fat.

As viewed from the fat or Babcock test, we have the following : The
overrun in cream-gathering creameries will probably range from 15 to iK

per cent. Then 100 pounds fat would yield 116.5 pounds butter.

One pound butter would require 100-116.5 pounds fat.
jj



10
V

One inch of cream weighs 4.1 pounds.

Therefore, in order to yield one pound butter per inch :

4.1 lbs. cream must contain rzrz-^ lbs. fat.
iio.o

I lb. cream must contain ^-^jr-. x 7 , lbs. fat.
110.5 4.1

,4^ X A X 100, equal to 20.98 lbs. fat.
116.0 4.1

100 lbs. cream must contain

Or practically 21 per cent. fat.

According to experiments conducted at the Ontario Agricultural College

Dairy School, the actual percentage of fat in cream yielding one pound of

butter per inch is 21. i per cent.

More attention should be given to the dimensions of the drivers' pails,

which have been found to vary from 11 1-2 to 13 inches in diameter. The
bottom and the sides should be free from bulges. Weighing the cream insures

greater accuracy than measuring. A single beam with a sliding poise, such

as butchers use on delivery waggons, answers well.

The relation between the value of a pound of fat and a pound of butter

may be found to vary somewhat according to the percentage of overrun

obtained.

With an average overrun of 16.5 per cent, and butter .worth 17 cents per

pound, the value of a pound of fat may be estimated as follows :

A 16.5 per cent overrun would prove 100 lbs. fat to yield 116.5 lbs. butter.

116.5 lbs. butter at 17 cents equals $19,805, then 100 lbs. fat must be

worth $19.80 ; therefore, i lb. fat must be worth 19.80

100
equal to 19.8 cents.

If fat were worth 17 cents per lb., the value of i lb. butter would be esti-

mated as follows :

100 lbs. fat at 17 cents, $17.00 ; 100 lbs. fat will yield 116.5 lt>s. butter ;

therefore, 116.5 lbs. butter are worth $17.00, then i lb. butter is worth

!-v5^ equal to 14.58 cents.
llo.o

Assuming the average overrun in cream-gathering creameries to be 16.5

per cent., the following relation will be found betwen the price of fat to the

patron, and the price of butter according to the actual yield (not necessarily

according to the oil test) :

Value of 1 lb.

butter.
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Pasteurization.

The quality of butter produced by cream-gathering creameries would be

improved by the adoption of pasteurization. This treatment, however, has

proved relatively more beneficial to sweet cream than to cream which has

been allowed to ripen. The pasteurization of ripe cream may be considered

to be yet in an experimental stage.

The chief advantages of pasteurization are :

1. A butter of mild flavor may be produced, and food flavors largely over-

come, i

2. Better keeping qualities may be imparted to the butter.

3. Greater uniformity obtained in the product.

The following disadvantages are found :

1. An increase in the cost of manufacture, which may be accounted for

in the cost of the outfit, labor involved and the expense of fuel.

2. The absolute necesssity for good facilities for cooling. Where either

water or ice is scarce, this adds considerable to the cost of manufacture. A
pasteurizing plant is not complete without an effective continuous cooler.

The addition of from 10 to 20 per cent, of good culture will improve the

butter made from pasteurized cream. As this increases the volume of cream

for churning, it is well to have the fat content of the cream intended for

pasteurization not lower than 30 per cent.

• Churning.

The fat content of gathered cream is usually so low that a high churn-

ing temperature is necessary. This tends to cause an undue loss of fat in

the buttermilk, as well as soft butter, which is likely to retain a high per-

centage of caseous matter and moisture.

Other conditions causing a loss in churning are : Making a churning

from lots of cream which dififer in temperature and degree of acidity, and

also filling the churn too full.

The buttermilk should be allowed to drain well from the churn. It is

well to add a pail or two of brine at this stage. Churns should be levelled to

allow a free outlet.

Wash with water at a temperature which will give the butter the proper

consistency for working and expelling the surplus moisture. It is well to

give butter intended for export two washings.

Salting. Salt which has been sifted and is free from foreign flavor should

be used in the proper proportion to meet the requirements of the markets.

Care should be taken to distribute it uniformly.

Sometimes a preservative in the form of boracic acid in the proportion of

one-half per cent, is used to improve the keeping quality of saltless butter.

Working. A more uniform distribution of the salt may be obtained by

giving the churn a, few revolutions before placing the rollers in motion. If,

after partial working, the butter can be allowed to drain a short time without

undue exposure, the more complete will the process be.
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Packing. Butter intended for the export trade should be solidly packed

in clean, tight packages, which have been
,
well coated' with paraffine, and

lined with heavy parchment paper. If soaked several hours in a strong

brine, to which formalin has been added there will be little tendency to

mould. Care is necessary to insure a smooth finish without causing a greasy

appearance on the surface. The paper, ends, if kept moist, may be neatly and

closely folded over the top of the package, so as to form a seal, thus ex-

cluding the air.

The length of time during which butter will retain its fine aroma depends

very largely on the temperature of the storage in ^which it is held. A tem-

perature not higher than 28 or 30 degrees F. should be maintained when but-

ter is being held for two weeks.

A cold storage requires close attention in order to keep it clean and dry,

and to insure a uniformly low temperature. The extreme variations in tem-

perature may be readily noted if a self-registering maximum and minimum
thermometer be kept in the cold storage.

It is not wise to hold butter more than a week in the average creamery

cold storage. The depreciation in the actual worth of the butter usuallv

more than offsets any rise in price.

The Creamery Building and Machinery.

The building should be neatly and substantially built, preferably of cement,

brick or stone. If built of wood, the walls should be well insulated by the

use of four to six thicknesses of lumber, two to four thicknesses of good
building paper, and at least two " still-air " spaces. The outside should be

neatly painted some light color, which will cause it to be cooler in summer.
The floors should be made of cement. A wooden floor should not be used

in a creamery, as it is almost impossible to prevent its leaking, and so har-

boring decaying organic matter. Old wooden floors should be replaced with

cement as soon as possible. Tlie cement should also extend up on the walls

for at least six inches.

The ceiling of the making room should be at least twelve feet high. The
inside of the creamery and cold storage should be coated with whitewash once
a year. If not whitewashed, it should be painted, but the cold storage

should be coated with shellac and not paint, owing to the smell from the

paint which may taint the butter. When troubled with mould on the walls

they should be thoroughly cleaned, then be sprayed with a solution of one
part bichloride of mercury in one thousand parts of water.

The cream vats should have plenty of space for water and ice around
the sides for cooling. The combined churn and worker saves labor, time,

floor space, pulleys and belting, and can be recommended to those purchasing
new churns and workers. All the machinery in a creamery requires extra good
care, as otherwise it deteriorates in value very rapidly.
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FIRE BLIGHT.
" That species of blight which is sometimes called the ' tire blight,

frecjucntly destroys trees in the fullest apparent vigor and health, in

Fig. 1.—A pear orchard badly infected with Fire Blight.

a few hour.s turning the leaves sud.lenly brown, as if they had passed

through a hot Hanie and causing a morbid matter to exude from the
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pores of the bark of a black ferruginous appearance ; this happens

throughout the whole course of the warm season—more frequently in

weather both hot and moist." So wrote William Coxe in a book on the

"Cultivation of Fruit Trees," published in 1817, which is said to be

the oldest American book on fruit culture.

Nearly forty years before this we have a record of the disease

mentioned in a letter written by one William Denning, who first saw
the disease in the Highlands of the Hudson, in 1770. He described

the disease fairly well, and thought it was due to a borer in the trnnk

of the tree.

From 1817 to almost the present time, we find in horticultural

literature many theories as to the cause of the blight. It would be

tedious to give an account of all the different theories put forward by

various writers during ihis period. The most diverse views were

entertained as to the cause of the disease, and it was a constant topic

for discussion in the horticultural journals and societies. These dis-

cussions were so wearisome and so barren of results that the Western

New York Society resolved that the subject should not be discussed

at their meetings unless some one had something entirely new con-

cerning the disease to communicate.

Amongst the different theories put forward to explain the cause

of pear blight, we may mention the following

:

1. Insects.

2. Rays of the sun passing through vapors.

3. Poor or deleterious soil.

4. Violent changes of the temperature of the air or the moisture

in the soil.

5. Sudden change from sod to high tillage resulting in surfeit or

overplus of sap.

6. The effects of age ; old varieties being most subject to it.

7. Autumn freezing of unripe wood, which engendered a poison

which destroyed the shoots and branches in the following season.

8. Electricity, or atmospheric influence.

9. Freezing of the sap, or freezing of the bark.

10. The heat of the sun assisted by rain-drops acting as lenses

causing the scalding of the sap and bursting of the cells.

11. Fermentation of the sap.

12. The absence of certain mineral matters in the soil.

13. An epidemic transmitted from place to place by the air.

14. Fungi.



Each of the above theories was sustained by various writers, and
it may be of interest to note that Henry Ward Beecher was an

advocate of the theory that the cause of blight was due to the

autumn freezing of unripe wood.

A. .T. Downing, the distinguished author of " Fruits and Fruit

Trees of America," applied the name " Frozen-sap blight " to the

disease. His theory was that the disease was due to the freezing and
thawing of sap. The sap thus lost its vitality, became dark and dis-

colored and poisonous to the plant.

Thomas Meehan, editor of the " Gardeners' Monthly," supported

the idea that fungi were the cause of the disease; but no tests were
applied to prove that the inoculation of these fungi into healthy trees

would cause the disease. It was not until the year 1878, when W. T.

Burrill, Professor of Botany in the University of Illinois, announced
to the Horticultural Society of that State the discovery of bacteria,

apparently connected with the disease. Burrill also proved that the

disease was infectious, and could be communicated to healthy limbs

by inoculation, using the gummy exudation from an affected tree as a

virus. Not only was he able to produce the disease in pears, but also

in apples and quinces. Dr. J. C. Arthur, Botanist of the New York
Experimental Station, subsequently confirmed Prof. Burrill's results,

and thoroughly established the fact that a certain species of micro-

organism, named by the discoverer Bacterium amylovoruvi or the

starch destroying bacterium, was the sole cause of the disease.

GeograpJiical Distribution. This disease is peculiar to North
America. So far it has never been recognized in Europe. Professor

Budd, of Iowa, who is familiar with the disease as it occurs in North
America, has inspected the orchards of Europe and states that no
trace of fire blight of pear or apple trees can be seen in Europe. It is

also unknown in New Zealand and Australia. In North America,

the blight extends from New York to California and from the

northern counties of Ontario to Texa-;.

])r. Beadle, in a sketch of the history of the disease in Ontario,

states that, " In the early days of fruit-growing in the Niagara district

we had no pear tree blight nor apple tree blight. With the advent of

what people termed grafted fruit there came, after a few years, ' blight'

on the pear tree." " By the year 1840 it had spread considerably."

N. J. Clinton, of Essex County ; S. Hunter, of Oxford ; E. D. Smith, of

Wentworth ; Stone and Wellington, of Welland ; R. Hamilton, of

Argenteuil, reported its presence in their respective counties about 35

9—136



years ago. The colder parts of the Province have suffered as severely

from the disease as the more favoured districts. The orchard of the

Dominion Experimental Farm, at Ottawa, has been attacked, and the

140 Russian variety of apples cultivated there have suffered severely.

In warmer districts, however, the disease has been much more severe.

Whole orchards have been completely destroyed in the State of Texas,

and certain pear-growing districts in that State have been practically

ruined by this parasite.

Losses. No statistics are available to give us an idea as to the

amount of loss to fruit growers from pear blight, but a few references

to losses by this destructive disease wHll help to give us an appreciation

of the subject. Coxe, in 1817, reported that he had lost upwards of

fifty trees in twenty years. In the years 1826, 1832, and 1844 there

was an increased prevalence of the disease, and few pear orchards

escaped without partial or total loss of many trees and some orchards

were quite destroyed. Downing called it the " monstrous malady of

the pear." Lyons stated, as the opinion of many cultivators in the

State of Michigan, that " The pear tree cannot be grown with financial

success on account of the blight." Hallam, in 1882, reported that,

" In Southern Illinois, pears have failed—utterly failed—so that none

are now cultivated for market. The blight has destroyed the trees,

branch and root
;

'' while A. Noice of the same State, doubted " if oue-

tenth of the pear trees that are planted lived ten years on account of

this destructive agent." E. H. S. Dart stated that the severities of

winter were not so much to be dreaded as the ravasi:es of bliojht. He
had in 1874 one to two thousand trees affected. Dr. P. A. Jewell, in

1876, lost 10,000 Tetcfsky apple trees by it. Bailey, of Cornell,

declared that tire blight was undoubtedly the most serious disease

with which the quince grower had to contend. It is the same disease

which is so destructive to pear orchards in certain years and to

certain varieties of apples, particularly the crabs. Selby, of Ohio,

reported that the disease ranks among the most destructive known to

tlie orchardist in his State. Chester, of Delaware, announced that

pear blight was of unusual severity during the season of 1901 and

caused much alarm because of its rapid spread through the orchards

of the State. In 1895 its ravages were most severe on apple trees in

the vicinity of Hamilton and Burlington Bay. J. Craig gathered

information as to the character of injury of the disease from fruit

growers throughout this Province and a number of these state that

the injury was very severe.



These citations are enough to show that the disease is of special

economic importance and greatly dreaded by many fruit growers.

Symptoms. The first indication of fire blight is seen either in

the browning and subsequent blackening of the leaves or of the

young twigs or of the tender shoots. When the twigs or shoots are

the principal parts affected the disease is spoken of as twig blight.

Pears show the presence of the disease more frequently by the

blighting and blackening of the leafy tufts of the spurs, and show it

especially by the darkening of the blossom clusters on the larger

clusters, while, later, the branches themselves become blackened

The progress of the disease is always downward—an inch or more

each day, depending upon the season, until the larger branches are

infected. In the more susceptible varieties it spreads more quickly,

involvino- the whole tree; but in the more resistant varieties the

progress of the disease is not so fast. When the disease is active

the bark of the diseased branches cracks, and a thick, blackish, gummy
fluid exudes, and later the infected bark becomes hardened, dry and

shrunken. The disease occasionally appears on the larger branches

and trunks of fruit trees when these have been bruised or otherwise

injured, when its appearance is similiar to the injury known as "sun-

burn " or " sun -scald." This disease of the trunks or larger branches is

sometimes spoken of as "body blight" or "rough bark." The inner

bark and cambium layer of the limbs and trunk are the most

important parts of the tree killed by the blight. Instances are known

of its attacking the fruit, producing watery ulcers accompanied by

brown discoloration and decay. The disease may be known by its

peculiar odor, said by some writers to resemble putrefaction.

When the disease is in progress, the discolored blighted portion,

blends gradually into the color of the normal bark, but when th&

disease has stopped there is a sharp line of demarcation between the

diseased and healthy portions. (Waite).

Microscopic Appearance of the Diseased Tissues. The most con-

spicuous change in the tissues affected with the blight is the dis-

appearance of the stored starch, and on account of this peculiarity

the organism has been named the " starch destroying bacillus

"

(Bacterium amylovorum). The germ penetrates from one cell to

another and produces a gummy or mucilaginous matter which is

found on the exterior of the affected parts. The microbe is found, as

a rule, only in the inner bark and the actively growing tissues

(called the cambium, which produces wood on the inner side and bark



on the outer side). The organism is unable to grow when the tissues

are lignified or woody.

Life History of the Pear Blight Germ. The organism which

produces the disease is a small motile bacillus, which increases with

great rapidity in the succulent parts of affected trees. (Fig. 4). The

microbe is of microscopic size, so .'mall that 25,000 placed end to end

would only measure an inch. They are able to live and multiply in

the nectar of the blossoms, from whence they are carried to other

flowers by bees and insects which visit the blossoms for honey and

pollen. From this locality the germs extend into the tissues and then

downward into the branches by way of the inner bark, girdling the

limbs and causing a large amount of damage. The blight germ also

gains entrance to the plant through the tips of growing shoots, thus

producing twig blight. The organism is not killed by the winter

frosts, but lives in the bark in a dormant condition until spring. As

soon as the plant tissues become gorj^ed with sap in the spring the

microbes, which have remained alive all through the winter, start to

grow and extend into the new bark. This new blight which develops

in the spring can be recognized by its moist and fresh appearance

from the blighted, dead and dried bark of the previous summer. A
large amount of gum is exuded from the affected bark, and runs down

the tree and attracts to it bees and other insects, which carry the

microbes to the early blossoms, and from these first flowers it is

carried to others, and thus the disease extends.

The germ has never been discovered in the soil, although careful

search has been made ; hence the impo/tance of recognizing the winter

form of the disease, for if these affected portions of the tree are cut

out and destroyed, the pear blight question is solved, for without the

microbes there can be no disease.

Conditions Affecting the Spread of the Disease. Fire blight differs

in severity in different localities, and there are a number of conditions

which affect the character and progress of the disease.

Every tree of the pome family is subject to the blight, but

pears and quinces are more susceptible than plums and apples. The

mountain ash, service berry and hawthorn are frequently diseased,

but not to such an extent as the first named trees. There is a

difference in the susceptibility of varieties. Thus, among pears,

Clapp's Favorite, Flemish Beauty, and Bartlett are more liable to

the disease than Keiffer and Duchess, and amongst apples, the Crab

varieties are the least resistant.



Fig. 2rt.—Showing the result of inoculating
a terminal shoot with a pure culture
of the Fire Blight organism by punc-
ture at the point. «.

Fig. 2&.— Showing the blighting cf a ter
minal shoot bj- inoculation of the ter-

minal bud with a pure culture of the
Fire Blight organism.^, (After Chester).
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Fig. 3.—Cross section of a one and two year old stem. Fire blight
bacteria grow in the cambium (c) and inner bark (F). E—epi-
dermis. Co—Corky layer, B — Bast fibres, P—Parenchyma. C

—

Cambium. X—Xylem or woodjMissue. M—Medulla or pith.

[7]

Fig. 4.—Fire Blight bac-
teria (B. amylovorum.)
X2000,
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Climatic conditions influence the disease;warm, moist weather with

much rain favour it, whilst bright, dry, sunny weather tends to check it.

High cultivation, rich soil, heavy manuring, free use of fertilizers'

heavy pruning, or any other treatment which has a tendency to in-

duce new and succulent growth, favors the disease, as the bacteria

grow with far greater rapidity and penetrate more quickly from cell

to cell when the tissues are gorged with sap. Insects are more partial

to young succulent shoots and leaves, and the bites and punctures of

such insects whose mouth parts may be contaminated with pear

blight germs often serve to infect the tree.

It is thus manifest that healthy, thrifty, vigorous, well fed and

well cultivated trees are more liable to the disease than others, and

hence the severity of an attack of fire blight may be lessened by con-

ditions which are under the control of the grower.

Treatment. The treatment of fire blight is of two kinds—that

which is designed to put the tree in a condition to withstand the

attack of the blight microbe, and those methods which aim at the

extermination of the causal bacterium. Unfortunately all methods

which are used for hindering the attack of the microbe consist of

restraining the full development of the tree, and hence any such

system of procedure should not be followed unless an orchard is very

badly attacked

High cultivation with pruning and the other conditions already

mentioned as predisposing trees to blight should be avoided, but the

trees should be allowed to ripen the wood, and in order to do this the

fruit grower must use any method which will check the amount of

moisture in the soil—for instance, by the growth of a clover crop.

The tire blight organism cannot be exterminated by spraying, as

the microbe lives in the tissues beneath the outer bark, and it is im-

possible to reach it with any spraying solution, for, unless the bacteria

come into contact with the germicide, spraying is ineffectual.

There is, therefore, but one remedy, to cut out and burn the

affected parts of the tree. It is very necessary when cutting out a

diseased branch or twig to cut well below the discolored portion, as

the bacteria are in most cases far below the discolored portion, the

discoloration not being produced immediately upon the appearance of

a few bacteria, so that if only the discolored portion were cut oft

numbers of bacteria would still be left in the stump, and these would

continue to multiply, and the disease would soon be evident again.

Cutting of affected parts may be done at any time in the winter
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and spring, but it is not advisable to cut in the growing season, as

fresh cases may be constantly occurring, and these, owing to lack of

sufficient development, would not be seen.

The best time for cutting out affected branches is towards the

fall, or when the trees have stopped forming new wood, when most

of the blight has developed, and when the contrast between the dis-

colored leaves and branches and healthy tissues is easily seen

Trees should be carefully inspected for blight during the winter,

and in spring before the blossoms come out, in order to destroy any

aflected parts that may have been missed at previous inspection.

All trees of the pome family in the vicinity should be examined

as well, as these, if blighted, may serve to reinfect an orchard which

has been carefully treated.

In cases where the bark of the trunk is affected, it can be cut

out and the wound covered with a lead and oil paint. The cut sur-

face of the branches over one-half inch in diameter should also be

painted.

A BACTERIAL DISEASE OF BEANS.

Lima beans are not grown commercially in Ontario. Wax beans

are grown in gardens and for canning. Field beans are grown exten-

sively in the lake counties of Essex, Kent and Elgin, Blenheim and

Ridgetown being centres of the bean industry.

A bacterial disease of beans is causing loss and injury in nearby

bean-growing sections of the United States, from New Jersey to

Michig-an, and it is probable that it occurs in this Province. We have

made some study of the disease under field conditions in Michigan

and in our laboratory at the College.

The disease usually begins at the margin of the leaf, or where

the leaf has been injured or torn by insects, wind, or hail. Here a

yellow spot appears, and the green of the leaf is destroyed. The

spot increases rather slowly, and the diseased tissues become brown,

especially the minute veins, which become almost black.

This diseased part of the blade turns dry and brittle in the sun,

and soft in the rain, and it may be broken away, leaving ragged holes

and torn margins. The whole leaf may die and fall to the ground or

remain withered on the stem. The disease enters the stem by way

of the leaf stalk, and advances in the stem to other leaves and to the

young pods. In severe cases the pod may wilt and die, and, on

opening it, the half-growm seeds will be found shrivelled and dis-
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colored. Most of the afiected pods, however, reach full size, and the

beans may be apparently sound or only slightly discolored at the seed

scar, or they may be much discolored. The whole plant does not

usually die outright, but lingers through the season

If we tear out a bit of tissue from a diseased spot in the leaf,

crush it on clean glass, and examine it under the microscope, we shall

find bacteria in very great numbers ; they are so numerous that the

diseased tissue seems to be a mass of bacteria, and all apparently of

one kind—small, short rods, single, or joined end to end in twos.

This germ, and the disease caused by it, were first described by Erwin

Smith, and the name given to it is Pseudomona^ phaseoli.

With proper care, we
may tear open a stem,

take a bit of diseased

tis-ue, crush it in melted

gelatin ; and pour the

whole into glass dishes.

Here, the gelatin be-

comes solid, holding each

germ apart from others,

where it grows and mul-

tiplies, and in four days

small, round, yellow

spots or colonies appear.

On examination these

colonies are found to

consist of bacteria like

those in the diseased

plant. We can now

Fig 5-Tnebean plant inoculated with the bacillus which transplant a Colouy tO
• causes the disease. Showing the wilted leaves.

^^arioUS media aud ob-

serve its growth in pure culture. By such methods, we have re-

peatedly got pure cultures from leaf, stem, pod and seed. The bac-

teria have been obtained alive from the seed coats of beans kept m
the dry pods or in sterile test tubes over winter, and the same seeds

have then germinated and grown.

During the past winter, we have inoculated more than twenty

bean plants growing in pots in the laboratory. The surface to be

inoculated was touched with a hot platinum needle and then punc-

tured with a sharp, sterile platinum needle. The needle was then
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touched into a pure culture of bacteria from the diseased beans and

thrust again into the puncture. The puncture was closed and sealed

with a loop of sterile, melted paraffin. Other punctures were made

and covered in the same way but no bacteria were introduced. Every

inoculated plant sickened and the same symptoms developed as were

observed in the diseased plants in the field. Numerous check plants

remained healthy. Plants inoculated in the stem showed symptoms

after two or three weeks. At first, there is a yellow discoloration,

spreading slowly from the point of inoculation. As the disea'-e pro-

gresses, it enters the leaf by way of the leaf stalk and kills it. Finally,

the whole plant may be killed or it mav linger alive for month'*

The leaf may be

inoculated by punctur-

ing the veins, but a

better way is to inocul-

ate in the petiolules, or

short stalks of the in-

dividual leaflets. The

disease most affects the

woody bundles of leaf

and stem, and all the

woody bundles of the

leaflet converge in the

petiolule. A puncture

in the petiolule causes

no lasting injury Imt

soon heals if no bacteria

are introduced.

The needle, which

Ihe bacillus which
wilted leaves.

should be fine and sharp, Fig. 6.— I'he btjan plant inoculated with
causes the disease. Showing the '

IS thrust into the petio-

lule from its upper end downward. Each of the three petiolules

is thus punctured and the culture is then introduced into one or more

of the punctures and all are closed with sterile, melted paraffin.

Some time will pass before any symptoms appear. In about

three weeks, the inoculated leaflet droops on its stalk and wilts in the

sunshine, but apparently recovers at night. There is a yellowing at

the base of the blade ;this spreads rapidly, following the veins. The

aflfected tissues wilt, and the veins becomes dark brown. Within five

days from the appearance of the first symptoms, the leaflet is dead

and dry.



12

During this time, the leaflets of the same leaf which were punc-

tured but not inoculated remain healthy, and it is nine or ten days,

on the average, befoie the disease reaches them. In a few days more,

these leaflets also are dead. The disease now travels down the main

leaf stalk and enters the stem, where it progresses slowly from node

to node, killing the leaves and finally it may kill the whole plant.

All inoculated plants developed the characteristic symptoms of

the disease, and all were, at some period, examined for bacteria. The

characteristic bacteria were found in every instance, and in aW parts

examined which showed the symptoms. Numerous check plants, kept

under the same conditions, but not inoculated, showed no symptoms
of the disease, but remained healthy and, on examination, no bacteria

could be found in their tissues. Plate cultures from the diseased

tissues ot" inoculated plants developed uniform pure cultures of the

germ inoculated into them. Sections of the inoculated j)lants showed

characteristic bacteria present within the cells and especially numer-

ous within the woody bundles ; the vessels being choked with them

and the cell walls frequently dissolved.

Prevention.

No remedy is known for the disease after the symptoms once

appear in the plant. Measures may be suggested, however, to prevent

ite introduction and spread. Seed containing the bacteria must not

be planted. Such seed may be much discolored, may show slight

evidence of infection, and for this reason seeds from fields where the

bean plants have shown symptoms of the (disease should not be

planted, even though such seed has been carefully picked over and

all discolored beans removed from it. This precaution in the selection

of healthy seeds applies wifeh special force to the planting of new fields

where beans have not been grown. It is hoped that a method of

treating the seed may be worked out, by which the bacteria may be

surely killed without injury to the seed. This germ, Fseudonionas

phaseoli, forms no spores and is readily killed in water heated to only

122° F., for ten minutes, a temperature which dry bean seed can

endure for some time without injury. It is readily killed, also, by a

solution of mercuric chloride, one part to 1,000 of water.

A field where beans have sickened with this disease is unfit for

growing beans for at least one season, as the germs live over at least

one winter in the stems and leaves left on the ground. How long

such a field may remain infected is unknown, for we do not yet know
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whether the frerms can live and increase in the soil where no beans

are growing, although this is probable.

Bean straw from infected fields may be burned. If it is fed to

animals or used as bedding, the manure should be returned to

the field on which the beans grew, and not spread on fields as yet free

from the disease.

This Department will continue its work with the disease, and we

hope to make a survey of the commercial bean-growing areas of the

Province about the time of bean harvest this season. We shall be

glad, at any rate, to examine diseased bean plants and seeds intended

for planting.

SOFT ROT OF WHITE TURNIPS, CAULIFLOWERS,
CABBAGES, ETC.

During the last few years we have examined a number of the

soft rots, caused by several diff"erent kinds of microbes. In one case

we made a special study of the causal organism, which proved to be a

new species. Considerable study was devoted to a rot of Swedes

which has caused much loss to farmers in different districts of the

Province. We also found that one of the causes of a soft rot of celery

was due to a common soil organism which heretofore had not been

found able to produce disease in plants.

The soft rot of white turnips, cauliflowers, etc., has been ra^her

common during the last few years. In 1901 much damage was done

to market gardens in the v^icinity of Guelph, and wherever white

turnips were grown there was considerable rot during the season of

1901.

Cause. This soft rot is caused by a microbe— a bacillus or rod-

like organism (scientific name, Bacillus oleraceae) which increases

very rapidly when once it has gained admission to the plant. It

secretes a substance which has the power or property of dissolving

the cell wall of the plant. The cells are thus separated from one

another, break down, and a soft, pulpy mass is the result. From this

action of the microbes, the common name " Soft Rot " has originated.

Symptoms. The character of the rot is similar in all plants that

are attacked. In the cauliflower, the head or edible part breaks

down into a soft pulpy mass, brown to black in color, usually with

an objectionable smell. Cabbages behave in a similar manner. In
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turnips, the globular root is the portion of the plant that shows the

most decay. The rot is brown in color, very soft, and with a dis-

f-~^

Fig. 8.—A healthy catiliflower plant ; inoculated and erown
under the same conaitions as the inoculated plants.

Fig. 7.—B. oleraceae. The flag-
ella stained by Van Krmegen'.s
method. The bacteria were
taken from an agar culture 18
hours old.

Fig. 9.—Cauliflower plant inoculated by placing a
piece of softened tissue, taken from the interior of
an affected inoculated petiole, on the surface of
the healthy flower. The flower is reduced to a
pulpy, black mass.^Five days from time of ino-
culation.

agreeable odor. The turnip leaves have a wilted appearance, owing

to the fact that their supply of nourishment is cut off.
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Conditions Affecting the Spread of the Disease.

1. Meteorological Conditions. Warm weather, combined with

excessive moisture both of the soil and of the atmosphere, and the

fact that transpiration is checked by this condition, undoubtedly play

an important part in the spread of the rot amongst cauliflowers and

turnips. Those seasons which are warmer and moister than the

average predispose plants to rotting.

2. Rankness of Growth. The weather conditions above mentioned,

and the plentiful use of manure by market gardeners and good culti-

vation, favor very quick, rank growth. The plants most affected are

large and heavy, with many leaves shading the surrounding soil,

thus conserving moisture and promoting quick growth.

3. Abundance of Insect Pests. The disease is chiefly spread by

means of infection by wounds, and under field conditions these are

usually produced by insects, especially the cabbage worm and turnip

beetle. A careful examination of" very many plants show that one or

more insects are present on each plant. Slugs also do considerable

damage. Ants and other insects swarm around turnips, eat the

rotting pulp and no doubt serve to carry the germs to other plants.

4. Injury from Planting, Cultivation, or Wounds. Leaves of

turnips are frequently bruised or injured during cultivation by either

hand or horse hoes. Cauliflowers may be injured during planting

out and the infecting organism brought into contact with the broken

surface. In cases of very rank growth, heavy wind accompanied by

rain may cause leaves to be broken off and thus afford bacteria a

chance to penetrate into the plant tissues. Many gardeners trim

their cauliflowers on the fleld, and when these are infected they carry

the disease on to another season. The same ground is often used,

year after year, for the same crops, a dangerous procedure when

disease is present, as it is likely to carry over the trouble to other

years.

5. Susceptibility of Varieties. Some varieties of turnips rot far

more easily than others. Thus, the Yellow Aberdeen Green Top, the

Yellow Globe, All Gold, etc., are usually far more rotted than a num-

ber of other varieties.

Prevention.

It is impossible to spray with any of the ordinary fungicides for

this disease as the organism is in the interior of the plant, and the

spray is only effective when it is actually brought into contact with

the organism ; hence spraying is of no use,and efforts are therefore to
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be directed towards prevention rather than cure. The following

methods will serve to check the disease :

1. The use of rotation by which other crops are grown on in-

fected soil for a number of years.

2. Control of insect pests as these serve to spread the disease.

3. In the case of cauliflowers and white turnips, destined for

immediate consumption, early harvesting of the crop is recommended,

as the disease is worse when the plants are a])proaching maturity.

4. In cases where the turnips are stored they should be placed in

a well-ventilated and dry cellar in which the temperature can be con-

trolled. The minimum temperature for growth of the germ is about

45^
; hence if the cellar can be cooled to this temperature no rot Avill

take place.

5. The planting of immune varieties. There are a number of

varieties which do not seem subject to the rot, thus the Jersey Navet
is almost immune and, ander flel4. conditions, the following varieties

show less than 5 per cent, of rot : Greystone Improved, Purple Top
Mammoth, Early American Purple Top, White Egg, White Lily, Red
Top.

SOFT ROT OF SWEDE OR YELLOW TURNIPS.

This disease of Swedes has been observed in the Province for a

number of years. In the year 1896, considerable damage was done to

the turnip crop before the time of harvesting by soft rot. In many
cases the turnips which had been culled out as unfit for storage were
left out in the field and were ploughed down in future cultivation, and
thus the soil was infected. The turnip crop of 1902 was also infected

with rot. Many farmers estimated their loss that season at about

one-third of the entire rrop. The disease was particularly bad in the

London district.

Cause. This rot is .so caused by a microbe which has a similar

action on the plant to the organism already described as being the

cause of the soft rot of white turnips.

Symptoms. Growing Swedes affected with the rot are usually

distinguished from the sound turnips by the appearance of the leaves.

At first the lower leaves bc^^me flabby and have a dull green color

which gradually changes to a yellow shade as the leaves dry. The
lower leaves appear to be the first aflfected, and the growth continues

in the upper or middle leaves as the lower ones drop ofl", thus produc-

ing what is commonly called " necky turnips." The plant by this
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time is badly dwarfe J and the top nearly dead except for two or three

stunted, small leaves in the centre of the top. A softening- of the

tissue of the turnip now appears around the crown of ths plant, which

continues to increase until the whole turnip becomes a soft spongy

mass with a disagreeable odor. The odor is caused by the deC' impos-

ition of the tissues and the formation of aromatic compounds.

Conditions Affecting the Spread of the Disease.

The seasons in which this disease was bad were cooler than our

usual summer weather,and the amount of rainfall was in excess of the

usual amount. In the month of October, 1902, there was a heavy

rainfall which probably extended the growing season of the turnip
;

and the unripe and damp condition of the turnips when harvested,

toeether with the warm weather which followed the storing of the

turnips, proved very favorable for the development of the disease.

Fig. 12.—Swede Turnip affected with soft rot.

Other conditions affecting the spread of the disease are the same

as those mentioned above.

Prevention.

If roots are properly ripened and cured they are not so liable to

the rot when stored as are the roots which are either unripe or im-

properly cured, or both. When roots are taken fix)m the field in a

wet condition and directly stored it) the cellar more rot is liable to be

found. The temperature after the crop is stored has also a consider-

able effect upon the growth of the rot if it should happen to be present

in the roots and a great deal of rot in stored roots would be avoided

if the cellars in which the roots were stored were properly ventilated.
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If the cellar adjoins the stable, a great deal of dampness gets into the

cellar from the moisture from the cattle stable. This not only adds

moisture to the air of the cellar but also raises the temperature.

Affected turnips should not be left out on fields to spread the

disease to a following season ; but should be gathered and burned,

and in the same way the roots in which the rot develops after har-

vesting should be burned and not thrown upon the manure heap to

infect the manure first and then the field to which the manure is ap-

plied.

The harvesting of the root crop should be delayed as late as

possible in order to allow the crop to become thoroughly ripened.

After pulling, the roots .should be allowed to dry off before being

stored.

A ROT OF STORED CELERY.

Celery may be dug in the fall and stored in a cellar to be used

during winter and spring. It is usual to pack it closely, with the

roots in soil which is kept moist. With right conditions of moisture

and temperature the celery keeps well until spring, but, if the soil is

wet, and the temperature varies, and, especially, if the celery freezes

and thaws, it will decay.

Decay follows close upon death. The bacteria and moulds are

its active agents. They are always present in the soil in which the

celery grows, and in the soil in which the roots are packed, and there

are no practicable means by which they can be kept away from the

p^ant ; neither can they be killed without killing the plant. It re-

mains then to keep the celery alive and in health so that it can resist

the invasion of the bacteria. A constant temperature, a little above

freezing, keeps the celery alive without growing, and keeps the bac-

teria in check, for they also become dormant at low temperatures,

and increases slowly, or not at all. If the celery freezes it becomes so

much dead matter without resistance, fit food for bacteria, and, as

soon as the temperature rises, the celery rots.

This was observed in some celery stored in the cellar of the

Horticultural department of the Ontario Agricultural College during

the winter of 1903-4. The celery tops showed signs of having been

frozen, but, as the temperature continued low, it remained sound

within, the outer leaves and stalks only showing signs of decay. On

staining the decayed tissue, bacteria were found in large numbers,

and, on making plates from the inner parts of the decayed stems,
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many colonies developed. The plates were usually pure cultures, or

almost pure cultures, of Fs. fluorescens, and two varieties of it were

recognized. This is a rod-shaped organism, and is one of the com-

monest microbes found in water and soil ; it is not usually associated

with plant diseases. Two varieties of the germ were recognized, one

from stems becoming brownish to amber in color in rotting, and the

other from stems showing a greenish-blue color in rotting. Both

varieties liquefy gelatin with green-yellow fluorescene. Some fresh

plants of celery were obtained, and the outer leaves were cut away.

The inner leaves were washed under the tap, and covered with mer-

curic chloride solution, one part to a thousand of water, then rinsed

in sterile water and each stem put into a large sterile test tube con-

tainina: a little sterile water in the bottom. In three weeks, four out

of fourteen stems so prepared showed signs of rotting, but some

remained sound after a month, and were then inoculated with pure

cultures originally isolated from the celery. Some of these stems in

test tubes had been standing in the sunshine and had regained their

green color. To inoculate them a sterile platinum needle was dipped

into the pure culture and thrust into the stem. After one day at

room temperature the rot was sometimes evident, and, in about four

days, juice from the rotting stem had accumulated in the bottom of

the test tube, and the stem was softened throughout so that it could

be shaken down into a soft pulp in the bottom of the test tube.

Plates from such inoculated and rotted stems developed colonies of

Ps. fluorescens in pure cultures.

While tlie weather continued cold the celery in the cellar re-

mained sound, although it developed a sweet taste ; but, when warm
weather came in early spring, what had not been consumed, rotted.

By such study we learn that bacteria cause decay, and that decay

takes place under conditions in some measures known to us and under

our control. To keep celery well it should be packed with the roots

in clean soil. For this purpose it is best to use the humus, or muck

soil, in which the celery is commonly grown. The soil in which the

roots are packed should be kept moist, but not wet, with good water.

The cellar or storage room should be kept at a uniform low tempera-

ture, a little above freezing. Free ventilation should be provided,

both as a means of regulating the temperature and for the health of

the plants. It should be remembered, also, that celery kept in a

close, foul atmosphere becomes tainted.
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A Bacterial Disease of Cauliflower (Brassica oleracea)

and Allied Plants.

By F. C. HARRISON, Professor of Bacteriology.

In the summer of 1901, a market gardener, in the vicinity of

Guelph, who made a specialty of growing cauliflowers, complained of

a disease which was afl'ecting his plants. Shortly afterwards the

cauliflowers in the garden department of the College were also found

to be infected, while further investigation in the neighborhood showed

that a disease, or rot, of cauliflowers, cabbages and white turnips was

quite general and had done considerable damage to these crops.

In the case of the market gardener referred to, more than half

of his plants were aflected, while in the College garden, about 5 per

cent, of the plants were diseased.

Some 40 varieties of white turnips were tested on the trial

grounds at Guelph, and most of them were more or less aflected with

the rot, the percentage of decayed roots varying with the varie'y, in

some cases reaching as high as 64 per cent. The few farmers in the

Province, who experimented with the varieties of white turnips that

were sent out from this Experiment Station, reported a considerable

amount of soft rot.

Later in the same summer I visited a number of farms in the

vicinity of Woodstock, and found a varying percentage of white

turnips rotting in the fields, although the Swede turnips were not

aflected, and from conversation with a number of farmers who visited

us during the past season, I also gathered that wherever white turnips

were grown there was considerable rot during the season of 1901.

Pathogenesis,

In order to positively demonstrate that the organism isolated

from the cauliflower and turnip was the cause of the rotting, the

usual requirements were worked out.

1. Constant association of the Bacillus tuith the Disease (named

Bacillus oleraceae and subsequently described).

The same bacillus was isolated from diseased cauliflowers from

the vicinity of Guelph, and from the garden department of the
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College ; from diseased white turnips of several varieties taken from

the trial grounds of the Experimental Department, and from other

parts of the Province, and also from cabbages growing next to the

diseased cauliflowers in the garden department

This organism was also found in large numbers on the plate

cultures, sometimes in pure culture, at other times in mixed culture,

the most common contaminating organism being the Bacillus fiuores-

cens liquefaciens. The rot bacillus was so numerous that a loopful

of the rotted or pulpy tissue had to be very largely diluted in order

to reduce the numbers on the culture plates to about 60-100 colonies

per plate. In all these cases, no fungi were present and no mycelium

was ever seen.

W. Lochhead, Professor of Biology at the College, who also

examined some of the cauliflower material, was also unable to find

any mycelium of fungi.

2. Isolation of the organism and study in iJiire cultures.

The isolation of the causal bacillus was quite easy, as it grew

well in ordinary 10 per cent, beef peptone gelatine. The bacillus,

whether isolated from diseased cauliflower, turnip or cabbage, or from

diflerent plants and varieties of the above plants, showed the same

characteristics when grown on various media. Comparative studies

of the various germs, isolated from different sources, were made, but

no essential morphological or cultural difterences were noticed.

Bouillon,* 10 per cent, gelatine, agar, milk, potato, raw and cooked,

raw cabbage stems, raw turnip and raw cauliflower were used in this

comparative study.

3. The pure culture of Bacillus oleraceae when introduced into

susceptible ijlants produced the characteristic symptorns of the

disease.

A series of inoculation and cross inoculation experiments were

made in order to substantiate the relation of the bacillus to the

disease. Thus a series of cauliflower, turnip and cabbage plants were

inoculated in the following manner :

—

* These terms, when not otherwise stated, refer to media prepared in

accordance with the recommendations of the Laboratory Committee of

the American Public Health Association.
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diseased parts of caulitiower and turnip plants, and were stained by-

various methods. The most satisfactory results were obtained by

staining over night in carbol fuchsin, washing out the surplus stain

first with water, and then with 97 per cent, alcohol, clearing in

oil of cloves and mounting in Canada balsam. A number of sections

were also stained with anilin blue. The latter method gave fair

results; but the former method was the more satisfactor}-.

Completely rotten caulitiower or turnip was difficult—in fact it

was almost impossible—to imbed in paraffin, as the whole mass fell

to pieces when thrown into alcohol. Portions of petiole, stem, or

flower of cauliflower, where the disease was just starting and pieces

of tissue in a more advanced stage from which most of the soft parts

had been cut away, furnished the best material for study.

Cross sections showed the bacteria in the intercellular spaces^

where they increased rapidly and as soon as sufficient enzyme was

elaborated, it softened the middle lamella and permitted the bacteria

to penetrate between the cells. These enzymes had a marked action

on the cell-wall, which gradually swelled up and lost all trace of its

striated character. The cell wall at this stage also lost veiy largely

its faculty of taking up the stain, and sections stained with carbol

fuchsin showed the enormously thickened cell- wall, faintly stained a

pale pink, while adjacent healthy cell-walls were deep red in color

and showed very plamly the middle lamella and striations.

The figures 9-10 show the difterent stages in the destruction of

the cells by this bacillus. Fig. 9 shows the bacteria in some numbers

in the intercellular spaces, some are just beginning to penetrate along

the middle lamella At this period, the cell-wall is stained deeply. The

last stage, just before the absolute collapse of the tissues, may be seen

in Fig. 10, in which the lumen of the cells is very small due to the

enlarging and softening of the cell-walls which now stain even

more faintly than before. The bacteria have also enormously

increased.

Sections of pieces of turnips aflfected with the rot, showed^

slightly diftVrent features ; although the action of the bacillus was

the same.

Turnips cells have much thinner walls than the cauliflower

petiole, or stem ; consequently, when attacked with rot they collapse



•more rapidly, and the marked swelling which we see in the cauli-

flower is either absent or less well developed.

Fig. 11 shows the bacteria in the intercellular spaces, the slight

swelling of the cell walls and the beo-inninsf of the disororanization

of the cells.

Inoculation Experiments.

It was found impossible to perform trustworthy inoculation

experiments with plants grown in the field, as in this locality the

white turnips and cauliflowers were more or less affected with the

rot, hence it was necessary to grow fresh plants, from clean seed, in

soil which had never been used for growing these plants. On account

of the lateness of the season, the plants were grown under glass and

all the following experiments, unless otherwise stated were conducted

on pot-grown plants in a greenhouse with an average day temperature

of 20-25' C.

Series 1.

Three plants each, of cabbage, cauliflower, rape, white turnip,

swede turnip and kale were inoculated with needle punctures through

the parenchyma of the leaves. The platinum needle was dipped into

a twenty-four hour bouillon culture of the organism, and from three to

Ave punctures were made on one or two leaves of each plant.

Results :

—

Cabbage. In two days, the inoculated leaves were flaccid and

whiiish brown in the vicinity of the punctures. This area increased

slowly for five days and then dried out.

Cauliflotver. In two day, there was a flaccid, papery area

surrounding the punctures ; in five days, all leaves were rotted and

had dropped down parallel with the stem of the plant.

There was no subsequent infection of the stems ; the leaves

gradually dried off at the base of their petioles.

Baj)e. No results followed inoculation.

White Turnip. Slight infection was produced around the punc-

tures ; but the lack of moisture seemed to hinder further growth.

Swede Turnip. No results followed the inoculation.

Kale. No results followed the inoculation.



6

Control Plants of each species, pricked with a sterilized needle-

remained perfectly healthy.

This series, therefore, showed that the inoculation of the germ
made with needle pricks in the parenchyma of the leaves, pro I need,

more or less disease in cauliflower, cabbage and white turnips. The
absence of sufficient moisture in the greenhouse, however, prevented

the disease from becoming thoroughly established.

Series, II.

This series was a duplicate of Series 1, only an agar cultuie of

the organism was used instead of a bouillon culture.

The results were similar to those in series 1, with the exception

of the Swedes, which became slightly infected. In one plant, a whole

leaf rotted and fell oti' the plant; but the petiole subsequentl}' dried off.

Series III.

In this series, three plants each of cabbage, cauliflower, rape,

wdiite turnip, Swede turnip and kale, were inoculated with needle

punctures through the veins of the leaves. The needle was dipped in

a 24 hour old bouillon culture, and from 3 to 7 punctures were made
on one or two leaves of each plant.

Control plants were punctured in the same manner ; but with a

sterilized needle.

Results :

—

Cabbage. In two plants there was no apparent change; in the

other plant a small cavity lo m.m. long and 5 m.m. wide had been

formed on the mid-rib by the rotting of the cells ; but this subse-

quently dried out and the leaf remained healthy.

Cauliflotver. No results followed the punctures of the veins and

mid-rib.

Rape. In ten days, the leaves of all three plants were slightly

affected, the vein was split, and a watery exudation was present on

the surface. The inoculated leaves began to droop ; but the disease

progressed no further, and the wound became callused and partly

healed.

White Turnijj. The inoculated leaves behaved in exactly the

same manner as the inoculated rape leaves.

Swede Turnips. No results followed the punctures of veins and

mid-rib.



Kale. No results followed the punctures of veins and mid-rib.

This series, as a whole, gave less harmful results than the inocu-

lation of the parenchyma. In cabbage, rape, and white turnip some

slight disease symptoms were produced ; but there was no general

infection of the plant. Lack of moisture seemed again to prevent the

rapid development of the disease and perhaps the different composi-

tion of the vascular cells hindered the formation of cell-destroying

enzvmes.

Series IV.

In this series, three plants of each of the five species already

mentioned were used. A small portion of the epidermis on the upper

part of the base of a leaf-stalk was removed and two loopfuLs of a

bouillon culture were rubbed on the exposed portion.

Results :

—

Cabbage. The leaf-stalk rotted through in three days and the

leaf fell off" from its own weight. The rotting did not effect the stem,

as the diseased tissue dried out.

Caulijiower. There was slight rotting, or softening, in two days,

and in five days the leaf rotted off", and the portion next to the stem

dried up.

Rape. Slight rotting occurred for three days, when the wound

dried up.

White Turnip. In two days, the softening of the tissues at

point of inoculation had extended across the petiole. In five days,

the leaf fell off, the rotting extending all through the stalk. The in-

fected base then dried and healed.

Sicede Turnip. Behaved the same way as the white variety.

Rale. In three days, the leaves were so much rotted through

that its own weight caused it to break off". The wound then dried up.

Control Plants with the epidermis removed, but with no inocu-

lation, remained healthy.

In the above account of this series, the results are given for only

one plant of each species, the two remaining plants of each lot behaved

in a similar manner. These plants showed considerably more disease

than those inoculated by vein or parenchyma punctures. This was

probably owing to more moisture being present. At the juncture of

the stalk with the stem, small drops of water would collect from the

leaf surface, thus providing more moisture for the bacteria. As soon
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as the leaf had rotted off, or fallen by its own weight, no more water

collected in the angle of leaf and stem and the tissues rapidly dried

up.

Series V.

In this series one plant of each of the species alread} mentioned,

was used.

The lowest leaf of each plant was cut off, about an inch from its

juncture with the stem. The cut surface was then rubbed over with

a platinum loop, charged from a bouillon culture of the organism.

Check plants received the same treatment, without inoculation. The

results were very similar to Series IV. and need not be repeated in

detail, Rotting usually extended downwards toward the stem for

about half an inch, or even as far as the juncture with the stem, and

then dried ont. The check plants showed no signs of rotting.

Series VI.

Three cauliflower plants were inoculated at the base of the petiole

with a boudlon culture by means of two or thrte needle pricks. In

two days, there was rotting, the affected area being 3x7 ni.m. One

of these plants was then placed under a bell-jar and at the end of six

days the incculated petiole and leaf were completely rotted, the leaf

fell oft" in a mushy mass and the rot spread to the stem, infecting

the whole plant.

The flower head, which was well developed and quite white,

gradually changed to a brown color and then rotted. The plant was

practically destroyed 14 days from infection.

The diseased area in the other two plants (kept in the same state

except that no bell-jar covered them) gradually dried out, leaving a

small hole caused by the rotting of the tissues.

Subsequently, this experiment was repeated several times with

the same results, the plant under the l)ell-jar rotting leaf by leaf, with

final rotting of the flower.

Fig. 2 shows the beginning of the rot, a leaf (the one inoculated)

having rotted thi'ough at the base of the petiole and fallen off The

stem of the plant, just below the crown, was darkened, due to the

softenins: and discoloration of the tissues and the lower leaves are

beginning to wilt, owing to the cutting off of their supply of nourish-

ment. The leaves of the healthy plant, as shown in Fig. 1, are erect

and rigid and comparison with tlie inoculated plant in Fig. 2 shows
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until they were at a right angle with the stem and finally fell or

broke ofi' at the base of the petiole.

Fig. 3 shows a plant at a later stage. Most of the leaves are

affected and the flower has become brown, and a part of it has com-

pletely rotted to a pulpy mass.

Summary. The experiments made in tbis series plainly show

the relation of a humid atmosphere to the disease. When the air is

full of moisture, it aflbrds the best conditions for the rapid growth of

the micro-organism on the exterior of the plant and it favors the

production of a large amount of cytasedike enzyme which quickly

causes the softenins: and destruction of the tissues.

Series VII.

Under field conditions, one frequently noticed that the leaves

seemed perfectly healthy ; but the flower was affected. This

fact seemed to point to the probability that the flower-head might

be very susceptible to the disease ; or that the organism'might be able

to penetrate the unbroken epidermis. In order to test these points,

three well developed cauliflower plants were infected iu the following

manner :

No. 1.—Water drops on the leaves were inoculated with a twenty-

four hour old bouillon culture.

No. 2.—A small piece of softened tissue, taken from the interior

of an affected petiole with a sterilized wire, was laid on the surface

of the htalthy flower.

No. 3.—A loopful of bacteria taken from the .surface of an agar-

slope culture 21 hours old, was gently rubbed over a portion of the

dry surface of the flower.

Two check plants were well watered with a syringe and kept

under the same conditions as the above, viz., in the warm greenhouse,

which has a very humid atmosphere, and an average day temperature

of 28 degrees to 34 degrees C , and a night temperature some 10

degrees lower.

Results :—

In two days. No. 1 showed slight discoloration of the treated

area. In four days, softening commenced ; and in 8 days the whole

flower was a pulpy mass.

No. 2 behaved in a similar manner, but the discoloration and

softening started earlier and the flower was reduced to a pulpy,
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blackish mass in 6 Jays from the time of inoculation. Fig. 4 is a

photograph of this plant on the fifth day, the whole fiower mass hav-

ing dropped and turned black.

No. 3 showed no signs of disease even after fourteen days.

N. B.—No water was syringed on the flower of this plant.

The cheek plants were syringed every day and remained

absolutely healthy.

Summary : These experiments seem to show that, provided

sufficient moisture is pre.sent on the interior of the flower of the cauli-

flower, infection by Bacillus oleraceae can and does take place. If

small portions of the rotted tissues were placed upon the flower of

healthy plants, infection took place, in spite of the mechanical resist-

ance of the cuticle and epidermal cells. Many plants, under field

conditions, were found with the flower alone infected.

Series VIII.

In this series three healthy white turnips (Greystone variety)

were inoculated at the crown with two needle punctures. A check

plant wa3 treated in a similar m inner, bit with a sterilized needle.

Nothing was noticeable for two days ; but on the third day, a

small drop of water was exuding from each puncture of the inoculated

plant and on the fifth day, rotting to a depth of 5 m.m. had taken

place. In 14 days, the plants were dead. Fig. 8 is a photo of one of

these plants 9 days after inoculation.

The check plant remained perfectly sound and healthy.

Subsequently the experiment was repeated, with the same results.

Fig. 6 shows the extent of the rotting process, 6 days after inoculat-

ing with one needle puncture while Fig. 7 shows the most complete

rotting 10 days after inoculation.

The Greystone turnip in all the inoculations was very susceptible

to this disease.

Series IX.

Three healthy Swede turnips were inoculated at the crown with

two needle punctures. A check plant wa? treated in a similar manner
;

but the punctures were made with a sterilized needle.

Two days after inoculation, there was a slight softening of about

2 m.m. in diameter around the puncture. In five days the area was

only slii^htly larger and there was no further increase of the disease
;

although the plants were kept under observation for three weeks.
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The check plants remained sound.

Subsequently this experiment was carried out in the tropical'

house, in a warmer and moister atmosphere. The results of the in-

oculation were, however, the same as before, a slight local rotting,

followed by a gradual drying up of the infected area.

It seems that although the Swede turoip is not wholly immune

:

yet it has considerable natural innnunity from this disease. This is

proved partly from the experimental date above presented, and partly

from the fact that we found very little disease among Swede turnips

ffrowino- in the fields ; although on our own grounds, some lots of

Swede turnips were growing along>,ide white turnips which were

very badly infected with the disease

Series X.

In this series, two white turnip plants and two cauliflower plants

were watered with about half a litre of water in which a bouillon

culture of the Bacillus oleraceae had been poured. This watering

was again repeated two days later and all the plants, including two

check plants, watered without the addition of culture were kept under

ob.servation for about five weeks. No disease developed in any of the

plants, which seems to indicate that the Bacillus oleraceae does not.

gain entrance to the plants through the root hairs.

One of the turnip plants of this series was subsequently inocu-

lated at the crown and rotting followed in the course of a few days,

thus showing that the turnip plant is susceptible to the disease.

Series XI.—The Virulence of Old Cultures.

In order to test the pathogenic power of old culture, both a cauli-

flower and a white turnip were inoculated with an agar culture of

the rot bacillus, 2 1-2 months old, being the seventh transfer after

isolation.* The cauliflower was inoculated, by means of needle pricks,

in the leaf, and kept in warm, moist place. In three days the first

sians of rottino- were noticed and the disease subsequently ran its-,

usual course, ending in the complete destruction of the plant.

The turnip was inoculated with a puncture at the crown, which,

gave rise to the rotting and final destruction of the plant.

Summary : These experiments prove that the bacillus is able to-

retain its virulence, for a considerable length of time, in artificial agar

cultures.

I have since tried the virulence of cultures which have been on agar for more than 18

monthK The cultures produced the characteristic rot in inoculated plants.
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Inoculation of Freshly Gathered Vegetables.

In all the following experiments, the vegetables were obtained

fresh from the garden. These vegetables were thoroughly washed in

running tap water and then, by means of sterilized cool knife, slices

were cut and placed in Petri dishes. These slices were immediately

inoculated by rubbing a platinum loop, (which had been charged with

a bouillon culture) over their surface. In all cases, uninoculated

slices of the different vegetables were also kept in order to check

any contamination from germs growing on the surface, or from those

which might develop from insufficent care in the preparation of the

slices. In no cases did such uninoculated .slices decay or rot.

All the cultures were kept at room temperature, which varied

from 2U-2S° C.

Cauliflower. The whole plant, after rinsing, was cut down the

centre and placed in a large dish, and then inoculated. In two days,

the stem and flower had discolored to a dirty brown, and softening

extended downwards about 20 m. m. There was a very disagreeable

smell. In 7 days, the whole of the plant was completely rotted

could be cut down and across with a platinum needle and the dirty

brown color was darker. Gas bubbles were present in all the decayed

parts,

Cabbage. Cabbage plants, treated like the cauliflower, under-

went the same change and in 7 days there was a complete softening

of the whole plant, with the production of a very bad odour.

Turnip (White). In two days a whitish wet growth spread

over the surface of the slice. There was a pale brown discoloration

of the infected part. The rot extended downwards to a depth of 10

m. m. In 5 days, complete softening had occured. The smell was

slightly disagreeable.

Turnip (Swede). Decay in the yellow turnip was usually

slower than in the white, but depended largely on the amount of

moisture present. Where the turnip was very moist, decay advanced

rapidly; but on drier surfaces decay was slower, and at times no

growth took placj.

There was considerable exudation of water on the inoculated

part and abundant brown-black growth which softened to a depth of

4 m.m. After two days growth, gas bubbles were present. Fre-

quently, a whitish moist growth was noticed instead of the brownish-

, bhick, due either to difference of water content or to difference of
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variety. Observations were madeon some thirty turnips of several"

different varieties.

Rape. In two days, there was a water soaked appearance, shght

smell and slio^ht softening. After 7 days, the slice, 12 m. m. thick,

was completely softened, the odour was bad and on the surface a

white, moist growth was present.

Radish. In 24 hours, the surface was covered with a copious

watery exudate. The affected area was darkened and softened to a

depth of 6 to 7 m. m. In two days, the radish had completely softened,

was blackish inappeance with a thin, dirty white skin on the suiface.

The pigment of the skin was dissolved and colored the condensation

water. In 6 days, the radish was completely dissolved, forming a

thick, dark, liquid.

Parsnip. In two days, softening to a depth of 10 m. m had
occurred. There was considerable water lying in the form of drops

on the inoculated portion. The growth on the surface was moist and
yellowish white in color and around the growth the parsnip was
brownish black. In 7 days, the slice, 12 m. m. thick, was com|)letely

softened. There was no smell.

Carrot. In two days, there was abundant growth (both on the

red and yellow portions of the carrot) which was transparent and
very wet, and the carrot had softened to a depth of 4 m. m. The
growth on the surface subsequently became whitish, and complete

softening occurred in 6 days. The j-ellow portion of the carrot was
somewhat darkened. There was no smell.

Carrot. (White). iVbundant, whitish green, sputum-like growth,

raised and wet. Outside the growth, there was a yellow to yellowish

brown discoloration, especially around the vascular ring and soften-

ing had occurred to a depth of 5 m. m. In 5 days, the slice was
completely softened, and the odor was pungent.

Mangel. In two days there was a whitish growth on surface

with slight softening. In 7 days, the softening had increased ; but

not to the same extent as on carrot or parsnip. There was also

some discoloration.

Beet. No growth and no discoloration.

Sugar Beet. In 24 hours, no softening and no growth. In 48

hours, there was a very slight growth on the surface while the soften-

ing was scarcely 1 m.m. in depth. In three days, the growth

increased, was white and moist; but there was very little, if any
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increase in softening. No further giowth took place even on slices

kept for 10 to 20 days.

Potato. It grew with great rapidity ou raw potato, ir the form

of a moist, creamy, yellow, spreading growth with marked softening

In five days, slices 20 m.m. thick were completely softened and could

be cut with a platinum needle. There was a depression in the centre

and an ammoniacal smell. Nessler's reagent oave a distinct colora-

tion to the water extract of the inoculated potato, indicating the

presence of ammonia. Tincture of iodine did not color the inoculated

potato blue, the starch was, therefore, destroyed.

Celery. In two days there was a moist whitish grov/th with

yellowish discoloration and considerable softening. In 7 days the

softening was more extensive and the discoloration brown.

Tomato, (ripe). After two days, there was a slight growth at

•seat of inoculation. In 7 days there was rotting and cracking of the

skin with whitish growth extendiug from the cracks. The inside

was quite soft.

Green Tomato behaved in the same way, but growth was some-

what quicker. The first indication of the disease was slight discolor-

ation or premature ripening of the inoculated part followed by

e.xudation of water and softening and later by cracking of the skin

and progressive softening.

Artichoke. (Jerusalem). In 24 hours the surface growth was moist

and dirty white in color, and there was softening beneath surface to

a depth of about 7 m.m. outside the circle of growth the tuber had

become red brown in color. In 48 hours the softening was deeper

with pitting of the aflfected portion. Color around the afiected portion

became reddish. In 4 days the whole tuber was soft.

Asparagus. The upper third portion of the Asparagus stem

(the edible part) was the first part to rot, presenting a water-soaked

appearance. On the third day after inoculation, the middle third

commenced to soften and on the fourth day, the lower third began to

do the same. The pieces gradually collapsed and a dirty white skin

formed on the surface.

Horse Radish. Softening of the tissue, even of the hardest and

most woody parts, to a depth of 2 - 4 m.m. occurred in 48 hours.

There was a whitish growth on the surface, gas bubbles formed, and

the centre of the stem fell in. Tne odor on the third day was quite

pronounced and very objectionable.
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Rhubarb. The oro-anism grew on the cut surface of rhubarb

only wheu the petiole was well saturated with water. There was a

whitish growth on the surface, and softening, especially of the tissues

between the bundles. Long, slimy threads, a foot or more long, were

drawn out by touching the affected portion with the platinum needle.

Onion. On the slices of onion, strongly acid to litmus, there

was considerable growth in 24- hours. The tissue was softened and

the parts affected were slightly yellow in color. In three days the

growth was quite yellow, a few gas bubbles were seen on the surface, the

tissues were completely softened and there was a foul, nauseating

odor.

Twelve onions, of three different varieties, were inoculated; but

all rotted in the manner above described.

Morphology. The Ijacillus varies considerably in length.

From agar culture grown at 20^'C. for 24 hours the bacilli vary from

1-Sfi in length, the average is about 2/<, the width 0.6/^. In old (3

month) agar cultures the bacteria are shorter. In gelatine (3 days at

20' C.) the average length is 1.4/< width .o/i. In beef bouillon (48

hours at 25'^ C.)the average length is 1.2" and the average breadth

.7/1. In wort (12.2 Ball.) the bacilli are longer, averaging 4/< long and

l/i wide. The longer rods are frequently bent and will stain deeper

at the poles than at the middle.

On rhubarb the bacilli are short and plump and many are ovoid

in shape. They are about 1.1'' long O.S/.1 wide.

In sections of diseased cabbage and cauliflower the bacilli vary

greatly in length, averaging about 2// long and O.6/1 wide.

The ends of the bacillus are always rounded, occasionally bent

rods may be seen and short chains may form ; but usually the bacillus

occurs singly.

Flagdla. The bacilli taken from agar cultures 24 hours old are

very motile, as are also bacilli from other media, (wort, gelatine,

cauliflower). The linear progression is fast and the rotary motion of

the cell is quite noticeable, the rear end of the motile rod moving in a

lart-er circle than the front.

The bacillus has peritrichous flagella, seven to thirteen in number^

which stain well by Van Ermegen's method. (See Fig. 11).

Spores. No spores have been observed. Involution forms are

found. Thus the bacteria may be ovoid, or long and bent, occasion-

ally club-shaped individuals are seen.
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Stains. The bacillus from gelatine culture stains well with

gentian violet, not so well taken from agar. Carbolfuchsin gives good

results, for cover glass preparations and also for sections of diseased

tissues. It stains slowly with methelene bluie. In three minutes the

bacilli are only very faintly colored.

It does not accept Gram's Stain.

Cultural Characters.

Bouillon at 28 C. In 24 hours the culture was very turbid, no

pellicle and heavy sediment. In 48 hours the turbidity increased.

The sediment was heavier and llocculent masses w^ere deposited on

the sides of the tube. A ring formed at the surface. In three da^^s a

pellicle formed which settled on slight disturbances. In six days the

pellicle and ring on undisturbed tubes were heavier.

Media remained turbid (4 weeks).

In cabbage bouillon with 1 per cent, of peptone the organism

grew very well, and produced heavy turbidity and cojjious sediment

in 24 hours, a slight ring formed at the surface on the fifth day,

otherwise there was no change.

Gelatine. On plate cultures of nutrient gelatine the colonies

were visible to the naked eye in 24 hours. They were punctiform

and round. With § objective they appeared round, homogenous, with

weak refraction and entire edges. In 48 hours the surface colonies

were 2 m.m. in diameter, liquefying, round, greyish white in color aad

with a ring in the centre composed of deposited bacilli. Under the

microscope (f obj.) they were round, coarsely granular, the centre was

grumose, and the edges slightly ciliate. Deep colonies were consider-

ably smaller, less than 1 mm. in diameter, round, internal structure

moruloid, edges of some colonies were entire, others with effused

growth. There was considerable variation.

In three days the surface colonies were from 3-5 m. m. in

diameter round, greyish color, liquefaction shallow, often with one or

two concentric rings. Under the microscope the edges appeared

ciliate, the centre moruloid, and the rest of the colony granular. The

bacterial masses might be seen in motion.

The deep colonies were smaller with darker centre and ciliate

edge, the fringe being longer and more wavy and interwoven than in

the surface colonies.

In 4 days the colonies were larger in size otherwise there was no

change.
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In stich cultures at 20° C. there was a white growth along the

line of puncture in 24 hours. Slight liquefaction at the surface,

I m.m. in diameter, along the line of inoculation the growth was

slightly heavier. In 4 days the liquefied area reached the sides of

the test tube and thereafter liquefaction was stratiform.

There was often considerable difference in the rate of lique-

faction, at times the whole tube might become liquefied, at other

times only the half.

Wort gelatine. Stich cultures. The organism grew very well in

this medium, witli shallow pit liquefaction, followed by stratiform

liquefaction to a depth of 5 m.m. in 7 days (20' C.) Growth stopped

when about half the mc dium was liquefied.

Whey gelatine stich cultures. There was a crateriform depression

12 m.m. in diameter, with deposition of a flocculent mass in the

centre of the pit in 24 hours. In 48 hours liquefaction had extended

to the sides of the tubes and downwards to a depth of 2 m.m. at the

sides and 3 m.m. in the centre. In three days the liquefied portion

was 5 m.m. deep and growth ceased when 9 m.m. deep. A few gas

bubbles appeared in the gelatine at some distance from the line of

puncture

Agar. On agar plates at 28° C. colonies were not characteristic.

Surface colonies spread very fast, as thin grey expansions, which

varied greatly in shape. Deep colonies were dense, punctiform,

round, or elliptical ; in fact, there seemed every variety of shape

Agar slope cultures at 28' grew very rapidly over the surface as a

moist, thin, whitish growth, slightly opalescent by transmitted light.

There was considerable deposit of the bacilli in the condensation

water. The growth became more massive with age, otherwise there

was no change.

Garho-hydrate agars. Slope and shake cultures were made in

ao-ars containing 2% of the following carbo-hydrates : Glycerine,

saccharose, lactose, glucose, and maltose. The media was made from

Liebicr's Extract of Meat, reaction neutral. Check cultures were

made in agar without carbohydrates, no gas formed in these.

In crlycerine agar the growth "vas more abundant and whiter than

on plain agar. No gas in the shake culture and heaviest growth on

the surface.

In saccharose agar amount of growth exceeded that on plain

agar. In shake culture a few gas bubbles were present.

2 Bull. 137
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In lactose agar the growth exceeded that on plain and glucose

a^ar and was more waxy lookmg. In shake cultures there were

numerous lenticular gas bubbles. In 48 hours there was an increase

in the number of gas bubbles, and the agar was rent across the tube.

In three days the clear space between the rents was wider, otherwise

no change.

In glucose agar the growth w^as about the same as on plain agar,

if anything, slightly heavier. Shake cultures contained small gas

bubbles all through agar. No further change after three days growth

In maltose agar growth was very abundant, moist and shiny.

There was more tendency to spread. Growth exceeded that on plain

agar.

In shake cultures very few gas bubbles appeai^ed in 24 hours.

In 48 hours, a few more bubbles made their appearance and no

further change took place after the third day.

Neutral red agar (with 2 per cent, glucose at 28° C.) In 24

hours, there was no change in color, a white growth along the line of

puncture and a moist white growth on the surface. A few gas

bubbles were present. In 48 hours, there was no change in color but

more orowth. On the sixth dav, the color was lilac violet and no

further change occurred. (20 days.)

Milh. A number of milk tubes + 1.5 per cent., inoculated with 1

oese of a fresh bouillon culture and held at 25° C shewed no change

for 24 hours. In two days the milk was thicker but did not coagulate

until the third day. The curd was soft and even, but thicker at the

bottom of the tube. On the fourth day, the curd shrunk and on

shaking, the whey separated out. The curd was flaky with a few

gas bubbles in it. On the fifth day, the whey on the surface was

clear and remained so. In eight days, the curd shrunk and occupied

one-third the depth of the medium. No further change took place.

The vp-hey from milk cultures tested for proteolytic enzymes, by

means of the caustic potash and copper sulphate test, gave a violet

color indicating the presence of peptones. Another portion of whey

was mixed with ammonium sulphate to precipitate the proteids, and

the filtrate from this precipitate was also tested in the same way, and

with the same results.

The odour of milk cultuies after heating was agreeable,

resemblino; cheese curd. No odour could be noticed in the cold

cultures.
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The viability of the organism in milk was as follows : Cultures,

25 days old, living; 35 days old, living ; two months old, dead.

Litmus Milk at 25"* C. In 2* hours the color compared with the

control tubes was appreciably different. In 48 hours, the color was

lighter, between lilac and livid (Saccardo 48 and 49), the milk was

thick but not coagulated. In three days, the milk coagulated into a

soft even curd with about 10 m. m, of whey on the surface and a few

gas bubbles in the coagulum. Colour lilac (Saccardo 48\ In four

days, the curd had shrunk leaving a clear whey on the surface. The

curd when shaken separated into flaky masses and gas bubbles were

fairly numerous through the curd on the surface. The color of the

curd at the bottom of the tube was white, the upper portion, lilae.

On the fifth day, the whey was slightly tinged with color ; the lower

half of the curd was white and the upper half, lilac. On the eighth

day, there was only a small red ring of color at the top of the curd.

On the twelfth day, the lilac color again returned.

Blood Serurn at 25' C. On blood serum good growth occurred,

—

first, as a moist slightly spreading growth, later becoming heavier,

more opaque and opalescent by transmitted light, The condensation

water was turbid. Slight liquefaction was visible on the 8th day,

and in 21 days most of the sloped surface became liquid and no further

chantje occurred. The bacilli from blood serum shewed banded and

bipolar staining with carbol-fuchsin.

Egg Media. (Dorset's method). Good growth occurred on egg

media, spreading over the entire surface. No liquefaction occurred in

24 days and the growth was not characteristic.

Dunhams Solution at 25' C. In Dunham's solution there was

slight growth ; and uniform turbidity in 24 hours, the cloudiness

increased and a slight sediment formed which became flocculent in

four days. Eight-day cultures gave a very slight indol re-action,

while in 15-day cultures the re-action wa« more marked.

In Dunham's solution with Rosolic acid (in the same proportion

as used by Jones), the salmon pink colour almost entirely faded in 24

hours. In 48 hours, the tubes were quite decolorised and remained

so three months. Rosolic acid bouillon was decolorised in the

same way. This change shewed the formation of acid.

Synthetic Media. In TLschinsky's medium there was turbidity

with some sediment in 24 hours at 25°C. A slight pellicle formed in

48 hours, and the body of the media became more turbid with increase
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of sediment. In seven days there was a thick pellicle and heavy

sediment, but the body of the liquid was almost clear. In 15 days

the pellicle gradually sank, the body of the liquid was pale yellow,

and there was a copious sediment.

In Fermi's medium, there was slight turbidity in the upper third

of the medium and a verv slight sediment in 24 hours at 25°C. A
thin pellicle formed in 48 hours and the "top of the liquid was very

cloudy. On shaking, the pellicle produced turbidity throughout the

entire medium. The growth at four, seven and fifteen days resembled

growth in Uschinsky's medium.

In Lager Beer Wort, 12.2 Ball, good growth occured, at tirst

turbid and with considerable sediment. The liquid was several

shades lighter in color, and a few gas bubbles were seen. In three

days, the wort was quite clear, with heavy fine sediment and no

pellicle. No further change occurred.

Cooked Vegetables. Generally speaking, the growth on cooked

vegetables was abundant, but the softening action of the organism on

the cooked vegetables was not always as marked as its action on raw

vegetables ; in other words the production of cystase was more marked

when the organism was placed upon slices of raw vegetables.

Potato prepared according to Roux's method, reaction slightly

acid to litmus. In 24 hours there was a moist, shiny, spreading

growth distinguishable from the potato by the glistening appearance.

The growth became more massive and on the drier slices the growth

was more waxy looking and straw colored. No further change

occurred and the potato slice was slightly softened, it could never be

cut quite through with the platinum needle.

On potato cylinders prepared by immersing half the slice in

water, the growth was moist and spreading. The water was at first

turbid with much sediment, consisting of particles of softened potato^

pure white in colour. In seven days the liquid became yellow in

colour and the sediment was pure white. Gas bubbles were also

present.

The immersed portion of the cylinder was softened, but in

twenty days the core above the water was still firm and could not be

cut with the platinum wire, a control test on raw potatoes from the

same source caused complete softening of the tissues in three days.

In other tests of potatoes there were minor differences—Thus the

growth would be dirty yellow, or honey yellow in colour, and the
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moist and glistening appearance on some potatoes would be changed

to a dull waxy looking growth.

Differences in the rate and extent of softening also occurred.

In all some 60 tests were made on potatoes.

On cooked carrot at 28"C, there was a moist spreading growth

with complete softening in three days.

On cooked sugar beet there was a flat, shiny, moist growth
;
gas

bubbles were present, and the cylinder was completely softened in

four days.

On cooked beet-root there was a whitish spreading growth, the

beet was discoloured (brown-green), and there was a white, slightly

raised moist growth, with complete softening.

On cooked onion there was a moist, dirty white growth, the

onion was completely softened and fell to pieces. The odor was foul

and nauseating.

Temperature relations. The optimum was about 30" C; there

was fast growth at 25° to 28°. Good growth occurred at 20' and at

37.5' C. the growth was better than at 20 C.

The maximum temperature was in the neighborhood of 42° C.

Tne minimum temperature was in the neighborhood of 5° C.

Thermal death 'point. The thermal death point was determined

by Sternberg's method. The temperature of the bath during the

time of exposure was varied about .25 of a degree. A temperature of

55° C. for 10 minutes was the thermal death point of the organism.

Relation to free oxygen. The aerobic growth was better than

the anaerobic, but the organism grew in the closed arm of fermenta-

tion tubes, and in deep stich cultures.

Agar, potato, gelatine slope and litmus milk cultures were grown

for eight days in a Novy jar in an atmosphere of hydrogen.

There was slight growth limited to the needle track on the agar

slope ; slight growth but no liquefaction of the gelatine slope culture
;

very slight growth on the potato ;
slight growth and change of colour

in milk, but no coagulation. The cultures when taken out of the

Novy jar grew vigorously. The bacilli from the agar culture were

rather shorter, averaging about 1.5/', in length.

Nitrate hroth at 25° C. In nitrate broth growth was better than

in Dunham's solution. The media becomes turbid with tirst a fine

and later a fiocculent sediment. No pellicle formed.
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The tests for nitrites on the 9tli day were negative, on the

fifteenth day there was a faint pink tinge with the napthylamine and

sulphanilic acid test. Control tubes kept under the same conditions

gave no indication of nitrites.

Indol production. See Dunham's solution.

DevelopTnent of odors. The strongest and most offensive odor

developed on onions, both raw and cooked. There were objectionable

odors from cultures on cabbage, cauliflower, horss radish, rape and

turnips.

The odor on white carrot was pungent. Milk cultures when
heated give an odor of fresh curd.

Production of hydrogen sulphide. Strips of filter paper moistened

with lead acetate were suspended over bouillon and potato cultures.

In both cases the paper turned black indicating the production of

hydrogen sulphide.

Production of acid. Acid was produced in all sugar media, in

milk, in Dunham's solution, and in bouillon.

Production of alkali. Ammonia was produced in potato cultures

in considerable amount, it could be detected by the smell, as well as

more exactly by Nessler's reagent. Cultures on several other vege-

tables (turnips, carrots, beets) also gave the Nessler reaction.

Relation of growth to acid and alkali. Various quantities of

normal soduim hydrate and normal hyrochloric acid were added to

neutral broth. The following results were from 4S-hour old cultures

kept at 28" C.

Neutral broth. Turbid and considerable sediment.

Alkaline bro^h + lOc.c. of normal NaOH per litre: Same as neutral tubes
(( CC t( (( (

9A u « ti tt

30 " " Turbid and slight sediment.

40 " " Very slight turbidity.

50 " " Quite clear, no growth.

Acid broth + 10 c.c. of normal HCl per litre : Turbidity greater than
in control.

20 " " Same as neutral tubes.

80 " " Slight turbidity.

50 " " Very slight growth.
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Effect of sunlight. Cover glass preparation made from 24-hour

old bouillon culture and exposed to direct sunlight gave the following

results :

—

]
+

. f
+

15 minutes r 30 minutes \

f + ' f
+

45 ' \ 1 hour j

1.15 hours
I
_ 1.30 hours | _

1.45 " i 2

Living on some cover glasses but dead on others ; + living
;

— dead.

Agar plates inoculated with 1 oese of a fresh bouillon culture and

exposed to direct sunlight gave the following results :

Control plates not exposed J ,200-2,000 colonies per plate.

("centre, 2-5 colonies per plate.
Plates exposed 15 minutes '\ , ^.^^ .^„ ,,^

( edge, 220-400

(centre, 0-10

ledge, 130-200 "

(centre, 0-1

[edge, 10-60

[centre,
'

^
^^"'

ledge, 10-60

1.30 hours

The plates were exposed in the afternoon between 2 and 4 p.m.

in the month of October. Temperature of the plates, 30' C. Lati-

tude, 43% 30."

Resistance of the organism to desiccation. For determining the

resistence to dessication cover glass preparations were made from a 24-

hour old bouillon culture and exposed to the light in a room for

various periods of time. Under these conditions the bacillus was
killed after two days exposure.

Growth in Fermentation Tithes. The foundation medium was
composed of 1 per cent, peptone, .25 per cent. Nahrstoff Heyden, and

5 per cent, salt, with the reaction carefully neutralised to phenolphta-
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lein, 2 per cent, of the following sugars, saccharose, lactose, glucose

was added to the above medium, and the tubes sterilized at 100'^ C.

on three successive days.

Saccharose bouillon. Both arms of the tube became cloudy,

considerable sediment formed but no pellicle. Reaction after 10

day's growth + 1.8 per cent.

Lactose bouillon. After 24 hours both arms of the tube became

cloudy, the closed one with less turbidity, there was some sediment

but no pellicle or gas. After 48 hours, the amount of sediment

increased and 1 per cent, of gas formed, subsequently the closed arm

became clear, but there was no increase of gas. Reaction after 10

day's growth, + 1.43 per cent.

Glucose bouillon. There was more growth in this medium than

in the others, 0.5 per cent, of gas collected on the 2nd day, with no

subsequent increase. Sediment very copious. Reaction after 10

day's growth, + 1. 8 per cent.

Enzymes. Proteolytic enzymes, cytase, and diastase are pro-

duced by the organism. Evidence as to the formation of these

enzymes is afforded by the following experiments.

Proteolytic Enzymes. These enzymes are produced in small

quantities. Gelatin is slowly liquelied, blood serum even more

slowly, milk is partially peptonized.

Fresh milk serum sterilized by filtration was inoculated with a

culture of the bacillus, and the medium held at 25 degrees C, for 10

days. At the end of this time a portion tested for peptones gave the

biuret reaction. The proteid bodies except peptones in the larger

portions were precipitated with ammonium sulphate and the filtrate

treated with caustic potash solution and copper sulphate gave a

violet color indicating the presence of peptones.

Diastase. Diastase is produced in small quantities in ordinary

bouillon. Equal parts of sugar free starch paste and thymol were

mixed with a 10-days old bouillon culture and left at 25 degree C, for

12- -24 hours. A test of the filtrate of this mixture with Fehling's

solution showed small traces of sugar to be present.

The organism when grown on potato also destroyed starch.

Slices of raw potato inoculated with the organism did not give any

coloration when treated with iodine, which indicated the destruction

of the starch.
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Cytase. The greatest interest in this organism is its power of

destroying the cell walls of various plants. The quick spreading nature

of the rot shows that the cell-wall-destroying-enzyme must be elabor-

ated in considerable amounts.

This enzyme was isolated in the following manner :

—

Sound potatoes were peeled and pieces cut out of the centre with

sterilized knives. These pieces were scorched over the naked flame

of a Bunsen burner and then dropped into wide mouth sterilized

flasks contain^rg 50-200 c. c. of sterilized distilled water.

This operation, although carefully carried out in a chamber washed

with corrosive sublimate, was not always successful as a number of the

flasks became contaminated with foreign organism : however, some

flasks were obtained which contained nothing but B. oleraceae, and

these, after incubation at 25 degree C, for 10 days, were emptied into

a fine sterilized cloth and the juice pressed out.

This juice was then filtered through absorbent cotton and treated

with four times its bulk of 94 per cent, alcohol, which gave a fine cloudy

precipitate. The mixture was frequently shaken and was left at room

temperature for 24 hours. After the final shaking the precipitate

was allowed to sediment for 12 hours when the supernatant liquid

was siphoned off, and the sediment collected on a hard filter paper,

w-ashed with alcohol, dried and then a hole was made in the filter and

the precipitate washed off into a sterile flask with sterilized distilled

water. This solution was then forced through a Pasteur-Cliamberland

filter, collected in a sterile flask and 5 c. c. portions of the liquid filled

into sterilized test tubes. The liquid was clear with a yellowish tinge

and was (juite sterile. (Incubation of tubes at 25" C.)

Twenty test tubes were thus obtained and 8 of them were

treated as follows :

—

4 were heated to a temperature of 65 degrees C. for 10 minutes.

4 were heated to a temperature of 212 degrees C. and then cooled.

Small slices of potato and white turnip were then cut with sterile

knives and introduced into the tubes which were placed in a thermos-

tat at 20 degrees C. At the end of 24-36 hours the tubes were care-

fully examined and those that showed bacterial contamination were

put aside. The small pieces of tissue were fished out with a sterile

spatula and placed on a slide, a cover glass placed on top and the pre-

paration examined under microscope. The sections of turnips and

potato in the boiled and heated tubes were unchanged, they were
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firm, the cell walls unaltered with sharp outlines, an<l about 2 3-5/i in

width, The tissues in the unheated tubes were very soft, much

swollen, and in some cases quite disinteo;rated. The cell walls were

much enlarged, some striated and from 5 8// in thickness.

This experiment shows that B. oleraceae, secretes a cytase which

has a very powerful action on the cell wall and particularly on the

middle lamella, and that this enzyme is killed by a temperature of 65

degrees C. for 10 minutes.

Conditions Affecting the Spread of the Disease.

1. Metereological Conditions, The weather of July, August, and

part of Se|)tember was very favourable for the growth and spread of

both fungus and bacterial diseases. In Ontario, the rust on cereal

crops was very bad. Many newspapers spoke of the grain " being

blasted in a single night."

The Toronto Metereological Register shows that July and

August, 1901, were warmer and lather moister than the average; in

the month ^f August when the cauliflower diseases was noticed, the

average humidity was 86, and the rainfall 3.67 inches. The tempera-

ture also was high. Very many mornings in July and August, the

dew was so heavy that, in spite of great heat and cloudless sky, one

could get quite wet when walking through the rows of cauliflowers

in the afternoon. An examination of these plants in the field showed

that the base of the plant, or the juncture of the petioles of the leaves

with the stem, contained considerable water and in most cases particles

of soil and if the organism exists in the soil, which is probably the

case, it would be in a favourable situation to cause infection.

The warm weather, combined with excessive moisture, both of

the soil and the exterior of the plant, and the fact that transpiration

would be checked by this condition, and consequently the plant-cells

themselves would be full of sap, undoubtedly played an important

part in the spread of the rot amongst the cauliflowers and turnips.

In short, we can state that the atmospheric conditions were ideal for

vigorous bacterial growth, and that these metereological conditions

have considerable influence on the ease with which the bacillus

penetrates the plant.

2. Rankness of Growth. The weather conditions above mentioned,

and the plentiful use of manure by market gardeners, favor very

quick, rank growth. The plants most aftected were large, heavy, and
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with many leaves shading the surrounding soil, thus conserving

moisture and promoting quick growth.

3. Abundavce of Insect Pests. The disease is chiefly spread by
means of infection from wounds, and under field conditions these are

usually produced by insects, especially the cabbage worm (Pieris

brassicae) which was very numerous upon cabbage and cauliflower

leaves. A careful examination of over 100 plants showed that one or

more larvae were present on each plant. Slugs also do considerable

damage to these plants, and obviously smear themselves with a number
of soil organisms, and as I have already mentioned, the Bacillus

olearaceae is probably a soil organism.

Ants and other insects swarm around turnips, eating the rotted

pulp, and no doubt serve to carry the germs to other plants.

4. Injury from Planting, Cultivation or Wind. Leaves of

turnips are frequently bruised or injured during cultivation, by either

hand or hotse hoes. Caulifioweis may be injured during planting-

out, and the infecting organism brought into contact with the broken

surface. In CHses of very rank growth, a heavy wind may cause

leaves to be broken off, and thus afford bacteria a cLance to penetrate

into the plant tissues. Many gardeners trim their cauliflowers on the

field, and when these are infected they carry the disease on to another

season. The same ground is often used year after year for the same
crops, a dangerous procedure when disease is present, as it is likely

to make the trouble endemic.

5. Susceptibility of Vaiieties. According to the limitatijns

placed upon the meaning of " resistance " and " immunity " in plants

by Russell, we shall define ' resistance as the "inherent power of the

vegetable organism to withstand the action of bacteria in general
;

"

and immunity as "the ability of the organism to repel the attacks of

a germ which produces a pathological condition in a closely allied

form."

We find that white turnips and cauliflowers are very susceptible

to incculations of Bacillus oleraceae, whether carried out in the

laboratory, or met with under field conditions. Our laboratory

experiments were all carried out on the Greystone variety of white

turnips, which, under field conditions, seems to have some immunity
;

but which readily succumbs to artificial inoculations. We have kept

careful record of the amount of disease present among the different

varieties tested on our trial grounds.
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Bacterioloofical examination of the disease present in the different

varieties showed that we were working with the same bacterial

disease. The amount of disease present is shown in the following

list of varieties :

—

Immune : Jersey Navel.

Less than 5 per cent. Rotted : Greystone Improved, Puiple Top

Mammoth, Early American Purple Top, Red Top Strap Leaf, White

Flat Dutch Strap Leaf, White Egg, White Lily, Warly La Crosse,

Red Top White Globe, Rennie's Selected White Globe, White Top

Strap Leaf, Hunter's Purple Top Globe.

Between 5 and 15 per cent. Rotted: White Stone, Cow Horn^

Yellow Stone, Green Barrel, Lutton's Imperial Green Globe, White

Six Weeks, Milk Globe, Orange Sweet, Long Tankard, Sutton's

Favorite P. T. Yellow Hybrid, Sutton's Perfection Green Top Hybrid,

Yellow Finland, Large White Norfolk, Sutton's Purple Top Scotch.

Between 15 and 30 per cent. Rotted: Early Purple Top Murrich,

Pomeranian White Globe, Red Globe Norfolk, Purple Top Hybrid,

Jersey Lily, Early White Model, Extra Early Milan.

Betiveen 30 and 50 per cent. Rotted : Orange Jelly, Imperial

Green Globe, All Gold, Yellow Globe.

Between 50 and 65 per cent, Rotted : Yellow Aberdeen Green

Top, Yellow Aberdeen Purple Top.

Fig. 1. A healthy cauliflower plant; uninoculated and grown under tlie same conditions as the

inoculated plants.



Fig. 2, Cauliflower plant inoculated from a pure culture of B.ttlei-ntyar by means of a single

needle prick at the base of the petiole. At the end of six days. Xot2 the fallen leaf, wilted ap-

pearance of the leaves on the left side and the blackened stem above the fallen leaf.

Fig. 3. Cauliflower plant inoculated from a pure
culture of B.oleraccaehy means of a single needle
prick at the base of a petiole. Shows the rotting

of the flower. Ten days from inoculation.

Fig, 4. Cauliflower plant inoculated by placing a

piece of softened tissue, taken trom the interior of

an affected inoculated petiole, on the surface of the
healthy flower. The flower is reduced to a pulpy,
black mass. Five days from time of inoculation.

[29]





Fi^ s The edible portion of a cauliflower cut in two with a sterilized knife and inoculated

with a%ure culture of B.nlrmrrar by means of a single needle prick in the centre ot the flo«er

Note the blackened portion which was softened to a considerable depth and also the water drops

upon the blackened area.

Fig M Cross section of part of the petiole of a diseased cauliflower inoculated with a pure •

culture of /?. olerarmr. Note the bacteria in the intercellular spaces and their penetration along

the middle lamella.

[31]



Fig. 10. Cross section of the petiole of a cauliflower plant inocu-
lated with a pure culture of 7?. olcracme. At a later stage than Fig.
9, .showing the almost complete collapse of the tissues, the enlarg-
ing and softening of the cell walls and the great increase in the num-
ber of bacteria.

'-urn
Fig. 12. B.oleranxu. Theflagella

stained by Van Ermegen's method.
The bacteria were taken from an
agar culture 18 hours old.

Fig. 11. Cross section of a piece of turnip. This was taken from a
plant inoculated with a pure culture of B.nlerareae. Note the disorgani-
zation of the cells and the large numbers of bacteria in the intercell-
ular spaces.

[32]
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THE COMPOSITION OF ONTARIO FEEDING-STUFFS.

By W. P. GAMBLE, B.S.A., Lecturer in Chemistry.

The animal body is made up mainly of four classes of substances

—

water, ash or mineral matter, nitrogenous matter, and fat. The pro-

portions in which these four classes of substances occur depend inainly

upon the age of the animal, its treatment, and the purpose for which it is

kept. The components of the body are continually breaking down and

being consumed. To keep the animal in a healthy condition there must
be a constant supply of new material. If this is lacking or insufficient,

hunger and finally death result. To keep up this supply is one of the

chief uses of food, but in addition to this, the food supplies the heat of

the body, and at the same time furnishes energy, which enables the ani-

mal to move the muscles and do work external and internal. Further-

more, foods also supply immature animal with material wherewith to

build up the tissues of the body.

It will, therefore, be seen that to supply food in the right proportion

to meet the requirements of the animal, without a waste of food nutrients,

constitutes scientific feeding, and it is by carefully studying the composi-

tion of feeding stuffs and the requirements of animals that a great deal

of information may be obtained which will be of inestimable value to the

practical agriculturist.

Realizing the importance of such a study, the author of this bulletin

wrote to all the proprietors of flour, oat, pea, and starch mills in the Pro-

vince, requesting them to send us samples of their by-products. Besides

the sample obtained in this way we collected a large number of similar

by-products from other sources. These feeding-stuffs were carefully

analysed, and the tabulated results will appear in their proper places.

Before we examine the results of our analyses, however, let us under-

stand the meaning of the terms used by chemists to designate the various

components of a fodder.

(i). Protein (nitrogenous material) is the name commonly given to

a class of substances which furnish the materials for the building up of

lean flesh, blood, skin, muscles, brain, nerve, hair, horn, wool, etc., and

for these purposes protein is absolutely essential in the food of animals.

The animal cannot grow, nor can it long exist without constantly renewed

supplies of protein in its food. Moreover, the animal is totally unable to

create protein. It is true that animals can produce blood protein, brain

protein, flesh protein, and milk protein, but only by appropriating and

transforming the protein of plants. Protein in some form is an essen-

tial constituent of all food.

[1]



(2). Fat (or ether extract) is the portion of the food which is dis-

solved from the water-free substance by ether, benzine, gasoline, etc.

It is a very important componeht of feeding stuffs on account of its high

value for the production of fat, energy, and heat.

(3). Crude fibre is a term applied to a group of substances that are

of limited value to the feeder, because not only are they largely indigest-

ible, but what is still more important, they often render the rest of the

food less digestible by protecting it from the action of digestive fluids.

(4). Ash is the inorganic portion of feeding stuffs. Some of the

foods richest in protein are also rich in ash material, and are, therefore,

of high manurial value. The ash is also of great importance in the food

of young and growing animals, as it furnishes the constituents fro'm

which the bone is built up.

(5). Soluble carbohydrates (or nitrogen-free-extract) is that portion

of the food which is dissolved by boiling it with dilute acids and alkalies.

It consists mainly of starches and sugars. When taken into the system

nitrogen-free-extract forms fat or is oxidized to produce heat and energy.

(6). Moisture. However dry a feeding stuff may appear, it always

contains a considerable amount of moisture which can be driven out by

heat. A high water content in a concentrated feeding-stuff is a decided

detriment : first, because it diminishes the percentage of actual food

material, and, second, because it causes the food to mould or turn sour

sooner than if less moisture were present.

In addition to the chemical analysis, the samples that we collected

were subjected to careful /microscopic examination, so far as time per-

mitted. The chemical analysis alone gives valuable information as to

the total quantities of important food materials contained in the feeding

stuff. But as will be noticed in the following tables, certain by-products

vary considerably in composition, according to the character of the sea-

son, methods of manufacture, etc., and unless they are decidedly abnor-

mal in composition, it is impossible to say with any certainty whether

they have been adulterated or not. Since, however, foreign material

can be readily shown under the microscope, the combined chemical and

microscopic examination is almost certain to detect any adulteration. It

is gratiying to know, on account of the importance and wide use made of

these materials, that the quality of the samples in most cases examined

has been found to be quite up to the average. The only adulterants we
were able to detect were particles of flour, whole wheat screenings, and

oat bran, which under the conditions of manufacture might be expected

to be present.

The tables which we are about to examine show how great are the

differences in composition between different kinds of feeding-stuffs.

Take, for example, the percentage of protein in cotton seed meal and

compare it with that in corn bran, or even with that of some of the oat



feeds. The cotton seed meal, as will be shown, is a very concentrated

food, while the amount of protein in corn, bran, and such substances is

very low. Protein is the most expensive component of a feeding stuff

and as has been stated, a considerable amount of it is absolutely indispen-

sibie to growth.

Hay, ensilage, corn, and roots, raised on the farm form the basis,

and make up the bulk of the food for live stock, and supply all the starch,

sugars, and fat required. They are, however, deficient in digestible

protein, and if the quantity of digestible protein in a food is too small

the animals produce less beef or milk than they would with a proper sup-

ply of protein. Furthermore, when protein is deficient the other food

components (starch, fat, etc.) of the ration are in excess of the animal's

capacity for assimilating them, and are, therefore, to some extent wasted.

These, in part, pass out of the body, incompletely digested, and, unlike

protein, give little value to the manure. In purchasing by-products or

commercial feeds to supplement farm-grown crops, the keepers of live

stock should bear in mind that the value of the food depends to a large

extent on the quantity of digestible protein which it contains.

The tables referred to will aid in the selection of food of highest

nutritive value. It must be remembered, however, that the tables give

the total amounts of nutrients found by chemical analysis in the different

feeding-stuffs, while only that portion of the food which is digested Is of

direct use to the animal.

The processes of digestion in the case of ruminant animals are carried

on somewhat as follows : The food is taken into the mouth, where it

is masticated and mixed with saliva, a secretion of the glands of the

mouth. The saliva acts feebly upon the starch of the food converting

portions of it to sugar. The masticated food then passes through the

gullet to the stomach, where it is subjected to the action of the gastric

juice. From the stomach the undigested food passes through the pyloric

orifice into the intestines, where it is further acted upon by the pan-

creatic secretion, and portions of the starch, protein, and other compon-

ents of the food are dissolved or emulsified. The dissolved nutrients

are absorbed from the alimentary canal, an«i, in the form of chyle, pass

into the blood, and finally serve to nourish and sustain the body. This

portion is said to be digested and assimilated, and fro(m it alone the animal

is nourished.

The digestibility of different foods, however, varies markedly; and,

moreover, the digestibility of the same food varies under different condi-

tions. But under average conditions the digestibilty of the commoner

foods has been roughly determined, and the practical feeder must make

a study of such data before the figures giving the composition of differ-

ent foods can be of much use to him. He should also investigate the

whole question of digestibility in an independent manner, so as to be pre-

pared to judge wisely in any given case.

We give the results of our analysis, with brief comment thereon :
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Pea Meal.

A glance at the foregoing table shows a variation of from 16.97 ^o

27.13 per cent, of protein. The average percentage of protein in the

eight samples is 2'2)-2'j, which is practically 3 per cent, above the average

of four samples recorded by American authorities. The samples of pea
meal forwarded by Mr. Thompson, of London, contained a very consider-

able amount of hulls. To this cause alone we attribute the low protein

content of this sample. It is nevertheless possible that the fact that

peas were badly damaged by the weevil may have had something to do
with the low percentage of protein.

If we are to select food, taking protein as the standard, pea meal

would stand very high on our list of concentrated feeding-stuffs. As
peas are grown to a limited extent on many farms in our Province, such

meal could scarcely be called a commercial feeding-stuff ; nevertheless,

we have included pea meal under this general heading, because there are

certain sections in Ontario where peas are not grown to any extent, and
in such localities feeders are dependent upon manufacturers or dealers

for their supply of pea meal.

As will be seen in the above table of composition, pea meal would
make an excellent food to supplement some of our home grown fodder.

Besides showing a very high protein content, pea meal also contains a

fair percentage of fat and soluble carbohydrates. The relative percen-

tage of crude fibre is moderately low. Moreover, from digestion experi-

ments carried on by this Station, we are led to believe that the crude

fibre of pea meal is digested to a far greater extent than is the crude

fibre of some of the by-products which will be noted later on.

Pea Bran or Hulls.

Thirteen samples of pea bran were analysed. With the exception

of one sample, obtained from J. Wilson, the protein content varied from

seven to thirteen per cent. The high protein content of Mr. Wilson's

sample was, no doubt, due to the fact that it contained quantities of fine

pea meal or dust. Such a sample of pea bran would make a very ex-

cellent supplement to our coarse cattle foods. The percentage of crude

fibre in most cases is very high. I may state, however, that we fed three

sheep for a period of one month on pea hulls alone. At the end of the

experiment the sheep were weighed, and it was found that they weighed
exactly the same as at the beginning of the feeding period. The diges-

tibility of the different components of the pea hulls was at the same time

tested, and the results obtained go to show that the digestion co-efficient

of the crude fibre of the pea bran was 69; i. e., for every hundred pounds

of crude fibre fed 69 pounds were digested. From these facts we are led

to believe that the feeding value of pea bran is greater than the low

protein content would indicate. It must not be gathered from this that

we would recommend this food in preference to those richer in protein.
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On the contrary, farmers and dairymen should always aim at securing- a
fair quantity of protein in any food which is meant to supplement a ration

of corn fodder, hay, ensilage, or other home grown feeds. Pea bran,

however, is not entirely useless, and might, under certain conditions,

serve as a useful component in a maintenance diet.

Mixed Chop.

In the twenty-one samples of chop analysed the percentage of pro-

tein was found to vary between 8.37 and 20.66. The average protein

content of these samples was 12.81 per cent. A glance at the table will

show that what is ordinarily called chop Jmay be a mixture of various

grains grown on the farm. The mixture of oats and corn shows a low
protein content when compared, for example, with peas and oats. The
practical conclusion to be drawn from this fact is that the feeder should,

other conditions being equal, select the richer of the two to supplement a
ration made up largely of hay, ensilage, and roots, more especially if this

ration be intended for dairy cows.
The above table of composition shows that chop is valuable food

;

and where the average farmer has an abundance of such food at his dis-

posal it would be folly for him to purchase many of the by-products at

present sold without any guarantee as to their composition. Further-
tnore, experiments conducted by Professor Day on fattening steers appear
to indicate that a ration containing a rather wide nutritive ratio will give

more economical gains than one possessing a relative narrow nutritive

ratio. For fattening purposes, therefore, we believe that chop, such as

mentioned in the foregoing table, would supply all the nitrogenous mater-
ial necessary. If, however, the production of milk were the object, then
it might be advisable to select a food containing a greater quantity of

protein.

Wheat Middlings.

Upon inspecting the analyses of the samples of middlings, recorded

in this Bulletin, the reader will be struck by the uniformly low percentage
of moisture. The average percentage of moisture recorded by American
chemists is approximately two per cent, higher than that found In the

twenty-one S£<mples analyzed in our laboratory. I may state that as

soon as these samples arrived in our laboratory they were at once placed
in bottles with ground glass stoppers to prevent any evaporation of mois-
ture, and in every case extreme care was exercised in determining ac-

curately the moisture content of the samples. The fact that any sample

of food contains a low per centage of moisture is of great importance to

the feeder, inasmuch as, other things being- equal, he obtains a larger
amount of nutritive material in a food containing a low percentage of

moisture than he would if the moisture content were even one per cent,

higher.
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Whrat MkliUings.

1. Thorp's Middlings
2. Middlings—Tillsonburg
3. .Middlings—GoldieCo., Ayr
4. ^liddlings—Frontenac Co.

.

5. Middlings
6. Middlings
7. ^Middlings

8. ^liddlings

9. Middlings
10. Middlings
11. Middlings
12. :Middlings

13. :\Iiddlings

14. >liddlings

15. 3Iiddlings

16. Middlings
17. Middlings
18. .Middlings

19. Middlings
20. [Middlings..

21. Middlings

s o

01
i-

s

Average

Tl heat Bran.

1. Bran,T. E. Simpson—Merlin
2. Bran,Goldie Milling Co. Ayr
3. Bran from Fall Wheat
4. Bran from Manitoba Wheat
5. Bran, Frontenac Milling Co.

6. Wheat bran—Guelph
7. Wheat bran—Tillson & Co..

8. Bran—Meyer's Milling Co.

.

9. Bran ."

10. Bran
Average

Low Grade Flour.

Low grade flour-T. E. Simpson
piom—T. E. Simpson, Merlin.

Low grade flour—R. Harvey. .

.

Average

Iborp's crushed wheat

Shorts.

Shorts—R. Harvey
2. Shorts—Pembroke Mill Co.

3. Shorts—T. E. Simpson
4. Shorts—Frontenac Mill Co

.

Average 16
.
01

15.75
15.94
16.26
17.66
15.43
13.79
16.45
16.62
16.65
15.46
16.32
12.73
12.97
13.47
15.65
17.10
15.32
17.25
14.33
17.12
14.80

15.54

15.00
13.75
14.56
13.50
17.53
14.87
16.87
15.25
14.21
14.30
14.99

12.99
9.85

13.00

11.94

13.73

15.60
16.16
16.25
16.06

8.70
9.12
10.28
8.29
10.53
9.70
9.42
10.52
10.75
11.21
9.69
9.73
11.75
10.62
10.40
8.62
9.77
10.02
11.51
12.05
9.35

10.10

7.86
11.11
9.19
12.23
11.71
8.55
11.00
12.24
9.75
10.43
10.40

8.71
13.37
10.97

11.02

7.92

8.59
9.37
11.37
8.21

9.38

WW

3.99
4.40
3.26
4.10
3.03
2.71
4.89
4.25
3.99
3.65
4.60
2.99
3.62
3.75.
3.00
4.11
4.00
3.65
3.97
5.52
4.69

3.92

4.20
3.70
3.20
4.50
3.11
3.62
3.62
4.43
3.10
3.91
3.74

2.25
4.85
3.65

3.58

2.59

3.99
4.55
5.02
4.26

4.46

1^

4.91
3.96
3.70
3.91
4.48
4.28
2.93
3.25
5.40
2.72
3.99
8.62
8.50
3.78
3.21
2.50
5.42
5.00
2.92
2.45
3.29

4.26

8.58
7.36

10.59
7.04
8.41
9.54
9.54
9.21
7.20
9.96
8.74

0.29
0.49
0.53

0.44

3.32

3.32
5.93
5.51
3.31

4.52

<s

3 ° S

3.58
3.92
3.65
4.25
4.12
3.86
3.79
3.85
4.20
4.00
3'. 47
3.61
3.20
3.12
3.05
4.04
3.79
4.21
3.50
3.20
3.60

3.72

6.29
2.90
6.05
5.62
5.09
6.31
6.31
5.20
5.40
2.20
5.14

1.51
1.93
2.21

1.88

1.62

3.91
.08

.52

,95

4.37

63.07
62.66
62.85
61.79
62.41
65.66
62.52
61.51
59.01
62.96
61 .93

62.32
59.96
65.26
64.69
63.63
61.70
59.87
63.77
59.66
64.27

62.46

58.07
61.17
56.41
57.11
54.15
57.11
52.66
53.67
60.34
59.20
56.99

74.25
61.51
69.64

71.13

70.82

64.59
58.91
57.33
64.21

61.26
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A few samples analysed showed an abnormally high percentage of

crude fibre. A microscopic examination of these samples revealed the

presence of considerable quantities of wheat bran. I may say that these

samples were obtained on the market so that their source could not be

traced. Samples Nos. 12 and 13 indicate almost as much crude fibre as

is found in pure wheat bran, which rarely runs over ten per cent. In

samples of pure wheat middlings, the percentage of crude fibre usually

varies between 2.50 and 6 per cent. We are glad to say, on account of

the widespread use of wheat middlings, that the samples examined were

entirely free from corn bran or other adulterants of like character.

Wheat Bran.

In the above table the percentage composition of ten samples of

wheat bran shows a variation of from 13.50 to 17.53 P^'' cent, of protein,

and from 3.10 to 4.50 per cent, of fat. It will be noticed that some of

the samples of bran analysed were obtained from fall wheat, others from

Manitoba spring wheat, and still others are not designated. Every sam-

ple of bran was of good quality, and contained no adulterants which could

be detected other than a few particles of broken wheat.

Wheat bran is probably one of our best known by-products. It

contains protein, fat, ash, and soluble carbohydrates in such proportion

as to make it an exceedingly valuable component of a dairy ration. Only

two samples of the ten analysed showed less than 14 per cent, of protein.

If the percentage of protein falls much below 14 per cent., the chances

are that the bran has been mixed with something of inferior quality. In

the mentioned case, however, no adulterant could be detected.

Low Grade Flour.

Three samples of low grade flour were analysed. These show an

average of 11.94 P^^ cent, of protein, as well as 3.58 per cent, of fats,

and 7i-i3 per cent, of soluble carbohydrates. For some reason the

quantity of protein in sample No. 2 falls considerably below the aver-

age. It will be noticed that the percentage of moisture is much higher

than in samples i and 3. As stated in the introduction, a high moisture

content in a feeding-stuff is a decided detriment, in that it not only de-

creases the actual amount of food components present, but it also favors

the growth of moulds, and these hasten the decomposition of valuable

food materials. ,

The results of experiments at some of the American Stations furnish

evidence that the amount of soluble carbohydrates and fat is very greatly

reduced by the action of moulds. In the case of bread as much as 75
per cent, of the dry matter was lost. This loss was noted chiefly in the

carbohydrates. In other experiments with peanut cake the fat content



3

was reduced by mould from 12 to less than i per cent. While the writer

does not mean to state that the percentage of moisture noticed in sample

No. 2 is sufficient to cause such serious loss as that just mentioned, yet

the amount of moisture is sufficient to warrant a note of warning on this

point. It might also be added that is some cases farmers sustain very

serious losses in valuable food materials through improper attention to the

ground chop and corn meal. In all cases where the new grains are

ground, especially if the grains be soft, the chop should be spread out in

some convenient bin or floor in order that the excess of miosture may
have a chance to evaporate. In this way the loss resulting from the

development of moulds or bacteria may be eliminated or checked to a

great extent.

The samples of flour designated as "low grade," although not suit-

able for bread-making purposes, could be advantageously and economical-

ly used as food for pigs. It must be remembered, however, that flour

is a very heavy food, and unless it is fed along with some other feeding-

stuff of a lighter character, there is danger that the digestive apparatus

of the pig may become clogged. Because of this danger, greater care

mu?t be observed in feeding pigs on a ration of milk and flour than in

feeding milk and middlings, as the latter food contains quantities of bran,

which lighten a food very effectively.

Only one sample of crushed wheat was examined. This sample is

of very good quality, and would make an excellent substitute for shorts

in a ration for young pigs.

Shorts.

The figures in the above table show an average of 16.01 per cent,

of protein, 4.46 per cent, of fat, and 61.26 per cent, of soluble carbohy-

drates This by-product possesses very high feeding value. It might

be used to advantage in supplementing a ration low in protein, provided

the animals could be induced to eat it readily. For young pigs, or

breeding sows this by-product makes an excellent feed. The young pigs

eat it readily and thrive admirably on a ration of shorts and skim milk.

In the estimation of many practical feeders this is one of our most valu-

able by-products, although not equal to low grade flour for fattening

hogs.

Beeswing.

This by-product is the outside layer of the wheat hull, and is, there-

fore, a special form of bran. This bran is removed from the wheat

(which has been previously moistened with cold water), by the action of

a cylinder running at a high rate of speed against an outside case. In

this process the kernel of the wheat remains unbroken.

A glance at the analysis is sufficient to show us that this by-pro-

duct contains a larger amount of crude fibre than does our average bran.



10

Again, we note that the average amount of protein in ordinary bran is

approximately fifteen per cent., while in the by-product under discussion

the protein content drops to less than ten per cent., which is slightly

above the minimum allowable percentage of protein in any feed. The

least quantity of protein that any food should contain is 7 per cent.

That is to say, it is doubtful if any feed with less than 7 per cent, of pro-

tein is a wise purchase unless under exceptional circumstances. Even

average cob meal contains nearly 8 per cent, protein. Experiments

have shown that, as a rule, when the quantity of protein present in a feed

falls below 7 per cent, its place is taken by crude fibre, consequently the

purchaser does not receive any greater amount, if as much, of the more di-

gestible forms of carbohydrates than if the protein were furnished. The

by-product at present under discussion proves to be quite a marked ex-

ception to the general rule. In a series of digestion experiments which

we have conducted with this food, we have found that not only is there

a very high percentage of digestible soluble carbohydrates present, but

the crude fibre also possesses a high digestion co-eflficient. It must also

be remembered in this connection that in the samples of Beeswing ex-

amined we found more than 7 per qent. of protein.

Cotton Seed Meal.

This by-product in the manufacture of cottonseed oil contained in

the following manner : The hull of the cottonseed is removed, the kernel

is then cooked and subjected to pressure to remove the oil. The residue

(cotton seed cakes) is then pulverized.

The five samples examined were fairly constant in composit^ion.

Cottonseed meal is rich in protein, and contains also a high percentage

of ether extract or fat.

This by-product must be used with caution, as calves and pigs have

been killed by continued use of this food. In the case of milch cows a

few pounds per day may be fed, but many owners of live stock regard it

as very dangerous food to place at the disposal of the ordinary hired man,

because carelessness in regard to the number of pounds of this by-pro-

duct fed will very quickly result in serious derangement of the digestive

organs of the animals. Furthermore, in a ration for young pigs it has

been frequently noticed that if cottonseed meal be used to balance a

ration of these animals, the animals are apparently poisoned thereby.

For the average feeder, therefore, the advice would be to leave cotton-

seed meal out of a ration intended for these animals.

Cotton Seed Hulls.

Four samples of cotton seed hulls were analyzed. As will be noticed,

the percentage of protein is very low. Average percentage 4.45. The

percentage of crude fibre is very high. This by-product is not recom-

mended as a cattle food, as it contains a very low percentage of protein
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and fat. Moreover, the crude fibre is not only largely indigestible, so

that the digestive juices of the animal do not extract much nutriment from

it, but, what is still more important, crude fibre renders the rest of the

food less digestible by protecting it from the action of the digestive fluids.

This by-product is, therefore, practically worthless, and to the average

farmer it would be dear at any price. For, not only is the quantity of

protein extremely small, but by far the larger percentage of carbohy-

drates exists in a very indigestible form. To move these indigestible in-

gredients from one part of the alimentary canal to another necessitates

the expenditure of energy. Thus we see that energy derived from a di-

gestible portion of a ration may be used up in eliminating the indigestible

portions from the system. Materials such as cotton seed hulls which
contain large quantities of crude fibre in a highly indigestible form are,

therefore, a decided detriment to a ration.

Linseed Meal.

This product is the residue left after extracting the oil from flax-

seed with naphtha, benzine, or a similar solvent of oily matter. In tlie

extraction of linseed oil by the old process the flaxseed was subjected to

pressure. The new process admits of more perfect removal of the oil

from the seed; therefore, linseed meal obtained from the "new process,"
as a rule, contains more protein and less fat than the "old process" meal.

The thirteen samples of linseed meal examined are all of "new pro-

cess" manufacture. The table of composition shows an average of 30.41
per cent, of protein in the thirteen samples examined. Linseed meal is

therefore, a highly concentrated food, and may be used in moderate quan-
tities to correct the deficiency of protein in some of our home-grown
feeding-stuffs. As this meal also contains a high percentage of crude fat,

it may have a beneficial mechanical effect in rendering the passage of the

other components of a ration through the alimentary canal less difficult.

Linseed meal has been advocated as a component of a ration for milch
cows, and many of our most intelligent dairymen have fed it with good
success. It is also claimed that a small quantity of linseed meal fed in

a ration to horses will give these animals a glossy coat, which is an in-

dication of a thrifty condition.

There are two kinds of linseed cake or meal, the one containing the

hulls of the seed and the other the decorticated meal. The analysis in

the foregoing table represents the composition of thirteen samples of the

latter food. As a component of a ration for all kinds of animals, it is one
which in the experience of a great number of practical feeders has given
good results. Some feeders object to the use of this food, because
when mixed with water it has a sticky consistency. This, however,
should not be a serious objection if the results obtained from the use of

this food indicate greater value than those obtained from the use of other

by-products.
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Gluten Meal,

Gluten meal is the residue, or part of the residue, from the manu-
facture of starch and glucose. The process of manufacture consists es-

sentially in the separation, first, of the germ and hull from the starch

and gluten ; and second the final separation of gluten from the starch.

The residue may, therefore, consist either of three products, a mixture

of gluten; germ, and hulls, a mixture of any two of these components, or
any single component. In any case, however, the by-products are parts

of the original corn, but when prepared for the market they differ from it

and from each other in the amount of food constituents, and also in ap-
pearance.

The entire residue called "gluten feed" is of a bright yellow color:

and is of a much more bulky character than corn meal. The increase'^

bulk is due to the presence of a larger proportion of bran in the gluten

feed. Gluten by itself is distinguished by a high content of protein and
a deeper yellow color. This product is commonly called gluten meal.

The twenty-two samples analysed were either secured on the mar-
ket, or forwarded to us by farmers in Ontario. The figures show quite

a wide variation in composition. It will be observed, however, that the

protein content is high and the percentage of crude fibre is correspond-
ingly low.

It was noted in a previous part of this bulletin that certain foods rich

in protein are also rich in ash material. The result of our work shows
that an exception is formed by concentrated feeds, which are by-pro-

ducts, where the seeds are treated with large quantities of water. (Note
the example in the above table.) Such a food should be fed with caution

to young stock that consume but little roughage and require a liberal

supply of ash material for the formation of bone.

Gluten Feed.

Gluten feed, like gluten meal, is a by-product in the manufacture of

starch and glucose from Indian corn. The waste products are relatively

much richer in oil and protein than is corn.

A great many dairymen are vey well satisfied with this feed. It

contains a fair amount of protein, and hence is a very useful material to

supplement home-grown foods.

Corn Chop.

Ten samples of corn chop were analysed. The figures in the above
table show a variation of from 6.54 to 11.28 per cent, of protein. Colm-

paring the average percentage composition of corn chop with that of

wheat middlings, we note that the figures show a very slight difference
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in the fat content of these two feeding-stuffs. The average protein con-

tent is, however, about 5 per cent, higher in the case of middlings. The

percentage of crude fibre is much the same in both middHngs and corn

meal. Another matter which the practical agriculturist has to consider

in feeding young and growing animals is the quantity of ash, or bone

forming material, which a food may contain. In comparing the aver-

age percentage of ash in wheat middlings with that of corn the figures

reveal a vey marked difference in favor of the wheat middlings.

It has been said in another part of this bulletin, that the ash con-

stituents of a feeding-stuff are of great importance to young and growing

animals. The fact that gluten meal and such by-products contain a low

percentage of ash has also been mentioned. These products, however,

are used by comparatively few of our farAmers. Corn meal, on the other

hand, is used very extensively in certain parts of Ontario; therefore a

few facts concerning the quantity and quality of the ash of corn meal

as compared with the ash material required by the animal body may not

be out of place. The complaint has often been heard that hogs fed on

corn alone have weak bones. The reason for this is very apparent when

we consider the amount of ash required by these animals for the building

up of the bone, with the percentage of ash indicated in the foregoing

table, which is 1.4 per cent., or 1.4 pounds in 100 pounds of the corn

meal. Of this 1.4 pounds .032 of a pound is lime and .67 of a pound is

phosphoric acid. *Now, according to Professor Henry of Madison,

Wis., 534 pounds of corn will produce 100 pounds of gain. And since

this amount of corn contains 7.47 pounds of ash, of which .69 per cent,

is phosphoric acid and lime, there is only .051 pounds of the principal

bone-forming materials supplied to the growing hog. Now, let us con-

sider the requirements of the hog. His increase in weight is 100 pounds,

of which, according to Lawes and Gilbert, 2.9 per cent, is ash. Of this

99.0 per cent, is bone ash. From these figures it is apparent that in

100 pounds gain 2.87 pounds of bone ash has been formed, of which

97.25 per cent, is made up of lime and phosphoric acid, or 2.79 pounds

of lime and phosphoric acid are necessary under normal conditions to

supply the ash material necessary for 100 pounds of growth. There-

fore, if corn meal be fed alone there will be a deficiency of 2:70 pounds

of the necessary ash constituents of bone. Hence, it is not surprising

that animals fed on such a ration are weak boned.

What has been said regarding the ash material required for the

building up of the bone in the case of the^ growing hog is, in the main,

true of all young and growing animals. Such animals require from five

to seven per cent, of ash in their food, and of this about 97.0 per cent,

should be lime and phosphoric acid. Therefore when corn is fed to

young animals it should be mixed with other foods containing a much

higher percentage of ash in order that the bone forming material of

these animals may be furnished in sufficient quantity.

*Iowa Agriculturist, April, 1904.



16

FOODS AN.\LYZED.

Corn Brail.
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Corn Bran.

What has been said regarding oat hulls holds true, in a general

way, of corn bran. This by-product bears to corn the same relation

that bran and oat hulls bear to wheat and oats. Corn bran possesses a

very low feeding value, but unless added to a feed in large quantities it

is not objectionable. If, however, large quantities of such material be

mixed with some of our more concentrated by-products, the mixture is

worth less money than a concentrated by-product not so adulterated. If

the corn bran be sold as a by-product pure and simple, then the buyer

has no one but himself to blame if the results obtained from feeding such

food prove unsatisfactory. The intelligent feeder of live stock will have

very little to do with materials which, like this feed, contain less than 9

per cent, of iprotein, because most farms produce enough course fodder

to supply material of such low grade. It is very true that foods of this

general character are sold at a lower price per ton than wheat bran, mid-

dlings, gluten meal, and linseed meal, but it should be remembered that

a ton of linseed 'meal contains almost four times as much protein as was

present in this feed, and when considered from this standpoint, it may
be found that that which seems to be cheapest at the time is really the

least economical in the end.

Corn Grown 1902.

Seven analyses of corn ensilage show an average of 10.52 per cent,

of crude protein in the air-dried food. The object of making these sev-

eral analyses was to study the chemical changes which take place in the

piotein compounds of corn in the silo. This table does not show any

column for amide compounds, but I may say that our work, so far as we
are able to judge from present results would indicate that a certain

amount of the proteid bodies revert to a lower form during the process of

fermentation. The figures on the above table would indicate that the

corn in the dairy silo in 1902 was of quite constant com,position.

Analysis of Corn of 1903, Percentage Calculated in Water Free
Substance.

The reader will be at once impressed with the fact that whatever be

the food value of green corn or corn ensilage, it possesses but a very low

percentage of protein. The nine samples analysed in our laboratory

show an average of only 9.26 per cent, in water-free substance. Bear-

ing in mind what has been said in the introduction regarding the value

of protein in the food of our farm animals, it is apparent that the intelli-

gent feeder must supplement a ration, consisting largely of green corn or

ensilage, with a certain amount of a more nitrogenous food.

2 Bull 138.
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Oat Hulls or Oat Bran.

This product is obtained by removing the outer shell of the oat grain.

The oats are first kiln dried and are then run through a pair of stones.

The product is then run over a wire screen and all the dust is screened

out. The kernel and hulls are then passed through a fan which removes

the hull and leaves the kernel.

The figures in the above table show a wide variation in the composi-

tion of oat hulls. In discussing the value of cotton seed hulls we
pointed out the poor economy of feeding a product which contains a high

percentage of crude fibre. A glance at the foregoing table shows that

oat hulls contain a considerable quantity of crude fibre. This fact would

at once convince us that this by-product' possess a very low feeding value.

But in sections where cattle are fed large quantities of corn meal, oat

hulls or similar food-stuffs may exercise a beneficial mechanical effect, in

that the food is made lighter and more easily digested.

Oat Dust.

In the manufacture of oat-meal or rolled oats the grain is first kiln

dried and then passed through a stone to remove the hulls. The pro-

duct is then passed over a screen and the dust removed. This dust is

largely composed of a layer which lies between the kernel of the oat and

the hull. Small particles of the broken oat. also pass through the

screen and these are included in what is termed oat dust.

"Oat dust is not, as has been stated on several occasions, simply dirt

and rubbish; on the contrary it is a pure by-product of the oat." Of
course, the writer does not mean to claim that it would be impossible to

mix an inferior grade of feed with the dust from the oat, and represent

the mixture to be pure oat dust. But the combined chemical and micro-

scopic examinations of twenty-three samples of this by-product failed to

detect in a single case any foreign material other than finely divided par-

ticles of oat hulls, which under the method of manufacture can scarcely

be looked upon as adulterant.

Comparing the average composition of oat dust with that of wheat

bran, we note that the average quantity of protein in the latter feed is

considerably lower than that in the bran. Therefore, if we take the

quantity of protein and fat as the standard of purchase,—and it can

hardly be denied that such is the correct standard, since materials con-

taining considerable protein are the only ones suitable as additions to the

feeding material of the farm,—wheat bran must be regarded as a much
more valuable material than oat dust.

The objection might be raised that the purchaser is not getting the

carbohydrates in the high-grade material that he would get in some of

our lower grade feeds (oat dust for example) ; but it must be remembered
that the feeding materials of the farm usually contain an abundance of car-

bohydrates. To such an extent is this true, indeed, that home grown
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carbohydrates of higher quality than are furnished by many of these feed

substitutes are often wasted on the farm. There is a class of feeders,

however, to whom feeding-stuffs low in protein and which contain i^e-

latively large amounts of carbohydrates are valuable, namely, those who
raise nothing themselves—city feeders of horses and stall-fed cattle. To
these feeders, therefore, the quality of the carbohydrates is of greater

importance. In the case of the horse, the animal is not provided with

the extensive digestive apparatus of the cow. Nevertheless, he requires

bulky material in connection with his grain, and he also requires that

this bulky material be of good quality.

Referring to the table of composition we notice that the amount of

total carbohydrates in oat dust is high, amounting to 69.40 per cent.

Of this 12.82 per cent, appears in the form of crude fibre, the remaining

58.58 per cent, being soluble carbohydrates (starch, sugar, gums, etc.).

If, therefore, the procuring of carbohydates were the object of the pur-

chase, oat dust should command a high price, inasmuch as this food con-

tains only a moderate amount of these in the form of crude fibre.

Oat SiftiN'GS.

Five samples of oat siftings indicate an average of 14.33 P^^ cent,

of protein. The fat content is also well in advance of many of the by-

products on our markets. The percentage of crude fibre is rather

higher than we would have expected in such a food. The microscopic

examination, however, revealed the presence of only particles of finely

divided oat hulls which could hardly be considered as an adulterant.

Oat Feed and Oatmeal.

Sample No. i of this table must be considered a low grade food since

it contains less than 1 1 per cent, of protein and less than two per cent, of

fat.

Samples Nos. 2 and 7 of this table contain sufficient quantities of

protein and fat to warrant us in classifying them as high grade foods.

Such a food as No. 7 when mixed with milk or swill would make an ex-

cellent food for young pigs.

Two samples of oatmeal were analysed. As this food is not used to

any extent as a cattle food, it is quite unnecessary to discuss the varia-

tion in composition.

Two samples of oats were analysed. In discussing tne composi-
tion of oat dust, we observed that horses were usually fed on a ration con-

sisting of bulky food and grain. In most cases the grain ration is made
up largely of oats. It is interesting, therefore, to note that the amount
of protein in the oat grains is low as compared with some of our con-

centrated by-products, and yet we seldom hear of oats being replaced in

a ration for working horses by any of the highly nitrogenous materials
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on our market. It may be that the quality of the proteids of the oat

grain may have something to do with it ; or the amount of fat may influ-

ence its nutritive value. Whatever be the cause we know that a compon-
ent of a ration for work horses this special grain is of particular impor-

tance. Let us remember, however, that oats vary as greatly in com-

position as do some of the by-products we have examined, and that it is

important that the amount of protein in oats be as large as possible.

Remembering this the intelligent feeder will select the variety of this par-

ticula'. grain which gives the greatest yield with a corresponding decrease

of crude fibre.
*

Mill Feed.

Comparing the average composition of the foods recorded in this

table with those of oat dust, we find that the latter contains a much
higher percentage of crude protein and a correspondingly lower percen-

tage of crude fibre. The oat dust must, therefore, be considered the

better of the two.

No experiments have yet been conducted at this station to show

which of the two foods is the more digestible. We hope, however, to

be able in the near future to furnish this very desirable information.

Barley Dust.

"This by-product in the manufacture of pot and pearl barley is

obtained by continued scouring of the grain with a stone. During the

process the dust is carried away by means of a suction fan. Should

there be any oat grains iri the barley, they would also be broken up in

the process and would appear in the dust."

The ten samples show an average of 14 per cent, of protein, which

is a fair amount in a feeding-stuff. It will be noticed, however, that

there is a very considerable amount of crude fibre in this product. For
this reason we do not consider it as valuable for feeding purposes as it

would be if less fibre were present.

The microscopic examination of these samples revealed in most
cases considerable quantities of finely pulverized barley hulls. Such by-

products as barley hulls, because of their low digestibility, are very un-

desirable in a cattle food. Notwithstanding this fact the samples of

barley dust examined show a fairly high protein content, and might be
advantageously fed to certain classes of keep animals.

Malt Sprolts.

Dried grains and malt sprouts, by-products from distilleries and
breweries, are frequently used as cattle foods. To obtain these products

the grain is first caused to sprout, and as a result of this growth the

•starch of the grain is changed to sugar. The sprouts are then removed
and sold by dealers, sometimes in the wet condition, but for shipment

they are dried and put up in sacks or barrels.
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Barley Din^t.

1. Barley Dust—Thompson
2. Barley Dust, Tillsonburg
3. Barley Dust— H. Wilsop.
4. Barley Dust . . R. Martin
6. Barley Dust, 1902
6. Barley Dust, 1902
7. Barley Dust, 1903
8. Barley Dust. 1903
9. Barley Dust, 1903

10. Barley Dust
11. Barley Hulls

Average 14.00

Crude

Protein.
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Only two samples of malt sprouts were analysed. These show an

average of 29.34 per cent, of protein. As will be noticed these two
samples are practically the same in composition. It must not be in-

ferred however, that the composition of this feeding-stuff does not vary.

As a matter of fact there is a very noticeable difference in the composi-

tion of sprouts from any two breweries. Moreover, the samples from

one plant frequently differ among themselves as much as the averages

from different plants.

Barley.

Three of the samples analsyed were obtained from a manufacturer,

and six from dealers.

Barley fed alone is considered somewhat "heating," and if fed con-

tinuously is liRely to cause skin troubles. When combined with other

grains, however, such as oats, peas, and so forth, it gives good results.

The table of analysis shows that the digestibile protein is lower in barley

than in oats and considerably higher than in corn. The carbohydrates,

on the other hand, exceed those of the oats and fall below those in corn.

Barley has also less oil than either of the two grains mentioned. When
mixed with oats and ground previous to feeding, it is considered an ex-

cellent constituent of a ration for dairy cows. Some authorities claim

that it has an influence on the quantity of the milk and butter. The
impression appears to be prevalent among certain farmers of the Province

that barley fed alone is poisonous. This statement will be given little

credence by the majority of those who have had any experience in feeding
the grain. It is true, as before stated, that barley is considered some-
what heating and may produce skin trouble, but that it is a poison is cer-

tainly not the case. The experience of prominent feeders, both in Eng-
land and the United States, and in Europe "(it is used extensively in the

latter place for the producton of pork)" will allow us to regard barley
meal as a very valuable component of a ration for farm animals.

Dried Molasses Beet Pulp.

This feeding-stuff consists of dried molasses and the pulp which re-

mains as a residue from the manufacture of sugar from sugar beets. We
have conducted a series of digestion experiments with this material and
find it to be good feed for parties who do not have sufficient coarse feed

for their stock; but beet pulp, like the coarse feeds of the farm should
be supplemented by materials rich in protein. The writer is inclined to

believe that the price asked for this material at the factory is altogether

too high, and when the price is increased by the cost of transportation

for long distance, the expense is certain to greatly over balance the gains.

Whether, therefore, it will prove to be an economical feed depends upon
the price asked for it and the cost of the coarser home grown feeding

stuffs. Beet pulp must be regarded purely as a substitute for the

coarse fodders of the farm, and should be fed with caution to young
stock.
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Stock Food.

Several samples of what are usually termed "stock food" have been

examined. A glance at the above table will show that in some there is

a very fair quantity of protein and fat, but it must be remembered that

the cost of the nutritive components of foods when purchased in such

form is much in advance of their real value. Moreover, the claims that

by the use of condiments and spices the digestibility of other compon-

ents of the ration can be increased and in this way a saving of food can

be effected, have no basis in fact. As foods, pure and simple, therefore,

the prices paid for stock foods are ridiculously high when compared with

the price paid for some of our most expensive standard foods.

Another important point is the ash. As was pointed out the quan-

tity of ash in a food for young and growing animals is very important.

The ash of most of our home grown foods and the ash of ma^y of the

by-products of our mills furnish a very fair amount of bone forming

material. A glance at the above figures shows that all of the stock foods

examined contain very large quantities of ash. In most cases, however,

the ash of condimental foods contains considerable quantities of potas-

sium salts, which tax the excretory organs of the animal and are, there-

fore, a decided detriment.

Another claim made by dealers in stock food is that such foods are

of a medicinal or stimulating nature, and are claimed to be particularly

effective and valuable, not only for growing animals, but also for cows

in milk and for horses. This claim, however, should carry very little

weight with the intelligent feeder, since it is a well established fact that

healthy animals need no medicine or stimulant.

The writer does not mean to insinuate that stock foods should not be

used under any circumstances. On the contrary, we believe that they

have their places. For example, feeders who are fitting their stock for

the show have successfully used stock foods. Their place, therefore, ap-

pears to be in a ration for show animals, but probably it would be better

to use such foods only in the last stages of the fitting process.

It is claimed by certain prominent feeders that a better bloom can be

obtained by the use of small, and limited quantities of some stock food in

the last stages of feeding. It must be remembered, however, that such

feeders do not consider the cost of a feeding-stuff, and in such cases as

these in which the cost of the food can be overlooked, stock foods may

be used.

The following shows the composition of two substances from which

it was proposed to manufacture a stock food. Readers will be struck

at once with the comparatively small quantity of nutritive material

which such a mixture would contain. As stated before, the claims that

such foods increase the digestibility of other fodders have no basis in

fact. Furthermore, the purchaser of stock foods is frequently assured

that the secretion of the digestive fluids is very greatly increased by the

use of certain condiments. That such, in certain instances, may be the

case we have no doubt, but the price paid for these foods is likely to be

far in advance of the gain.
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Foods Analyzed.
0) s

.S7o''A- Food Ingredients.

Sphagnum ^loss ,
3 . 33

Beet Sugar Molasses 1
10.87

Poultry Feeds

AVestern Poultry Food Co....| 40.34

Cypher's (^hick Food 12.03

^Morgan's Animal Meal 58 . 10

Sutherland's Seeds 9. 73

Spratt's Chick Meal 24 . 41

Spratt's Feed for large fowl... 19.32

Pratt's Chick Food
,

15 . 19

'o
SI '-

Si

12.92
22.31

4.18
6.01
7.59
3.84
3.92
4.76
8.31

l.L'l 49.23

6.59
1.28

21

3

5

5

67
73
07
18

1.90
3.10
1.34

15.39
1.81

1.09
7.51

1.45
10.63

17.42
29.42
12.60
4.79
5.80
16.23
7.02

31.86
56.19

29.57
48.16
0.0

62.58
58.33
53.52
54.79

Poultry Feeds.

The above table gives the average composition of seven distinct

brands of poultry foods. These feeds are composed of the usual mater-

ials'known to be of value in the feeding of poultry. Some of our recog-

nized authorities on poultry feeding tell us that they believe it would be

greater economy to purchase the ingredients of these foods separately.

Other poultrymen, however, think they would rather pay the difference

for the convenience of having a ready mixed poultry ration whereby they

avoid the storing and subsequent care of a number of materials which are

of limited use in the small quantities they would have to buy.

SUMMARY.

Only a few cases of actual adulteration have been found among the

samples examined. In every instance the adulterated sample was for-

warded to us by a feeder of live stock.

A considerable number of by-products, such as corn bran, oat hulls,

and oat feed, etc., are of such inferior quality that they cannot, as a rule,

be used to any profit.

An examination of the analyses of the feeds given in the foregoing

tables, when considered in connection with the prices paid for these food

materials will assist the purchaser in deciding which of the by-products

is the most economical for his purpose.

At the present time the prices asked for cattle foods bear very little

relation to their feeding value. That is, feed is retailed at so much
per ton whether it is rich in protein and well suited to supplement our

ordinary farm foods, or whether it is a starchy food, and, therefore, of

much less value in compounding suitable rations for cattle. Such being
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the case, special care in the purchase of feeds and some knowledge -of

their chemical comjposition will be found of paramount importance in

keeping the cost of feeding down to a point which will admit of a profit.

Table Showing Average Composition of Foods Analyzed.

1

Foods .
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not consider it a safe food to place on the hands of hired men. Many

cases of milk fever and other diseases in dairy herds have been attributed

to indiscriminate use of cotton seed meal. This food may be fed to

advantage if care is observed as to the amount fed per day, the age of

the animal, etc. All things considered, it might be wiser to make up any

deficiency in protein in a ration by feeding another of the by-products

mentioned (linseed meal for example). The addition of cotton seed meal

to a ration for calves or pigs results in serious derangement of the diges-

tive organs of these animals.

Pea meal, linseed meal, maize gluten, gluten feed, middlings, and

wheat bran are by-products which contain a large quantity^ of protein,

and are, therefore, most valuable components for a ration intended for

dairv cows. For fattening pigs, good results have been obtained from

a mixture of skim milk and low grade flour. Shorts is an excellent food

for young pigs. Oat dust and other feeds of like composition, if pure,

furnish nutritive materials at economical prices. The purchaser must,

however, be on his guard, as frequently feeds are presented for sale on

our m.arkets which are heavily adulterated with foreign material of little

value. Only to-day a sample of what was supposed to be wheat bran

was sent to our laboratory. Upon examination we found this sample

to be adulterated with large quantities of finely ground barley bran.

From the result of our investigation, however, we are convinced that

goods obtained from the local manufacturers are usually of good

quality. In some instances we have found the nutritive materials, es-

pecially protein, present in smaller quantities than we might have ex-

pected, but in most cases this deficiency was due, not to adulteration, but

to the poor quality of the grain from which the by-product was obtained.

Regarding mill feed, oat hulls and such low grade materials little

need be said. The tables of composition show them to be entirely

unfit to feed as substitutes for pea meal, linseed cake, and such nitrogen-

ous materials. There are cases, however, in which these feeding-stuffs

might be used to advantage, but the feeder is likely to be misled in the

purchase of these materials, because the price asked, judged from the

cost of standard food materials would indicate value which they do not

possess. Economical purchase, however, does not imply the purchase

of the lowest priced foods. As previously observed many of the waste

products of our mills are not altogether worthless, but it is important that

purchasers should know what they are and what relation they bear to the

standard feeds. In some cases finely ground materials are sold under

fancy names and these in many instances are essentially inferior to ordi-

nary farm roughage. Feeders of live stock should not be deceived m
such a case by false claims or a fancy name, suggesting good quality or

good origin. Purchasers are, therefore, advised to be on their guard in

the selection of some of these so-called cheap by-products. It is safer, as

a rule, to buy standard foods as their quality may be pretty accurately

judged.
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APPENDIX.

As stated in the introduction, the tables giving the percentage com-

position of the foods analysed furnish us with information regarding the

total amounts of the different constituents present in foods, but as only

that portion of the food which is digested is of direct use to the animal,

it has been deemed advisable to append a table giving the approximate

amounts of digestible nutrients contained in the various fodders. The

data upon which some of these calculations are based are taken from the

results reported in Bulletin No. 'j'j of the U. S. Department of Agricul-

ture. The digestibility of a number of these feeding-stuffs under con-

sideration has been determined at this Station, and in such cases we
have used our own data in calculating the amounts of digestible nutrients.

As will be seen from the following table, the digestibility of the dif-

ferent foods varies markedly, and it must also be remembered that the

digestibility of some foods varies under different conditions. Further-

more, in those foods which are marked thus * the digestibile compon-

ents have been calculated from the digestibility of American feeding stuffs

of the same name, and the digestion co-eflficients of these may vary quite

widely from our own. Therefore, when using the figures which are

given in the following table, the feeder must bear in mind that he is deal-

ing with approximate quantities only.

The importance of the supply of protein in a ration has been suf-

ficiently emphasized to require no further mention. It may be stated,

however, that if an excess of the amount required to build up and repair

the waste of the body be fed the protein may be converted into fat and

deposited as such or used to produce heat and energy. For these pur-

poses it is about as efficient as the carbohydrates, but it is far more ex-

pensive than the latter, and, therefore, only as much should be supplied

to the mature animal as will be used in repairing the necessary breaking

down of the nitrogenous tissues in the animal body. In the case of

growing animals and such animals as are kept for the production of

milk, wool, and so forth, an increased amount of protein in the food is

necessary.

The matter of computing rations for the various kinds of animals

raised on the farm is, therefore, an important one to the feeder, for

since the protein, on the one hand, and the carbohydrates on the other,

serve in the main different purposes in the animal economy, it is evident

that relative amounts of these nutrients in the food sJiould be considered.

This relation is called the nutritive ratio, which means simply the

relation of the digestible protein to the digestible carbohydrates and fat,

the fat having been multiplied by 2.25 before adding it to the carbohy-

drates The nutritive ratio is then found by dividing the carbohydrates

plus 2.25 times the fat by the protein. In the following table the sum of

the carbohydrates and fat thus obtained is given in the third column, which

divided by the protein, as given in the second column, gives us the nutri-

tive ratio of the food.
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DIGESTIBLE NUTRIENTS IN STATED AMOUNTS OF FOOD STUFFS.

Kind and Amount of Food.
Total
dry

Matter.

Pounds of Digestible Nutri-
ents.

Protein

I

Carbohy-
drates +
(FatX
2.25)

Total

Nutritive
Ratio.

*Pea Meal.

tPea Hulls

tMixed Grain or Chop

*Wheat Middlings

tWheat Bran.

fLow Grade Flour

1 pound
2

"

3 ."

4 "

5
"

1

2

3
4

5

6
7

8

9

1

2

3

4
5

6
7

8

9
10

. 1

2

3

4

5

. 1

2

3

4

5

6

7

8

. 1

2
3

4
5

a

a

.896

1.792
2.688
3.584
4.480

.924

1.848
2.772
3.696
4.620
5.544
6.468
7.392
8.316

.887

1.774
2.661
3.548
4.435
5.322
6.209
7.096
7.983
8.870

.899

1.798
2.697
3.596
4.495

.896

1.792
2.688
3.584
4.480
5.376
6.272
7.168

.889

1.778
2.667
3.556
4.445

.193 1

.386
i

.579
i

.772
'

.965

I

.073 i

.146

.219

.292

.355

.438

.511

.584

.657

.102

.204

.306

.408

.510

.612

.714

.816

.918

1.020

.124

.248

.372

.596

.620

.116

.232

.348

.464

.580

.696
• .812

.928

.090

.180

.270
3.60
4.50

.543

1.086
1.629
2.172
2.715

.440

.880

1.320
1.760
2.200
2.640
3.080
3.520
3.960

.573

1.146
1.719
2.292
2.865
3.438
4.011
4.584
5.157
5.730

.590

1.180
1.770
2.360
2.950

.463

.926

1.389
1.852
2.315
2.778
3.241
3.704

.600

1.200
1.800
2.400
3.000

.736

1.472
2.208
2.944
3.680

.513

1.026
1.539
2.052
2.565
3.078
3.591
4.104
4.617

.675

1.350
2.025
2.700
3.375
4.050
4 . 725
5.400
6.075
6.750

.714

1.428
2.142
2.856
3.570

.579

1.158
1.737
2.316
2.895
3.474
4.053
4.632

.690

1.380
2.070
2.760
3.450

1: 2.8

1: 6.03

1:5.6

1:4.76

1:3.99

1:6.67
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AN EXPERIMENTAL SHIPMENT OF FRUIT TO WINNIPEG.

By J. B. Reynolds, Professor of Physics.

SUMMARY.

1. The Western market demands well-colored and well-matured fruit.

2. Both in appearance and in prices, Ontario peaches, if allowed to ma-
ture properly on the tree, compare favorably with California peaches

on the Winnipeg market.

3- California and British Columbia, although at a much greater distance

than Ontario, are fast getting a monopoly of the Western market.

4- Owing to tariff and higher freight charges, California peaches, in

competition with Ontario peaches, suffer a handicap of 40 cents a

box.

5. In carload lots, freight rates to Winnipeg, including icing, are little

more than one-third express rates- Quickly-ripening fruit is safer in a

good refrigerator car for six or eight days than in a hot unventilated

express car for three days-

6. Transportation ought to be no hindrance to a large expansion of

trade in tender fruits between Ontario and the Northwest. Peaches,

plums, grapes, and Bartlett pears, well matured, carried safely with

eight days' transit. A transit of five days over the same route is

frequently accomplished, and is quite practicable.

!• Our fruit is at a disadvantage in the market because of the general

lack of uniformity, neatness, and skill displayed in grading and
packing.

8. A uniform size and style of package is very desirable. So far as pos-

sible, all box packages should be of the same length and width, and

should vary in depth to suit the character of the fruit.

9- So far as rapid cooling and safe shipping in cold storage are con-

cerned, the barrel is suited to winter apples, the" bushel box, 10x11x20
inches, to early fall apples and winter pears, and the half bushel

5x11x20 inches, to peaches and early pears.

10. The basket carries grapes and plums satisfactorily, but, for safety,

it should be enclosed, as in the Georgia 5-basket carrier, Fig- 4, or

the 2-basket carrier, Fig. 8.

11. To remedy existing defects in all departments of the fruit *trade»

and to put it on a secure footing, the co-operative plan should be

adopted, including a central packing house, the employment of expert

packers, and an organization capable of overcoming obstacles-

1—139 1



I. PRELIMINARY ARRANGEMENTS.

(1). In the summer of 1903 the writer, after making- some extended
inquiries into the matter of transportation of fruit under refrigeration, re-

commended to the Minister of Agriculture an experimental shipment of

fruit from Southern Ontario to the Northwest of Canada, with a view
to obtaining information on the whole question of the Western fruit trade.

The situation with respect to this trade, though it should be full of hope,
is as a matter of fact discouraging to the Ontario fruit-grower. On the
one hand, as an enticing prospect, there lies the great Northwest, a large,

increasing, and ever profitable market. The choice fruits peculiar to

Southern Ontario will never be produced in those northern latitudes, and
an exchange of Ontario fruits for No. 1 hard wheat seems reasonable and
proper. On the other hand, as a discouraging reality, fruits from the

Pacific Coast are rapidly pre-empting the Western market, and rarely

can Ontario peaches, grapes, and plums be seen displayed in the shop-
fronts of Winnipeg. Very little fruit, if any, except apples and pears»

is being shipped to the West by freight, and express charges are almost
prohibitive. Prominent and well informed fruit growers, who have done
some shipping on their own account, upon being consulted on this matter,

gave the opinion that, for several reasons, a freight traffic in tender fruits

between Ontario and the Northwest was impracticable- The reasons
given are, in the main as follows : First, our fruits are not of good ship-

ping quality ; secondly, the railroads do not give sufficiently rapid des-

patch ; thirdly, in refrigerator cars, icing is not properly attended to in

transit ; fourthly, the market, and the means of disposing of the fruit in

the West, are uncertain.

With respect to the first of these objections, namely, the poor shipping

quality of our tender fruits, the force of the objection remained to be tested

by an actual shipping experiment. In the meantime, storage experiments
conducted at the College had demonstrated that Crawford peaches will

hold their form and quality for eighteen days at a temperature of 38 de-

grees
;
peaches of the Longhurst type will keep sound and firm for thirty-

six days, and Washington and Bradshaw plums for twenty days, at the

same temperature. It is generally supposed, however, that fruits do not

keep so well during shipping as they do in the warehouse, by reason of

the injuries incident to transportation. At the same time, careful packing
and loading in carload lots not to be rehandled during transit, would, it

was believed, reduce to a minimum the damage incurred in shipping.

The remaining objections, namely, those relating to time of transit,

icing, and the market, while undoubtedly serious, are not insurmountable,
and relate to conditions capable of improvement and correction. It was
the aim of the proposed experiment to secure information upon these very

points, and to bring such matters as require righting to the attention of

authorities competent to deal with them.
Early in the season of 1904, with the approval of the Minister, active

preparations for this shipment were commenced- Much preliminary work
had to be covered before the shipment could be undertaken, such as decid-



ing upon and obtaining the packages to be used, interviewing fruit growers

and securing promises of contributions to the shipment, instructing them

upon the selection and packing of the fruit, and arranging the terms upon

which the fruit was to be supphed. Before hand, certain conditions seem-

ed without trial to be essential to success, and these were as far as possible

closely adhered to : the fruit selected should be all No. 1 grade, and should

be sufficiently mature to be of good quality upon reaching the market;

peaches and Bartlett pears should be wrapped singly in paper ; closed pack-

ages only should be used ; the cars should be loaded carefully by nailing

each package in place, and by spacing packages so as to allow circulation

of air on all sides of a package ; by shipping in carload lots the fruit would

not be rehandled until it reached the market ; and the cars must be kept

iced, and as quick transit as possible secured. Crawford peaches formed

the staple variety in the shipment, and as many kinds of fruit as were in

season at the same time were included. Owing to the lateness of fruit

this year, thd cars were not shipped until September 14th and 16th res-

pectively-

(2)- From St. Catharines was sent a C. P. R. car, Bohn refrigerator

system, and from Grimsby a car known as the Hanrahan refrigerator.

These two cars differ in their interior construction in four particulars :

First, the ice bunkers in the Bohn system are at the ends of the car; in

the Hanrahan the ice is in the middle of the car; second, in the Hanrahan,

horizontal flues the full width of the car run just below the ceiling from the

ice bunkers in both directions to the ends of the car, for the purpose of

r~
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car. These slats arc not suitable for loading boxes. The fourth difference

consists in the form of partition between the ice bunker and the car proper.

In both cases there are spaces above and below the partition providing for

the flow of warm and cold air. But in the Hanrahan the partition, with
the exception of these spaces, is solid, and thus gives definite direction

to the air currents. In the Bohn system the partition is formed of gal-

vanized iron slats, placed like the slats in a window shutter. Seel ions of

the cars are show^n in Fig. 1, and illustrate these differences.

It was expected that a transit of six or eight days with plums and
Crawford peaches would indicate any difference in efficiency between these

cars. It is claimed that some refrigerator cars fail to maintain a uniform
lernpernUire throughout the car—the top of the car and the parts most
remote from the ice, being, it is claimed, several degrees higher in tempera-
ture than the bottom near the ice- This difference of temperature would of

course be most pronounced in hot weather, and in cool weather would be
small. It so happened that the weather during this shipment was quite

cool. Whether or not this fact accounts for the uniformity in results can-

not be asserted, but at all events there was no noticeable diffet-ence in the

condition of the fruit upon arrival at Winnipeg. As a test of efficiency

in the cars, therefore, the experiment is inconclusive, and must be repeated

in warmer weather or over greater distances, before any decisive report

can be given out upon this matter.

/

lu box



II. OBSERVATIONS AT THE SHIPPING POINT.

Bv Prok. H. L. Hutt, Horticulturist, Ontario Agricultural College.

(1) The Fruit. Among" the objects of this shipment, one was to

place on the Winnipeg market some of the choicest fruit that Ontario

could produce, in the hope of helping to open a trade for Ontario growers
in the great Northwest.

The accompanying tables give in a condensed form most of the par-

ticulars regarding the class, variety, grade, and condition of the fruit

shipped. While much of the fruit in each car was first-class, or graded

XXX, some of it, as the records show, fell much below that grade, and

certainly would not have been shipped if sufficient first-class fruit had

been obtainable at the time. The growers were handicapped in this re-

spect to some extent by the unusual 'ateness of the season, and also by

the light crop of some classes of fruit, particularly of the peaches and

plums, which w^e were especially desirv)us of including in the shipment.

Fig. 3.—Some Ontario Apple Boxes :

1. Dimensions, 9 in. x 12 ^ in. x 19 in ; capacity, 2137 cubic inches.
2. Dimensions, 9 in. x 13 in', x 18 in. ; capacity, 2106 cubic inches.
3. Dimensions, 9| in. x 14 in. x 20^ in. ; capacity, 2764 cubic inches.
4. Dimensions, 10 in. x 10 in. x 22J in. ; capacity, 222-5 cubic inches.
5. Dimensions, 11 in. x Hi, in. x 22i in. ; capacity, 2784 cubic inches.
The standard size (not shown), 10 in. x 11 in. x 20 in. ; capacity, 2200 cubic

inches.

Another reason that much of the fruit was not of a kind to tempt the

buyer was because it was picked too green. A general impression seemed
to be in the minds of many of the shippers that none but green, hard
fruit, particularly of peaches, piums, and pears, would carry safely to the

Winnipeg market- This was, of course, a point upon which no reliable

information was at hand, and one of the valuable lessons afforded by thi,^

experiment is that our finer fruit, such as peaches, plums, and pears,

should at the time of shipment be well matured, well colored, and not to'":

firm to be quite ripe, or at least mellow, by the time it is placed on th^

market.

The peaches in these shipments that were hard and firm when shipper

reached the Winnipeg market without any perceptible change, while those



that were matured enough to be semi-firm when shipped were in the best

condition to attract buyers when placed on the market at Winnipeg.

One box of first-class peaches, which at the point of shipment had
been recorded as "semi-firm and probably too ripe for shipment" was
traced to the consumer and a special report was obtained on it. This box.

was packed on September 15th, loaded September 16th, and sold at Win-
nipeg on September 23rd. On September 26th the buyer reported that

"a few of the peaches were then mellow enough to use, and by the end

of the week the whole of the box would probably be sufficiently ripe."

This may seem an exceptional case, and there is no doubt that the

cool weather at Winnipeg after the arrival of the shipment aided in the

keeping of the fruit. Still it establishes the fact that if our finest peaches

are allowed to attain full size and color before picking, and are then cooled

down quickly and kept cool, they can be shipped or held at least two
weeks and be in prime condition for use.

Fig. 4.—-CI) The Georgia carrier for peaches or plumg. (2) The standard apple
box fitted with trays for grapes.

(2) Packages. Owing to the fact that there are so many kinds of
packages in use for the different kinds of fruit, and that the fruit was
supplied by a number of growers, there was no uniformity in the size and
shape of the packages used in these shipments. For several reasons this

was a decided disadvantage. They could not be packed to advantage
in the car ; when placed on the market they pre*sented a motley and un-
attractive appearance ; buyers were at a loss to know which shape of pack-
age was really the best value for the money. All this could not but injure

to some extent the sale of the fruit.

It was thought best, for these shipments, to adopt the box or crate

package rather than the barrel or basket. No barrels or baskets were
sent except a few baskets of grapes from St. Catharines, which were placed



on top after all the boxes had been loaded in the car, in which position

they carried all right. It is doubtful, however, if the basket is sufficiently

strong to stand the pressure when loaded from the bottom to top of the car.

For the apples, the box used was 10x11x20 inches, the size adopted

as the standard by the Ontario Fruit Growers' Association. This makes

a convenient shaped box for packing and handling, and if it is to be the

standard size, the sooner all shippers fall in line and make use of it, the

better it will be for the trade-

For the pears three different shapes of boxes were used in one car
;
one

5x11x20 inches, another 5x10x22^ inches, and still another 0x12x184

inches. It can readily be understood how awkward these various sizes

were to pack together in a car. The first had been adopted as the stand-

ard pear box and is just half the size of the standard apple box._

To secure uniformity in the peach packages, boxes 5xi2xl8* inches,

the same size as the California peach case, were furnisheti to those who

had agreed to ship peaches. This may be a convenient size for packing

pe'aches and pears, but a more convenient size for shipping in mixed car

lots would be the standard pear box.

The grapes were shipped in the standard apple box, fitted with twelve

cardboard trays, having wooden ends, each tray holding about 2i pounds

of fruit, as shown to the' right in Fig. 4. This makes a very safe and con-

venient package, and apparently was an acceptable one in the Winnipeg
market, no doubt because it rendered convenient the retailing of the fruit

in small quantities. This case, however, at the present price, 30 cents,

is altogether too expensive. A case after the style of the Georgia peach
carrier, as shown to the left in Fig. 4, is one well worthy of adoption by
our growers. This case has been adopted almost entirely for the Georgia
peach trade, and is looked upon by the fruit experts at the Department of

Agriculture at Washington as the best case in use for peaches, plums,
and grapes This case complete, with the six 4-quart baskets, as shown,
can be purchased F.O.B. Georgia at 12| cents. Surely our manufacturers
could put up such a case for at least 15 cents.

Apart from the desirability of adopting a uniform style of package,
there are two other respects in which the general appearance of our pack-
ages might be improved. The lumber of which they are made should be
neatly dressed, and the branding should be more uniform and neatly done.
Professor Reynolds, who accompanied these cars to Winnipeg, had an op-
portunity of comparing our packages with those in California shipments,
which arrived while he was there. In this respect he says: "The gen-
eral appearance of our boxes leaves much to be desired. Thev are rough
and unfinished. Dressing the outside of the lumber of which they are
made would cost only a trifle more, and would add much to their general
appearance, besides making any printing, stamping, or writing more
legible." With regard to the branding he says: "The designations
of the boxes,^ the packer's name, the variety and grade are not made' suf-
ficiently distinct, and the styles of branding are anything but uniform.
The result Is that It Is often difficult to make out the names of the shippers
or the variety or grade of the fruit ; and when viewed as a whole on the
market, they presented a motley and unattractive appearance."



(3) Gr\ding and Packing. The car from St. Catharines was filled

with apples, pears, peaches, plums, and grapes, the fruit being furnished

by eighteen of the growers of that locality. Dommion Fruit Inspector

Carey and I examined carefully a number of cases of each class of fruit

put up by each shipper. A large number of the growers were present^

and the one fault which was evident to all was the great lack of uniformity

in grading, packing and branding. Evidently no two shippers setemed

to have the same idea as to what constituted No- 1 or No. 2 grade of fruit.

Some of the growers sent in first-class fruit packed in first-class style,

but others sent in ungraded fruit, improperly packed and wrongly branded.

From my personal acquaintance with many of the shippers concerned, I

feel certain that none of them would intentionally do wrong in this matter;

yet the fact remains that in a trial shipment made with the object of open-

Fig, o. First-class peaches and pears, carefully graded and neatly packed.

ing up a new market, fruit was being sent which, because of the grading

and packing, could not but bring discredit upon the shipper whose name

appeared on every case, and could not but tend to close the market against

even those who were doing all right, but happened to be in bad company.

To avoid as much as possible such a result, we found it necessary in som^
cases to rebrand the fruit to a lower grade.

It so happened that there was present at the' time of the shipment

Mr. Carson, a Canadian, who was a few years ago engaged in fruit grow-

ing in the Georgian Bay district. He was an interested spectator, be-

cause he is now engaged in shipping California fruit to the Northwest
market. He told us frankly that he had no fear of competition from On-
tario so long as our fruit was sent in such condition, and, for the benefit



of those present, a demonstration was given as to how the California fruit

is graded and packed for shipment-

A few cases picked at random from Mr. W. H. Bunting's consignment

were opened and exhibited as samples which might be depended upon

to create a demand in whatever market they might be placed.

The majority of the shippers present were keen to learn and thankful

for the suggestions given. One stated that the information gained from

the object lesson afforded in grading and packing was well worth all the

effort in getting up such a shipment.

From Grimsby the same kinds of fruit were sent, but the carload was

made up by only six shippers; consequently, where there were fewer ship-

pers each putting up from one to two hundred cases of his own, there was

much more uniformity in packing
;
yet, even here, we found fruit packed

in such a way that it could not but injure the reputation for Ontario fruit

on whatever market it might be placed- It was plainly evident to those

who examined the fruit that Ontario fruit-growers will have to bestir

themselves if they ever expect to compete with California and British

Columbia, which now have practically a monopoly on the Northwest

market.

(4) Co-Operation Essential. The greatest need in this part of the

business is more uniformity in grading and packing, and vigilant care that

none but first-class fruit be offered for sale under a XXX brand. It ap-

pears to me that we will never satisfactorily meet these requirements so

long as each grower is working alone and independent of his neighbor.

What is necessary is, that in each fruit section the growers unite to form

a strong co-operative association, that a good energetic man be selected

as manager, and that experts be employed to grade and pack the fruit-

This would probably necessitate the building of a central^ packing-house,

and involve some expense, but the advantages to be gained would well

repay for the outlay- Baskets, boxes and barrels could be purchased

wholesale to better advantage ; the grower could devote his whole atten-

tion to gathering the crop when in proper condition ; the association would

relieve him of all care and responsibility in grading, packing and market-

ing ; and with this work in the hands of expert packers, the grade would-

be uniform, the packing carefully and properly done, and with a good

business manager in close touch with the markets, the fruit could be mar-

keted when and where it was most in demand. This in the end would re-

sult in increased demand on the part of the consumer and increased pro-

fits on the part of the producer.

2—139
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III. TRANSPORTATION.

(1) Loading the Car. In loading- a refrig-erator car with boxes of

fruit, there are two conditions to be kept in view ; a rigid structure, and

provision for circulation of air on all sides of the boxes.

The plan in detail is illustrated in Fig. 6, which shows a number of

boxes in position in the car. A row of boxe's of the same leng-th and depth

was placed side by side, with ends butting against the end of the car»

and separated from one another and from the side's of the car by narrow

spaces. Across each end of the row a slat was laid, nailed to each box.

Fig. 0.

and butting against the sides of the car. This was repeated until a tier

was formed as high as it was desired to go- Then another tier

was built in exactly the same way, butting against the first tier, and so

on from each end of the car, until it was filled. If any space remains over

at the middle, too narrow for a tier of boxes, the load may be braced by

scantling.

(2) Rate of Despatch. G. T. R. The St. Catharines car left that

point about 6 p.m. on September 14th, and arrived at North Bay about

T p.m. on September IGth, havings accomplished a distance of 300 mile^

in 49 hours, at the average rate of six miles an hour. The second car left
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Grimsby at about the same time of the' day on September 16th and reach-
ed North Bay at about 3 p-m. on September 18th, at about the same rate
of despatch. Upon his return from the West, the writer communicate'd
these facts to the Grand Trunk Division Freight Agent, and received the
rollowing reply

:

Dear Sir,—Your favor of the 8th inst. was received on my return to the
city this morning.

I am sorry that there has apparently been some delay to your shipments of
fruit from the Niagara District to the Northwest, in so far as our transportation
service from shipping points to North Bay is concerned. I am taking matter iip

with our Car Service Agent with a view of seeing if a more satisfactory
schedule can be arranged, and will advise you as soon as I receive his reply.

Yours truly,

C. E. Dewey .

C. P. R. The' first car left North Bay at 2 p-ni. on Saturday the

17th, having been held over from the preceding evening to take the fast

freight. This through freight leaving North Bay daily at ;^ p.m. is due at

Fort William at 4.30 a.m. on the second day following; the train to which
the first car was attached was due at Fort William on Monday morning
at 4.30. Having seen the first car out at North Bay on Saturday after-

noon, and made all arrangements with the trainmaster and the yardmaster
for proper attention to the second car upon its arrival, the writer pro-
ceeded on Saturday evening to Fort W'illiam, and reached there on the)

following evening. The next morning (Monday), the first car being due,
inquiries elicited the fact that it had not arrived. Upon request, the chief

despatcher traced the car, found that it had been laid over at White River
for repairs, as the report said, and that it would arrive at Fort William
that evening by the way freight. As to despatch from Fort W^illiam to

Winnipeg, the fast freight leaves Fort William daily at .5.30 a.m., and
arrives at Winnipeg the next morning at 7.40- There is, however, a way
freight that leaves Fort William in the evening, reaching Winnipeg some
time the following night, and the yardmaster was requested to see that

this car left by that train. The request was not attended to, and instead,

the car was sent out by the through freight next morning, and reached
Winnipeg Wednesday morning about 9 o'clock. From the freight yards
the car was next to be placed at the siding of the Ottawa Fruit and Pro-
duce Exchange on Princess Street. There is a Winnipeg by-law that for-

bids the shunting of cars on sidings between the hours of 7 a.m. and 12
p.m. Hence, by the failure to send the car out from Fort William by the

eve^ning train as requested, a delay occurred of 24 hours in the placing

of the car.

Now, mark the case in brief. The schedule rate of despatch by fast

freight from North Bay to Winnipeg is 16 miles an hour. Provided the

Grand Trunk would give the same service, the time from St. Catharines
to North Bay would be 19 hours instead of 49. Provided, further, that

connection is made at North Bay with the west-bound through freight,

and the time from St. Catharines, Grimsby, and other fruit sections ar-
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ranged accordingly, we should have, with the existing C P. R. service,

the following schedule, taking specific days and places for clearness :

St. Catharines to North Bay, 1 p-m. Friday to 10 a.m. Saturday;
North Bay to Fort William, 2 p.m. Saturday to 4.30 a.m. Monday; Fort
William to Winnipeg, 5-30 a.m. Monday to 7.40 a-m. Tuesday. To be
unloaded and delivered on trucks, or placed on siding Wednesday morning.
This would give a service of four or five days, instead of seven to eight

days, as with the two experimental cars, and often longer as with ordinary
shipments. Such a schedule ; s the above is perfectly feasible, and would
require' over the Grand Trunk portion of the line the establishment of a

reasonably prompt through freight, and over the Canadian Pacific only the

use of existing schedules.

The history of the second car was similar. It left North Bay on the

afternoon of September 18, and according to schedule should have reached
Winnipeg on the morning of the 21st. It reached its destination some-
time on the 22nd, and was finally placed for unloading on the 23rd, seven

days after loading.

These facts are reported not in any spirit of complaint, but simply to

place upon record the conditions that surround freight traffic to the North-

west. It is quite obvious that over such an immense stretch of road, and
with so large a volume of business as these' companies control, accidents

and delays occur that are unavoidable. It is, however, within the limits

of reasonable expectation that a five day service for tender fruits be ar-

ranged from Southern Ontario to Winnipeg.

A report of these facts was sent to the Assistant Freight Traffic Man-
ager of the C. P. R. and it elicited the following reply :

Dear Sir,—I am in receipt of your favor of the 8th, and am glad to learn

the shipment of fruit to Winnipeg under your supervision proved a success.

In answer to your remarks regarding refrigeration, I would say it is ex-

pected and required that shippers will fully ice the cars at the point of ship-

ment. If they instruct that the cars are to be re-iced in transit we will under-
take to do this at each inspection and icing station, a list of which I gave you,

and where necessary the bunkers will be replenished with ice. You will under-
stand, of course, that varying weather conditions have a marked effect upon the

ice in the cars, and it is very desirable that even though the temperature may
be cool at the time of shipment the shippers should see a full supply of ice is put
in the cars, because a change might take place before the next icing station is

reached, and unless the bunkers are full, the ice may have disappeared before

we have had an opportunity of inspecting or re-icing.

With regard to the time in transit. So far as our line is concerned from

North Bay to Winnipeg, there is no reason, barring accident, why we cannot

keep our schedule in the handling of fruit cars. You will understand, however,

in a haul of such a length interruption may occur from time to time from
causes over which we have no control. Fruit and other perishable freight is in-

variably handled on our line under red cards, and is followed by telegraph

through each divisional point by our Superintendent of Car Service to insure

despatch. We could not undertake to guarantee the time in transit. We will

undertake, however, so far as we can, to see that fruit is given the best

possible despatch at the time of handling. Your suggestion that we might run a

special service once a week or oftener has already been found to be imprac-

ticable. We endeavored to establish such a service on a previous occasion, but

found we could not induce the shippers to guarantee a sufficient number of

cars to enable us to carry it out. In fact the dealers seemed to be disinclined to
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sh'p at the same time, and I believe there is also objection to their goods reach-
ing the market at the same time, causing an overstock and sometimes a falling

in prices.

I may say I am forwarding your letter to our Freight Traffic Manager, and
will ask him to communicate the contents to the Superintendent of Car Service
and our Superintendent of Transportation. I am sure both these gentlemen will

do everything in their power to assist in the shipment of fruit from Ontario
points to the west.

Yours truly,

W. B. Bulling.

(3) Icing. This particular, though deserving- separate mention, will

be briefly dealt with. The second car, from Grimsby, arrived at North
Bay, according to the report received, with bunkers only one-fourth full

of ice, and three tons of ice werei added at that point- The amount added
to the first car at North Bay was about one ton and three-quarters. There
being no icing station at Grimsby, when the second car lelt there special

instructions were given for re-icing at Hamilton. This probably was not

done, and the car having been iced at J-iamiiton before loading on VVed-

ne'sday, was not re-iced until it reached North Bay on Sunday, Except-

ing this omission, the icing was well attended to all along the line. The
first car on reaching North Bay was about two-thirds full, and was filled

there- • When it reached Fort William it was full of ice, having probably

bee'n iced at Schreiber. No data were obtained with respect to the total

amount of ice consumed, nor would such data be of much value by reason

of the infinite variety of weather conditions that surround different ship-

ments.

Under this head the attention of the reader is diretted to the remarks
on icing in the letter quoted jiust above.

(4) Charges. News was received at St. Catharines, before the first

car was sent out, respecting the reduction of freight rates from 84 cents

to 66 cents per hundred for mixed fruit. It is likely that our cars were
the first to benefit by the more favorable rates- The change made a dif-

ference of 1^6 on each carload, 9 cents on a bushel of apples, and nearly

4 cents on a box of peaches.

The new rates for icing not having been fixed when the transporta-

tion charges were sent in, a flat rate of $16 was charged, which brought
the total charge up to 74 cents a hundred for a carload of 20,000 pounds.

Before plans for the experiment were completed, the authorities of the

Dominion Express Company were interviewed with a view to shipping an

express load on one of the Company's patent ventilated cars. A request

was made for a quotation of rates on carload lots from St. Catharines to

Winnipeg. The Dominion Express Company not having rail connection

at St. Catharines, the quotation was to include the Canadian Express

charge' from St. Catharines to the point where the Dominion Express would
take charge of the car. After consideration, the company offered to carry

the car, upon payment of the local rate of the Canadian Express Company,
30 cents a hundred, and a further.charge of $2-25 a hundred for the portion

of the line over which the Dominion Express ran, making a total of ff2-55

a hundred- To this an alternative was offered by the company, namely to

ship the fruit by electric line to Port Dalhousie, tranship to boat for car-
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riage to Toronto and tranship again to the company's car at Toronto.

This involved handling four times instead of twice, and loading twice by

the company's agents. Success in shipping to the West requires as little

handling as possible and careful loading, hence the alternative as well as

the original offer, was dismissed as impracticable-

A comparison of express rates per ordinary car, namely $2.10 a hun-

dred, with freight rates, 74 cents, gives the following figures, for tender

fruits

:

Express. Freight.

Peaches, per box of 20 pounds 42. cents. 14.8 cents.

Pears, per bos of 25 pounds 52.5 cents. 18.5 cents.

Plums, per box of 25 pounds 52.5 cents. 18.5 cents.

Grapes, per basket (6—100 pounds) 35 cents. 12.3 cents.

An express car loaded at Grimsby could be' placed and sold at Winni-

peg three days after. But tender fruits well-selected, well-packed, and

well-loaded would be safer in a refrigerator car for six days or eight days

than in a hot, unventilated express car for three days. Our experimeni

has proved that tender fruits can be carried by freight with safety ;
and

as to rates, the total freight charges are a little more than one-third of thi

exprefss rates.

IV. OBSERVATIONS ON THE MARKET IN WINNIPEG.

(1) The Prices Obtained, and Condition of Fruit. The follow-

ing tables present in concise form information respecting the grade, qual-

ity and condition of the fruit, and the prices obtained. The column under

"Net Proceeds" gives the returns to the grower after deducting charges

for freight, commission, and cost of package, but not for pairing and

wrapping.

Peaches: The package used contains, in peaches wrapped in manila

paper and tightly packed, slightly more than the 11-quart basket of bare

peaches, about 13 quarts- Crawford peaches, XXX, realized from 85 to

90 cents net; Crawford XX, TO to 80; Elbertas, 62^ to 80.

These prices compare very favorably with those obtained locally in

Ontario this year, and Ontario prices this year are unusually high, while

at Winnipe'g prices are no higher than usual. •

The peaches sold entirely on their appearance and quality, with no

reputation to help them. It is very gratifying to note that the prices were

fully equal to those for the best California peaches on the same dates.

The greater size of the California fruit was quite counterbalanced by the

superior brightness and color of our fruit. ,

With respect to competition of Ontario peaches with the Western

product, it should be borne in mind that the latter suffers a serious handi-

cap in the matter of charges- Against a freight charge of 15 cents on a

box of peaches from Southern Ontario to Winnipeg, there is a freight

charge of 36 cents from California, and in addition a duty of 19 cents»

making a total of 55 cents—a handicap of 40 cents a box- In a letter

addressed to a Winnipeg commission firm, the writer saw quoted 50 cents
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a box F.O.B. California. To compete with these CaHfornia prices, peaches

might be quoted 90 cents a box F.O.B. St. Catharines or Grimsby. In

fact, with one exception, prime Crawford peaches sold in advance of this

price, and the average net price obtained for No. 1 Crawfords, counting

the price of the box, was 92 cents-

Package,—4^ in. x 12 in. x 18^2 in ; cost, 8c.

St. Catharines.

Siiipper.
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Plums : The dealers at Winnipeg- seemed somewhat timid in pur-

chasing the plums, and did not offer high prices, although the fruit was

in good condition. In terms of the 11-quart basket, the Reine Claude

plums netted 47 cents, the Yellow Egg 54 cents, and the Grand Duke
and Glass 48 cents. These prices are of course much below Ontario prices

this year, and would not be considered high at any time.

Package,—12-tray crate, 10 in, x 11 in, x 21 in. ; 27 pounds of fruit,

St, Catharines.
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Grapes: With the exception of one lot of Moore's Early, of which a

large percentag-e were off the stem, and which netted 66 cents, and; one

crate of Concord, which netted 70 cents, the grapes realized prices ranging

from 75 cents to §1.02 per crate of 30 pounds. After deducting all charges

and cost of packing, 40 to 50 cents a basket would be very nearly the

equivalent of these prices. Had it not been for the excessive cost of

the crate used—30 cents—the results would have been even more satis-

factory.

Package,—Crate, 10 in. x 11 in. x 21 in., 12 trays ;
cost, 30c.

St. Catharines.

Shipper. Variet}-.

A

&

c a)

§a
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For the sake of comparison, four lots of pears from one orchard,

graded Extra XXX, XXX, XX, and X, are placed together. The Fle'm-

ish Beauty lots, while good stock, were altogether too immature, and,

as the prices show, were not wanted.

The pears shipped by H. S. Cole were marked XX on account of being

ungraded and having a fe^v small ones in each box. They were all of

good quality and for the most part large enough for XXX.

Fig. 9 shows XXX Bartlett pears at Winnipeg,
wrapping was removed and the pears rearranged.

For the photograph, the

Apples: Package,—10 in. x 10^ in. x 21 in.; cost, 14c.

St. Catharines.

Shipper. Variety.
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Packag-e,—10 in. x 10^ in. x 21 in.; cost, Uc.

Grimsby.

L. Woolverton.
A. H. Pettit. ..

L. Woolverton.
W. ,1. Dropc. .

.

A. H. Pettit. ..

Wealthy
Gravenstein .

Alexander. .

.

Gi-aven.stein .

Gravenstein .

B. Pippin
B. Pipijin
B. Pippin

4fi

6

12
4

XXX good.
XXX good.
XXX fair.

XX
XX
XXX
XXX
XX

firm.

Colvert j
20 !

XXX

Medium., green Islack.

fair green i.slack.

good Ifirm itight

fair
1

Itight

tair.

fair.,

.1.

slack.

1.13
1.10
1.10
1.00
.96

.90

.90

.90

.85

62
62
62
61

51

48
48
39

60% 35:

60
60
60
591^

30
30
30
25>^

Tomatoes : Package,—4^ in. x 12 in. x lSj4 in.; cost, 8c.

St. Catharines.
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the shipper. With such limited experience, however, the writer does not

feel competent to advise upon the method of selling, whether this or any

other.

(3) Character of Fri:it Demanded. If one may judge from the

sale of two cars of mixed fruit, the market there demands well-matured,

bright fruit of clean, sound appearance. Well-colored Crawford peaches

sold much in advance of Elbertas, which, though large, were mostly hard

and green. Immature fruit is not wanted. Many of the pears in the sec-

ond day's sale were green and very firm, and sold low accordingly. Of

apples, well-colored Gravensteins, Wealthy, Alexander, and St. Lawrence,

'Commanded the best prices.

(4) Best Degree of Maturity. A careful examination of the fruit

at Winnipeg revealed the fact that the most mature fruit at shipping point

was in best condition at the market- Evidently all classes of fruit may
be left on the tree until full size and characteristic color have been attain-

ed, but should be picked firm, and before the yellow tints, significant of

ripeness, have begun to appear. Peaches and pears that were shipped

hard and green reached the market without any perceptible change ; those

that were semi-firm at shipment had become sufficiently mellow to be in

good usable condition. A special report was obtained of one box of

peaches, among the primest of our two lots- This box at shipping point

was reported "semi-firm, a little too ripe for shipment," and the peaches

were large and well-colored. It was packed on September 15th, loaded

September 16th, and sold at Winnipeg September 23rd. On Monday,

September 26th, a report was obtained to the effect that only a few of the

peaches were then mellow enough to use, and that by the end of the week

the whole of the box would probably be suflficiently ripe.

It seems an opoortunt moment to emphasize the importance of choosing

carefully the time for picking and, for fancy fruits at least, of going over

the tree several times and picking only the ripest at each picking. This

phase of the question stands out clearly as a result of our experiment. The

fruit should be allowed to attain on the tree its distinctive character, in

sizei, color, and flavor. If, in these three particulars, the fruit is imma-

ture when picked, it will remain immature. And further, if fruit suffi-

ciently mature to have its distinctive size, color, and flavor when picked,,

cannot be safely carried to market, then it is detrimental to the reputation

of the fruit to carry any. The shippine of immature fruit, it is admitted,

has done as much as anything to depreciate prices in distant markets.

What does the grower gain by the careful selection of fruit on the

tree and by successive pickings? He gains (1) a greater quantity of fruit,

since the smaller specimens are allowed to grow; (2) fruit of better ap-

pearance, on account of greater size, more uniform size, and higher color;

(3) fruit of better quality; (4) in a discriminating market, better prices;

(5) a better reputation.

(5) Packing as tt Appeared at the Market. By packing is meant

not merely the placing of the fruit in the package, but also the use of

wrappers and fillers.

Two effects should be borne in mind in the packing of fruit : First,

the condition of the fruit; second, the appearance of the package.
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Packing should first of all be tight ; and herein much of the work done

for the two trial shipments was defective. Many of the boxes, upon being;

lifted to load in the car, rattled, which indicated a looseness of the fruit

in the package. It is scarcely necessary to remark that such looseness is

an unfavorable factor in the carrying of the fruit, and that it is useless-

to secure the package in its place in the car when the fruit within the

package is capable of being displaced- Further, the looseness of the fruit,,

when the package is opened for exhibition and sale, impresses the dealer

unfavorably, and tends to depreciate the price- Tightness of packing is

just as necessary when the fruit is wrapped, as when it is not; for with

loose packing and heavy wrappers, such as occurred too frequently in this

shipment, the purchaser receives much less fruit than, if he judges by the

size of the package, he expects and is entitled to receive. To illustrate :

the weight of a box of pears put up by one shipper was 31 pounds ; the

12 8

Fig. 10.— (1) The California grape-ciaie, a shallow .square container holding 4
square trays.

(2) A box of pears packed by J. F. Brennan, of Grimsby. The pears are
heaped tonard the middle by selecting slightly larger pears for the middle; this
heaping gives the effect, when the lid is on, as seen in (3) of this figure.

(3) Is a box of California pears 9 in. x 12 in. x ISi in. By this style of
packing the pears are squeezed when the lid is on, an effect similar lo squeezing
apples when heading the barrel.

weight of a box of same size, containing the same variety and grade of

pears, put up by another shipper in the same car, was 23 pounds. The
pears in both boxes were wrapped, but in the one the pears were squeezed,
and in the other they were slack.

Some of the apples in our shipment were packed in layers, with a

stiff heavy paper, cut the size of the box, between layers. This paper,,

while good in itself, was made by some of the packers the occasion for
very loose packing. In fact, in some of the boxes there was no attempt
at close packing ; the apples being put in loosely on top of the paper, and
taced stem upwards so as to present a level surface for the next paper.
Such methods result to the packer in a considerable saving of apples, but
rob the consumer, besides allowing bruising in transit.

Fillers. There is a practice in packing that cannot be too strongly
condemned, namely, filling in the slack with odd pieces of paper, excel-

sior, and small and inferior specimens of fruit. The effect of this upon,
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the intending purchaser, when the box is opened, has to be seen but once

to impress anyone with the unwisdom, the shortsightedness of this style of

work. The ragged, untidy, make-shift appearance, the evident lack of

skill, the danger that dishonest intention be imputed, are some of the un-

fortunate consequences. The filling known as "Excelsior" is in this re-

gard made to cover a multitude of sins, and for this reason, if for no other,

its use should be discouraged. Especially is excelsior superfluous when

the fruit is wrapped, as then it is not required to serve its only useful pur-

pose, namely, to prevent the fruit from bruising. Yet by several of our

packers excelsior was used to fill up the slack between the top layer of

peaches and pears and the lid; whereas, with a proper selection of size of

specimens and ordinary care and skill in packing, there should have been

no slack. With excelsior at the bottom of the box, and excelsior at the

top, and excelsior sticking out at the crevices and forming a ragged edge

all around, the appearance of some of our peach boxes compared very un-

favorably with the neat and tidy Californian boxes in the same warehouse,

and, it is only just to say, with other boxes sent out by our own packers.

Wrapping Paper. The writer is inclined to advise, but without hav-

ing personally made an exact and thorough test, that tissue paper is not

heavy or strong enough to protect Ontario peaches in shipment. Tissue

paper may do well enough for pears, or for California peaches, which ard

drier and firmer than our own; but for the soft and juicy peach of Ontario

a manila paper seems to give better results. This, however, should not

be so thick and heavy a- to bulk up unnecessarily, and particularly, should

be of a size proportioned to the size of the fruit to be wrapped. Here

again, the long-suffering consumer, who thought he was paying for prime

Ontario peaches, found upon opening some of the boxes that he had pur-

chased large twists of paper, with a comparatively insignificant peach done

up in a pocket at the end of each. In many cases, the paper used was al-

together too large. Now, what does this fact signify? Evidently, that

the packers were not in the habit of wrapping their peaches for market,

were not provided with paper of the proper size and weight, and when the

time came for them to fulfill this contract, were forced to use whatever

was at hand, or could be procured at short notice. One packer, driven to

desperate expedients, but as he confessed, well aware of the ludicrous na-

ture of the performance, used toilet paper for wrapping his pears. It is

quite evident that the business of packing the fruit has not yet received

serious attention from many of our fruit-growers. The time is coming,,

and cannot come too soon, when peaches will be wrapped and boxed for

shipment to our local markets.
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V. SOME NOTES ON DIMENSIONS OF PACKAGES IN

RELATION TO COOLING.

The question of size and shape of package to be used with any partic-

ular variety is of first-class importance in storing or shipping fruit;

important not merely in respect of cost and convenience of package, or

the degree of firmness of the fruit that will sustain the weight of the fruit

above it in the package ; but important more especially on account of the

rate at which the whole of the fruit in the package will cool to the tem-

perature of the refrigerator. Slowly ripening fruits, such as winter apples

and winter pears, may be safely packed in a case that cools slowly. But
quickly ripening fruits, to be preserved, must be cooled very quickly to a
temperature of 40 degrees or below, in order to delay the ripening and
decaying processes- With a peach that will ripen and begin to decay two
days after picking, a few hours' delay in cooling will make relatively a

great difference in the length of its life- For such fruit as this, a package
must be used that allows the most rapid rate of cooling.

With these principles in mind, the following temperature tests were
made at the Cold Storage Warehouse at the Agricultural College- Four
packages were filled with apples, and long thermometers were inserted

in the midst of the fruit, the bulbs being at the centres of the packages
and the stems and reading scales standing out of the packages in view of

the observer. The packages were then headed, placed in a warm room
and kept for a week until they reached a uniform temperature of 64
degrees F., and then were transferred to a room in the warehouse that

is kept at a temperature of from 32 degrees to 34 degrees. The packages
were:

1. An ordinary large apple barrel.

2- A bushel box 10x11x20 inches, with close joints practically air

tight.

3- A Georgia peach carrier 10x11x20 inches, with open spaces at

sides ; the fruit within was packed in the six baskets, and among these

baskets were empty spaces permitting circulation of air-

4- A half-bushel box 5x11x20 inches, with open spaces at sides*

bottom and top.

(1)
Package Time of observation Amonnt of cooling

a.m. p.m.
Barrel ]0.30to2.00 3^ hours 64.5 60.5 equal 4"
Bushel (closed joints) 10.30 to 2.00 3^ hours 64.5 57.5 " 7 «

Bushel (open) 10.30 to 2.00 3l hours 64.5 54 " lOi"
Half-bushel 10.30 to 2.00 3i hours 64 51 " 12°

(2) p.m. p.m.

Barrel 2.00 to 8.00 6 hours 90.5 57 " 3^"^

Bushel (closed joints) 2.00 to 8.00 6 hours 57.5 50 " lh°
Bushel (open joints) 2.00 to 8.00 6 hours 54 43 " 11°
Half-bushel 2.00 to 8.00 6 hours 51 40 " 11 *

Total

:

a.m. p.m.

Barrel 10.30 to 8.00 9i hours 94.5 57 " 7^°
Bushel (closed joints) 10.30 to 8.00 9i hours 64.5 50 " 14^"
Bushel (open joints) 10.30 to 8.00 9i hours 64.5 43 "

21^<,

Half-bushel 10.30 to 8.00 9* hours 64 40 " 24°
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The half-bushel, it may be seen, had cooled to a sufficiently low tem-

perature, 40 degrees, in 9^ hours ; the Georgia crate, with open sides and

open packing, cooled in the same time within 30 degrees of that tem-

perature. By the next morning at eight o'clock the half-bushel had cooled

to 35 degrees, the Georg^ia crate to 35 degrees, the bushel to 39 degrees,

and the barrel to 47 degrees. Two days after the commencement of the

observations the barrel was still at a temperature of 38 degrees, 6 degrees

above that of the room.

The application of these facts is obvious : Winter apples and winter

pears may, so far as temperature and ripening are concerned, be packed
in barrels. For winter pears, no package smaller than the bushel box
need be used. Between the half-bushel and the bushel, there was in the

above test a difference of 12 hours in cooling from a temperature of 64
degrees to 40 degrees ; but this difference is insignificant with slowly rip-

ening fruit.

For summer and early fall apples the barrel is too large a package, and
much of this fruit shipped in barrels turns out badly by reason of the slow-

ness of cooling. Where decay occurs it is usually at the centre of the

package, because this is the last to cool. The bushel box, cooling to the

centre in half the time that the barrel reouires. is for "ihis reason prefer-

able to the barrel for early apples.

For early and quickjy ripening pears, the bushel box is too large a

packag'e for best results in long shipments, unless it be in the form of the

Georgia carrier with open sides, when it resolves itself virtually into a

number of small packages whh spaces between. The writer chanced to

call upon a retail dealer at Winnipeg and found him unpacking some
Ontario pears, Bartletts, from bushel boxes. There was a marked differ-

ence between the pears next to the package and those at the centre.

Those at the outside were still green and firm, while those at the centre

were quite ripe, and many of them soft and pulpy. The use of the half-

bushel box in this instance instead of the bushel, would have hastened the

cooling of the centre of the package by 12 hours, and would likely have

preserved the fruit at the centre.

All results of storage and shipping experiments concur in pointing out

the necessity for quick cooling of tender fruits. Such fruits should be

packed in shallow :;ases and placed in a cold store as soon as possible

after picking.
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BULLETIN 140 FEBRUARY, 1905

Ontario Agricultural College and Experimental Farm

THE RESULTS OF FIELD EXPERIMENTS WITH
FARM CROPS—1904.

By C. a. Zavitz, Professor of Field Husbandry.

The work in the Experimental Department consists in planning

the various experiments ; laying out, seeding, and looking after the

field plots; harvesting, threshing, weighing, and testing the grain;

taking up, weighing, counting, testing and storing the potatoes and

roots ; cutting, weighing, and harvesting the grass, corn, and fodder

crops, etc., and also in picking by hand the samples of grain grown on

the plots, some to be sown on the plots the following year, and some to

be distributed for co-operative experimental work throughout Ontario.

But few people realize what a large amount of very careful thought is

required in planning, supervising, and examining these plots, and in

studying, comparing, and summarizing the results for presentation in

reports, bulletins, newspaper articles, and lectures.

Experimental Grounds. About fifty acres of land, divided into

about 2,ooo plots, are used for agricultural field experiments, conducted

with varieties of grain, root, tuber, grass, clover, fodder, silage, and

miscellaneous crops ; with artificial, green, and farmyard manures

;

witl^wnethods of cultivation, selection of seed, dates of seeding, etc.

—

all With the greatest care, and for several years in succession—in order

to secure strictly accurate and reliable results. These experiments

deal with the crops grown on over nine-tenths of the cultivated land in

Ontario, that is, fully 10,000,000 acres.

Experimental Plots. The experimental grounds have a gentle

slope towards the southwest, and the soil is what might be termed an

average clay loam. Nearly one-quarter of the land is manured each

year with twenty tons (about twelve loads) of farmyard manure per

acre. It will thus be seen that the most of the land receives farmyard

manure once every four years. No commercial fertilizers are used ex-

cept in distinct fertilizer experiments, which occupy from two to three

acres each year, and on which tests are made to ascertain the compara-

tive value of different fertilizers with different crops. The plots vary

in size according to the requirements of the different experiments, and

the yields per acre are determined from the actual yields of the plots in

every instance.

Results of Experiments.

All our field experiments are conducted for at least five years be-

fore any of them are dropped. For the results of many of the tests

[1]
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which were carried on for five years previous to 1904, the reader is

referred to former reports. The results of some of the experiments

which have yet been conducted for only one or two years are held back

until the tests can be carried through at least another summer. As
different seasons vary so much in temperature, amount of rainfall, etc.^

the average results of experiments continued for several years are of

much greater value than those secured from only one year's work.

We submit the results with much confidence in their reliability and in

their real, practical value. The writer has had good reason to believe

that the work of the Experimental Department is being appreciated

by the farmers of the Province, and that the results are being studied

more and more each succeeding year. I shall limit my remarks on

each separate experiment, the results of which are here presented, to a

few of the points which seem to be of the greatest value to the agri-

culture of Ontario.

Conditions of the Weather During the Past Summer.

In studying the results in the bulletin here presented, we should

keep in view the conditions of the weather during the growing season.

The past summer has been comparatively cool and wet. According to

the report of the Bureau of Industries, the mean temperature for April

was only 37.6 degrees as compared with 43.3 degrees in 1903, and 41.9

degrees above zero for the period extending from 1882 to 1903. The

average temperature for each of the months of May, June, July, August,

and September, for 1904, was lower than that for each of the corres-

ponding months in the average of the past twenty-three years.

The total precipitation for the six months, starting with April, was

19.96 inches, according to the report of the Bureau of Industries for

Ontario, and 19.87 inches according to the report of the Physical De-

partment of the College at Guelph. This amount of rainfall is greater

than for several years at the College, even including 1902, in which

year the precipitation was also very large. According to the report of

the Bureau of Industries, the average rainfall for Ontario from the

year 1882 to 1903 was 15.7 inches for the six months commencing with

April in each year. It will therefore be seen that the rainfall for 1904

was about 27 per cent, greater than for the average of the past twenty-

three years. The rainfall at the College in July was exceedingly heavy,

there being practically five inches during the month .

The first seeding which took place in the experimental plots in 1904

was on the 22nd of April. This was twenty days later than the first

seeding in 1903. The grains were mostly sown during the last week

in Aprtl and the early part of May. The mangels, sugar beets, carrots,

and potatoes were mostly planted in May, and the corn, sorghum,, tur-

nips, rape, millet, beans, and part of the potatoes in June.
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Fluctuations in the Areas of Farm Crops in OyxARio.

It is indeed interesting^ to study the crop production of Ontario

from year to year. Owing to changed conditions brought about by

means of fluctuations in the market prices of farm products, the in-

troduction of new and improved varieties of farm crops, the amount

of farm help available, the damages caused by insect pests and fungous

diseases, as well as by other causes, we find considerable variations in

the relative areas devoted to our principal farm crops over a series of

years. A table has been compiled from the reports of the Ontario Bur-

eau of Industries, and it is presented here to show the area devoted to

each farm crop in Ontario in 1904, the average yield per acre of each

crop for the past twenty-three years, and the percentage of increase or

decrease in the area used for each of the crops for the past five years.

The crops mentioned in the table are arranged in the order of their

increase or their decrease per acre for the five years from 1899 to 1904.

Farm Crops.
Acres of each Crop
in Ontario in ISJM.

Barley
yangelB
Beans
Pasture
Hay and clover .

.

Oats
CJorn for silage or
fodder

Com for husking .

Bye
Turnips
Potatoes
Buckwheat .

.

Winter wheat .

.

Spring wheat . . .

.

Carrots
Peas

Yield per Acre.
Average 23 Years.

Percentage Increase or
Deer<3a,se in Area in

last 5 Years.

772,434
71,344
50,892

3,183,673
2,926,207
2,654,936

193,115
329,882 .

150.702
153,207
133,819
100,608
608,458
225,027

6,654

1,301 lbs.

459 bus.
1^)26 lbs.

1.45 tons
1,217 lbs.

913 lbs.

487 bufi.

115 bus.
iOe lbs.

1.218 lbs.

942 lbs.

348 bus.
1.170 lbs.

57 lacreate

34
**

21 "

IS
"

17 "

12 "

12 "

1 Beciease

S
"

13

20 "

23
"

42 "

44 "

44
**

54 -

From the figures here presented, it will be seen that the areas de-

voted to the growth of barley, mangels, and beans are being increased

rapidly at the present time. It will be noticed also that the hay and

pasture land has been increased 17 and 18 per cent, w-ithin the past

five years. These two crops alone now cover about six million acres

of Ontario land each year. The increase in the amount of pasture and

hav land in recent years has probably been due, to a very great extent,

to the greater number of cattle which is being kept at present as com-

pared with former years, A ver}' noticeable feature in connection with

this studv is the fact that the area devoted to each of the crops—winter

wheat, sJDring wheat, carrots, and peas—has decreased upwards of 40

per cent, in the last five years. We find that in 1897. 896,735 acres

were used for the pea crop. From that time to the present, the acre-



age has gradually decreased until in 1904 there were only 339,260
acres of peas. This great decrease in Ontario's pea crop has been
brought about largely through the ravages of the pea weevil. As the
acreage has been reduced to such a large extent, the few who grow peas
at the present time in the older parts of the Province should be very
sure to fumigate the crop with carbon bisulphide immediately after

harvest, in order to check the ravages of this troublesome pest. For
the method of treatment, the reader is referred to another part of this

report. We submit the foregoing table, believing that it contains much
useful information in studying the present conditions regarding the
growing of farm crops in Ontario.

Yields Per Acre of Different Classes of Grain.

Besides making a careful study of the varieties of grain crops of

any one class, it is well for us to compare the different classes of grain
one with another. In the table presented under the previous heading,
it will be noticed that the average number of pounds of grain per acre

per annum for Ontario for the past twenty-three years has been as fol-

lows : Barley, 1301 lbs.; winter wheat, 1218 lbs.; oats, 1217 lbs.;

peas, 1 170 lbs. ; beans, 1026 lbs. ; spring wheat, 942 lbs. ; buckwheat,

936 lbs. ; and rye 913 lbs. Thus we see that of the principal farm crops
which have been grown throughout Ontario for the last twenty-three
years, barley has given the largest number of pounds of grain per

acre. The increase in the yield of barley over oats is fully 14 per cent.

In comparison with the results for twenty-three years, it might be
interesting to notice the results of some of the same crops over Ontario
for the years 1902, 1903, and 1904. Taking the average of these three

we find that the annual production in yields of grain per acre are as

follows : Barley, 1584 lbs. ; oats, 1390 lbs. ; winter wheat, 1360 lbs. ;

peas, 1128 lbs. ; spring wheat, 1082 lbs. ; beans, 970 lbs. ; and rye, 941
lbs. These results again show that the barley comes first, and the oats

second in yield of pounds of grain per acre. It also shows that the

yields of all the crops except beans have been considerably higher dur-

ing the last three years than they were in the average of the past

twenty-three years.

As some of these same kinds of crops were distributed throughout
Ontario in the spring of 1962, 1903, and again in the spring of 1904,

for co-operative experiments, a reference to the results obtained will

be interesting for comparison with the results in general farm prac-

tice. It should be understood that the crops grown throughout On-
tario are the averages of a large number of tests made on separate

farms. The average soil on which any one crop would be grown would,

therefore, not be e'xactly the same as the average soil used for the ex-

periments with other crops. It should also be remembered that the re-

sults here presented are those of small plots, and not of large fields.



The results, however, were obtained from very carefully conducted

experimental work.



We notice from the table here presented that the barley again

comes ahead of the oats in number of pounds of grain per acre. The
barley is followed by the Emmer and the Joanette oats, which have

given exactly the same yield of grain per acre. It might be well to

here mention that, on the average, barley has about 12 to 15 per cent.,

Emmer about 22 per cent., and oats about 30 per cent, of hull. The

Joanette variety of oats, however, has a particularly thin hull, the aver-

age percentage of hull being only about 23 per cent. Of the crops

under experiment, the Mandscheuri barley. Black Hulless barley,

Alaska oats, and White Hulless barley were the earliest; and the Com-
mon Spring vetches, and the Wild Goose spring wheat were the latest

in reaching maturity. There is not much difference in the strength

of straw of the Mandscheuri barley and the Common Emmer. Both,

however, are considerably stronger than that of the Black Hulless bar-

ley. It should be remembered that the results presented in the last

two tables are obtained from plots, and that the results taken from the

reports of the Bureau of Industries were obtained from large areas of

land.

Barley.

Barley is one of the hardiest of the cereals and can be raised through

a great range of climate. It is cultivated with success north of the

Arctic circle, and at high altitudes in the torrid zone. This crop has

been under cultivation in the southern part of Europe from the earliest

I'^nes.

Barley was formerly grown extensively in Ontario for shipment to

the United States for malting purposes. The high tariff placed on

barley by the United States Government, however, was instrumental

in shutting out a large quantity of the Ontario barley from the mar-

kets of that country. The acreage, therefore, decreased from year to

year, until the introduction of large yielding varieties for feeding pur-

poses and the demands of the live stock industry called for a greater

amount of valuable feed. By examining the reports of the Bureau of

Industries, we find that the acreage of barley in Ontario has increased

no less than seventy-six per cent, within the past seven years. In 1904,

there were upwards of three-quarters of a million acres of Ontario lands

devoted to the growing of this important crop.

Varieties of Six-rowed Barley. Ontario seems particularly

adapted to the growing of six-rowed barley; hence a good deal of at-

tention has been given by the Experimental Department to secure those

varieties which would likely give better results throughout the Prov-

ince than the kinds which had been grown in former years. In the

five years from 1889 to 1893, eighty-six different varieties of barley-

were grown in the experimental grounds. After five years' tests were

completed, the poorest varieties were dropped from the experiment,

and those which proved the most successful were retained for future

experiments. New varieties were added from time to time, all of which



were tested for at least five years. A few varieties have now been

grown for fifteen years in succession, without change of seed. The
results of these varieties are exceedingly interesting and worthy of

careful study. The following are the average yields of grain per acre

of each variety for the whole period of fifteen years, and also for the

last five years :

Average yield of grain per acre.

Varieties.

Mandscheuri .

.

Common sis-rowed
Oderbrucker . . .

.

Mensury

The results show that the Mandscheuri gave decidedly the great-

est yield per acre of the four varieties for the whole period of fifteen

years, and also for the last five years. The Mandscheuri gave an aver-

age of 9.3 bushels per acre per annum over the Common Six-rowed

barley in the average results for fifteen years. The average area devot-

ed to barley in Ontario from 1882 to 1904 is given as 633,290 acres per

annum. An increase of nine bushels of barley per acre throughout the

Province would, therefore, amount to an increase of over five million

bushels of barley in Ontario annually. This increase at fifty cents per

bushel would amount to about two and a half million dollars. Two
and a half million dollars annually would pay the running expenses of

about thirty Agricultural Colleges like the one located at Guelph. The

Mandscheuri barley was imported from Russia by the Ontario Agricul-

tural College in the spring of 1889. Not only has it made a very ex-

cellent record at the College, but it has given high results in the co-

operative experiments throughout Ontario and has been grown in gen-

eral cultivation very successfully during the past few years. In looking

up the records of the Bureau of Industries, we find that the average

yield of barley throughout the Province for the period of ten years from

1895 to 1904, inclusive, is 29.3 bushels per acre; while that for the

period of ten years from 1885 to 1894 inclusive was 24.85 bushels per

acre. This shows an annual average increase of about 4 1/2 bushels

per acre for the latter as compared with the former period of ten years.

From these results, does it not appear as though the introduction of

the Mandscheuri barley by the Ontario Agricultural College has been

worth to the Province of Ontario within the past ten years an annual

money value equal to more than fifteen times the entire cost of the

College?

Among the other varieties of six-rowed barley which have been

grown in the Experimental Department besides those already re-

ferred to, mention might be made of the California Brewing, Scotch Im-



proved, Imperial Six-rowed, Success, and Ohio Beardless. Of these

varieties, however, the only one which has given a very high average

yield per acre is the California Brewing. This, however, is a coarse

barley with a very stiff beard and straw of rather poor quality.

Variety of Two-rowed Barley. The two-rowed barley is easily

distinguished from the other species by the head being somewhat
elongated, and by there being only two rows of grain from one end of

the head to the other. The heads of some varieties are long and slen-

der ; while those of other varieties are short, very broad at the base^

and taper towards the extremity. The two-rowed barley is largely cul-

tivated in England and Central Europe, but is not grown to any extent

in Ontario, although great efforts were made a few years ago by the

Dominion Government to have it grown extensively by Canadian far-

mers for exporting to England. With this object in view, the Cana-

dian Government imported 10,000 bushels of the Carter's Prize Prolific

barley from England, and sold the same to Canadian farmers at |2 per

bushel, in order to get it introduced. This variety, however, has not

given very satisfactory results throughout the Province.

According to the results of eleven years' experiments with about

sixty varieties of two-rowed barley, we find that the highest yielding

kinds are not as productive as the most prolific varieties of the six-

rowed class. In the average of eleven years' tests with six varieties

of two-rowed barley, the greatest yields were produced by the Two-

rowed Canadian, New Zealand Chevalier, Jarman's Selected Beardless,

and French Chevalier.

In 1904, seventeen varieties of two-rowed barley were grown in

the experimental grounds. The highest yields were produced by the

Two-rowed Canadian and Selected Canadian Thorp varieties ; and the

lowest yields were produced by the Invincible, Standwell, and Fred-

erickson varieties. The last three varieties were recently imported

from Europe. The Standwell and the Invincible were imported from

England, and the Frederickson from Germany. The Chevalier two-

rowed barley has been used considerably for mixing with Siberian or

Banner oats for seed purposes. As the Chevalier barley is late in ma-

turing, it ripens about the same time as either of these varieties of oats,

and a mixture composed of the Chevalier barley with one of these var-

ieties of oats usually produces a heavy yield per acre.

Varieties of Hulless Barley. The grain of the Hulless barley

usually weighs about sixty pounds per measured bushel, while the

standard weight of the common varieties is forty-eight pounds per

bushel. The skin of the Hulless varieties is thin and transparent, and

is white, purple, or black in color. In some respects the grain re-

sembles wheat more than barley. The straw is apt to be weak, and.

when ripe, often becomes so brittle that the heads are easily broken

off. Some of the varieties possess heads with six rows, and others

with two rows.
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We have had ten varieties of Hulless barley under experiment for

five years in succession, and find that the Guy Mayle heads the Ust with
an average of 54.4 bushels per acre, taking sixty pounds as the stan-

dard weight per measured bushel. This is followed by the Black Hul-

less with 51.5; the Hungarian, 50.2; the Purple, 49.2; the Winnipeg
No. 2, 46.9; the Hog, 45.9; the Large Skinned, 42.8; the New White
Hulless, 42,1 ; and the Ideal, 40.2 bushels per acre. In 1904, the high-

est yields were produced by the Guy Mayle, 59.7 bus. ; Black Hulless,

54.9 bus. ; Purple, 53.2 bus. ; and Hungarian 53.1 bushels per acre.

The Guy Mayle variety, which stands at the head of the list in

yield per acre for five years, and also for 1904, produces a grain of

purple color, and possesses straw which is comparatively strong for a

Hulless barlev. This barley was distributed throughout Ontario in

1904 for co-operative experiments. In the average of thirty-three re-

ports of successfully conducted experiments with the Guy Mayle and
the Black Hulless varieties, it was found that not only did the Guy
Mayle give the larger yield of grain per acre, but it was the most popu-
lar of the two varieties among the experimenters. This is considered

to be the most promising variety of Hulless barley which has been
grown at the College.

Previous Cropping of Land for Barley. In the spring of 1901,
a strip of land two rods in width 'and forty rods in length was divided
into thirty-two plots. Paths five links (39.6 inches) in width were al-

lowed between the plots. The land is very level throughout, and had
been uniformly cropped previous to the date here mentioned. In the
spring of 1901, the whole range was sown to early oats. No, i plot

was seeded with Common Red Clover, No. 2 plot with Alsike Clover,

No. 3 plot with Timothy, and No. 4 plot received no clover or grass
seed. Similar seedings to these were repeated until the whole range
was seeded according to the plan outlined above. It will, therefore,

be seen that there were eight plots of Common Red Clover, eight plots

of Alsike Clover, eip-ht plots of Timothy, and eight plots left without
seeding. After the oats were cut, the plots were carefully edged. Both
the clover and the timothy made good growth in the autumn. In the

following spring, the growth of the three crops on the twenty-four
plots was excellent. The range was divided into two sections, and
each section into four divisions, each division containing one plot of
Common Red Clover, one plot of Alsike Clover, one plot of Timothy,
and one plot without any crop. The land in No. i division was plowed
after the first crop of the season had received its full growth and before
it had been removed from the land ; No. 2 division was plowed immed-
iately after the first crop of the season had been removed ; No. 3 divi-

sion n-as plowed before the second crop had been removed ; and No. 4
division was plowed immediately after the second crop had been re-

moved from the land. The remaining sixteen plots were an exact dupli-

cate of the first section. The land was cultivated on the surface in the

autumn and was sown with mangels in the spring of 1903. The Sut-
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ton's Mammoth Long- Red variety was used in the first section, and
the Yellow Leviathan variety in the second section. On the same land,

we sowed barley in the spring of 1904, using the Mandscheuri variety

on the first section, and the Oderbrucker on the second section.

Taking the average of all the experiments in 1903, we find that the

Common Red Clover land produced 2.1 tons and the Alsike Clover land

3.6 tons of mangels per acre more than the Timothy land. In the

average results of the experiments for 1904, we find that the Common
Red Clover land produced 8 bushels, and the Alsike Clover land 7.2

bushels of barley per acre more than the Timothy land. The greatest

average yield of roots per acre (35.5 tons) in 1903, and the greatest

average yield of barley per acre (58.2 bushels) in 1904 were produced
on land which had received the first crop of Alsike Clover as green
manure. It is intended to sow these plots with another crop in 1905,
in order to study the manurial effects of the different crops plowed un-

der for a series of years. This whole experiment is being repeated at

the present time, as thirty-two other plots were treated in 1904 in the

same manner as the plots previously referred to were treated in 1901.

We have previously conducted a series of experiments at the Col-

lege in order to ascertain the comparative value of clover and grass

sod for crop production. We first grew clover and grasses upon

separate plots and removed the crops, after which the land was plowed

and other crops were sown. The results, therefore, show the in

fluence of the roots remaining in the land upon the productiveness of

the crops following the clovers and grasses. In 1902, barley was sown
after each of four varieties of clover and three varieties of grasses in

four different places in our experimental grounds. The average re-

sults of the four tests in pounds of barley per acre were as follows :

Red Clover, 1516; Lucerne, 1450; Alsike Clover, 1427; Mammoth Red
Clover, 1408; Meadow Fescue Grass, 1068; Orchard Grass, 1015; and

Timothy, 946. It will, therefore, be seen that the Red Clover sod gave

an increase over the Timothy sod of 570 pounds, or nearly 12 bushels of

barley per acre.

The results of this experiment help us to appreciate the beneficial

influence on the soil from the growing of clover.

Winter Barley. Within the last twelve or fourteen years, we
have sown winter barley each autumn. When the winters have been

unfavorable, however, the barley has usually been winter-killed, and

in those seasons in which the barley survived the winter, the results

have been exceedingly good. In eight out of the past twelve years, the

barley has survived the winter well, the average yield for the eight

years being 64.1 bushels per acre. The crop during the last winter was
considerably winter killed, but the plants which were alive in the spring

made an excellent growth, and the yield obtained this season amounted

to 31.8 bushels per acre. This, however, is only about one-half as large

a yield as that shown for the average results for eight years. By mak-
ing use of the same variety of winter barley from year to year, we hope
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that it will improve in hardiness as time advances, and that possibly we
may secure a variety which will withstand our winter seasons without

much risk of loss through winter killing.

Oats.

Oats have been cultivated for such a long time without any definite

record in regard to their origin that their native country is still un-

known. The wide range of soils on which oats can be grown success-

fully, and the comparatively low temperature in which they come to

their maturity, have rendered them well adapted for cultivation in many
countries. In some countries of the world, the cultivation of oats ex-

tends very far north, even to the 65th degree of latitude. In Ontario,

the area devoted to oats each year is greater than that used for the

cultivation of any other kind of grain. The number of acres used for

oats in Ontario was 2,654,936 in 1904, and 2,058,487 acres in the aver-

age of the past twenty-three years. The average yield of oats per acre

throughout the Province has been gradually increasing in recent years,

probably due to the general introduction and cultivation of larger yield-

ing varieties, such as the Siberian, American Banner, Ligowa, and

Newmarket ; and the adoption of better methods of farming. Accord-

ing to the reports of the Ontario Department of Agriculture, the aver-

age yield of oats per acre for the last ten years (1895- 1904) is fully eleven

per cent., or 3.8 bushels, higher than for the ten years previous (1885-

1894).

Varieties of Oats. No less than two hundred and seventy-five

different varieties of oats have been grown in our experimental grounds

within the past sixteen years. The object in testing such a large num-
ber is to ascertain the few very best varieties which are most suitable

for the different soils and localities throughout the Province. Eight

of these varieties have now been grown under exactly similar condi-

tions, without change of seed, for fifteen years in succession. The
average results for the fifteen years in weight per measured bushel,

yield of straw per acre, and yield of grain per acre are as follows :

Varieties.
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following order, starting with the highest yielding variety : Siberian,

Waterloo, Probsteier, Oderbrucker, Bavarian, Joanette, Egyptian,

and Black Tartarian. It must be remembered that these oats were
grown on plots and not in large fields of each variety. The land on
which they were grown, however, received no commercial fertilizers,

but had an application of farmyard manure at the rate of twenty tons,

which is about equal to twelve good-sized loads per acre, once every

four years. Besides this, the land received one green crop plowed
under within the last ten years. In a four years' rotation the Oats
usually followed a cultivated crop which had been manured.

In the average results for five yeaus in growing thirty-three var-

ieties of oats, the varieties which have given high results, other than

those already mentioned in the previous paragraph, are the Vick's

American Banner, Canadian Pride, Peerless, Irish Victor, Liberty,

Mennonite, Michigan Wonder and New Zealand. Among those grown
for less than five years, the following are the largest yielders : Ertrag-

reichster. Yellow Russian, The Great American, and the New Golden

Cluster.

Seventy-eight varieties of oats were under experiment in 1904, and

the results from the plots show that the following varieties produced

the greatest yield of grain per acre : American Banner, Peerless, New
Zealand, Irish Victor, Michigan Wonder, German Rust Proof, Black

Gotham, Liberty, and The Great American. In weight of grain, only

four varieties went as high as forty pounds per measured bushel, viz.,

Early Dawson, White Superior Scotch, Zhelannie, and Tobolsk.

In some localities, the oat crop lodges very badly before it is cut.

In these sections, it is very important to obtain a variety which is very

stiff in the straw and not so likely to lodge as some of

the older varieties. According to the results of our ex-

periments, the Tartar King and the Storm King are among

the very stiffest straw varieties. These are apt to stand up

where some of the other varieties will become badly lodged. We
notice, however, that in extreme cases, where the Tartar King variety

is grown and where it does become lodged, it usually lies very flat on

the ground. The Storm King was grown in 1904 for the first time,

and our experience, therefore, with this variety is still very limited.

A variety obtained under the name of Canadian King is very similar to

the Storm King, and may possibly be another name for the same

variety.

According to the results of quite extensive experimental work at

the College, we find that by growing oats and barley together a larger

yield of grain can be obtained than from either one grown separately.

In order to grow two grains together, however, it is important to

select such varieties as will mature at about the same time. As nearly

all varieties of oats are considerably later In maturing than most of

the varieties of barley, it is important to select some very early var-

iety of oats to use in combination with a six-rowed barley. The follow-
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i'- table g-ives the average results in number of days from seeding
until maturity, strength of straw, weig"ht per measured bushel, and
averag^e yield per acre of some of the very earliest oats we have grown
at the College within the past three years :

Varieties.

Daiabeney
Alaska
Black Mesdag
Early White Pearl
Early Champion .

,

Early Ripe

Number of
days in
reaching
maturity.

98
97
97
100
99
95

Per cent,
of crops
lodged.

Average results for three years.

Weight per
measured
bushel.

D
15
7

13
5

22

lbs.

34.5
34.5
33.4
34.9
34.8
28.7

Yield per acre.

Straw. Grain.

Tons.
2.3
2.5
2.6
3.0
2.4
2.3

Bushels,
95.7
95.3
94.1
91.6
88.3
81.3

It will be seen that the Daubeney variety is one of great promise,
when the complete results are taken into consideration. The Daubeney
variety grows a good length of straw, stand up very well, has a spread-
ing head and white grain, and the g-rain is very thin in the hull.

Continuous Selection of Seed Oats for Twelve Years in Suc-
cession. For twelve years in succession, an experiment has been con-

ducted in breeding oats by means of the selection of the seed. The
selections made were large, plump, well-developed seeds : light-weigh-

ing and light-colored seeds ; and also seeds from which the hulls had
been removed by the separator. The test was commenced in the

spring of 1903, by selecting seed from the general crop of the Joan-
ette Black oats of the previous year. The selection made in each of

the following- years has been from the product of the selected seed of

the previous year. The number of grains used on each plot was care-

fully counted and an equal number was used of each selection in each

year. As the selection for this experiment has been continuous, select-

ing- the seed each year from the crop produced in the year previous,

the average results are of but little value, but the final results are in-

teresting, valuable, and quite suggestive. In the crop produced in

1904, it was found that the larg^e plump seed produced 94.1 bushels;

the light seed, 68 bushels; and the hulled seed, 91.6 bushels per acre.

As only the best quality of seed becomes hulled, we find that the oats

from which the hulls had been removed gave nearly as good results

as the carefully selected, large, plump seed from which the hulls had

not been removed in the process of threshing. In weig-ht per measured

bushel, the crop produced from the large plump seed weighed 34.5

pounds; from the light seed, 24 pounds, and from the hulled seed,

33.1 pounds. The difference, therefore, between the large, plump, well-

developed seeds and the light-weighing and light-colored seeds is very

marked, and shows the great importance of sowing the former and dis-

carding the latter. It is interesting to notice that the crop producing-



from the large plump seed required only 1390 grains to weigh an ounce
;

while the crop produced from the light seed required 2095 grains to

make the same weight.

Treatment for Smut in Oats. Two varieties of oats were select-

ed in the spring of 1902, 1903, and again in 1904, and uniform samples
of each variety were submitted to several treatments, with the object
of killing the spores of smut adhering to the grain. The various treat-

ments were as follows :

(i). Immersion in Diluted Formalin. The solution of formalin used
for the immersion process was made by pouring one-half pint of the

formalin into 21 gallons of water, and the seed oats were immersed
in the solution for twenty minutes.

(2). Sprinkling with Diluted Formalin. One-half pint of formalin

was poured into 5 gallons of water. The oats were then sprinkled with
this solution and carefully stirred until the grain was thoroughly

moistened.

(3). Immersion in Hot Water. For this treatment, the grain was
placed in a bag, which was then immersed in water at about 115 de-

grees F. Soon afterwards it was placed in water which was kept at a

temperature of between 130 degrees and 135 degrees F. The grain

was occasionally stirred, and was allowed to remain in the water for

a period of fifteen minutes. It was then spread out on a clean floor to

dry, where it was stirred occasionally.

(4). Immersion in Bluestone Solution for Twelve Hours. In this

treatment, the bluestone solution was made by dissolving one pound
of bluestone in 25 gallons of water, and the oats were immersed in this

solution for a period of twelve hours.

(5). Immersion in Bluestone Solution for Five Minutes. For this

treatment, a strong solution was made by dissolving one pound of

Copper Sulphate (Bluestone) in one gallon of water, and then immersing
the oats in the solution for a period of five minutes.

(6). Immersion in Potassium Sulphide Solution. The potassium
sulphide treatment consisted in soaking the seed for two hours in a

solution made by dissolving eight pounds of potassium sulphide in 50
gallons of water.

(7). Sprinkling with Bluestone Solution. This solution was made
by dissolving one pound of bluestone In 10 gallons of water, which was
used for sprinkling over the oats until they were thoroughly moistened

after being carefully stirred.

(8). Untreated. One sample of oats of each variety was left un-

treated in order that the influence of the various treatments might be

observed.

It will be seen that eight lots of each variety of oats were used in

the experiment each year. After the treatments had been completed

a few hours the oats were carefully sown on separate plots, each of

which was exactly one rod square. When the oats were coming into

head, they were examined frequently and all smutted heads removed
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and carefully counted. The following table gives the results in the

percentage of smutted heads of oats in the average of the two tests in

1904, and also of the six tests in the three years during which this ex-

periment has been conducted :
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be seen, from the results of this experiment, that the practice of sow-
ing grass and clover seed with the grain exerts but a very slight in-

fluence upon the yield of the grain crop.

Smutted Oats, One, Two, Three and Four Years Old for Seed
Purposes. An experiment was conducted in 1904 for the first time,

in order to ascertain whether the spores of smut on oats would be vital

when two, three, or four years of age. For this experiment, the Black

Tartarian and Daubeney varieties of oats were selected. Seed of each

variety was taken from the crops of 1900, 1901, 1902 ,and 1903, and

was sown on separate plots in the experimental grounds in the spring

of 1904. These plots were watched very carefully, and, as any smutted

heads appeared, they were removed from the plots and counted. The
results show that as the seed increased in age there was a decrease in the

yield of oats per acre and an increase in the perecentage of smutted

heads. Further work will likely be carried out along this line.

Winter Oats. Winter oats have been sown in our Experimental

Department in the autumn of the year on several occasions, but the

crop has always become badly winter killed. In the autumn of 1903,, we
sowed two varieties of winter oats, which made a good growth in the

fall of the year but which were completely killed out during the winter.

We have never yet been successful in getting a variety of winter oats

which would withstand the severe winter weather at the College.

Wheat.

The wheat plant appears to have been known and valued from

earliest times. It will thrive successfully in a great range of climate

and the inhabitants of many countries enjoy the advantages of its

cultivation. According to most authorities, there are in all seven types

of wheat, and to one or the other of these types, or species, all var-

ieties belong. The seven types of wheat are as follows :

(i) Common, fine, or soft wheat {Triticum vulgare).

(2) Turgid, or toulard wheat (T. iiirgichnn).

(3) Hard or flinty wheat (T. durum).

(4) Polish wheat (T. polonicum).

(5) Spelt (T. spelta).

(6) Emmer or starch wheat (T. dicoccum).

(7) One-grained wheat (T. monococcum).

Representatives of these different classes have been grown in our

experimental grounds, although practically nothing is known through-

out the Province about varieties of ei^ther turgid or one-rowed wheat.

Considerable, however, has been said in reference to representatives

of each of the other classes. Nearly all of the varieties of both sprmg

and winter wheat which are grown in Ontario belong to type No. i,

the common wheat. Some of the best known representatives of other

types are as follows : Wild Goose spring wheat, Medeah spring wheat,

Algiers spring wheat, Polish spring wheat, Miracle winter wheat, etc.

For the sake of convenience, we have arranged our report of varieties
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of wheat as follows : Varieties of winter wheat for flour production,

varieties of spring- wheat for the production of macaroni, and varieties

of spring- wheat for feeding purposes.

Varieties of Winter Wheat for Flour Production. The past

year has been an unfavorable one for winter wheat production in Ontario,

According to the last report of the Bureau of Industries, we learn that

no less than 189,274 acres, or nearly 24 per cent., of the area sown to

winter wheat last autumn, was plowed in the spring of 1904. Sorne

of the varieties in the experimental grounds at the College survived

the winter in good condition; while some of the tender varieties were

considerably winter killed.

Within the past fifteen years, about two hundred varieties of win-

ter wheat have been grown at the College. The most of these have

been grown for at least five years in succession. The highest yielding

varieties for the past five years, including 1904, have produced the fol-

lowing average number of pounds of grain per measured bushel, and

of bushels of grain per acre: Dawson's Golden Chaff, 59.9 lbs., 59.8

bus. ; Imperial Amber, 61.2 lbs., 58 bus. ; Prize Taker, 59.8 lbs., 57.6

bus.; Silver Dollar, 59.7 lbs., 57 bus.; Buda Pesth, 61.4 lbs.,

55.4 bus. ; Rudy, 61. i lbs., 55.4 bus. ; Forty-fold, 59.1 lbs., 55.4 bus,;

and Egyptian Amber, 61.4 lbs., 55.2 bushels. The greatest yielders

among seventy-two varieties grown in the past year, however, were
the Imperial Amber, 41.3 bus. ; Buda Pesth, 40 bus. ; Crimean Red,

39.9 bus. ; Rudy, 38.1 bus. ; Tasmania Red, 36 bus. ; Dawson's Golden
Chaff, 35.7 bus. ; and Egyptian Amber, 35 bushels per acre. The
weight per measured bushel for this season has been exceptionally light,

as can be seen from the following : Tasmania Red, 58.6 lbs. ; Im-
perial Amber, 57.6 lbs. ; Dawson's Golden Chaff, 55.7 lbs. ; Turkey
Red, 55.5 lbs. ; and Early Genessee Giant, 52.3 pounds. The Daw-
son's Golden Chaff possessed the stiffest straw and the Red Hussar the

weakest straw in 1904. All varieties rusted more or less in 1904, the

Ironclad, Tasmania Red, and Pride of America being the freest. The
Hessian fly did only a small amount of damage the past year.

Varieties of Spring Wheat for Flour Production. Spring

wheat throughout Ontario seemed to give promising results until about

the time of ripening, when the rust attacked the straw considerably,

and the weather conditions seemed unfavorable for the production of

a plump sample. In some sections the spring wheat was an utter

failure. In the experiments at the College, most of the varieties gave

a fair yield per acre, but the quality was unusually poor, as nearly all

of the varieties came considerably under the standard in weight per

measured bushel.

Eleven varieties of flour producing spring wheats have been grown
in the Experimental Department under similar conditions for six years

in succession. In the average results for the six years, the varieties:

here referred to have given the following yields per acre : Pringle's

Champion, 35.1 bus. ; Saxonka, 34.8 bus. ; Red Fife, 34.5 bus. ; Color-

2 Bull. 140
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ado, 34.1 bus.; Blue Democrat, 34 bus.; Preston, 33.5 bus.; White
Russian, 33.3 bus.; Wellman's Fife, 33.1 bus.; Red Fern, 33.1 bus.;
Herison Bearded, 32.2 bus. ; and Seven Headed, 30.1 bushels. Of the
newer varieties which have been under experiment for only three years,
the following- are among- the heaviest yielders : Kolben, 28.9 bushels,
and Climax, 25.4 bushels

Varieties of Spring Wheat Suitable for the Production of
Macaroni. Those varieties of spring- wheat suitable for the produc-
tion of macaroni mostly belong- to type No. 3, viz., the hard or flinty

wheat (T. durum). Some seven varieties in all have been g-rown at

the Colleg-e for several years in succession. The averag-e results of

six years' experiments with six of these varieties are as follows :

Varieties.
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According- to the results of the experiments made with different
macaroni wheats at the College, it will be seen that the Wild Goose
vaiiety has given the most satisfactory results in yield of grain per
acre. This variety is exceedingly hard and contains a large amount
of gluten. The flour produces bread of excellent quality but which
is of a yellowish color, which g^ives it an unattractive appearance. As
the wheat is very hard, it is diflficult to grind, but many millers are now
using a limited quantity of the flour of the Wild Goose variety to
strengthen that of some of the softer kinds of both winter and spring
wheats. A considerable amount of the Wild Goose spring- wheat has
been shipped to Italy, and to other parts of Europe, for the manufac-
ture of macaroni, and it is largely that demand which has increased the

price of the Wild Goose spring- wheat in Ontario during^ recent years.

Varieties of Spring Wheat for Feeding Purposes. Emmer
and Spelt are two distinct types of wheat, there being a number of

varieties belonging to each type. The grain of both the Emmer and
the Spelt is tightly enclosed within the chaff, from which only a small

portion is separated in the process of threshing. The heads of Emmer
are short and compact, and are nearly always bearded ; while those of

Spelt are long, narrow, open, and are usually bald. The spikelets of

Emmer overlap each other like shingles on a roof, which thus makes
the head close, smooth, and regular. The portion of the stem adher-

ing to the spikelets after threshing is much smaller and more pointed

in the Emmer than in the Spelt. The spikelets of the Emmer are

flattened on the inner side, while those of the Spelt are arched. The
grain of the former is much harder, and the chaff much softer, than

that of the latter. Emmer is considered a very hardy plant, being

much superior to Spelt in this respect. Three varieties of Emmer and

ten varieties of Spelt have been grown in the Experimental Department
of the College. The following table gives the average of three years'

results of each of three of the principal varieties of Emmer and four

of the principal varieties of Spelt which were tested in 1902, 1903, and

1904:

Classes of Crop.

Emmer..

Spelt.

Varieties.

Common
Iowa
Russian

Red
Alstroum
White
Dasyanthum

Average results for three years.

Percentage of

Rust.

3
2

2

20
20
19
23

Crop Hull with
lodged. grain.

36
36
34

6
4
5

25

22
21
22

32
33
34
40

Pounds
per

bushel
2 years.

36.8
37.3
36.3

25.4
24.4
23.7
22.6

Yield per acre.

Tons
of straw.

2.7
2.4
2.3

2.2
2.0
1.7
2.1

Pounds
of grain.

3,467

3.248

3,204

2,364

2,164

1,895

1,637
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It will be seen from the foreg-oing table that all the varieties of

Emmer have given decidedly better results than the best varieties of

Spelt which we have grown. In the co-operative experiments through-

out Ontario in 1901, 1902, 1903, and 1904, Emmer produced a larger

average yield of grain per acre than the best variety of oats or the

best variety of barley which was distributed. It is quite probable that

the Emmer will be grown considerably throughout Ontario for the

production of good, clean straw and a large yield of grain, to be used

as a food for live stock. For feeding purposes, the grain and the sur-

rounding chaff are usually ground together in the same manner as oats

are ground into meal.

Sowing Emmer and Spelt on Different Dates. Both Emmer
and Spelt were sown on eight different dates in the spring of 1903, and

again in the spring of 1904, starting on April 2nd in 1903 and on April

22nd in 1904, and finishing on May 21st in 1903 and on June loth in

1904, and allowing one week between each two dates of seeding. The

average results of the experiment for two years are presented in tabu-

lated form.

Dates of Seeding.

1st.
2nd
3rd
4th
5th
6th
7th
8th

Average results for two years.

Lbs. per
measured busheL

Spelt.

28.0
26.1
25.6
24.4
23.9
23.2
22.1
24.1

Emmer.

38.3
38.0
38.0
37.6
37.6
37.2
36.8
35.5

Tons of straw
per acre.

Spelt.

1.8
1.5
1.7
1.6
1.6
1.7
1 5
1.6

Emmer.

2.1
2.1
1.9
2.1
2.2
2.4
2.8
2.1

Lbs. of grain
per acre.

Spelt.

2,393

1,993

1,829

1,354

1,277

1,010

795
577

Emmer.

2,058

3,038

2,827

3,010

3,094

2,836

2,782

2,332

The average results of the experiment in sowing Emmer and Spelt

in 1903 and 1904, on the average dates of April 12th, April 19th, April

26th, May 3rd, May loth, May 17th, May 24th, and May 31st, show

that decidedly the best yield of Spelt was obtained from the first seed-

ing; while there was but little difference in the yield per acre of the

Emmer sown on the ist, 2nd, 4th, and 5th dates. The figures indicate

the great importance of sowing Spelt as early in the spring as the land

is warm and dry enough to work to good advantage. In the case of

Emmer, however, comparatively late seeding gives about as good re-

sults as the seeding which takes place at an eariy date. The figures

of this report, as well as those in the report of the varieties of Emmer

and Spelt given previously, show very forcibly the superiority of the

Emmer over the Spelt as a grain producer in this section of the Prov-

ince.
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Maturity of Winter Wheat for Seed Purposes. Seed taken

from wheat which was allowed to become very ripe before it was cut

produced a greater yield of both grain and straw and a heavier weight

of grain per measured bushel than that oroduced from wheat which

was cut at any one of four earlier stages of maturity, according to the

average results of fourteen separate tests.

Selection of Seed. Selections of seed made from two varieties

of winter wheat and tested for six years produced average annual re-

sults in bushels of grain per acre, tons of straw per acre, and pounds

per measured bushel as follows : Large plump seed, 46.9 bushels, 2,6

tons, and 59.4 pounds; Small plump seed—40.4 bushels, 2.2 tons, and

59.2 pounds; Shrunken seed—39.1 bushels, 2.1 tons, and 59.1 pounds;

and Broken seed—9.3 bushels, .6 tons, and 54.2 pounds, respectively.

Quality of Winter Wheat to Sow. The average yield,, less

the amount of seed used, from sowing one bushel, one and one-half

bushels, and two bushels of each of two varieties of winter wheat per

acre in each of six years, have been 39.7 bushels^ 42.3 bushels, and

42 4 bushels per acre, respectively.

Southern and Northern Grown Winter Wheat Seed. Seed

wheat grown a thousand miles south of Guelph gave practically the

same results as Ontario grown seed in the average experiments of two

years.

Dates of Sowing Winter Wheat. Winter wheat sovs^n at the

College during the first ten days of September in each of nine years

has yielded 5.2 bushels per acre more than that sown from the i6th

to the 20th of September.

Methods of Sowing Winter Wheat. The average results of

sixteen experiments, covering a period of eight years, show that on

well cultivated land winter wheat which was drilled in with a machme,

and that which was sown broadcast by hand, gave practically the same

yields of grain per acre.

Green Manuring for Winter Wheat. Land on which field peas

were used as a green manure yielded 6.5 bushels of wheat per acre

more than land on which buckwheat was used as a green manure, and

2.3 bushels per acre more than land which was worked as a bare fallow,

in the average of eight separate tests.

Treatment of Winter Wheat for Smut. In each of five years,

experiments have been conducted in treating winter wheat in different

ways to kill the stinking smut, and the results have been very satisfactory.

In the autumn of 1903, seven different treatments were made with

each of two varieties of wheat. In the crop of the present year, the

wheat produced from treated seed had no smut, and that from un-

treated seed had 3.6 per cent, of smutted heads. The treatment which

proved very simple, cheap and effective was the immersion of the seed

wheat for twenty minutes in a solution made by adding one pint of

formaldehyde (formalin) to forty-two gallons of water. The past year

was the first time that we used the formalin treatment as a part of this
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experiment. In the average of five years' experiments, it was found

that untreated wheat had 368 smut balls per pound of wheat ; while that

treated with potassium sulphide, bluestone, and hot water had only

nine, two, and one smut balls, respectively. The copper sulphate (blue-

stone) treatment consisted in immersing the seed twelve hours in a

solution made by dissolving one pound of copper sulphate in twenty-

four gallons of water, and then immersing the seed for five minutes in

lime water made by slacking one pound of lime in ten gallons of water.

The hot water treatment consisted in immersing the wheat for fifteen

minutes in water at 132 degrees F. After each treatment, the grain

was spread out and stirred occasionally until dry enough to sow.

Rye.

Rye can sometimes be grown advantageously in those districts

in which the soil is unsuited for other cereal crops. It is the charac-

teristic food-grain of middle and northern Europe, and is used exten-

sively by fully one-third of the population of Europe.

Winter Rye. Several varieties of winter rye have been grown in

our experimental plots for a number of years with good success. In

the autumn of 1903, five varieties were sown in the same section of the

field as the winter wheat. They all came through the winter well, sur-

passing many of the varieties of winter wheat in this respect. In five

years' experiments with two varieties of winter rye, we find that the

Mammoth gave an average yield of 60.5, and the Common variety of

57.8 bushels per acre. These are very large yields, showing that win-

ter rye is a very hardy crop,withstanding the severity of even some of

the severe winters which we have had within the past five years. In

the experiments for 1904, the Mammoth gave 56.4; and the Common,

55.5; the Thousand-fold, 54.8; and the Washington variety, 51.8 bus-

hels of grain per acre. It will therefore be seen that the Mammoth

variety produced a greater yield per acre in 1904, and in the average

of the past five years.

Spring Rye. Four varieties of spring rye were grown in our ex-

perimental plots in the past season, the following being the results in

yield of grain per acre : Dakota Mammoth, 34.9 bus. ;
Prolific Sprmg,

26.7 bus.; Common, 24.7 bus.; and Saatroggen, 24.3 bushels. Two

of these varieties have been grown for seven years in succession, and

the average results have been as follows : Dakota Mammoth, 38.8

bushels, and Prolific Spring, 35.1 bushels per acre. It will therefore

be seen that among the spring varieties, the Dakota Mammoth has

given very satisfactory results in yield of grain per acre. This variety

has also produced slightly the heaviest weighing grain per measured

bushel, the average for seven years being 57.4 pounds.

Buckwheat.

Buckwheat is a native of Northern Asia, and has been grown as

a cultivated crop for fully one thousand years. It grows and produces
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a marketable crop on very poop soil, and it thrives admirably in cold

climates. It is mainly grown for the production of grain, but it is

also grown to a limited extent for soiling purposes and for plowing

under as a green manure.
We have grown eight varietites of buckwheat in our experimental

grounds within the past few years. Three varieties, namely, the Japan-

ese, the Silver Hull, and the Common Grey, have each been grown

in our trial grounds for eight years in succession. In the average re-

sults for the eight years, we find that the Silver Hull variety takes the

lead with 20.2 bushels per acre. This, however, is closely followed

by the Japanese variety, which produced a vield of 19.7 bushels per acre.

The Common Grey, under similar conditions, gave only 16.6 bushels

per acre. The last two or three years have been very unfavorable for

the Japanese variety. According to the experiments conducted both at

the College and throughout Ontario, the Japanese buckwheat appears

to give the best results in seasons which are comparatively warm and

dry ; and the Silver Hull variety in cool, damp seasons such as we have

had in 1902, 1903, and 1904. The results for the last year are quite

different from the average of the last eight years, the following being

the yield per acre of each variety: Japanese, 11.7 bushels; Silver

Hull, 37.5 bushels; and Common Grey, 20.3 bushels per acre. There-

fore, in the past season, the Silver Hull variety has yielded more than

three times as much as the Japanese buckwheat. The Silver Hull

variety possesses very plump grain, which is thin in the hull and weighs

well per measured bushel.

Field Peas.

The common field pea is a leguminous plant and a native of Italy.

It has been in cultivation many hundred years, and is chiefly grown for

its grain. It is also used in mixing with oats for the production of

green fodder or hay. For soiling purposes, it produces a large yield of

very nutritious food, but when fed alone is not generally relished by

farm stock. The seed is exceptionally rich and is of great value for

using with other grain in fattening cattle and hogs. The stravv is used

extensively as a food for sheep, and is sometimes mixed with other

coarse fodder for feeding to dairy cows. Field peas are sometimes

used as a green manure with very excellent satisfaction.

Owing to the ravages of the pea weevil {Briichus pisorum), fre-

quently called the pea bug, the acreage of peas has been greatly re-

duced in Ontario during the past six or seven years. In many sections

of the southwestern part of the Province, the farmers have given up

the growing of peas entirely for a time, owing to the great damage

caused by the pea weevil. As the acreage has been reduced to such

a large extent, we would very strongly advise any persons who grow

peas In the southwestern part of Ontario in 1905 to cut the peas a

little on the green side, then cure and thresh them as soon as possible,
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and immediately treat them with carbon bisulphide. Within a period

of seven years, about thirty different treatments of peas were made in

the Experimental Department for the destruction of the pea weevil.

In handling the crop, care was taken throughout to pull the peas at

the proper time, to haul them to the barn when dry, and to thresh them

as soon as possible. Immediately after threshing, the peas were put

into cotton or jute bags. As soon as thirty bushels of peas were

threshed, they were placed in a fumigation box for treatment. One
pound of carbon bisulphide was poured into three flat pans, which were

placed on the top of the peas ; the cover was then put on the box and

weighted with heavy stones. After forty-eight hours the cover was
removed and the box ventilated. The pans had become dry, as the

liquid had changed into a gas, which, being much heavier than air, had

sunk down amongst the peas penetrating them and killing the weevils.

The quantity of carbon bisulphide used by us was larger than that

usually recommended, as a pound or a pound and a half is generally

considered sufficient for one hundred bushels of peas, but we wished

to be on the safe side. In practically all cases the weevils were des-

troyed at the first treatment, no matter whether they were in the larva

form, in the pupa stage, or had become fully developed. The treat-

ment can be made in any comparatively air-tight receptacle, whether

a barrel, box, or specially made fumigation house.

Carbon bisulphide is a colorless or slightly yellowish liquid, one-

fourth heavier than water. It is extremely volatile, i. e., it evaporates

very rapidly when exposed to the air, and when pure will not injure

or stain the finest goods' The commercial liquid has an acrid taste,,

and an odor like that of rotten eggs. The vapor is more than two
and a half times as heavy as air. Carbon bisulphide may be purchased
in small quantities from any druggist at about 30 cents per pound, or

40 cents per pint. For large quantities, better rates can be given by
the druggist. The gas, or vapor, which comes from carbon bisulphide

is not only combustible, but it is very explosive when mixed with air.

Great care should therefore be taken to treat the peas in the daytime
only, for a light or a flame of any kind brought near the liquid may
cause a serious explosion ; and smoking near it should be positively

prohibited. Moreover, the vapor should not be inhaled, as it is very

injurious, even a small portion causing headache, giddiness, and nau-

sea. The treatment with carbon bisulphide should be made in boxes,

barrels, or "bug houses," located some distance from the insured build-

ings on the farm.

With the strict observance of the preceding precautions, no one

should hesitate to use the carbon bisulphide. As a matter of fact, we
have never heard of any bad results following its use in the treatment

of peas. This happy condition of things may be explained when we
say that all who used the liquid were wise enough to be cautious. There

is, moreover, no danger that the vapor will injure the peas or render

them unsafe as a food. Experiments have shown that the liquid can
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even be poured upon articles of food, and, after thorough exposure to

the air, not a trace of it will remain.

There is as yet but little trouble from the pea weevil in the extreme
eastern and northern portions of the Province, where peas can still

be grown to good advantage. Although we have not made compara-
tive tests of different varieties of peas in our experimental grounds
during the past two years, a reference might here be made to the re-

sults of former experiments. Fully one hundred varieties of field peas

have been grown in our experimental plots within the past fifteen years.

For a very rich soil, the White Wonder gave the greatest yield of

rgain per acre; for a soil of medium quality, the Early Britain gave
a very high yield, and the New Canadian Beauty gave a moderately
high yield of seed of excellent quality ; and for poorer soils, the Prus-
sian Blue and the Tall White Marrowfat, which are both very long
strawed varieties, gave excellent results.

Although we have mentioned previously that no comparative ex-

periments of different varieties of field peas have been conducted dur-

ing the past two years, the Early Britain variety was grown and ripened

in 1904, and was carefully examined in order to ascertain the ravages
of the pea weevil. As determinations regarding the percentage of

weevilly peas of this variety have been made since 1894, the percentage

of crop infested with the weevils each year gives us some information
regarding the ravages of this pest in this section of the Province. The
following gives the percentage of weevilly peas of the Early Britain

variety for each of the eight years : 1894, 2 ; 1895, 7; 1896, 11 ; 1897,

34; 1898, 49; 1900, 75; 1901, 96; and 1904, 61 per cent. It will there-

fore be seen that the damage caused by the pea weevil in 1904 was only

about two-thirds as great as it was three years ago. As the farmers
in the vicinity of Guelph have stopped growing peas to a considerable
extent within the past two years, the ravages of the pea weevil seem
to be somewhat reduced.

Field Beans.

Field beans are not grown very extensively throughout Ontario,
except in the southwestern part, and especially in the counties of Es-
sex and Kent. Fourteen varieties of beans were under experiment in

our trial grounds at the College in 1904. The yields were compara-
tively low this season, probably due to the cold, wet weather in this

part of the Province. The seven highest yielding varieties in the past
season were: New Prize Winner, 17.4 bushels; Schofield Pea, 16.6

bushels; White Wonder, 15.3 bushels; Small White Field, 15.3 bush-
els; Burlingame Medium, 14.8 bushels; the Pearce's Improved Tree.

14.8 bushels per acre. In the average results for eight years
of thirteen varieties of beans, which have been grown for that

length of time, we find that those varieties which gave the

greatest yields per acre were the White Wonder, 21.8 bushels;

Pearce's Improved Tree, 21.3 bushels; Burlingame Medium, 20.8
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bushels; Medium or Navy, 20.7 bushels; and Schofield Pea, 20.5

bushels per acre. In average weight per measured bushel for eight

years, there was a variation from 57 pounds for the Large White Hari-

cots to 65.7 pounds for the Snowflake variety. Twelve out of the thir-

teen varieties, however, gave upwards of 62 pounds per measured

bushel in the average of eight years' experiments.

Soy, Soja, or Japanese Beans.

Many of the varieties of Soy beans require too long a season to.

give satisfactory results in Ontario. As the result of experiments con- ,

ducted for a series of years, however, we have found the Early Yellow

variety to give good satisfaction as a grain producer^ and the Medium
Green variety as a fodder crop. We believe that as the Medium Green

variety becomes better known, it will be grown for the purpose of cut-

ting green and mixing with corn when filling the soil. We also believe

that the Early Yellow variety can be grown quite successfully for grain

production on many farms of Ontario. The grain is exceedingly rich,

containing more protein than any of the ordinary farm crops grown in

Ontario. A small quantity of the Soy beans, ground and mixed with

other meal, will increase the quality of the meal considerably. Owing

of the unfavorable weather conditions for the Soy beans in 1904, the

crop was not as satisfactory as usual. We generally get about 1,200

pounds of grain per acre, but the best yielding variety of Soy beans in

1904 produced only 880 pounds of the ripened seed per acre.

Horse Beans.

The Horse bean is a coarse, rank-growing annual legume which

is used quite extensively in Europe as a forage plant. There are

several named varieties of horse beans, a number of which have been

grown at the College. They have been under test in the Experimental

Department for practically each season during the past fifteen years.

In most seasons, they give very poor results. The yield of ripe seed

in 1904 was only 200 pounds per acre. On the whole, the Horse beans

seem to be unsuited for general cultivation throughout Ontario.

Grass Peas.

The Grass pea is a leguminous plant, which produces long, flat

vines ; slender leaves ; white blossoms ; medium-sized pods ; and hard,

angular, white, or greenish white, grains. It is entirely proof against

the attacks of the pea weevil. In many respects, it resembles the Bitter

Vetch {Lathyrus sativiis) of Europe, which, however, has blue flowers

and brown seeds. It also appears to be free from the poisonous prin-

ciple which the Bitter Vetch is said to possess. This is borne out by

the extensive and satisfactory use of the Grass peas as a food for farm

stock.

In the average results of tests made for a period of seven years,

it was found that the annual yield of grain was 25.7 bushels, and the

yield of straw 2.2 tons per acre. During the last two or three years,
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however, the seasons have been very unfavorable for the growth of the

Grass peas, as they have for practically all kinds of leguminous crops.

The yield per acre of Grass peas at the College in 1904 was only 992
lbs., or about 16 1-2 bushels per acre.

Cow Peas.

The Cow peas, which thrive so admirably in the southern States,

require a comparatively long season from the time they are sown until

they reach maturity. We have tested a large number of varieties,

no less than ten being under experiment in 1904. We have as yet

been unable to secure any varieties of Cow peas which have given satis-

factory results at the College.

Hairy Vetches for Seed.

For four years in succession, Hairy vetches have been sown in the

autumn and ripened in the following year, with the result that an

average of 8.6 bushels of seed per acre has been obtained. The vet-

ches sown in the autumn seem more productive of seed than those

sown in the spring of the year In past years, the Hairy vetch seed

has been principally imported from Germany, and has usually cost about

$5.00 per bushel. The Hairy vetches produce a crop which seems
specially useful as a pasture for farm stock, especially hogs ; a cover

crop in orchards ; or a green manure for plowing under to enrich the

soil.

Alfala for Seed Production.

For three years in succession, efforts have been made to produce

Lucerne or Alfalfa seed in the experimental plots at the College. Ow-
ing, probably, to the unfavorable weather conditions, the yield of seed

has been rather light in each of the three years.

Corn for Grain.

Owing to the cool, wet weather of the past season, corn for grain

production gave a very poor crop. At the usual time of corn planting,

the weather was cool and the land too wet to plant corn. Consequently,

the seed was not planted until the early part of June. The growth
throughout the season was rather slower than usual, and the first nip-

ping frost occurred comparatively early this season, thus preventing

the maturity of those varieties which usually ripen quite well at Guelph.

The names of some of those varieties which gave the best satisfaction

in 1904 are as follows, commencing with the best corn : King Phillip,

Wisconsin Little Dent, Genessee Valley, Red Blazed, Extra Early

Huron Dent, Farmers' Friend, Farmers' Surprise, University No. 13,

Longfellow, Early Strawberry, Compton's Early, Golden Leneway
Dent, Salzer's North Dakota, Tuscarora, and King of the Earlies. For
the four years previous to 1904, the average yields per acre for the

highest yielding varieties of corn for grain production were as follows :

King Phillip, 58 bus. ; Farmers' Friend, 54 bus. ; Longfellow, 54 bus.

;
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Genessee Valley, 53 bus. ; Canada Yellow, 48 bus. ; Red Blazed, 47
bus. ; Burlington Hybrid, 45 bus. ; Salzer's North Dakota, 43 bus.

;

and Compton's Early, 42 bushels per acre. The King Phillip variety,

which came at the top of the list in 1904, and also in the average of

the four years previous, is a reddish flint variety which we have sent

out in connection with the co-operative experiments over Ontario for

the last two or three years. It has given very good satisfaction

throughout the Province, giving the largest yield of grain per acre over

Ontario in 1904.

Sorghum for Seed.

Several varieties of sorghum, including different kinds of sugar

cane, kaflfir corn, broom corn, millo maize, etc., have been grown in

the experimental grounds from year to year. Owing to the cool,

backward season, however, none of the varieties ripened seed satis-

factorily in 1904.

Millet for Seed.

In the average results for five years, in testing fifteen varieties of

millet for seed production, it is found that the Siberian Millet (47.5

bus.) Hungarian Grass (45.2 bus), and the California Millet (42. ibus.),

have been the heaviest yielders. These, however, have been quite

closely followed by the German or Golden (38.8 bus.) and Early Harv-

est (38.7 bushels per acre). In comparison with these, it might be

mentioned that the lowest yields were obtained from the White French,.

14 bus. ; Golden Wonder, 18.5 bus, ; and the Red French, 19.3 bushels

per acre. In the results of testing twenty-one varieties in 1904, we

find the greatest yields produced by the Siberian Millet, Steel Trust

Millet, Hungarian Grass, California Millet, German or Golden Millet,

Early Harvest Millet, and Tamboy Millet.

Sunflower Seed.

Seven varieties of sunflowers have been grown in the experimental

grounds. Three of these varieties have now been grown for six years in

succession. Allowing 20 pounds for the measured bushel, the average

results for the six years are as follows: White Beauty, 68.7 bus.;

Mammoth Russian, 65.5 bus. ; and Black Beauty, 57.8 bushels per acre.

It will thus be seen that all the varieties have produced heavy yields

of seed per acre, and of the three leading varieties the White Beauty

has given excellent satisfaction, producing an average yield of 1,374

pounds of seed per acre per annum.

Flax Seed.

Four varieties of flax have been grown in the Experimental De-

partment. The common variety has now been under experiment for

nine years, the average yield per acre for the whole period being 13.5

bushels of grain. The yield of flax at the College has been very low

in some seasons, and this has brought the average down to the figures
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here given. In 1904 the common flax g-ave a yield of a Uttle over 21
bushels of seed per acre.

Sowing Spring Grain on Six Different Dates.

Not only is it important that we give proper attention to the vari-

ties of seed which we sow and to the careful selection of the seed, but
it is also of very great importance to have the seed sown at exactly
the right time in the spring of the year. In order to obtain some re-

liable and specific information regarding the actual results of sowing
grains at different times in the spring of the year, an experiment has
been conducted at the College in each of five years by sowing spring

wheat, barley, oats,, and peas, on each of six different dates in the

spring. The experiment was conducted in duplicate each season. The
first seeding took place when the land was warm enough and dry

enough to work to good advantage. One week was allowed between
each two seedings, unless unfavorable weather compelled a change of

a day or two in the date of seeding. The average date of the first

seeding was April i8th, and of the last seeding May 23rd. The aver-

age results of this experiment are reported in the accompanying table

and are illustrated in the accompanying diagram. The average re-

sults for the five years in per cent, of rust, in weight of grain per

measured bushel and in yield of straw and of grain per acre for each

of the four classes of grain and for each of the six different dates of

seeding of each kind of grain will be found in the table here given :

Class of crop.
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The results here presented show that the greatest average yield

of grain per acre was produced by the spring wheat and by the barley

from the first, and by the oats and the peas from the second date of

seeding. This also holds good in regard to the straw per acre, with

the single exception that in the case of peas the seed sown on the third

date produced a little higher yield than that sown on the second date.

In weight of grain per measured bushel, the first two dates of seeding

are decidedly the best with spring wheat, barley, and oats, but in che

case of peas the highest weights of grain per measured bushel were

obtained from the third and fourth seedings. It will be observed that

as the date of seeding was delayed the percentage of rust in the result-

ing crop was gradually increased, with only one slight exception. The
results indicate the importance of sowing spring wheat, barley, oats,

and peas in the order ^ere given, start'ng with the spring wheat and

finishing with the peas.

An exceedingly important lesson may be learned from the results

of this experiment, which show that for every day's delay in the seeding

after the first week was passed in which the seeding took place, there

was an average decrease of 56 lbs. of oats, 53 lbs, of barley, 29 lbs, of

spring wheat, and 23 lbs. of peas per acre.

Growing Grains in Mixtures for the Production of Grain and

Straw.

Within the past fifteen years, a large amount of experimental

work has been carried on in order to glean some reliable information

regarding the comparative values of growing grains in combination

in comparison with the growing of the same grains separately for the

production of grain and straw. Some of the experiments have been

completed, while others will need to be repeated in future seasons be-

fore the final conclusions can be drawn. The results of the experi-

ments already conducted are very interesting and quite suggestive.

Four Kinds of Spring Grain Grown Separately and in Various

Combinations. For five years in succession, an experiment was con-

ducted in growing peas, oats, barley, and wheat, separately, and in all

the combinations which could be formed, having two, three, or four

grains in each mixture. This formed an experiment of fifteen differ-

ent crops, which were grown in comparison one with the other. The

experiment was conducted in duplicate each year. The results go to

show that the grain which was grown in mixtures produced larger

yields per acre than the same kinds of grain grown separately in near-

ly the whole of the tests. Of the different mixtures used, the oats and

barley gave the heaviest average yield of threshed grain per acre.

Oats and Barley Mixed and Sown in Different Proportions.

It was decided in the spring of 1899 to conduct an experiment in sowing

nine different proportions of oats and barley in order to determine

which mixture and which quantity of seed would give the best results
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in the production of grain and straw. The experiment has therefore

been conducted for six years in succession. The following table

gives the quantities of oats and barley sown together, and the average
yield of grain per acre in the average of six years' experiments :

Oats.
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follows : Mandscheuri barley, Black Hulless barley, Springs rye,

Earlv Alaska oats, field peas, Joanette Black oats, White Hulless bar-

ley, Emmer, Grass peas, Wild Goose spring- wheat, vetches, and

flax. The mixtures were made up in two different ways—first, by using

the same amount of seed of each variety which is usually sown when

the grains are grown separately, and second, by using equal quantities

of seed of all the varieties. Each of the mixtures here described was

sown at the rate of 56, 84, 112, 140, and 168 pounds of seed per acre.

Each part of the experiment was conducted in duplicate. It will there-

fore be seen that there were four tests made with these different mix-

tures in each of the four years, and that sixty plots have been used for

the test durine the years 1902, 1903, and 1904. The average results

for the thrpf^ years show that 112 pounds of the mixture of seed per

acre produced a greater yield of grain than either of the two lighter

or the two heavier seedings.

The crop produced by the mixture of twelve kinds of grain and

sown at the rate of 112 pounds per acre was carefully analysed in order

to ascertain the percentage of yield of each of the separate crops. Those

varieties which had the largest average percentage of seed in the crops

produced were as follows : Mandscheuri barley, Black Hulless barley,

Spring rye, Joanette Black oats, and Early Alaska oats. These five

varieties furnished about two-thirds of the entire crop ; while the other

third was produced by the White Hulless barley, field peas. Grass peas,

Emmer, Wild Goose spring wheat, Common Spring vetches, and flax.

The Mandscheuri barley had the largest and the flax the smallest per-

centage in the crop produced from the mixture of the twelve varieties.

This experiment goes to confirm other experiments, and to show that it

is very difficult to make a mixture which will produce a heavier yield

of grain per acre than one mgde of barley and oats.

Varieties of Oats and Barley for Growing in Combination.

If oatq -nr^ barley are grown in combination, it is, of course, important

to secure those varieties which will mature at about the same time.

In order to do this, it is necessary to use a very early variety of oats

with an ordinary ripening barley, or a very late variety of barley to

use with an oat which matures at an average date. Of all the varieties

which we have used in combination, we have found that the Early

Daubeney oats and the Mandscheuri barley make a very excellent com-

bination. Another mixture which has given good satisfaction is the

Siberian or Banner oats and the Chevalier two-rowed barley. It is,

however, difficult to secure true seed of the Chevalier barley in Ontario

at the present time. Taking everything into consideration, the first

mixture here mentioned is one of the most satisfactory to use at the

present time.

Mangels.

The number of acres used for the mangel crop in Ontario has been

greatly increased within the past tw^elve years. According to the

3 Bull- 140
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report of the Bureau of Industries, we learn that from 1882 to 1902
an annual average area of 31,993 acres was used for the growings of

mangels. In 1893 there were only 21,519, in 189,1. 27,670, and in

1895, 34,383 acres. From that time forward there has been a gradual
increase in the acreage of mangels up to 1903, when no less than

^0,918 acres were used for this important crop in Ontario. In 1904,
however, the acreage dropped to 71,344 acres, owing, no doubt, to the

unfavorable weather at that time in the spring when the farmers were
ready to sow their mangel crop. The averap-e yield of mangels per

acre for Ontario for the past twenty-three years has been 459 bushels,

or about 13.8 tons.

Varieties. Twenty-three varieties of mangels have been care-

fully tested in our experimental grounds for five years in succession.

The seeding has usually taken place near the first of Mav. There have
been three rows of each variety, each row being four rods in length.

Three and a third links (26 2-5 inches) were allowed between the rows,

and ten inches between the mangels in the rows. The same distance

was allowed between *'->*=> different varieties as between the rows of

the same variety. Level cultivation was practised throu"-hout. The
average results for the five years in yield of tops and in vield of roots

per acre as follows :

Varieties.

1. Yellow Leviathan
2. Mammoth Golden Giant
3. Sutton's Mammoth Long Red
4. Oblong Giant Yellow or Giant Yellow

Inter
5. Steele, Briggs Giant Yellow Inter
6. Carter's Mammoth Prize Long Red ....

7. ETans' Improved Mammoth Sawlog..
8. Norbitan Giant
9. Simmers' Improved Mammoth Long

Red
10. Steele's Long Red Selected
11. Cornish Giant Yellow Globe
12. English Prijse

13. Giant Yellow Half Long
14. Long White
15. Buckbee's Mastadon
16. Ronnie's Perfection Mammoth Long

Red
17. Carter's Windsor Prize Taker Yellow

Globe
18. Daniels' Improved Gate Post
19. Carter's Elephant Yellow Globe
20. Taber's Gate Post Yellow Inter
21. Rivershall Giant Yellow Globe
22. Red Globe
25. Mammotli Red Intermediate

Average results for fiie years.

Yield of tops per acre.
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excellent satisfaction. In connection with the co-operative experimental
work throughout Ontario in 1904, the Yellow Leviathan also gave the
greatest yield of roots per acre, and, of the three varieties distributed,

it was the most popular among the experimenters. The seed of this

variety was obtained from D. M. Ferry, Windsor, Ontario. Within
ti e past fifteen years, we have grown upwards of twenty-five different

strains of the long red mangel, all of which have been surpassed by
Yellow Leviathan intermediate variety.

In 1904, thirty-two varieties of mangels were under test. Among
the newer kinds, the following produced the greatest yield per acre :

Griewener, 29.9 tons; Giant Eckendorf, 28.1 tons; and Rennie's Gold-
en Giant, 24.6 tons.

Soaking Seed Before Planting. For three years, an experiment
has been conducted in which mangel seed has been soaked twelve,

twenty-four, and thirty -^^ix hours before sowing in comparison with

mangel seed which was sown without being soaked. The average re-

sults of the three years' tests show that the mangel seed which was
soaked twelve hours gave the highest yield of roots per acre, the aver-

age being 22.9 tons, as compared with 20.1 tons produced from the

unsoaked seed. It is quite probable that the condition of the land at

the time of sowing has much to do with the comparative results from
soaked and unsoaked seed.

Sugar Beets.

The total area devoted to the growing of sugar beets in Ontario

is still quite limited. A considerable amount of interest, however,

has been taken in this crop during the past few years, both for feed-

ing purposes and for the manufacture of sugar. Usually those var-

ieties which give a large yield per acre, are easily harvested, and contain

an average of about ten per cent, of sugar, are the ones used for feeding

purposes ; and those varieties which grow mostly underground and

furnish about 15 per cent, of sugar are the ones sown for sugar pro-

duction.

Varieties. In our experimental work, we have made a compara-

tive test of thirty-two varieties of sugar beets within the past five years.

These include some of the leading varieties as grown for feeding pur-

poses, and also some of the leading kinds which have been specially

bred in Germany for many years for the produf^tion of sur>-qr. In igoo

and in 1901, the sugar beet seed was planted in rows 26 inches apart,

and the plants were thinned to a distance of 7.9 inches apart in the

rows. In 1902, 1903, and again in 1904, however, all the varieties

were planted in rows 21 inches apart, and a distance of seven inches

was left between the plants. The thinning took place when the plants

were quite small. Level cultivation was practised throughout. The
following table gives the average yield per acre of duplicate

experiments conducted with nineteen varieties in 1900, twenty-one
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varieties in 1901, thirty varieties in 1902, and thirty-two varieties in

1903 and again in 1904, as well as the average for the number of years

that each variety was grown.

Varieties.

1. Giant White Feeding
2. Royal Giant
3. New Danish Improved
4. Red Top
5. Giant Rose Feeding
6. Red Skinned
7. White French
8. Green Top White
9. White Silesian

10. Lane's Improved
11. Carter's Nursery .. ,

12. Queen of the Danes
13. Jersey
14. Champion ,

15. Klein wanzlebener -.

16. Pitzscheke's Elite
17. Imperial Grey Top
18. French Yellow
19. Improved Imperial
20. Mangel Sugar Beet
21. Vilmorin's French Sugar ..

22. Ideal
23. Tankard Cream
24. Rennie's Giant Sugar
25. Rubensamen (Rimpau) ...

26. Kleinwanzlebener (Mette)
27. Jaensch's Victrix
28. Dieckman No. 3

29. Dieckman No. 1 ,

30. Dieckman No, 2

31. Hybrid Sugar Beet Mangel
32. Imperial Giant Half Sugar

Yield of roots per acre.

1900.
Tons.

14.05
14.95
19.10
24.25
14.50
21.55
17.35
18.35
21.45
20.45
13.35
11.65
13.76
19.25
14.38
14.85
11.85
13.15
14.00

1901.
Tons.

17.22
19.29
18.60
19.63
17.67
20.60
14.39
18.91
18.15
16.28
14.93
12.63
14.63
17.18
16.81
14.61
15.87
15.14
14.22
13.01
13.22

1902.
Tons.

25.38
29.63
27.88
26.81
25.38
22.38
29.06
26.56
25.94
22.75
29.38
20.00
20.69
22.38
23.06
20.63
21.81
23.19
21.32
20.50
19.44
30.13
28.56
33.00
21.06
21.50
21.44
20.44
19.63
19.13

1903.
Tons.

31.53
26.55
27.44
20.83
31.11
22.36
26.08
20.47
21.23
22'. 08
27.02
29.27
23.06
21.00
20.97
30.70
22.39
19.48
19. 8S
21.27
21.45
31.69
28.75
26.50
19.67
22.44
21.23
19.86
19.33
18. .52

•25.23

•25.02

1904.
Tons.

38 44
33.14
29.08
30.38
32.84
28.39
26.63
25.73
•22.28

•24.30

20.78
25.91
30.31
20. •iS

'24.89

21.20
19. .59

19. '25

16.66
19.08
16.38
32.16
34.31
29.14
21.02
17.22
17.83
19.52
19.94
18.58
24.22
•2l!06

Average
Tons.

25.32
24.71
24.42
24.38
24.30
23.08
22.70
22.00
21.81
21.17
21.09
21.09
20.48
20.02
20.02
18.40
18. 30
18. 04
17.20
18.47
17.62
31.32
30.54
29.55
20.58
20.39
20.17
19.94
19.63
18.74
24.73
23. 04

In the average results for five years, the Giant White Feeding

variety now occupies the highest place in yield of sugar beets per acre.

The yield of this variety in 1904 was very large, being 38.4 tons per

acre. The Royal Giant variety, which stood third in average yield of

roots per acre in the average results for the last year, now occupies

second place. The Kleinwanzlebener variety, which is so extensively

used in the United States and Canada for sugar production, has given

an average of 20 tons per acre for five years. This is considerably

larger than is usually obtained in general practice, 15 tons being con-

sidered a satisfactory crop in general field cultivation. Among the

newer varieties, the Ideal stands very high, giving an average of 31.3

tons per acre for three years. This is a special variety which has been

bred up by Mr. A. Kirsche, of Germany, for stock feeding purposes.

Several of the varieties near the end of the list, which have been grown

for three years, were obtained from different sugar beet breeders in

Germany who have made a specialty of selecting beets for years in

order to obtain a high percentage of sugar. For the results of the
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chemical analyses of these beets, the reader is referred to the report of

the Chemical Department, written by Prof, Harcourt, in the Report
portion of this bulletin.

Some of the varieties of sug-ar beets have been grown at the Col-
lege in uniform tests for eleven years in succession, the average results

of the tests for the eleven years give us the following yields per acre
for the different varieties: Red Top, 20.7 tons; Lane's Improved, 20
tons; White Silesian, 19.7 tons; White French, 19. i tons; Champion,
18.9 tons; Red Skinned, 18 tons; Kleinwanzlebener, 17.5 tons; and
Improved Imperial, 15 tons. In the average results for nine years,

three other varieties have given the following average yields per acre

:

New Danish Improved, 22.6 tons; Jersey, 20.3 tons; and French Yel-

low, 18. 1 tons.

Planting Sugar Beets at Different Distances Between the
Drills. For three years in succession, an interesting experiment
has been conducted in planting sugar beets at different distances
in the rows. A comparison of nine different distances between the

rows was made. Seven rows were sown at each distance apart. At
the time of harvest, however, the two outside rows of each plot were
discarded, and only the five inner rows were used in determining the

comparative yields. The plants were thinned when very young, and
were allowed to remain seven inches apart in the rows. Flat cultiva-

tion was used throughout. The experiment was conducted in dupli-

cate, the Kleinwanzlebener variety being used in each of the tests. The
average results of three years' tests in average weight per root, yield

of tops per acre, and yield of roots per acre, are here presented :

No. Distances.

1 R(
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The average results of the six tests conducted within the past three

years, however, have given us about 2 1-2 tons per acre more from

the sug-ar beets grown in rows 18 inches apart as compared with those

grown in rows 28 inches apart. Samples from the various parts of

this experiment were taken to the chemical laboratory and were an-

alyzed by Prof. Harcourt, in order to ascertain the percentage of sugar

from beets grown in rows at different distances apart. For the results

of these analyses, the reader is referred to the report of the Chemical

department, to be found in the Report of the College for 1904.

Thinning Sugar Beets at Different Distances in the
Drills. For two years in succession, an experiment has been con-

ducted with sugar beets by thinning the plants to two, four, six, eight,

and ten inches apart in the rows. Each plot consisted of six rows,

fifty links (2 rods) in length, and eighteen inches apart. The experi-

ment was conducted in duplicate in each of the two years, the Klein-

wanzlebener variety being used throughout. The average results of

the four tests made in the two years are as follows :

Distance
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of the four tests conducted in the two years was obtained frorn the

thinning- which took place when the plants were two inches in height^

the yield being fully one ton per acre more than for any of the other

thinning's. >

Soaking Sugar Beet Seed Before Planting. An experiment has

been conducted for two years in succession by soaking sugar beet

seed for twelve, twenty-four and thirty-six hours, and then sowing

this seed as well as unsoaked seed in order to ascertain

the comparative results of the different treatments. The ex-

periment was conducted in duplicate each year. In each of

the two years, the unsoaked seed gave the lowest yield of roots per

acre. The results show us the greatest yield of roots per acre was

obtained from the seed which was soaked for twelve hours in 1903, and

from that which was soaked for twenty-four hours in 1904.

Field Carrots.

In 1904, twenty-five varieties, and for each of the past five years,

twenty varieties of field carrots have been grown in our experimental

grounds. The carrot seed was sown on the level with a root drill in

rows three and one-third links (26 2-5 inches) apart, and, when the

plants were still quite small, they were thinned to an average distance

of four inches apart in the rows. Three rows, each four rods in length,

were used for each variety, thus making the plots exactly one one-

hundredth of an acre in size. The average results for five years in

weight per root, yield of tops per acre, and yield of roots per acre, are

as follows :

Average results for five years.

Varieties.

1. Mastadon White Intermediate
2. Mammoth Intermediate Smooth White .

3. Steele's Improved Short White
4. Iverson's Champion White Intermediate
5. Sutton's Matchless White
6. Carter's Hundred Ton
7. Simmer's Short White Vosges
8. Large White Belgian
9. Long Yellow Stump Rooted

10. Large White Vosges
11. Pearce's Improved Half Long White
12. Daniel's Giant Yellow Intermediate
13. Sutton's Yellow Intermediate
14. Carter's Gate Post Orange Long
15. Rubicon Half Long Red
16

.

Victoria Long Red
1 7

.

Guerande
18. Chantenay Short Red
19. Danver's Orange
20. Half Long Stump Rooted

Yield of roots
per acre.

Tons.
31.16
31.10
30.08
29.98
29.44
29.17
28.03
27.75
26. 57
26.50
25.90
25. 05

25. 02

24.95
24.83
24.04
23.55
23.48
21.73
18.65

There are several varieties of intermediate white carrots, which

are represented by different names and are obtained from different

sources, which are quite similar in character of growth and in appear-
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ance, and which present results having- variations that are not extreme.

For instance, we observe from the table here presented that the Mas-

tadon White Intermediate, the Mammoth Intermediate Smooth White,

the Steele's Improved Short White, the Iverson's Champion White

Intermediate, the Sutton's Matchless White, and the Carter's Hundred

Ton, which are all intermediate white varieties, have a variation of

about two tons per acre in the average results for five years. In com-

parison with this, however, we notice that the Half Lor- Stump
Rooted gave a yield of only 18.7 tons of roots per acre.

Of the newer varieties, not included in the table here presented, the

White Griewener, the American Beauty, the Carter's Orange Giant,

and the Sutton's Magnum Bonum are among the most promising varie-

ties.

Swede Turnips.

Although the acreage sown to Swede turnips in Ontario at the

present time is not much greater than the average for the past twenty-

three years, we notice that there is yet nearlv one-half as much rr.ore

land devoted to the growing- of this crop than to the cultivation of

mangels and carrots combined. According- to the report of the Bureau

of Industries for Ontario, the average yield of turnips per acre for the

past twenty-three years is 434 bushels, or about 13 tons per acte. The

average yield of turnips throughout Ontario is 25 bushels, or three-

quarters of a ton per acre less than that of mangels.

Varieties. Upwards of eighty varieties of Swede turnips have

been under experiment at the College within the past fifteen years.

Those varieties which produced the poorest results have been dropped

from the list from time to time and only the leading varieties continued

in the experiments. The following- gives the names of leading varie-

ties, with their average yield of roots per acre for the past five years :

Sutton's Magnum Bonum, 23 tons; Buckbee's Giant, 21.9 tons; Kan-

garoo, 21.5 tons; Hall's Westbury, 20.9 tons; and Hartley's Bronze

Top, 20.7 tons. In the co-operative experiments throughout Ontario,

the Sutton's Magnum Bonum has given the highest yield of root$ per

acre in each of the years 1902, 1903, and 1904.

Selection of Seed. For five years in succession, experiments

have been conducted with the object of securing information regarding

the comparative value of different selections of turnip seed. Each year

some of the best commercial seed of a leading variety of Swede tur-

nips was purchased for this experiment. With the aid of sieves,, the

seed was carefully g-raded into large, medium, and small. The seed of

each selection was then carefully hand-picked in order that nothing but

apparently sound and perfect seed was used. The experiment was
conducted in duplicate each year. The average results for the five

years show the following yields of roots per acre: Large seed, 17.

i

tons; medium-sized seed, 15.2 tons; and small seed, 8.7 tons.
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Fall Turnips.

Althoug-h fall turnips, soft turnips, or, as they are sometimes

called, yellow and white flesh turnips, yield heavily per acre, they are

not g-rown very extensively throughout Ontario, owing, no doubt, to

the fact that they do not keep very late into the winter, but are more

specially suited for feeding in the autumn of the year.

Varieties. Sixteen varieties were under test in 1904, and the re-

sults show that the highest yields per acre were produced by the Red

Top White Globe, 44 tons ; White Egg, 38 tons ;
Early American Red

Top, 37 tons; Sutton's Imperial Green Globe, 37 tons; Sutton's Pur-

ple Top Mammoth, -- tons; Carter's Commonwealth, 35 tons; and

Carter's Purple King, 35 tons.

In some seasons, this class of turnips is considerably damaged

by what is commonly called the "turnip rot." This disease attacks

the turnips during the growing season, and sometimes causes the root

to become either partially or wholly decayed before they have been

harvested. We have counted the number of sound roots, and also the

number of decayed roots of each of the varieties grown in our experi-

mental grounds for several years in succession. The crops grown in

1899, 1900, 1902, and 1903 were almost free from rot; while those

grown in 1S97 had 51 per cent; in 1898, 30 per cent; in 1901, 15 per

cent ; and in 1904, 2 per cent of rot. We submit herewith a table giv-

ing the names of the varieties and the percentage of the crop which was

diseased in each of the years 1897, 1898, and 1901, with the average

percentage of diseased roots for the three years.

Varieties.

1. Cow Horn
2. Early American Purple Top . .

.

3 Yellow Stone
4. White Egg
5. Jersey Navet
6. Red Top Strap Leaf
7. Yellow Montgomery
8. Jersey Lily •.

9. Piirple Top Mammoth
10. Milk Globe ,

11. Greystone Improved
12. White Lily
13. Green barrel
14. White Six-weeks
15 Red Top White Globe
16. White Stone
17. Sutton's Imperial Green Globe .

18. Early White Model
19. Large White Norfolk
20. Early La Crosse
21. Purple Top Hybrid
22. Red Globe Norfolk .

23. Jarman's Selected Green Globe

Per cent, of crop diseased.

1S97 1898. 1901.
Average
3 vears.

2

8
S
16
2S

29
1 I

1-t

27
23

2f>

-ifi

.oO

37
32

19
62
o-j

35
42
84
59
81
47
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From these results, we learn that the Early American Purple Top
and the White Ep-"- -"""-ieties are not only among- the freest from rot,

but they are also heavy yielding- varieties. The Jersey Navet turnip,

vhich formerly g^ave very g-ood yields, has given unsatisfactory returns

during the past few seasons ; so much so that we have dropped it from
our lists entirely in our experiments with fall turnips in 1904.

Selection of Seed. Large, medium, and small sized turnip s^ed

has been sown on separate plots in each of four years. The experiment

was conducted in duplicate each year, so that we now have average
results of eight separate tests. The seed used on the different plots

was of the same variety and of practically the same quality, except in

size. The average yields produced from the different selections for the

four years are as follows : Large seed, 25.4 tons; medium-sized seed,

21.7 tons; and small seed, 16.2 tons per acre.

Parsnips.

Parsnips have not been grown very generally as a farm crop in

Ontario. Enquiries have been received occasionally, however, asking

about the yields of parsnips as compared with other classes of roots for

cultivation as a stock food. Four varieties have now been grown for

five vears, the averap-e yield of roots per acre being as follows: Buck-
bee's N*"---" Sugar, 11.:; tons; New Ideal Hollow Crown, 11 tons; Im-
proved Half Long, 10.3 tons; and Improved Long Smooth, lo.i tons.

The Sutton's Cattle variety, which has been grown for four years in

succession has given an average of 10.2 tons of roots per acre. It will

be observed that the parsnips have yielded considerably less per acre

than the leading varieties of mangels, sugar beets, turnips, or carrots.

Kohl Rabi.

This crop is somf^^^imes grown for food for stock in some of the

older countries. The root of the kohl rabi is somewhat like that of

cabbage; while the leaves resemble those of Swede turnips. The valu-

able part of the plant, however, grows about three inches above the

level of the ground in the form of a bulb. Kohl rabi makes a very nice

food for domestic use, and is prepared for culinary purposes in much
the same way as Swede turnips. The seed of kohl rabi resembles very

closely that of Swede and fall turnips, and the crop is grown in much
the same manner as turnips.

The following is the average yield in tons per acre of each of two
varieties of kohl rabi grown in the experimental grounds for six years :

Early White Vienna, 20.7 tons and Earliest Erfurt, 18.2 tons. The
Goliath Purple variety, which has been grown for tliree years, gave an

average of 16.7 tons per acre. In the crop of 1904, the yields were
very high, being as follows : Early White Vienna, 27 1-2 tons; Earli-

est Erfurt, 26.9 tons; and Goliath Purple, 18.3 tons per acre. It will

be seen from these results that the Early White Vienna gave the larg-

est yield per acre in 1904, and also in the average of six years.
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Potatoes.
According- to the reports of the Bureau of Industries, the potatoes

grown in Ontario within the past twenty years have given a greater
market value per acre than any other farm crop grown throughout the
Province, being slightly in advance of that of field carrots, turnips, or
m ngels, and about three times as great as wheat, oats, barley, or peas.

Varieties. One hundred and four varieties of potatoes were
grown in the Experimental department in 1904, on what might be
termed an average clay loam. Three rows each four rods in length
and three and a third (26 2-5 inches) apart were used for each variety.

Owing to the unfavorable weathe- during the latter part of May and
the early part of June, the potatoes were not planted in 1904 until the
tenth day of June. Furrows were made with a double mould board plow,
and fifteen pounds of each variety were planted and covered to a depth
of about four inches. Level cultivation was used throughout the sea-
son. B"- Death, which is clai to be an insecticide and also a fun-

gicide, was sprayed on the tops of all the varieties on Jul- 13th, July
25th, and August 3rd. When the potatoes were dug in the autumn,
careful determinations were made .-regarding the exact percentage of

rotten potatoes, the yield of sound potatoes per acre, and the percent-
age of potatoes which were of the proper size tn be marketable. As
the rot hoti^i at the College and (hrourrhout ' Ontario was very bad in

1904 as well as in 1903, it is thought wise to present the results of all

the varieties which were under experiment during both of these years.

A table is therefore presented, giving the average number of days to

reach maturity, the yield of sound potatoes per acre, and the percent-

age of rotten potatoes of each of the eighty-two varieties grown in

1903 1904.

Varieties.

Average results ror two rears,
1903-04

.

1. Holbom's Abundance .

2. Robertson's Champion
3. Skerries
4. Up-to-date
5. Stray Beauty
6. Sensation
7. Tremendous
8. Factor
9. Early Pinkeye

10. Green Bay
11. Seedling No. 230
12. Main Crop
13. Bliss Triumph .... ...

14. GemmeH's Seedling ...
15. Salzer's Earliest
16. Irish Cups
17. Always
18. Howe's Premium
19. Carman No. 2

Number of
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Varieties.

Average results for two years,
1903-04.

Number of; Yield of
days in sound
reaching potatoes
maturity. •

i
per acre.

20
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38:

39.

40.

41.

42.

43.

44.

45.

46.

47.

47.

49.

50.

51.

52.

53.

53.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

J)ewey
Carter's Royalty
White Giant
Early Short Top
Lightning Express
Burbank's Seedling
Sir Walter Ealeigh
Empire State
Jersey Snowdrop
Snowflake
Early Michigan
Rural Blush
Carman No. 1

American Wonder
Dempaey -s Seedling
Rural New Yorker No. 2

Uncle Sam
North Pole
Pearl of Savoy
Celtic Beauty
King of Michigan '

Steele's Earliest of All
Canadian Beauty
Early Dawn
New White Beauty
Adirondac
Bovee
Early Ohio
Todd's White Monarch
Sunlit Star
Early Thoroughbred
Early Rose
Six Weeks
WoodhuU
Early Fortune
Early Andes
Early Market ^
Crown Jewel
Burpee's Extra Early
White Elephant
Dublin Prize
Rose of Quebec
Dobson's Early
Rose's New Invincible
Democrat
Burnaby Mammoth ,

The Daisy
Gem of the H ebrons
Acme
Leamington
Rose of the North
Wonder of the World
Brown's Prolific

Morning Star
New Queen
Lady Finger
Surprise
Hanlan Beauty
Early Dominion . . .

."

White Pinkeye
Beauty of Hebron
Weld's Orange
Montana Bluff

101
101
98
93

91
102
99

105
98
94
90

105
109
103
102
103
101

95
103
101
97

96
91
89

Average

102
89
89
93
102

99
102
99

102

96
102
101
102

100
102
91
102

98
98

102
105
102

99
102
102

95
102
102
99

105

100

Bus.
200.4
106.7
134.4
106.0

200.4
195.0
165.6

232.5
147.1
161.1
164.0

196.5
170.4
218.1
218.5
178.5
148.1

156.7
223.8
144.6
157.1

192.4
1.58.5

174.0

102
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As the varieties presented in the table are arranged in the order of

the percentage of rotten tubers, starting with the smallest and finishing

with the greatest percentage of rot, the results regarding the percent-

age of disease are shown quite clearly. It will be seen that the Holborn

Abundance, Robertson's Champion, Skerries, Up-to-date, and Stray

Beauty varieties each had less than five per cent, of rot in comparison

with the Beauty of Hebron, Weld's Orange, and Montana Bluff, each

of which had upwards of fifty-five per cent, of rot.

It is claimed by some that early potatoes, and by others that late

potatoes, a'-e the freest from the attacks of this disease. According

to the reports of the last two years, the average results of ten early, ten

medium, and ten late varieties of potatoes are as follows :

ClasseB According to Maturity.

Ten early varieties . .

.

Ten medium varieties

Ten late varieties

Number of days in
reaching maturity.

Percentage of rotten
potatoes.

25.8
33.8

10.9

From these results, it appears that of all the varieties grown in the

Experimental Department in each of the past two years, the late varie-

ties, as a whole, were the freest from rot.

Those varieties which had the largest percentage of rot did not

yield as many sound potatoes as the varieties having the least percent-

age of rot, as will be seen by the following figures :

Amotint of Kot.

Twelve varieties having the least rot

Twelve varieties having the most rot ....

Bushels of sound
potatoes per acre.

219.2
129.9

Percentage of rotten
potatoes.

5.2

52.9

This eives us some idea of the great loss caused bv means of the

rot on the potato crop of the past two years. The November Crop Bul-

letin for 1904 had the following regarding the condition of the potato

crop : "The extent of the loss from rot is variously estimated at from

tw.r-ty to fifty per cent." This will show the importanrp of planting

those varieties which produce large yields of potatoes of good quality

and which are less subject to rot than other varieties.

In averaging the yields per acre produced by each of forty-six

varieties of potatoes grown in the experimental grounds for the past

five years in succession, the —-''atest number of bushels of sound pota-

toes were produced by the fnllnwin? : Empire State, 269; Seedling

No. 230, 256; Dempsey's Seedling, 252; Pearl of Savoy, 251; White

Elephant, 251; American Wonder, 247; Holborn Abundance, 247; The

Daisy, 243; Rural New Yorker No. 2, 243; and Rural Blush, 240.
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About f-^^'pr-t^' new varieties of potatoes were grown in the experimental

plots in 1904 for the first time; some of them being grown in very lim-

ited quantities, as only a small amount of seed could be obtained. A
few potatoes of each of a number of new varieties were sent out by
Mr. Kyle, Ontario Special Farm Labor Agent, from the Old Country,

and were transferred to the Experimental Department by Prof. C. C.

James, Deputy Minister of Agriculture. The varieties were as fol-

lows : Davies' Foundling, Davies' King Loth, Davies' Warrior,

Davies' Dunion, and Scottish Triumph. As these varieties

were planted in such small quantities, no record can here be

made regarding the yield per acre for 1904. Of the Davies'

Warrior ti-^^re were in all twenty hills, and no rotten potatoes were
fou"ri • , the crop. The Davies' Dunion had only thirteen hills, and

there was only one rotten potato at the time that the crop was har-

vested. It is unsafe, however, to say, from these results, that the

Ddvies' Warrior is immune from this disease, as similar areas -^f land

on which a few of other varieties were grown also eave no rot infi904,

but when a larger area was taken into consideration a few rotten pota-

toes were found.

In order to obtain fuller information regarding the comparative

yield of very early potatoes, six rows of each of nine varieties have

been planted in the spring of each of the years 1902, 1903, and 1904.

Two rows of each variety were dug at the end of nine weeks, two rows

at the end of twelve weeks, and the two remaining rows at the end of fif-

teen weeks after the planting took place. In the average for three years,

the greatest yields produced at nine weeks after planting were by the

following varieties : Early Andes, Early Dominion, Six Weeks, Early

Fortune, and Early Dawn. The Stray Beauty variety, which gave ex-

cellent results in a similar experiment conducted for several years pre-

vious to 1902, has produced low yields per acre during the last two or

three years. This is true not only in the experiments at the College,

but also in the co-operative experiments throughout Ontario. Evi-

dently this variety has passed its best period of life and is now deteri-

orating.

Bordeaux Mixture for the Potato Blight, Until the last two
years, the potatoes grown in the Experimental Department have been

comparatively free from blight, although in some parts of the Province

the rot has proven very troublesome in some seasons. In those sec-

tions where the blight has been serious, some farmers have had excel-

lent results from the use of the Bordeaux mixture, along with Paris

green, the first spraying being done when the plants were about six

inches in height, and the second and third sprayings at intervals of ten

to fifteen days. In some cases, five or six sprayings of Bordeaux mix-

ture have been made in the same season. In 1903, and again in 1904,

an experiment was conducted in our experimental plots by spraying two

varieties of potatoes with Paris green and Bordeaux mixture; and also
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the same varieties of potatoes with Paris green alone. The potatoes
for this experiment were planted in 1903 on June loth, and the spray-
ing's took place on July nth, July 23rd, and August 6th; and those iri

1904 were planted on June nth, and the sprayings took place on July
i6th, July 29th, and August 4th. The Bordeaux mixture was
made in the same way and in the same proportions as described in the
College Bulletin No. 122, copies of which may be obtained from the

Department of Agriculture, Toronto, Ontario. The results show that

there was less rot on the potatoes on which the Bordeaux mixture and
the Paris green were used than on those on which the Paris green was
applied alone. In the case of both varieties of potatoes on which the
Bordeaux mixture was used, the tops kept greener to a later date than
those which did not receive this treatment.

Different' Methods of Treatment for the Potato Beetle.
Owing to the severe ravages of the Potato Beetle in Ontario, an experi-

merit has been conducted in duplicate in each of nine years by using dif-

ferent methods for destroying the insect. The experiment consisted in

spraying the potatoes with Paris green and water, Paris green and
plaster, ^nd Potato Bug Finish. The test was conducted in duplicate

each year. As a rule, three applications were made on each crop. For
the sake of comparison, one plot was allowed to remain untreated.

In 1902, in 1903, and again in 1904, six lots of each of two varie-

ties of potatoes were carefully selected and planted on separate plots.

After the potatoes had made sufficient growth and the potato beetles

(bugs) had made their appearance, five plots of each variety were treat-

ed in different ways to destroy the beetle, and one plot of each variety

was left untreated as a basis of comparison. The five treatments made
in each of the years were as follows : (i) Paris green and water, using

one pound of Paris green and 96 gallons of water per acre
; (2) Paris

green and plaster, using one pound of Paris green and thirty-eight

pounds of plaster per acre and applying the mixture to the potatoes in

the dry condition
; (3) Potato Bug Finish, which was applied dry at the

rate of twenty pounds per acre
; (4) Bug Death and water, using on an

average thirty-two pounds of Bug Death and 96 gallons of water

per acre; and (5) Bug Death used in the same proportion as No. i, but

in the dry condition. Three applications of each of the five treatments

were made in both cases. In the autumn, the potatoes from each of

the twelve plots were dug and weighed. The following are the aver-

age results of the smaller experiment conducted for nine years, and of

the larger experiment conducted for three years :
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In seven out of the nine years, those potatoes which were sprayed
with Paris green and water surpassed those which were sprayed with
Paris g"reen and plaster, in yield of crop per acre. It is also quite notice-

.able that in each of the nine years the untreated potatoes g"ave decidedly

the lowest yield of tubers per acre. The Bug Death, which has only

been tested in our trial grounds for the past three years, is manufac-
tured at St. Stephen, X.B., and has been used to a limited extent

throughout Ontario during the last two or three years. The potato

tops on which Bug Death was applied were more vigorous in growth
and greener in appearance throughout each of the seasons than those

on which the other applications were made. In this respect, the Bug
Death exerted an influence about equal to a combination of Paris green
and Bordeaux mixture in each of the past two years. The usual

prices of these insecticides, when bought in quantity, are about as fol-

lows ! Paris green, 20 cents ; Bug Death, 7 cents ; and Potato Bug
Finish, i 2-3 cents per pound. The cost, therefore, for the material

used in the experiments conducted in 1902, 1903, and 1904, was about

as follows : Paris green and water, 60 cents ; Paris green and plaster,

88 1-2 cents; Bug Death, §6.72; and Potato Bug Finish, §1.00 per

acre.

Treatment of Potatoes to Destroy the Scab. An experiment

was again conducted in 1904 by immersing scabby potatoes in a solu-

tion of corrosive sublimate for one and a half hours, after which they

were spread out to dry ; they were then cut and planted in the usual

way. The treatment was made with each of two varieties. Both the

treated and untreated potatoes were planted at the same time and in the

usual manner. The corrosive sublimate solution was made by dissolv-

ing corrosive sublimate in hot water in the proportion of 2^ ozs. of the

former and two gallons of the latter. The solution was allowed to

stand twelve hours, after which it was diluted with 13 gallons of water.

As the corrosive sublimate is very poisonous, the material itself should

be looked after very carefully and no potatoes which have been treated

should be left unplanted. As none of the potatoes had more than one-

half of one per cent, of scab in the crop of 1904, the results of this ex-

periment do not furnish much information for this season. Taking the

average of four years' results, the potatoes which were treated with

corrosive sublimate gave about 7 bushels per acre more than those on

which the corrosive sublimate was not used. This treatment has been

used with good satisfaction in some places where there is usually a con-

siderable amount of scabby potatoes.

Planting Different Sized Pieces at Different Distances
Apart in the Rows. ,For three years in succession, an experiment has

been conducted by planting one, one and a half, and two ounce pieces

of potatoes. The potatoes of each of these sizes were planted twelve,

eighteen, and twenty-four inches apart in the row. The average re-

sults show that the yield per acre increased in the order of the increase

4 Bull. "°
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of the size of the pieces and of the decrease in the distance between the

pieces in the row; thus, the highest average yield (177.6 bus.) was
produced by the two ounce pieces planted one foot apart in the row, and
the lowest yield per acre {107.3 bus.) was produced by the one ounce
pieces planted two feet apart in the row.

Selection of Seed. For ten years in succession, large, medium-
sized, small, and very small potatoes have been selected continuously

and planted from season to season. The crop of 1904 shows, that as

the seed decreased in size not only was there a decrease in the yield of

potatoes per acre, but there was an increase in the percentage of small

tubers.

Planting One, Two, and Four Potato Sets per Hill. For five

years in succession, an experiment has been conducted by planting one,

two, and four pieces of potatoes per hill, using the same amount of

seed throughout. The average results for the five years are as fol-

lows : One two-ounce piece in a hill, 195.2 bushels; two one-ounce

pieces in a hill, 182.9 bushels; and four one-half ounce pieces in a hill,

162.4 bushels per acre. The cutting of a potato tends to increase the

number of stems produced, and when from two to four potato sets are

planted in one place there is a greater number of stems produced than

where one large piece in used. Evidently a few large, vigorous stems

give better results than a large number of small, weakly stems,

which are almost sure to grow where more than one piece is planted

in each hill.

Methods of Planting Potatoes. Some farmers favor planting

potatoes in rows 25 to 30 inches apart; while others favor planting in

squares, or hills, from 30 to 40 inches apart both ways. An experiment

has been conducted in our experimental grounds for seven years in suc-

cession, in order to compare the results of planting potatoes in rows

three and a third links (26 2-5 inches) apart and having the potato sets

one foot apart in the row in comparison with planting the potato sets

in squares 33 inches apart both ways. The same amount of seed was
used in each method, and the experiment was conducted in duplicate

each year. The average results for seven years show, that the pota-

toes which were planted in rows gave 179.6 bushels, and those planted

in squares gave 152.3 bushels per acre.

Corn foe, Fodder and for the Silo.

There has not been much variation in the area devoted to fodder

and silage corn in Ontario within the last ^w years. The average for

the last two years, however, is about nineteen per cent, greater than

for the past twenty-three years.

Varieties. It should be quite evident to a person familiar with

the growth of fodder and silage corn throughout Ontario that no one

variety is equally suited to all parts of the Province. It is also a fact

that some of the varieties which give the best results in the middle
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States of the American Union are entirely unsuited for cultivation in

Ontario, owing to the shorter season of growth in Ontario as compared

with that in some of the central States. Hence, the importance of test-

ing a large number of varieties under similar conditions to ascertain

not only the total yield of crop per acre but also the yield of ears or

grain and the comparative earliness or lateness of the different varie-

ties. In securing a suitable corn for the silo or for use as green or dry

fodder, it is important to select a variety that produces a large total

yield per acre and also gives a large yield of grain, and reaches a fair

stage of maturity before the first nipping frosts occur in the locality

where it is grown. Keeping these three points in view in experiments

which have been conducted with a large number of varieties of corn for

several years in succession, we have found that the Mammoth Cuban,

Mastadon Dent, and Leaming are varieties which generally give good

satisfaction on the warm soils of the southern part of Ontario, where

large varieties of corn can be grown successfully ; that the Wisconsin

Earliest White Dent and the White Cap Yellow Dent give a good

yield of total crop per acre which is of excellent quality, both of these

varieties producing large yields of ears, and being specially suited to

the central part of the Province where the frosts are not too severe;

and that the King Phillip, Salzer's North Dakota, and Compton's Early

varieties generally give good satisfaction in those parts of Ontario

where the frosts are apt to occur at an early date. Of the one hundred

and three varieties grown in the Experimental Department in 1904,

the largest yields of ears per acre were produced by the following kinds :

Early Windsor Sweet, 5.2 tons; Kendal's Early Giant Sweet, 5.2 tons;

Ringleader Sweet, 5.0 tons; and Winconsin Beauty Sweet, 4.9 tons

per acre. It will therefore be seen that the four varieties which have

produced the greatest yields of ears per acre in 1904 were all sweet

corns. These varieties are suitable for fodder purposes, but are not

considered as valuable for silage as some of the Dent corns.

Methods of Cultivation. In 1902, 1903, and again in 1904, an

experiment was conducted by cultivating corn in four different ways.

The North Star Yellow Dent variety of corn was used in the experi-

ment in 1902 and in 1903, and the White Cap Yellow Dent and King

Phillip varieties in 1904. Each test consisted of four plots. The ex-

periment was conducted in duplicate each year. The average results

of the six tests conducted within the last three years are as follows :

(i) Deep cultivation at first gradually getting shallower as the season

advanced, 21.9 tons; (2) Shallow cultivation throughout the season,

21.2 tons; (3) Deep cultivation throughout the season, 20.8 tons; and

(4) Shallow cultivation at first gradually getting deeper as the season

advanced, 20.5 tons per acre. From these results, it will be seen that,

in seasons such as we have had in the past three years, corn which was

cultivated deeply immediately after it was planted and in which the

cultivation was made shallower as the season advanced produced the
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greatest yield; while that which was cultivated shallow at 'first and
deeper as the season passed by produced a lighter yield by fully one
ton per acre.

Sorghum for Fodder.

Eighteen varieties of sorghum were grown in the experimental

grounds in 1904. These included different varieties of sugar cane,

broom corn, kaffir corn, millo maize, etc. The greatest yields in the

past season were produced by the following varieties : Orange Sugar
Cane, 20.5 tons; Earliest Black Sugar Cane, 18.8 tons ; Kenney's Im-

proved Amber Sugar Cane, 18. i tons; Folger Cane, 16.3 tons; and
Early Minnesota Sugar Cane, 15.4 tons per acre. The greatest yields

of heads in 1904 were produced by the Australian Broom Corn, 1.7

tons; California Golden Broom Corn, 1.6 tons; Dwarf Broom Corn, 1.6

tons ; and Kenney^s Improved Amber Sugar Cane, 1.5 tons per acre. In

the average of eleven varieties grown for six years in succession, the

highest yields of total crop per acre were produced by the Early Min-

nesota Sugar Cane, 16.6 tons; Orange Sugar Cane, 16.4 tons; Fodder

Cane, 13.5 tons; Early Amber Sugar Cane, 13.3 tons; and Kaffir Corn,

1 1.2 tons per acre.

Sunflowers for Fodder.

As considerable has been said regarding the practice of growing
sunflowers and using the heads for cutting with corn for the silo, and

as some farmers are growing sunflowers for this purpose, experiments

have been conducted with several varieties within the past ten or

twelve years in order to glean fuller information regarding the com-
parative value of the different varieties. Two varieties have now been

under uniform tests for ten years in succession and have produced the

following averages in tons of whole crop and of heads per acre : Black

Giant, 19.8 and 5.8; and Mammoth Russian, 16. i and 5.4, respectively.

The White Beauty, which has been grown for seven years in succes-

sion, has produced an average of 16 tons of total crop and 5.8 tons of

heads per acre. The results for 1904 were very high, showing a record

for the Black Giant of 31.9 tons of total crop and 8.5 tons of heads

per acre.

Millet for Green Fodder and for Hay

Twenty-five varieties of millet were grown in the Experimental

Department in 1904, and determinations were made regarding the

relative yields of green fodder and of hay. The results show us that

the greatest yields of green crop were produced by the Japanese Pani-

cle, 12.2 tons; East India Pearl, 10.7 tons; Early Harvest, 9.3 tons;

Steel Trust, 9.2 tons ; and Japanese Barnyard, 8.4 tons per acre. In

comparison with these, the Hungarian Grass produced 8.2 tons of
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green crop. The Pencllaria produced 10.5 tons per acre, but no men-

tion was made of this when giving the different varieties, as it is sim-

ply another name of the East India Pearl Millet. The greatest yields

of hay in 1904 were produced by the Japanese Panicle, 4.5, and the

Japanese Barnyard, 3.7 tons per acre.

As twelve of the varieties of millet have been grown for ten years

in succession, the experiments cover a great variety of seasons. Those

varieties producing large yields of green crop and of hay per acre are

as follows : Golden Wonder, 11.2 tons of green crop and 4.5 tons of

hay; Holy Terror Gold Mine, 10.8 tons of green crop and 4.5 tons of

hay; Japanese Panicle, 10. i tons of green crop and 4.5 tons of hay;

Magic, 9.9 tons of green crop and 4.2 tons of hay; and Japanese Barn-

yard, 9.5 tons of green crop and 4 tons of hay per acre.

Rape, Kale, Cabbage, Etc.

Although rape is known more or less throughout Ontario, neither

cabbage or kale has been grown as a field crop on many of our farms

for the purpose of furnishing food for farm stock. All these crops are

grown more extensively in Great Britain than they are in Canada. Ex-

periments have now been conducted in each of the past six years with

fifteen varieties of rape, kale, cabbage, etc., in order to glean some

information regarding the comparative yields of these varieties when

grown under uniform conditions in Ontario. The seed has been sown

in rows about 26 inches apart, and the land has been cultivated in much

the same way as that containing a crop of turnips. Only about one

pound of seed per acre is required when sown in rows and the land

cultivated. The seeding has usually been done in June, and the crop

harvested the latter part of September or in October. The following

table gives the names of the varieties, the yield per acre in 1904, an<^

the average yield per acre for six years of each of fifteen varieties :

Varieties.

Sutton'8 Earliest Drumhead Cabbage
Dwarf Essex Rape
Thousand Headed Kale
Dwarf Victoria Rape
Marrow Stem Kale
Purple Sprouting Boroccoli
Sutton's Earliest Sheepfold Cabbage
Marrow Collards
Hardy Curled Kale
Sutton's Best of All Savoy Cabbage
Jersey Kale .... ••
Sutton's Latest Drumhead Cabbage .

Tall Green Curled Scotch Kale
Brussels Sprouts
Tall Jersey Cabbage

Average yield per acre
for 6 years.

Tons.
19.

9

17.4

17.1
17.0
16.8
16.6

16.2
15.7
15.6
14.9

14.8
12.2
12.1
11.6
7.8
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It will be noticed that the two varieties of rape gave exceptionally

low results in 1904. Among eighteen varieties of rape, kale, cabbage,

etc., which have been grown for less than six years, the greatest yields

in 1904 were as follows : Sutton's Giant Drumhead Cabbage, 24.4

tons; Large Seeded Common Rape, 20.8 tons; Large Seeded Umbrella

Rape, 20.6 tons; Hammond's English Rape, 20 tons; Carton's Im-

proved Thousand Headed Kale, 19.3 tons; and Buckbee's Wonderful
Dwarf Bonanza Rape, 18.5 tons per acre. For a free donation of seed

of several new varieties of rape, we are indebted to Mr. Dicks, of the

Cooper-Taber Seed Growers, England.

Green Fodder Crops.

Fifteen varieties of leguminous crops, including vetches, Soy
beans, Cow peas, etc., have been grown in the experimental plots for

four years in succession. As much interest has been taken in recent

years in some of these crops, a table, giving the results of all the differ-

ent crops which were grown under similar conditions, furnishes both

interesting and valuable information.



55

years in succession. The Grass peas have given very good results as

a green crop in each of the past three years, but, owing to the peculiar

conditions of the weather during the summers of 1902, 1903, and 1904,

the Grass peas have not ripened as satisfactorily as they did in previ-

ous years. The varieties of Cow peas are not, as a rule, suitable for

the production of either grain or fodder when grown in Ontario.

No less than twenty-seven different varieties of leguminous crops

were tested under similar conditions in 1904. The greatest yields dur-

ing the past season were obtained from the following varieties : Grass

peas, 10.2 tons; Medium Green Soy beans, 9.5 tons; Ito San Soy

beans, 8 tons ; and Early Yellow Soy beans, 7.8 tons per acre.

Winter Sowing of Winter Rye, Hairy Vetches, and Crimson

Clover, for Fodder Production.

In the autumn of 1903, plots were sown with Winter Rye, Hairy

Vetches, and Crimson Clover, with the object of ascertaining the com-

parative yields of green fodder produced from these crops in the follow-

ing season. The Crimson Clover, however, was completely winter

killed. Both the Winter Rye and the Hairy Vetches survived the

winter in fairly good condition. Each crop was cut in 1904 when in

its best condition as green fodder, the Winter Rye producing 15.2 and

the Hairy Vetches, 12. i tons of green crop per acre.

The Wild Vetch as a Fodder Crop.

In the spring of 1902, Mr. F. W. Hodson, Live Stock Commis-

sioner for Canada, forwarded some seed of the wild vetch, which is

frequently observed growing in uncultivated land and especially along

the railroads. The seed was sown in the spring of 1902, but the

growth was exceedingly small in the following season. In 1903 the

crop was also light, but in 1904 it took complete possession of the land,

forming a network of roots and producing 7.6 tons of green crop per

acre. It is quite probable that this would form a bad weed if used in

regular rotations, but it might prove serviceable for sowing on rough

land where grass and clover do not thrive and where a permanent crop

is desired.

Annual Crops for Pasture Purposes.

An experiment was conducted in 1900 and repeated in 1901, 1902,

and in 1904, with the object of finding out which one of a number of

annual crops would give the best results when used for pasture in the

same year in which it is sown. For this experiment, fourteen varieties

have been used. In each of the years, the crops were sown in
^

three

separate sets, there being fourteen plots in each set, thus making in

all a total of forty-two plots each season. All the plots were sown



56

each year on the same day and under similar conditions. The seed was
sown in May in each of the four seasons. The three sets were handled

in each year as follows :

Set. I. The crops on all the plots in Set i were cut at the end of

six, nine, twelve, fifteen, and eighteen weeks after the seed was sown,

thus making- five cuttings for each crop. Each cutting was weighed in

the green state, and also after it was dried in the form of hay.

Set 2. Each crop was cut when it was thought to contain the

greatest bulk of best quality of green fodder. In order to ascertain the

aftergrowth, another cutting was also made from each plot later in the

season.

Set 3. A hurdle fence was placed around the set of eighteen plots,

and cattle were turned on the plots daily until the pasture was all eaten.

The first pasturing took place in the latter part of June and the early

part of July. Careful notes were taken of the amount eaten of each

crop each day. After the crops were pastured the first time, they were

allowed to remain undisturbed until the autumn, when the cattle were

again turned on, and the second growth was eaten off.

The average results for the four years, representing the yield of

pasture for each of the five cuttings for the various crops under experi-

ment, are here presented :

Crops.

1. Hairy Vetches
2. Common Red Clover
3

.

Siberian Oa ts

4. Crimson Clover
5. Early Amber Sugar Cane
6. Spring Rye
7. Common Vetches
8. Dwarf Essex Rape
9. Mandscheuri Barley

10. Hungarian Grass
11. Compton's Early Corn ...

12. Grass Peas
13. Wild Goose Spring Wheat
14. Soy Beans

Tons of green pasture per acre at each of five
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Common Red Clover, Emmer, and Hungarian Grass :—5.9 tons
; {5)

Early Amber Sugar Cane, Common Red Clover, and Emmer :—5.7

tons; and (6) Emmer, Hungarian Grass, and Spring Rye:—5.2 tons

per acre. From a study of the results under this heading, it will be

seen that a mixture of annual crops is likely to give a more satisfactory

pasture during the same year it is sown than any of the crops when
sown by themselves.

Grasses and Clovers.

Of all the farm crops grown in Ontario, we believe there are none

so important as the grasses and clovers used for hay and for pasture.

Nearly six million acres of Ontario land are devoted annually to the

production of hay and pasture ; hence, the great importance of the

farmers in this Province giving close attention to the different varieties

of grasses and clovers for growing singly and in various combinations

for the production of either hay or pasture.

Varieties of Grasses for the Production of Hay. Fifteen

varieties of grasses, including some of our best native as well as some

of the most noted European kinds, have been carefully tested in the

Experimental department in each of seven different years. The grasses

have usually been sown in the spring of the year with a light seeding

of grain, as, for instance, one bushel of barley or a bushel and a peck

of oats per acre. In the following and succeeding years, careful

lecords have been made regarding the height of the different crops, the

date at which they reached the proper condition to cut for hay, and the

yield per. acre of each cutting in each season. The following table gives

the common and scientific names of the different varieties, ihe

average date and height of the first cutting, and the total annual yield

of hay per acre of each of fifteen varieties, these results being obtained

from seven different years and from three separate seedings :

Common name.

1 . Western Rye
2. Lyme Grass
3. Fringed Brome
4 . Timothy
5. Bearded Wheat ..

6. Canadian^yme ..

7. Tall Oat
8. Orchard
9. Meadow Fescue ..

10. AwnlessBrome
11. Rhode Island Bent
12. Red Top
13. Kentucky Blue...
14. Meadow Foxtail ..

15. Perennial Rye —

Scientific name.

Agropyron tenerum
Elymus Yirginicus
Bromus ciliatus
Phleum pratense
Agropyron caninum
Elymus canadensis
Arrhenatberum avenaceum
Dactylis glomerata
Festuca pratensis
Bromus inermis
Agrostis canina
Agrostis vulgaris
Poa pratensis
Alopecurus pratensis
Lolium perenne

Date of first
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The Western Rye, Lyme Grass, and Fringed Brome, which stand

at the head of the Hst in yield of hay per acre, are all natives of Canada
and have not yet been brought into field cultivation in Ontario. The
Western Rye Grass which produced on an average nearly 41-2 tons of

hay per acre is quite promising. Dr. Jas. Fletcher, Botanist at the

Central Experimental Farm, Ottawa, in referring to the Western Rye
Grass in his report for 1898, states that it has given most satisfactory

results as a hay and pasture grass, and also states that Mr. S. A. Bed-

ford, Superintendent of the Brandon Experimental Farm, who has

grown the Western Rye Grass for many years, has always spoken of it

in the highest terms. It is highly spoken of by Mr. Angus McKay of

the Experimental Farm at Indian Head. In the report of the Dominion
Experimental Farms for 1901, Dr. Fletcher states that "the Western
Rye Grass, a native of the prairie regions, is a most valuable grass,

and is now much cultivated for its rich and heavy crops of hay and

seed." It will be seen from the table here presented that the varieties

which are ready for cutting for hay production at the earliest dates are

the Meadow Foxtail Grass, Tall Oat Grass, Kentucky Blue Grass,

Orchard Grass, and Perennial Rye Grass, each of these varieties being

usually cut in the latter part of June. The varieties here mentioned

are from one to two weeks earlier than timothy; while the Lyme Grass,

Fringed Brome Grass, Bearded Wheat, and Canadian Lyme are about

three weeks later than timothy in reaching the proper stage for cutting

as hay.

Varieties of Grasses for the Production of Pasture. It is

indeed a difficult matter to make an exact comparison of a number of

different kinds of grasses for pasture purposes. In experiments con-

ducted for many years in England at Woburn in connection with the

Royal Agricultural Society, as well as at other places, it is found un-

wise to attempt to compare different grass lands by having the crops

pastured by sheep, unless at least three acres are used in each plot. If

cattle were pastured on it, even larger plots than these would be neces-

sary. It will therefore be seen that if a person wished to make a.com-
parison of fifteen or twenty separate kinds of grasses for pasturing

sheep or cattle, a very large amount of land would be necessary. It

was thought, however, that some valuable information might be ob-

tained by using smaller plots of land, and by cutting, weighing, and re-

moving the crops from the land, instead of pasturing them with farm

stock. An experiment has been conducted, therefore, for fou;- years in

succession, by cutting each of sixteen varieties of grasses at that time

in the spring when the earliest varieties were ready for pasturing, and

then cutting, weighing, and removing the crops produced by each of

the varieties at each time during the summer when the more vigorous

varieties had produced a suflficient growth for furnishing a good pas-

ture crop. The following table gives the average of the four years'



59

results of sixteen varieties of grasses at each of six different cuttings,

as well as the total number of tons of pasture per acre per annum :
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g-ives the average date of the first cutting for four years, the average

height of the first cutting for six years, and the total annual yield of

hay per acre for the average of six years.

Varieties.

Alsike
Mammoth Red.
Common Red .

Date of first

cutting, aver-
age 4 years.

Height of first

cutting, aver-
age 6 years.

July 3
" 11

June 27

Inches.
20
25
22

Total annual
yield of Hay
per acre, aver-
age 6 years.

Tons.
3.47
3.31
2.95

It will be seen that in the average of four years' experiments the

Common Red clover was ready to cut on the 27th of June, the Alsike

clover on the 3rd of July, and the Mammoth Red clover on the nth of

July. According to this report, the first cutting of the Mammoth Red

clover was exactly two weeks later than that of the Common Red

variety. The Alsike clover, although producing the shortest plants in

the first cutting, gave the largest average yield of hay per acre. It

furnishes a close mat of growth. The Mammoth Red clover produces

a large crop at the first cutting, but neither this variety nor the Alsike

clover furnishes much of a second growth. In 1904 both the Alsike

and the Mammoth Red varieties gave exceptionally high yields of hay

per acre.

Varieties of Clover for the Production of Pasture An ex-

periment has been conducted for three years by cutting each of eight

varieties of clover and similar crops at five different times during the

growing season, in order to ascertain the amount of pasture crop pro-

duced by each variety throughout the summer. The first cutting was

made as soon as the earliest varieties had made suflScient growth to

furnish a good pasture. Each of the other five cuttings were made at

such times as the most vigorous growing varieties had produced suf-

ficient growth for pasture purposes. As each cutting was macTe, the

crop was weighed immediately in order to ascertain the exact yield of

pasture crop produced by each variety. The following table gives the

average results for three years of each of the six cuttings per annum

of each variety :
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According to the results here presented in tabulated form it will be

seen that upwards of 20 tons per annum of green pasture crop per 5cre

were produced by Lucerne and also by the Common Red clover. Each

of these yields is about double that of Tall Oat grass and of Orchard

grass previously reported. The White or Dutch clover made a high

record, producing over 17 tons of green pasture crop per acre per an-

num. Although this clover does not produce a very large amount of

hay, it will be seen that it furnishes a large amount of pasture, as it

forms an exceedingly compact mass near the surface of the ground.

The results which are here presented should be considered in connec-

tion with the results previously reported under the heading of "Varie-

ties of Grasses for the Production of Pasture."

Mixtures of Hardy Grasses and Clovers for the Production

OF Either Hay or Pasture. A large amount of experimental work

has been done in testing varieties of grasses and clovers, both singly

and in combination, within the past twenty-seven years. The grasses

and clovers have been carefully studied, and much information has been

gleaned in regard to their value, for hay and also for pasture. In 1885,

Prof. Wm. Brown, who was then Farm Superintendent at the Ontario

Agricultural College, recommended a mixture which he thought well

adapted for permanent pasture. Only the most hardy varieties which

had been tested up to that time were included in the mixture. In 1893,

after eight years of additional experimental work, during which time

the writer was closely connected with the work of the Experimental
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Department, another mixture was recommended containing a smaller

number of varieties and requiring- a smaller amount of seed per acre.

The grasses and clovers recommended in 1893 have proven themselves

to be a valuable mixture. They are all hardy varieties, and when
grown together give a large yield. An experiment was started in the

spring of 1894 by sowing a plot of the mixture which was recommended
in 1885, and a plot of the mixture which was recommended in 1893.

The seed was sown with a light seeding of barley ; and the germination

of the seed of the grasses and clovers was quite satisfactory.

From two to three cuttings have been secured in each of the ten

years from 1895 to 1904, inclusive. In 1904, which is the eleventh

year since the plots were sown, two cuttings were taken from each plot.

The total yield of hay produced from the two cuttings was 4.64 tons

from the mixture recommended in 1893, and 4.16 tons from the mix-

ture recommended in 1885. The figures represented in this report

show the comparative yields of hay from the two mixtures ; they also

show that the grasses used for the mixtures are very suitable for an

average soil in Ontario. These mixtures can be used for the produc-

tion of either hay or pasture, but are more suitable for pasture pur-

poses, owing to the unevenness in the maturity of the different varie-

ties, which is a detriment to hay production but an advantage when the

crop is used for pasture purposes. Without a single exception, the

mixture which was recommended in 1893 has produced a larger yield

per acre than that which was recommended in 1885. We have named
all the varieties of grasses and clovers sown in each mixture, and also

the quantity of seed per acre, in order to make the experiment as clear

as possible, and also to furnish a guide for any person who wishes to

know the quantity of seed per acre of the different varieties which are

recommended as a permanent pasture mixture for an average Ontario

soil. It will be observed that the mixture recommended in 1893 pos-

sessed none but very hardy grasses and clovers which have been

tested at the College more or less for about twenty-six years. This

mixture could, of course, be somewhat modified to suit different local-

ities and different soils.
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ONTARIO AliRll^yLTORALmm AND EXPERIMENTAL FARM

GAS-PRODUCING BACTERIA AND THEIR EFFECT ON MILK
AND ITS PRODUCTS.

By F. C. Harrison, Professor of Bacteriology.

One of the commonest troubles in a cheese factory is the affection

known to cheescmakers as "gassy" milk, which gives rise to off-flavors,

and swelling and huffing of the cheese, and whilst it is impossible to give

figures showing the financial loss by depreciation in the value of such

tainted cheese, we know that such losses are frequently very serious.

Considering the importance of the bacteria which induce these

changes in milk, very little attention has been given them by American

bacteriologists, but in Europe, a number of valuable investigations have

been made but under conditions which are very different from our own.

On this account, a number of experiments were planned and carried out

in the Bacteriological Laboratory of the College, aided by the facilities

afforded by the College cheese factory.

Many of the details of these experiments are of a technical nature,

dealing with the peculiarities of the shape, structure, and growth of the

sixty-six varieties of gas-producing bacteria isolated from various sources.

No mention will be made of these in this bulletin, but, in addition to the

scientific data, a number of practical points were investigated which are

now set forth in this bulletin.

The gas-producing bacteria were isolated from the milk supplied to

the College Diary by farmers in the vicinity. This milk compared favor-

ably with the ordinary factory supply, as constant endeavors have been

made to instruct the patrons in the most approved manner of handling

their milk. In spite of this fact, the College cheesemaker is very often

bothered with gassy fermentations in the curd and cheese, and this inves-

tigation was undertaken in order to find out the habitat, ascertain the

number and study the effects of the various species of gas-producing bac-

teria present in milk and cheese.

Samples of milk were taken in sterile tubes from the mixed milk of

each farmer, and immediately brought to the laboratory and analysed.

This sample, after taking out the quantity that was used for the analysis,

was kept for a day or two at blood temperature in order to ascertain if

gas was produced. Occasionally, we found gas bubbles in the milk sam-

ple, but no gas-producing bacteria developed in the gelatine plates, a pro-

bable proof of the small number of this class of organisms in the sample

at the time the examination was made.
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The samples of milk from some farms always showed gas, whilst

from others it was only occasionally present, and a few samples never

showed a trace. On the hottest days the number of gas-producing bac-

teria was often very large, whilst on cooler days the number present was

always very small.

From a number of samples of milk obtained from other sources, we

isolated gas-producinp- bacteria, but these samples were not so fresh as

those we collected at the Dairy. The following table shows the results of

the examination of milk from the College Dairy herd and from the mixed

milk of farmers supplying the factory. A perusal of this table shows that

for the 27 examinations here recorded the percentage of gas-producin^^v

bacteria varied from a fraction of one per cent, to over 34 per cent., with

an average of 4.67. This tal:l.-' by no means represents the total number

of examinations madv\ as in nearly every case each farmer's milk was ex-

amined from three to seven times.



Having- ascertained the fact that numerous g^as-producing bacteria

were present in the milk as deUvered at the factory, the next step was lo

try to find out how the gas-producing organisms got into the milk.

Some investigators have shown that the milk before it leaves the

udder may be contaminated with bacteria, and further that these bacteria

were occasionally gas-producing organisms. There is also a well known

fact that inflammation of the udder (mastitis) is, at times, caused by gas-

producing bacteria. Taking every possible precaution to guard against

the entrance of germs from the air, and from the hairy coat of the animal,

we examined the milk from the 25 cows comprising the Dairy herd, and

from the milk of two of them a number of gas-producing bacteria were

isolated. The results of this experiment are important, because it ex-

plains why some of the factory inspectors, have been able to trace gas pro-

duction to a single cow in a herd.

Photograph of gelatin jjlate, made from a

drop of milk, shewing colonies of gas-produc-

ing germs. Each white dot is called a

colony, and is made up of huge numbers of

individual germs, the result of the continued
growth of a single germ that was in the drop of

milk, and which was held in place when the

gelatin solidified. Note the gas bubbles at G.

Thirteen analyses were made of the stable air, but this was remark-

ably pure and no gas-producing bacteria were found.

During the movements of milking, particles of skin, hair, etc., and

with them bacteria, are dislodged from the animal's coat, and drop into

the milk pail. We found that gas-producing bacteria were present upon

the hairv coat of the animal. When the udder and flanks were wiped
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with a wet cloth, these bacteria were prevented from falling into the pail,

as germs are unable to leave a moist surface.

The cows drank from a wooden trough in the pasture field, and, on
examination, this water was shown to contain gas-producing organisms
which probably came from the soil, as the water obtained from the tap
was remarkably pure, containing less than 20 bacteria per c.c. and none
of these gas-producing forms.

By washing out clean, dry cans which had been cleaned in the ordin-

ary manner with sterilized water, we obtained gas-producing bacteria.

Very many flies were present in the stable, and these frequently fell

into the pail and added undesirable bacteria, which find in milk a good
food for growth. A number of these flies were captured, and single flies

were placed in test tubes containing a measured quantity of sterilized

water and well shaken. This water on analysis was found to contain

large numbers of gas-producing bacteria. Frequently, 50,000 bacteria

were obtained from a single fly, and of these over 20,000 were gas-
producing bacteria.

Large numbers of gas-producing bacteria were also obtained from

manure. The ratio of gas-producing germs to other species in some IT

examinations was as 250 to 1. Cultures in sterilized milk made from

some of these bacteria gave the peculiar odor known to cheesemakers as

"gassy" milk, and others gave a characteristic "cowy" odor, although

this peculiar smell has usually been ascribed to stable odors.

To summarize, gas-producing bacteria were found to be occasionally

present (1) in the udders of certain cows, (2) on the hairy coat of the ani-

mal, (3) in clean, dry milk cans, (4) in the watering trough, (5) from flies,

and (6) from manure. From these various locations, the gas-producing

bacteria may contaminate the milk.

The gas-producing bacteria were readily killed by an exposure to

temperatures ranging from 137 degrees to 146 degrees F. for 10 minutes.

They were all l:il1cd by immersion in a 2 per cent, ammonia washing pow-

d'jr solution al 1-JO degrees F. and also in a 2 per cent, soda solution at 140

dcrees F. for 10 minutes. These soda and ammonia washing powders are

scarcely more effective than hot water for the destruction of these bac-

teria, but these substances aid in washing by helping to remove the dirt.

By continued growth in milk it was found that these gas-producing

bacteria increased their power of fermenting the milk sugar. Thus, one

variety, which originallv produced 26 per cent, of gas, after growing for

some time in milk produced 62 per cent. ; hence those bacteria which

were not killed bv the hot water used in washing the cans would be more

liable to produce larger quantities of gas than those which came in from

other sources.
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In dairy practice a starter or culture of a lactic acid ba,cillus is used

to overcome the g-assy fermentation of milk, and in order to quantitatively

establish the working- of this process, a number of experiments were in-

stituted, in which gas-producing and lactic acid organisms were mixed

together in order to study their antagonistic relations. The results of

these experiments in general showed that the number of gas-producing

germs decreased with the increase of lactic acid bacteria. Occasionally,

however, some organisms were experimented with which were not so ad-

versely influenced by the lactic acid germs.

* ^ *» • • •

Gas-producing bacteria ; luagiiified 1500

diameters.

Cheese Experiments. A number of cheese were made from milk to

which various quantities of a culture of gas-producing bacteria was

added. A few of these experiments my be cited :—A cheese was made on

the 5th of October from 300 pounds of milk to which 2 pounds of a 24

hour old milk culture of a gas-producing variety was added. This cul-

ture was acid, very gassy, with a bitter, astringent taste. The cheese

curfl was also very gassy, floating on the top of the whey. After making,

the cheese was put into the curing-room with an average temperature of

55 degrees F., and bacteriological analyses were made from time to time.

At the age of 21 days, the percentage of gas-producers was 76, at the end

of 38 days, 71 ; and at the end of 52 days, 11 ; and at this stage, the

cheese showed white and grey lines and spots, an appearance known

amongst cheesemakers as "mottled." The cheese was scored, but no

points could be given to it for flavor. The odor was something like rot-

ten meat, and the mottled appearance was very striking.
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A second cheese was. made with a different culture of a gas-produchig-

organism, and at the age of seven days was found to contain 15 per cent,

of gas-producers. This number gradually declined, and at the age of 45

days only 2 per cent, of gas-producing bacteria were present. The cheese

was examined at the end of 63 days, and was found to be slightly unpleas-

ant in smell and taste, but was judged to be better than that made on

the 5th of October, receiving 15 points out of 45 for flavor. On November

2nd, two cheeses were made. In the A cheese, ^ per cent, of a 24 hour

old milk culture of a gas-producing germ was used, and in the B cheese

^ per cent, of the same culture and i per cent, of the lactic acid bacillus.

Both curds were floating about three hours from setting ; the flavor was

gassy. The B curd was better than the A, although even B was very

Growth of gas-producing germs in test

tubes containing, sugar gelatin. Noie the gas

bubbles.

Gas-i>rodncing ])acleria
;

magnitied_; lUUO diameters.

gassy. The B cheese was placed in an ordinary curing-room, and the

percentage of gas-producing germs at the age of 10 days was .5. The
t.lieese was examined at the end of 63 days, and was found to be slightly

mottled, with fair flavor. The curd for the A cheese was divided into

equal. portions, one of which was placed in an ordinary curing-room at a

temperature of 55 degrees to 60 degrees F., and the other put into the re-

frigerator curing-room, the average temperature of which was 40 degrees

F. The percentage of gas-producing germs in both of these cheeses was
very high. They were judg"ed at the end of 63 days, when the taste and

, odor of both were found to be bad. The appearance of the one in the

ordinary curing-room was very mottled. The one in the refrig"erator

curing-room was also mottled, but to a lesser extent.

These experiments show that gas-producing germs are able to pro-

duce a bad odor and flavor in cheese, and cause a mottled appearance,

which is probablv brought about by the bleaching action of the gases

generated by the organisms introduced in the culture. The good efi"ect of
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a lactic acid starter when these injurious bacteria were present was very

noticeable, and caused great improvement in the flavor and appearance of

the cheese.

A piece of curd taken from a vat ripened with a starter containing gas-

producing bacteria.

A floating curd caused by gas-producing bacteria.

Butter Experiments. Pasteurized cream was inoculated with

•5 per cen!. of a gas-producing culture, ripened for 24 hours at 58 de-

grees, and then churned. The butter had a bitter, disagreeable, and

slightly astringent flavor, and scored only 32 per cent. These experi-

ments were subsequently repeated with other varieties of gas-producing

bacteria, and with the same results, showing that these organisms were

just as injurious to the flavor of the butter ks they were to the flavor of

cheese.

[7]
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OUTLINES OF NATURE STUDIES.
By William Lochhead, B.A., M.S., Professor of Biology and Geology.

TO THE TEACHER.

This Bulletin is published for you (not for the children), with the
hope that it may help you in your own studies of Nature. It is not
intended that you deal with all of the studies outlined in the bulletin,

as the subjects are purposely given a wide range to meet the needs and
aptitudes of teachers as a professional body. The questions are for you
to answer as you investigate each problem presented. When you are
familiar with the problem you will, if you are a good teacher, frame
other and better questions for your pupils.

Nature-Study from your view-point as a teacher is Natural Study,

a method or means of developing mental power in the pupil under the

careful guidance of the teacher, by encouraging close observation of

the things of Nature which lie about him, and by begetting an attitude

of inquiry into their meaning so that the truth is discovered through
the exercise of the pupil's own self-activities.

It is quite true that there are other A^alues in Nature-Study, but
they are secondary, viewed from a pedagogical standpoint. With many
persons the acquisition of information about the things of Nature by
a study of Nature is the chief aim ; while with others the development
of a sympathy with, and an interest in the common things that surround

them, is the only value in its sudy. These secondary values are very

great, but they can be realized as a matter of course by making method
the chief aim of Nature-Study. Now we have Sympathy, Information,

and Method, but the greatest of these is Method.
It is your duty, as a teacher, to develop this method of study among

your scholars. You should know the mental characteristics of every

child in your school, if you are to get the best* results. You should

also have a fair knowledge of the subject which you are asking the chil-

dren to investigate, else your probing, sustaining, question, and your
direction of the children's work will soon cease. The great needs of

the teacher at the present juncture are knowledge of the subject-matter,

and a correct meaning of the Nature-Study Method.



What Subject to Take up First ?

Whatever has an interest for the children, whatever has an interest

for you, or whatever is suggested by a reading lesson. Once you
begin you will be surprised at the number of subjects which come up for

Investigation,—but be sure to begin.

How TO Make the Study Effective ?

1. Whenever possible, make it the basis for (a) oral expression (ex-

tempore addresses)
;
(b) written expression (reports and composition)

;
(c)

form expression (drawing and modeling); (d) color expression (painting).

2. As far as possible correlate it with the other school studies, which

will frequently be vitalised and refreshed by the correlation.

3. Encourage the making of collections of natural objects, and have

school exhibitions at intervals.

4. Have boxes and cages for such live animals as toad, snake, rab-

bit, or crow, and flower-boxes for plants near the window.

5. Encourage the children to keep a diary of things seen outside

of school, such as first flowers, first birds, first frost, first snow-fall, etc.,

etc. A school diary should also be kept, in which the children may make
entries. (Nature-Study Journal).

6. Keep a school-garden. Get help if necessary from a neighbor,

but keep a garden. By its means many problems can here be worked

out in a concrete form. Have a school exhibit at the close of the season.

7. Give practice in sight seeing, or in reporting Voyages of Dis-

covery.

8. Finally, try and read some of the most excellent books on Nature-

Study which have been recently published. Get some of the best every

year for your school library.

The new prescribed course in Nature-Study for Public Schools is

quite explicit as to the scope of the work to be done in each form, but

it must be noted that much latitude is given the teacher as to the subjects

and mode of treatment. This is as it should be, for Nature-Study cannot

be taught by a machine. It stands for independence and the full ex-

pression of the personality of the teacher. It stands also for the active

pupil and the suggesting teacher.



OUTLINES OF NATURE STUDIES.

THE TERRARIUM.

A terrarium is easily made from an old berry crate or soap-box

;

it should contain three inches of good rich soil and the open sides covered
with netting-. Sod with lawn grass will do admirably. Other plants, such
as thistles, clover, cabbage, etc., should also find a place in it. There
should be a mossy corner where shy creatures may hide. The terrarium
is of great value in Nature-Study for in it can be kept many creatures,
such as caterpillars, crickets, grasshoppers and locusts, toads, and sala-

manders, and many others. It is then possible to study their habits at

close range. The secret of making full use of a terrarium is to imitate
nature, and to make the conditions for the encaged creatures as natural

as possible.

THE AQUARIUM.

See O. A. C. Bulletin 134, "Hints on Making Nature Collections,"

page 7 on the making of an aquarium.

It requires a little experience and some experimenting to ascertain

the right balance between the plants and animals of an aquarium. At
the bottom there should be two or three inches of clean sand and a few
stones. Only those animals and plants should be chosen which live in

quiet water. When the balance is once established, but little attention

is required beyond the addition of water. Every school should have an
aquarium of some kind.

I. Plant Societies.

1. What is a plant society? Why do plants grow in societies?

2. \\ hat factors (ecological factors) determine the vegetation

types by influencing their life and growth? What is a vegetation type?

a flora?

3. Distinguish societies and colonies.

4. How do plants associate? Find examples.

5- Explain how societies may differ at different times of the year.

6. Name some common plant societies, and determine the main fac-

tor influencing the type.

7. Explain clearly : layers, zone, tension line, mesophyte, xerophyte,

hydrophyte, and halophyte.

[3]



8. Discuss "Plant Migration" and "Distribution," the lines of
stress, lines of migration, the causes of migration, the structural char-
acters favoring migration.

9. Explain why autumnal coloration is so striking in American
forests.

10. Determine the adaptations of the members of the different so-

cieties to their environment.

11. Make special studies of the plants of one or more of the follow-

ing : (a) a swamp, (b) a pasture or meadow, (c) a roadside, (d) a thicket,

(e) a woods, (f) a lawn, (g) a cliff, (h) a barnyard, (i) a sphagnum swamp
©r bog, (j) a pond, (k) rocks, (1) sand-dune, (m) a ravine, (n) a shore,

(o) a dry hill-side.

Make (a) list of the species of plants growing in each society ;
(b)

determine the relative abundance of each species
;

(c) locate the positions

of each species, (d) and try to explain any adaptations.

12. Make diagrams of distribution of the plants in each area studied.

13. Observe and try to explain ihe adaptation in the following : (a)

strengthening devices in the large leaves of milkweeds, basswood, and
catalpa, (b) flat prostrate habit of many shrubs, (c) elastic stems of cereals,

(d) hairy leaves of mullein, (e) colored buds, (f) underground fleshy roots

and tubers, (g) "sleep" position of clover leaves, (h) rosette habit of dan-

delion, blueweed, and plantain, (i) thickened leaves of purslane.

14. Study the swamp-thicket society near your school.

[Consult Coulter and Atkinson.]

II, Flower Calendar.

Each student should keep a Flower Calendar for Wild Flowers.

Date. Name of Flower.



III. Some Spring Flowers.

Skunk Cabbage.

Note its habitat, and time of flowering, and answer the following

questions :

1. Do leaves or flowers, appear first ?

2. Make a drawing- of the peculiar flower.

Ji. Do the stamens and pistils mature at the same time?
4. What insects visit the flower ?

5. What kind of roots has it, and why can it appear so early ?

G. What is the nature of the mature fruit?

Jack-in-the-Pulpit.

1. Compare Jack-in-the-Pulpit with Skunk Cabbage. Are these
plants related ?

2. What insects visit Jack ? What is his habitat ?

Hepatica.

Note :

1. Habitat.

2. Color^—are all of same color?

3. Fragrance.

4. Insects that visit the flowers.

5. Texture and color of leaves of fall and spring leaves.

6. Buds in the fall.

Trillium.

Note carefully :

1. The habitat or home of the Trillium.

2. The species and their differences.

3. The underground portion.

4. The color, fragrance, and insects.

IV. Some Autumn Flowers.

BuTiER-AND-Eggs or Toadflax.

Note where this plant grows and answer the following questions :

1. What insects visit the flowers ?

2. What attracts the insects ? Find where the attracting substance
is kept. Is there any marking to guide the insect to the right place ?

3. Do the stamens and pistils mature at the same time ?

4. What is the nature of the root system, and why is this plant hard
to eradicate? Describe and draw the flower and fruit. To what fam-
ily does it belong ?

Sunflower.

1. Make a daily record of the changes in position of the head with
reference to the sun. Do old plants change as readily as young plants?
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2. Is the plant affected by other conditions, such as cold, dew, rain,

etc ?

3. Study the structure of the head, and locate the involucre, rays, and
disk.

4. What difference between the ray and disk florets ? Draw one of.

each, and name the parts.

5. Do the stamens and pistils mature at the same time ?

6. What insects visit the flowers ?

7. Describe and draw the fruit.

8. To what family does the Sunflower belong-? Name other members..

Garden Nasturtium.

Examine flowers in all stages of maturity, and answer the following

questions :

1. Describe the position of the stamens before the pollen is ripe;

when the pollen is ripe. Are all the stamens ripe at the same time ?

2. Describe the position and condition of the style with reference to

the stamens at different deg^rees of ripeness.

3. What is the use of the spur ? Are there "guide lines" to the open-

ing of the spur? What is their position?

4. Why does not the flower stand erect?

5. Make drawings of the flower.

[Consult Newell's Outlines of Botany.]

V. The Dandelion.

1. Determine the arrangement of the Leaves of the Dandelion ; what
is the purpose of this arrangement? Number and shape of the leaves?

Do you see any special adaptations ? What about the leaves of Dande-

lions growing in long grass? Under boards?

2. Where is the Stem of the Dandelion ? Determine its length andi

thickness. Account for the circular markings and scars on the stem.

What special advantages in such a short stem ?

3. Describe the Root of a Dandelion which has been dug up and

washed carefully. Account for the development of so many rootlets.

4. To what family of plants does the Dandelion belong ? Why ?

Is the Dandelion a highly evolved plant compared with the Buttercup?

Why?
5. Where are the flower-buds found ? Their covering and shape ?'

Have a cluster of Dandelions under observation for a week or more, and;

determine when the huds open; when they close; how often a flower will

open; hozv long a period of sunlight is necessary to make them open.

6. Study the opening of the bracts during- the flowering period. Of

what advantage to the plant is this opening and closing of the bracts ?



7. Determine the changes in the length of the ScAPE. What pur-

pose is served ? Describe the appearance of the flower when opened for

the last time.

8. Determine if the stamens mature before, at the same time, or later

than the stigmas. Make careful drawings of the flower.

9. Study the development of the Seed; des«ribe the changes which

take place. Draw a mature seed.

10. Place a long strip of the scape of a Dandelion in a saucer of

water. What occurs ? Account for the change. Take it out of the

water and put it into a solution of salt. What occurs ? Why ?

[Consult Scott's Nature-Study and the Child.]

VI. The Leaf.

1. Observe the following details of the leaf as it grows on the plant

in the field :

(a) The pattern and individual shape, (b) method of overshading and

over-reaching other leaves, (c) adaptation for rain, (d) protection against

wind, (e) mechanical support, (f) means of defence against insects and

fungi, (g) arrangement for bud protection, (h) autumn coloration.

2. Note any adaptation for gathering the rain of : (a) Groundsel (di-

recting water to base), (b) Common Lettuce, (c) Chickweed (line of hairs

along the stem, (d) Ash, (e) Labiates, (f) Grasses.

3. Note any adaptation for protection against storms in the leaf of :

(a) Ash (observe on a windy day), (b) Mountain Ash, (c) Beech, (d) Poplar.

4. Note any adaptation as to mechanical support in the leaf of : (a)

White Catchfly, (b) Bracken, (c) Blackberry (examine cross-section of

petiole).

5. Note any adaptation for bud protection in the bud of : (a) Horse-

chestnut, (b) Rumex, (c) Wood-sorrel, (d) Verbascum, (e) Goose Grass,

(f) Stachys, (g) Hawthorn, (h) Daisy.

6. Make a collection of leaves showing as many forms as possible.

Try to identify the different maples and oaks by their leaves.

7. What is a leaf ? What is its main function ?

Vn. Leaf Fall and Autumn Coloration.

1. Note the manner of leal -fall upon as many shrubs and trees as

possible, especially those with cOMipound leaves.

2. Determine how long the leaves remain attached in privet, laurel,

and the various evergreens.

3. Determine how the leaf separates from the stem. Section leaves

attached to their stems early in autumn and observe the development

of the "cleavage plate."
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4. What is the economy of leaf-fall ?

5. Keep a record of the dates of (1) the beg-inning- of coloring, (2)
the color, and (3) the changes of color of leaves in autuum.

6. .What is the probable influence of (1) frost, (2) oblique rays of

sun, (3) diminishing water supply, (4) lower tempc ature, (5) declining

activities of leaf, in autumn coloration. Discuss.

7. What new buds have been formed? How are they located with
reference to the leaf? How many buds to a leaf?

VIII. Germinating Seeds.

1. Soak seeds of beans, peas, corn, squash, onion for a few hours
in water.

2. Observe and draw external appearences, naming the various

parts.

3. Compare structure of these seeds.

4- Germinate some of these in moist sand or loose soil, and ex-

amine every day for development. Make drawings to show the changes.

5. Determine how the young plants get out of the seed coat in each

case.

6. What is the result if the seed is planted upside down?

7. Compare the habits and form of the Cotyledons of the different

seeds.

8- As separate problems, determine the influence of warmth, mois-

ture and air on germination, by suitable experiments.

IX. The Scarlet Runner Bean.

1. Compare with the Wild Cucumber and Pumpkin.

2. Germinate about 100 seeds.

3. Make drawings of the various stages in the germination of the

seed. Compare the first pair of leaves produced with those that are

produced afterwards. Draw them.

4. Its method of using the tendrils.

5. (a) Note the general shape of the tendrils.

(b) Do they grow rapidly? Measure one and see.

(c) Does the tendril always point in the same direction?

(d) Note the direction it moves.

(o) How far docs it move, i.e., through how great an angle?

(f) Does it always move in the same plane? or does it move up
and down as well as from right to left?

(g) Is there any advantage to the plant in having its tendrils

move through an arc in this way?



(h) Hold your fingers so that it will touch a tendril for five

minutes. What happens? Use a stick or lead pencil in the same way.

(i) When the fing'er or stick is removed does the tendril continue

to curl up? Why?
(j) Does it ever straighten out again?

(k) Try one of the old tendrils. Cut it loose and see if it wfU

uncurl again. Why will it not?

6. Nail a little stick just out of reach of one of the tendrils and

watch what happens.

(a) Does the plant grow straight towards the stick?

(b) Does the plant act the same as if the stick were not there ?

(c) Is there any attraction in the stick for the plant?

i.e., has the stick anything to do with making the plant twine around it?

(d) If there is no attraction between the stick and the plant, why
is it the tendrils finally attach themselves to the stick?

X. Living Plants at Work.

The following simple experiments should be carried out whenever
practicable, and their significance determined :

1. Place some soaked beans between two portions of damp carpet

felt or thick blotting paper in a plate. Cover the whole with another

plate placed upside down, and leave in a warm place. Examine every

day, and observe any changes.

2. When some of the seeds have sprouted, mark off on the root

and stem with India ink, commencing at the tip, very short equal spaces.

Replace seedlings in the damp paper between the plates. Examine
every day.

3. Grow some seedlings in the dark.

4- Tie carefully a piece of moist bladder membrane over the end

of the bulb of a thistle tube, fill the bulb and part of the stem with

a strong syrup of sugar, and place the whole bulb end down in a jar

of water, taking care to have liquids at same level in stem and jar.

5. Scoop cavities in a carrot and sugar beet, dry carefully and fill

with dry sugar. Set aside for a day or two.

6. Place thin slices of sugar beet in separate vessels of water and

10 per cent, solution of salt.

7. Place thin slices of red mangel, which have been boiled for a

few minutes, in a dish of water.

8. Tie some rubber cloth or oiled paper about the pot in which

geranium plant is growing and cover the whole with a glass or bell-jar.

9. Cut a shoot of geranium or begonia and place the cut end in

a bottle of water colored with red ink. Leave for a few hours, and
determine what parts of the stem are stained. Use a magnifying gTass.
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10. Place two small potted plants, one on each pan of a balance^

Place a bell-jar over one of the plants. Counterpoise. Observe results.

11. After a few hours take off bell-jar, wipe the moisture carefully

from inside and replace. Is balance restored? Explain.

12. Tear off a small strip of epidermis from the lower surface of a
leaf, place in a glass side, and examine with a microscope. Note the
breathing- pores, their shape and number.

13. Boil for a few minutes in water some green leaves ; remove and
immerse in alcohol until bleached. Notice color of solution. Place

bleached leaves in tincture of iodine solution. What happens and what
does it indicate? Try variegated leaves.

14. Test in the same way some leaves which have been kept in

the dark for a few days.

15. Place some water-cress or other water plant in a jar of water

and put in a sunny position. Contrive some way of collecting the gas
and test it.

16. Place some soaked peas in a tall jar. Cover tightly with a piece

of glass. Test the gas in the jar after 24 hours with a burning match.

What is it?

17. Cover a potted plant with a bell-jar. Within place a beaker

of clear lime-water and leave the whole in a dark room for a few days.

18. Place a potted plant or some seedlings near a window and leave

for a few days without disturbing,

19. Observe the attitude of young sunflowers during a bright day.

(Consult Atkinson's First Studies of Plant Life).

XII. The Conifers.

1. What Conifers have their dry, thin bud-scales about the base of

the leaves?

2. What Conifers have their needles single, but arranged on all'

sides of the stem? Arranged in two rows on the stem?

3. What Conifer has single, flattened leaves, inclined to turn up-

ward so that the under side of the stem is nearly bare?

4. Determine how the cones of the different species stand ; their

size ; their time of maturing ; and when they cast their seeds.

5. Make short descriptions of the Conifers on the College Campus
with regard to (1) their leaves; (2) their cones; (3) their bark; (4) their

habit of branching,

6. Determine the position of the fertile and sterile flower clusters on-

the stems of (1) Larch
; (2) Juniper ; (3) Yew

; (4) Arbor Vitae ; (5) Pitch

Pine; (6) White Pine; (7) Scotch Pine; (8) Austrian Pine; (9) Norway
Spruce.
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7. Study the youngs cones and draw them.

8. How can you tell the ag^e of a Conifer? Ascertain how long
the leaves remain attached to the twigs of the Conifer.

XIII. The Wood of Coniferous Trees.

1. In cross sections determine (1) whether the heart-wood and sap-

wood are of the same color; (2) whether "autumn wood" is of the same
color as the "spring wood."

2. Make diagrammatic sketches to illustrate.

3. Study the specimens in the laboratory.

4. Make a key for identification of different coniferous woods.

5. ^\'hen are "spring wood" and "ai\umn wood" formed?

XIV. Logs, Lumber, and Knots.

I. Study the end of a large log of hard wood, and determine the

areas : bark, wood, and pith. Make a drawing.

2- Where does a tree grow in thickness? Where is the oldest

part of the wood?

3. What does each ring represent? Why? Why is the pith

sometimes not exactly at the centre?

4. Of what is the bark mainly composed? How does the inside

part differ from the outside? What is the use of the bark to the trees?

5. What is the meaning of the numerous fine rays (rnedullary rays)

leading out from the pith? Are all of the same length? Do they ex-

tend into the bark?

6. Determine in which direction the wood splits most readily. Ex-
plain.

7. When a log is sawed into boards, will the "grain" of the

boards differ according to the way the boards have been sawed? Show
clearly by specimens and by drawings.

8. How is "quarter-sawed" lumber obtained? Why is it more ex-

pensive than other cuts? Why is it admired in furniture?

9. Examine a tree which has lost a branch (by accident or by prun-

ing). What is happening to the cut end of the wound ? Any diseased'

wood? Why does not the new wound-tissue (callus) always completely

cover over the wound?

10. When lumber is sawed from a log made from a tree which has
been deprived of branches at some stage of its existence, should you ex-

pect to find traces of such branches? What are they called in lumber?
Explain the formation of "buried" knots.

II. Find out the various processes by which lumber is made up
into furniture.
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12. Where are the chief lumbier regions of Canada? Why has the
price of lumber advanced within recent years?

[Consult Percival and Bailey.]

XV. The Apple Twig.

1. Note the rings on main branches and twigs; cause? age of twig?

2. Examine branches of different ages, and compare the markings
and buds.

3. From what buds are the longest growths? Why?
4. Observe the short branches with broken ends ; what are these

called? Why do not these bear fruit every year? What becomes of

the buds formed on the spurs not bearing fruit? What is the cause of

the broken ends?

5. Find out the following :

(1) Age of the twigs studied.

(2) Number of apples each fruit-spur bore.

(3) The fruit-spurs for next season.

(4) Where the blossoms did not set.

(5) Where the apples fell before maturity.

(6) Where terminal buds were injured, and lateral buds developed

into fruit-buds.

(7) Any accidental markings.

(8) The dormant buds.

[Consult Bailey's Lessons with Plants.]

XVI. Spurs.

1. Examine and collect twigs of the various orchard and forest trees.

2. Determine the position of the fruit-spurs on the different twigs.

Make careful drawings.

3. Write the story of each' of the branches.

4. Some trees have few or no spurs and bear almost entirely on long

shoots one year old ; other trees produce their fruit-buds chiefly on the

apex, or on the sides of spurs, the long shoots of the tree bearing only

wood-buds the first year; while others bear almost equally on both long

shoots and spurs.

Give examples of the three classes given above.

5. How do the red currant and gooseberry bear their fruit-spurs?

6. Determine if possible the age of fruit-spurs in the different trees

studied.

7. What is the importance of a knowledge of fruit- spurs to the or-

chardist?
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XVII. Trees.

1. Common Name, Scientific Name, and Family.

2. The tree from a distance in early spring- or winter.

(a) The contour, habit of growth, or general outline of the tree,
whether pyramidal, spreading and rounded, pillar-like, symmetrical, or
one-sided.

{h) The color of the foliage.

3. The tree at close quarters.

(a) Trunk. Circularity, straight or crooked, or tapering^, excurrent
deliquescent, indications of disease or decay, size.

(b) Bark. Rugged or smooth; brown, gray, or silver white; any
tendency to peel off in scales or come off ; any lichens, moss or fungi.

(c) Branches. Whether inclined to the stem at an acute or obtuse
angle; general difference between upper and lower branches; whether
drooping, or have an upward trend or a downward curve; whether the
tw^igs are one-sided, or on both sides of the main branch; whether alter-

nate or opposite.

{d) Twigs. Whether crooked, rough-barked, indicating slow
growth ; or straight, smooth-barked, indicating quick growth ; study of
transverse section of twig, noting bark, wood and pith and annual rings
and medullary rays ; examine the buds, and note their relative positions,

shape, color, scales, rudimentary leaves and flowers ; relation of bud ar-

rangement to branching, and the branching to the ultimate form of the
tree ; study of leaf-scars ; study of bud-scale rings and age of the tree.

XVIII. The Woods of Dicotyledonous Trees.

1. The object of this study is the identification of the woods of our
common trees. Transverse sections of twigs

i^
to f inch or more should

be made, and with the aid of a lens determine (1) whether there is any
diffrence in density between the spring and the autumn woods

; (2)

whether the vessels are distinctly visible or hardly visible
; (3) whether

the medullary rays are wide and quite visible to the naked eye
; (4) the

color of the wood and medullary rays.

2. Make diagrammatic sketches to illustrate the difference between
the various woods.

3. Study the specimens in the laboratory.

4. Try and make a key by means of which the woods can be iden-

tified.

XIX. The Development of the Apple and Cherry.

This Involves a study of the ovary and its changes during the for-

mation of the fruit. Sections of different specimens should be made
at frequent intervals, and a series of drawings, kept with their accom-
panying dates.
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1. Make longitudinal and transverse sections of the flowers of an

apple. Observe the position and extent of the receptacle and the calyx-

tube. Such observation should be made every two days.

2. Determine from your studies the formation of the apple,—the

part occupied by the calyx, receptacle, and ovary-wall respectively.

3. Cut sections both longitudinal and transverse of the ovary of the

cherry from the time the flower fades up to the time the fruit is quite

large. Note especially the growth in thickness of the parts of pericarp,

viz., the endocarp or "stone," and the mesocarp or "flesh."

XX. The Rose Family.

1. Collect, dry, and mount as many specimens of the Rose family

3.S you can find.

2. Examine carefully the flowers of each, and make longitudinal,

vertical sections of each.

3. Make careful drawings of the vertical sections,—the object being

to determine the cohesion and adhesion of the parts of the flower.

4. Group all the forms studied into three: the apple group; the

strawberry group; and the plum group.

5. Try to determine the relationships of the forms studied.

6. Compare a raspberry with that of a strawberry. Watch their

g^rowth after the flower fades.

7. Watch the development of the ovary of a plum when the flower

begins to fade. What becomes of the receptacle?

The following forms at least should be studied : apple, plum, straw-

berry, spiraea, cherry, june-berry, raspberry, wild rose, hawthorn, pear,

cinquefoll, barren strawberry, blackberry, mountain ash.

XXI. The Legumes.

Some Special Studies (Spalding) :

(a) Arrangements for cross-fertilization.

(b) Extent to which the production of seeds of Red Clover is de-

pendent on the agency of insects.

(c) Capacity of the Common Pea for self-fertilization.

(d) Occurrence of modified leaves, such as tendrils.

(e) Morphology of protective structures of various leguminous plants,

e.g,. spines of locust and honey locust, hairs of desmodium, etc.

(/) Sleep movements of Clover, etc.

(g) Causes of the wide distribution of the family.

1. Classify the legumes of the farm according to their leaves, noting

whether the leaves are (1) Pinnate, ending in tendrils; or (2) Pinnate

with two or more pairs of opposite and one single terminal leaflet; or
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(3) leaves with three leaflets ; or (4) leaves Digitate with more than

three leaflets.

2. Study the legumes of a farm. Make a list of the forms.

3. Collect and study the various Clovers to be found in the Ex-
perimental g-rounds. In what respect does the young seedling Red Clover

dift'er when grown with cereal crops than when grown alone? Is alsike

a hybrid, as its scientific name would imply, (Trifolium hyhridum)?

4. Watch carefully the flowers of white clover {Trifolium repens),

and determine how such flowers are fertilized ; what occurs to each flower

after fertilization ; how the unfertilized ones (old maids) can be told ?

5. Which species of clovers are annuals, biennials, perennials?

Which are upright growers and which are creeping?

6. Compare the Medicagos with the Clovers. Is Black Medick a

weed ?

7. Compare the Melilots with the Clovers. Is White Mejilot a

weed ?

8. Contrast the Peas and the Vetches. Compare their flowers, and

note any points of difference between them. What difference in ger-

mination? Make drawings.

9. Collect and preserve the tubercles of the various legumes.

XXII. Grass Investigations.

1. Collect samples and bundles of the various wild and cultivated

Grasses.

2. Determine the following regarding each Grass :

{a) The time of Flowering.

(6) The height of growth.

(c) How it withstands drouth.

(d) How it withstands excess of water,

(e) How it withstands pasturing.

(/) Its palatability.

(.£r) Its roots, habits, whether creeping, or tufted.

(h) Its duration, whether annual, biennial, or perennial.

3. Make germination experiments of as many grasses as possible,

and study the habits of the seedlings.

4. Collect samples of commercial grass-seed from various seed

houses, and determine the purity and vitality.

XXIII. Recognition of Grasses by tlieir Leaves.

1. Ascertain how the leaves are folded In the bud, whether (a)

simply folded, or (b) rolled. Poa pratensis (June Grass) is folded, and

Phheuni pratense (Timothy) is rolled.
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2. Ascertain if there are clasping claw-like appendages at the base

of the leaf. Lolium perenne (Perennial Rye Grass) and Festuca pratensis

(Meadow Fescue) have such claw-like appendages, while Fox-tail has

none.

3. Ascertain the color of the leaf sheaf below ground.

4. Ascertain whether the leaves are cylindrical or flat ; narrow or

broad, prominently ribbed or not; the color of the veins.

5. Ascertain whether the leaf-sheaths are smooth or hairy ; keeled

or not.

6. How do fruit-growers control the Codling Worm?
7. Describe and draw a "scabby" apple. What are the objections

8. Make a key by means of the characters of the leaves.

XXIV. The Apple as a Host.

Secure specimens of "wormy" and "scabby" apples.

1. How many kinds of apples do you know?

2. Is there a difference in the size of the cores of different apples?

3. Cut crosswise and lengthwise of two apples. Answer the follow-

ing questions and draw :

(a) How many cells in the core? How many seeds in each cell?

(b) How do the seeds point? Are they attached?

(c) Is the blossom end connected in any way with the core?

(d) From what part of the flower has the apple (fruit) been de-

rived.

4. Write out an account of the work of the Codling Worm. How
many broods in a season? How does it spend the winter? Collect the

different stages of this insect.

5. Where did the worm leave the apple?

6. How do fruit-growers control the Codling Worm?

7. Describe and draw a "scabby" apple. What are the objections

to scabby apples? Determine how and where infection takes place, and

the development of the disease.

8. How do fruit-growers control the "scab"?

9. Make a collection of other enemies of the apple.

XXV. Fruits.

Collect for comparison and study the fruits of most of the common

plants in the vicinity.

1. Group them into (1) dry, and (2) fleshy forms.

2. Group all the dry fruits into (1) Dehiscent, and (2) Indehiscent

forms.
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3. What is the general name for a dehiscent fruit? What is the

pericarp?

4 Group the dehiscent forms into (1) those derived from a simple

one-celled ovary, and (2) those derived from a compound several-celled

ovary.

5. Examine the indehiscent fruits ; determine how they have develop-

ed from the ovary, and make out the changes that have taken place while

maturing.

6. Group the fleshy fruits itito (1) berries, drupes, pomes, hips,

haws, and pepos.

7. Study the fruits of the evergreens ;
compare them.

8. Study the fruits of the ferns, club-mosses, and mosses.

9. Account for the brilliant colors of some of the fruits,

10. Why is unripe fruit usually green?

11. Why are the seeds of many fruits unpleasant to the taste?

12. Why have some fruits a hard coat next the seed?

13. Why are the seeds of some fruits very small?

14. Why are the edible portions of nuts protected by a shell, and

unprotected in berries and such fruits?

XXVI. Nuts.

Collect specimens of hazelnuts, beech nuts, chestnuts, hickory nuts,

walnuts, and butternuts.

1. Are all of these fruits? Why? Are they dehiscent or indehiscent?

Why?
2. In the case of the first three, of what is the "bur" composed?

Does it dehisce in all three?

3. In the case of the last three, of what is the "shuck" or "hull"

composed? Does it dehisce in all three?

4. How many cells and seeds does each nut contain? In the chest-

nut, for example, there are sometimes two kernels in a nut. Explain.

5. What change has" taken place in the wall of the ovary of each

nut in the process of ripening?

6. Give a botanical definition of nut. Is the acorn a nut? Is the

horse-chestnut a nut?

7. Why are nuts usually dull colored?

8. Why is the edible portion of nuts protected by a shell ?

9. How are the nuts distinguished?

10. How are unripe nuts protected while on the tree?

M. Study the common commercial nuts, such as are sold on the

market.

2 BULL. 142



XXVII. Dissemination of Seeds.

Make a collection of seeds, and examine carefully. Answer the fol-

lowing- questions :

1. Why do so many seeds have special g-rowths attached to them?

2. Arrang-e and name the seeds collected according to whether they

have
(t() Barbs or grappling devices.

(h) Provision for floating on water.

(c) Provision for floating in the air.

(d) Mechanism for ejection.

(e) Juicy parts attractive to animals.

3. Observe carefully and record the special adaptations to distri-

bution possessed by : Witch-hazel, touch-me-not, dandelion, burdock,
beg"gar-ticks, blueweed, white pig-weed, cherry, basswood, sedge, pine,

milk-weed, maple, poison ivy.

4. Why are the seeds of most weeds dull colored?

5. What are the main methods of dissemination of weed seeds?

6. What birds are largely instrumental in dissemination of seeds?

[Consult Beal's Seed Dispersal.]

XXVIII. Domestic Animals.

1. Compare the dog-, cat, cow, horse, and sheep as to (a) habits of

feeding, (b) coverings, (c) shape of limbs, (d) mode of using the limbs,

(e) their paws or hoofs, ike, (g) teeth, (h) shape of head.

2. What animal was probably first domesticated or tamed ?

3. Study carefully the dog : Kinds—shepherd dog, coach dog, hun-

ter, &c. ; as companion or playmate ; care of dogs, intelligence, and

fidelity; strong senses of hearing and smelling; character of paws and
claws ; what wild animals are related to the dog ?

4. Study the cat, comparing it with the dog as to intelligence, form,

use, manner of walking-, senses, affection, paws, and claws, tongue, bad

habits. What wild animals are related to the cat ?

5. Study the cow : What kind of food does it eat ? How does it

eat? What is the "cud"? What are ruminants? Name some

ruminants. Of what use are the horns ? What are some of the uses of

the living cow? Of the. dead cow? How does the cow lie down?
Get up ?

6. Study the horse: Importance in commerce and war; to civiliza-

tion; kinds; intelligence; dentition; kind of food, manner of eating;

feet, the way the horse lies down and gets up ; care of horses ; origin

;

wild horses. What wild animals are closely related to the horse ?
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XXIX. Animal Movements.

1. Study the way the following animals walk : Horse, cow, cat,

dog". In what order are the feet placed in walking ? In trotting ? In

galioping?

2. Study the movements of an earthworm, a clam, an insect.

3. Study the movements of a fish, a snake, and a bird.

4. How does a rabbit run ? A robin or a crow walk ?

5. To what extent has the need for getting food affected the man-
ner of movement of animals ? Study cat and dog.

6. To what extent has the place where food is obtained affected the

movement ? Study fish, bird, earthworm, clam.

7. To what extent has the need for escape from enemies affected the

mode of movement ? Study rabbit, squirrel.

XXX. Animal Coverings.

1. Compare the natural coverings of man, horse, cow, rabbit, cat,

pig, sheep, mink, hen, turtle, snake, frog, fish, caterpillar, and earth-

worm. Name those covered with hair, with fur, with wool, with feath-

ers, with scales.

2. What is the use of the covering ? Does it vary from season to

season in difl'erent animals ?

3. \Miat is the difference between furj hair, and wool ?

4. Where do fur-bearing animals live ? Wliere animals with hair?

5. \^'hat is the arrangement of the feathers on a bird ? W^hat is

the. special advantage of feathers as a covering ?

6. Compare the winter plumage with the summer plumage of birds.

.7. How are the scales of a fish or snake arranged ? Of what ad-

vantage ?

8. What is peculiar about the coverings of insects ? How can in-

sects grow with such coverings ?

9. Why does a snake shed its skin ? How often ?

10. To what uses are the coverings of animals put ? Specify.

XXXI. Food=Qetting Among Animals.

1. Study the ways the horse, cow, sheep, cat, and dog seize their

food.

2. What animals use their fore limbs in eating ? What do not ?

3. What animals are flesh-eaters ? What are plant-eaters ?

4. Study the dentition of rabbit, cow, horse, sheep, and man. WHiat

are the names of the different kinds of teeth and the use of each ?
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5. Study carefully how the cat eats its food. What other animals
eat their food in the same way ? Of what use is the tongue ?

6. How does the dog- and cat take liquid food ?

7. What animals get their food at night ?

8. AVhat is the food of the earthworm and how does it take it into its

body ?

9. Watch how a snake takes its food, a frog, a caterpillar.

10. To what extent do the kind of food and the food-getting affect

the shape of the head and jaws ?

11. Does the food supply affect the habits of animals at different
seasons ?

12. Determine whether the following animals are beneficial or in-

jurious : Mole, snake, toad, sparrows, hawks, owls, woodchucks,
squirrel, weasel, racoon, rat, mouse, plant-lice.

XXXII. Adaptations Among Animals and Plants.

1. In what particular is the cat adapted for (a) securing food, (b)

protecting itself, (c) defending its young, (d) in fighting with another cat
or other animals, (e) its surroundings ?

2. Study the adaptation of the squirrel, the hawk, the horse, the
giraffe, the deer,, the mole, to their respective mode of life.'

3. Find examples of caterpillars and other insects which are pro-
tected by their color. What higher animals are protected in this wav ?

4. How are the skunk, the porcupine, the wasp, and the bee pro-
tected ?

5. To what extent are fishes, birds, reptiles, and worms adapted ' to

their mode of life ?

6. Find plants that are well adapted to their particular mode of -life.

7. A'Vhat are some of the means plants have of surviving under un-
favorable conditions ?

8. Explain how all plants and animals are adapted to their sur-

roundings ?

(Read "Animal Life" by Jordan and Kellogg: Appleton).

XXXIII. Snails and Slugs.

These animals belong to the sub-kingdom Mollusca, (mollis, soft

;

esca, flesh). Why ?

Slugs have an internal flat shell, while snails have one coiled inter-

nal valve.

1. The Shell. Find all the different kinds of snails you can. Rest
the shell on its base with the aperture pointing toward you, and draw a

plan of the spiral.. Does the spiral run to the right or to the left ? In a
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right handed dextral shell, Helix, Limnaea, in this position the aperture

is to the right of the axis. Or imagine such a shell a spiral stair-case,

as you ascend, ttte axis of the spire will always be on your left. Can you

find any left-handed (sinistral) shells ? (Physa). All whorls nearly in the

same plane, (Planorbis). How many whorls are there in the spiral ?

(The largest is the body-whorl, where most of the soft body of the snail

is protected, the rest is the spire.)

Observe the lines of growth running parallel with the opening in

the shell. Note the color and surface markings. Can you see, a few

well-marked lines often separating off areas of different depths of color ?

These each distinguish one year's growth from another. How old are

your specimens ?

Break out a piece of the shell from the edge of the body whorl. Is

the gap filled in, or is the new piece of the same color as the rest of the

shell ? Try the same experiment again removing parts of shell from the

body-whorl, not from the edge but from the spire. How long does

reparation require ? Is there any protective coloration ?

2. Locomotion. Snails and slugs belong to the class Gastropoda

(bellyfooted) as foot is on the ventral surface of the body. Let snail

crawl on a piece of glass, and watch its movements from the under side

with a lens. Do you see a wavelike motion? Which way do the waves

move ? Why can snail hold on to a surface so firmly ?

3. Head. How many horns on the head ? Describe them. Where

are the eyes. Are some of the tentacles more sensitive to touch than

ot;hers ? Watch mouth and its motions. Observe how it feeds. Can

you see tongue (radula) as a Helix rasps off the epidermis of a lea ?

(The radula ribbon is covered with thousands of minute sharp teeth).

4. Respiration. Observe the opening to the lung on the right side

of the body. What movements of the aperture occur ? Will Helix live

in water ? Will Limnaea live long totally submerged, and completely

deprived of air ?

5. Food. Try feeding experiments with Helix, Limax, and Limnaea.

Try leaves, dry leaves, soap, dead bodies of snails and slugs, and other

species; lichens, mayflies, coleoptera ; raw beef, fungi. Will Limax bite

vour hand ? Try tender skin "between fingers.

6. Regeneration. Do lost tentacles, eyes, parts of the foot grow out

again if cut off ?

XXXIV. The Sundew.

1. Observe the habitat and general habit of the sundew.

2. Draw a leaf, showing the tentacles.

3. Grow sundew in shallow wooden dishes containing peat, and kept

in a room at a temperature of 70 degrees F.

4. "Place pieces of rotten wood, boiled meat, or boiled egg, or bits

of glass no longer than a pin head, on the tips of the glands of the ten-

a«les at the margin of the leaves," and watch the result.
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5. How long^ before movement takes, place ? Use a lens.

6. Does relaxation of the movement occur while tke object remains
on the tentacle ?

7. Do all the objects mentioned secure equal reactions ?

8. How is the amount of secretion influenced by the different ob-

jects ?

9. Place a small cube of 1 mm side, with sharply cut edg-es, of the

white of a hard boiled egg on each of several sundew leaves, and deter-

mine if the albumen is digested after a day or two.

10. Determine the structure of a tentacle, using- a microscope. Ob-
serve the spirally thickened wood-fibres, or "water-pipes."

11. Try the action of very dilute solutions of ammonium salts on the

bending of the tentacles.

12. Try the .action of sugar, starch, dilute alcohol, milk, mucous, and
saliva.

13. Are the stalks of the tentacles sensitive ?

14. Repeat Francis Darwin's experiments as to the effect of feeding

sundew with roast meat (1-50 grain) on the nutrition and reproduction

of the plant.

XXXV. The Wheat Rust.

1. Collect specimens of diseased barberry leaves, and determ'ne

when the cluster-cups are mature.

2. Make careful drawings of the cluster-cup.

3. From the mature cluster-cup remove some spores to a moistened

leaf seedling of wheat or oat plants.

4. Determine when the rust appears on the wheat or oat leaves after

inoculation.

5. Inoculate other wheat plants and other oat plants from the first

inoculated plants.

6. Try to get specimens of wheat or oats infested with Black Rust,

and which have wintered over in exposed places. Determine how the

Black Rust spores germinate.

XXXVI. The Life History of the Toad or Frog.

1. Collect the eggs at the river in early spring. About how many
eggs are laid by one toad ? What is the difference between the toad's

eggs and the frog's eggs ? Keep the eggs in a flat glass dish in water

and watch them hatch. Change the water every two or three days.

Draw a few eggs.

2. Draw the tadpole in its various stages of development. Note

some of the habits of the tadpole, how it swims, breathes, etc.
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•3. Test them with various kinds of food.

4. Note the development of the legs.

5. What becomes of the tail ?

6. Examine its eyes. Has it any eye-lids ?

7. Study the habits of the frog-.

8. What does it eat ?

9. How does it breathe ?

10. Does it ever drink ?
«

11. Experiment. Dreprive a toad of water for a day and weigh him
carefully. Next sit him on a wet blotting paper for an hour or two and
weigh again. What is the increase in weight due to ?

12. Note its humpbacked body and its sitting posture.

13. ^^'hat are the natural enemies of tadpoles ?

14. What are the natural enemies of the frog ?

15. Since so many eggs are laid by each female frog, and nearly all

these produce tadpoles, how do you account for so few frogs ?

16. Of what economic vali!ie are toads ?

IT. Write a short account of the life history of the toad, and com-
pare with that of the frog.

18. How many kinds of frogs in your vicinity?

XXXVII. Mosquitoes.

1. Collect some larvae of mosquitoes in stagnant water, and place

them in a glass jar for observation.

2. Watch carefully the habits of the larvae,—how they breathe, how
they swim, and whether heavier or lighter than water.

3. Make drawings of the larvae.

4. How long do the mosquitoes remain in the larval stage?

5. Study carefully the pupa stage,—how it differs from the larval,

how it breathes, etc.

6. Watch the escape* of the adult mosquito. Describe the oper-

ation. What state of water is necessary ?

7. Are all the larvae exactly like ? the pupae ? the adults ? What
difference between the male and female ?

8. Secure specimens of Culex, of Anopheles, both males and females.

9. Try simple experiments on the killing of the larvae with oil.

10. Endeavor to get the eggs of mosquitoes. .Draw the egg mass.

11. Ascertain the exact duration of the different stages of the mos-

quito.
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XXXVIII. Some Underground Growths.

Collect typical samples of potato tuber, carrot, turnip, and mang-el or
beet,

—

1. Examine the arrangement of the "eyes" on a large potato tuber,
and note where they are most numerous.

2. Cut longitudinal and cross sections passing through an "eye."
Make drawing, and determine the nature of an " eye." How many

buds in an " eye "?

3. What reasons have you for supposing the tuber to be a modified
stem ? Illustrate by drawings. Locate the cortex, epidermis (peri-

derm), vascular cylinder, cambium ring, and pith. Where is the wood?
4. What is the chief reserve food stored in the tuber ? How would

you test its presence ?

6. Do the true roots rise above or below the tuber-bearing branches
in field ?

6. What is the advantage of exposing the tubers for planting to

light for a week or more ?

7. What is generally the shape of the carrot? How are the small
secondary roots arranged ?

8. Make longitudinal and cross sections of a carrot ? Note color,

thickness, and texture of the various parts. Draw.

9. Has a carrot a root or a stem structure ? Where is the base and
the cortex ? the wood ? the cambium-ring ?

10. What is the difference between (1) the root of cultivated and wild

forms of carrot, and (2) the first and second year's growth ?

11. Make longitudinal and transverse sections of a turnip. Draw.
No.te color, thickness, and texture of the various parts.

12. Locate bast, cambium and wood. Of what is the wood com-
posed ?

13. Make longitudinal and transverse sections of a mangel or beet.

Draw; note color, thickness, and texture of the various tissues and soft

parenchyma. Which parts are colored ? Name the parts as seen in

sections.

[Consult Percival's Agricultural Botany.]

XXXIX. Spiders.

Field excursions should be made for the study of the work and habits

of spiders. A few spiders may be brought into the class-room and placed

in the terrarium, where their habits can often be readily observed.

1. Find orh-^vehs, funnel-wehs, coh-wehs, and the threads of the

balloon spiders. Make drawings of the structure of each web, and note

where each web is found.
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2. Where does the funnel-web spider lie in wait for his prey ? What
as the appearance of this spider, and what is the structure of the web ?
Observe and describe the tunnel.

3. How does the orb-web spider or weaver make his web ? How
many kinds of silk are used ? How is the spiral thread arranged ?
Where does the spider lie in wait for its prey ? How does the spider
pass from one side of the web to the other?

4. What is the structure of a cob-web ?

Where and how does the spider Ife in wait ?

5. Find, and study jumping spiders, running spiders, ballooning
spiders; harvestmen.

6. Observe how the silk is spun by the spiders.

7. Collect the egg-sacs of spiders, and note where they are found.
Determine when the e^<rs hatch.

8. Compare a spider with an insect. In what respect do they differ?

[Consult Comstock.]

XL. Plant Galls.

Collect the Galls on as many different plants as possible, and make
drawings of their shape and contents.

Try and answer the following questions :

1. What galls have openings ?

2. What galls are single-celled ? Many-celled ?

3. What galls become empty before the close of autumn ?

y 4. Find examples of galls on roots and stems.

5. Study carefully the Pine-Cone Willow-Gall, and give a reason for

the Cone. Keep some of these Willow-Galls in a jar, covered with
cheese cloth, until spring.

6. Put away also some of the Mossy Rose-Galls and Oak-Galls.

7. Qassify the galls collected according to the insects producing
them. Which were made by aphids ? by Hymenoptera (Cynipids) ? by
Diptera (Cecidomyia) ? by moths ? by mites ?

8. How were the galls made ?

9. Compare the galls found on Golden Rod ; on Oak ; on Maple ; on
Elm ; on Grape ; on Witch-hazel ; on Poplar ; on Hickory ; on Rosa ; on
Rubus.

XLI. Earthworms.

1. Prepare a wooden box with holes on side to admit air ; almost fill

the box with rich, moist earth, in which are many decaying leaves and

stems
;
place some earthworms on the surface ; moisten the earth occa-

rsionally.
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2. Observe the habits of the worms in the box, how they bore

through the earth ; why they come to the surface after rain.

3. Examine worm-casts,—their shape, whence they came, and how
they are brought to the surface.

4. Determine how a worm crawls,

—

5. Examine the front end ; does the worm always travel the same

end foremost ?

6. Examine the home of the earthworm, using a trowel to remove

the layers of earth ; what is found in the holes ?

7. Find out the kind of food the worm likes ; try different kinds.

8. Are roots of plants eaten by earthworms ? \\'here are worms

most abundant ?

9. Determine the sense-organs of earthworms :

(a) Note the quickness with which they retreat when disturbed by a

heavy step on the earth near their burrows. What sense has warned them

of the approach of dangler : seeing* hearing, or feeling ?

{b) Note the force with which they cling to their burrows when an

attempt is made to drag them out.

How is it they cling so strongly ?

Examine the sides and under surface of the worm for an additional

cause.

(c) Can they see ? Test by bringing light towards them.

(d) Can they hear? Test by yelling close to one or beating a tin pan.

{e) Can they smell? Test by hiding a piece of its favorite food

which you have already determined by experiment, and note whether it

finds it.

10. Determine the general appearance of an earthworm.

11. Find the eggs of earthworms; the sac which contains them.

Watch a rich piece of lawn well, before dusk, and, with lantern in

hand, watch carefully the habits of the worms which come to the sur-

face after dark.

XLII. The Songs of Insects.

Collect some crickets, locusts, katydids, meadow grasshoppers, and

trfee crickets, and place them in a terrarium in which there is some

green grass.

1. Determine if both males and females sing.

2. Observe carefully, and determine how each singer makes noise.

3. Find where the "ears" are situated.

4. Try and procure a Cicada, and determine how it makes its pecu-

liar song. Is the singer male or female?

5. What other insects make noises?



XLIII. An Ant's Nest.

Prepare an ant's nest (see Comstock's Insect Life, p. 279).

1. Are all ants' nests alike? In what situations have you found

them ?

2. Describe a nest.

3. Describe the appearance of the different kinds of ants in a nest.

\\'hat is the duty of each kind?

4. What are the white bodies seen in the nest?

5. When have you seen winged ants? Try and find an ant ridding

itself of its wings.

6. Make a collection of all kinds of ants you have seen.

7. What relationship have you noticed between ants and aphids?

8. \\ hat is the best way of ridding a room of ants ?

XLIV. The House=FIy.

1. Why are house-flies more abundant in September than in earl}^

summer?

2. Watch a fly feed. How does it take its food? As a solid or a

liquid? Does it make use of its feet while feeding? How?
3. Determine the structure of its mouth. By pinching a fly's head

gently the mouth parts will protrude. Examine with a lens. Draw.

4. Draw the house-fly while it is resting on a piece of paper. Name
the parts.

5. Where do house-flies deposit their eggs? Observe the creatures

that hatch from the eggs. What are they called ? Find the next stage.

Preserve these in a box. \\'hat are these called ?

6. Catch some of the flies that bite before rain. Are these house-

flies? Examine carefully, and look at mouth parts.

7. Examine a fly's foot and try to account for its clinging to

ceiling.

8. Collect other flies that frequent the house and determine the dif-

ference between them and the house-fly.

XLV. The Currant Saw=FIy,

1. Collect, draw and examine the leaves of the currant on which
are deposited the eggs of saw-fly.

2. Note the location of the eggs on the leaves.

3. Collect some of the adult insects and pin them in your collection.

4. Determine the duration of (1) egg stage, (2) larval stage, (3)

pupal stage.

5. Describe the mode of feeding of the larvae.
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XLVI. The Pear Tree Slug.

1. Find some of the eggs, and if possible some of the females
ovipositing. What is the shape of the egg?

2. How many eggs to a leaf?

3. Examine larva and its manner of feeding.

4. Its duration as larva. Number of moults.

XLVII. The Spruce QalI=Louse.

1. Examine carefully some infested twigs of white spruce, and de-

termine the shape of galls.

2. Watch for the deposition of eggs in woolly coverings about

May 10th.

3. Draw egg masses. Estimate the number of eggs.

4. How long before the eggs hatch?

5. Watch the grey lice for five or six successive days, and deter-

mine how the galls are made.

6- What are the best means of combating the gall-lice?

XLVin. The Oy«ter=Shell Scale.

1. Collect specimens of twigs infested with Oyster-Shell scale,

and determine what stage of its history the insect is passing through.

2. Make careful drawings of the adult and young of this insect.

3. Try to find out how far the young would move from the mother

scale before it settles down—about June 1st.

3. Determine if you can the duration of each moult.

XLIX. The Larch Saw=Fly.

1. Search carefully in the soil in the larch grove for dark-brown

oval objects, and take them to your room
;
place them in a box and

await developments.

2. Describe carefully the adult saw-flies. Any difference between

sexes? Pin several for your collection.

3. Observe the females depositing their eggs. Describe the pro-

cess. How many eggs in the froup? Make a drawing of the eggs in

place on the twigs. Account for the bending of the twigs.

4. Determine the duration of the egg stage, the number of mouhs

of the larva, the duration of each moulted stage, and any differences

between the different moults. Collect specimens of the different moults

for your collection.
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L. The Potato Beetle.

1. How does the insect pass the winter? When did you first see

the adult?

2. Determine the date of the first appearance of egg-s. How many
in a cluster? How long to lay the eggs? How long in the egg state

before hatching? Color? Collect. Where are the eggs laid?

3. Observe the larva in its different moults, and the duration of

each moult. Collect the pupae. ,

4. Describe the full life-history.

LI. Lady=Bird Beetles.

1. Collect as many kinds of Lady-Birds as you can, taking notes

of what they were doing when you collected them.

2. What other insects did you find on the same plant?

3. Collect as many Lady-Bird larvae'as you can, and preserve them
in vials for reference and study.

4. Identify the Lady-Birds collected by means of Comstock's Manual
and other reference works.

5. How are Lady-Birds distinguished from leaf-eaters (Chrysome-
lids}?

6. Determine where the pupa is formed and how.

7. Of what advantage to the Lady-Birds are their bright colors?

8. Make drawings of the most commonly occurring lady-beetles,

showing the variations and marking.

9. What Lady-Birds do you find in the greenhouse in scale-infested

plants, or on apple trees infested with Oyster-Shell Bark Lice?

10. What Lady-Birds do you find on trees infested with aphis ?

LII. Some Common Autumn Insects.

Make a collection of as many members of Orthoptera as possible

;

classify, and name them.

2. Observe the habits of cockroaches, long-horned grasshoppers,

short-horned grasshoppers, and crickets.

3. Determine where they spend the winter.

4. Describe how the grasshoppers and crickets deposit their eggs.

•3. Collect "woolly bears," milkweed caterpillars, dagger Cftterpil-

lars, tiger caterpillars, fall y--eb-worms, and cabbage worms. Place them
in separate boxes and feed them their appropriate leaf-food. Watch
carefully from day to day for developments.
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LIII. Birds.

In the study of birds the student should determine the following

points :

(a) size, (b) color, (c) markings, (d) shape of body, bill, wing, tail

and foot, (e) appearance, (f) movements, (g) flight, (h) localities frequent-

ed, (i) food, (j) song, (k) habits, (1) nest, (size, form, material building),

(m) eggs, (n) incubation, (o) young. Record in a note-book.

1. Keep a bird Calendar, such as the following :

Name of Bird.
When
First

Seen ?
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(c) Note the holes made by the Siipsiicker. How arc they arrano-ed?
What is the object of the holes? Is it a friend or a foe?

**

(d) Watch the Red-headed Woodpecker; what is the nature of its
food ?

(e) Describe and draw the Red-headed Woodpecker.

(/) Compare the Dow7iy and Hairy Woodpeckers. What is the
nature of their food ? Are they friends or foes ?

(g) How do Woodpeckers drum? W'hat is the difference between
the tap and the drum?

(h) How does the woodpecker use its tail in climbing-? What is the
arrangement of its toes?

(i) Describe the Flicker. Compare it with the other woodpeckers.

(j) Compare the male and female flickers and other woodpeckers as
to color and markingfs.

(fe) Watch a flicker feeding its young.

(/) What woodpeckers are winter birds? Find out when the others
come and go.

LIV. The Robin.

1. Movements. Describe the movement of the robin on the ground

;

and its manner of flight. Compare its flight with that of the Swallow,'
Song Sparrow, Meadow Lark, Red-headed Woodpecker. What are the
characteristic movements of the Robin?

2. Song and Call. How many different calls can you detect? Imi-
tate them. What is the apparent meaning of each call? At what sea-
sons does the Robin sing? Does it sing at night? Wlien raining?

3. Color and Shape. Are the males and females of the same color
and size? Are the young of the same color as the old? What parts
are dark? Pure black? White? Red? When does the Robin moult?
Draw the robin.

4. Xest and Eggs. Determine the time occupied in building the

nest and in brooding. When does it begin to make a nest ? Where
does it build? Of what is the nest built? Is the nest used more than
once? How often each season does the Robin brood? How long be-

fore the first egg is hatched? What is the number, shape, and color of

the eggs? When does the mother bird leave the nest to feed?

5. Food. What is the most common food of the Robin? When
is the Robin not beneficial? What is the food of the young? Compare
the food of the Robin with that of the Bluebird, Wood Thrush, Hairy

Woodpecker, etc.

6. General Questions. Where do the Robins pass the winter?

What is the exact date of leaving your locality? And return? Do the

same Robins return every spring to the same localities? Compare the

nesting habits of the Robin with those of the other members of the
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Thrush family. Do both males and females look after the nest and
help to feed the young?

LV. Bird Identification Blank.

Locality

Date
Haunt
Length {tip of bill to end of tail)

Size and shape of hill ...... .,

Length and shape of tail

Color—
Forehead
Crown
Cheeks
Nape
Back
Rump
Upper-tail coverts

Tail
,

Wings ,
_ ...

Throat *. ... ...

Breast
• • • •

Abdomen -

Voice

Movements
Nest
Food

Then use the keys in Merriam, Hoffman & Walter for identification.

LVI. Red Squirrels.

1. Why are red squirrels not desirable animals to have about home?

2. Find a nest. Has it the same nest for both summer and winter?

Of what is it composed ?

3. A\'hat is the food of red squirrels ? Watch a squirrel eating-.

Sketch.

4. Show clearly how the squirrel is well adapted to a life among
trees.

5. Examine the mouth of a squirrel, and show how the teeth are well

adapted for opening nuts and grinding hard seeds.

6. What enemies have squirrels ? Watch a squirrel in flight. De-

termine how its passes from tree to tree.

7. Study the calls of the squirrel.

8. What are the uses of the tail ?
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9. How does the chipmunk differ in appearance from the red squir-
rel ? Sketch.

10. Compare the habits of the squirrels.

LVII. Water, Steam, and Ice.

1. Determine the physical properties of water, such as color, taste,
shape, surface, and cohesion, bv simple experiments. In what respects
does water differ from steam or ice ?

2. Describe the effects of heat on water in a glass flask. What is

the cause of " singing "' just before boiling ? Is steam visible? What
is a cloud ?

3. \\'hat happens when a jet of steam strikes a cold surface ?

4. What is evaporation ? W^hy is evaporation more rapid some
days than others ?

5. Why do wet clothes dry more rapidly some days than others ?

6. Explain the "sweating of pitchers containing ice-water."

7. Explain the formation of clouds. Why are some clouds white,

others black ? Why do clouds move ?

9. How is rain formed ? When clouds rapidly disappear what is the

probable reason ?

10. Determine the conditions of formation of ice and snow.

11. Examine snow-flakes and observe their structure.

12. How could you show that water expands on being heated?

That water expands on freezing ?

13. What is a thermometer ? What is its use ?

14. Show that heat is required to melt ice.

LVIII. The Air.

1. What are the proofs for the existence of air ? Make experi-

ments.

2. Show that air exerts pressure, is elastic, has weight, expands
when warmed, and contracts when cooled (use an air-thermometer to

show expansion and contraction).

3. Air is a gas. Name other gases which are also colorless and
odorless.

4. Make some carbonic-acid gas and determine its properties. How
do its properties differ from those of air ?

5. Why water rises when the piston is drawn up in a " squirt-gun
"

or syringe.

6. The barometer. W^hy is mercury used ? \\'hat is the use of the

barometer ?

7. Winds : Their cause, direction, importance, kinds.

3 BULL. U2
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LIX. The Lamp or Candle Flame.

1. What part of the flame gives forth most light ? Sketch the
flame.

2. By lowering- a sheet of white paper upon the flame find at what

part the flame is hottest by observing- the areas scorched.

3. What is the use of the wick ? Is it consumed ?

4. Determine all that happens when a fine wire g-auze is lowered
upon a flame. Explain the phenomena.

6. Have you evidence that there is a g-radual conversion of the solid
tallow into a liquid, then into g-as, before it burns?

6. How can you show that free Carbon is present in the luminous
part of the flame? Explain the "smoking-" of a lamp or. gas jet.

7. How can you show that without air a candle will not burn ?

Account for the presence of the holes in the base of a lamp-burner.

8. Show that carbon dioxide gas is formed when a candle burns.

LX. A Snow Storm.

1. What causes snow ?

2. At what temperature do snow crystals form ?

3. How do the clouds appear before a snow storm ?

4. What is the temperature of the air before the storm?

5. What is the direction of the wind before the storm ?

6. Does the storm come in the- same direction as the wind ?

7. What are the conditions of the wind and temperature when the

snow crystals are most perfect in form ?

8. What are these conditions when the snow crystals are matted to-

gether in great flakes ?

9. What are these conditions when the snow crystals appear sharp

and needle-like?

10. Are the snow crystals of the same storm similar in structure and

decoration ?

11. What is the difference in structure between a snowflake and a

hailstone?

12. What is sleet ?

13. What is the difference between hoar frost and snow ?

14. Does the temperature rise or fall during a snow storm ?

15. Is it colder or warmer after a storm has passed than it was before

it began ?

16. What are the conditions of weather which cause a blizzard?

17. Why does a covering of snow prevent the ground from freezing so

severely as it would if bare ?
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18. \\'hy is snow a bad conductor of heat ?

19. Pack snow in a quart cup until it is full and then let it melt, and
tell how full the cup is of water. What do you infer from this?

2Q. Have you ever observed the grass to be green beneath snow
drifts ?

21. Does snow evaporate as well as melt?

22. How does the snow benefit the farmer and the fruit-grower ?

23. Do the snow storms in your locality come from one general
direction all winter? (Cornell Home Nature-Study Leaflet).

LXI. A Thunder Storm.

The pupils should have access to a thermometer and a barometer,
and should learn to read and to interpret the readings.

1. ^Miat is the state of the air before a thunderstorm?

2. How could you tell there was a great deal of water-vapor in the

air at such a time ?

3. Is the air near the ground colder or warmer than the upper air ?

How can you tell ?

4. Are there currents of air ? In what direction ? Why ?

0. Why should great banks of cumulus clouds appear ?

6. Observe carefully the growth of this bank of clouds. Why is its

base flat ?

T. Why does rain fall ? What is the function of the " dust " par-

ticles ?

8. Why do hailstones often fall in a thunder storm?

9. Account if you can for the lightning and thunder. At what time

of the day do thunder storms usually occur ?

10. Describe the ^^assing away of the storm.

LXII. The Work of Rain.

Visit (1) a loose or sandy bank, and (2) a level field, after a rain

storm, and study the work of the rain.

1. Ascertain where the deep furrows are made.

2. What becomes of the constituents of the bank and field when car-

ried away ?

3. What kinds of material are carried farthest by the water ?

4. Examine a rain-pool, and, after it has dried, account for the posi-

tion of the deposits.

5. Find a delta; studv its structure in detail.
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LXni. The Work of Streams.

Determine the following" points after a visit to a stream (1) before

rain
; (2) after rain :

1. Where is the stream most rapid ? In shallow or deep places ?

2. The carrying- power of water of different velocities.

3. The position of bars and other obstructions in the channel, and

the causes.

4. The cause of variation in width of stream.

5. When banks are worn away, where are the materials deposited ?

6. What gives the general direction to the stream ?

7. Account for the depth of water at bends, and the causes of bends

and windings.

8. When do streams tend to straighten their courses ?

9. Account for the difference between a gorge and a wide valley.

10. Account for the presence or absence of water-falls.

LXIV. Soils.

Classifications of Soils :

1. Loam, composed of equal parts of sand and clay, with some or-

ganic matter.

2. Sandy Loam, in which there is more sand than clay.

3. Clay Loam, in which there is more clay than sand.

4. Clay Soil, composed largely of clay.

5. Sandy Soil, composed largely of sand.

6. Gravelly Soil, containing many pebbles and small stones.

7. Humus or Organic Soil, composed largely of decaying organic

matter, such as the black soil of swamps, decayed leaves, wood, earth,

etc.

Soils are said to be light when sand is predominant, and as heavy

when clay is in excess. The terms Light and Heavy do not refer to the

actual weight of the soil, but to the stickiness and the amount of resist-

ance it offers to tools of cultivation.

Properties of Soils :

1. Physical Properties, the more important being,

(a) Power to absorb and hold heat.

(b) Power to absorb and hold moisture.

(c) Power to absorb and hold gas.

(d) Power to absorb and hold plant food.
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2. Cliemical Properlies, relating: to the chemical composition of the
soil, aixi the chemical changes which take place in the soil.

:;. Biological Properties, relalinj; to the life in the soil.

(a) The microscopic plants, Bacteria, which oxidize the materials
of the soil.

(/') Those org-anisms which break up or decompose the soil com-
pounds.

(c") Those organisms which enrich the soil.

(1) Collect samples of the diflerent kinds of soils mentioned above,
and label the samples in bottes or vials.

(2.) Make a map of your farm.

(3.) Locate the different soils on this farm on the map, giving a

delinite color to each variety of soil.

(4.) To what extent has erosion agents, such as rains, running water,

etc., modified the surface of the farm since Glacial Times?

(;3-) Collect or find samples of alluvial soils, residual soils.

(6.) Determine the depth of the humus soil in the woods ; in land

which has borne but one crop.

(T.) At what depth do you find the subsoil in the different fields.

(8.) To what extent are the crops of the farm influenced by differ-

ences in the soil ? Are some fields better adapted for certain crops than

•other fields.

(9.) Determine the physical properties of the various soils collected

as per question I.

LXV. Experiments with Soils.

1. The power of loose soils to retain moisture..

2. The power of compact soils to retain moisture.

:'. The rate of rise of gapillary water in soils.

4. Relation of texture of soils to germination.

5. Texture of different soils after rain.

0. The conservation of moisture, value of mulches.

T. Mechanical analysis of soils.

LXVI. School Gardens.

For each student : one hoe, one garden rake, one garden line, four

corner pegs, two dozen 6-inch plant labels, and a note-book.

1. Special Topics for discussion and investigation :

((/) The site and aspect of the garden.

(h) The soil and its improvement by spade-work, draining an|d ma-

nuring.
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(c) The build of a plant.

(d) What a plant is made of.

(e) How plants are nourished.

(/) Sap and its movements.

(g) Conditions of healthy growth. •

(h) Germination, g-rowth, flowering-, fruiting, and seeding.

(i) Annuals, biennials, and perennials.

(/) Evergreen and deciduous trees and shubs.

(k) The dependence of plants upon insects.

(/) The effect of choosing for seed the larger or smaller samples.

(m) The effect of early and late springs on vegetation.

2. Some Arithmetic questions :

(a) The garden account.

(b) The number of plants to fill a given space.

(c) The comparative cost of two plots treated difi^erently.

(d) The calculation of the perecentage of sound seeds in a sample

for a germination test.

(e) The calculation of the loss by insects, by fungi ; and the gains

by beneficial birds, frogs, and insects.

3. Some Geometry problems :

,

(a) The laying out of the plots by various forms.

(b) The construction of plants to scale.

(c) The slope of the garden.

4. Drawing in connection with School Gardens :

(a) The making of diagrams to illustrate important facts of plant

aind insect life.

(b) Drawings from nature of beautiful flowers and leaves.

5. What to plant :

(a) Planting of bulbs, etc., in fall.

(b) Planting of vegetable seeds in spring.

(c) Planting of flower seeds in spring.

(d) Planting of seedling trees.

6. Preparation of the Bulb Bed. Select sandy soil, if possible, if

clay soil secure drainage; throw out six inches of the soil; work in two

inches of manure in the bed ; throw back half of top soil and plant bulbs ;

cover with remaining top soil. Cover with straw or leaves to a depth

of six inches when crust is frozen. Remove cover gradually in April.

7. The Planting of Bulbs for Spring. .

Hyacinths—6 inches apart.

Tulips—4 or 5 inches apart.
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Narcissus—3 inches apart.

Crocusses and Snowdrops—touching- one another, and from 3 to 4
inches deep.

8. Winter Flowering Bulbs. Oriental Narcissus and Freesia.

Place Oriental Narcissus bulb in a large bowl, in the bottom of
which are some stones ; fill with water and place the bowl in a warm,
light place.

Place four or five freesia bulbs in a pot containing light soil; put
jn a warm, light place, and keep them moist.

9. Make a Calendar of dates of planting the various vegetable seeds
when there is a succession of vegetables through the season.

10. Make a diagram showing the succession of vegetables.

11. What vegetables may be planted in fall?

12. What planting of perennial flowering plants should be done in

the fall?

LXVII. Rocks and Stones.

1. In a Gravel Pit.

(a) Assort the stones collected with respect to (1) shape, (2) ma-
terial composing them.

[h] What kind of stone is most abundant? \A'hy are so many kinds

found together?

(c) Are any of the stones like the rock found in the rocks under-

neath, or quarries, in the neighborhood?

{d) Account for the presence of so many stones away from a

stream ; also for the sand layers.

{e) What agent, or agents, has given shape to the stones?

(/) What evidences that the stones have been placed in their present

position by water? Any evidences that water had nothing to do with it?

(g) Note the direction of the gravel ridge. Do other gravel ridges

of district run in the same direction?

{h) What evidence that the ridge has been formed for some time?

(i) Compare the surface of stone with that of freshly broken stone.

Account for the difference.

(/') Account for the coloring of some stones and beds.

2. On the Surface of the Ground.

(a) Visit a stone-pile in a field. Collect as many kinds as you can.

(b) What proportion is rounded? What are the names of the kinds

of rocks collected ?

(c) Compare the surface of exposed and freshly broken rocks.

(d) What is the nature of the soil on which the rocks were found?

(e) Account for the presence of such stones (boulders).
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•(/) Are they strewn evenly over the field? over the district?

{g) Find specimens of rocks which are badly decomposed, and ob-

serve the nature of the residue.

3. In a Quarry or River-bank.

[a) What is the composition of the rock?

(b) Are the rocks in layers? Are they horizontal?

(c) Are the layers (strata) composed of the same material? Are they

<of equal thickness? Try aiid explain the variations.

[d) Measure the Dip, and strike off the rocks.

(c) Are their fossils in the rocks?

{() Examine the soft material lying above the rock, and determine

how it has been formed.

LXVIII. The Surface Features of the District.

(From Jackman's Nature Study.)

1. In looking over the country about you, can you tell what has

been the most important agent in its formation?

2. Is the same force still at work? Is it working rapidly or slowly?

3. What other forces have left their impress upon the country? Are

they still .acting?

4. Are there any evidences as to whether these forces ever worked

more rapidly or more powerfully than now?

5. Can you find any place where the land is being torn down? What

is doing it? What becomes of the material when torn away?

6. Are there any forces which oppose the tearing away?

LXIX. The Heavens at Night.

1. Determine the position of the Great Bear. Cassiopeia, Vega, and

Capella, with reference to the North Star or Polaris. Observe their ap-

parent rotation about Polaris once every day.

2. Determine the time of rotation of the earth on its axis. Describe

the method.

3. Locate the position of: Taurus (Bull), Perseus, Orion, Leo,

Virg-o Aries (Ram), Pegasus, and Aquarius,—Northern Crown, Northern

Cross'. Scorpio, with reference to the Great Bear? Explain why we can-

not see Orion and Leo in a summer evening. If possible, locate the

position of the constellations in early evening, at midnight, and in early

morning, sav 3.30. Note the changes.

4. Whv does the Great Bear appear in early evening high up m

Mav and low down in the Northern sky in October?
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5. Determine roug-hly the right ascension and declination of the

stars : Arcturus, Aldebaran, Sirius, Rigel, Atair, Antares, Capella, Vega,

Castor, Procyon. To what constellation does each belong?

6. What constellations lie in the Milky Way? In the Hcliplic?

What constellations are always above the horizon, and therefore visible

at night?

7. Determine the real direction the moon travels in the sky witVi

regard to the earth. How many degrees does it travel *in 24 hours?

How many in 28 days?

8. Locate the planets whenever they become visible and follow their

•courses. What is an evening star?

(Procure Whittaker's Planisphere, and Phillip's Orrery, and Whil-

taker's Almanac, and study carefully the movements of constellations and

Planets).

LXX. Weather and Weather Observations..

Requisites : Daily weather map issued from Meteorological Observa-

tory, Toronto, thermometer, barometer, wind-gauge, and, if possible, the

maximum and minimum thermometer and hygrometer.

1. Study the daily weather-map and understand the construction of

isotherms and isobars. The meaning of a number of concentric isobars.

2. Point out clearly low pressure and high pressure areas and their

significance.

3. By a study of several consecutive weather-maps ascertain if the

lew pressure area moves. What direction? Why? How far each day?

D >es it follow a certain route?

4. Does a high pressure area move? In what direction? Why?

•5. Examine several maps and determine the direction and velocity

of I he wind near a low pressure area; near a high pressure area. Can

you make a general rule?

ti. What effect will the direction have on the temperature of the area?

Exp'ain.

Discover if the direction of the wind determines locality of cloudi-

ness and rain. Explain.

7. Make dailv observations of the readings of the instruments, and

make a record of' such observations in a special note-book.

A schedule such as the following is recommended :
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METEOROI

Time of observa
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13. What is a balanced ration? Is the ration the same for different

animals?

14. Make plans for a stable suited to a 100-acre farm,—general farm-

ing.

15. What are the daily operations on your farm in winter?

16. Why should manure be cared for? When should it be applied

to the land? What constituent taken from the soil is the most costly to

replace? How is it replaced?

IT. When and how should the orchard be sprayed .-' Describe the

operations of preparing the solutions and applying them. Why should

there be cleanliness about an orchard?

18. When should pruning be done? Why should it be done care-

fully? Should an orchard be cultivated and fertilized? When?

19. Describe the process of harvesting, of shipping, and of storing

fruit.

20. How should milk be cared for? What need for cleanUness?

For cooling? For kindness to milch cows? What are the distinguishing

characters of a good milch cow? What breeds are the best milk produc-

ing breeds? How many pounds of milk should a profitable dairy cow

give per year?





Some of the Most Helpful Books in

Nature Study.

I. PLANTS.

1. Lessons with Plants Bailey ; MacMillan & Co $L25
•2. Plants Coulter ; Appleton & Co LSa
3. First Studies in Plant Life Atkinson ; Ginn & Co 75

4. Elementary Botany Bailey ; MacMillan & Co 1.00

5. Ag-ricultural Botany Percival ; Holt & Co 1.75

6. Reader and Outlines in Botany .Newell, 4 vols. ; Ginn & Co 1.70

7. Seed Dispersal Beal ; Ginn & Co 40

8. Sylvan Ontario Muldrew ; Brijjfjj-s 50

9. How to Make School Gardens.. Hemenway ; Doubleday, Pai^e &
Co 1.00

II. ANIMALS.

1. Animal Life Jordan & Kellog-g: ; Appleton &
Co LIO

2. Animal Forms Jordan & Heath; Appleton & Co. L20

3. Story of the Fishes Basket ; Appleton & Co 65

4. Wild Neighbors Ingersoll ; Harper & Bros L50

5. Squirrels and Other Fur Bearers, Burroughs ; Houghton, Mifflin &
Co L20

6. Birds of Village and Field Merriam ; Houghton, Mifflin ^:

Co 2.00

7. Bird Life Chapman ; Appleton & Co 3.00

8. Story of the Birds Basket ; Appleton & Co 65

9. Manual for the Study of Insects. Comstock ; Comstock Publ. Co.,

Ithaca, N. Y 3.75

10. Insect Life Comstock ; Appleton & Co 1.75

11. Stories of Insect Life Weed ; Ginn & Co 35

12. The Bee People Morley ; McClurg & Co 1.25

13. The Butterfly Book Holland ; Doubleday, Page & Co. 3.C0

14. The Moth Book Holland ; Doubleday, Page & Co. 4.00

15. The Insect Book Howard ; Doubleday, Page & Co. 3. CO

16. How to Name the Butterflies. .Comstock ; Appleton & Co 2.."0

17. The Birds of New Engiand. . . . Hoff"man ;
Houghton, Mifflin &

Co 1.60

18. Wild Birds in City Parks Walter ;
Mumford, Chicago 50

[45]
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III. PHYSICAL GEOGRAPHY AND GEOLOGY.

1. Elementary Geology Tarr ; MacMillan & Co SI. 40

2. Elementary Physical Geography. Gilbert & Brigham ; Appleton &
Co 1.40

3. Elementary Geology Brigham ; Appleton & Co 1.40

4. Physical Geography Dryer ; American Book Co 1.25

5. H. S. Geography Chase ; Can. Pub. Co 1.00

6. Modern Geography Morang 75

7. Child and Nature Frye ; Ginn & Co 80

IV. CHEMISTRY AND PHYSICS.

1. Simple Experiments for the

Schoolroom Woodhull ; Kellogg & Co., N.Y. .50

2. Elementary Physics and

Chemistrj' Gregory & Simmons ; MacMillan

& Co 50

V. NATURE STUDY.

1. Nature Study and the Child. . . Scott ; D. C. Heath 1.50

2. Nature Study and Life Hodge ; Ginn & Co 1.50

3. Guide to Nature Study Crawford; Copp, Clark Co 90

4. Modern Nature Study Silcox & Stevenson; Morang. . . 1.00

5. Nature Study for Common
Schools Jackman ; Holt & Co 1.20

6. The Nature Study Idea Bailey; Doubleday, Page & Co. . 1.00

7. Public School Nature Study . . .Crawford, and others ; Copp,

Clark Co 50

VI. NATURE READERS.

Friends Worth Knowing Ingersoll ; Harper & Bros 1.00

Ways of Wood Folk W. J. Long; Ginn & Co 65

Wilderness Ways W^. J. Long; Ginn & Co 65

Wild Animals I Have Known Seton-Thompson ; Scribner 2.00

Lives of the Hunted Seton-Thompson ; Scribner 2.00

Nature Pictures American Poets ; MacMillan &
Co 1.25

Poetry of the Seasons Lovejoy ; Silver, Burdett & Co. . . .60

Nature in Verse Lovejoj^ ; Silver, Burdett & Co. . . .60

Little Wanderers Morley ; Ginn & Co 35

Flowers and Their Friends Morlev ; Ginn & Co 60
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Nature Study or Stories in

Agriculture Staff O. A. C

Nature Study Bulletins and

Leaflets (Cornell) Humphrey, Geneva $1.00

Son^s of Nature Burroug-hs ; McClure, Phillip &
Co 1.00

Nature Biographies Weed; Doubleday, Page & Co...

Flashlights from Nature Grant-Allen ;
Briggs

Nature's Garden Blanchan; Doubleday, Page & Co.

The Study of Animal Life Thomson ; Murray

Wild Life Near Home Sharp ; The Century Co

A Hermit's Wild Friends W^alton ; Dana, Estes & Co 1.50

Wake Robin, Birds and Poets,

Lo.custs and Wild Honey,

Winter Sunshine Burroughs ; D. Douglas 1.00
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Animals :

Adaptations 20
Coverings 19
Domestic 18
Food-getting 19
Movements 19

Ants 27
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Aquarium 3
Autumn Insects 29
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Books
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Rain 35
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Seeds
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Slugs
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Soils 37
Songs of Insects 26
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Spiders 24
Spring Flowers -^
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Spurs 12
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Stars 40
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Stones 39
Streams 35
Sunflower 5^

Sundew 21

Surface Features 40

Terrarium 3

Thunder-storm 35

Toad 22
Trillium ^

Trees 13
Turnip 24

Water 33

Weather 41

Woods, coniferous 11

Woods, dicotyledonous 13

Woodpeckers 30-
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INTRODUCTION.

By H. H. Dean, B.S.A., Professor of Dairy Husbandry.

The bulletins which have been prepared by the members of the Dairy

School Staff at the Ontario Agricultural College appear to have been ap-

preciated, and there is a great demand for them. We trust that this one will

prove as helpful as those published in the past. The aim is to make the

bulletin popular and practical. In some departments there is not much

change from the last. Our system of buttermaking has undergone more

changes than any other branch of dairy work, and there is yet great room

for improvement. We hope that the bulletin will prove useful for the

man who cares for and milks the cows, and also to the manufacturers of

cheese and butter in the factory and on the farm.

Dairy Farmer. Many dairy farmers grow discouraged during the

season of low prices and sell their cows. This is a great mistake. No

branch of agriculture is so stable and so remunerative as dairying dur-

ing a series of years. A year of low prices is usually followed by one of

high prices- The cow is undoubtedly the best paying animal on the farm

if she is fed and handled properly. However, in order to make a cow

pay it is necessary that her owner shall possess certain qualifications.

The most important of all is that he shall have a real liking for the cows,

not only because of the money which they earn, but he must like them

simplv because they are cows. A person who really likes cows will take

pleasure in feeding and looking after them. To him it is not drudgery.

This person will always treat cows kindly and considerately. There will

always be a bond of sympathy between the owner and the cow. Each

will strive to do the best possible for the other.

This owner of cows must study their habits, likes, and dislikes. He

must feed them liberally and make them as comfortable as possible. Un-

less he or she is prepared to be a student of cows, success is not prob-

able. To the dairy farmer we should say, know your cows individually.

This can be best done by weighing the milk from each cow daily, once

a week, on two consecutive days each month, or even once a month.

Samples for testing should also be taken on the day or days for weighing

in order to know the percentage of fat in the milk- This, together with

1—BUI.L. 143. t-lJ



a close observation of the feed consumed by a cow, will enable a dairy

farmer to determine whether or not his cows are making a profit. It will

also enable him to intelligently weed the poorer cows.

Dairy Cows may be purchased or they may be bred.

Frequently good cows may be bought at reasonable prices, but gen-

erally speaking they must be reared by the dairy farmer. For the dairy-

man, who cannot afford to keep pure-bred cows, it is desirable to select

grade or native cows and breed these to a pure-bred male belonging

to one of the dairy breeds. Great attention should be paid to the sire,

as milking quality in the female depends more on the sire than on the

dam. Dairy farmers do not sufficiently realize the importance of this

point. Excellent dairy cows may be secured at small cost by using a

dairy sire belonging to a dairy breed and a dairy family. In this way

a herd of ordinary or inferior breeding may soon be translormed into a

herd of good milkers. The fundamental mistake made by many breeders

of dairy cows is in the use of inferior or what are commonly called "scrub"

sires. The patrons of every cheese factory and creamery ought to have

the use of a pure-bred bull at nominal cost. It would pay the factories

to adopt some co-operative plan to secure this result.

Calves and heifers for the dairy should be kept in a thrifty condition

but not too fat- They should commence milking when about two and

one-Kalf years old. At the end of the second lactation period and during

all future years they should produce not less than 6,000 lbs. milk or 250

lbs. butter yearly. This may be taken as a minimum standard of production

for profitable dairy cows. Stated another way, they should earn from

$25 to $100 per cow each year, above the cost of feed.

Dairy Stable. The chief requirements in a dairy stable are that it

shall be light, clean, and healthful. The first is got by having plenty of

clean windows, the second by having cement floors, with stalls of proper

length and a gutter or drop behind the cows, and the last by having the

stable well ventilated, and whitewashed at least once a year. Mangers

are not necessary in a modern cow stable.

Conditions vary so much on different farms that it is difficult to give

a plan suitable for all farms. The accompanying illustrations will show

the arrangements in the dairy stable of the College and on the whole it

is quite satisfactory. The feed bins are located at one end of the stable

and the box stalls, eleven in number, at the other. There is room for

thirty cows to be tied up. A large room above the stable holds the hay

and straw. This is not the most sanitary arrangement, but it is conven-

ient.

The King system of ventilating is the one adopted in the. dairy stable

and it is quite satisfactory. There are six inlets and eight outlets. The

cost of putting in the ventilation was $136, including the cost of galvan-

ized iron ventilators, of which there are four connected with the eight

outlets from the stable.
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enters a ventilator at roof.
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Feeding the Cow. The natural food of the cow is grass and noth-

ing is equal to good pasture for cows. In order to secure good pas-

ture on cultivated land it is advisable to give more attention to the method
of, and mixture used for, seeding. A very good combination of grasses
and clovers, where a rotation of crops is practised, Is the following : 4
lbs. timothy, 5 lbs. orchard grass, 7 lbs. red clover, and 2 lbs. alsike

clover, making 18 lbs. of seed per acre-

On fields which may be allowed to remain in pasture for several

years, the following mixture is recommended by Prof. Zavitz : 4 lbs. or-

Litter carrier, a great convenience for cleaniiii: Dairy Stable.

chard grass, 4 lbs. meadow fescue, 3 lbs. tall oat-grass, 2 lbs. timothy, 2
lbs. meadow foxtail, 5 lbs. lucerne clover, 2 lbs. alsike, and 2 lbs. white
clover, making 24 lbs. of seed per acre.

The same authority recommends for a pasture crop co be used the

same year as sown, 51 lbs- oats, 30 lbs. early amber sugar cane, and 7

Ibsi red clover

—

sl total of 88 lbs per acre. Cows are very fond of this

mixture.

Lucerne or Alfalfa is another crop which dairy farmers should grow.
It may be used for green fodder, hay, pasture and for green manure.
For hay it should be cut when less than one-third in bloom. It is claimed

that a ton of lucerne hay is equal to a ton of bran for milk production.

This crop should receive more attention on dairy farms. About 18 lbs.



of seed per acre should be sown on well-drained land in the spring, with
or without a crop. It should not be pastured or cut the first year. It
will give two or three cuttings each year after it is established.

To supplement pastures, green peas and oats, or summer silage are
often necessary. These help to maintain the milk flow at a time when the
shrinkage would otherwise be considerable- From two to four pounds of
meal per cow each day will often pay when the prices of dairy produce
are good. This meal may consist of bran and oats, or either of them
alone.

For winter feeding, corn silage is undoubtedly the cheapest bulky
food at the disposal of dairymen. However, corn silage aione is not suf-
ficient for milking cows. They also need some clover hay, roots, and
meal. When dry it pays to feed the cows a moderate amount of meal,
as it seems to be a recognized principle that the time to renew a cow is

when she is not milking. Too many put their cows on short rations when
they are not milking, thus violating the foregoing principle, and the re-

sults are not satisfactory. It pays to feed a good cow well when dry.

With heavy milkers there is danger of losing the cows through "milk
fever," but modern methods of treating this disease make it compara-
tively harmless, and there is very much less risk now than formerly.

Under ordinary conditions the best plan with heavy milkers in high
flesh is to not milk the cow any more than is required for the calf for the

first two or three days. If the cow is attacked, the "air treatment" is

simple and effective.

On the one hand many cow feeders fail to give their animals
sufficient to maintain a proper milk flow, while on the other some feeders

give more meal than the cows can profitably assimilate. Experiments in-

dicate that cows in full flow of milk should receive about eight pounds
of meal daily, together with all the roughage which they can consume.
An increase to twelve pounds of meal daily in most cases means an added

cost for the milk and butter out of proportion to the increased yield.

The winter feed at the dairy barn of the College is prepared as fol-

lows : The hay is cut and mixfed with the corn silage and pulped man-
gels for several hours before feeding. This roughage is given at two

feeds, and on it is placed the meal for each cow at the time of feeding.

The meal consists of bran, oats and oilmeal. A feed of long hay is us-

jually given once a day in addition to the regular feed.

Our standard ration consists of about

40 lbs. corn silage, 4 lbs. wheat bran,

10 lbs. clover hay, 3 lbs. ground oats,

30 lbs. mangels, 1 lb. oil meal.



The following table is based on Bulletin 154 from Cornell Station r

Digestive Nutrients in One Pound of Some Common Feeding Stuffs-

Kind of Food.

Green fodder corn, 1 lb
" peas and oats,

"

" red clover, "

" alfalfa clover,
"

Corn silage, "

Potatoes, "

Mangels, "

Sugar beets, "

Carrots, "

Turnips, "

Timothy hay, "

Mixed hay, "

Eed clover hay, '

'

Alfalfa hay, :

"

Com fodder,
'

'

'

Corn Stover, "

Pea Straw, "

Wheat straw, '

'

Oat straw, "

Corn, (grain)
Wheat,
Rye,
Barley,
Oats,

Buckwheat,
Peas,
Corn and cob meal,
Wheat bran,
Wheat middlings.
Low grade flour.

Gluten feed.

Gluten meal.
Linseed meal (new process)
Cotton seed meal.
Sugar beet pulp,
Apple pomace,
Skim-milk (separator)
Buttermilk,

11

(1

u
n

1 lb.

((

Total
dry

matter.

20
16
29
28
21
21
09
13
11
10
87
87
85
92
58
60
86
90
91
89
90
88
89
89
87
90
85
88
88
88
92
92
90
92
10
233
094
10

Pounds of digestible

nutrients.

Protein.

Carbo-
hvdrates.

+ (fat X
2 25.)

0.10
0.018
0.029
0.039
0.009
0.009
0.011
0.011
0.008
0.010
0.028
0.062
0.068
0.110
0.025
0.017
0.043
0.004
0.012
0.079
0.102
0.099
0.087
0.092
0.077
0.168
0.044
0.122
0.128
0.082
0.194
0.258
0.282
0.372
0.006
0.011
0.029
0.039

i

Total.

0.125
0.076
0.164
0.138
0.129
0.165
0.056
0.104
0.082
0.077
0.465
0.460
0.396
0.423
0.373
0.340
0.341
0.372
0.404
0.764
0.730
0.700
0.692
0.568
0.533
0.534
0.665
0.453
0.607
0.647
0.633
0.656
0.464
0.444
0.073
0.164
0.059
0.065

Nutritive
Ratio.

0.1351
0.094'

0.193!

0.1771

0.1381

0.174;
0.0671

0.115|
0.090
0.087
0.493

0.522i
0.464j
0.5331
0..3n8l

0.357!

0.384i

0.376|

0.416!

0.843
0.832
0.499
0.779
0.660
0.610
0.702
0.709
0.575]
0.73.5
0.729i

0.827
0.914
0.746
0.816
0.079
0.175
0.088
0.104

1:12.5
1:4.2
1.5.6
1:3.5

1:14.3
1:18.3
1:5.1

1:9.4

1:10.3
1:7.7

1:16.6
1:7.4
1:5.8

1:3.8

1:14.9
1:19.9
1:7.9

1:93

1:33.6
1:9.7

.2

.1

.9

.2

1:7

1:7.

1:7.

1:6.

1:6.9

1:3.2
1:15.1
1:3.7
1:4.7
1:7.9
1:3.3
1:2.5
1:1.6
1:1.2
1:12

1:14.

&

1:2

1:1.7

To find the pounds of nutrients in any given number of pounds of any
feeding-stuff, multiply the pounds by the amount of nutrients in one

pound as given in the table.



By referring to the preceding- table we find that oui ration contains
digestible material as follows :

Feeding Stuffs.

Total
dry

matter.



floor. The gutter should have a fall of one inch in six to eight feet,
to an outlet, and should be made specially solid and even on the side
and bottom. Employ a skilled workman to lay the floor, and use none
but the very best material.

Place a "bell-trap" at the outlet from the gutter. Use&

'

sewer
tile with cemented joints in underground drains near the factory, to
prevent sewage soaking into the well. The sewage may be disposed of
by means of a filter-bed or by the sub-earth system. Do not allow it

to accummulate about the factory.

Paving Patrons. Milk is valuable for butler-making in proportion
to the fat which it contains, and the pounds of fat delivered in tihe
milk or cream should form the basis of dividing proceeds among pat-
rons of the creameries.

As butter consists of fat, together with about lij per cent, of
uater, salt, and curdy matter, there will always be more butter than
the fat contained in the milk. This excess of butter over fat con-
stitutes what is known as the "overrun." The "overrun" varies from
twelve to sixteen per cent., i.e., 100 lbs. fat in the milk makes from
112 to 116 pounds of butter, and this "overrun" belongs to the pat-
rons, unless otherwise understood. It is unwise for creamerv mana-
gers to take the "overrun" as part payment for manufacturing.

In cream-collecting creameries the overrun usually varies from
twelve to eighteen per cent.

For calculating the yield of butter from fat in the milk, adding
one-sixth to the fat is near enough for practical purposes.

Cheese is made largely from two constituents in the milk, viz.,

fat and casein; therefore, the method of dividing proceeds among the
patrons of cheese factories is more complicated than for creameries.
Three systems are now in use among factorymen :

1. Paying according to the weight of milk delivered regardless
ol its quality.

The principle of this plan is that all milk is of equal value per 100
pounds for cheese-making. It rests on a false assumption, is unjust,

and it tends to promote dishonesty. Factorymen and honest patrons
who complain that some of the milk is skimmed and watered by dis-

honest patrons, deserve little sympathy, because a remedy is within
the reach of all at a very small cost. The milk of all patrons should
be tested regularly, and be paid for according to its value for cheese-
making.

2. Paying according to the weight of the fat delivered in the milk,

the same as at creameries.
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The principle of this system is that all milk is valuable for cheese-
making in proportion to the fat which it contains. The system is mani-
festly more just and equitable than the first named, and is to be com-
mended in preference to "pooling" by weight of milk. The chief
weakness of the plan is that the yie!d of cheese is not in direct pro-
portion to the fat contained in the milk; therefore, it gives an undue
advantage to the patrons sending milk containing a high percentage
of fat.

3. Paying according to the fat and casein in the milk, the casein
being represented by the factor 2, added to the percentage of fat.

The principle of this system is that milk, is valuable for cheese-

making in proportion to the fat and casein contained iii it, and it fur-

ther assumes that the percentage of fat -f - represents the available fat

and curdy compounds in milk for cheese-making.

The application of the third system is very simple. To illustrate :

The tests for fat of patrons' milk are 3.0, 3.5, 3.8 and 4.0. The per-

centage of fat and casein are 3+2=5.0 ; 3.5+ 2=5.5 ; 3.8+ 2=5.8 ; and

4+ 2=6,0. The pounds of fat and casein are calculated by multiplying

the pounds of milk delivered by the percentage of fat and casein. Thus,

if the first patron had 1,500 lbs. milk, he would be credited with

1500X5-=-100=75 pounds of fat and casein. If the second delivered

2000 pounds milk he would be credited with 2000X5.5-^-100, or 110

pounds of fat and casein, and so on with all the others. The value of one

pound of fat and casein is .ascertained by dividing the net proceeds of the

sale of cheese by the total pounds of fat and casein delivered.

The following table gives a summary of the results obtained during

five years experiments, in which 250 experiments were made with nearly

200,000 pounds of milk, which contained percentages of fat varying from

2.7 to 5.5.

Av. p.c.

fat in

milk.

2.87
3.22
,83

,23

,74

,21

Lbs.
cheese
made

per 100
lbs.

milk.

I

Lbs.

Lbs.
I

cheese
cheese made
made per lb.

per 1 lb.' fat and
fat in casein or

milk.
I
p.c. fat

Lbs. loss of fat and
casein in whcv. „ *

1

• Percent.

I I j

lost in

Per 100 :»r"sin

^-^ I'flf ibf a red, ^"^Xlbs. milk.
: ^h^g^^

I
vseeks.

„ I

8.75
9.03
10.02
10.67
11.44
12.13
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Amounts of money (cheese 8c per pound) credited by three systems
and also value of cheese.

Average p. c.
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THE ALKALINE SOLUTION : ITS PREPARATION AND USE.

By R. Harcourt B.S.A., Professor of Chemistry.

Causes of Acidity in Milk. The development of acid is caused
by the breaking- down of milk sugar into lactic acid, throug-h the influence
of certain acid-forming- ferments in the milk. But even sweet milk, im-
mediately after it is drawn from the udder, will have an acid reaction with
certain indicators. This acidity is not due to lactic acid nor any free

acid in the milk, but to the acid nature of the ash constituents, possibly

also to the carbonic acid g-as it contains, and to the acid nature of the

casein. When phenolphthalein is used as an indicator, freshly drawn
milk will g-enerally show as much as .10 per cent, of acid and immediately
after exposure to the atmosphere, lactic acid germs commence breaking
down the milk sugar. At a temperature of 70 degrees to 90 degrees F.,

these germs multiply at an enormous rate, consequently lactic acid will

develop very rapidly in milk during a warm or sultry day or night. Cool-

ing retards the action, but even at a temperaure of 40 degrees to 50 de-

grees F., they will multiply and considerable lactic acid will be formed.

Milk intended for cheese-making should not contain more than .20 per

cent, acid when delivered at the factory ; whereas it does not usually

smell or taste sour until it contains .30 to .35 per cent. A further de-

velopment of acid will cause the milk to curdle, or, iu other words,

will produce coagulation of the casein. There is, however, a limit to

the development of acid; for, after a certain point, the germs which

break down the milk sugar are destroyed by the acid they produce, and

there is no further increase in acidity.

In many ways a knowledge of the acid contents of milk or its

products is of value. In most cases, a determination of the percentage

of acid in the milk when delivered at the factory will indicate the care

the milk has received previous to that time. The acid test may be of

value in selecting milk best adapted for pasteurization, or for retail

trade, or manufacture of high-grade products. At the present time,

however, the chief uses made of the alkaline solution in dairy work are

to determine the acid in cream intended for churning, and the acid in

milk and whey in the various steps in the process of the manufacture

of cheese. Both in ripening cream and in cheese-making, acid is de-

veloped, and the alkaline solution is now frequently used to measure the

amount of acid nrescnt and thus control the work.

How TO Measure the Acidity. The measurement of the amount

of acid or alkali in a solution depends upon the fact that it always takes

a definite quantitv of alkali to neutralize a definite quantity of acid. Thus,

for instance, it always takes a definite quantity of caustic soda to neu-

tralize a definite quantity of lactic acid, sulphuric acid, or any other acid.

If, then, we know the strength of a given caustic soda solution and meas-

ure the amount of it used to render a definite amount of milk or cream

neither acid nor alkaline, but neutral, we can figure the cinount of acid
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in the sample taken. To make such a determination we require the foK
lowing- :

1st. A standard solution of caustic soda, usually made of the
streng-th known as .111 normal.

2nd. An indicator—some chemical which added to th«:; milk indicates
by changfe of color when enoug-h of the alkaline solution has been added
to render the milk neutral. Phenolphthalein is the one most commonly
used for this purpose. It is made by dissolving 10 grams of phenolph-
thalein in 300 c.c. of 80 per cent, alcohol.

3rd. A burette, graduated to 1-10 of a cubic centimeter, in which to
measure the amount of solution used.

4th. A pipette, to measure the milk or cream.
5th. A glass or porcelain cup, and a stirring rod. A complete out-

fit suitable for use in butter and cheese factories may now be procured
from almost any of the dairy supply firms.

For the information of those who want to make their own alkaline
solution or who may wish to check the strength of a solution on hand,
the following directions are given :

Preparation of Solutions. The caustic soda solution may be pre-
pared by a druggist or one who has a delicate balance at hand by care-

.

fully weighing out 4.4 grams of pure sodium hydroxide ^nd dissolving
in one litre (1000 c.c.) of water. But impurities in the sodium hydroxide
and lack of delicate enough balance make this method unreliable.

The most accurate way of preparing this solution is by standardiz-
ing it against an acid diluted to the same strength as the alkaline solu-
tion wanted. As it requires an experienced chemist to prepare this acid
of the strength required, it is important that it be got from a reliable
source.

Having on hand then a .111 normal solution of acid, the object is to
make a solution of the alkali, one c.c. of which will exactly neutralize
one c.c. of the acid. For this purpose, dissolve about 5 grams sodium
hydroxide (NaOH) in one litre of water. If the soda contains much car-
bonate, it must be removed by adding a little of a solution of barium
hydroxide, boiling, and filtering off the precipitated carbonates. The
relative strength of the acid and alkali solution is next determined.
This is done ,as follows :

Rinse out a clean burette two or three times with the acid solution,
and then fill it with the same. Note the exact point at which the surface
of the liquid stands in the burette; measure out 10 c.c. of the alkaline
solution, and deliver into a clean beaker, glass or porcelain cup. Dilute
with about 50 c.c. of water, add three or four drops of the phenolphtha-
lein indicator, and then stirring all the time let the acid from the burette
drop slowly into the alkaline solution, until the color first produced by
the indicator is just destroyed. This is the neutral point. Now, again
note the exact point at which the surface of the liquid stands in the bur-
ette. The difference between the two readings is the amount of acid re-

quired to neutralize the 10 c.c. of alkali. If care be taken in coming ta
the neutral point slowly, it will be seen that one drop finally destroys
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the last of the light pink color. This work should be repeated until

accuracy is assured. The following- is an example of results :

1st. 10 c.c. of alkali required 11.5 c.c. of acid for neutralization.

2nd. 10 c.c of alkali required 11.45 c.c of acid for neutralization.

3rd. 10 c.c. of alkali required 11.5 c.c. of acid for leutralization.

In this case, we would accept 10 to 11.5 as the relative strength

of the two solutions. The alkali is, therefore, the stronger, and must be

diluted. If 1.5 c.c. of water be added to 10 c.c. of the alkali solution,

1 c.c. of the alkali ought exactly to neutralize 1 cc. of the acid. There-

fore, for every 10 c.c. of the alkali solution add 1.5 c.c. of water. Meas-

ure out the amount of the solution and pour into a clean dry bottle. Cal-

culate the amount of water required to dilute the alkali to the proper

strength, and add it to the contents of the bottle. Mix well, and test

correctness of work by proving that 10 c.c. of the one solution will

exactly neutralize 10 c.c. of the other. If it does this, the solution is

correct.

Testing the Acidity of Milk or Cream. I^y means of a pipette

(a 10 c.c is a convenient size) measure out a definite quantity of the milk

or cream to be tested and deliver into a beaker or cup. If distilled or

rain water is handy rinse out a pipette once, and add the rinsings to the

sample. Dilute with 50 c.c. of water, and add three or four drops of

thi- indicator. Now, having the alkaline solution in the burette, carefully

note the point at which the surface or the liquid .'^'.ands in the burette and

then cautiously let it drop into tr.e milk or cream bein^.; tested. Keep

the sample well stirred while adding the alkali. The acid in the sample

will gradually be neutralized by the alkali added, until at last -a uniform

pink color appears, which will sovvlv fade avvav. Hie most delicate

point is the first change to the uni''crp: pink color, which the sample shows

when the acid contained therein has been just neutralized. Because of

tho influence of carbonic acid oi t'-'e atmc^ohe'e the pinic color is not ptr-

mancnt unless a slight excess of alkaM solution has bee-i added. The

operator should not, therefore, be led to believe by the disappearance of

the color after a short time, that the neutral point has not been reached.

Havinp decided on the neutral poi.it, a^caln u)iu\ i he buret t.f at the surface

of the liquid, and the difference between this readin.r and the first is the

amount of alkali solution used to neuralize the acid in the sample taken.

The calculation of the per cent, of acid is simple. The alkahne

solution used is of such a strength that when a 10 c.c. pipette is used,

the number of cubic centimeters of alkaline .solution required to neutralize

the acid in the milk or cream has simply to be multiplied by O-l- Thus,

if .5.6 cubic centimeters of the alkali be used then 0.6x0.1- .ob per

cent. acid.
. , ,

To insure accuracy the utmost care and cleanlmess must be observ-

ed in everv detail of the work. All water used with the m.lk .or cream or

in makin- the alkaline solution should be either distilled or pure rain

water. The burette and pipette, after being wa.shed, must be rinsed

out two or three times with the solution they are intended to measure.

The knowledge the operator may gain from such tests will not only
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make it possible for him to turn out more uniform products, but it will

also enable him to act with confidence and more intelligently to pursue
the work he may have on hand.

MILK AND CREAM TESTING.

By J. A. McFeeters.

Normal milk may be considered as an emulsion. The chief constitu-

ents are fat, casein, sugar, albumen, a small amount of mineral matter

—

ash, together with a large percentage of water.

As fat is the most variable of the milk constituents the ability to ac-

curately determine the percentage present is an essential qualification

for a successful dairyman.
The importance of this becomes at once apparent under conditions

where the commercial value of milk is in direct proportion to its fat

content. A means of detecting mechanical losses, due to faulty methods
in the course of manufacture, adulterations by the producer or dealer, or

of testing the real worth of the different members of the dairy herd, is

of inestimable value to a dairyman.
The details connected with an accurate, speedy fat determination of

a normal sample of milk, by means of the Babcock test, are briefly as

fellows :

1. After thoroughly mixing, preferably by pouring from one vessel

to another, a representative sample should be taken. Too great care can-

not be exercised at this step. A test is of no value whatever if this point

be overlooked.

2. By means of a 17.6 cubic centimeter (c.c.) pipette, take 18
grams of milk at a temperature of from 60 to 70 degrees.

3. Add to this 17.5 c.c. of commercial sulphuric acid with a speci-

fic gravity (sp. gr.) of 1.82 to 1.83, and thoroughly mix the acid and
milk by giving the bottles a gentle rotary motion.

4. Place the bottles in the tester and whirl for from four to five

minutes, at a speed varying from 700 to 1,200 revolutions per minute,

according to the diameter of the machine (700 revolutions per minute

with a machine twenty inches in diameter).

5. Add hot water at a temperature not lower than 140 degrees

F. to float the fat into the neck of the bottle.

6. Rotate the machine again for about two minutes and take the

readings before the fat cools. If troubled with burnt readings, add

the water twice instead of all at once, filling the bottle iust to the neck

the first time, then turn the machine about a minute, fill to about the

eight per cent, mark the second time, and whirl for another minute.

7. Read the fat column at a temperature of from 120 to 140 de-

grees F.
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Notes.

1. Always make sure that the pipettes and test bottles are clean
before using.

2. Be very careful to measure th^ exact amount of milk for a test.

A 17.6 c.c. pipette will delivpr about 17.5 c.c. of milk. This measure-
ment of milk of average quality will weigh about 18 grams.

3. A partially churned sample of milk may be prepared for samp-
ling by heating it to about 110 degrees F.. and pouring it from one
v^essel to another, to mix it thoroughly. When it is thus prepared,
take a sample as quickly as possible, and cool to about 60 degrees F.
before adding the acid.

4. In sampling frozen milk it is necessary that both the liquid
and the frozen part be warmed and mixed thoroughly. The unfrozen
part is richer in fat and solids than the frozen.

5. A sample of milk that has soured and thickened may be pre-

pared for sampling by adding a small amount of some alkali to neutral-
ize the lactic acid, and cause the curd to redissoive. A small amount
of powdered concentrated lye is very suitable. Add just <i small amount
of lye at a time, and pour the milk from one vessel to another, to mix
the lye with the milk, which causes the casein to become dissolved.

6. The amount of acid used must be varied to suit its strength.

The right amount is being used when the fat presents a bright golden
appearance. Acid that is much too strong or too weak should be dis-

carded, as satisfactory results cannot be obtained from its use. Acid

a little weak is to be preferred to very strong acid. Carboys or bottles

containing acid should be kept well corked, to prevent the contents

from becoming weakened by absorbing moisture from the atmosphere.

7. Avoid pouring the acid directly on the milk. The test bottle

should be held at an angle so as to cause the acid to follow the side

of the bottle and go directly underneath the milk. After the addition

of the acid to the test bottle the milk and acid should De in two dis-

tinct layers without any charred matter between them. A thorough

mixing by means of a gentle rotary motion should be given at once.

8. If using a hand tester in a room at a low temperature, it may
be necessary to keep sufficient hot water in the machines to maintain

a temperature of from 120 to 140 degrees F in the test bottles.

9. The water added to the test bottles should be soft or distilled.

If hard water is used, add a little sulphuric acid (half an acid measure,

or a little more to a gallon of water) to soften it; this will prevent

foam above the fat.

10. If there are several readings to take, ahvays set the samples

in hot water (120 to 140 degrees F.) extending to the top of the fat be-

fore reading.

11. It is well to use a pair of dividers or compas.>,es for measur-

ing the column of fat. The points of the dividers should be placed at

the upper and lower limits of the fat column ; then if one point be plac-

ed at the zero mark of the scale, the division at which tne other point

touches will show the percentage of fat in the sample tested.

3—BULL. 143
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12. Burnt or cloudy readings may be caused by :

(1) The use of too much or too strong- acid.

(2) Allowing the acid to fall directly on the milk.

(3) Having the milk or acid at too high a temperature—the

higher the temperature the less acid is required.

(4) Allowing a sample to stand too long after adding the acid,

before mixing the milk and acid.

13. Light colored readings and floating particles of curd are usual-

ly due to :

(1) The use of too little or too weak ,acid.

(2) Having the milk or acid at too low a temperature—the

lower the temperature of either, the more acid is required.

(3) Insufficient shaking of the bottles to unite the milk and
acid thoroughly.

(4) Lack of required speed or time in whirling,

14. A convenient method of testing the accuracy of the graduation

is to test the same milk in the different test bottles and compare the

readings. A bottle that differs by more than .2 (2-lOj in its reading

from the rest should be discarded. As the capacity of that part of the

neck over which the scale extends should be 2 c.c. , the accuracy of the

scale may be tested by filling the bottle to the bottom of

the scale with water at the temperature of the room, and then adding

2 c.c. of water at the same temperature by means of a 2 c.c. pipette

or a finely graduated burette.

15. Care and exactness in every detail are absolutely essential re-

quisites for reliable results in milk testing. There is more to learn in

care than in principle. Carelessness on the part of the operator has

frequently thrown suspicion on the Babcock test.

Composite Samples.

Whole milk creameries, and in many of the advanced cheese fac-

tories, the patron receives payment, not in proportion to the amount of

milk, but in proportion to the butter or cheese value of the milk sup-

plied by him. Such a system, of course, necessitates the use of the

Babcock test. A test of the milk cannot be made daily ; and to over-

come this difficulty a small sample of the milk supplied by each patron

is taken at each time of delivery and put into a bottle, called a composite

sample bottle, which contains a small amount of some kind of preser-

vative, such as bichromate of potash or corrosive sublimate. It is not

advisable to use the latter alone, as it is quite poisonous, and imparts

no color to the sample to indicate its presence. An excellent preser-

vative is a mixture composed of about seven parts bichromate of potash

to one part corrosive sublimate.

From what can be taken on a five cent piece to what can be taken

on a ten cent piece will usually be found sufficient to preserve a sample

for two weeks in summer and a month in fall and winter, when an

ounce of milk is taken daily. The amount of preservatives requind
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depends upon the weather, the size of the samples, and the length of
time over which the testing- period extends. A Babcock test of the
sample is made at the end of two weeks or a month ; and if the daily
sampling and the testing of the sample are carefully done, it gives the
average quality of the milk supplied during the time over which the
test extends.

The samples may be tested twice per month, but by keeping them
in a fairly cool place satisfactory results can be obtained by testing,
but once a month.

Notes on Composite S.\.mpli.ng and Testing.

1. For holding composite samples, pint jars with long corks are
preferable. Turned wooden corks are more satisfactory than porous
corks.

2. The jars should be kept well corked, as the samples will dry
on the surface and a tough skin, composed largely of cream, will be
foimed when exposed to the atmosphere in warm weather.

3- Paste a plainly written label on each patron's jar, fasten its

edges down well, and give it at least two coatings of heavy shellac to

prevent it from washing off when cleaning the bottles.

4. Add the preservative to the composite sample jars at the be-

ginning of the testing period, and before any milk is added to them.

It may be necessary to add a little extra preservative later on. Be
guided by the color of the samples and how well they are keeping.

An excess of preservative has a strong tendency to produce burnt read-

ings.

5- The sample for the composite jar should be taken after the milk

is poured into the weigh can. For this purpose an ounce or a half-

ounce dipper is often used. A tube or milk "thief" and a drip from

the conductor are also satisfactory means of obtaining a sample. When
receiving milk that is partly frozen, guard against taking a sample

from only the unfrozen portion.

6. Give the jar a gentle rotary motion each time a sample is tak-

en, to mix with it the cream that has risen and also to incorporate the

fresh sample with the part containing the preservative; ana avoid shak-

ing the jar, as shaking tends to churn the contents.

7. It is sometimes necessary to place the samples m a cool place

each day when through using them.

8. To prepare composite samples for testing : Set the sample

jars in warm water at about 110 degrees F., to loosen the cream from

the sides of the j.ars, and also to warm the samples to cause the cream

that has risen to mix more readily with the milk. Mix well by pouring

from one vessel to another—never by shaking. Should difficulty be

experienced in getting a thorough solution, the addition of a small

amount of potash will facilitate the operation.

When the composite samples for the Babcock test have bepn add-

ed to the test bottles, cool to about 60 degrees F., before adding the
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acid. One of the points most frequently neglected and underestimated

is attention to temperatures. Sulphuric acid acts more strongly upon
milk that is at a high temperature, than upon milk at a lower tem-

perature; also the higher the temperature the more the fat will ex-

pand and the greater the reading will be. Adopt some constant tem-

peratures for each step of the work ; the following have been found

very satisfactory. About 60 degrees for the milk when the acid is

added, about 140 degrees for the water added to the test bottles, and

between 130 degrees and 140 degrees for the water mto which the

test bottles are set before a reading is taken. If you prefer different

temperatures from those suggested, adopt them, but do not neglect to.

adopt constant temperatures.

It sometimes is an advantage to add the water to tne test bottles

at twice rather than all at once, filling each bottle just to the neck at first,

and to about the eight per cent, mark the second time. Whirl the

tester for a minute after each addition of w.ater.

9. Cost of testing composite samples : In a gallon of sulphuric

acid there is enough for about 260 tests. Estimating the value of the

acid to be 3ic. per pound, the cost of the acid for a single test would

be one-quarter of a cent.

To find the average test of a number of samples : If the weights

and tests of a number of different lots are fairly uniform, the average

weight and test may be found by dividing the sum of the weights and

tests by the number of lots, but when there is no uniformity in the dif-

ferent lots, the true average test can be obtained only by multiplying

the total pounds of fat by 100 and dividing the product by the total

pounds of milk. There is sometimes a wide difference between the

mathematical average and the true average test of different lots.

Testing Cream.

The need of an accurate, simple, and speedy method of determin

ing the butter value of cream has become more and more urgent with

the general adoption of the Cream Collecting System of Creamery

management.
The Oil Test has been used for many years with a measure of

success, but it may no longer be regarded as a reliable test for creamery

work.
Its chief weak points and objections are as follows :

1. The readings or tests vary with the churnability of the samples.

For example, a sweet sample, low in fat, will rarely yield an exhaus-

tive separation of clear oil or fat. A low rekding or poor test is usual-

ly obtained from such a sample.

2. The amount of labor involved in properly caring for the tests.

3. The machines used for the churning process are usually very

noisy and often troublesome.

The B.abcock test for cream has stood the test of several years'

criticism and experience, and m.ay be regarded as a simple, accurate,

and satisfactory test for creamery work.
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Cream test-bottles are graduated to read 30, 40, or oO per cent,
fat, and differ from whole milk bottles only in the diameter of the
neck. The intermediate size is usually the most satisfactory for
factory work. The scale on the neck of the ordinary luiik or cream
test bottle is graduated to read directly the per cent, of fat, only when
18 grams are used in the test, i.e., the fat extending- over one of the
larger divisions of the scale weighs one per cent., or the one-hundredth
part of 18 grams. This fact will explain the various i iles for deter-

mining the per cent, of fat when 18 grams cannot be u ;a in a test

—

as in the case of cream and cheese, in which the per jent. of fat is

high.

Rule. To find the per cent, of fat when less than 18 grams has
been used ; multiply the reading obtained by 18 and diviae by the num-
ber of grams used.

This weight may be most accurately obtained by means of a deli-

cate balance, but in the hands of the average dairyman it is a ques-

tion if the use of a balance would result in greater accuracy than a
pipette for sampling cream in a normal condition. The specific grav-
ity of average cream (25 to 30 per cent.) being nearly one, the weight
delivered by an 18 cc. pipette would be approximately the required

amount, viz., 18 grams.
During the process of cream ripening, however, more or less gas

is usually formed which tends to reduce the specific giavity and thus

lessen the weight of a given volume of the cream. It will thus be seen

that sour cream sampled with a pipette would tend to give readings

slightly lower than* sweet cream. The difference in the test would
scarcely be perceptible at a low per cent, of acid, but would be more
marked at a high, sharp, acidy condition.

The use of a pipette for sampling in creamery work piaces a slight

premium on sweet cream, thus affording a pertinent means of discrim-

inating against overripe and otherwise objectionable grades of cream.

A sample containing an unusual amount of air or gas may be more
accurately sampled if warmed to a temperature of about 110 degrees

F. and after the necessary mixing, cooled to about 60 degrees F.

Notes.

1. A pipette graduated to read both 17.6 cc. and 18 -cc. is a

convenience, the former measurement beinc" required for whole milk,

skim milk, butter milk, and whey, and the latter for cream.

2. When sampling viscous cream the pipette should be rinsed with

about one-third measure of warm water, which should be added to the

test bottle.

3. The addition of a small amount of caustic soda ur concentrated

lye to viscous or lumpy samples renders sampling moie speedy and

accurate.

4. Composite samples of cream may be cared for and treated in

the same manner as outlined for milk under the beading, "Composite

Samples." Page J 8.
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5. Sample jars should be kept well corked during warm weather

to prevent evaporation. Carelessness in this matter may allow the

samples to give off sufficient moisture to cause the test to read from

1 to 10 per cent, too high.

6. No specific measurements of sulphuric acid can be given for

cream as some samples require more than others. The proper amount

is being used when the fat column presents a clear golden color. It

is well to use the minimum amount at first, and if a light shade is pro-

duced at the time of mixing, more may be added.

7. If troubled with cloudy or muddy readings, the addition of a

few cubic centimeters of water to a sample before adding the acid is a

good practice.

8. Experiments prove that after mixing the cream and acid the

necessary hot water may be added before whirling.

9. Under favorable conditions, composite cream samples may be

tested monthly. Under conditions where difficulty is experienced in

preserving the samples it may be well to test semi-monthly.

10. As the Babcock test is based on weight, it is necessary to either

weigh the cream or estimate the weight from the number of creamery

inches. According to experiments conducted at the Ontario Agricul-

tural College, an inch of .average cream in a pail 12 inches in diameter

will weigh 4.1 pounds. Thus, if it were found more convenient to

measure the cream than to weigh it, the weight could be determined

by multiplying the number of inches by 4.1. The number of pounds

of cream furnished by a patron during a month, multiplied by the test,

or the per cent, fat, and divided by 100 will give the number of pounds

of fat which the cream contained.

11. A spring balance is a convenience when it is necessary for col-

lectors to weigh cream ,at the farm. The use of these scales is allow-

able only when they pass the necessary Government insptction.

I

The Oil Test.

This means of ascertaining the butter value of cream is still em-

ployed in a few sections, and is simply a churning process.^

The cream collector is supplied with a pail 12 inches in diameter

in which the depth of cream supplied by the patrons should be care-

fully measured. After thoroughly mixing the cream the collector should

take a representative sample, filling the test tubes carefully to the

mark, which should be five inches from the bottom.

To Make an Oil Test. Upon their arrival at the creamery, place

the samples in a warm place, as over the boiler, and leave over night

to ripen thoroughly. They will not churn properly unless ^v ell ripened.

The next morning place the samples in water at a temperature of

about 90 degrees; and as soon as the cream will flow freely from one

end of the tube to the other, place in the oil test churn and begin the

churning. Should the cream at any time cool and thicken, place the

samples in warm water to liquify the cream again. Continue churnmg
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until there is evidence of a clear separation of the fat ; then place the
samples in hot water, at a temperature of from 160 to 170 deg-rees, for

from fifteen to twenty minutes.

If the separation be complete, the fat will be clear and yellow, and
there will be three distinct colunms with snaro lijies of division between
them, viz., a column of clear fat on io]), one of whey next, and one of

curdy matter at the bottom. If there be not a clear separation, cool to

about 90 degrees, churn again and proceed as before.

To Take a Reading. There is a chart prepared for the purpose.

Placing the bottom in an upright position on the "base line" of the

chart, move it along until, when looking by the right siae of the bottle,

the top of the column of fat comes even with the uppermost slanting

line on the chart. Next, still looking by the right side of the bottle,

obsenve the line to which the bottom of the fat comes ; the number on

this line gives the reading.

A small rule made specially for the purpose is more convenient

than a chart. Thiis, however, will give a correct reading only when the

test-tubes have been filled precisely to the mark. The chart consists

of a sliding scale, and gives the proportion of oil regardless of the

depth of cream taken or the diameter of the test-tubes

Sometimes the fat, though clear, is somewhat open. In such cases,

or when the fat is not clear, allow the samples to become cold, and

then place in water at a temperature of about 120 degrees F., before

taking a reading. About 120 degrees is a very suitable temperature

at which to take readings.

Meaning or the Reading. Cream that gives a reading of 100 in

the oil test will make one pound of butter for every inch of such cream

in a cream pail 12 inches in diameter; cream testing 120 will make

1.20 pounds of butter per inch. To find the pounds of butter, multiply

thj- number of inches by the reading and divide by 100-

Theory of the Test. A standard or creamery inch is one inch

of cream (in a twelve inch pail) testing 100.

One inch, therefore, contains 113 cubic inches. One pound of but-

ter contains about 25 cubic inches of butter oil, which is 22 per cent,

of 113. Therefore, any cream which will yield 22 per cent, of its

volume in butter oil, will yield one pound of butter per inch. Tubes

filled to the depth of 5 inches with cream which gives 1.1 inches of but-

ter oil, will vield one pound per inch, as 1.1 is 22 per cent, of 5.

a' reading of 100 by the oil test would, therefore, theoretically, be

equal to 22 per cent, of fat.

The relation between the oil test and percentage of fat or Bab-

cock test, may be viewed from the Babcock side as follows : The over-

run in Collecting Creameries may vary from 12 to 13 per cent to as

high as about 18 per cent. Then 100 pounds fat would probably yield

about 115 pounds butter.
^^^

1 pound of butter would thus be obtained from j^^- pounds fat.

I inch of cream weighs 4-1 pounds.
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Therefore in order to yield 1 pound butter per inch,
lUiJ

4.1 pounds cream must contain ^ pounds fat.

100
1 pound cream must contain ^^r- divided by 4.1 pounds fat

I'OO pounds cream must contain 73^ X_ jy X -y-

Equal to 21.2 pounds fat.

According to experiments conducted at the Ontario Agricultural

College Dairy School, the actual percentage of fat in Cieam yielding 1

pound of butter per inch is 21.1 per cent.

The relation between the value of a pound of fat and a pound of

butter may be found to vary somewhat according to the percentage of

overrun obtained.

With an average overrun of 15 per cent. ,and butter worth 17
cents per pound, the value of a pound of fat may be estimated as fol-

lows : A 15 per cent, overrun would prove 100 pounds fat to yield

115 pounds butter; 115 pounds butter at 17 cents equals $19.55; then

100 pounds of fat must be of the same value—$19.55. Therefore, 1

pound fat must be worth 19.55 cents. If fat were worth 17 cents a

pound, the value of 1 pound could be estimated as follows :

100 pounds fat at 17 cents equals $17-00.

100 pounds fat should yield about 115 pounds butter, therefore,

115 pounds butter are worth $17.00.
1 pound butter is worth $17-^11-^ equals 14.78 cents.

»

With an average overrun and butter worth from 16 to 18 cents

per pound the difference between the value of a pound of fat and a

pound of butter would be from 2 to 2^ cents per pound.

Skim-Milk Buttermilk, and Whey.

As the percentage of fat in skim milk, butter-milk, and whey is

so small, the best method of testing these is by the use of the double-

neck skim-milk bottle.

The usual amount of milk or whey is taken and the test is made
in the usual way. Very fine readings can be taken, as a very small

amount of fat will extend over quite a length in the small neck. Con-

siderable controversy has taken place from time to time among the

leading authorities as to how each division on the scale should be read,

but it has been demonstrated that reading the first divisions as .1 (^q-)

and each succeeding division as .0-5 (>2 of -,y- equals ^p- or .05) gives

results comparing quite favorably with gravimetric analysis.

Slightly more than 17.5 c.c. of acid may be used to advantage when
testing skim-milk ; it is also advisable to increase the speed of the tes-

ter or the length of time it is whirled.

The fat column in a double-necked bottle may be raised to any de-

sired point on the scale by gently- pressing with the finger on the mouth

of the large neck,
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It is not necessary to use quite the full amount of acid when test-
ing whey.

The ordinary milk bottle is not suitable for testing skim-milk,
buttermilk, or whey, as it is almost impossible to make an accurate
reading of such a small amount of fat when it is extended over a broad
surface.

The Lactometer and the Detection of Adulterations in Milk.

The lactometer is an instrument used to determine the specific grav-
ity of milk. The term specific gravity means the weight of a certain

volume of any substance compared with the weight of the same volume
of pure water at a standard temperature.

There are different kinds of lactometers, but the Quevenne is the

most suitable for milk-testing. By means of it we can determine rapidly

the relative weight of milk and water.

The Quevenne lactometer is standardized at a temperature of 60 de-

grees ; if the milk to be tested varies from this, corrections may be made
according to the following rule.: For each degree in temperature above

60, add .1 ( j(7
) to the lactometer reading, and for each degree below

60, subtract .1 ( jj jfrom the lactometer reading. This rule is practical-

ly correct, if the temperature is kept within a range of from 50 to 70

degrees. It can be readily recalled when we remember that the density

of milk increases with a reduction of temperature and decreases with a

rise in temperature. The scale on the lactometer is graduated from 15

to 40, and indicates a specific gravity of from 1.015 to 1.0-10.

A^ote. The correct lactometer reading (or L.R. at GO F.)H-1000h-

1000 indicates the specific gravity.

The lactometer reading of whole milk usually ranges from 29 to 34,

although it may fall as low as 27, or go as high as 35. The lactometer

reading of skim-milk varies from 33 to 38. The reading should be taken

soon after placing the instrument in the milk ; if cream be allowed to rise

on the milk, the reading wiM be too high, as the bulb of the lactometer

will be floating in partially skimmed milk. Milk should be cooled and

allowed to stand some time (1 to 3 hours) after being milked before tak-

ing the lactometer reading. Otherwise the readings will be too low.

The composition of milk is about as follows :

Fat 3.6 per cent.

Casein 2.5 ''
'' ^

solid.s

Albumen 7 " " {,q l

Sugar r>.\f
I f^^^

Ash •• -7

Water •
S7.5 " "

100.00

4—Bull. 143
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It is the solids-not-fat in milk that cause its specifii: gravity to ex-

ceed that of w.ater, and consequently its lactometer reading to be greater
than that of water.

A number of different formulas have been prepared for the calcula-

tion of milk solids when the lactometer reading and percentage of fat

are known. As the percentage of solids-not-fat increases .25 per cent,

for each lactometer degree and .2 per cent, for each per cent, of fat, the

following formula has been very generally adopted :

{% -{- .'I fttt. To find the total solids in a sample ot" milk, add % of the

lactometer rea ling to 1.2 times the percent of fat.)

The following rule is sufficiently accurate for practical purposes and
has simplicity to recommend it: To determine the per cent. S.N.F.,

add the correct lactometer reading and per cent, fat together, and divide

by 4. ^=% S.N.F.

Adulterations.

By the use of the Babcock test in conjunction with the lactometer, we
are enabled to determine both the nature and the extent of dii adulteration.

The percentage of fat in milk varies and can also be influenced by

skimming, therefore the lactometer alone is of little use in determining

adulterations. The solids-not-fat are fairly constant and thus afford a

means of detecting adulterations.

Watered Milk. To find the per cent.- of pure milk in a watered sam-

ple, multiply the per cent. S.N.F. in it by 100, and divide by the per

per cent. S.N.F. in the pure milk. This subtracted from 100 will give

the per cent, of extraneous water in the watered sample. To take an

example :

The per cent, of solids-not-fat in a sample of pure milk is 9 ; but

after being watered the per cent, of sollds-not-fat in the watered sample

is 7.2. Find the per cent, of pure milk in the watered sample.

Per cent, of pure milk in watered sample '-"^ * = 80 per cent.

Per cent, of extraneous water - 100-80=20 per cent.

Note. When a sample of pure milk cannot be obtained, use 8.5

in the early part of the season, and 9 in the later part, for the per cent.

S.N.F. in pure milk.

The per cent, of water added to the pure milk may be estimated a*,

follows: The per cent. S.N.F. in a pure sample, multiplied by 100,

divided by the per cent. S.N.F. in the watered sample, less 100. The

above may be worked as follows.

^^^~^"- equals 25 per cent, water added, or

To 80 lbs. pure milk, 20 lbs. water were added, then to

1 lb. pure milk,
f^

lb«;. water were added.

To 100 lbs. " '-'^^J'^" lbs. water were added.
80 J

equals 25 lbs. water added to 100 lbs. milk or 25 per cent.
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Notes.

1. Have the temperature of the milk uniform throufj^hout, and as

near 60 degrees as possible when taking a lactometer reading.

2. Always mix the milk well before taking a lactometer reading.

3. Do not have milk on the upper part of the stem of the lacto-

lactometer when reading, as this weighs the lactometer down and causes

the reading to be too low.

4. Have the lactometer free from the side of the vessel, and per-

fectly still, when taking a reading.

5. A high lactometer reading accompanied by a low per cent, of fat

indicates skimming, e.g., L. equals 34, F. equals 2.4.

6. A low lactometer reading accompanied by a low per cent, of fat,

is indicative of watering, e.g., L. equals 22, F. equals 2.4.

7. A normal lactometer readng with a very low per cent, of fat in-

dicates both watering and skimming. Also, if the lactometer readmg

of a sample of milk be low, yet not so low accordingly as the per cent,

of fat. this is indicative of both watering and skimming. Both of the

following indicate watering and skimming; L. equals 31. F. equals 2;

L. equals 26, F. equals 1.8.

Testing Cheese for Fat.

The fat content of cheese may be obtained by weighing from 2 to 6

grams, adding sufficient water to make up 18 grams and testmg m the

usual way.
Reading y 18

^ ^^^^ , ^^^^ ^f f^^^ ^^ Sample tostod.
grams used 1

•
. 1 1 .^ • j „„iw

Accurate and satisfactory results in testmg may be obtained only

by exercising the greatest care at every step in the work, coupled with

sound judgment and experience.

HINTS ON THE CARE OF MILK FOR CREAMERIES AND

CHEESE FACTORIES. AND CANADIAN CHEDDAR
CHEESE-MAKING.

By W. Waddell and A. McKay.

Milk is the raw material from which the
'^^^"l," ut" v^rtl

manufactures a valuable and concentrated '°°d produ • - ^ P^'^^^

able article and very susceptible to contam.nat on -'
^J^ '^'^^'j^i^^M.

.ha. great care be Uken to Ueep .t swee
/-JX.In^ood health

f:;„T^:d "-ran rndtcfof wU^some fo^od, pure water, and hav,„,

free access to salt at .all times.
turnips, rape, foul

Cows giving milk should
-^^^^.^ ^;;;h',

;.• n lart'an objection^

weeds, musty or decayed food, or anything imx wn » i



28

able flavor to the product, as injury to the milk from any cause results in

a positive loss to the producer.

It is very important that there be no dust or bad odors in the stable
at the time of milking-, as the thin stream of milk passing from the
teat to the pail will collect a large amount of any impurities that may be in

the atmosphere. Before commencing to milk the udder and flank of the
cow should be brushed or wiped with a damp cloth to remove loose hairs
or fine particles of dust or filth. The milker should be clean, kind, and
sympathetic and free from any contagious disease. Milking should be
done quickly and as exhaustively as possible. Immediately after milking
remove the milk to a clean, pure atmosphere and strain thoroughly to re-

move fine particles of dirt, as, no matter how carefully the milking is

done there is likely to be some dirt in the milk, and this should be re-

moved as quickly as possible. Special provision should be made for cool-
ing the milk quickly to at least 65 degrees F., and for keeping it at that
temperature over night, and to 50 degrees and holding it at that tempera
ture if keeping the milk over Sunday. This may be accomplished by
providing a tank large enough to contain cans holding at least two milk-
ings and surrounding them with cold water. The milk should be stirr-

ed occasionally while cooling. A wire handled dipper should be provided
for this purpose. Provision must be made for changing the water
used to keep down the temperature. Ice is almost a necessity for keep-
ing- Saturday night's or Sunday's milk. The warm milk should in no
case be mixed with that already cooled, and where possible send it to the
factory in separate cans. If this is not done the morning's milk should be
cooled before mixing with the evening's milk.

When purchasing tinware examine the seams carefully and see that
all joints are well soldered so as to facilitate cleaning. Wash and cleanse
thoroughly all utensils used in handling milk. First rinse them with
warm water, then wash well with water at a temperature of 110 to 120
degrees and then scald or steam. Do not wipe with a cloth, but place
to drain where they will get plenty of sunlight and pure air. Use a
brush In preference to a cloth for washing tinware. A free use of wash-
ing soda will be found beneficial, but soap should not be used on milk
cans or pails. The occasional scouring with salt will serve a good pur-
pose. Wooden palls should never be used for milking.

The whole secret of keeping milk in good condition is cleanliness,
and low temperature and under no condition should chemicals be used for
preserving milk.

The Curd Test.

Provide tin or porcelain cups sufficient In number to test the milk
of at least half the number of patrons supplying milk to the factory. A
convenient size would be two inches in diameter and four inches deep.
Each cup should be plainly numbered. Provide a box of tin or g-alvanized
iron with a neat fitting cover large enough to hold the cups. For
convenience this box should have both steam and water connections. In
taking samples for making the test place the number of the CVip opposite
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the patron's name from whose milk the sample has been taken. When
the samples have all been taken, place them in the box already described,

adding^ water to the depth of the milk in the cups ; raise the temperature

to 86 degfrees F.

Set the samples, ^jy using one dram of a dilute rennet made of a

strength of one part rennet to twenty-four of water. vStir in the rennet

with a knife having a solid metal handle, being careful to sterilize the

knife between the stirring of each sample so as not to contaminate one
sample with flavors from another. When firm enough cut with the same
knife, using the same precautions to sterilize between the cutting of each

sample. Raise the temperature gradually to 98 degrees F. , and handle

the samples as nearly like the milk and curd in the vat as possible. In

two and a half or three hours after setting pour off the whey. Keep up

the temperature for three or four hours after this, and examine the sam-

ples occasionally for flavor by smelling and the texture by cutting with

a sharp knife.

If looking for bitter flavor, and the milk is in a sweet condition, it

may be advisable to add a few drops of culture to the samples before

setting, as this flavor is rarely detected without the presence of acid.

This test is particularly valuable in detecting flavors which develop

in the curd, but cannot be detected in the ordinary way when milk is de-

livered. It is also valuable for convincing patrons, who may doubt that

the flavor of their milk is as bad as represented by the cheesemaker, as

it is possible to have them see and smell the curd made from each pat-

ron's milk as delivered at the factory.

The Preparation and Use of a Culture.

That there has been such a strong prejudice against the use of cul-

tures in the minds of some of our best cheese buyers is not to be won-

dered at when we consider the careless slip-shod methods in which some

makers prepare cultures, and the unrestricted use of them by others, re-

gardless of the ripeness of the milk, or the acidity and flavor of the cul-

ture. The flavor of the culture used will largely determine the flavor

of the cheese or butter made. Therefore, the need of full and exact

knowledge of the proper method of preparing and using cultures is mani-

fest.

First provide suitable cans. It is better to have a duplicate set if

possible. Cans similar to the ordinary shot-gun cans whch are eight

inches in diameter and twenty inches deep are quite suitable. When the

milk is in small lots it can be more readily heated and cooled than if

kept in larger quantities. For convenience in heating and cooling a spe-

cial box or tank large enough to hold the cans containmg the culture

for one day's use should be provided. This should have steam and

cold water connections. The cans may be left in this box so as not to

be influenced by the outside temperature.

In starting a culture it is advisable to use a commercial, pure cul-

ture These may be obtained from our Bacteriological department or

from any of the dairy supply houses. Empty the mother culture into a
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quart of cooled pasteurized milk, and allow it to stand at a temperature
of 75 deg-rees F, until coag-ulation takes place. Two per cent, of this

culture may then be added to pasteurized milk at a temperature of 70
dcg-rees for the next propag-ation.

After selecting the milk for culture, heat to a temperature of 18.5
degrees, stirring occasionally while heating. Allow it to stand at this
temperature for 20 or 80 minutes, then cool rapidly to a temperature of

65 or 70 degrees F. To this milk add sufficient of the culture already
prepared to develop an acidity of not more than .7 at the time the culture
is required for use.

If the culture is to be kent for more than 24 hours, it is advisable
to use a lower temperature—60 degrees F. or under. Aim to produce
the same acidity from day to day. Before using-, remove one or
two inches of the milk from the surface of the can, as the surface is more
liable to contamination from outside sources'; break up the remainder by
stirring well in the can. At this time take out a small quantity to pro-

pagate culture for next day. A glass sealer should be provided for this

purpose.

The indications of a r^ood culture are as follows : The wholf> mass
is firmly coagulated, no liquid is found on top, and it has a milk acid

flavor pleasant to taste and smell.

A culture may be used to advantage when the milk is maturing slow-

ly or when it is tainted or gassy.

One-half of one per cent, is the greatest quantity which should be
used at any time, and this quantity should be used only when the milk

is known to be in a sweet condition.

Milk should be set slightly sweeter when culture is used. With
gassy milk its use is especially beneficial. Culture with bad flavor or

with too high an acidity should not be used.

A wire handled dipper is preferable for stirring milk for culture and
all utensils must be thoroughly cleaned and sterilized after each time of

using.

CHEESE-MAKING.

Need for Improvement.

That there are some improvements being made in our factory build-

ings and equipment and in the sanitary condition in which they are kept

cannot be denied, but it is also true that there is room for great im-

provement in this direction. We still have some factories that are not

up to date and are wholly unfit for handling, in a sanitary condition, so

delicate a food product as milk. We have also some makers who do not

put forth the effort necessary for keeping their factories in a proper con-

dition. The time has come when it is necessary that all interested in



31

the cheese business join hands to have these hindrances to the best qual-

ity of our goods speedily removed. The training which our cheese-mak-

ers receive at the dairy schools should have a marked tendency to improve

the appearance of the maker, and also the inside and surroundings of his

factory. It has also been proved beyond a doubt that to make the finest

quality of cheese, we must have our curing-rooms so constructed that an

even and comparatively low temperature can be maintained. This should

not be allowed to exceed 65 degrees in the hottest weather.

Milk for Cheese-Making,

In the manufacture of cheese the first and most important matter

is to have the milk delivered at the factory clean, sweet, and of good

flavor. How this may best be accomplished is a subject that should

engage the attention of all interested in the dairy business. We would

suggest that our instructors spend as much time as possible among

the patrons and with the assistance of our chemists and bacteriologists

find out the causes and remedies for so much bad-flavored rpilk and

cheese. We would urge upon makers the necessity of rejecting at the'

weigh stand all milk which is not in a fit condition for the manufacture

of first class cheese, as receiving milk of this kind is a serious injus-

tice to patrons supplying milk of good quality.

Testing for Ripeness.

This may be done for setting, with the acidimeter or rennet test.

Good results may be obtained by the use of either test. No definite

degree of acidity can be laid down as a rule to go by. The proper rule

is 'to set at the degree of acidity that will give the best results later in

the process, or will allow the curd to remain in the whey until properly

cooked, which will usually take from 2f hours to 3 hours from the

time of setting the vat to the time of dipping the curd with the right

amount of acid developed. This will be found to be slightly less than

the acidity of the milk at setting as shown bv the acidimeter.

In making early spring cheese it is usually necessary to make a

quick-curing cheese in order to reach an early market.

To make this class of cheese it is advisable to use a largo quantity ot

rennet and a small amount of salt, as this hastens the ripening process and

overcomes the tendency in milk at this season to mak^ a drv. harsh

cheese due to the low per cent, of butter fat m the milk. Heat the

milk to 86 degrees and stir slowly while heating.

If using' the acidimeter and making cohered cheese, the acidity

should be taken before adding the color to the milk, as it is more diffi-

cult to detect, the neutral point with color added. Another point to

note carefully when using the arldimeter for .setting, is the efect of the

presence of rain water in the milk. When the milk is diluted, less

milk Is taken in the sample, and will show a lesser ^^^^^^^jjjfy
than is contained in the milk to the extent of the percentage of dilu
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tion. If color is used it should be thoroughly mixed with the milk
before the rennet is added, using one to one and a half ounces of color

to 1,000 pounds milk. Add color in amount as the market demands it.

When the desired acidity is obtained add the rennet, using four

to five ounces per 1,000 pounds milk or enough to coagulate the milk,

fit to cut in 15 to 20 minutes. Commence to cut early, using the hori-

zontal knife, first cutting slowly lengthwise of the vat, then with the

perpendicular knife cut crosswise, and afterwards lengthwise, which
will be sufficient f/or normal milk. Commence stirring at once with
agitators or with a McPherson rake. Stir carefully for 10 to 15 min-

utes before applying heat, and be careful to have the curd all free from
the Dottom and sides of the vat before turning on the steam. Curd
should be handled carefully, and in such a manner that the cubes will

not be broken or allowed to mat together, as rough handling or break-

ing of the curd causes a serious loss in both quantity and quality. Heat
to the cooking temperature of about 98 degrees F. in one-and-one-half

hours from the time of setting. If using agitators, take them out in

10 or 15 minutes after the cooking temperature is reached. Remove
at least half the whey, and keep the curd stirred sufficiently to prevent

it matting. Acid usually develops very rapidly in the spring, therefore,

it is necessary to be prepared to remove the whey quickly when enough
acid has developed, which may be from .17 to .2 as shown by the

acidimeter. Be careful to stir the curd dry. Curd must be well cook-

ed and stirred dry if a fine cheese is expected. Leave the curd about

eight inches deep in the curd sink. When it is well matted together

cut into strips six to eight inches wide and turn upside down, and in

about 15 minutes turn again and pile two deep. Continue turning

every 15 minutes until the curd is ready to mill. When the curd is well

matted and flaky, and shows .7 to .8 per cent, of acid it should be

milled, and then well stirred afterwards. The stirring should be re-

peated often enough to prevent the curd matting until ready to salt.

This will be when the curd has mellowed down nicely and shows from

1 to 1.2 per cent. acid. Stir the curd well before adding the salt to

give the cheese good body ,and improve the flavor and texture. Salt

at the rate of 1 1-2 vo 2 pounds of salt to 1,000 pounds milk. It is im-

portant tha\. the temperature of the curd from dipping to milling be

about 94 degrees. After milling, allow the curd to cool gradually tc

about 85 degrees. when ready to salt. Put to press at a temperature

of 82 to 84 degrees. Weigh the curds into the hoops ; tighten the

press gradually and leave the cheese 45 to GO minutes before taking out

to dress. When dressintr use plenty of clear hot water, and what are com-
monly called skirts. These cloths help to make a good rind on the

cheese and keep them clean and cause the cheese to come out of the

hoop more readily. Turn all cheese in the hoops every morning and

allow no cheese to be taken to the ruring-room that are crooked, have

wrinkles in the bandage, or rough edges.
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Summer Cheese.

In making: summer cheese one ounce of color per 1,000 pounds of

milk is usually enough, but this may be varied according to the re-

quirements of the market. Use from three to three-and-one-half ounces
of rennet extract per 1,000 pounds of milk, or sufficient to coagulate the
milk fit to cut in 25 to 30 minutes. The cutting and cooking of the

curd is the same as given for spring cheese.

It may be necessary in some cases to raise the cooking tempera-
ture slightly higher, or to about lOO degrees, shortly after normal cook-

ing temperature is reached. The whey should be partially drawn off

and the curd well stirred by hand or with ,a rake to insure thorough
cooking. The acidity should be allowed to develop to such a point that

is found from day to day to give best results in the working of the curd

later in the process, aiming to have the curd with good body, well matt-

ed and in a flaky condition when ready to mill. At this time it should have

an acidity of .75 to .85 in If to 2 hours from the time of dipping. Curd
should be well stirred after milling. Care must be taken not to salt the

curd too soon as open cheese may be the result. Curd should be well

ripened, stirred and aired thoroughly and cooled to a temperature of 85
degrees before salting. Use from 2 to 2i pounds of salt to 1,000

pounds of milk.

Fall Cheese.

In making fall cheese it is a mistake to use too much culture, or

to ripen the milk too much, giving the cheese the appeaiance of having

been made from over-ripe milk, which is very objectionable. Rather

use a smaller amount of culture, not more than 1-4 of one per cent,

and add it to the milk as early as possible, then allow the milk to ripen.

Always heat the milk to at least the temperature of the culture before

the culture is added. Set slightly sweeter than usual, as we are able

to work closer to the sweet line all the way through when culture is used.

Gassy Milk.

The presence of gas in milk retards the development of acid, and

as acid is necessary in the manufacture of cheese we should make the

conditions as favorable for its development as possible without injury

to the body of the curd. To do this, use i to ^ per cent, of good cul-

ture, ripen slightly lower for setting than for normal milk, when cut-

ting' aim to have the cubes even in size and as large as possible, allow

the acid to develop slightly farther before applying heat, stir carefully,

and heat slowly, aiming to have the curd in normal condition at dip-

ping. Use the same cooking temperature and the same acid for dip-

ping as with a normal curd. A gassy curd docs not require so much

Stirring, as the moisture leaves the curd more readily. Cut and turn

as usual and pile according to the body of the curd. Mill as soon as

the curd is well matted, and the acidity has developed to .8 to .85



per cent. About half way between milling and salting, commence pil-

ing the curd, allow it to stand for 15 to 20 minutes then spread out,
stir well and pile again. Continue to do this until the curd is nice

and mellow. Give plenty of fresh air before salting. Use a normal
amount of salt, and put to press at a temperature of 80 degrees, if pos-
sible.

Over-ripe Milk.

This class of milk should be avoided, as the loss is too great, even
when handled in the best possible way. The heat should not be ap-

plied till milk enough is in sight to fill the vat, and then heat as quick-

ly as possible to 82 or 83 degrees, and after testing for acidity, set at

these temperatures using one ounce extra of rennet per 1,000 pounds
milk. Stir for about two minutes. Commence cutting early and cut

fine, using the horizontal knife for the fourth cutting, cuttmg length-

wise of the vat. Where possible use a finer knife than usual. Cook
quickly and if necessary raise the temperature two or three degrees

higher than for normal milk. Run off the whey as soon as possible,

and stir the curd well in the small amount of whey before dip-

ping, so as to have the curd well firmed before sufficient acid ' is dei

veloped. Dip with slightly less acid where possible. Stir dry, and if

the curd has been well handled, treat the same as a normal curd. If

the curd is not well cooked and the moisture properly expelled from it,

mill early and ripen well before salting.

Ripening or Curing Cheese.

The ripening or curing of cheese is one of the most important

points in the whole process, as no matter how well a cheese is made if

the curing is not properly done the quality cannot be the finest. Hence
it is a necessity to provide a room where the temperature can be con-

trolled at all times. It is important that some means be provided to

control the moisture in the room to prevent the growth of mould which

occurs when too much moisture is present. An excessive shrinkage

takes place if there is too little moisture in the room. This may be ac-

complished by building an ice chamber in connection with the curing

room and having a free circulation of air over the ice. This cools the

air and causes a deposit of the moisture on the ice.

In putting the cheese into the curing-room, place them straight and

evenly on the shelves and turn them every morning except Sunday.

Keep the room well swept and looking neat and tidy.

Use good strong cheese boxes. Have them dry and made to fit the

cheese neatly. Put two scale boards on each end, weigh carefully and

stencil the weights plainly on the boxes. Load the cheese on clean

wagons, and have canvas covers to protect them from rain and heat

while on the way to the station.
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SEPARATORS AND THE SEPARATION OF MILK.

By R. W. Stratton.

In dealing with this subject, general directions only can be given.
Space will not permit giving detailed directions for the different makes
of separators. A book of directions is furnished with each new separa-
tor sent out, ,and the specific instructions contained therein should be
strictly followed unless you know of something better, which you !iave

proven to be so by practice, not theory. Separators may be divided
into two classes—the steam or turbine, and the belt separator.

Turbine Separator.

In setting it up, a solid foundation should be provided. It does
not matter how solid a wooden floor is, it will vibrate more or less from
the running ofi a churn or other machinery. With a stone, brick or

cement foundaton a separator is independent of any vibration from
other machinery and will run much better, and for a longer time. If

setting the separator on a cement floor probably the most permanent
method of fastening it down would be as follows : First mark the

ex.act location for the holes. With a square draw a line through the

centre where the holes should be, then drill the cement to the desired

depth (6 to 7 inches). To do this a common cold-chisel may be used

providing the bit is wide enough for the body of the chisel, though a

pointed chisel for this purpose is preferable. The dust may be remov-

ed from the hole while drilling by a small bellows, or blowing through

a small rubber or glass tube. Have the bolt head somewhat rounded

and place the bolt in the hole with the threaded end up, making sure to

have it perpendicular and in line, and the necessary height above the

floor, then pour melted lead in the hole around the bolt. If a method is

desired whereby the bolts can be removed from the floor, drill

holes as above, plug with wood, bore with a bit at least I

of an inch smaller than the lag screws used and fasten down with lag

screws. Another method whereby separators may be changed without

drilling new holes is to drill the holes in the cement nearer to the centre

than any separator will be likely to require, fasten a 2 inch by 4 inch

piece of wood to the floor and bolt the separator to it.

In putting down a cement floor to be used for separators, it is well

to have a pier built about two inches higher than the floor and about the

size of the separator base. This tends to prevent dirt from lodging under

the separator when scrubbing the floor.

If a stone or brick pier (bricks are neatest) has to be built, the

nature of the soil will determine the depth to excavate, and the size of

the frame or base of the separator will determine the length and

breadth. The exact specifications are given in the book of instruc-

tons furnished with the separator.



Place the separator in position, being careful to have the separa-
tor frame perfectly level every way. Determine this by placing the
spirit level upon the planed top of the frame.

The pipe to convey the steam to the separator may be the same
size as the fittings of the separator, provided the distance from the
boiler is not over twenty-five feet. When there is more than this dis-

tance the size of the pipe should be one-quarter inch larger for every
twenty-five feet of piping, to overcome friction and condensation of

steam.

Exhaust pipes are usually made of galvanized iron, and should
never be reduced in size at any point, smaller than the outlet on the
separator, ,and should be put up as straight as possible to convey the

steam from the separator. It may be carried out at the side of the

building. In either case, a piece extending upwards should be put up
to cause a draught. Placing the exhaust pipe out through the roof is

preferable when the surroundings will permit it. Have the pipe long
enough to be higher than any part of the roof, in order that the

draught may not be interfered with by change of wind. A drain pipe

must be provided in any case at the lowest point on the pipe, to al-

low water to escape readily. If this should be in the making-room, a
trap to prevent annoyance from escaping steam may be put on the

drain pipe.

Belt Separators.

The directions given for the foundation of a turbine will apply to

this. First place the intermediate or jack in position. This should be
at an angle of at least 45 degrees in front or behind the driving shaft.

Level it by placing a level perpendicularly on the planed rim of the

separator pulley of the intermediate. Be sure to have the shaft of the

intermediate parallel with the driving shaft.

The pulley provided for the driving shaft should be of sufficient

width to allow the belt to be shifted from the tight to the loose pulley

of the intermediate, and of the proper size to give the exact speed re-

quired. Next place the frame of the separator in position. Level it in

all directions by placing the level on the planed top of the frame. Line

the separator with the intermediate, so that looking from the inter-

mediate the right hand edge of the small pulley of the separator is ip

line with the right side of the large pulley of the intermediate, having

the vertical centre line of the spindle pulley level with the underside of

the intermediate pulley.

The separator bowl should revolve to the right, or with the sun, the

same as the hands on a watch. The intermediate should run from the

separator, so as to place the draw belt on the upper side of the inter-

mediate pulley, with a view to remove some of the weight of the bowl
from the foot-step bearing when the separator is running. If an idler

or belt-tightener is used, always place it on the "return" side of the

belt

—

never on the "draw" side.
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Do not use the belt tightener any more than is absolutely neces-
sary as it shortens the life of the belt very materially. It would be an
improvement if the intermediate could be adjusted to suit the stretch-
ing of the separator belt.

Wipe all the bearings well with a cloth, to remove all grit and
dust. A little coal oil upon the cloth will be found helpful where
any coating of dried oil is met with. See that all oil tubes are clear and
free to feed the oil. Wash the bowl and all parts that the milk comes in
contact with. .If everything has been properly attended to as directed
it is ready to start. If ,a turbine, turn on steam very gradually to allow
the water to get out of the steam pipes, when the required amount of
steam may be turned on. When speed has been reached, start the feed
of milk.

If a belt machine, and only one in use, put all belts in position, and
start the engine slowly, allowing the speed to increase gradually. If

more than one separator is used, it is better to start the engine at full

speed, then shift the belt from the loose to the tight pulley after starting
thr separator by pulling the belt with the hand until the bowl has attained
some speed. Then shift the belt from the loose puiley part way on to

the tight pulley, moving it at intervals until on full. From 6 to 10 min-
utes should be required to get up speed. Full speed is ascertained by
means of speed indicators. A 100 notch wheel should be counted for

one minute, and a 50 notch wheel for one-half a minute, in order to know
the number of hundred revolutions the bowl is revolving per minute.

After speed has been reached, the milk should be turned on full feed,

until both cream and skim-milk flow from the respective spouts ; then it

should be closed off until the cream is of the desired thickness% The
cream should be the guide in operating the separator.

The cream left in the bowl when all the whole milk has been put

through should be forced out with warm water. From one to two pails

will be needed for this purpose. Shut off the feed-tap for a few sconds

when about half the quantity has gone through ; then turn it on again

allowing the remainder to complete the operation. Pure w.arm water is

preferable to skim-milk, as it is nearer the specific gravity of the cream,

and consequently displaces it more readily.

Allow the bowl to stop of its own accord after the power has been

removed ; never apply any brake or friction to the intermediate. Rernove

the solid matter found at the extreme outside of the bowl and burn it at

once. Clean out all milk tubes with the spiral provided ; wash with tepid

water thoroughly; scald with steam or boiling water; then place on a

draining rack where the bowl and its parts may dry. Never close the

bowl when wet inside as it will cause it to rust. Leave it open when not

in use so it will be thoroughly dry.

In ordering the parts for the separator always specity exactly what

is wanted bv the use of the proper name and number of the same.
^

This

can be found bv consulting the book of instructions furnished with all

machines. A duplicate set of the delicate or wearing parts of any ma-

chine should be kept on hand for emergencies.
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Milk fresh and warm from the cow is in the best possible condition

for a perfect separation. The difference in specific gravity between the

fat and other portions of the milk is then greatest, and it is also more
fluid, as there is no development of lactic acid, nor chemical changes due

to its exposure to the air. At t;he creamery, it is not met with in this

favorable condition ; consequently it is necessary to produce artificially as

many of the favorable conditions as possible to get the best results. When
milk is received at a temperature below 85 degrees, it should be heated to

from 90 to 100 degrees.

A tempering vat should be elevated at a suitable heignt, to allow the

milk to flow into the separator ; and it should contain enough milk to em-

UJ—

C

Skim-milk pasteurizer using
exhaust steam.

A Milk inlet l}i" pipe. B. Exhaust steam inlet 2" pipe. C. Overflow^". D. Small valve on

exhaust steam pipe to prevent suction of skim-milk back into steam pipe. E. ^ alye to drain heater.

F. Plug which may be removed in order to see if heater is filling with mateiial from skim-milk.

G. Heater 6" diameter. 18" long with caps screwed on each end.

ploy the separator for at least four minutes. If large bodies of milk are

heated to the desired temperature in a vat before separating, acid develops

too rapidly and clogging of the separator bowl is likely to follow. Should

any accident happen whereby the separator is stopped, the milk would

likely develop acid enough to thicken, when it could not be separated.

While it is doubtless true that better butter can be made by pas-

teurizing the whole milk before separating, still the improvement is not
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enough to compensate for the extra labor required in cleaning the sep-

arator and utensils. There is also the fact that the separator bowl will

need to be retinned often if separating pasteurized milk.

The plan followed at the Dairy
_
Department at the present time is

to heat the milk to about 95 degrees before separating. The cream
is delivered from the separator into the pasteurizer and heated to 180
to 185 degrees. The sklm-milk is elevated by a rotary pump and just

before entering the tank it passes through a heater in which ex-

haust steam from the engine is used for pasteurizing the skim-milk. The
cut will show how this heater may be made. A union should be put in the

steam pipe somewhere near the heater, as the heater will need to be taken

apart at intervals to be cleaned. This can best be done by burning in the

furnace. The amount of milk, and the temperature to which it is heated

will determine how often it should be cleaned. Usually it will run from
six to eight weeks without requiring to be cleaned.

A great saving in fuel can be made by utilizing the exhaust steam
from the engine. At the Dairy Department the pipes are so arranged that

the exhaust steam can be used for heating the whole milk before separate

ing, heating water, pasteurizing the skim-milk, and heating the building.

Two other labor and trouble saving devices are in use at the dairy

which are worthy of special mention. One is a skim-milk weigher which

after four year's use we would find it very difficult to get along without.

The other is an Ideal hoist for elevating milk at the intake. Having the

driveway graded so that no lifting of the can is required is the best plan,

but where this cannot be accomplished, the Ideal hoist would seem to be a

very satisfactory means of elevating the milk.

Pulleys and Belting. The following rules for finding the size oi

pulleys, and the required length of belting will be found useful, in fitting

up a creamery or in placing additional machinery.

To find the diameter of a driven pulley, multiply the diameter of the

driver by its number of revolutions, and divide the product by the number

of revolutions the driven pulley should go. The result will be the diameter

of the driven pulley.

Example. Diameter. of pulley on the engine, 40 inches; speed of

engine, 160 revolutions ; speed in main shaft, 200 revolutions :
4n v l^u,

H-200^.32, which is the diameter in inches reauired for the dr'ven pullev.

To find the required size of a driving pulley, multiply the diameter of

the driven pulley by the number of revolutions it should make, and divide

the product by the revolutions of the driver.

Example. Diameter of the pulley in intermediate is. four inches,

which is required to run 900 revolutions per minute. Revolutions of

shaft 200. 4X900h-200=18, which is the diameter in inches o-" the rul-

ley required to drive the intermediate at proper speed'.

To find the length of belt for any two pulleys, add the diameter of the

two pulleys together^ divide this sum by 2, and multiply the quotient by

3i. Add the product to twice the distance b^t\vron the centres of shaft-

ing, and the result will be the required length of belt-..
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Example. Two pulleys are 8 and 24 inches in diameter, and 8 feet
is the distance between the centres ot the shatting. b-r-34=:32, 32h-2^=
16, 16X3^4^=52 inches=4 feet -i inches, and -4 feet 4 inches-j-16 (twice
the distance between the centres of the shafting-)=:20 feet -t inches which
is the leng-th of belt required.

CREAMERY BUTTERMAKING.

By C. W. McDouGALL.

The practice of the art of buttermaking- must always be one of evolu-

tion. Advancement is an assured result when we earnestly endeavor to

make our practice conform to methods that have been proven to be sup-

erior to our own. These superior methods may be the result of scienti-

fic investigation or of the intelligent observation of practical men. To
teach any method as an infallible one would be assuming a false position.

The claims made for the perfection of the method would in reality be a

reflection upon the intelligence of the scientists and buttermakers of the

future. On the practical side of the question, however, we know that we
do not adapt with sufficient readiness methods which would produce a

marked improvement.

We should all like to have our supply of milk and cream in what we
now think is first class condition, and have the butter made in a modern

creamery bv the most improved method. Granting that we accomplish

all this, we should find that there still remains room for much investigation

and improved practice. When we recognize this fact where are we to look

for justification in our too common method of blundering along in the

dark at the mercv of so many foes? It would be quite difficult to find

a more unscientific practice than that of some of our buttermakers at the

present time.

On the farm, the intelligent production of milk and the proper care of

this milk, or the cream obtained from it, are very essential factors in the

manufacture of good butter. This is especially true in the case of cream-

eries operated on the cream-gathering system, for here each patron be-

comes to a large extent a buttermaker as he handles the cream at one of

the most important stages of buttermaking. It is to be taken for granted

that all creamery patrons know the value of having good cows supplied

with an abundance of good food, pure air, water, etc. On these we must

depend for the natural flavor or individuality of the milk or cream, and

it may be said on behalf of our creamery patrons that very little complaint

can be made on account of poor flavored milk at the time it is taken fVom

the cow. But when we consider the length of time the milk or cream

is cared for by the patrons, and the quality of this care, we find evidences

of inexcusable neglect. To take wholesome milk from a kind and gener-
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ous cow amid foul surroundings and deliberately put it into unclean pails,
through unclean strainers, run it through a filthy separator, or leave the
milk or cream at a high temperature, is nothing short of a crime against
the state. As soon .as milk is produced it begins to decay, and the rate
at which this decomposition takes place will almost entirely depend upon
the amount of dirt which has been incorporated with it, and upon the tem-
perature at which it is held. On these two points there is still much room
for improvement.

It is practically impossible to avoid getting at least a small amount
of dirt into the milk, and with this dirt are introduced countless numbers of
bacteria. At this stage we must act with promptness to prevent as far
as possible the harmful effects of these bacteria. Where the milk is to
be sent to a whole milk creamery, cool at once to a temperature of 60
degrees or below, cooling Saturday night's and Sunday morning's milk
mucn lower. The holding of cream for two, three, or more days Is a
very bad feature of our cream-gathering system. This means the hope-
less destruction of fine butter quality in the cream unless ample prepara-
tion is made for, and thorough care taken of, each lot of cream. Treat-
ment that will assist in retaining this fine butter quality is to be found in

skimming a rich cream, pasteurization, or holding the cream at a low
temperature. The cream separator furnishes the best means of getting
a rich cream, but if we cannot get a separator that will do close skim-
ming, while delivering a rich cream and that can be purchased at a rea-

sonable price, we are better without one. The serum or sKim-milk por-

tion of the milk furnishes the bacteria with food for growth and repro-

duction, the fat in itself not being a bacterial food. For this reason the

more milk drawn off as skim-milk the few bacteria we have in the

cream and the less serum for them to feed upon.

The cream from the separator should test not less than 30 per cent,

fat. A rich oream gives the buttermaker better control of his part of the

process as well as being beneficial to the patron. The cream should be

cooled immediately to at least 45 degrees. This temperature applies to

all creams to be sent to a creamery whether they be from the certtrifugal

or gravity methods. Pasteurization is a very efficient method of preser-

vation. The heating and extra cooling, however, mean more work and

expense than would be considered practicable under average conditions.

Nature, in her kindness, has in this country supplied us with an abun-

dance of ice for keeping our cream cold, but the average creamery patron

simplv ignores this fact, supplies a cream out of which a first class butter

cannot be made, and then grumbles at everyone but himselt when he is

reaping the reward of his own transgression.

A great many creamery patrons will argue that cream is not sour

until it has coagulated or thickened, whereas about half of the pojsible

acidity is produced before this condition is noticed. Cream must oe in

good condition when taken up by the cream hauler so that good butler

can be made from it after being on the cream wagon and in the creamery

for the greater part of a day. The fact of a cream hauler acceptinsr a

patron's cream is certainly not the end of that patron's responsibility.
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The transportation of cream in cream tanks and the ignorance and indif-

ference of the cream-gatherer have permitted abuse in putting poor lots

of cream into the tanks. It is true that the tanks and jacketed cans in

use are important 'factors in maintaining a low temperature of the cream
^

but the abuses connected with their use would seem to make the adop-
tion of the individual can system very desirable.

The adoption of the individual can system permits of the rejection of

poor cream or the proper recognition of the patrons supplying good
cream by payment according to qualit}'. In addition to this the possible

abuses existing through the work of the poor cream hauler are largely

avoided, and the chief qualification of all cream haulers under this sys-

tem consists in their ability to deliver the cream at the creamery in the

shortest possible time.

To have a good flavored, rich and sweet cream furnished by the pat-

rons, and to have this cream taken under first class conditions to the

creamery, at least three times a week, would materially aid in the im-

provement of the quality of the butter.

That part of buttermaking which is more directly the work of the

creamery operator and manager is a very large one and is weak or many
sides. We are not lacking so much in technical knowledge or instruc-

tion as we are in the intelligent application of principles we already know.

If we are to keep a choice butter for home or export market in view, we
must admit that our average creamery is lacking in such essential equip-

ment as a pasteurizer and cooler, and has only an apology for a butter

storage. We have too many poor creameries with an equipment that is

not at all up to date. Of course, it can be argued with good reasoning,

that the construction, equipment, and consistent operation of an ideal

creamery may be a poor business venture, but this is not sufficient excuse

for our common method of endeavoring to get sufficient cream to make a

large quantity of medium grade butter at a minimum cost or maxi-

mum commission in manufacture. A creamery must have sufficient cream

to make its operation practicable, but associated with this should be the

rejection of poor cream and the handling of the remainder in the best

possible manner. We owe this to our good patrons before we are reason-

ably entitled to their patronage. If we are going to improve the quality

of our export butter we must prove ourselves greater masters of the es-

sentials embodied in this improvement.
Sufficient work has been done in the churning of sweet pasteurized

cream to demonstrate that the butter made by this method has an excel-

lent keeping quality.

Good methods of work vary, but the following outline is good prac-

tice. The cream is pasteurized at 18o degrees and cooled to a tempera-

ture of 40 to 45 degrees if to be churned as soon as separated. This

low temperature practically necessitates a cream cooler operated in con-

nection with a mechanical refrigerating plant or by pumping through the

cooler the brine from a tank containing cold brine or water and ice. As
high as 30 per cent, of the good culture may be used to advantage. When
the milk is inferior skim a very rich cream and use a high per cent, of
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culture. When the cream is to be held until the following- day, add little

or no culture if the quality of the milk is good ; if the
quality is not good, skim a rich cream and dilute with good
whole milk and culture, or skim-milk and culture especially

selected. Churning the cream the following morning will give
a more exhaustive churning than if churned immediately after separating^

and cooling, and so low a temperature for solidifying the fat will not be
necessary. As in ripened cream the same principles guide the churning
operations, though special precautions should be taken to avoid churn-
ing too quickly. A cooling of the culture before adding- it to the cold

cream will prolong- the churning- period by making a lower average tem-
perature of the contents of the churn.

It should be our aim to pasteurize all cream to be u.-'ec^ in butter-

making. This will be beneficial in all cases when the highest quality ot

the butter is being considered, and will permit of .a much lower cream
acidity to produce an equally exhaustive churning-. Keep me lemperatuie

of the cream at the pasteurizer up to 185 degrees.

The period of cream ripening is one of decomposition and should be

under positive control. The production of high acid should be avoided

in even pasteurized cream unless a higher flavor is needed for local or

special market. Four-tenths of one per cent, acid is sufficient. In the

handling of any cream, the use of an eflficient cream cooler is very de-

sirable. The absence of a modern cream cooler in our creameries is,

season after season, causing excessive losses of fat in the buttermilk and

decreased quality of the butter.

In unpasteurized cream as low an acidity as will produce an ex-

haustive churning should be used. This could be increased where a hig-h-

er flavor is demanded or where an acid flavor will be less objectionable

than a poor flavor already present. The temperature should be uniform

throughout the cream, as the portions of the cream remaining at the

higher temperature have their churnability increased both by the increased

lactic aqid development and decreased solidifying effect of the higher tem-

perature, while the portions remaining at the lower temperature have

churnabilitv decreased both by the decreased lactic acid development and

greater solidifying effect of the lower temperature upon the fat globules.

Uneven ripening temperatures means extra losses in the buttermilk and

uneven granules during churning. The resulting condition is really un-

even amalgamation of the fat globules during the operation of churning.

If an exhaustive churning of unpasteurized cream can be had below .55

per cent, acid do not exceed this amount.

Avoid extremes in the length of time for churning. From 30 to 45

minutes is good practice. Endeavor to get a balance of conditions from

the amount in the churn, speed of the churn, quality of cream, etc., so

as to have ample and uniform concussion of the contents. Do not churn

very rich or thick cream in churns having internal projections or pockets

that furnish a place for lodgment of the cream.

Avoid high and very low churning temperatures; a fairly low one is

preferable.' Endeavor to gfet body in the fat globules by using a low rip-
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ening- temperature. A vig-orous growing lactic acid culture will produce
sufficient acid at a temperature of 50 degrees. Draw off the buttermilk
as soon as it will readily separate. Having the g-ranules small when the
buttermilk is removed, thdroug-hly rinsing them, then adding sufficient

water and increasing the size of granules to that of large corn is good
practice. Endeavor to get angular granules and avoid very low or high tem-
peratures of the wash water. Wash water very low in temperature makes a
condition favorable for the production of mottles while the high tempera-
ture creates a condition demanding great skill. Having naturally firm
granules, and using a fairly high temperature for the last wash water, are
productive of g-reater overrun and is quite practicable under control con-
ditions. Do not practice it if you are not in a position to counteract the
risks entailed. In all cases, only wash water which is pure should be
used. All doubtful water should be subjected to a chemical and bacter-
iological analysis before using.

The best salt obtainable should be purchased and care should be
taken to store it in a dry place which is free from tainting odors. If pre-
servative is used it should be evenly mixed with the salt. An ordinary
flour sifter suits admirably for this purpose. Sift or spread the salt or
salt and preservative onto the butter as evenly as possible, doing it in

three or four applications, turning the butter each time. The best distri-

bution in working, and the most economical use of salt is obtained by
having a moist g-ranule with a small amount of free wash water and re-

latively a small working area. After the butter has massed, open all

faucets to permit of the ready escape of free brine.

The proper amount of working to be given to the butter will be best
ascertained by observing the results of different amounts under the one
system for successive days. We must secure an even distribution of the
salt and expel an excess of free moisture. A slightly overworked condi-
tion of the butter is preferable to a mottled condition even if the grains be
better in the latter.

All butter packages should be neat, strong and made from non-
tainting material. Perfect cleanliness should be observed in lining and
packings all boxes or tubs and in wrapping prints. The market to be sup-
plied will largely determine the style of package and manner of packing
Only the very best parchment paper should be used, and it should be cut

while dry so as to finish neatly when the package is filled. Soak the
parchment for twenty-four hours in a saturated solution of salt ; if suffi-

cient formalin is added to this brine to destroy mold, the incorporation

of the mold spores will be prevented. Add small amounts of butter at a
time to the package, in order that the packing may be more thoroughly
done. Pack in considerably more than the requisite amount, and then,

by means of a straight edge, cut out to a weight which will allow for

ample shrinkage. The impressions of a fluted roller on this surface will

relieve it of its plain and sometimes greasy appearance. Fold the parchment
over the butter as neatly as possible. The preservation of the butter is

best obtained by putting it into low temperature storage as quickly as
possible.
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Eternal vigilance is the price of keeping- a creamery and its equip-
ment in good condition. Dirt and conditions favoring its collection
demand prompt and thorough attention. These are factors in the pur-
chase of all creamery machinery and utensils. Machinery should be pur-
chased subject to a test under practical conditions, and efficiency rather
than first cost should be the guide in purchasing.

HAND SEPARATORS.

By Geo. R. Taylor.

The hand separator problem is one of the most important questions
before the dairymen, and especially the creamerymen, of our country at

the present time. When the whole milk system of buttermaking was in

vogue, the buttermaker had control of nearly all the conditions which tend
toward the production of a high grade product. The milk then had to be
in a sweet condition when it was received at the creamery or it could not
be separated. This being the case, the buttermaker had pure, sweeti

cream to work with, and he was held responsible, and justly so, if a first

class product was not manufactured. With the general adoption of th^
cream-collecting system of buttermaking, however, a much different state

of affairs exists. The patron of the creamery separates the cream from
the milk, either with a hand separator or by other means. The cream'

is delivered at the creamery, once, twice, or three times a week, and ow-
ing to various causes, is too often received in a very poor condition.

The buttermaker may then try to make a first class quality of butter, buP

will often meet with only a small measure of success. It is important,

therefore, that the patron should understand how to operate a separator

to get the best results, and also understand the principles to be observed

in caring for the cream.

Some of the most potent causes of poor cream are :

1. Improper care of the cream after separation.

2. Having the separator in an impure atmosphere.

3. Carelessness in washing the separator, or neglecting to wash it

each time after being used.

4. Skimming a cream too low in butter fat.

Carelessness or neglect in washing the separator, separating the milk

in an impure atmosphere, or carelessness in caring for the cream are the

common causes of bad flavors in the cream, and in each case the trouble

may be easily overcome by a little extra care on the part of the person

operating the separator.

A cream poor in milk fat, or one containing a large amount ot skim-

milk is objectionable for many reasons, both to the farmer and to the

creamery mstn, and the separator agert who advocates the practice of
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skimming- a thin cream and washing the separator once a day or only

when convenient, is not working for the best interests of the dairy indus-

try. Agents who advocate such a practice have only one object in view,

and the machines which they are offering for sale are likely to be either

separators that are hard to wash, or those that are not well adapted for

skimming a cream containing a high percentage of fat, and intending pur-

chasers should consider very carefully the merits claimed by these agents

for their particular machine. ,

Thin cream contains a large amount of skim-milk which is valuable

to the farmer for feeding purposes. It requires more water and ice for

cooling, and in it the conditions are more favorable for the rapid develop-

ment of lactic acid and bad flavors. The cost of delivering the cream at

the creamery is greater on account of the larger quantity. The butter-

maker has to supply extra vat room, and it is more difficult to get good

results in churning.

When milk is set for cream to rise either in shallow pans or deep

cans, the force of gravity compels the heavier portion to go to the bot-

tom, and the cream being lighter rises to the top, and is separated more

or less perfectly from the skim-milk. But when milk is delivered into a

rapidly revolving separator bowl, the centrifugal force acts with much

greater intensity. Separation takes place almost instantly and is much

more perfect.

The hand separator has many advantages over the shallow pan and

deep setting methods of creaming milk, and its disadvantages are com-

paratively few.

Some of the advantages are :

1. The loss of fat in the skim-milk is reduced to a minimum.

3. It saves the cost of utensils and the space required for their ac-

commodation.
3. It gives a better and more uniform quality of cream and butter.

4. The richness of the cream can be easily regulated.

5. It saves labor in washing utensils and in the handling of ice for

cooling purposes.

6. The skim-milk is in the best possible condition for feeding young

stock.

The chief objections to the hand separator are its first cost and the

labor of turning and washing the machine; but when we consider that

the increased product made from the saving in loss of fat in skim-milk

alone, over the best of other methods of creaming, to say nothing of its

other advantages, amounts to from five to ten dollars per year for each

cow. it wih be seen that the separator will soon pay for itself. The labor

of washing the machine is also a small consideration when compared with

the labor of washing the utensils required for either the shallow pan or

deep-setting methods.

The cost of a hand separator is from $50 to $150, according to the

size and capacity, and they will skim from 150 to TOO pounds of milk per

hour. A separator having a capacity of 450 pounds per hour is of suffi-

cient size where from eight to ten cows are kept.
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In choosing a separator it is advisable to select one with a capacity
somewhat larger than is required for immediate use. The feed tap may
then be slightly closed, and the skimming done with the separator running
a little below its capacity. This makes a favorable condition lor the sep-
arator to do close skimming, and also for the production of a rich cream
which is so desirable at the present time. All, except the smallest sized
machines, are so constructed that they may be connected with power and
much labor may be saved m this way. The most common power in use
is the tread power. It may be run by any farm animal with good satis-

faction. A small gasoline engine is also a very efficient power where the
separating room can be placed at a suitable distance from the barn, to

avoid any possible danger of fire. There is also danger of tainting the
cream from the odor of the gasoline.

There are many different makes of separators on the market at the

present time, but which is the best it is impossible to say, as no one
separator comprises within itself all the points of merit that the ideal might
possess. The best separators might be described as those best suited to

the special conditions under which they are to be used. It may be that

the less capable of two separators is the better, for the reason that it may
have advantages and conveniences which at first might seem of little

importance, yet be of great value in the peculiar circumstances under
which it is to be used. For example, the closest skimming separator may
be more difficult to operate, more inconvenient to clean, or possess other

disadvantages in its mechanism less desirable than a machine which skims
less closely, and these diadvantages may more than counterbalance its

closer skimming power. A hand separator may be considered to be doing
good work, when, running at its full capacity, it will produce a cream
testing over 30 per cent, fat, and leave not more than one-tenth of a per

cent. (.1) of fat in the skim-milk, or a reading not extending over one
space, in the graduated neck of a skim-milk test bottle.

The points of merit which a separator should possess are :

1. Simplicity and strength of construction.

2. Cheapness and durability.

3. Maximum capacity with minimum power required to turn.

4. Closeness of separation.

5. Desirable richness of cream.

6. Ease of cleaning.

With each separator is sent a book containing full directions for set-

ting up, and operating the machine. This should be carefully read be-

fore removing the machine from the box. A suitable place for setting it

up should then be chosen, care being taken to select one that is well ven-

tilated, and where a pure atmosphere can at all times be assured. It is most

convenient to have the separator in the barn, as it saves the labor of carry-

ing the milk to the house and the skim-milk back to the barn, but the prac-

tice of allowing it to occupy a stall in the stable is very objectionable, on

account of the injurious effect on the flavor of the cream, and injury to

the machine due to dust and dirt getting into the bearings.
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The frame should be fastened securely to a solid foundation, and the

part of the frame containing the bowl should be perfectly level on top in

all directions. A small quantity of quarter inch rubber packing, placed

under the outside edge of the base or under the legs before fastening, im-

proves the running of any separator.

Before the separator is started all parts should be thoroughly cleaned

and all bearings well oiled. The oil-cups and oil-holes should be in good
working condition. Special attention ought to be given to the oil that

is used. When convenient, it is advisable to use the oil sold by the agent

of the machine, but if not, any good separator oil will do. It should be

rather thin, so as to give a clean drop, and be free from any tendency to

gumminess when exposed to a very low temperature. It is a good prac-

tice to flush the bearings and oil-holes with coal oil once every week or ten

days. This removes the thick oil and grit and adds greatly to the easy

running of the machine.

Two or three minutes should be taken to get the speed up to the re-

quired rate which is usually stated on the crank of the machine. Suffi-

cient water, at a temperature of about 110 degrees, should be added to

to fill the bowl, to wet and warm the surface and prevent the cream from

sticking. The milk should then be turned on full flow, and the feed pan

kept well filled until the milk is all in. The speed should be kept well

up, and as uniform as possible at all times to insure closeness of skimming
and an even richness of cream.

In the use of a separator three things should be caretully watched,

viz., the speed of the bowl, the temperature of the milk, and the feed of

the milk to the bowl. With the same machine, and all otner conditions

the same, the greater loss of fat must be expected when the separator is

not run up to the required speed, or when the milk is below a certain tem-

perature, or when more than a certain amount of milk is run through in a

given time.

Milk separates best when fresh or new, and at a temperature of 90
to 100 degrees -F. Tests made with difi"erent hand separators with milk

at temperatures below 80 degrees showed, in every case, a much greater

loss of fat in the skim-milk, than when similar milk was separated at a

temperature over 95 degrees F. Therefore, if for any reason, the milk

has been allowed to cool below 85 degrees it should be heated again be-

fore separating if close skimming is desired. When the milk is all run

through, the cream should be flushed from the bowl with a little warm
water or skim-milk. The power may then be removed and the speed al-

lowed to run down of its own accord. The bowl should not be stopped

by applying a brake of any kind, unless provided by the manufacturer, as

it injures the bearing and shortens the usefulness of the machine. All

parts of the separator should then be thoroughly washed, first in tepid

water, and afterwards scalded, then placed in a pure dry atmosphere un-

til required for further use.

The richness of the cream may be regulated by the adjustment on the

machine which will be either a cream, or a skim-milk screw. If the ad-

justment is by means of a cream screw, the cream may be made richer
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by turning the cream outlet towards the centre of the bowl, and thinner

by turning it away from the centre or towards the outside.

In the case of adjustment by means of a skim-milk screw, the direc

tions would be the reverse.

Other conditions which influence the richness of the cream are the

speed of the bowl, and flow of milk into the bowl, and, to a certain ex-

tent, the temperature of the milk. High speed and a low feed give a rich

cream, while a low speed with a regular or increased amount of feed will

give a thin cream, and probably this accounts for the great variation in

the cream tests from the same machine.

A low speed with a full feed of milk makes a very unfavorable con-

dition for a separator to do good work, and should not be used as a means
of lowering the test, as it is usually associated with a high loss of fat in

the skim-milk.

The care of the cream is by no means the least important part of the

work. As soon as the separating is completed the cream should be cool-

ed immediately to as low a temperature as possible in the summer and to

a temperature below 60 degrees in the winter. When different lots of

cream are to be mixed, the fresh cream should always be thoroughly cool-

ed before it is put in with the old cream. Adding fresh warm cream to

cream that has been separated and held for some time causes the develop-

ment of lactic acid, which, if not properly controlled, will cause bad flavors'

in the cream and butter.

FARM BUTTER MAKING.

By Miss Laura Rose.

Every year less butter is being manufactured on the farm ; and this is-

as it should be, for while I teach home-dairying, still I am a great advo-

cate of co-operative dairying.

Good butter can be and is made on the farm, but from lack of skill,

care, or improper surroundings or utensils, dairy butter very often lacks

the fine flavor and body found in a No. 1 quality.

As civilization advances, conditions multiply. In a new country the

milk and butter is apt to be better than that produced in a thickly settled

district. This is owing to bacteria of an objectionable nature being less

prevalent and as a result milk and its products are not so liable to con-

tamination.

Cleanliness from the very start to the finish is the great essential in

the art of making good butter, and too much stress cannot be laid upon

its importance.
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The Cow.

Farmers are far too well satisfied with the cows they keep. Were they
their hired help they would not give them shelter another night. They
would let them go for the simple reason that they did not earn their bread,
let alone showing the smallest profit. We must, if we wish to make
dairying pay, increase and improve the milk. A cow that is well fed and
cared for should produce 6,000 pounds of milk containing 3-6 per cent,

butter fat, or should make 250 pounds of butter per year. I would urge far-

mers to weigh the milk from each cow at least one day every mortth and
test it for butter fat. This is the only accurate Way of making compari-
sons and finding out what the herd is doing individually. The cow stable
should be well lighted, well ventilated, and kept clean. Give the cows
plenty of wholesome food. It is the poorest economy to stint the cows
either in the matter of food or water. Also see that salt is always ac-

cessible to the cattle.

Milking.

There is no nicer place to milk cows than in a weii-kept stable. Milk
c|uietly, quickly, cleanly, and thoroughly. Cows do not like unnecessary
noise or delay. Commence milking at the same hour night and morning,
and milk the cows in the same order. Wipe the cow's flank and udder
to prevent loose dirt and hairs falling into the milk. Do not wet the

hands with milk. A practice to be recommended is rubbing a little vase-
line on the hands. This keeps the teats in nice condition and overcomes
the objection some have of milking with dry hands. Nothing tends more
readily to drying up the milk flow than leaving a little milk in the udder.

Straining the Milk.

Remove the milk as soon as possible from the stable, and immediately
strain through several thicknesses of cheese cloth. Place the cheese cloth

over the bottom of the strainer, and secure it with an easily fitting tin

hoop. The cloth must be removed and well washed after each time of
usmg.

Creaming the Milk.

Shallow Pans. This method is the oldest, and is still used when
but a few cows are kept or when ice cannot be secured or the supply has
become exhausted. Tests of the skim-milk show that when the milk has
been properly set and skimmed, the loss of butter-fat is no greater from
the shallow pans than from creamers. The milk should be set in clean,

bright tins, and should not exceed three inches in depth. It is most nec-
essary that the milk room be clean and free from all odors, as milk so
readily absorbs any taint that may be in the atmosphere. The tempera-
ture should range between 50 and 60 degrees. Avoid having the milk
close to the wall or in a strong draught, so as not to have a leathery coat
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form over the cream, due to rapid evaporation. Skim before the milk
thickens. Loosen, with a thin bladed knife, the cream from the sides of

the pan. Lift the pan to the edge of the cream can, tilt it to allow a little

of the skim milk to wet the edge of the pan, then with the aid of the knife,

quickly glide the sheet of cream into the cream can.

Dilution System. Many devices have been put on the market for

creaming milk by adding a certain percentage of cold water. We have
tried several, and do not recommend any. There is danger of contamin-
ating the cream by using impure water. It robs the cream of its flavor,

and besides the loss of butter fat is usually heavier than when the deep
cans are used. The skim-milk is too much diluted for feeding purposes.

Creamer. If the cream is raised by the deep setting system, the

cans should be placed immediately in water the depth of tne milk and the

milk brought as soon as possible to 45 degrees or below, and held at that

temperature. Use plenty of ice. It is economy to have ice always in the

water, and just as necessary to use it in the winter as in summer. A
water-tight box or barrel will do as effective work as an expensive cabinet

creamer. We prefer a slant-bottom can, with a tap to draw off the milk.

Having the slant carries away any sediment and permits all the skim-
milk to be drawn off.

Cans without a tap should be skimmed with a funnel-shaped dipper,

having a long straight handle and no wire around the rim. With a knife

loosen the cream from the sides of the can, then wet the dipper in water

or milk and lower, point first, into the can, allowing the cream to flow

CA'enly into the dipper. Repeat until all the cream is removed. Avoid

getting too much skim-milk with the cream.

Milk should always set twenty-four hours before the skim-milk is

drawn off, and thirty-six hours in winter is even better. Milk allowed to

stand only twelve hours before skimming- will give a cream testing from

16 to 18 per cent, butter fat, while the skim-milk will test us high as from

.6 to 1 per cent. Cream from milk allowed to stand twenty-four hours

will test test from 18 to 22 per cent, butter fat, and the skim-milk from

.25 to .35 per cent., or in other words we have in the latter case a richer

•cream and less loss in the skim-milk—two desirable conditions in the

creaming of milk.

Cream Separators. A separate article in this bulletin is devoted to

the hand separators ; otherwise, much might be said in favor of this

method of creaming milk. It certainly is the ideal way of obtaining the

cream. A separator, even with only a small herd, pays, for it should

mean less labor, better cream, and more of it.

Care and Ripemxg of Cream.

During the collection of cream for a churning, the cream can should

stand in the coolest place in the cellar in summer, while in the winter it

may be kept in a room where the temperature ranges between 50 and 60

degrees. The surrounding atmosphere should be clean and sweet. The
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can must always be covered. Have a tin stirrer which reaches to the bot-

tom of the can and stir thoroughly, from the bottom to the top every time

fresh cream is added.

Each time the can is emptied it should be well washed, scalded and

put in the sunshine for several hours. In order to be able to do this, it

is a good plan to have two cream cans.

When beginning to collect cream for a churning, add to your first

skimming a culture or starter which you know has a clean, pleasant,

sharp acid flavor and smell. This culture may consist of a pint or two of

sour cream from your previous churning or the same amount of good-

flavored skim-milk. The reason for adding the culture is that the bac-

teria which you know produces a fine flavored butter may take possession

of the new cream before other germs which might prove objectionable

gain control of it.

Another method is to hold the cream sweet until twenty-four hours

before churning, then heat it to 65 degrees and add one pint of culture to-

every gallon of cream. In the evening cool to churning temperature or

below, and hold at that temperature over night.

Separator cream should have the foam well stirred m, and by plac-

ing in cold water, should be quickly cooled to 60 degrees in winter and

from 60 degrees to 55 degrees in summer. Stir the cream occasionally

while cooling. It is most essential that this thorough and quick cooling

be done before adding the cream to the cream can, otherwise separator

cieam cannot make choice butter.

Examine the cream, and when it has a smooth, glossy appearance,

pours like molasses and has a pleasant acid taste and smell, it is in pro-

per condition to churn. Churning should be done not less than twice a

week in summer and three times in two weeks in winter.

To insure a good body in the butter have the cream lowered to churn-

ing temperature or below several hours previous to churning. It does

no injury to raise the temperature to that desired, but when the tempera-

ture of the cream is lowered just before churning, the fat globules have

not had time to harden and the result will be a soft, weak-textured butter.

To prevent loss of butter fat in the butter-milk, sweet cream should

not be added during the last twelve hours before churning.

Perfectly sweet cream will churn in the same time as ripened cream

and makes a mild creamy-flavored butter which is gaining in favor in the

best markets. If the temperature of sweet cream is kept low, there is no

excessive loss of butter in the butter-milk.

Complaints are sometimes made about a bitter flavor in cream. When
held sweet for some time at a very low temperature this bitterness fre-

quently develops. To overcome this difficulty, either pasteurize or get

the cream started to sour.

For farm buttermaking we do not consider pasteurizing the cream

necessary, but if bad flavors are found in the sweet cream it will to a

great extent destroy them. To pasteurize, place the can holding the

cream in a dish of hot water on the stove, and bring the cream to 160
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.degrees, and keep at that temperature for twenty minutes ; then quickly

<:ool to about 60 degrees. It is always necessary to add a culture to

pasteurized cream if you wish to ripen it.

The Care of the Churn.

Before using, the churn should be scalded with boiling water and
afterward rinsed with cold water. It is better and quicker to pour the

water out than let it run through the bung hole. Floating dust will not

then cling to the sides of the churn. After using, the churn should be
rinsed down with hot water, thoroughly scalded with boiling water, then
given a scouring with salt, followed by another rinsing with hot water.

Wipe the outside, but do not touch the inside with a cloth. Never allow
butter-milk or wash water to remain in the churn when nut m use. Leave
the plug out and the lid ajar, and keep in a cool place to prevent warping.

The worker, ladles, and butter-print may be prepared while the butter

is draining. With a fibre brush, a dipper of water, and a nttle salt, give

them a good scouring and cool well with cold water. After using remove
any butter with hot water, again scour with salt, rinse with boiling water,
and allow them to dry.

Churning.

Always strain the cream into the churn through a dipper with a per-

forated tin bottom. In winter add just sufficient butter cok)r of a reliable

brand to give a nice yellow tint. Do not depend on pouring it

in, but count the drops for a small churning, allowing 3 or 4 drops to the
pound of butter.

No definite temperature for churning can be given, but the necessity

for the constant use of a thermometer must be emphasized.
Many conditions influence the temperature of the cream for churning

5uch as the richness of the cream ; the quantity in the churn ; the feed and
breed of the cow ; the length of time the cows have been milking ; the

temperature of the room ; and the speed of the churn. Aim to make con-
ditions favorable to a low churning temperature as it insures a better but-

ter and a more exhaustive churning.

Start with the churn about one-third full, which means not more than
five gallons in a No. 3 churn, and regulate the churning temperature so

as to have butter within from 20 to 30 minutes. That proper tempera-
ture can only be ascertained by past experience with similar cream.

I would suggest a range of temperatures for summer from 54 to 58
degrees and in winter from 58 to 64 degrees.

Cream that contains too much skim-milk and is too cold will foam.

Never add hot water to the cream. It must be taken from the churn and
heated by placing the can in a pan of hot water and stirring until the de-

sired temperature is reached.
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Poor cream often breaks but will not gather. Try churning slowly.

If this does not overcome the difficulty the only remedy is to draw off part
of the buttermilk to lessen the liquid.

Very rich cream is likely to paste or thicken in the churn, so that con-

cussion ceases. Add enough water at the same temperature as the cream
to dilute it so that it will drop.

When the churning is about completed, add a couple of quarts of

water several degrees lower in temperature than the cream was. In the

summer it may be quite cold. This floats the butter and allows the butter-

milk to run off more freely. When the butter is the size of wheat grains

it is sufficiently gathered. Look frequently at the inside of the churn lid,

and when but few small specks are seen on it, the churning is usually fin-

ished. Watch the buttermilk as it runs through the strainer dipper, and
if any butter comes with the first streams, a little more churning is nec-

essary.

Washing the Butter.

When the buttermilk is drawn, rinse the butter with a little water
and strain through cheese cloth into the churn as much water as there was
cream. Temper the water in winter, having it from 48 to 56 degrees ac-

cording to the conditions of the butter and the temperature of the room.
In hot weather the wash water may be as cold as possible. Revolve the

churn rapidly about a dozen times, and wash but once. We recommend
washing butter twice if it has come very soft or has an objectionable

flavor, or is going to be packed for winter use.

Salting the Butter.

Salt according to the demand of the market. If the butter is for im-

mediate use and is salted on the worker 3-4 ounce per pound of butter is

usually suflficient. If salting in the churn use an ounce, as not so much
is incorporated in the butter. We strongly recommend salting in the

churn, as by so doing butter free from streaks can be had with the least

possible amount of working, but the churn must be without dashers, and
the butter in firm granular form. The only difficulty in this method is

gauging the amount of salt. Estimate the weight of butter from the last

churning, then weigh the salt. Have the butter evenly spread over the
bottom of the churn, sift on part of the salt, tilt the churn forward to

cause the butter to lap over, sift on more salt, then tilt the churn back-
ward and put on the remainder of the salt. Put on the lid and revolve

the churn very slowly until the butter forms in several lumps. It may be
taken out and immediately worked, but if possible it is much better to

allow it to stand either in the churn or in a firkin, if the churn is in too

warm a place, for two or three hours, and then give one working.
If salting on the worker, take the. butter from the churn, weigh it, and

allow f ounce of salt per pound of butter. Spread the butter over the
worker, sift the salt on evenly, fold the salt under and begin working.



Working the Butter.

For the farm dairy there is nothing nicer than the V-shaped lever

butter-worker. It is not expensive and is a great saver of time and

strength, besides preserving the grain of the butter.

Work by means of pressure only ; avoid a shding motion as it makes
a greasy, salvy butter. Work suthciently to expel the moisture and
thoroughly distribute the salt. Any portion of the butier not reached

by the salt will be light in color.

If the butter is very soft or very hard, work but sligfttly, allow it to

stand and when at the proper firmness, give it a second working.

Printing the Butter.

The brick-shaped pound print is the most popular form in which to

market butter. Finish the butter smoothly and press the print down into

the butter until the mould is well filled. Cut with a ladle the surplus but-

ter from the bottom. \\>ap the print neatly in good parchment paper,

which has been previously wet in clear, cold water. It is a good plan to

have the paper stamped with the name of the farm or butter-maker. It

is often the means of securing a choice trade. Be sure the print weighs
a full pound or slightly over. The butter when wrapped in the wet paper
should weigh full 16j ounces.

Keep the butter in a cool clean place and get it to the consumer as

soon as possible.

P.\cked Butter.

When the butter is to be kept for winter use we advocate pasteuriz-

ing the cream and seeing that in every respect it is of No. 1 quality. Wash
twice and salt heavier. Either allow it to stand in the churn for several

hours after salting, or give it two workings. Pack in well glazed, thor-

oughly-scalded crocks ; finish off to within ^ inch of the top. Cover with

parchment paper and with a layer of moistened salt. Tie down with

paper, and keep in a dark, cool place. If the salt on top dries, add water

to it. It is better to keep the butter frozen if possible.

The Milk Pails and Pans.

Clean all tin dairy utensils by first rinsing in warm water, then clean

inside and out with a brush and hot water in which a cleansing material

such as washing soda is dissolved. Lastly rinse with plenty of boiling

water and leave inverted in pure air and sunshine, when available, until

wanted for use.

Applied Proverbs.

Praise the day at eventide, and the cow at the end of the year, if

she then deserves it.
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Children are the riches of the poor ; but if you get them interested in

(the dairy they will help lift the mortgage from the farm.

The shoe knows whether the stocking has holes ; the farmer should

know where the leaks are that rob him of the profits from his dairy, and

should set about mending them.

Cleanliness is next to godliness ; this applies as much to the cow
stable as to the front parlor.

It is hard for an empty sack to stand straight; but still harder for a

lazy man to succeed in the dairy business.

We'll take the good will for the deed. Did you ever hear the cows

say that when you neglected to properly feed and water them?

Penny wise and pound foolish is the woman who still uses old-fash-

joned, out-of-date dairy utensils.

'Tis good in every case you know
To have two strings unto your bow

;

Some clucking hens and a brooding sow

increase the profits from the dairy cow.
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BULLETIN 144. Jtxne, 1905.

Ontario Agricultural College and Experimental Farm,

APPLE CULTURE.
By H. L. Hutt, Professor of Horticulture.

One of our leading nurserymen has observed that the demand for

nursery stock of any particular kind of fruit depends largely upon the

crop and the prices realized for that fruit the peceding season. If, for

instance, apples are a good crop and bring good prices, the next year
there will be a great demand for apple trees, but if the crop happens to

be a failure or prices are unsatisfactory, many are then ready to tear

out their newly planted apple trees and plant whatever fruit seems to

be paying best at the time. The folly of such a shortsighted policy need
hardly been commented upon. The planting of an apple orchard is an
investment which lasts for more than a life time. It is wise, therefore,

at the beginning to take a broad outlook and determine upon some defi-

nite line of work, and then adhere to it steadily. We can point to

numerous apple growers throughout the Province who have made money
out of their orchards, but these men did not lose faith, nor neglect their

trees, when the crop was a failure or the prices low.

No doubt many growers have been discouraged by the low prices

obtained for the fruit in some seasons, yet in most cases it might have
been found that this was. due largely to the unbusiness-like methods em-
ployed in handling and marketing the crop. The outlook for the apple

grower never was brighter than at the present. With the reliable infor-

mation we now have regarding varieties ; more rational methods of car-

ing for the trees ; improved methods of handling the crop ; and local and
national co-operation in marketing it, there is no doubt that the apple

crop will prove to be one of the paying crops of the future. There is a

constant demand for first-class fruit in the best markets of Europe.

Then if we realize for a moment the rapidity with which the great North-

west is being settled, and consider that in all likelihood the apple will

never be successfully grow^n in that latitude, we may safely count upon

the North-west as one of the promising, and ever-increasing markets.

In view of these facts, we believe that the Ontario farmer and fruit-

grower, who is favorably located for the production of apples, can make
no mistake in planting apple trees,—to what extent being determined

mainly by the amount of care and attention he is certain of being able to

give them.

Apart from the commercial side of apple culture, there is still need

for the planting of small orchards on farms throughout me country for

home use. It is surprising to find even in good fruit growing districts,

such as we have in the greater part of Ontario, that there are yet thous-

NoTE. In the preparation of this bulletin Professor Hutt was assisted hy 'Mr.

H. S. Peart. B.B. A., Demonstrator in Hortic-ulture. The set;tion on " Insei-ts Injurious

to the Appie" was prepared by Professor W. Lochhead, Professor of Biology.
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ands of farms upon which there is not an apple tree growing. The
apple is certainly one of the most useful of all fruits, and no one who
has a farm can afford to be without a small section devoted to apple

trees for home supply.

Selection of Varieties.

One of the most important things to be considered in planting an

orchard is the selection of varieties. Some of the most serious mis-

takes in the past have been made in this particular. In many cases

worthless varieties have ben planted, which is hard'y to be wondered
at when planters had little more to rely upon regarding varieties than

the exaggerated descriptions given by travelling tree agents. But in

these days when we have reliable information about all classes of

fruits for all sections of the Province published annually and distributed

free, as is done in the report of the Ontario Fruit Experiment Stations,

there is no excuse for planting anything but the very best varieties suited

to each section.

One mistake to be avoided is that of planting too many varieties,

particularly in commercial orchards. A half dozen good winter sorts

has been found to be plenty. For home use, however, the list might

be doubled, or at least lengthened, to suit the preferences of all members
of the family. There should, in any case, be varieties enough to cover

the season and give a bountiful supply from earliest to the latest. One
or two summer varieties, three or four autumn, and half a dozen winter

varieties would be about the right proportion of each to plant.

Another precaution which has to be taken in planning a commercial

orchard, is that of planting too large a block of any one variety. For con-

venience in harvesting it is no doubt best to plant trees of the same variety

near together, but on the other hand if these blocks of one variety are too

large it may be the cause of poor crops, for there are many varieties

which are self-sterile, that is, the pollen which they produce will not

properly fertilize their own flowers, although it may be quite potent on

the blossom of some other variety. This question has not been suffi-

ciently studied to warrant us in saying definitely just which varieties are

self-sterile and which are self-fertile, although from experiments which

have been made, the following varieties appeared to be more or less self-

sterile : Yellow Bellflower, Chenango, Gravenstcin, King, Northern

Spy, Primate, Rambo, Red Astrachan, Roxbury, Russett, Golden Rus-

set, Spitzenburg, and Tolman Sweet. None of these should be plant-

ed in blocks of more than three or four rows, without some other variety

intervening which blooms about the same time. In orchards where such

a mistake has been made, it can be rectified most readily by grafting

every third or fourth row with some variety which will insure cross-

fertilization.

Both tree and fruit must be considered in the selection of varieties.

The tree must have sufficient hardiness for the locality, and it is in this



particular that the Fruit Experiment Stations give valuable information

to intending planters. Productiveness is also an important character-

istic. Unfortunately some of the varieties of most excellent quality,

such as the Blenheim and King are lacking in this respect, and, while

it may be desirable to plant these for home use, still such a defect is a ser-

ious one in a commercial orchard. The age of bearing is another character-

istic which varies greatly in different varieties. The Northern Spy, for

instance, often requires ten to fiften years before it comes in bearing,

while Ontario, Wealthy, and many of the Russian varieties sometimes
bear even in the nursery rows, or at least in a year or two after they are

transplanted into the orchard. This is a difference which may well be

taken advantage of in the arrangement of varieties in the orchard, for,

as a rule, those which are slow in coming into bearing make larger trees

and are longer lived, while those which begin early and bear heavily are

more or less dwarfed in their growth and the trees are shorter lived.

For this reason trees of the precocious varieties are often planted as

fillers between rows of the later bearing and larger growing kinds.

The most desirable qualities in the fruit itself depend largely upon
whether it is for the market or for home use. For home use, good
quality is the first consideration. Usually those having a spicy or char-

acteristic flavor, such as the Spy, King, or Mcintosh, are most desirable.

Apples with an acid or subacid flavor are most in demand on the market

;

nevertheless a good sweet apple is often much appreciated for home use.

For the market, good appearance is the first consideration. No doubt

in time buyers will be more discriminating and demand good quality

rather than fine appearance, but at present the most saleable apples are

those that keep well, are of fair size and an attractive color. W'ell col-

ored red apples are those in the greatest demand in the Old Country

market, a point which should be remembered in selecting varieties in-

tended for export. Good shipping qualities have also to be considered

in the selection of commercial varieties, although no doubt the improve-

ment in methods of packing and shipping may render this of less im-

portance in the future than it has been in the past. The

Ben Davis apple has long been recognized as one of the

best shipping varieties, on account of its firmness and good

keeping qualities. On the other hand, the Mcintosh is not

a long keeper and is so easily bruised that it cannot be shipped

satisfactorily in barrels. But with improved methods of packing and

shipping, it may be shipped to any of the European markets and even

placed on sale with the Ben Davis, and it is a question how long the Ben

Davis, with its inferior quality, will be able in such competition to hold

its place in the market. Those who champion the Ben Davis may take

exception to the comparison just made because of the relative difference

in season of the two varieties. Nevertheless, we believe that it will be

safer in the future for growers to look more to the quality of the variety

than has been done in the past, for in due time buyers will no doubt be-

come more discriminating and demand apples of the very best quality.



Varieties Recommended to Ontario Planters.

The following list, prepared by the Board of Control of the Ontario
Fruit Experiment Stations, contains only a few of the most valuable

varieties recommended for planting in Ontario. These have been sel-

ected from about 800 that have already been tested in this Province.

This list might well be doubled to include a number of valuable kinds
for R()ecial localities.

In the following lists the varieties are mentioned in their order of

ripening. The division into summer, autumn, and winter varieties is

an indefinite classification because of the marked difference in the season
of maturing in northern and southern sections of the Province, yet, it is

valuable to some extent as a guide.

Varieties Valuable for Market.

Summer.

Red Astrachan : Adapted to all sections except the extreme north.

Duchess : Adapted to all sections.

Fall.

Gravenstein : Adapted to all sections except the St. Lawrence River
district and the more northerly portions of the Province.

Wealthy : Particularly valuable for northern sections.

Alexander : For northern sections.

McIntosh : Ada,pted especially to the St. Lawrence River district but
can be grown over a much wider area.

Fameuse : Adapted especially to the St. Lawrence River district, but
succeeds well over a much wider area.

Blenheim : Adapted to all sections except the St. Lawrence River dis-

trict and the more northerly portions of the Province.

Winter.

King : Adapted only to the best apple sections, and succeeds best when
top grafted on hardy stocks.

Hubbardston : Adapted to the best apple sections.

Greening : Adapted to the best apple sections.

Cranberry : Requires good soil and is adapted to the best apple dis-

tricts, but especially southern Ontario.

Baldwin : Succeeds best on clay land, and is adapted to the best apple
districts.

Northern Spy : Adapted to the best apple districts, but can be grown
with success further north by top grafting on hardy stocks.
This is also a good method of bringing it into early bearing.



Ontario : An early an3 abundant bearer, but short lived. Recom-
mended as a filler among longer lived trees. Adapted to same
districts as Northern Spy, which it somewhat resembles.

Stark : Adapted to best apple districts.

Varieties Valuable for Home Use.

Summer.

Yellow Transparent : Adapted to all sections.

Primate : Adapted to best apple sections.

Sweet Bough : Adapted to best apple sections.

Duchess : Adapted to all sections.

Fall.

Chenango : Adapted to best apple sections.

Gravenstein : Adapted to best apple sections.

Wealthy : Especially adapted to northerly sections.

McIntosh : Especially adapted to northerly sections.

Fameuse : Especially adapted to northerly sections.

Blenheim : Adapted to best apple sections.

Winter.

King : Adapted to best apple sections. Should be top grafted.

Wagener : Adapted to best apple sections.

SwAYZiE PoMME Grise : Adapted to all sections except most northerly.

Greening : Adapted to best apple sections.

Talman Sweet : Adapted to best apple districts.

Northern Spy : Adapted to best apple districts, but will succeed far-

ther north if top grafted.

Mann : Adapted to best apple districts, but will succeed farther north

if top grafted.

Hardy Varieties Recommended for Sections North of Latitude 46

Degrees.

Summer : Yellow Transparent, Charlamoff.

Fall and Winter : Duchess, Wealthy, Hibernal, Longfield, Patten's

Greening, Whitney Crab, Hyslop Crab.

Location and Site.

The large inland lakes surrounding the southern portion of this

Province have a wonderfully ameliorating effect upon the climate for

some distance from their shores, and as a rule, our most extensive com-

mercial orchards are in proximity to these large bodies of water. There

are, however, in the interior many localities quite as favorable for fruit

growing, but in such locations the question of site and exposure

9



has to be more carefully considered. The site usually selected for

the orchard is one near the buildings, which may be all right if these are

on the highest ground, for such grounds are not only best drained but

are least liable to untimely frosts. Good atmospheric drainage is often

quite as important as good water drainage, and cold air like

cold water runs down hill. Only a few feet of elevation above a wide
adjoining area may be sufficient to enable trees in full bloom to escape

a frost which destroys the crop on the lower level. On level lands there

is practically no atmospheric drainage and the orchardist must take his

chances and make the best of it.

Exposure.

Where the land is rolling, and there is a choice of exposure, the

situation should be carefully considered, for in many cases this may be
the difference between success and failure. As to which is the best ex-

posure, depends largely upon the surroundings. In proximity to large

bodies of water the best exposure is toward the water. In localities

subject to late spring frost the safest exposure is toward the north, as

this helps to retard the period of bloom till danger of frost is past. On
a northern exposure trees are less likely to suffer in times of severe

drouth, and there is also not so much injury from sun scald, a most ser-

ious trouble in northern localities. For the reasons given a northern

or eastern aspect is, as a rule, preferable to a southern or western one,

and also because there is less exposure to our strongest prevailing winds,

which come from the south west.

Windbreaks.

Protection from the prevailing winds is another matter that requires

due consideration. The shelter accorded by a high hill or natural belt of

timber is perhaps the ideal one, but when these do not exist, the planting

of a windbreak is necessary. Prof. L. H. Bailey in his excellent book
"Principles of Fruit-growing," thoroughly discusses the advantages and
disadvantages of windbreaks, and summarizes as follows :

"The benefits derived from windbreaks are the following : Protec-

tion from cold ; lessening of evaporation from soil and plants ; lessening

of windfalls; lessening of liability to mechanical injury of trees; reten-

tion of snow and leaves ; facilitating of labor
;

protection of blossoms
from severe winds ; enabling trees to grow rnore erect ; lessening of in-

jury from the drying up of small fruits ; retention of sand in certain locali-

ties, hastening of maturity of fruits in some cases ; encouragement of

birds; ornamentation."

"The injuries sustained from wind-breaks are as follows : Prevent-

ing the free circulation of warm winds, and consequent exposure to cold

;

injuries from insects and fungous diseases ; injuries from the encroach-

ment of the wind-break itself ; increased liability to late spring frosts in

rare cases.



"The injury from cold, still air is usually confined to those localities

which are directly influenced by large bodies of water, and which are pro-

tected by forest belts. It can be avoided by planting thin belts.

"The injury from insects can be averted by spraying with arsenical

poisons.

"The injury from the encroachment of the wind-break may be avert-

ed, in part at least, by good cultivation, and by planting the fruit simul-

taneously with the belt. Sc far as practicable, the wind-break should

be planted as a distance of six rods or more from the fruit plantation."

The best trees for wind-breaks are some of the evergreens, such as

Norway and White Spruce, the Austrian and Native White Pines. The

Norvi^ay Spruce is most used because it is a rapid grower, and the young

trees may be obtained very cheaply. The wind-break should be planted

at the same time as the orchard, it will then be effective by the time the

trees come into bearing. A single row may be sufficient, although in

very exposed places, a double row, with the trees set alternately, is pre-

ferable. The trees should be at least six or eight feet apart,

and even ten or twelve feet is better when the trees grow up. The

tiees in the wind-break should be well cultivated, the same as the trees

in the orchard, until they become well established. Neglect of this is

the m^in cause of failure in setting out wind-breaks.

The Soil and its Preparation.

The apple tree readily adapts itself to a great variety of soils, yet

there are certain kinds upon which it does much better than others.

Light sandy soils are usually deficient in plant food, and are not reten-

tive of it when fertilizers are applied to them. The trees upon such soils

may do fairly well for a time, but as a rule they are less productive and

shorter lived than on heavier soils.' On the other hand, heavy clay

soils may contain plenty of plant food, but they are difficult to work and

unless very carefully managed bake so hard that the tree will not thrive

upon them. The ideal soil is a happy mean between these extremes, a

friable loam. It may be called a sandy or a clay loam, as either sand

or clay predominates in its composition, and is all the better if of a lime-

stone formation upon an open subsoil.

One of the first requisites in a good orchard soil is good drainage.

Fruit trees will not thrive upon undrained soil. If the land is not na-

turally well drained, it should be thoroughly underdrained.

Good preparation of the soil previous to planting is very essential.

Trees set on unprepared soil are seriously handicapped at an important

stage of their life and often they never overcome it. Land which has

been exhausted by grain growing is in poor condition for the growing of

trees, although it may greatly improved by growing and plowing down

two or three crops, such as rye, clover, or vetches, as a green manure.

Probably no other crop leaves the ground in better mechanical condition

for the growth of trees than clover. Its roots penetrate the soil deeply

and leave it well filled with vegetable matter or humus.
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There has been much diversity of opinion regarding the value of sub-
soiling in preparing the land for trees. But there is little room for doubt
that it is of much benefit on land where the subsoil is hard and impervious
to water. The subsoiler should follow in the furrow of the ordinary
plow, loosening the subsoil as deeply as possible. Where this is not
done, clover roots are the next best thing as subsoilers.

The preparation of the ground for planting should begin by a good
deep plowing in the fall, and it would be all the better if it could be rib-

bed up as is now frequently done in preparing ground in the fall for

spring seeding. This insures good surface drainage and quick drying
of the ground in the spring. ' All that would then be required in the
spring would be to harrow down the ridges and loosen up the ground
as deeply as possible with a spring tooth cultivator.

Hexagonal. Sijuare.

A comparison of the hexagonal and square systems of arranging trees in the orchard.

Arrangement of Trees in the Orchard.

There are several methods of arranging the trees in an orchard.
The plan usualy adopted is that known as the square. By this ar-

rangement the rows are planted the same distance apart each way, four
adjoining trees forming a square. A more economical plan is what is

known as the hexagonal arrangement, which admits of about fifteen per
cent, more trees per acre without any more crowding. In the hexa-
gonal arrangement the trees in one row are set alternately with those in

the next, six adjacent tres forming a hexagon and enclosing a seventh
in the centre.

In laying out an orchard on the square, the first row is staked out
at whatever distance the trees are to be apart, and at this same distance,

the second and following rows may be staked out in the same manner.

In laying out an orchard on the hexagonal plan, after the first row
has been staked at the desired distance, the position of the trees in the
second row and also the distance apart of that and the following rows may
be most easily found by taking two stout strings or wires, which after

being fastened to any two adjacent stakes in the first row, are yet equal
in length to the distance apart of these stakes, then drawing the free



9

ends out till they meet, forming an equilateral triangle. This being

done .at each end of the rows, the intervening trees may be located by

measuring.

Whichever method of arrangement is adopted, the trees should be

planted in rows as straight as it is possible to set them. Straight rows

add not only to the appearance of the orchard, but to the convenience of

cultivation. One of the best means of getting the rows straight is to

stake out the position for each tree before beginning to plant. Laths are

excellent for this purpose. Then when all has been properly staked out,

a planting board should be used when planting to insure getting the tree

in the exact position marked by the stakes.

A planting board is made of a light piece of board four or five feet

long, with a hole bored through each end and a notch in the centre. It

is well to have two or three of these made exactly alike, one for the

planters and the others for those digging the holes. When a hole is

dug, the notch in the planting board is placed around the stake, and
wooden pegs are passed through the holes in the end of the board and
left in the ground while the hole is dug and the board taken on to the

next stake. The planters following place their board over the pegs and

the tree in the notch in the centre. It will thus be in exactly the same
position as the stake which previously marked the hole.

How the planting boanl is used.

Distance Apart for PLA^fTI^'G.

The proper distance apart for planting depends altogether upon the

ultimate size which the trees may attain, which in turn depends upon the
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variety, the soil, and the locality. The varieties grown in our most
northern orchards seldom spread more than twenty or twenty-five feet.

While the kinds grown in the more favored apple sections of Southern
Ontario often have a spread of forty feet. The best guides to intending

planters is to observe carefully the distances required for full grown
apple trees in the neighborhood. In southern Ontario this will be found
to be from 35 to 40 feet, throughout central Ontario 30 to 35 feet, while

in northern sections where only tlie hardiest kinds are grown 25 feet will

be found quite sufficient. It is wise to allow plenty of space, so that

there will be no crowding when the trees have reached their full size.

Planting too close is a far more frequent and serious mistake than
planting too far apart.

A plan quite frequently adopted, particularly in some of the large

American orchards, is to use some of the small-growing early-bearing

varieties, as fillers between the large-growing varieties. The
Duchess, Ontario, and Ben Davis, for example, being planted alternately

with large growing kinds, such as Baldwin, Greening, and Spy.

In such cases the large-growing kinds are set at the maximum dis-

tance apart, and the smaller kinds between them. By the time the

larger kinds begin crowding, the smaller ones will have paid for their

keep and that of the others and can be cut out to make room for the

larger trees. The greatest objection to this plan is the danger that the

fillers may be left so long before they are removed that the value of the

whole orchard may be impaired.

Ordering and Obtaining Trees.

A complete list of the nurserymen of this Province is published each

year in the Report of the Inspector of Fumigation, and most of our

leading nurserymen advertise in the agricultural and horticultural

papers. Upon application, any of these men are glad to quote prices at

which they can supply stock.

It is well, when ordering nursery stock, to order early. Too many
leave such a matter till planting time, when they might as well have had

their order in several months sooner. By ordering early they are more
likely to obtain just what is wanted, and if the nurseyman has not the

desired varieties on hand, he can obtain them elsewhere by the time they

are needed.

When the trees arrive from the nursery, it is best to unpack them as

soon as possible, and, if it is not convenient to plant them at once, the

roots should be spread out and buried in a deep trench till they can be

permanently planted. The longer the trees are to remain in this posi-

tion the more carefully they should be heeled in.

Transplanting. *

There is a diversity of opinion as to the best time for transplant-

ing. It may of course be done any time when the tree is dormant, either
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in the spring or autumn. In favorable localities and with hardy varie-

ties it may be done quite as vi^ell one season as another, but for general
planting the spring is the safest time in our rigorous climate.

Great care should be taken to prevent the roots of the trees drying
while they are out of the ground. If it happens to be hot and windy
at the time of transplanting, it is a good plan to puddle the roots in soft

mud as soon as they are taken from the packing box or trench, and in

carrying the trees about the orchard, it is well to keep the roots covered
with a wet blanket or piece of old carpet.

The hole for the tree should be wide enough to hold the roots without
cramping or crowding, and should be deep enough to admit of a few
inches of fine mellow surface soil being filled in the bottom, and still have
the roots an inch or two deeper than they were in the nursery row. The
roots should be spread out in their natural position and should be cov-

ered with moist mellow surface soil. It is well, in digging the holes, to

have the surface soil placed at one side and the subsoil on the other, so
that in refilling the surface earth may be placed next the roots and the

subsoil left for the top. If the soil has been properly prepared it is sel-

dom necessary to water the roots at the time of transplanting, but care

must be taken to ensure the soil moisture from below coming up to the

roots. This is insured by tramping the earth firmly as soon as the roots

are well covered, and leaving only the top soil untramped to act as a

mulch and retain the moisture below. The neglect of this firming of

the soil around the roots is one of the most common causes of failure in

the transplanting of trees. If watering is necessary, a small pailful

poured in as soon as the roots are nearly covered, is of more use than a

half dozen on the surface after the planting is done.

All torn, bruised, or injured roots should be cut back, with smooth
cuts, to sound wood. Smooth cuts callous over quickly and new roots

are the more readily sent out. Trees obtained from the nursery, no
matter how carefully they may have taken, up, have lost the greater

part of, their root system, and in order that they may make a satisfac-

tory growth when transplanted the top must also be cut back to a simi-

lar extent to restore the balance. This cutting back, however, can be

most satisfacto'-ilv done after the trees are planted, when they are held

firmly by the soil and more careful attention can be given to shaping the

head of the young tree.

Initial Pruning.

Closely associated with the heading back of the top at the initial

pruning of the tree, is the question of determining the height at which

the head should be formed. On this, as in many other points of orchard

management, there is a variety of opinions. Some prefer high heads,

because of the greater convenience for cultivation and working under-

neath ; while others prefer them low, because of the greater convenience

in pruning, spraying, and harvesting. There are other reasons, how-

ever, why low headed trees are preferable ; in exposed locations the trees
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and crop are less likely to suffer from violent winds, and in northern
localities the trees with short trunks and low spreading branches are

much less subject to injury from sunscald, the most serious

tree trouble of the north. At the Algoma Fruit Experiment
Station it has been found advisable to start the head not

more than a couple of feet from the ground, while in the

more favored sections the custom is to have at least four feet of

trunk. This is the height at which the head is usually started on two
or three year old trees as obtained from the nursery, and for this reason

it is better for the northern planter to get two year old, rather than three

or four year old, trees, so that he can start the head at whatever height

he wishes. In this connection it may be stated that tree trunks do not

lengthen, except by pruning off the lower branches, so that at whatever
distance from the ground the lower branches are left, that will be the

permanent length of the trunk.

Three branches are enough to leave to form the main limbs or frame-

work of the tree top. These should be evenly spaced around the trunk

to give a well balanced and symmetrical top, and they should also be

placed on the trunk so as to distribute evenly the weight of the top and

avoid bad crotches which are liable to split down with weight of crop.

It is particularly important at this stage that great care should be taken

to train the young tree in the way it should go, and much can be done in

training and directing growth by heading back to buds pointing in the

direction we wish the new branch to take.

Cropping and Interplanting.

In a newly-planted orchard the trees occupy but a small portion of

the land, and they cannot be expected to give any returns for at least

five or six years. It is advisable, therefore, that some other crop be

grown in the orchard which will pay for the labor spent upon it till the

apple trees come into bearing and require all the space. It is by inj,udi-

cious cropping, however, that young orchards are often most seriously

injured. It should not be forgotten that the apple trees are the first

consideration, and that whatever cropping is done in the orchard must

not interfere with them in the least.

In some cases the spaces between the trees may be planted with

small fruits, such as raspberries, currants, or gooseberries, but these

should not be planted within nine or ten feet of the trees, nor should

they occupy ground more than six or seven years.

Hoe crops, such as corn, roots, potatoes, etc., have generally been

recommended as the best to grow in the orchard, because of the oppor-

tunity they afford for cultivation. This may be all right as far as it

goes, but these crops draw heavily upon the plant food in the soil and

return very little in the way of roots or plant residue. If such crops

are successively grown for several years, they are almjst sure to seriously

deplete the soil of fertility, unless ext'-a care is tako.i to rraintain it by

the application of manure or fertilizers. Probablv on the whole the
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least objectionable cropping is a well arranged rotation of crops, in

which clover and hoed crops alternate frequently enough to keep the

ground in good condition. Some of these crops harbor mice, and when-

ever such occur in the rotation precautions must be taken at the approach

of winter to protect the trees from their ravages.

During all this intercropping a strip must be left in which the trees

are growing for regular cultivation, and this strip should be widened each

year as the trees increase in size. No cropping should be attempted

under the head of the trees, and intercropping should be discontinued as

soon as the trees require all the space.

Cultivation.

It is only during the last decade that the cultivation of the orchard

has been considered a prol^lem worthy of special attention by the great

majority of Ontario fruit-growers. Even yet many have not abandoned

the old practice of leaving the orchard in sod. At nearly every meeting

of the farmers and fruit-growers someone asks the question : "Which

is the best, sod or clean cultivation with cover crops ?

Cultivation improves the physical condition of the soil by breaking

up the soil particles and presenting a greater feeding surface to the roots.

By warming and deepening the soil, it permits of a greater depth of

feeding area. Every soil particle is surrounded by a thin film of mois-

ture, consequently the finer the soil particles the greater the surface area

to hold moisture. A dry earth mulch or dust blanket on top checks the

evaporation of moisture from below. Cultivation renders plant food

more readily available by promoting nitrification and the decomposition

of organic matter in the soil.

Knowing this to be the case, many growers have given the new sys-

tem a fair trial, and have satisfied themselves that for most sections of

Ontario clean cultivation with cover crops is more profitable than sod.

There are indeed few cases where sod is more desirable than cultivation

;

these are where the soil is fertile and contains an abundant supply of

moisture.

As soon as possible after the trees are set, a strip on each side

should be cultivated to loosen up the soil which has been tramped down

during planting. Each year this strip should be widened, so that no

crop fntended for harvesting is grown beneath the branches of the trees.

Cultivation should begin as early as the ground is dry enough in

the spring. The first tool to be used in most cases is the plow. It is

well to ptow the land about five inches deep during the first few years

after setting to encourage deep rooting. As the trees get older the

depth of plowing should be gradually lessened, until by the time the or-

chard is in full bearing three to four inches is suflficient.

It is a good practice to roll each evening what has been plowed dur-

ing the day, particularly if the ground is inclined to be lumpy. The

soil is much more easily pulverized when freshly plowed than if allowed

to lie exposed to the weather for several days.

3
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Cultivate with the disc harrow or other cultivator soon after roIHng

to form a dry earth mulch, which prevents the loss of moisture by eva-

poration. Subsequently cultivation should be g'iven as soon as possible

after every rain, and about every two weeks in dry weather to maintain

an effective dust mulch. These latter cultivations may usually be per-

formed by means of light harrows. If weeds and grass get a start,

the spring-toothed cultivator with the broad points should be used to cut

them off. Cultivation should be continued until about the middle of

July or the first of August, by which time the trees should have practi-

cally ceased growth. Cultivation after the first of August has a ten-

dency to cause late growth of wood, which will not have time to properly

mature and is liable to be killed back during the winter. If trees are

making very rapid growth, it may be desirable to cease cultivation even

earlier than the middle of July in order to check the growth. At the

time of the last cultivation a cover crop should be sown.

Cover Crops.

What is an orchard cover crop ? It is a crop sown on the ground

at that season of the year when trees have ceased their growth. If

man makes no effort to cover the ground, nature forms a cover of weeds

and grass in her endeavor to protect the soil.

Cover crops may benefit in many ways, of which the following are

some of the most important : (i) A cover crop, by adding a large

amount of fibre to the land, prevents hard soils from cementing or pud-

dling. (2) On bare and rolling land, where the rains quickly run off

and snows blow off the high portions, a growing crop tends to hold

these until they have time to soak into the soil. (3) Land covered by a

growing crop dries out more quickly in the spring, owing to the trans-

piration of moisture through the leaves, and consequently may be plow-

ed under earlier in the season than land which is bare. This is a very

important point as it enables the orchardist to gain several days in the

busy season of spring. (4) Ground covered with vegetation will hold

the snows in winter and thus prevent deep freezing, therby avoiding the

liability of root killing. (5) A cover crop affords the most economical

means of furnishing a supply of humus in the soil. (6) The roots of a

cover crop assist the tree roots in rendering available certain

mineral plant food in the soil. (7) A large amount of plant food is lib-

erated in the soil after the tree growth has ceased. This is taken up

by the growing crop and held in a readily available form for the follow-

ing season. (8) Leguminous crops, such as clover, vetch, alfalfa, peas,

and beans, by virtue of certain bacteria which form nodules on the roots,

are able to assimilate nitrogen from the air. As nitrogen is one of the

most expensive fertilizing elements, the value of this class of plants can-

not be too highly appreciated.

Cover crops should be sown about the middle of July so that they

may make a good growth the same season. It is also wise to check the



15

growth of the trees about this time, so that they may mature their wood
before winter sets in. The thorough tillage which should have been
practised up to this season, leaves the ground in the best possible condi-

tion to give the young plants a start. The crop should be plowed under
as early in the spring as possible, and cultivation should begin at once.

If the crop is large and the soil rather dry, this is imperative, as the

large amount of vegetable matter turned under seriously interferes with
capillary action and leaves the surface soil unduly dry.

That a cover crop may be of the greatest value, it should be capable

of withstanding the winter and continuing its growth next spring. This,

however, is not a necessity, as many of the ordinary crops which will

not live through the winter are valuable for this purpose.

Different soils require different kinds of crops. This has led to a

division of cover crops under several classes. The most important are

the nitrogen gatherers, which through the agency of the nodules on the

roots can make use of the nitrogen of the air. Such plants as clover,

vetches, alfalfa, peas, and beans, belong to this class, and should be used

where the soil is deficient in nitrogen. Another class is known as the

potash liberators, such as turnips and rape, which, although they do not

add anything to the soil, as do the leguminous plants, yet change the

form of the mineral potash so that it may be more readily acted upon
by the roots of succeeding crops. Then there is a third class, commonly
grown, such as rye, oats, and buckwheat, which, are valuable chiefly on

account of the humus formed by their development.

During the past two seasons, a number of the most common cover

crops have been grown in the College orchard with a view to ascertain-

ing their relative values. Among the most promising are the following :

Hairy Vetch, sown at the rate of thirty-five pounds per acre, forms a

very close mat over the ground. This is a valuable crop owing to the

fact that it collects nitrogen, lies close to the ground so that it does not

inconvenience the pickers when gathering the fruit, and also withstands

the cold winter and continues its growth early in the spring.

Red Clover and Mammoth Clover, sown at the rate of twenty pounds

per acre, are about equal in value, make a fair growth, are low growing,

and winter well on drained soil.

Crimson Clover has not made quite as good growth as the red or

the mammoth, nor will it stand the winter here, which is a serious dis-

advantage.

Alfalfa, or lucerne, is one of the best leguminous crops for dry land.

It makes a good growth and winters well. There is a mistaken impres-

sion that alfalfa will not make suflRcient top the first season. Thirty

pounds of seed per acre, sown in July, will give a good stand the same

season.

Rape has given good results here. It makes a heavy growth of

stiff stems, which, although nearly all killed in winter, stand up well
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enough to hold the snows. Rape can scarcely be recommended for

fruiting apple orchards, as it remains wet the greater part of the day,

making the work of harvesting very unpleasant. It may be used to

good advantage in the rotation, especially if few fruits are to be har-

vested.

Rye, the favorite crop of many growers, gives a fair amount of top

and winters well. One advantage of rye is that it may often be grown

on lands not in a physical condition for the growth of clover. In this

,' be added to the soil, and conditions made more favor-

able for the growth of clover.

Maintaining Fertility.

The maintenance of fertility is more frequently neglected in the or-

chard than on any other part of the farm. Trees, even on poor land,

will produce fruit, but it is only on soils where fertility is maintained

that paying crops are produced. Each year that fruit is harvested some

plant food is removed. If profitable crops are to be expected the supply of

plant food in the soil must be maintained.

The most essential elements for the production of fruit are nitrogen,

potash, phosphoric acid, and lime. Nitrogen encourages leaf and wood

growth, which are essential to the development of the tree and to the

production of the best quality of fruit. Potash is an essential constitu-

ent in the growth of fruits. *It constitutes a large proportion of the ash

of the wood and more than 50 per cent, of the ash of the fruit, and is

also associated with the development of flavor in the fruit. Phosphoric

acid is essential to the development of the tree and the proper ripening

of the fruit. Lime is not in itself an essential element, but assists in

liberating plant food. On a soil deficient in lime, growth often con-

tinues so late that the wood does not ir.aturc nor the fruit ripen pro-

perly.

Barnyard manure supplies nitrogen, potash, and phosphoric acid,

and improves the physical condition of the soil. Cover crops may take

the place of barnyard manure to improve the physical condition of the

soil, and the leguminous ones may add all the nitrogen required. Con-

centrated fertilizers or commercial plant foods may be used in conjunc-

tion with cover crops to supply all the plant food necessary for the growth

of trees. In the use of commercial fertilizers it is well to proceed cau-

tiously, and, by carefully conducted experiments, ascertain what elements

of plant food the soil may be deficient in, and what amounts it may be

necessary to apply to get the best results. Unleached wood ashes contain

a small quantity of phosphoric acid, seldom exceeding li per cent, a

larger amount of potash, varying from 5 to 7 per cent., and also a certain

amount of lime. Where pure wood ashes can be procured at a price

not exceeding ten cents per bushel, they afford an economical source of
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plant food. An application once in twd or three years will usually give

excellent results, especially on light soils which are most lacking in pot-

ash. Muriate of potash is another economical form in which to obtain

potash. Phosphoric acid may be purchased in the form of superphos-

phate. Nitrogen may be procured in the form of sodium nitrate, but

leguminous cover crops furnish a much cheaper source of this essential

but costly element.

Pruning.

The object of pruning is to form a vigorous and evenly balanced

tree, which will produce annually a paying crop of good sized, well-color-

ed fruit. Unpruned trees produce many small-sized unsalable apples.

Pruning lessens the number of apples per tree, but at the same time in-

creases the size and improves the quality of those produced. A heavy

crop of good-si;zed fruit is not so serious a drain on the vitality of the

tree, nor the fertility of the soil, as the same weight of smaller apples

would be, for it is the production of the seed which makes the greatest

drain on the tree and soil.

Pruning should be practised every year without fail from the time the

tree is planted. In this way the operation is never a severe one, and the

removal of the large limbs becomes unnecessary. Limbs growing too

strongly in any particular direction, which are liable to upset the balance

of the tree, should be headed back. Where two limbs cross, one of them

should be removed. Branches growing across, from one side to the

other, should be cut out. Care 'should be tiaken to leave sufficient twigs

in the centre to protect from sunscald. Much may be done in directing

growth by heading back to a bud pointing in the desired direction. It

is while the trees are young that the greatest care in training is required.

A properly pruned apple tree should be open enough to admit sun-

light and permit of free circulation of air. Its lower branches should be

trained high enough to admit of easy cultivation, yet the top should not

be so high that spraying and harvesting are rendered difficult. Varieties

differ more or less in their habit of growth, and, while it may be advisable

to modify this to some extent, it is not well to attempt to change it un-

duly. Long bare branches should be avoided, and the formation of

fruit spurs should be encouraged on all parts of the tree.

The best time for pruning is just before growth begins. Wounds

made at that season soon heal over. It is not well to prune when there

is frost in the wood. Pruning while the tree is dormant tends to in-

crease the growth of wood. Summer pruning encourages the forma-

tion of fruit buds, but it is not advisable to do much of it, as the removal

of any considerable amount of the leaf area tends to check the vigor

of the tree. Pruning by the removal of buds may be practised at any

season of the year.
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The thumb and finger may be used for the removal of sprouts and
buds during the summer. A pair of small pruning shears will remove
all twigs less than half an inch in diameter. For larger limbs a sharp
fine-tooth saw is needed. Make all cuts as smooth as possible and close
to the main stem. When a large limb has to be removed, it maj) be ad-
visable to cut twice, the first some inches out to avoid splitting, and the
second to shorten the stub. A common mistake is the leaving of long
stubs which cannot heal over before rot begins. Where it is necessary to

remove large limbs, the wounds should be covered with grafting
wax or thick lead paint to prevent the entrance of spores which cause
decay.

Grafting.

Grafting is the operation of inserting a scion into a stock, usually

for the object of changing the variety of fruit produced. Trees bearing
undesirable fruit may be top-grafted with some valuable variety. Many
choice half-hardy varieties may be successfully grown by top-working on
some hardy stock. Especially desirable characteristics in any variety

may be perpetuated by grafting. Individuality is quite as marked in

plants as in animals. A certain tree may possess some desirable quality,

and this may be preserved and perhaps improved upon by selection. It

is advisable when cutting scions to select from those trees which have
the desirable characteristics most strongly marked. Nurserymen, as a
rule, do not pay sufficient attention to the source from which they se-

cure their scions. The individual orchardist may greatly improve his

plantation by top-grafting with scions from a tree having the desired

qualities most strongly marked.

Grafting is usually performed in the spring. It is essential that the

cambium layer of the scion and stock be in contact on at least one side.

From this mucilaginous layer, lying between the wood and the bark,

the new cells are formed which in time unite the parts and cover the

wound. It is necessary to cover the wounds made in outdoor grafting

to prevent the entrance of rot-producing spores. For this purpose wax
is generally used.

A good grafting wax may be made by melting together four pounds
resin, two pounds beeswax, and one pound tallow. Cool by pouring into

a tub of water. Then work up into bars or balls which may be kept in

any cool place until required. To economize wax, cloth is sometimes
dipped into the hot wax, making wax-cloth. This is more difficult to

use than pure wax. The wax may be melted and carried in a glue pot

and applied with a brush, or as is more commonly done, it may be kept

in water warm enough to keep the wax pliable so it may be readily ap-

plied by hand. It is well to keep the hands greased to prevent the wax
from adhering to the fingers.
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There are two common methods of top grafting. Whip or tongue
grafting, which is practised upon small branches and young trees.

Cleft grafting, which is usually performed on branches from one-half
to two inches in diameter.

a

I

"^Vhip grafting (a) scion and stock prepared, (b) same placed together, (c) tied.

Cleft grafting (a) splitting the stock, (b) scion, (e) scion inserted in cleft of stock.

In whip grafting the stock is cut with a bevel about one-inch long,

and the scion cut to fit that bevel. Both bevels are cut into slightly

and the tongue of one fitted into the notch of the other. The cambium
layers must be in contact on at least one side. After the scion is set

the wound should be covered with wax or similar substance to exclude th§
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Large trees should not be entirely changed over in one year. The
first year select the main branches ; the second year part of the remainder,
and finish the third year. In this way much of the annoyance caused
by the growth of water sprouts is avoided.

A handy grafting iron made from a blacksmith's old file.

When cutting off large branches for cleft grafting it is wise to cut
twice, making the first cut a few inches above the position chosen for
the scion. Then cut off the stub at the desired point, and avoid the
danger of tearing the bark. With a chisel or grafting iron split the
branch just far enough to admit the scions. Too deep a split weakens
the stock, and the scions will not be held sufficiently firm. It is well to
avoid grafting two horizontal limbs, one directly above the other. The
tendency of new growth is upward, and the growths from the lower one
will interfere with the upper. In branches, other than those growing
perfectly upright, the split should be made parallel to, rather than at
right angles to the ground.

The scion should be made wedge-shaped, with bevel about one inch
long, starting at each side just at the base of a bud. Make the scion
three buds long, cutting off just above the third bud. It should be cut
a little thicker on the side next to the bud, so that the stock may pinch
tightly on that side to insure a close contact of the cambium layers.

Open the cleft with the wedge end of the grafting chisel and insert

one or two scions, as may be thought necessary. Place the lower bud
of the scion to the outside. Do not force the scion down, but open the
cleft by enough leverage on the chisel to admit the scion freely. Setting
the scion with the top pointing slightly outward insures contact in at least

one point. After setting the scions, cover all wounds with wax.

It is sometimes necessary to remove part of the water-sprouts, which
usually start during the summer, to give the scions room for proper

development. By the following spring the scions should have . made
sufficient growth to require all space in that part of the tree, and all

other growth should be removed.

SUNSCALD.

Sunscald is an injury to trees which occurs most frequently in the

northern districts. It is most serious on young trees, but may also
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affect the upper side of the large branches in older trees. It is caused
by the action of the hot sun on the trunk and branches in the early

spring. The first indication is an unhealthy appearance of the bark on
the south and southwest sides of trunk and upper side of large branches,

the affected parts soon turn brown, then black, and finally die.

In districts where sunscald is apt to occur, it is well to head the

trees low and incline the stem slightly to the southwest. In this way
the branches afford some shade to the trunk. Anything which will shade
the trunk in early spring will prevent the injury. For this purpose the

most convenient of the following materials may be used : cornstalks,

birchbark, building paper, or a veneer of thin wood, such as is used in

basket making. The large branches of old trees should receive natural

protection from the small branches and twigs of the top. For this rea-

son severe pruning of the top is not advisable in northern districts.

When trees are badly affected they usually die, but where the injury

is slight, and is noticed soon after it occurs, treatment is practicable.

Cut away the injured parts, and cover the wound with grafting wax or

some material which will keep the wood from drying out. If the tree

is healthy and vigorous, the annual growth spreading in from the sound

parts soon repairs the injury.

Protection From Mice.

During the past two or three years, mice have become a serious men-«

ace to young orchards. The rapid increase in numbers may be largely

accounted for by the indiscriminate destruction of the farmer's best

friends, the hawks, that feed largely on mice by day, and the owls, which

take up the work by night. By carefully protecting the hawks and

owls for a few years, their numbers will again increase, so that the equi^

librium of nature may be restored. In the meantime something must

be done to protect the trees against the rodents.

Mice seldom harbor in a green crop, and on clean fields they find no

protection. They are found chiefly along the fence lines and in old mea-

dows. As there is usually some shelter afforded the mice near orchards,

it is advisable to guard against their depredations. In localities where

the snow falls early and remains on the ground all winter, the simplest

means of protecting the trees is to tramp the snow firmly about the base

of each tree early in the winter. Where the ground is not continuously

covered with snow during the winter, a mound of earth about the tree

is sometimes all that is required to divert the runways of the mice.

Building paper cut into strips which will reach about one foot high when

tied about the trunk of the tree in autumn has been found to be both a

cheap and an effective preventive.
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Treatment of Injuries Caused by Mice,

Bridge grafting.

Badly girdled trees usually die. When the part girdled is small

and is covered before the wood dries out with grafting wax or other

substance, which will protect the inner tissues the tree may be saved.

If the girdled part extends entirely around the tree, it will be necessary

to establish some connection between the cambium above and below the

injury. This may be done by bridge-grafting. For this purpose use

long scions cut to a bevel on each end. Insert one end above and the

other end below the girdle, making sure that the cut surfaces are in con-

tact with the cambium layer. A sufficient number of these scions

should be put in to convey the cambium from the top to the roots and
all cut surfaces exposed should be covered with wax.

Picking.

Apples should be carefully picked by hand, without breaking the

skin or bruising the fruit in any way. Summer varieties for immediate

home use or special local trade should be allowed to ripen on the tree

;

fciut if intended for distant markets or storage they should be picked
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when fully mature, but before they have commenced to mellow. Winter
varieties should hang on the tree until they have reached full size and have
taken on good color. Apples picked while still immature as a rule keep
longer than if allowed to fully ripen on the tree, but they do not develop
the full color nor the best quality. No sharp distinction can be made
between green and mature, or between fully mature and over ripe fruit

;

one blends imperceptibly into the other. Experience teaches at what
stage to harvest the crop, in order to secure the highest quality and best

keeping properties in the fruit. Sometimes, with summer varieties, it

is necessary to go over a tree twice, picking the most mature specimens

first and leaving the remainder for a week or two in order that it may
more perfectly develop. Round bottom baskets or pails should be used

for picking, and it is better to have them lined with cloth to prevent

bruising the fruit. Fruit should not be piled on the ground, but should

be placed at once on the sorting table or be placed in boxes or

barrels for removal to the packing house. The apple should

be picked with the stem on but without breaking off the fruit spur, as

is likely to occur if the fruit is picked too green. Spring waggons

should be used to convey the fruit to and from the packing house.

When the trees have been properly pruned the fruit may all be har-

vested from ladders. A short step ladder is convenient for the under-

side and low branches of the tree. For the upper branches light cedar

ladders of suitable length will be found very convenient. Extension

ladders have been praised very highly in the past, but as they are both

awkward and cumbersome, practical growers are abandoning them. The

practice of climbing through the tree to gather the fruit, and letting the

baskets down to the ground by means of a rope, is out of date, and is

not practised in commercial orchards. Inexperienced pickers often lose

a great deal of time by not picking clean as they go, making it neces-

sary to carry the ladder back and forth. Each time the ladder is moved

all apples in reach should be picked.

Packages.

A great deal of discussion has taken place during the past few years

as to the best style and most suitable size of package. This depends

somewhat upon the quality of the fruit and the requirements of the mar-

ket. For summer varieties for local trade the ordinary eleven quart

Climax basket is still the most popular package. For the export trade

of XXX apples some prefer the box and others the barrel, depending on

the market to be supplied and the relative cost of the two packages.

Apples, other than early varieties intended for local markets, can usually

be handled most cheaply in barrels.

The adoption of a standard size of box and barrel will have a ten-

dency to establish confidence on the part of the buyer, and will eventually

help the apple trade. The Standard barrel is defined in the Dominion

Statute entitled Staple Commodities, I. Edward VII., Chap. 26, sec. 4:
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"All apples packed in Canada for export for sale by the barrel in closed

barrels, shall be packed in good strong barrels of seasoned wood, hav-

ing dimensions of not less than the following, namely :—twenty-six

inches and one-fourth between the heads, inside measure, and a head
diameter of seventeen inches, and a middle diameter of eighteen inches

and one-half, representing as nearly as possible ninety-six quarts."

The standard box has just been established by the Dominion Gov-
ernmenv, and its use comes into effect on July ist, 1906. The inside

measurements are: 10 inches deep by 11 inches wide by 20 inches long,

having a capacity of 2,200 cubic inches, or very nearly one-third of the

standard barrel.

Grading.

Apples should be carefully graded. Wormy, spotted, bruised, and
misshapen specimens should be removed. It is usually well to make two
grades of good fruit, differing only in size and color. Each grade
should possess uniformity of size and color, and be free from defects.

All fruit of one grade cannot be of the same size, but all the fruit con-

tained in one package should be uniform. It is seldom advisable to ex-

port anything but XXX fruit, the XX and X fruit may be sold on the

local markets or to the evaporators.

Mechanical graders may sometimes be useful in grading to size, but

their use is not generally recommended. With a little experience, hand
grading soon becomes a very simple operation. A thin board with

holes the size of the various grades in which to try an apple occasionally

assists in fixing the size in the mind. A basket should be provided for

each grade, so that no fruit need be handled the second time.

Packing.

Apples may be packed in boxes or barrels. If the barrel is used the

hoops should be tightened and nailed, the head secured with liners and
branded in accordance with the Fruit Marks Act, and the bottom end re-

moved for filling. The first course of apples should be placed in con-

centric rows with the stems downward. Long stemmed varieties

should have the stems clipped out. Some packers recommend placing

the second course in by hand, but this is not necessary. The balance of

the barrel may be filled by emptying direct from the basket. Be sure to

let the basket well down to avoid bruising the fruit. After every two or

three baskets the barrel should be racked to settle the fruit into place.

To rack a barrel, place it on a plank and rock backward and forward once

or twice. When one becomes accustomed to this work it is possible to

settle the fruit quickly and effectively. With most varieties the barrel

should be filled to about the top of the staves and levelled off evenly.

At the last racking, in order to keep the apples from becoming displaced,

it is a good practice to place on the top of the fruit, a false head covered

with felt. Press the head carefully, tighten the hoops, nail on the

liners, and the barrel is ready for market.
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An excellent device for pressing the heads in apple l)arrels. The circle is a little

smaller than the head of the barrel, and is made of iron, 1 in. wide and h in.

thick. The cross bars are made of heavy waggon spring steel. This enables
the head to.be put in place with the minimam amount of pressure on the nead,
and avoiils braising the fruit.

Packing in boxes requires more care than packing in barrels. For
extra fancy fruit, it is well to line the inside of the box with fancy pap2r

in order to present a better appearance when opened. Excelsior is

often used in the top of the box, but it should be covered with paper to

prevent the dust from settling among the apples. Place the first course

by hand with stem end down. The remainder may be carefully poured

in ; but for the best results it is better to place all the fruit in layers, mak-
ing sure that it is packed solidly. Place a piece of heavy paper on top

of the fruit, press carefully, and nail the head on. If the fruit is properly

packed it should require but little pressing to prevent the fruit from mov-

ing. The harder the fruit is pressed the greater the danger of bruising.

Brand the box in accordance with the Fruit Marks Act. Always use

stencils for branding. Pencil writing on a box is unsightly, and does

not give the purchaser as good an impression as neat stenciling.

Some varieties, especially the softer ones, will bring better prices

if each apple is wrapped in paper. The paper prevents the fruit from

moving and becoming bruised and gives a finished appearance to the case.

Only extra fancy fruit will pay for the additional cost of wrapping.

Marketing.

In so far as commercial fruit growing is concerned, the business end

of the enterprise, that of marketing the crop to the best advantage, is

second in importance only to that of producing fruit of the best quality.
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It is in this particular that there is the greatest need for improvement
at the present time; just how the improvement shall be effected is more or

less of a vexed question. There are scores of apple growers who have
the skill to produce first-class fruit, while there are comparatively few
who have the business ability to place it on the market when and where
it will bring the best price. This is no doubt an argument in favor

of the division and specialization of labor, whereby the grower confines

his attention to the production of the fruit and the dealer to the buying

and selling of it. But it has been this division of the work among buy-

ers and handlers and sellers that has so divided the proceeds that there

has been little or no profit left for the producer. The growers who make
the most out of their apples are those who keep in as close touch as possible

with the best markets both at home and abroad. During the shipping

season these men watch the market reports daily, and unless prices are

satisfactory they hold their fruit until good prices prevail. The great

majority, however, of those who have apples to sell wait for some local

buyer to come along, and sell for whatever he chooses to offer, either so

much per barrel or a lump sum for the crop on the trees. The latter plan

is little better than gambling, and at best is a hap-hazard way of doing

business.

The only apparent remedy for this state of affairs, and the most
promising means of putting the apple trade on a proper business basis,

is for the growers in each apple growing section to unite to form
a strong co-operative association through which the grading, packing,

and marketing may be accomplished.

An effective co-operative association for this purpose, involves the

selection of an honest, wide-a-wake, business manager, and the erection

of a central packing and storage house at the most convenient point for

shipment. Through such an organization boxes and barrels could be

purchased wholesale to much better advantage ; the grower could devote

his whole attention to gathering the crop at the proper season and deliver-

ing it in good condition at the central packing house ; the association

would relieve him of all care and responsibility in grading, packing, and
marketing ; and with this work in the hands of expert packers, the grade

would be uniform and the packing properly done, which would in time

inspire confidence in the purchasing public. A good business manager
could keep in close touch with the best markets and make sales when and
where the fruit was most in demand. In short, consumers would be

assured of a better product and growers would realize a better profit.

Shipping.

Fom the time the fruit is picked, until it is placed on the market

it should not be exposed to sun, rain, or frost, nor should it be subjected

to rough or careless handling, which it too often receives when given

over to the tender mercies of the transportation companies; and this is
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another particular in which a strong co-operative association would be

more likely to affect improvement than individual shippers.

During the late autumn or winter months when the late keeping var-

ieties are shipped, well ventilated cars or compartments on ship board

afford the best meass of transportation if precaution be taken against

freezing. During the warm weather of the summer and early autumn

when the early maturing varieties are sent to market, shipment in cold

storage is advisable. Cold storage retards' maturity and delays decay,

but does not prevent it. Transportation in cold storage gives the best

results when the fruit has been thoroughly cooled before being placed in

the car or steamer for shipment. Herein, too, the cold storage at the

central packing house provides this for every shipment which could not

always be obtained by the independent shipper.

Storing.

The best keeping varieties of apples, when stored under proper con-

ditions, may be kept the year round. The conditions necessary to the

successful storage of apples are : a steady temperature, as near freez-

ing as possible, without reaching that point ; and an atmosphere moist

enough to prevent wilting.

An ordinary house cellar usually furnishes the best place for the

storage of the supply for domestic purposes. In such storage careful

attention must be given to ventilation, as it is by this means principally

that the temperature is regulated.

Before the fruit is stored it should be carefully picked over and all

over-ripe, wormy, and bruised specimens should be culled from those

intended for long keeping.

As there is always more or less risk in the storage of fruit, it is well

for the grower who has apples to sell to hold the crop only so long as

may be necessary to secure the best prices. For temporary storage in

the fall a barn or other outbuilding may answer the purpose until severe

freezing weather sets in. This is usually all the storing done by those

who have but a small crop.

Where apples are grown or handled on a large scale, it pays to have

a properly built fruit house, where the temperature and humidity inside

can be controlled, and in which the crop may be held all winter if neces-

sary. The walls of such a building are usually made of double thickness

of matched lumber, with felt paper between and an air space between the

studs. In such a house the crop may be packed and held for shipment

as may be desirable any time during the fall or winter.

With the establishment of co-operative associations and central packing

houses, the plan of the future will no doubt be central cold storage houses

in connection with the packing houses, or at the points of shipment. In

such houses the crop may be held under the most favorable conditions

and put on the market whenever the demand warrants good prices.
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Apple Orchard Calendar.

January : Read best available literature on fruit growing. Attend
Farmers' Institutes and work up co-operative organization.

Make plans for new orchards.

Order nursery stock.

February : Order or make up supply of boxes and barrels for next
season's crop.

March : Prepare for spring work by getting in readiness plows, culti-

vators, spraying outfits and materials, pruning tools, etc.

Get pruning done at earliest opportunity.

April : Plant out young orchards as soon as ground is ready.

Do your grafting.

Apply first spray of Bordeaux and Paris Green before buds start.

Plow under cover crop as soon as ground is dry. Apply wood
ashes or other fertilizers necessary.

May : Complete any of the above operations not finished last month.
Repeat spraying before blossoms open.

Follow plowing by surface cultivation.

June : Spray immediately after blossoms fall.

Apply carbolic wash to trunks of young trees to prevent borers

laying eggs. Continue surface cultivation to conserve soil

moisture.

July : Repeat spraying for the fourth or fifth time, as may be necessary.

Discontinue cultivation towards end of the month and sow
cover crop as last cultivation.

Thin fruit on young trees which may be overloaded.

August : Pick early apples intended for the market as soon as fully

matured and well colored.

Let hogs in the orchard occasionally to pick up early windfalls.

September : Begin harvesting autumn varieties as they mature.

Get in touch with the leading apple markets if you have no co-

operative organization to depend upon.

Make an exhibit at your fall show, and study varieties there ex-

hibited.

-October : Continue harvesting of the winter varieties, taking them in

the order of their maturity.

November : Watch market reports closely and ship promptly if quota-

tations warrant good prices.

Pack and store apples for further shipment or winter use.

Protect trunks of young trees against mice, rabbits, or sun-

scald as may be necessary upon approach of winter.

Pecember : Continue apple shipments as may be necessary or advisable.

Attend annual meetings of Fruitgrowers' Association and Pro-

vincial Fruit Show, and keep in touch with progressive fruit

growers.

Balance accounts for the year and decide upon lines of improve-

ment for the next.
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INSECTS INJURIOUS TO THE APPLE.

By W'm. Lochhead, B.A., M.S.

1. Affecting the Roots.

The Woolly Aphis of the Ai'Im.e (^Schizoneura lanigera.) This

insect is a small plant-louse with its body covered with a delicate, filmy

cottony-like coat, which projects like a brush behind the body. It exists

in two distinct forms, one inhabiting the roots and the other in-

habiting- the stems, the former being by far the more injurious. Through-
out the summer the infested branches are very noticeable.

Galls and other enlargements arise on the affected roots, with the

result that sooner or later death occurs. In the cracks which open up in

the galls, the aphids live in clusters, and in a short time the vitality of the

tree is very much reduced.

Treatment. Hot water, but little below the boiling point, when ap-

plied about the base of young trees in sufficient quantity to wet the soil to

a depth of several inches, has been found to be effective and practicable.

Tobacco stems, broken up finely and distributed about the base of the

infested trees. The surface soil should be first removed, the tobacco ap-

plied, and the soil replaced. The roots of nursery stock suspected of

bearing aphids should be dipped in a strong solution of tobacco stems, or in

hot water (temp. 150 degrees F.) for a few seconds, or in hot soap solu-

tion, before the trees are planted.

III. Affecting the Trunk, Twigs or Branches.

1. The Round-Headed Borer {Saperda Candida). This borer is the

grub of a brown beetle with two white stripes. It makes a round, oval

tunnel in the trunk between the bark and the sapwood. At the end of the

third year it changes to a pupa, which later changes into a winged beetle

when it emerges. The eggs are laid on the bark in June and early July.

The presence of this borer is betrayed by the sawdust-like castings at the

opening of the tunnel, and by discolored bark.

Treatment. Probe or cut out the borer in fall and spring; apply to

the trunk a white wash or carbolic soap wash before the first of June.

2. The Flat-Headed Borer {Chrysobothris femorata). This borer

has a large, flat thorax, and makes a wide oval tunnel. It is probable

that the borer becomes mature in one year. The adult is a bronzy, green-

ish black beetle, about half an inch long.

Treatments. Same as for Round=Headed Borer.

3. The Buffalo Tree-Hopper (Ceresa huhalus). A greenish in-

sect, somewhat triangular in form, with an enormously developed pro-

thorax, which projects in front into two horns. This insect does much

harm by making slits in the bark, which open and form lar^e oval scars.
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The twigs and branches readily break at injured parts. The eggs are

laid in the slits in July and August, and hatch the following June.

Treatment. Prune out afiected branches and twigs in fall and

spring.

4. Oyster-Shell Scale (Mytilaspis pomorum). This brown scale

insect infests the bark. It has a shape like a minute oyster shell. It

passes the winter as an egg under the old scale. The egg hatches about

the first of June, and there is but one brood each year.

Treatment. Spray trees with white wash, lime-sulphur wash, or

whale oil soap solution in winter ; spray with kerosene emulsion solution

when the eggs hatch and the young are crawling.

5. San Jose Scale (Aspidiotus perniciosus). This insect is quite

minute, is circular with a central nipple. It winters as a half grown scale

and matures about end of June. There are three or four broods each sea-

son. It injures the tree by sucking the sap. If the presence of this in-

sect is suspected, a report should be made to the Department of Agricul-

ture, Toronto.

Treatment. Spray in spring before buds open with lime-sulphur

wash.

III. Attacking the Buds and Leaves.

1. The Bud Moth {Tmetocera ocellana). The Bud Moth is a small,

grayish insect which lays her eggs in July on the leaves.

The young caterpillars feed on the under surface of the leaves.

They pass the winter in a half grown state in small scales

near the buds or other protected places. In spring they at-

tack the swelling buds, often riddling them, and later form silken

nests about the young leaves. The caterpillar is almost naked, brown
with black head, and about f of an inch long when full grown.

Treatment. Spray thoroughly with arsenic solutions just as the

buds open.

2. Fall Canker-Worm [Anisopteryx pometaria and the Spring

Canker-Worm (^Paleacrita vernata). The females of these moths are

wingless, the former depositing her eggs -on the twigs in the fall, the

latter in the spring. The caterpillars of both specie.s are loopers, which

attain a length of an inch. They feed on the leaves. When full grown

they descend to the ground and change to pupae in earthen cells. The
moth of the Fall Canker-Worm appears in the fall, while that of the

Spring Canker-Worm appears in the spring.

Treatments. Band the trunks of the trees in early fall with burlap

or cotton to prevent the wingless females from ascending to lay their

eggs. Spray with arsenic solutions, usually just before or after blossom-

ing, when the caterpillars are small.

3. The Tent Caterpillar [Clisiocaivpa Americana). The web tents

of these insects are often conspicuous in May, as the leaves appear. The
caterpillar is hairy, and has a white-stripe down the back. The oval co-
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coons are formed in protected places, and the yellowish-brown moths ap-

pear a week or so later to deposit bracelets of varnished eggs on the

twigs. There is but one brood each season.

Treatment. Collect egg clusters in fall and winter ; spray the young

caterpillars with arsenic solution ; burn or otherwise destroy the tents.

4. The Cigar Case-Bearer (Coleophora fletcherella). Small cigar-

shaped bodies may often be seen attached to the bark and leaves. These

are the cases of tiny caterpillars which feed on the buds and leaves. In

spring these caterpillars often do much harm. In late June or July the

smali moths appear to lay their eggs. When first hatched the caterpil-

lars are leaf-miners, but later become case-bearers. They pass the winter

in their cases, as half grown caterpillars.

Treatment. Spray thoroughly with arsenic solutions just as buds

are opening and repeat if necessary a week later.

'). The Pistol Case-Bearer (Coleophora malivorella). This Case-

bearer is readily recognized by the pistol-shaped case which is attached to

the branches. The small dark-colored moths appear at the end of June

and deposit egg. The caterpillars hatch from the eggs in July, and eat

holes in the leaves. They make cases for themselves as they feed. They

spend the winter in the cases attached to the twigs. In early spring they

recomrhence feeding on the opening buds and flowers. About the first

of June they change to pupae, and the moths emerge two or three weeks

later.

Treatment. Spray with arsenic solution as the buds are opening,

and again a week later.

6. The Apple Plant-Lice (Aphis pomi et aJ). These green plant-

lice curl the leaves badly, and injure the buds. They are sucking insects

and they secrete a sweet sticky liquid called honey-dew. They_winter over

as black, shining eggs on the branches of twigs. It is likely that there

are more than one species. There are both winged and wingless forms

during the summer.

Treatment. Spray when young plant-lice first appear with kerosene

emulsion solution or any other good contact insecticide; spray with sul-

phur salt wash in early spring.

Several other insects are occasionally found injuring the leaves, viz., the

Appi e-Lhaf Miner, which mines within the leaf, and forms its pupa with-

in the folded leaf; the Apple-Leaf Bucculatrix, which forms white

ribbed cocoons in clusters on the branches, while the caterpillars feed on

the leaves ; the Palmer Worm, a small yellowish green caterpillar, often

numerous in June and Julv, when it injures the fruit as well as the leaves;

the Apple-Leaf Tver, which folds the leaf and lives within, feeding on

the soft tissues; the Apple-Leaf Roller, which feeds within folded

leaves ; the Red-Humped Caterpillar and the Yellow-Necked Cater-

piLLLAR, which cluster on limbs and eat the leaves.

Treatment. As a rule spraying with arsenic solution at intervals

during- the season will control these. ,
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IV. Attacking the Fruit.

1. The Codling Worm {Carpocapsa pomonella). In the Eastern

and Northern parts of Ontario there is but one brood, but in the South-

western part there are two broods.

The small moths appear at the close of the blossoming- period and

deposit their eggs on the young fruit at the calyx end. The caterpillars

bore into the fruit at the core, and when full grown, emerge and spin co-

coons under the loose bark on the trunk in June and July, where they

change into pupa?. Where there are two broods the moths appear in

July and August to deposit eggs for a second generation. This brood of

caterpillars may enter the half-grown apples at any point, but they emerge

in the fall to form cocoons in which they remain hidden all winter. I-n

spring they transform to pupae, and later to moths just as the blossoms

have fallen.

^^'hen there is but one brood the caterpillar after forming the cocoon

remains in it until the following spring. The worms which fall to the

ground with the apple make their way to some cover and form cocoons.

Treatments. Band the trunk with burlap or other suitable material

about the tenth of June. Examine these bands every ten days or two

weeks and destroy the cocoons which collect underneath ; destroy the

wormy and fallen apples ; spray with arsenic solution soon after the blos-

soms have fallen; spray again in August to kill the young caterpillars

of second brood.

2. The Apple Maggot (Trypeta pomonella). The adult of this Apple

Maggot is a fly which deposits its eggs in the apple, and the maggots

tunnel the fruit in every direction. They pupate in the ground or under

any convenient cover.

Treatment. Prompt destruction of wind-falls. Spraying is not ef-

fective.

3. The Plum Curculio {Conotrachelus nenuphar.) This curculio

does more harm in Ontario than the Apple Curculio, The fruit is often

badly punctured and disfigured.

Treatment. Arsenical sprays will do much to control this insect,

but so long as plum trees are uncared for, there will be much injury to

apples.

4. Green Fruit W'Orms {Xylina spp.) There are several species

of Green Fruit Worms. "There is but one brood in a year. They work

mostly in May, pupate in the soil in June, live as pupae during the sum-

mer and sometimes all winter, and most of the moths emerge in the fall

and hibernate, laying their eggs in the spring." (Slingerland).

Treatment. Spray with arsenic solution before the blossoms open
;

cultivate ground in summer to kill the pupae.
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FUNGUS DISEASES OF THE APPLE.

I. Attacking the Fruit and Leaves.

1. The Apple Scab (Fiisicladiiim dendriticum, Venturia ponii).

This fung-us first appears on the leaves in smoky g-reenish patches, upon

which sooty pear-shaped summer spores are produced. Later it appears

on the fruit, where it develops under the cuticle or outer layer of the skin,

and forms dark brown, or blackish spots. It appears to thrive best in

cool, moist weather, and on closely crowded trees. The scab passes the

winter on infected fallen leaves, as black bodies imbedded in the leaf tis-

sues.

Treatment. Plow under the dead leaves; spray with copper sul-

phate before the buds open, with Bordeaux soon after the leaves unfold

and every two weeks thereafter until the danger is over ; and prune so as

to prevent overcrowding and shading.

2. The Ripe or Bitter Rot {Gloeosponum fructigenum, Glomer-

ella rufomaculans). This disease is very prevalent in Illinois and other

Central States. Brown spots appear on the half-grown apple, these

gradually enlarge and run together forming irregular patches. Black

points often arranged in concentric circles form on the diseased areas.

Spores ooze from the black points, and are carried to other apples by

wind and rain. The fungus winters over in another form in diseased ap-

ples, but a stage of the fungus winters over on cankered limbs, which

are the main sources of infection.

Treatments. Thorough spraying with Bordeaux ; the destruction

of old diseased fruit ; the removal and burning of cankered limbs.

3. The Black Rot [Sphceropsis malorum). This fungus produces

a characteristic disease. The early mature apples when affected first, be-

come brown, with black discolored spots under the skin, later become

black, and finally shrivelled, shrunken and wrinkled. The spores are

formed in the small pustules readily seen in the dried up fruit and in the

leaves. Paddock of Geneva has shown that this same fungus often pro-

duces cankers on the branches, which have open wounds made by sun-

scald, etc.

Treatment. Spray with Bordeaux four or five times during the sea-

son at regular intervals, burn or plow under the diseased fruit and leaves,

scrape and coat with tar or paint the cankers on the larger limbs and cut

off and burn those on the smaller.

4, Sooty or Fly-Speck Fungus {Leptothyrium pomi). This fungus

injures mature apples under moist conditions, either in low moist ground

or during a wet season. The popular names applied to this disease in-

dicate quite accurately the character of the spotting of the fruit. Such

varieties as Spy, Baldwin, and Greening are most susceptible to attack.

Treatment. Spray at regular intervals with Bordeaux, and select a

high sunny position for orchard.
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5. Fruit Spot (Phyllachora pomigena). This Fruit Spot has '>een

quite common on Baldwins. It is recog-nized by sunken brown areas,

which do not, however, sink very far into the flesh of the apple. The dis-

eased spot has a bitter taste.

Treatment. Spray with Bordeaux.

The Powdery Mildew [Podosphcera oxyacauthae). This fungus

sometimes injures apple leaves. White patches appear on both surfaces

of the young leaves, run together, and form a whi'e felt. Ihere are both

summer spores and winter spores, but Lhe disease is not hard to control,

as it lives almost entirely on the surface of its host.

Treatment. Spray with Bordeaux at regular intervals.

The Apple Rust [Gymnosporangium tnacropus). This rust is pecu-

liar in that it requires the red-cedar, as a second host, to complete its

development. The so-called "cedar-apples" contain spores which may
infect the leaves of apples and cause orange-yellow spots on the upper

surface and scurfy bunches on the lower. The spores from the apple

leaves in turn infect the red-cedar.

Treatment. Remove red-cedars if practicable and feasible.

II. Attacking the Stem, Root, Trunk and Branches.

Apple Tree Cankers These cankers are irregular, sometimes con-

centric, open wounds on the trunk, branches, or twigs. The bark is

first destroyed by bruises or by sun-scald, and injurious fungous spores

affect an entrance. It has been proved that cankers may be produced by

(1) the Bitter Rot fungus, (2) the Black Rot fungus, and (3) the Nectria.

The Nectria is not common in Ontario but the first and second species of

cankers are too common.
Treatment. Remove and burn cankers on smaller limbs and twigs,

and scrape and coat with tar or paint those on the trunk and larger limbs;

protect the trunks of trees subject to sun-scald ; spray for Bitter Rot and

Black Rot.

Crown Gall {Dendrophagus globosus). This slime fungus pro-

duces enlargements or galls on the roots near the surface of the g^round.

Such galls have ben observed mainly on nursery stock in the United

States. The diseat.e has not yet become either dangerous or injurious in

Ontario.

Treatment. Remove affected tree and burn.

1. Twig, Fire, or Pear-Blight (Bacillus amylovorus). This bacter-

ial disease, so destructive to the pear, is also prevalent in apple orchards.

The bacterium enters through the blossoms, and perhaps through wounds
and insect punctures. As a rule, the terminal flowers, leaves, and twigs

are first killed, the diseased parts appearing as if scorched by fire. The
bark becomes black or brown, and the inner bark and cambium are des-

troyed. The disease travels backward into the branches, so that in time

the entire tree may be killed. The injury is most marked in rapidly grow-
ing trees. It is believed that bees are the unconscious agents of infection
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of the blossoms, as they have been seen to feed on the drops of a gummy
€ containing multitudes of bacteria, which ooze from ruptures

in affected twigs, and then to visit soon afterwards the blossoms.

Treatment. Cut off and burn affected twigs and branches whenever

they appear. The limbs should be cut off 4 to 6 inches below the dis-

eased part.

Preparation of the Best Insecticides and Fungicides.

/. Bordeaux Mixture.

Copper sulphate (blue stone) 4 pounds.

Fresh stone lime 4 pounds.

Water 40 gallons.

(1) Make a stock solution of bluestone by dissolving 25 pounds in

warm water in a barrel and add water to make up to 25 gallons. Every

gallon of this solution in first barrel contains one pound of blue stone.

(2) Into a second barrel put 25 pounds of fresh stone lime, and add

with stirring small quantities of water to slake it. When fully slaked

make up to 25 gallons by adding water. Every gallon of milk of lime in

this second barrel contains one pound of lime.

To prepare the Bordeaux, empty 4 gallons of blue stone solution in-

to the spray tank or barrel, which already should have 25 or 30 gallons

of water in it ; stir the milk of lime thoroughly and empty 4 gallons of it

through the strainer into the spray barrel with constant stirring; then

add water to make up to 40 gallons.

Any one of several arsenical compounds may be used along with the

Bordeaux to form a combination insecticide and fungicide. The follow-

ing are among the best :

(a) Paris Green. Add 4 to 6 ounces to 40 gallons of Bordeaux.

(b) Arsenite of Soda. Boil together for 15 minutes one pound white

arsenic, 4 pounds sal soda, and 2 gallons water, until a clear solution is

obtained. Add 1 to 1^ quarts to 40 gallons of Bordeaux.

(c) Arsenite of Lime. Boil together for 45 minutes 1 pound arsenic,

2 pounds fresh lime, and 1 gallon of water. Add one quart of this solu-

tion to 40 gallons of Bordeaux.

II. The Lime-Sulphur Wash.

Fresh Stone Lime 20 pounds.

Sulphur (flowers) 15 pounds.

Water 40 gallons.

With warm water make the sulphur into a paste; put in the lime and

add about 15 gallons warm water with stirring. The Sulphur made into
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a paste may be added after the lime has been slaked. Boil for an hour

and a half in a kettle or in a barrel with live steam. Make up to 40 gal-

lons ; strain into spray tank and apply while warm.

Other lime-sulphur washes, made without the addition of external

heat, are being tested, but their effectiveness has not been definitely as-

certained.

///. Kerosene Emulsion (^For Bark-Lice and Plant Lice).

Hard soap i pound, or soft soap 1 quart.

Boiling water (soft) 1 gallon.

Coal oil 2 gallons.

After dissolving the soap in the water, add the coal oil and stir well

for 5 to 10 minutes. When properly mixed, it will adhere to glass with-

out oiliness. A syringe or pump will aid much in this work. In using,

dilute with from 9 to 15 parts of water. Kerosene emulsion may be pre-

pared with sour milk (1 gallon), and coal oil (2 gallons), no soap being-

required. This will not keep long.

IV. Tobacco Decoction.

Refuse tobacco 2 pounds.

Water o gallons.

Boil the mixture for 30 minutes or more, until a dark brown tea-

colored solution is obtained. Keep it covered until cool. It may then be

xised undiluted for spraying infested plants.

V. Whale Oil Soap.

For Plant Lice.—1 pound in 7 gallons hot water.

For San Jose Scale in Winter.—2 pounds in 1 gallon hot water ap-

phed as the buds are swelling.

VI. Crude Petroleum.

LTndiluted crude petroleum may be used in late winter on apple trees

for the San Jose Scale, but the trees should be dry, and no part should be

sprayed more than once.

VII. Wash for Borers.

First, add soft soap to a saturated solution of washing soda to make

•a thick paint, then add 1 pint crude carbolic acid, and | pound Paris

•Green to 10 gallons of wash.

To be applied to the trunks of apple trees in early June.
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VIII. Lime ]Vash.

Slake 11 pounds fresh lime in 1 gallon of water. Strain the wash

before spraying. To be applied during winter to trees infested with

Oyster-Shell Bark lice.

Orchard Spraying.

Spraying is now generally practised by our best apple 'growers and

the most successful growers are the firmest believers in the value of, and

necessity for, thorough, intelligent spraying.

Thorough, intelligent spraying means (1) the use of a good spray-

pump and outfit, (2) a knowledge of the enemies to be treated, (3)

a knowledge of the remedies which have been found most effective, and

their preparation, and (4) the proper time for the application of the reme-

dies. It should be remembered that prevention of fungous diseases is

possible, but their cure is hardly practicable.

The following spray Calendar for an apple orchard will be found very

helpful to the grower who makes an honest effort to spray successfully.

A Spray Calendar for an Apple Orchard.

Application.

Lime-wash

When to Spray.

Fn winter

Lime-pulphur wash or Crude
Petroleum

1. BoTdeaux,andParisGreen
or dtlier arsenical com-
pound

2. Bordeaux,andParisGreen
or other arsenical com-
pound

3. Bordeaux,andParisGreen
or other arsenical com-
pound

4. Bordeaux, an<lParisGreeii

or other arsenical com
pound

5. Bordeaux,andParisGreen
or other arsenical com-
pound

6. Bordeaux,andParisGreen
or other arsenical com-
pound

In early spring while trees

are still dormant

Just as leaf-buds are ex-

panding

Just before blossoms open

Just after blossoms fall

Ten days or two weeks later

Two weeks later—in July

When second brood of Cod-
ling moths appears in

August

Insects and Fungi Con-
trolled.

Oyster-shell scale, scurfy

scale.

San Jose scale, oyster-shell

scale, and aphids.

Bud moth, case - bearers,

scab, bitter - rot, black
rot.

Canker-worms, tent-i-ater-

pillars, bud-moth, case-

bearers, etc., scab, bitter-

rot, black rot.

Codling moth, cankerworms,
tent-caterpillars,etc.,scab,

bitter-rot, etc.

Codling moth, palmer worm,
apple l)ucculatrix, curcul-

io, scab, bitter-rot, etc.

Scab, bitter-rot, etc.

Codling moth, scab, bitter

rot.
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BUTTER PRESERVATIVES.
By H. H. Dean, Professor ok Dairy Husetandry ^^'Hfc'

AND R. Harcourt, Professor of Chemistry. "'"

Butter is composed of fat, water, curd, and a small amount of min-

eral matter. Fat is the most important constituent, and forms 84 to 87

per cent, of the butter. Butter fat is an extremely complex substance,

composed of fatty acids in combination with glycerine. It differs from

other fats, such as lard, tallow, etc., in that it contains a larger number of

these glvcerides. Besides the glycerides of the insoluble and non-vola-

tile acids found in all fats, butter contains notable quantities of the glycer-

ides of soluble and volatile acids. Some of these acids have a decidedly

disagreeable odor, and, if by any means the glycerides containing these

acids are decomposed, very strong rancid odors are developed. Further-

more, some of the fats are unsaturated compounds, which more or less

rapidly combine with the oxygen of the atmosphere and thus set in motion

changes which may not only destroy the pleasant aroma of good but-

ter, but may also produce the disagreeable rancid smell common to bad

butter.

The amount of curd in butter is not large, and, while it readily under-

goes purtrifactive changes, does not appear to directly affect the keeping

quality of the butter.* It serves, however, as food for the micro-organ-

isms which cause the change and thus tends indirectly to produce bad

flavors.

It is thus evident that the constituents of butter in their natural state

are all delicate substances, some of which, or a combination of the whole,

produce the peculiar aroma of good butter, and that the bad flavors are

produced partly, at least, through the decomposition and oxidation of

these substances. Most of these changes are doubtless due to the action of

ferments which also produce compounds of an unpleasant nature. In

addition to this, butter may have undesirable taints due tu improper feed-

ing of the cows, lack of care in treatment of the milk and cream, and to

carelessness in the manufacture of the butter. Many of the faults of

butter, due to these various causes, can be overcome. It is only by

exercising the utmost care in every deiail, from the production of the

milk to the manufactured butter, that an article of the desired quality

can be secured. But all butter, no matter how carefully it is made, will

go "off flavor" in a comparatively short time.

•College Report, 1902, page 39.



The most common substance added to butter as a preservative is

salt. The use of salt, together with the practice of storing butter in

such a manner as to exclude air and light to prevent oxidation of the un-

saturated fats, and at a low temperature to retard the action of ferments,

has been, on the whole, fairly successful in retaining the good qualities

of butter. In our export trade, however, new conditions are arising, and
the dairyman has now to cater to a market which demands practically a

saltless butter. • To meet these new conditions he is compelled to cease
using the only preservative with which he is familiar. Further, many
creameries are not provided with cold storage plants, and are thus not

able to use even this method of lengthening the commercial life of butter.

Under these conditions it is not strange that butter-makers have com-
menced to use some of the brands of preservatives which are now so ex-

tensively advertised, especially when their use is advised by the whole-

sale dealers to whom they sell.

Chemical Preservatives.

It is only in comparatively recent times that the real nature of fer-

mentation, decay, and all such cases has been clearly understood. From
time immemorial foods have been preserved by drying, smoking, placing

in strong brine, in alcohol, or in vinegar, but it was not until after the

work of Pasteur and others had shown that fermentation and decay are

primarily caused by minute organisms, and that these organisms could

not grow without m.oisture, in salt solutions, alcohol, or vinegar, that .the

true nature of these methods of preserving foods was understood.
"

Concurrently with the development of the science of bacteriology

the study of chemistry has made known many chemical compounds which
will destroy or retard the growth of these organisms. Many of these,

such as bichloride of mercury, sugar of lead, etc., while powerful preser-

vatives, are very poisonous, and for obvious reasons could not be utilized

as food preservatives. In order to be used for this purpose, a substance

must be almost without taste or smell, it must not be so noxious as to

cause any immediate or serious results to the health of the consumer, it

must be comparatively cheap, and yet so strong in its action on the lower

organisms that only a small amount need be added to the food which it is

desired to preserve. It is evident that the presence of small quantities of

such substances in food would not be noticed by the consumer. In this

they differ from the old preservative agents, such as sugar, salt, etc.,

which are condimentary in character, and reveal themselves by taste to

the consumer.

At the present time the chief chemical compounds, other than salt,

sugar, and alcohol, used in the preservation of foods are as follows :

1. Boric or boracic acid and borates.

2. Formalin or formaldehyde.

3. Salicylic acid.
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4. Sulphurous acid and sulphites.

5. Benzoic acid or benzoates.
6. Fluorides.

The boron preservatives are apparently the most commonly used, and
are preparations of boric acid and borax, with or without admixture of
other preservative ingredients, such as salt, saltpetre, sugar, sodium
carbonate, etc. They are used largely in milk, cream, and butter for
preserving meat food generally, and to a smaller extent in beverages.

Formalin is a 40 per cent, solution of formaldehyde. As a preser-
vative it is used chiefly in milk. In concentrated solutions it has a strong
irritant odor, but when added to milk in quantities sufficient to retard fer-

mentative action, it cannot be detected by taste or smell. The addition
of formalin to milk is undoubtedly objectionable, as it interferes with
digestion.

Salicylic, sulphurous, and benzoic acids and the fluorides are appar-
ently used to some extent in dairy products, but more commonly in meat,
fruit, vegetable preparations, beverages, etc. Salicylic acid is a

powerful preservative, but it has a sufficiently characteristic taste to pre-

vent it being used except in very minute quantities as a butter preser-

vative.

Nearly all the preservatives now on the market are advertised as be-

ing "entirely wholesome," or that "its ingredients are all as healthful as

salt," "capable of keeping the various articles of food perfectly sweet and
fresh for any length of time, without the use of ice," etc. They are sold

under a great number of fancy names, which, as a rule, give no clue to

their real nature. On account of the perishable nature of foods, it is

obvious that a substance having the properties claimed for the various

commercial food preservatives would be of incalculable value. At the

same time, we must recognize the fact that authorities differ as to the

correctness of these claims, even for the boron compounds, which are

possibly the least harmful of all the newer preservatives. While it would

be very convenient to preserve foods by their use, it is important that

nothing be added to foods which is toxic in itself, or which interferes even

to the slightest extent with the process of digestion. This last point is

especially important in dealing with the food of children and invalids.

The preservatives now in use may be divided into two classes : those

which are undoubtedly injurious, such as formalin, the fluorides, salicylic

and sulphurous acids, and those whose toxic action is disputed. The

boron compounds belong to this latter class, and because of their exten-

sive use in preserving dairy products, are of especial importance to dairy-

men.
Numerous methods have been made to ascertain whether the use of

boric acid or borax in small quantities was or was not injurious, but no

definite conclusions have been reached. Many distinguished English,

German and French scientists have performed elaborate experiments with

2 Bnl. 14.5
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dogs, rabbits, guinea pigs, and human beings, and have come to opposite

conclusions. The most elaborate experiment of this nature was recent-

ly conducted by Dr. H. W. Wiley, Chief Chemist of the Bureau of

Chemistry, Department of Agriculture, Washington,* in which twelve

young men, under close supervision, were given definite amounts of

boracic acid and borax with their regular food. Dr. Wiley thus sums
up the results of the effect of these preservatives upon the general health

of the young men :

"The most interesting of the observations which were made during
the progress of the experiments was in the study of the direct effect of
boric acid and borax, when administered m food, upon the health and
digestion. When boric acid, or its equivalent in borax, is taken into the

food in small quantities, not exceeding half a gram (7 1-2 grains) a day,

no notable effects are immediately produced. The medical symptoms of

the cases in long-continued exhibitions of small doses, or in large doses,

extending over a shorter period, show in many instances a manifest ten-

dency to diminish the appetite and to produce a feeling of fullness and
uneasiness in the stomach, which in some cases results in nausea, with

a very general tendency to produce a sense of fulness in the head, which

is often manifested as a dull and persistent headache. In addition to the

uneasiness produced in the region of the stomach, there appear in some
instances sharp and well-located pains which, however, are not persistent.

Although the depression in the weight of the body and some of the other

symptoms produced persist in the after periods, there is a uniform ten-

dency manifested after the withdrawal of the preservative toward the re-

moval of the unpleasant sensations in the stomach and head above men-
tioned.

"

"The administration of boric acid to the amount of 4 to 5 grams per

day, or borax equivalent thereto, continued for some time results in most
cases in loss of appetite and inability to perform work of any kind. In

many cases the person becomes ill and unfit for duty. Four grams per

day may be regarded then as the limit of exhibition beyond which the

normal man may not go. The administration of 3 grams per day pro-

duced the same symptoms in many cases, although it appeared that a

majority of the men under observation were able to take 3 grams a day

for somewhat protracted period and still perform their duties. They com-

monly felt injurious effects from the dose, however, and it is certain that

the normal man could not long continue to receive 3 grams per day."

"In many cases the same results, though less marked, follow the

administration of borax to the extent of 2 grams and even of 1 gram per

day, although the illness following the administration of borax and boric

acid in those proportions may be explained in some cases by other causes,

chiefly grippe."

"The administration of borax and boric acid to the extent of one-half

gram per day yielded results markedly different from those obtained with

Bureau of Chemistry, Department of Agriculture, Washington, Bulletin Nc». 84.



larger quantities of the preservatives. This experiment, Series V., con-
ducted as it was for a period of fifty days, was a rather severe test, and
it appeared that in some instances a somewhat unfavorable result attend-
ed its use. On the whole the results show that one-half g-ram per day
is too much for the normal man to receive regularly. On the other hand
it is evident that the normal man can receive one-half gram per day of

boric acid, or of borax expressed in terms of boric acid, for a limited

period of time without much danger of impairment of health."

"It is, of course, not to be denied that both borax and boric acid are

recognized as valuable remedies in medicine. There are certain diseases in

which these remedies are regularly prescribed, both for internal and external

use. The value which they possess in these cases does not seem to have
any relation to their use in the healthy organism except when properly

prescribed as prophylactics. The fact that any remedy is useful in dis-

ease does not appear to logically warrant its use at any other time."

"It appears, therefore, that both boric acid and borax, when con-

tinuously administered in small doses for a long period, or when given

in large quantities for a short period, create disturbances of appetite, of

digestion and of health."

In 1899 the British Government appointed a departmental committee

ot experts to investigate the whole question of the use of preseivatives

and coloring matters in food.* This committee examined many witnesses,

and certain members performed a large number of experiments. The
conclusions arrived at by the committee relating to the use of preserva-

tives in dairy products are of sufficient interest to be quoted here in full

:

"The medical evidence, speaking generally, comprises for the mo5t

part opinion arrived at after a general consideration of the issues in-

volved, but such opinion was not always based directly upon fact. The

physiological evidence consists of the citation of the results of n<ore or

less exact physiological experiments. But, unfortunately, in the majoiity

of cases the conditions under which the experiments have been made have

only partially imitated those conditions which obtain in the actual taking

of preservatives by the human subject to all ages for indefinite periods of

time."

"Further, even supposing that we were to assume that the physio-

logical experiments which have been laid before us did imitate with suffi-

cient exactness the actual conditions obtaining in the inquiry in point, they

would certainly do so only in so far as relates to the use of one preser-

vative during a given period of time. The facts, however, show that in

ordinary life what actually occurs is the simultaneous ingestion of more

than one preservative. A further condition almost impossible of imita-

tion by the physiological investigator is the consumption of these pre-

servatives by all classes of invalids and by suckling. The absolute effect

of these substances upon sucklings is at present unknown, and it is also

•Renort of the Departmental CommitteQ appointed to enquire into the use of Pre-

servatives and Coloring Matters in the Preservation and Coloring of Food—1901.



practically impossible to infer with accuracy from facts at present ascer-
tained what would be the effect of, for instance, formic aldehyde upon a
patient suffering from uraemia."

"A factor still more subtle in its influence upon the question before
us is idiosyncrasy. Certain individuals are extremely sensitive to certain
drugs, and it appears that among these drugs must be reciconed at least

one of the agents used as a preservative. Although legislation covering
all possible idiosyncrasies would be too complicated to be practical;

nevertheless, it must be pointed out that as matters are at present, an in-

dividual possessing idiosyncrasy with regard to the poisonous action of

boracic acid would not be able to profit even by his own experience. For
since the addition of this substance to foods is not declared he might be
continually made ill by the repeated involuntary consumption of articles

of food containing it."

"The actual material upon which to base trustworthy conclusions

not existed heretofore, in that the declaration of preservatives, and also

a regulation of and notification of the amount thereof present in any pre-

served food must be regarded as a necessary preliminary to any accur-

ate observations or statistics upon the subject. Had declaration of pre-

servatives been in force during recent years, we should probably now
have been in possession of medical evidence more directly based upon
fact than that which we have had laid before us."

"Nothwithstanding the fact that trustworthy data as to actual in-

jury are but few, there is evidence pointing to the probability that such
injury does at times accrue. We cannot overlook the danger to which

the uncontrolled use of drugs in the food of the population may be likely

to give rise."

"Compounds of boracic acid have not been proved to be more hurtful

than saltpetre to the consumer, yet saltpetre has been used from time im-

memorial in curing bacon, etc. The modern use of borax and boracic

acid has enabled producers to dispense with a large proportion of common
salt formerly necessary, thereby rendering bacon far milder to the palate,

and protecting it from taint and fly-blow."

"After very carefully weighing the evidence we have come to the con-

clusion that as regards the trade in fresh and cured meat, fish, butter,

margarine, and other food substances in the consumption of which but

small quantities of the antiseptic are taken into the system, there exists

no sufficient reason for interfering to prevent the use of boron preserva-

tives. Even butter, of which the imports from all countries except Den-

mark frequently contain boracic acid, is not consumed in such quantities

by individuals as to convey more than a very moderate daily amount of

the drug into the system. The evidence satisfies us that the amount of

preservative corresponding to 0.5 per cent, of boracic acid is sufficient

for the purpose of preserving butter."

"But the circumstances and considerations affecting the milk traffic

are very different. Milk, a very perishable substance, peculiarly liable



to bacterial contamination, forms a very large proportion of the daily

food of the public. The nutrition of infants and young- children depends

greatly on the purity and abundance of the milk supply ; and, seeing how
frequently milk is prescribed for invalids and convalescents, it is of the

utmost importance that it should not be the vehicle of any unsuspected

agent. While it is possible that milk containing boracic acid in sufficient

quantity to act as a preservative (say 30 grams to the gallon) might be

consumed to the amount of four or five pints a day, without harmful

results by most healthy children or adults, there is evidence pointing to

an injurious effect of boracised milk upon the health of very young child-

ren."

"Moreover, there exists at present no guarantee against the addi-

tion of excessive amounts of preservative to milk. In 1896 the Medical

Officer of Health of Birmingham estimated the amounts of boracic acid

in a number of milk samples. Of these, one-half showed boracic acid in

a proportion not exceeding 21 grains per gallon ; in one-fourth the pro-

portion varied between 21 and 42 grains per gallon ; while in the remain-

ing fourth it ranged from 42 up to 126 grains per gallon. Professor

Blyth instanced a sample of milk, purchased in Marylebone, containing,

boracic acid in the proportion of no less than 80 grains to the pint. This

occurred in December 1899, and the witness assured us that from time

to time he had found an equally high proportion in milk samples taken in

summer."

"Clearly such random use of any drug in a food calls for regulation.

At present milk may be subjected to several successive treatments with

preservative before it reaches the consumer. The farmer or producer

sometimes applies it, so does the wholesale purveyor, so does the retail

dealer; lastly, the domestic use of preservatives is increasing, and has

become very general, and hence the milk may receive a fourth dose be-

for it reaches the unsuspecting consumer."

"There is this further objection to the use of preservatives in the

milk traffic, that they may be relied on to protect those engaged therein

against the immediate results of neglect of scrupulous cleanliness. Un-

der the influence of these preservatives milk may be exposed without sen-

sible injury to conditions which otherwise would render it unsalable. It

may remain sweet to taste and smell and yet have incorporated disease-

germs of various kinds, whereof the activity may be suspended for a time

by the action of the preservative, but may be resumed before the milk

is digested"

The following are the recommendations of the committee which were

based upon the conclusions they arrived at from their experiments and

from the evidence brought before them :

"(a) That the use of formaldehyde or formalin, or preservatives

thereof, in foods and drinks be absolutely prohibited, and that salicylic
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acid be not used in a greater proportion than 1 grain per pint in liquid
food and 1 grain per pound in solid food. Its presence in all cases to be
declared."

"(b) That the use of any preservative or coloring matter whatever
in milk offered for sale in the United Kingdom be constituted an offence
under the Sale of Food and Drugs Act."

"(c) That the only preservative which it shall be lawful to use in
cream be boracic acid, or mixtures of boracic acid and borax, and in

amount not exceeding 0.25 per cent., expressed as boracic acid. The
amount of such preservative to be notified by a label upon the vessel."

"(d) That the only preservative to be used in butter and margarine
be boracic acid or mixtures of boracic acid and borax, to be used in pro- .

portions not exceeding 0.5 per cent., expressed as boracic acid."
"(e) That in the case of all dietic preparations intended for the use

of invalids or infants chemical preservatives of all kinds be prohibited."
"(/) That means be provided either by the establishment of a separ-

ate Court of Reference, or by the imposing of more direct obligation on
the Local Government Board to exercise supervision over the use of pre-
servatives and coloring matters in foods, and to prepare schedules of
such as may be considered inimical to the public health."

It is evident that Dr. Wiley and the British Committee agree regard-
ing the harmfulness of even the boron compounds when taken into the
system in large doses. But, while Dr. Wiley contends that the continu-
ed use of small amounts for a long period will "create disturbances of
appetite, of digestion and of health," the British* Committee concludes
that "there exists no suflficient reason for interfering to prevent the use
of boron preservatives when used in fresh and cured meat, fish, butter,

margarine, and other food substances in the consumption of which but
small quantities of the antiseptic are taken into the system." Dr. Wiley's
conclusions were reached after a comparatively long study of cases un-

der direct medical supervision ; the Committee's conclusions were reached
from experiments of much shorter duration, and from the fact that al-

though preservatives were found to be used quite extensively, very few
cases of sickness had been traced to them.

To gather further information on this point and to ascertain what
effects the small amount of preservative commonly placed in butter would
have on the system, it was suggested that experiments be carried on with
the students in residence at the College. A table of twelve men, from 18
to 22 years of age and in good health, eagerly volunteered for the work.
All they were asked to do was to use the butter provided regularly and
to report if they felt the least pain or any unusual sensation develop.

The butter prepared for this experiment contained one-half of an

ounce of salt per pound and one-half per cent, of borax. For twenty-
six days during the fall term the twelve men used practically three pounds
of butter per day and would, consequently, have consumed, provided all

preservative was retained in the butter about .5 grams of borax per



day. No ill effects were felt by any of the men. After the Chihtinas
vacation the experiment was resumed, and, at the time of writing, has
continued for fifty days, without any noticeable injurious effects. This
expcj'ment was not so accurately carried out as those of Dr. Wiley; it

v/as intended only to test the effect of the preservative on the health of

the men in a general way; but it tends to prove the conclusion anived at

b} the British Commission.

On the other hand, while it is doubtlei-s true *hat some, possibly the

large majority of people may use boron preservatives without feeling any
unpleasant effects, others may be seriously affected. Further, if preser-

vatives of various kinds are used in a number of food substances and in

beverages, it may happen that in the aggregate a large enough quantity

be taken into the system to be harmful.

With the present available information regarding the effects of the

so-called chemical preservatives on the human system, it is apparent that

it would be unwise to recommend their use except in cases where the nec-

-essity is clearly manifest, and where it can be demonstrated that other

methods of preservation are not applicable. Milk and cream certainly

•do not come under this list ; for it has been abundantly demonstrated that

with proper care these substances can be placed in the consumer's hands
in good condition. Long experience has also proven that it not neces-

sary to use preservatives in butter intended for home consumption. With
export butter the case is somewhat different. It does not reach the con-

sumer so quickly, and has to be shipped long distances, sometimes under

very trying condition. Moreover, the trade demands a practically salt-

less butter, thus preventing the use of the preserving material used in

the home trade. It is evident, however, that only boron preservatives

should be used, and then in the smallest amount necessary to preserve the

'butter.

Another point that cannot be too strongly emphasized is that pre-

servatives do not improve the butter; they simply preserve for a longer

time the flavor developed in the fresh article. The flavor is influenced

t>y many conditions in the production of the milk, care of the milk and

cream, and in the manufacture of the butter, and is practically settled

before the preservative is added. The preservative only helps to retain

the particular flavor developed, and cannot be used to overcome sloven-

liness or carelessness in the manufacture of the butter.

During the last few years various brands of butter preservatives

'have been extensively advertised throughout the Province. Naturally,

considerable interest is being taken in them, and many requests have

•come to us for exact information regarding their nature and use. To
answer these questions more definitelvi we decided to collect and examine

a number of the commercial preservatives now on the market and to study

their preserving or keepino- properties when used in butter. The general

plan of the work at the Dairy was as follows : The regular churning-,

which usuallv consists of 200 to 300 pounds of butter mad?
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from pasteurized cream, was divided into several lots —one
for each preservative tested. The small lot of fresh
butter was taken from the large "Success" churn and placed in a small
Simplex churn for working-. After placing- the butter in the churn the

preservative was sifted over the butter, and distributed as evenly as pos-
sible. The worker attachment was then put in motion and the butter was
given the usual amount of working—18 to 19 revolutions of the worker.
In those experiments where salt was used with the preservative, the two
were weighed separately and then thoroughly mixed before adding them
to the butter. All the different preservatives were plainly labelled and
after weighing were placed on papers marked with the name of the pre-
servative. The boxes and prints were numbered at the time and a record
made of the preservative together with the distinguishing number so that
there could be no mistake and no mixing of the different lots. Every
known precaution was taken that each lot should contain the preserva-,
tive intended for it and no other. In all the summer eApenments, one
pound print wrapped in parchment paper, and one 28 lb. box were mark-
ed and placed in the refrigerator for scoring. The boxes were lined with
heavy parchment paper which had been previously soaked for at least 24
hours in a brine and formalin solution. Every precaution was taken to
prevent mould or unnecessary deterioration of the butter. Four lots were
made from ripened cream and two from sweet cream. In all cases the
cream had been previously pasteurized at a temperature of 180 to 185
degrees F.

The Preservatives.

The commercial preservatives were secured from the different firm^
or their agents. We wrote all the Canadian firms whom we could heai^
of as selling goods of this class in Canada. We explained the nature of
the work we intended doing and asked them to send us a sample of their
regular goods. Most of the firms cheerfully donated sufficient for our
work. The borax, boracic acid and sodium fluoride were purchased from
chemists. The salt was a portion of that from our regular supply.

Each of these preserving substances was submitted to a close chemical
examination, the results of which are given below. The number of the
chemical preservatives will be used to designate these substances here-
after.

No. 1 Commercial borax containing chlorine equivalent to 1.64 per
cent, of sodium chloride or common salt.

No. 2. Practically pure boracic acid.

No. 3. A commercial preservative containing 3.75 per cent, of com-
mon salt, balance boracic acid with a small amount of borax.

No. 4. A commercial preservative containing 5.41 per cent, of com-
mon salt, 9 per cent, saltpetre, balance borax and boracic acid.

No. 5. A commercial preservative containing 6.5 per cent, of com^
mon salt, balance borax and boracic acid.

No. 6. A commercial preservative containing 10 per cent carbonate
pf soda, balance borax and boracic acid,



No, 7. Common salt, practically free from impurities.

No. 8. A commercial preservative containing 27.48 per cent, of com-

mon salt, balance borax and boracic acid.

No. 9. Practically pure sodium fluoride.

No. 10. A commercial preservative containing 1.60 per cent, of salt,

balance borax and boracic acid.

Preservatives 8 and 9 were used only in September experiments.

No. 10 was used only in December. The quantity was either one-quartef

of one per cent, or one-half of one per cent. In the two experiments of

July 26 and 27, one-quarter of one per cent, each of borax and boracic

acid was used, and one-half per cent, of the commercial preservatives.

When salt and preservatives were mixed, one-quarter of one per cent, of

each was used. When salt alone was added the rate was 3-4 of an

ounce per pound of butter or about 4 1-2 per cent.

The Treatment of the Butter.

Immediately after the butter was worked and packed or printed, it

was taken to an ice cold-storage where the temperature was about 40

degrees F. The lots made July 14, 21, 26 and 27, were scored the first time

on July 30th, The July lots were scored the second time on September

13th and again, together with the September lots, on October 4th. All

the July boxes and the boxes made on September 13th were taken out.

of the refrigerator and sent to Montreal on October 17th. They were

placed in cold-storage on arrival at Montreal and were scored November

2nd, 1904, by Messrs. A. W. Woodard, official referee, Vaillancourt,

Olive, Ayer, and LeClair. The samples were known to these judges by

numbers only. It was not possible for them to know what kind of pre-

servative had been used in the several packages.

The July Butter Scores.

As the flavor is of the most important quality in butter this was the

chief point noted in the experiments. Unless something special was ob-

served, no other point than flavor was judged. The Commercial Pre-

servatives are indicated by number only. The same number will be given

in all the scorings.
.

Preservatives.

1. Borax
2. Borax ic Acid
3. Commercial Preservative

4
" "

5'.

6.

7. Common Salt

Flavor 45.

Av. First Scores.

Prints.

41

42
42
42
42
42
42

Boxes.

41.5
41.5
41.6
41.6
41.3
40.8
41.2

Flavor 45
Av. Second'Scores
(45 days later).

_

Prints.

41.7
41.0
41.5
41.5
41.7
41.2
37.5

Boxes.

37.7
.36.2

35.5
37.5
.37.0

37.2
35.2
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It will be noticed that the lots of butter in pound prints seemed to
have held their flavor for 45 days better than did the lots in boxes, al-
though all were in the same refrigerator. The greatest depreciation was
in the lots where common salt and No. 3 preservative were used, and the
least in the cases of Nos. 1 or borax and 6.

One-Half and One-Quarter of One Per Cent Compared.

The maximum quantity of preservative recommended by the manu-
facturers is usually one-half of one per cent. In order to compare one-
half and one-quarter of one per cent, and also 1-4 per cent, mixed with
salt as to effectiveness in preserving butter, these two quantities were
used in some of the experiments. The following table gives the average
of the Montreal scores which were made on November 2nd, about 31-2
months after the first lots were made and six weeks after the making of
the freshest lot.

Preservative.



u

Preservative.
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2nd, The following table gives the details of the scores together with
the judges comments on each lot.
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The scoring^s of the Montreal experts bring out several points :

1. The variation in scores of the five judges is considerable, amount-

ing in one case to as much as eleven points on the flavor.

2. The average scorings of all the July lots containing preservatives

was quite uniform. The extreme variations were 38.1 to 40-1 out of 45.

Boracic acid gave the lowest average score and preservative No. 6 slight-

ly the highest.

3. The lots containing salt at the rate of 3-4 oz. per pound of butter

averaged 35.4 out of a possible 45 for flavor. These lots were entirely

free from mould, while all the other lots made in July were badly moulded.

Experiment of September 14, 1904.

One of our regular churnings of sweet pasteurized cream on Sept.

14th, was divided into eight lots of 28 pounds in each box. To the but-

ter in each was added one-quarter of one per cent, of preservative and

the boxes were numbered as in the other experiments, and placed in cold-

storage at about 40 degrees F.

The scorings on October 4th, 1904, and March 4th, 1905, were as

follows :
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A Special Test.

On December 6th, 1904, nine pound prints and one 28 lb. box of
butter were taken from one of our regular churnings. The objects of
this experiment were :

1. To test the effects of one-half and one-quarter per cent, of pre-

servatives and also salt on prints of butter kept in a warm room for about
five weeks.

2. To compare the preservatives which we had been using in our
previous summer work with a special, imported, commercial preservative

which we shall designate as No. 10. We also wished to test this preser-

vative with reference to mould.

The prints of butter wrapped in parchment paper were placed directly

after making in a room where the temperature ranged from 60 to 70
degrees and remained there until January 13th, 1905, (38 days) when
they were scored and afterwards moved to an ice cold-storage, where they

remained at a temperature of 30 to 32 degrees F. until March 4th. They
were again scored by five of the instructors in the Dairy School. The)

box was put in the ice storage as soon as made and was not scored until

March 4th, 1905. At this date neither the box nor any of the prints had
developed any mould. It is probable that the conditions of temperature

and moisture in winter were unfavorable for its growth.

The scorings of the various lots as given by one of the writers on

January 13th and by five instructors of the Dairy School on March 4th,

were as follows :

Preservatives.

Borax i% (Sprint)

Com. P. *%

Wo

11

1.

1.

4.

4.

6.

6.

7. Salt I oz.

10. Com. P. *% "

10. " }% " •

10. " h7c (box)

\-%

Flavor 45. Score,

Jan. 13th, 1905.

35
30
30
•30

35
37
30
32
30

Flavor 45. Score,

Mar. 4th, 1905.

36
25
27
25
35
30
23
35
27
40

Flavor 45. Score,

Average.

35.5
27.5
28.5
27.5
35.0
33.5
26.5
33.5
28.5

In this, what may be considered a severe test, the lots preserved with

borax appear to have given as good or slightly better results than any of

the commercial preparations. It would also seem that one-quarter of

one-per cent of preservative did not hold the flavor of the butter so well

as did the half per cent, and that salt was not nearly so good as the boron

preparations. In this one trial the No. 10 commercial preservative did

not give any better results than did those tested during the summer.
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The box of butter put into cold-storage held its flavor much better
than did the prints which were exposed to a high temperature for 38 days.

Preservatives for Cream,

It has been recommended that patrons of cream-gathering creameries
txi supplied with a preservative to place in the cream to prevent its sour-
ing before delivery. A few trials were made of a special cream preserva-
tive, between July 16th and 25th. For these trials a large test tube was
used having a cotton plug in the open end. The samples were kept at
a temperature of 60 to 70 degrees F. in an ordinary room. The amount
of preservative was as nearly as possible the proportion as recommended
by the manufacturers. The following are some of the results :

July 18, 11.30 a.m. Pasteurized and cooled skim-milk placed in a
added. Cream thick and sour 11 a.m., July 18th.

July 18, 11.30 a.m. Pasteurized and cooled skim-milk placed in a
test tube and preservative added. Sample sour and thick 10 a.m. on the
20th.

July 20, 10 a.m. Skim-milk from separator which had not been
pasteurized or cooled was added to test tube. Milk was ^t;parated at a
temperature of 90 degrees F. Extra amount of preservative added. 9
a.m. on the 21st, sample sweet but had a bad flavor. On the 23rd at 3
p.m. sample slightly sour. Flavor not so bad as on the 21st. On July
25th, flavor improved and acid developed slightly more but not thick at

10.30 a.m. on the 25th. The sample was thick on the morning of the 26th.

While these trials are not conclusive, they point to the fact that a

considerable amount of the preservative would have to be used to keep
cream sweet in hot weather, and also indicate that though we may keep
a sample sweet by this method, we do not prevent the development of bad
flavors which may be more objectionable than simple souring.

General Conclusions.

1. Powdered borax, in these experiments, has given as good results

as the commercial preservatives, although manufacturers of the latter

claim that borax is unsuitable as a preservative, as the following quota-

tion from a letter received from one of the firms will show, "We know,

from a number of experiments conducted under our personal supervision,

provided well-made butter of a delicate flavor were in question the

treated butter must yield a finer flavor than borax-treater butter.

Borax, as a matter of fact, is a most unsuitable preservative for butter

as any practical butter manufacturer must know, as borax is alkaline in

its action and would tend to saponify butter."

We do not find the foregoing results in our experiments, although

further work is needed to settle the matter definitely. The borax costs

about one-half as much per pound as the commercial preservatives.



18

2. One-quarter of one per cent, of powdered borax or of the commer-
cial preservatives appears to be sufficient to hold the butter flavor under
ordinary conditions, and is not nearly so liable to give the "preserva-
tive taste" to the butter. Butter which is likely to be held for over three
months or which may be exposed to high temperatures may have one-
half of one per cent, added.

3. The results indicated belter keeping- quality in the sweet cream
butter than in those lots made from ripened cream.

4. There was not much difference in the keeping quality of the but-

ters treated with the different preservatives, boracic acid giving the poor-
est average and commercial preservative No. 6 rather the nighest.

5. All the boxes and prints of butter made during the summer to

which the borax, boracic acid, or commercial preservatives had been
added developed mould very badly, while the samples which were salted

were free from mould.

6. Under the severe test of December 6th, none of the preserva-

tives may be considered as having given satisfactory results, although

the flavor was very much better in those lots as compared with the lots

treated with salt alone.

7. At the preent time we are not prepared to recommend the use of

milk or cream preservatives,

8. For the home trade, with proper means for pasteurizing the

cream and suitable cold-storage facilities, we do not consider that pre-

servatives, other than salt, are needed to keep butter for a reasonable

length of time.

9. For the export trade which allows one-half of one per cent, boracic

acid in butter it would seem as if this amount might be used to advantage
in some cases, but with suitable cold-storage and especially where pas-

teurization is followed, less than this amount would preserve the butter

and be less liable to injure the consumer.

10. Salicylic acid, sodium fluoride, and formalin may not be recom-

mended as butter preservatives. The first one is more or less harmful,

and gives an objectionable flavor to butter, while the latter two are con-

sidered quite harmful to the human system.





ONTARIO AGRICULTURAL COLLEGE BULLETINS.

Published by the Ontario Department of Agriculture, Toronto.

Serial

No. Date. Title. Author.

111 Dec. 1900 Lucerne or Alfalfa E. Harcourt.

112 Dec. 1900 Foul Brood of Bees F. C. Harrison.

113 Mar. 1901 Sugar Beet Experiments in Ontario A. E. Shuttleworth.

114 May 1901 Dairy Bulletin (see No. 143) Dairy School.

115 July 1901 Comparative Values of Ontario Wheat for

Breadmaking purposes R. Harcourt.

Notes on Varieties of Winter Wheat C. A. Zavitz.

116 Aug. 1901 The Hessian Fly in Ontario Wm. Lochhead.
TT TT T~V

117 Jan. 1902 Pasteurization of Milk for Butter-Making
{p.'c. Harrison.

118 Jan. 1902 Yeast and its Household Use F. C. Harrison.

119 April 1902 Ventilation of Farm Stables and Dwellings . . J.B.Reynolds.

120 May 1902 Bitter Milk and Cheese F. C. Harrison.

121 June 1902 Ripening of Cheese in Cold Storage compared / H. H. Dean.

with ripening in ordinary Curing Rooms IF. C. Harrison.

122 June 1902 Spray Calendar Wm. Lochhead.

123 July 1902 Cold Storage of Fruit {n.'L.'Hutt^'^^'

124 Dec. 1902 Nature Study, or Stories in Agriculture Staff, O.A.C.

125 Dec. 1902 Roup (A Disease of Poultry)
|

jj*
g'treit™^^"

„„„ T^ 1 T^ TTT -1 i C. A. Zavitz
126 April 1903 Peas and Pea Weevil \wm. Lochhead.

127 May 1903 Farm Poultry W.R.Graham.
,^^^ rr,i ITT J c /-v 4. • rF. C. Harrison.

128 Aug. 1903 The Weeds of Ontario
|^^ Lochhead.

129 Dec. 1903 Bacon Production G.E.Day.
130 Dec. 1903 Bacterial Content of Cheese cured at different fF. C. Harrison.

Temperatures i Wm. T. Connell.

131 Dec. 1903 Ripening of Cheese in Cold Storage compared /H. H. Dean.

with Ripening in Ordinary Curing Room jR. Harcourt.

,^„„ _. . „ . i 1 ot 1 JF. C. Harrison.
132 Dec. 1903 Roup ; An Experimental Study

j jj Streit.

133 Dec. 1903 PresentConditionof San Jose Scale in Ontario. Wm. Lochhead.

134 June 1904 Hints in Making Nature Collections in Public

and High Schools W. H. Muldrew.

135 June 1904 The Cream-Gathering Creamery Ij.A. McFeeters.

136 Aug. 1904 Some Bacterial Diseases of Plants prevalent in J F. C. Harrison.

Ontario IB. Barlow.

V Aug. 1904 A Bacterial Disease of Cauliflower and Allied

Plants F. C. Harrison.

Feb. 1905 The Composition of Ontario Feeding Stuffs. . . W. P. Gamble.

7eb. 1905 An Experimental Shipment of Fruit to Winni-
peg , J. B. Reynolds.

1905 The Results of Field Experimehts with Farm
Crops C. A. Zavitz.

1905 Gas-Producing Bacteria and Their Effect on
Milk and its Products F. C. Harrison.

905 Outlines of Nature-Study Wm. Lochhead.
'^^^^i Dairy School Bulletin Dairy School

le Culture H. L. Hutt.
'

. ,. j H. H. Dean.
eservatives

| jj Harcourt.


