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Experiments in Hatching and Rearing Chickens.
By \W. R. GraHam, PouLTRY MANAGER ANIY LECTURER.

For a number of years the Poultry department has been endeavoring
to locate the cause or causes for the large losses of young chickens, par-
ticularly of those hatched artificiglty. Numerous visits have been made
to farms where chicks were being grown both naturally and artificially.
The most casual observer would have noticed that, upon the average, the
chickens hatched naturally were more thrifty and vigorous. I have often
seen, however, some choice chicks that were hatched by the artificial
means, and also a few chicks hatcted by hens that were far from first-
class. In a general way, nearly all large poultry farms that I have visited,
where 1,000, or even say 500, chickens are hatched annually, there
was a very heavy death rate, so heavy as to render the business unpro-
fitable. The death rate among chicks hatched artificially, when there is
not more than one hundred hatched, is proportionately not so heavy, so
far as I can judge from correspondence and observation; yet even among
these growers, numerous complaints are made, and the average mortality
is very serious. The questions to my mind are as follows :

(a) Is artificial incubation to blame? If saf wherein does it differ
from natural incubation?

(b) Is the heavy mortality due to inferior breeding stock?
(c) Are the methods of feeding and brooding the causes of the trouble?

All the questions have to be considered seriously, and it is very diffi-
cult to separate them so as to be positive that one and only one is influ-
encing the results. Therefore the writer would ask the reader to care-
fully consider the methods of selecting eggs for incubation, as well as the
methods of feeding and brooding the chickens, before drawing conclusions
as to incubation. Many of these experiments, if not all, will have to be
duplicated for a number of. years.

In talking up the question of how a hen hatches eggs, we at once
felt the necessity of a careful study in every detail, and to do this we
asked the co-operation of the departments of Physics and “Chemistry.
The work done by these departments is given in this Bulletin. What
may be termed the practical work, or that which’ may be doné by any

poultryman who.will take the trouble, was done by the Poultry depart-
ment.
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The experiments were commenced in the summer of 1906 and weré
reported upon in the Annual Report of the College. The experiments of
1906 indicated that a hen was a better hatcher than an incubator, and
that so far as we had learned, she differed from incubators in having less
evaporation of the egg content, and in having a much higher amount of
carbonic acid gas in the air immediately surrounding the eggs. Last
year we kept no detailed record of the mortality of the chicks. The July
and August chickens lived and grew fairly well. This may have been
due to the fact that the machines of 1906 were washed with a solution of
zenoleum, mainly for the reason that they then looked cleaner and had
less of the incubator odor. We thought the good results obtained were
due to the fresher air of the incubator room, but as the same room and
many of the same machines were used this year, we cannot maintain the
idea as being correct.

We have this season tried to make the conditions in the machines
more like those found under the hen. It will be noticed in the tables that
we have operated nearly all the makes of incubators, at times, different
to the manufacturers’ directions; hence, one should not judge a machine
by these results. o

Eccs Usep ror HATCHING.

It is a well known fact that eggs vary in their power of hatching.
Some eggs are infertile ; some are fertilized, but the germ is so weak that
it dies early in the period of incubation ; others reach practically the hatch-
ing stage and then die. The power of hatehing is influenced by breeding,
feeding, housing, etc. Where one proposes to follow the vitality of chicks
or even to consider any phase of the incubation or rearing problems, it
becomes necessary to have eggs as nearly alike as possible; hence, we
have used in nearly all the experiments, eggs laid by the same individual
hens. We have been trap-nesting over 500 hens and have used such eggs
i this work. We have also used shuffled eggs which were pur-
chased from outside sources. By shuffled eggs is meant, simply, a com-
mon box or basket of eggs such as would be gathered from an ordinary
flock.

The tables which follow give the results obtained from the individual
eggs, with the exception of the mortality column, which gives the mortality
of the chicks from all sources. The results obtained from the shuffled
eggs are omitted for the reason that we failed to get anywhere near an
equal division of the eggs as to fertility, etc. We regret that the results
should be so. We tried many methods of mixing and separating the
eggs with the results as above mentioned. The mortality of the chicks
from both kinds of eggs was very nearly the same; therefore, there was
no necessity of separating the deaths from each kind of eggs.

If the method of incubating has no effect upon vitality, and the same
hen’s eggs are in each machine, then the chicks should live in nearly the
same proportions, provided that the brooding, feeding, and care are the
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same. On the other hand, should there be a considerable variation in
mortality with brooding, feeding, etc., alike, we must then come to the
conclusion that the method of incubating influences the chick’s vitality.

The incubators used were divided into three groups in order that we
might set a number of machines each week throughout the natural hatch-
ing season. Later in the season these groups were somewhat broken up.

In many instances hens were set upon eggs laid by the same indi-
viduals as those used in the machines. We tried to have a number of
hens to set at the same time we set the incubators, but owing to a short-
age of ‘‘cluckers’”” we were not always able to do so. We give a table
which shows the results as obtained from each method of incubating and
brooding.

Fig. 1.—The Experimental Incubator Room.

IncuBaTORS USED IN THESE EXPERIMENTS.

Chatham Incubator. Manufactured by the Chatham Incubator Co.,
Chatham, Ont. This machine is classed under the radiant type of machine,
and can be operated with or without moisture. There are moisture pans
sent out with each machine.

Peerless Incubator. Manufactured by the Lee-Hodgins Co.,
Pembroke, Ont. This is a hot water machine and, according to the
manufacturer’s directions is to be operated without moisture.




4

Hearson Incubator. Manufactured in England and sold by Spratt’s
Patent, Notre Dame Street,-Montreal. This machine is also of the hot
water type. It has an updraft circulation of air, which makes if, in this
respect, in a class by itself. When operating, moisture should be used
in this machine, according to the manufacturer’s directions.

Model Incubator. Manufactured by the Model Incubator Co., of
Toronto, and Buffalo. This is a hot air machine of the diffusion type.
The manufacturer’s directions call for the machine to be operated withoyt
moisture. It differs from the Cyphers incubator in that the bottom of the

machine is slatted. There are other differences, but these are not so
marked.

Cyphers Incubator. Manufactured by the Cyphers Incubator Co.,
Buffalo. These machines are of the hot air diffusipn type,-and are sup-
posed to be used without moisture. We have divided the machines here
into the two types, known as the 1905 and 190o6. The 1906 machine is

much deeper than the 1905 machine, and for this reason we thought it
well to divide the machines.

Prairie State Incubato?. Manufactured by the Prairie State Incu-
bator Co., Homer City, Pa., U.S.A. Of these machines we have two
types, one known as the Open Bottom Prairie State, which is a radiant
machine. Moisture pans are sent out with these machines, so that mois-
ture may be used in limited quantities. This machine has a cloth bottom.
The 1907 Prairie State is somewhat different in design from any other
make. This machine is a combination of the radiant and the diffiusion
types. It also has a large moisture pan in the bottom, and the ventila-
tion is somewhat different from most other makes. These machines are
to be operated with moisture according to the manufacturer’s directions.

Cortland Incubator. Manufactured by the Cortland Incubator Co.,
Cortland, N.Y., U.S.A. This is a diffusion incubator with a large mois-
ture pan in the hottom of the machine.

Climax Incubator. Manufactured by the Climax Incubator Co., Cas-
torland, N.Y. This machine is somewhat of a combination of the radiant
and diffusion type. It is practically an open bottom incubator, but has

sent with it a large moisture pan to be used in the bottom of the machine
if the operator so desires.

Continuon - Hatcher. Manufactured by the Hacker Incubator Co., St.
Louis, Mo. T1his machine is different in design from any of the others.
Ventilation is by\diffusion. The air passes through the sidec walls of the
incubator, which are made of cloth. With this incubator there is a limited
supply of moisture.

Of the makes mentioned, nearly all of the machines are of about 100
egg capacity. By this, we mean that they may vary in capacity from

100 to 140 eggs. The 1906 Cyphers, Peerless, and Continuous Hatcher
are 200 egg machines. The Continuous Hatcher and the Climax incu-
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bators were received late in the season, 'so could not be included in earlier
trials, We are not prepared to state what these machines may do in the
way of hatching or in the production of normal chickens earlier in the,
season.

We have tried operating nearly all the incubators with and without
moisture. Had we all of the incubators of one make or one type we could
have given more satisfactory results as regards methods of operating
incubators to decrease the mortality in the chicks. We have not had in
every instance what would be called a check machine in each series.
While the results appear to point strongly in favor of the use of certain
materials in the way of decreasing the death rate of young chicks, yet
these results would be far more satisfactory had we had check machines
in each series. )

The tables given will indicate what each of the machines has done
for us in our incubator room. Those who have not had any serious
mortality in incubator chickens may not have to pay much attention to
the preventives suggested here, but my observation has led me to belieye
that sooner or later, practically all operators have trouble in rearing
incubator chickens.

OPERATING THE MACHINES.

Our aim was to operate the machines so that the chicks would begin
hatching on the night of the twentieth day. Our experience with hens
was that they would average to begin hatching at this time. The machines
were run at a temperature of 100° to 101°, with a clinical thermometer
lying on the top of the eggs. A record was kept of the temperatures,
also of the temperatures as indicated by the hang-up thermometer. In
some makes of incubators it was necessary the first week to run the hang-
up thermometer at 105° to get 100° on the eggs. With the temperature
at 101° and very little airing, except that given while the eggs were being
turned, we seldom failed to get the hatch off on time. ,The temperature
the first ten days was usually a little under 101°, and the last ten days
nearly 1020. It was difficult, at times, to keep up the temperature at the
beginning of the hatch, and equally as troublesome to keep it down
toward hatching time.

The eggs were turned twice daily after the third day and were tested
on the ninth day. No test was made after this. We ceased turning the
eggs on the seventeenth day when moisture was used, and pans used in
the bottom of the machines were removed on the night of the nineteenth
day or the morning of the twentieth.

BROODING.

Two makes cf brooders have been used in brooding the chickens : the
Prairie State Universal Hover and Out-door Brooder, and the In-door
and Out-door -Model. Most of the brooding has been done with the Uni-
versal Hovers, as we had more of them. It may be stated here that we

\
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. . ” . s The cl
did not find any marked difference in the mortality of the two brooders. b but a
y A 0 ut ¢
I'he hovers w attached to colony houses, and these in turn were placed ! The o
about the poultry yards, in the College orchards, and in the farm corn- -
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the method of feeding was the same for all. I,l“‘"‘i““r )

Chicks from each incubator in a series were placed in the brooder. “‘"S_l‘( pt \l

lEach brooder had some chickens from all machines in the serics, so that “’n'”,]('d (

y, or the care be not the same, some chickens Mmy”'l{:k ‘;

ived an equal share, whether it was good or bad. the chick f¢
It may be interesting to know that there was not in any series any marked
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Fig. 2.—This cut shows the method of Brooding, ete. $ort peaf 1
difference between the different brooders used, but there was a marked always too
difference in the hens used as brooders. the board-,
or three ti
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We tried to adopt a plan of feeding that could easily be used by
most growers. I would like to call attention to the fact that these chick-
ens were grown out-of-doors and not under hot-house conditions, such as cially for t
we get in January, Februa and March; and further, the plan about to

A : . : . : largely ref
be given is not satisfactory for winter use, mainly because the chicks do to grow a
not g(‘t '\\l”l(\l('ln exercise.
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The chicks were usually placed in the brooders when forty-eight hours
ofd, but a few were put in when nearly twenty-four hours old.

The plan of feeding was somewhat as follows: A clean, wide board
was placed near the hover, on which was scattered a chick food, either
Purina or Model. On the board was also a fountain of water. This food
was kept in constant supj for about three days, and the chicks were
iconfined close to the ho thus we did not risk any chance of them
§straying away in a corner and becoming chilled. About the fourth day
the chick food was scattered in cut hay so as to get the chicks to work, the
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Fig. 8. —Growing Chickens in the Cornfield.
run near the hover being gradually enlarged day by day. They nearly
always took to this kindly. We now ceased feeding the chick food from
the board, but placed a trough of dry mash before them for an hour, two

§ or three times a day. This mash was composed of bran, shorts, oatmeal,

cornmeal and beef scrap of equal parts by measure, with the exception of
the cornmeal, of which we use double the quantity of any other food. We
aimed to give the chicks from the start all the green food they would eat,
consisting of lettuce and sprouted grains. The former was grown espe-
cially for the late hatched chicks, and what was fed the earlier ones was
largely refuse from the garden. I believe it would pay most poultrymen
to grow a little lettuce for the young chicks. When the chicks reached




Fig. 4. — White Wyandotte chicks at about two
weeks of age. A hesalthy chick at the back,
and three white diarrhcea chicks ‘at the front.

$%1 a0 4y

Fig. 5.—Apparatus and methods of stadying Natural Incubation.
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. [l ens, and noting their peculiar conditions, we were of the opinion that this
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n ag®8y three weeks} wheat was gradually substituted for the chick food.
early all the food from this time on was fed from hoppers, or otherwise
ept-constantly in front of them.

The April chickens were fed more in the litter because they could not
et out of doors as well owing to bad weather.

Way CERTAIN MATERIALS WERE USED IN THE INCUBATORS.

Early in the winter we were looking for some method by which to
ncrease the carbon dioxide in incubators. The idea was suggested to us
hat by the use of a species of bacteria which produces large quantities
p{ gas we might be able to get the carbon dioxide in sufficient quantities.
e obtained from the Bacteriological Laboratory a culture which would
grow readily in milk. This culture was said to be 6ne of the most gassy
nown. In order to produce the carbon dioxille this culture was mixed
with milk and. the milk renewed every four days during the period of
incubation. We next considered whether sweet milk would be better than
sour milk, or whether whole milk would Be superior to skim-milk.

We tried operating machines with whole milk, skim-milk, and butter-
milk. We have some machines that have.been operated where buttermilk
was used with the carbon dioxide starter and where buttermilk only has
f been used.

. After making several post-mortem examinations of incubator chick-

might be a bacterial disease. Not then having results of all the work
done in the Bacteriological Laboratory, we thought it would be a wise
§ precaution to disinfect the incubators. We had two common disinfect-
ants on hand—mercuric chloride and zenoleum. The incubators during
the second hatch were washed with a 10 per cent. solution of zenoleum.
By this we mean that the inside of the machine, including the tray, the
thermometer, the top, the bottom and. the sides, were thoroughly scrubbed
with this solution. While the machine was still wet, the eggs were placed
on the trays and started. Practically the same method was used with the
mercuric chloride, with the exception that we endeavored to use it much
more freely on the woodwork than upon the metal parts of the machine.
No other disinfectants have been tried. Possibly other carbolic or creosote
compounds would give equally as good or even better results. We have
not had the machines, nor the time, this year to branch out from this one
line. Theoretically, several other compounds should be as good. One
of our co-operative experimenters reports excellent results on the. use of
Jeyes’ Fluid, and a friend says he got good results from creolin. Thesé
trials are the outcome of a. knowledge of our unpublished results, When
visiting poultry plants a few years ago, the writer, along with L. H. °
Baldwin, of Toronto, and F. C. Elford, of Macdonald College, were led
to believe from observation that a strong odor of lamp fumes in an incu-
bator room was likely to produce a chick low in vitality. A test or two
was made at this College with dry machines operated in‘small rooms, and

2 BULL. 163 . \
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the results appeared to point to a weakness in chicks so hatched. I w
never satisfied with these tests, and this year having machines from whi
the lamp,fumes could be piped direct from the lamp of one machine to t
intake of “any other, we thought it wise to try and see what the res
would be. We
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lamp smoke to turn ‘white eggs about the color of smoked ham, and tiflass; whe
machine had a strong edoy of lamip smoke. Need{ess for me to say th

the results so far are a Surprise. - /
GENERAL SyMprOMS OF WHAT 1S CoMMONLY CALLED WHITE DIARRHC 95?_?;
v Younc CHICcKs. b5 Pe

335 8

When chicks are about twenty-four to ninety-six hours old, thefnt: of the

resemble one another very much in appearance, with the exception tha As the

we have noticed that hen-hatched chickens and chickens hatched in moi
incubators were longer in the down or looked larger and fluffier.
trouble generally begins about'the fifth day. Some of the chicks will ha
a thin, white discharge from the vent; the chick is not active, it has
sleepy look, and the head appears to settle back towards the body. On
would think the chick was cold or in great pain. Some of the chicken
get in the warmest spot under the hover ; others have intense thirst. Th
white discharge from the vent is not always present. The chicks ma
die in large numbers between the fifth and tenth days, or there may be
gradual dropping off each day until they are perhaps six weeks of ‘age. Th
disease kills some quickly; others linger for a week or more. A fe
chicks appear to recover, but seldom, if ever, make good birds; they a
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atches her
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n's eges
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t one egg
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hicks were

egan dying
small, unthrifty, and are good subjects for roup or any other epidemic t¢ "(_mal op!
which chickens are Subject. re likely to
To the ordinary observer a post-mortem examination will reveal the Pefdlgl'lre
following conditions : The lungs will usually show white spots on them §'*"® °ﬁ » ?
these are generally seen on the side of the lungs next to the ribs. The °r.t; ty °1
white spots are generally quite hard and cheesy. These spots are nofft &t 7."“;
always present, but from our examinations 1 would judge they are in fift,grortality he
per cent. of the cases.

I have seen these in chicks on every poultry fa
that use incubators where I have been this year. Some lungs have no
white spots, but are red, sometimes fleshy. These, in our experience, are
not very common unless the chickens get chilled.

The yolk is often hard and cheesy. It varies greatly ; some yolks are
of a gelatinous nature or almost like the white of the eggs; others are
hard and cheesy and very yellow in color, and sometimes are greatly

inflamed ; other yolks appear like a custard that has curdled, and these
have usually a very offensive odor. The csca, or blind intestine, is fre-
quently filled with a cheesy substance.
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We have written notes on 463 post-mortems held between April and
August, 1907. It may be interesting to know what are the general con-
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) hatched. I whions as found in these chicks. If we tabulate the results as to the

‘hines from whigmmon condition found—i.e., cheesy spots in the lungs, non-absorbed
le machine to t@iks. and hardened or cheesy accumulations in the ceeca—we found 207
* what the resyicks had cheesy spots in their lungs, 138 had hardened yolks, and 113
i no doubt Intrihd abnormal caeca. Again, if we take a combination of the conditions
»ducing sufficiefund where the lungs, yolk, and cseca are abnormal, we find 102 in this
¢d ham, and t ass; where the lungs and yolk are diseased there are 164.
r me to say th '

Nores oN TaBre III.—HENS vs. INCUBATORS.

HITE DIARRHC 958 eggs were set in the machines, and 436 chicks were hatched, or
5.5 per cent. of the eggs set.

335 eggs were set under hens, and 196 chicks hatched, or §8.5 per

nt. of the eggs set.

As the same hens’ eggs were used in each method the hen has the
vantage, and had she not been in cramped quarters for a portion of the
atches her hatches would have been larger.

It will be noticed that the mortality of the chicks hatched on May 11th
as very high. I think that the mortality was not, entirely, due to incuba-

hours old, the
exception tha
atched in mois
i1 fluffier. T
hicks will hav
ctive, it has

the body. Onflon. With this hatch, we decided to mark and weigh each chick from
if the chickenfiech egg. To do this we used pedigree trays of our own design. Each
te thirst. Thien’s eggs on the nineteenth day of incubation were placed in a separate
1¢ chicks maflompartment, and the tray put in a machine. This, of course, makes all
here may be ut one egg from each hen finished in a machine. With this particular
s of ‘age. Th@hachine we ran the temperature very high, and kept it there until the
nore. A fewlhicks were over 24 hours old. These chicks panted very much. They
irds; they ar@@egan dying about the usual time, and had the usual symptoms. My

r epidemic t(

rsonal opinion is that if the chicks pant very miuch in a machine, they
re likely to have a heavy death rate.

ill reveal the Pedigree and weight records were not kept of the April chicks, but
sts on them @ere of all others with the exception of the hatch of May 6th. Where the
e ribs. Thdortality of the chicks hatched by machines, as given in the above table,
pots are no@@® different from that given for the entire machine in another table, the

y are in fifty

ortality here given applies only to the chicks from the eggs laid by the

soultry farmjgame hens as those set under hens.

igs have no Hen-hatched chickens from eggs set July 18th suffered somewhat from

lerience, arefitR Weakness. More mortality was due to this than any other cause.
e chickens were reared in a very small run, and were fed all they would

te yolks are at, or food was in front of them at all times. Had these chickens been
others are ared.in an open .ﬁeld this diﬂicu.lty might have been overcome. The ,
are greatlyl ortality of the chicks from machine No. 2 was pl_'actlca.lly al].from the

. and thesefO™Mmon cause, bowel trouble, etc. The hens that were set in the incubator

hatched chickens on the average low in vitality, several of them showing
he usual symptoms of white diarrhcea. We have never hatched such
hickens, in any year, from hens setting on earth.

From what I observed of the chicks, those hatched from hens setting
pn moist earth grew the best.

ine, is fre-

April and
‘neral con-
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NoTtes ON TABLE IV.—MoISTURE MACHINES VvS. DRY MACHINES

The results from the 19o7 Prairie State machines leave no rvom fo
doubt that moisture increases the hatch and the vitality also

In nearly every other make the results practically point in the samd
direction. i

With the 1905 Cyphers the results are not very different, buf L‘"l“‘
1 would like to try moisture earlier in the season, and in parallel hatches o test 'a!
as was done with the Prairie State machines.

With Prairie State machines, it will be noticed that the moisture
machine has less fully formed dead chicks in the shefl, it hatches morcfand 1 do
chickens, a higher per cent. of the fertile eggs, as well as a higher pe

cent. of the total eggs set.

Thus
There is a difference of 10.9 per cent. of the eggs set, or 13.1 per cent.fhe fully !
of the fertile eggs in favor of the use of moisture
If a comparison be made between the two methods of operating as
to the percentage of live chicks to the eggs set, we find that all the moist
machines average 35.9, or if \we eliminate those in which the tarry com-
pound was used we have an average of 32.3, whereas all the dry machines The }
give but 13.4, or eliminating the one in which the tarry compound was@ March.'
used they then average 12.1, or, in other words, 100 eggs hatched in the § of the se:
machine when operated without moisture gave us 12.1 chicks alive at four Wash
weeks of age, and 100 eggs hatched in the machine with moisture gave appears t
us 30.3 chicks alive at four weeks of age where the
Buttermilk used in the moisture pan beneath the eggs appears to.add @ = o\ ced.
vigor to the chicks. The buttermilk was changed every four or five days exposed it
in nearly all machines. I cannot account for the heavy mortality in the With
1go5 Cyphers set May 3oth. Iy in th
With the Cortland incubator, through some accident, the lamp went [§ **7. 1
cut. The incubator room had several windows open and a gust of .wind PrOCREw.
ture v
may have blown out the lamp. The chicks in this hatch I think’ werk _——
chilled. Buttermilk gives sufficient moisture in nearly all' mstances to B“'"el
keep the evaporation nearly equal to that of a hen. With
Whole milk supplied the moisture but did not increase the hatch or |§ the season
the vitality of the chicks. of the chic
When zenoleum was used the vitality was very good.
As compared with buttermilk, one is led to believe that the acid of
the buttermilk has some action on the shell or contents, hence a chick
higher in vitality is produced. I have
gave much
Notes oN TaBLe V.—MacHiNes WasHED WiTH A TEN PErR CENT The 1
SOLUTION OF ZENOLEUM. applying t
This substance evidently has some beneficial action, the exact nature tha‘.ze"Ok
of which we do not know. The highest mortality, also the lowest, are poy
from dry machines. I would use this substance in every machine set, in The cl
preference to anything we have used to date

. It has worked satisfactorily oleum, Wei
on one large poultry farm in New York State
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NoTES ON TABLE VI.—MACHINES IN WHICH LAMP FumES AND CARBON
Dioxipe WerRg USED.

" MACHINES,

The lamp fumes appear to do no harm from a vitality standpoint, but
ather increases vigor.

Lamp fumes do not increase the hatch, but decrease it. I would like
o test lamp fumes on many makes of machines at all seasons of the year
before venturing to say that they are beneficial.
We had hoped to show better results from the use of carbon dioxide,
and I do not consider the result so far as being at all final. We have not
yet. to my mind, secured the proper method of application. o

Thus far it appears to be a factor in vitality more than in decreasmg
the fully formed chicks dead in the shell.

arallel hatche.

t the moisture
' hatches mor
5 a higher pe

13.1 per cent,

THE MODEL INCUBATOR.

1€ tarry com-
dry machines
'mpound was
itched in the
alive at four
Oisture gave

The heaviest mortality was from chicks hatched from the eggs set in

March.' The machine was run dry, and the evaporation was the largest
of the season.

Washing the machine with a ten per cent. “solution of zenoleum
appears to reduce the mortality or increase the vitality. The hatches
where the moisture was used are higher than where little or ho moisture
was used. It is also evident that a large surface of water requires to be
exposed in order to check evaporation.

With the hatch of June 24th, the evaporation was not as great as
early in the season, owing, I believe, to the interior of the machines being
practically saturated with moisture gathered from previous hatches when
moisture was used.

Buttermilk used as moisture produces fairly good chickens.

With this machine, as with others, some condition was present late in

the season that was absent early in the season, which increased the vigor
of the chicks.

dears to add
or five days
iality in the

lamp went
1st of . wmd
think” wcd,

\stances to

e hatch or

¢ acid of

CvYPHERS INCUBATORS.
e a chick

I have no suggestions or reasons to offér as to why the 1905 machine

Caury gave much better results than the 1906 design.
X The 1906 hatched better when moisture was used. The method of
applying the zenoleum was purely experimental, and led us to believe
ot nature that zenoleum required to be applied thoroughly before the eggs were
vest, are put in.
e set, in The chicks from the 19o5 machine, when it was washed with zen-
factorily oleum, were good, thrifty birds.
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The use of buttermilk in this machine, so far, is not as satisfactory,
especially from the vitality view. )

THE PEERLESS INCUBATOR.

The introduction of moisture in this ‘machine appears to have been
beneficial, there being a higher hatch and fewer fully formed chicks dead
in the shell from the eggs set May 11th than from another hatch. The
hatch following the one in which moisture was freely used, the evaporation
is not as great as in those ran earlier in the season. This, I believe, is
due, as in the case of the Model Incubator, to the absorption of water
by the interior surface of the hatching chamber and the evaporation of
the same in the hatch following.

When the machine was washed with zenoleum the chicks were good
healthy fellows. .

Buttermilk used as moisture. gave very good results.

The vitality was lowest early in the season.

I have no comments to make on any of the machines on this table
except the Hearson. The others have not been used a sufficient length of
time, and the results so far are very plain in the table.

The Hearson has some up-draft ventilation—not unlike a hen. This
may account for its hatching better chickens on the average than any
other make.

The use of buttermilk appeared to help the vitality when the machine
gave evidence of hatching inferior chicks.

Moisture was used in all hatches, so we cannot say what it would
do if run dry.

No record is given of the Chatham incubator. These machines were
used largely in the 1906 experiments, and to a somewhat limited extent
during the 1907 experiments. They usually worked well as compared to
other makes. ‘

&

IEs No. I.

+——ANCUBATOR Sggr




1 2% 5,00 E P .’oﬂ%» s qowe uy
U0y uI'es O SOUTYORIR OO [[¥ Uj ! [[¥ JOU NG ‘UeY ours oy q PIV[ I3 A SOUPYORTX 089Y] UJ posn 8850 oy 4 L|UO §Y90Mm OM) 0 A WX We

SIMISIOUT J0j POSn Y[iax Jepng |, L°ST 28 » | PPON
IMISIOW I0] PISN I2IVA|, —WNS[OUSZ [IM POYFE A : 18 »w |"F
‘POSh I8M PUE SPIXOIP WOGIE) [PRPIIY 9% » |"'8 »
“PeSn QINISIOW ON 22 . 2 %
‘aInjsiow ou—pesn sewnj dwmey 81 App |* 1 0w

‘Pedn IMISOW ON

10} pesn w

!
=
n

LR R0 m
38888

” * Xy

” -:‘ ”»

” -.“ ”»

” -.N ”

”» ." loz
ounp (wosisofy

» (W)

” -g

” N ”
S B
Aepy [uosred g

- vy,

” ”»

W OONWVM
— —

Jo uopn[os jued Jod ¢ ¥ PUV WNOOUSE WM DPOUFEM
) “SIMSJOUI 10] 1978 OST
POST ODIXOIP WOGIEY [VOPIY ‘WNOOUSE WiLM POUNEAL
JN38j0W 10 POST YTJUI O[OY M —UITIO[OUSE YILM POUFSA
POSn SIMIFIOW OU—ISqUEBYD Surgeywy uj sowmy duwy
SIMISIOUI JOJ pesn Y[TW JeyIng

"SINISOW 0] POSN Y[TUX IOYNG WNSOUSZ YINM POEA
*2INYSIOW 10] PASN JOJ8 M
.v.:!gOZ*

1858 23598

Gt
2% YN OB~ e N66 QN8O

@
B

G
e
28

SE 2IFIIT

L
" 0w
28

~

~
+
Ll

@ b~

”

LR R
+ +

I9J8M DUW SDIXOIP UOGIWO [SRPIIY

. SIMISIOUT 10} POST IV

JPqueyd Supgoyey uj pesn UEEV
dwre| ose ‘umsjom J0j pesn INWM

*2INJSIOUWI JOJ PIST 198 A

..*
o

++
EILBSET SIBSLT KUBS

VeVEB O ®O
WORMO~ N

“+

CO OCONROLVON D—DOMN W

SPUIO[ YO OLINOIOW

+-

O Bvw W CRBNBR S0
~
MO et

"SINYSTOW JOJ POSn Y[TUI OJOY A
. “PeSn SINISIOW ON | YIIM POYSEM 2I0M
"SIMS{OW SE POSn J9JE A\ | SouTYORW esey

‘wed eunjSIOWr U] pesn 1938 M\

*SINISIOW I0] POSn I8 AL

*3INISIOW J0] Pesn [Iw Jojjng

"3INYSIOW JOJ PASn Y[IUX S[OY M

“Pesn IMySIOW ON

‘SINISIOW JOJ POSn I8 M

*3INJSIOWI JOJ Pesn I8 A\

JOYjie FBM Y|IW ‘SIN9S[OW JOj Pesn Y[IW-WIYS

*IN0s IO j9eMms ] ‘Pesn aunjsiow ON

By
Lo
g3
Porep(BE8 KBVBRB KIBAB RABREIR_"ARKAN

prmininy  praaiias av,

"2INSIOW JOJ Psn Y[Tur 19)ng * "398 Bugeq a0joq

+
-
2

”

deses
8

”

v o S @
RSEUE RIBRBY BRERRR® X

o+

tolbowd o 9O
=]

DOBAIDR OO0 OARVION VOO

—
Ll

—
™

‘o8

‘syIvmoy

WmundigT IRSEE ILILE L8
+

% nee neenae
sy 22283 8

‘5830 oppe)
10 pegoyey

("sa098quoUT 978)g SLITEIJ L0BL 818 § PUE § ‘Z ‘I SON SSUIYIRJY) ] "ON SHIENG WOLVEAON]—




POy Mog

TII sareag ‘rry -qmq.mf.n.:z.«.nbuﬁ WA SNEpY

“WNI[OUIZ
Jo uonnios JuSd Jod WA ¥ YIM pPOYSEM
F8A OUIYOVWI SIY], "SINJSIOUI §¥ PISN ISUM
‘POYININY snojAdld WOI PAqIOsqe
I9I8M WOJJ ISIOW AISA SEM ‘J9ASMOY
‘QUIYOTW 3], PN uMISowW ou—4AIp Uey
‘SIMSIOW §¥ PAsn Y[pu no?fp
‘Asny
835 ) YIvoUaq 9N} VJOUT §¥ PISn YU Ing
‘SINISTOUI §¥ PISD Y[JWX S[OYM |
3 Jepun padwd |
U Y[JU)Ing YifM poqy swa ued afrey oqy
‘PUIYOVU 9} JO WOPNOY puw |
doj oq3 (10q U] PIsn S N[JUI WY uo»ncn v
‘Avny
335 oyl yivouaq uwd ¥ Uy pesn YpuIAIng
‘2ImIsjoul ¥¥ pesn Y[jumiang
*£ua) 250 943 JOpUN POSD FEM PUIYIVLL 3] JO
wo0q 91 JO 3z oY) LIved JNBM JO A\
UGN Y] JO W03I0q
puw do3 oq1 W10q uwj pasn YW jo ued [[vws

puspo)

:......._%oz
" oJmg ouTEd

| wopoqg uwedQ
| s0qdA) 081

O W0Mm b~

W OO WO WO W

(- o1eyg ouarey,
| mopog wedQ
|- 'sa2qd 4D 9061

© o0l 2838 A% &

pasn SINISIOW ON

‘1978M PIdag QM L[Iep soury) (819408
pousdmep SUM UIGIVWI O} JO WO030q UL
‘9IMISIOWX JOJ PISN JNJWM O[NNI V

™~
DM ® M~ NN A

—
-

|- 9)8)g SLITEY,

EoSonO
“Pesn SIMISIOW ON {* srayd4D go61
*$U[1398 210j9q WNI[OUIZ | |

JO uOpMOs U X U2} ¥ Yl poysem : |

210 (T1 (1Y) 019D 813 30w wourgowm o v (06 s ‘ 81 R
‘Awn

3% oy Yivouaq posn JwM jo ued [rems Yy QL
‘deap "up z X ‘uy9 X "uj gI s ued yowe oF
‘Seny oY) Wiweuaq pasn X[iw jo sued g

~

@
|

R —
wioy w o
81 qaasjy |* 810ydi) 061

”

88 18
tﬁ@

” ”

W M-

L]

~

l& -
—

- -

‘pasn sumsjow ON |gp A|UO SY0M &

—

“jo8
3% w0y

10 poyn ey
a¥wuIag
408

pouLioj
8859 jo 'ON

&1y jo oN

‘ofv jo
Y99M IN0J
1% pwep
SYOIYO Jo s
1908 8880
o1 jo uopy
‘d[Paejul

8439 Jo ‘'ON

“siodsas
ofwioAy

's830 ona9)

efwuediad | \2
[[oys uj

PIp SXOYO

JO PaYDIuY

,.HH ‘ON SHINEF FOLVEAON]—']] 14V ],




‘SyIvw oures oY) SuIARY SSUIYOBW Yj0q ‘SYOIYD 989Y) SUINIUI Ul SPSW FEM SYBISIW Y
z1 roos ++- zey8M Jo ued INISIOJ ‘9YNIS SLTRLJ 2061

9°16 | II

.|

HL | N R P REETT R POSn SIMSIOW O ‘889400

s | 8b ez | opt |7 e dmpltiiereeee P98 SINJSIOWI SWOF  ‘FNONUNUOD)
@1 | frreereeeeeeeeeeeeens wmejousz Jo uor

-nj08 Jued Jod U ® YILM POysEp| ‘SSOI09J

- Z¥L |cc Tremmp|tteecteeere POSn 2JNJSIOW SWIOF  ‘SNONUTIUO))

h
e | 8% | ¥
|
{
|

g 08 | oot 4 [rreereeeeeeeeesseeass surgoww a3 jo
, W0K0q oY) UL PeSn [IW JO SULJ WEIYD

_
| esr |-+ B " curdes v 25 ok
| 7. [-10q 943 a1 Pesn Y[IWIR}Nq JO SUBY V[0
s PR Kot bt Loy Somatmer 70
[sf®p |9 pu® pig 9y} UO WNS[OUSZ JO
{uornios ® Yjia peryuuds ses surgosw
[oys Inq ‘pesn eimstowm oy ‘seqdAD 9061

................ Posn oImjsiow ON ‘SS90
[-eoeeees s b eurgosw oy) jo wonoq
|agy jJo jrey-ouo Ljrwou 19400 03 yInous
afre] posn ioem jJo susg ssaydi) 9061

................ POSTl AIMYSIOW O S8R90
............ pesn aunjsiow oy  ‘ssaqd4) 9061

.QLQQSE‘N

o8
8880 Jo zaquum N

"POYAVH MOH

efuieAy
8330

JO ZequInN
oAUy

a839 Jo requun

JO uoBIO
o[1j10) oYy
10 payney

edwjuedieJ

‘8880 oy

Inoj 38 pwap
8YI1G0 oy

peep poulLio]

“[[oys ey uf
Ayqny 83190

jo efwjueie g

ole Jo 'sYM
-deae

‘JIT saruaEg ‘171 lanq,m|.mﬂe.<nsuz~ ‘SA SNEH

e
AP pue[HoD

S

— “mMNAOUIZ |



T TN e JO seyouy anoy @0 jes uegy

8 [udy moos d038qnouy oy
104y JO J00y 83 wroay 300
9UO0 Jnoqe pesres jseu o3 ‘3seu 53«5 won wery

-3S10W T posn Y[ S[oy M
pesn aamgsiomr O  *

WOOI JOJBqNOUT O}
ul X0q ® Ul Y9 JO S9YOUl JNOJ U0 398 USH
Ul X0q ® Ul q3Ied jO S3YOUY INOj Uo 398 WeH
1ad'y | mood J038quOTT 943 JO 1007 O3 WO} 3005 §
QU0 JNOQE POSTEI J90U 9} * 180U SIIM UT 198 USH

2IMISIOW UL POSR I9JBA\  “IVJEQNOUT UOSISSR]

U} Ul pesn J[rum-leynng ‘98 oMIeLy L06T

vt

o

“308
8880 jo soquun

‘POURIEH MOH

JO sequiny P

[[9Ys oy uy
PP pouLio]

Aqroy sxo1q
880 Jo Jequun

‘panutjuo)— ]| SEIEEg ‘TI] FIEV]— SHOLVENON] 'SA SN




...... * QUIYISWI JO OPINNO U0 Juw) [
8:&2 IMSIO]  I9YNTH !Squuoo oqy

..... , H-..-..-.-.-ﬂsqaaseag
L pue 9 ‘soy suad n_{ﬂasﬂoaom:.naom

.................. i ﬂa ﬁmﬁgﬂm .—08:
-+ ued SINFIOW PpU® WMS[OudZ ‘§ 'ON ‘YOS

** ued eamsiow Q) [FRYIMY 'S 'ON WO
- ogp Apfeeeereeee e — ‘I "ON PR

............. 189U 07} U Posn YIEe £104
esnoY Auojod ¥ ul 89xX0q JO -okqﬂu_n_ 198 Sua[y

...... y[rwseyyng YIra paf[y wed eamistoly  puw[o)

PuIgoww jo oz [y oﬂh:h.%“mu

ses ued eUM{SIOW ‘SUTYOBWX JO W03OQ
oq; Ul pesn Jojem jo ued hanoz ‘POl

10} pesn YN ‘oywmg ouymg wopog usdQ
............ pesn aumstowm oy  ‘sIdLD) 9061

ur Xoq ® Ul w9 JO SOYOU} JNOJ UO 398 USH

..... L wOoOJ 1058qNOUT 943 JO JOOY 9} U0}
,Vono IN0QE POSTEI 380U 9] ! 380U Ek«%«ﬁ woy

loangsom ur pesn J9jE A

mseyng WS SHI L06T

.............................. i en
nNoan WITII 10 AL AW OLITELT LNART

Aszom e

g'or




(908 sHBa T
JO 8YooM
PO M
l;o B CET
IO K
JO UOIyBIOI
10 payne)
o[laeyuy

11 Aepg Joyequout uy Surye USH

CANE | Ma!uncnﬂnﬂdoon ‘oI00J 1038qUOUT Ul X0q Ul W8y
1T A%
11 A2l

11 e
g pue opisyoo} T £q ‘ourgosu jo

[} siem ¢ Ypruaeyng omy

q parjddns ses JnIBIOJY  “I0JBQUOU] SIS0
11 Ay “zoyeqnou] s19qd4D) 9061
e+ {1 ounf 10jeqnout uy Surys ueH
teet 11 ounp 389U wl

340 OU ‘0I00I 10JBqUOUT Ul X0q Ul Sunie ueyy
‘+-+ §1 eung|" - UIOOZ JOJVQUOUL U JSOU YIBS U0 JuTyis USH
cece T QURP|T AL s u .ﬂ_u&g'ggz
wnsousz Jo wopnios Jusd Jod QI YA
POUSEA ‘pesn IMSIOW O “J0JBQUOU] SSSI8g
Tt 1T eunyg T JO OpIMNO uo JUue] [[sws

. seutyoBwl

ﬁasia.@%_gsl-n

-¥01q) oM3 pus L8n} o) sem 5380 oy

1epun ‘10jeqnout wogjoq uedo ue ul Junys WSH
J89u ul

3199 Ou ‘mo0I Jogeqndut uT X0q UY Surye UOH
WOOI 1078qUOUL
ul X0Qq UT Yee JO SIYOUT Inoj uo Surm uey

108
108

8880 yo zequum

"POUEH MOH

¥ 98 puop
“SROIYO oY)
efeleAy
8830

jo efwiusoieg

JO noysio
1oy exorgo
JO Jequiny

o[149) oY)

‘883 o1y

‘ofiw Jo ‘oYM
-dsae
jo peyyey
ag;iﬁmad
11eys oy} uy
P®ep pounio}

‘papnpouc)—'TT] SErEEg ‘II] TTEV]—SHOLVENON] 'SA SNEH




21

':")090889'[')0;9[“0‘93‘ bfomct‘
Jo §X90M INOJ 98 SAI® FRRLE8
leo1qD jo eBwusoieg
| T N owoe |
‘i;o §X99M 1IN0} 78 PEAp REIBRRA
SO Jo eBwusdiag

a8 oy
Jo uorysaodeasy eﬂuaAqv

8885 oqrey
o payney edwjuaniog

08 [®0], JO e
N 1.1 333829

: FEEEEE
POYNEH
YY) jo Jequny

$ | TIOYS Ul pwap 830140
powLioj A[[nj jo sequinyy

11
12
12
12 |

.am
o[MeJuy JO Iequuny

198 8887 Jo Jequuny

!

May 1!
..[May11.....
May11.....

no earth in nest{May 11 .....

in the Moisture Pan.

vomgmn. UUvISVGre Pan used T DOWOm Ofj

Water Used in Moisture Pan.

Hen on earth nest in incubator room..... ...
Hen sitting in incubator. ...........ccoennn

. Hen in box in incubator room,

Machines in which Buttermilk was used)|




el N | e . &1 | _ _

‘ROTIONTZ 40 NOLLOTOS “LNE)) ¥EJ NAJ, HLIA QEHSVA HOLVEAON]—"A °‘ON ¥IEV]

‘Burgojey aIem SYIIYO ueyM jno juem durey)
‘WINJ[OUIZ JO UOTIN[OS % ([ B YIIA POYSEM SI0M SOUTYOSI 980T L

7 |

,Nﬁ N.h | o Aym! *»**v v v v s s csc snvesnsssnnnen

9 , s 9wy ouTeLy L06T ‘Z ONx
g1 9z "ady| T 9e)g euredg L06I ‘8 ON
4 oo 4 I oimg ouTey 2081 ‘G ON

, SUDJ 24NJNOJ] Y3 UL Posn
|on I AoYn YN W DuNODR

Q@ -

IRRBIERR

PRI O~®
- -
PROTO~IOM

SN~ ™

It
FERSREER

UDJ MSRISIONY oYy v
PN SDN JRULANMG YOYN Ul SAUIYIDJT

)

‘oBe

ek

JO §Y99M INOJ 7% peap

8YO1Y) jo eBwjuadiod
888y oy

9

8885 w01, oY) 03 o

JO 8Y00M J

8 OA[[®
jusdIed
108 (90,

8837 o[y
Jo poym ey edwjuecieg

Jo peyoey e8sjusdieg

‘9 SuTBlg LO6T

STOW Jo JequIy
918Uy Jo Jequun N

"T19Y§ Ul Pwep SXI1Y)
peuLIoj A1[0} Jo Joquiny

108 88375 jo Jequmy

530190 J0 ©

jo uorpeiodeAy eBeieAy

‘papnpPuc) — SENTHOVIY AH(] "SA HHALSIO— A 'ON ¥14V]




11 oung|
| 13 Ly
8L &)

| [
LiqlL'sy (33l
“aImSIowW 10} y[rueyjug 6°qF |0°8
*9IN)SIOW I0j PIEN JNBM (L 68 16°21
"3INJSIOW JOJ IIJBM UL
pesn wmejousz ‘Jusd 1od g/9°OF
"8IMYSIOWL J0] W
‘1078 08[V ‘OPIXOIP UOQIED) F" GF
‘aImsiour 10} J[IW S[OYM 3" 09
i1 g¥
"2INISIOW JO] pasn INBM I8 9%
"aInysiow {
10} pesu ioyem-ouny dwe] 9z
‘an |
-}STOUI 10} PASn (I S[OYM |6°Z¥
"PoST IMISION |9 68
‘POSl INTA DUS YT QWO 8F
‘pesSn I2jeM PUS Y[IWI WIOG|Q LT
"Aap :sm_«.mm

—-ADo
-«
~

— -

FHNBR & FOHD & OND

v -

[l il
838
B8

R OECERRR W e
=838

SE8RF

>~ a8

Lroung|-

8

RONE0 w wowm o
0
X
N

L1 o::h_..
Lieunp| "’
15 A3
12 Avj| *oy®Ig ouTBLg LOBL G °

12 Aspy|" - -oyeyg ouredg LOGT ‘T °

¥z ounp| - 9yu)g oMIBLg aosom a&o
$g oungp
| 11 2dy

11 ady|
11 ady

-

BB’

— % % &

|
L,
_
|
|

o
-
—
«N

B®d B SRMID b BLNm

N
el

~RoRR R K822
SYEF Y3
BRRee

e Ne ..

18 oA[®
LCATCE
‘ofe

"POyYEH

‘8837 oo,
SYOIYD JO JequIny

JO pey e}y edwjusdieg

‘BRIswIy b

/

*jog 8837 jo zequiny

JO 8Y90M INOJ 38 pBap
oYY Jo edwuediog
L Y3 jo
nopuodu:%uuv
‘(194§ Ut p¥ap BYIY()

pouLI0j A[[ny jo Jequin N

o[Iejuy JOo Jequum

106 8380 [9107 oY) 03 o8

JO §Y00M JNO;
PIY) Jjo

Jo peydey eBwjusoieg

‘
ﬁ

‘WOTTONEZ, 40 NOLLOTOF ‘INE)) SEJ NIJ, HII\\ CQIHSVA\ HOLVEAON]—'A °‘ON FIEV]

‘Burgojey SI9M SYIIYD USYA JNO JuUSM dureyl
-WINI[OUSZ JO UONN[08 % ([ ¥ YIIM PIUSBAM 3I3M SOUTYOBN 989 L«

[ ]



.Ltwc\\BLZN wt_\é 90671

93} Yyjeauaq pesn puw

F1uenng gqitm poqy

s8M  ued wu.:: ELR
“Dog . <

-aad oy} ur s8 AvIny
e
| qrunaeyy
,M-HB a&n oy oy
Ku1y 332 o1y Mmo[
|-oq eveds aunyus oy
Areoromad passaod
|deep ‘ur. [ . jnoqe
19j8M JO ued olue] y
(ITdy |- 39m sqiop deoy 03
[yusyyns A[ep sewn
|[810408 J9BM _:Q,S
UJIM J9M SBAM SUIYOBW
ay} Jo wopoq
00, e
[0y} Iopun pesn sBM
{1978M Jo wed [1vws suQ
, “4ooQnRou] 1PPOoJy YL

| , ,

Mﬂﬂ >—:h- o ” ”» .m ”

LY sunfg | S »

12 ?F vwm:oh:an_oz ‘€ ON
|-posn spm aprzorp uoq
~-400 R.V.ZN.: :.- a-\.:NUU:

89 |8 aAng|** ,, » T »
¥b (LT 0unf|*t T
19 |12 Ll |° ?5:23!02 1 ON
| "Pao40f 242m s2wn dwin)
” W _ |2y2 yovym opur souvyory

‘398 | | | |
8335 M) ‘o3e - . , , ,
oy} 07 afe| jo syoom |'s33a oy JO m otman u&ueawﬂa.ou ‘peyey vwo_m_vm_ﬂ_o.__.cu, ‘9880 | ‘308 | ‘e |
JO 8Y39M | § 18 peap | uonwiodeaa | ljo POYIEY JO PoYIEY SYO1YD pouLIoy A7fnj| a[iaayur mwuo | aq ‘payesado Moy
§ 18 9AIE | BYOIYD JO | oFBIIAY la8uyueoay [eBeyusaag Jo 'ON jo oy |30 ON o ON
SY2IYD JO wwa.nwo._wm | =
wuw«:w,z.w._ | ) o | |

TA HTdVL




‘WNI[OULdZ LM POyse M | ‘WINI[OUIZ JO UOMN[OS “Juad Jad U} ¥ YILMA PIUSBM «
9z | €8I [IT As| | """ 8335 93 Jepun
[ 20¥1INs 943 JO SYM0}
[-00a1]) A[r8ou BULIBA0D
| Jruepng  jo  usq
{11 sunp |- - "posn SINISIOW ON 4
¥l 'a Amp |- Pasn 24nJSIoW ON
0z1 [91{udy |*:° " pesn aImsiow ON
861 182 18| |"" """ Pesn aanjstow ON
{ " JOPDQRIUT 889420 ]

pgounp |-t posn sem
ypuennq jo ued y
0g Aep |"4Av1y 33s 9yj Jopum
pesn  Iayels  [liM
yruueyng jo ued v
..... Pesn SINJSIoW ON
"+ *+ posn aJngsiow oN 4
..... Posn aIn3siow ON
, “fipowdoo 662 051
“10ppqnouy sydR) 9061

1z | +1'6 6 8L . 9

_
| |
|
|

p

' (441
|
|

91 ady |*- - ° " -woyoq 8yy Jo
J[¥Y SUO INOQE ISA0D
PINOM SUBJ “SUIYOEUS
jo wooq Y3 Ul
aangsiow jo sued oM,
Aepy |*-- - *-uoneqOOUl
jo sdep YX®\ pus
PA1Y) 943 U0 WNI[OUIZ
qm pauaduwsp s8m
suryoBw Jo wWojjog
..... 98T 3INISIOWL O
@:.:wakco 662 Qw.wd n‘m

aopoquoug suaydR) 9061 3

oY)} YJeauaq pesn pus
¥ [1u1933nq gt po[[y
sem ued o3rw] ayJ
> - -pIsn oanag N

| -w.:u oyl :._ mu Ae1y
; loqs qywouaq pesn pue
| |ypronseying YA Py

[ | | | |sem wued o3re[ oYL

w | @ | = | sl LRI Kui3 385 0@ A1

| e avwads armara arm

2 yeL | vee



, carb
ater and 2
y.

mes

milk.

Buttermilk.
, milk

fo
eum dr
Tfumeg
e
The eg
poultry far
ators,
were f
We ha
hatches, be

0
Lam
Who

y

Ventilated
Room
Crow ({ed

Earth nest;
All Hens. .,
Buttermilk
Whole milk
Water,
Water and ¢

Straw

better than
incub
as to fertilis

that

Water,
Dry or no tr

Lam
Zen

Water on]
Skim-milk

+
woIj Suigdyey uoym 100 judM duey §

—_ 9 wuwm— ‘98N8Y umouyun
U9Z (il paygss |\ 4 “PRIYD SYIYI—PJOd 210M s . ,
‘wn3o 14 s/ :

o z | 3 9g
‘19 6c ,.

|

f

; L¥e L
..mm ,. .Mﬁ | 639 ¥ LP 8 " e

: ‘g9 74 o : i
it mﬁ m mmw hs & | LOIDQNIUT UOSLDIET YT,
11

61

(g |- oI V
A[np |*posn aunysiom
.8 4 www _m~ aunp |’ pasn aunJsow S| V
Bl At 334 i gL | & T ——T
‘ 8¢ | [ 8L
‘8 a1 |

| 99 |¥3 o
-Sl0w Ul pesn /
N | 08 LBy |7 yru ojoyMm yjim
L . pe(iy ued SuMISIOW
Ay | UyIwIenng giM
5 perly ued aunjsOl
. 4OIOQNOUT puDpLo.) YT

pesn axmjstour oN

QUIYOBW JO WOy
-30Q Ul Posn MBSO
.WME:LE W) YL

6€

‘398 633 e [ TOUS W | . gg. | og e R e
ar o1 oo o sy o mwmwﬁss | DY peep sxo1q0 onojuy| sdBe | o F Py
o) alw) Jo mxoou | e o ) 9143y [ | s¥oI7D PIwIO} Al 1570\ 10 ON
eaq3 99M | § 78 peap | uoneiodes?d J0 PayRIEY(Jo PaYRIeY e w20} 4 « A
Woﬁwwﬁ_a SYO14D JO | 93eIdAY afwjusouag eBeyusIRg "
80140 Jo a3ejusoiag ,

s o ‘.ﬁu‘}‘::rmb‘i.ﬁw ATdVL




lﬂi'lg(i 4with zenoleum.

T W

27

TasLe VII. A CompaRrIsoN oF MerHODS OF HATCHING.
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MATTERS IN GENERAL.

The eggs purchased from outside sources, which includes large
poultry farms and the ordinary farm flock, did not hatch chickens any
better than our own. When our chickens died when hatched in certain
incubators, the others died also. We received no eggs from any source
that were free.or anywhere nearly free of the bowel trouble, etc.

We have not included the eggs from outside source in our tables for
hatches, because we failed to get a division of any lot that was uniform
as to fertility, etc., and I believe that exact experimental work with in-
cubators can not be done unless the same hens’ eggs are used in each
machine.

Some tests were made of putting the eggs under hens for one week
and then removing them to an incubator to finish hatching. Eggs were
also started in incubators for one and two weeks, and then finished under
hens. We also took eggs from the machines on the nineteenth day of
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incubation, and finished hatching with hens. Where eggs were finished
under hens from the nineteenth day of incubation, no improvement was
seen in the chickens. This was tried several times from several machines.
Eggs incubated one week under hens and finished by incubators gave
fairly good chicks, but eggs started in incubators for aweek and finished
by the hen show practically no improvement over the eggs hatched for .I" the
the whole period in the machine. ojutlmcd m
This work appeared to indicate that the first portion of the hatch is Poultry dey
a very critical time, and every carc should be given at this period. wish to f(’]'l
laws that i
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Humidity in Relation to Incubation.

By Wwm. H. Day, LECTURER IN PHysIcs.

In the preceding portion of this Bulletin Mr. W. R. Graham has
outlined many practical experiments that have been carried on by the
Poultry department during the seasons of 1906 and 1907. For those who
wish to follow this station further in its endeavors to discover the scientific
laws that influence incubation, the following pages are written. We are
conscious of the fact that our readers may include all classes of persons
from the practical poultryman to the advanced scientist. To the former
we would say at the outset: It is primarily in your interests that we in-
vestigate these problems and publish our results, hence we feel bound in
so far as possible to make even the scientific side of our work intelligible
to you; and hence we shall endeavor throughout to present scientific
methods and truths in popular form and language.

Some time ago a series of circumstances, which need not be related
here, led the department of Physics to enfer upon a study of the evapora-
tion of water from soil and from plants, and this broadened out into a
study of evaporation in general. This in turn involved a study of the
moisture of the atmosphere. Now the Latin word for ‘‘moist’’ is humidus,
hence instead of ‘‘moisture of the atmosphere’’ we may say ‘‘humidity.”’
Since we were interested in the subject, Mr. Graham asked us to co-operate
with him in a study of the humidity in incubators; for opinion as to the
desirability of moisture during incubation was sharply divided, some hold-
ing strongly that it was detrimental, that the chicks were often ‘‘drowned
in the shell,”’ others holding just as firmly the contrary view that moisture
was highly beneficial. Before entering in detail into our investigations on
the subject it may be well for the sake of our practical readers to give a
brief review of the methods by which a knowledge of humidity is gained,
believing that such a review will lead to a better understanding of the
subject, ‘‘Humidity in Relation to Incubation.”’

DETERMINING THE AMOUNT OF MOISTURE IN THE AIR.

Years ago little was known of the amount of moisture in the air.
But as science advanced and the influence of the humidity of the air upon
all life was realized, a fuller knowledge of the subject became desirable.
It was known that certain acids and salts had a great affinity for water,
and so the idea was suggested that if air were drawn through these sub-
stances it would be deprived of the water contained in it, the substances
gaining in weight by the amount of water absorbed. Investigation proved
that two or three drying tubes, in series, were sufficient to absorb all the
moisture from air being drawn through. Figure No. 1 shows the appa-
ratus evolved for the purpose. p

[(20]
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A is a large water-bottle, filled with water, and so graduated that a
measured quantity may be drawn from it when the pinch-cock P is re-
leased. A thermometer T is inserted in the bottle. A rubber tube R joins
A with a series of U tubes. U1 contains calcium chloride freshly fused,
so that all the water of crystallization is driven off; Uz contains copper
sulphate similarly treated; U3 contains pumice stone and concentrated
sulphuric acid. S is a short pliable rubber tube which may be inserted
into an incubator or under a hen as desired. For convenience Ui, U2
and U3 are mounted on one small base so that they may be weighed.
When a determination of the moisture in the air is desired, the U tubes
are detached from the bottle, weighed, and then attached again. A mea-
sured quantity of water is let run from A, but as it does so the same
volume of air must enter A, having first passed through U3, U2 and U1
in succession. The U’s are then detached and weighed again. The gain
in weight gives the amount of water contained in the air drawn through.
The weight of water in unit volume of air is sometimes called the ‘‘abso-
ute humidity,”” and this method of determining the moisture content, an
‘absolute’’ method.

Investigations with apparatus such as illustrated in Fig. 1 soon showed

great variation in the moisture content of the air, even at a uniform
emperature, also that for each temperature there was a limit—the air
ould contain a certain amount and no more. When it contained all it
vas capable of holding it was said to be ‘‘saturated,”’ or to contain its
‘saturation amount’’ of moisture. It was also learned that the saturation
pmount varied with the temperature, the higher the temperature the
reater the amount of moisture required to saturate the air. Saturation
ccurs during rain, mist, or fog ; also near the ground when dew is falling.
t 32° a room 10 fegt long, 10 feet wide and 10 feet high is capable of
olding in the air when saturated 5 ounces of water. At 70° it would
old 1 1b. 2 oz. when saturated, or nearly four times as much as at 32°.
t 100° it would hold 2 lbs. 11 0z., which is more than twice as much as
t 700, and more than eight times as much as at 32°.

Rerative Humipity, or ‘‘Humipity,”” As 1T 1S UsuaLLy CALLED.

The air, however, is seldom saturated, only at times of rain, mist,
og, dew, snow, or some kindred phenomenon. At all other times it has
ess than its ‘‘saturation amount,”” and if we wish to convey an idea cf
he amount of moisture in the air at any time, we use the saturation
mount as the standard of comparison, e.g., at 70° the saturation amount
or a room 10x 10X 10 feet is 1 Ib. 2 0z., or 18 oz., but if by use of the
pparatus shown in Fig. 1 we were to find that the room at 70° contained
bnly 9 0z., we would say that the air contained only half as much moisture
s it was capable of holding, or that its relative humidity was 50 per cent.
hus at any particular time we may state the humidity of a room in two
ays : (1) by giving the actual amount of moisture per unit volume, e.g.,
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9 oz. per 1,000 cu. ft.—the ‘‘absolute humidity;" (2) by comparing the
‘“ absolute ” with saturation, e.g., %/, or b0 per cent..—the ‘‘relative
humidity.’” Of these the latter is the more useful. In the economy of
nature evaporation pladys a very important part. If evaporation from the
ground is too rapid, the soil becomes parched and unfit for sustaining the
plants growing upon it; if evaporation from the plants is too rapid, they
wilt; if evaporation from our bodies is too rapid, we are conscious of
feverish distress, while on the other hand if it is too slow, the air is
oppressive and the perspiration, instead of evaporating, stands out in
beads. These various phenomena are controlled by the relative humidity,
not by the absolute. If the air has a low relative humidity the evapora-
tion will be fast, but if a high relative humidity, it will be slow. Hence
the ‘‘relative’’ humidity at any time furnishes us with much more valu-
able information than the ‘‘absolute.”’ In general practice the word
‘‘humidity’’ is used alone to stand for ‘‘relative humidity,”” and will fre-
quently be so used in the following pages.

Tueg WET- AND DRY-BULB THERMOMETERS.

But the absolute method of determining the relative humidity is very
laborious and very exacting—one dare not even breathe on the U tubes,
for the moisture that would condense on them from the breath would spoil
the determination entirely in many cases (a fact which we learned by bitte
experience), and it could only be employed where delicate balances werg
available; hence if humidity determinations were to have any extended
application, some simpler method had to be evolved.

Now evaporation has a cooling effect, as any one may prove by thd
aid of two thermometers which read the same whef dry. Wet the bul
of one with water as warm as the room and hold them side by side. In :
very few moments the wet one will read several degrees lower than the dr)
one. This is explained by the fact that heat is used up in turning wate
into vapor, a familiar illustration of which is to be found in the kettld
heating on the stove. The water becomes warmer and warmer until af
last it begins to boil. Despite the fact that heat still passes into it thg
temperature remains at boiling point; the heat is absorbed in turning the
water into vapor. The heat thus used it called latent heat, because if
produces no change of temperature. It takes 5.38 times as much heat f
vaporize the water as to heat it from freezing to boiling. Now whenevef
vaporization of water takes place this same latent heat is absorbed. |
there is no fire to provide it then it must come from the evaporating
water, the air, and surrounding objects. At first, the evaporating wate
on the wet thermometer draws most of its latent heat from the therm
meter itself, hence the temperature is lowered. The faster the evaporatio
the greater amount of latent heat required in a given time, and hence t
greater the reduction in temperature. But the rapidity of evaporation i
controlled by the relative humidity of the air; the lower the humidity t
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more rapid the evaporation, the higher the humidity the slower the evap-

oration. Hence the cooling produced on the wet thermometer is an
inverse measure of the humidity.

As soon as these facts were correlated in this manner a secondary
but simple method of determining humidity was at hand. A large number
of determinations by some absolute method was made, and the results
tabulated, and at the same time wet- and dry-bulb readings were taken
and set down in the same tables opposite the corresponding humidities.
When sufficient readings had been taken a law was established by which
the humidities and wet- and dry-bulb readings for intermediate tempera-
tures could be interpolated and the tables completed. When this had been
done humidity determinations became easy : it was only necessary to take
the wet- and dry-bulb readings and then refer to the tables for the humid-
ity, which had previously been determined.

Fig. 2—Hygrometer used in incubators during 1906. In 1907 two holes
were bored through the door frame of each incubator and long wet and dry
bulbe inserted. This was found to be more satisfactory as it left the vfg tray
free, and the condition of the thermometer was always known, no trouble with
filling the bottle and easier to read,

In order that the wet bulb may be continually kept moist, it is pro-
vided with a close-fitting linen sack to which is attached some candle-
wick which dips into a small cup or bottle of water
up the wick to the sack as the oil ascends a lampwick.

the water travels

Perhaps it should be mentioned that in ‘making humidity tables as
above described the wet bulb was gently fanned to dissipate the vapor
being given off by it; for if this were not done, and the air were very
stagnant, that lying close around the wet bulb would become highly vapor-
‘harged, and the humidity determined would really be representative of
nly that small amount of highly charged air, not of the air generally.

4 BULL. 163
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HuMiprty IN INCUBATORS.

When Mr. Graham invited us to assist in his investigations, the
object was to study the humidity in incubators, for we did not then think
of being able to determine the humidity in the hen’s nest. The method
we laid down for ourselves was: (1) To determine the humidity in incu-
bators as ordinarily run: (2) to run incubators at various humidities, note
the results, and thus determine whether humidity affects the hatch, and
if so to learn the most desirable amount of moisture for the production of
large hatches of strong chicks. For this work it was necessary to have a
wet and dry bulb so mounted that they could be set in the incubators.
I'ig. 2 shows the form used.

At the outset it was thought wise also to rig up each incubator with
a small motor fan which could be run to fan the wet bulb in order to
arrive at the proper humidity in case the incubator air should be so stag-
nant as to give a false reading without fanning. Fig. 3 shows the hygro-
meter (wet and dry bulb) together with fan and battery to run it.

Fig. 3—S8mall motor fan which was set inside the incubator
to fan the wet- and dry-bulb hygrometer.

Testing this apparatus in the room, we learned that at middle humid-
ities fanning makes practically no difference in the readings, but at high
or low humidities it makes a great deal. In the incubators fanning always
made a great difference, giving much lower readings than without fanning,
showing incidentally that the circulation of the incubators is not equal in
effect to free diffusion in the room. The use of the fan in the incubator
had one defe¢t, however : it disturbed the normal conditions whenever a
reading was taken, stirring up the warm and cold layers and almost in-
variably raising the temperature near the eggs for the moment and thus
giving a humidity, somewhat too low. Table No. IX. contains a record of
the hatches run during the season of 19o6.
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It will be observed that the humidity of the dry machines varies
within narrow limits, likewise that of the wet machines, but there is a
great difference between the former as a class and the latter, the relative
humidity of the latter being about one-half higher than that of the former.

RerAaTIVE HUMIDITY UNDER HENS.

We had not proceeded very far, however, when we became convinced
that if our work was to have its greatest value, we must learn the con-
ditions existing in the hen’s nest. To determine the humidity in the nest,
we devised the hygrometer shown in Fig. 4 (see page 39). It consists of
an egg of brass strainer gauze held in shape by two perforated discs, and
fitted with two tin tubes through which the wet- and dry-bulb thermo-
meters could be inserted. To determine the humidity in the nest the
‘‘egg’’ was to be inserted beneath the hen, the thermometers projecting
so that the readings could be taken. But I feared the vapor from the
wet bulb would saturate the air under the hen. To learn if this were
possible it was necessary to know the volume of air among the eggs in
the nest, the amount of vapor that air was capable of holding at 100°
(the temperature of the nest) and the amount of water on the sack of the
wet bulb. If the latter amount was equal to or greater than the former
then it would be possible, other conditions favoring, for the egg hygro-
meter to saturate the air in the nest. To gain some idea of the quantity of
air in the nest a circular, flat-bottomed dish, with upright sides, was pro-
cured which just held 13 eggsin one layer. Water was poured in till the
eggs were just covered. It took 42.5 cubic inches. This represents the air
space between the eggs. Then of course something had to be allowed for
the extra air space caused by the presence of the hen’s legs and breast
between the eggs. We thought that 17.5 cubic inches would be sufficient,
making a total of 42.5 plus 17.5, or 60 cubic inches. Turning up our
humidity tables we found that 1 cubic foot of air at 100° was capable of
holding 19.8 grains, whence by calculation 60 cubic inches would hold
.68 grains, or almost exactly two-thirds of a grain. Then weighing the
thermometer before and after wetting, we found that the sack absorbed
1.27 grains, or nearly twice the saturation amount for the air in the nest.
Hence if the vapor from the wet bulb were not dissipated too rapidly it
should saturate the nest air. In proof of this argument the hygrometer
was placed in a rubber-stoppered bottle containing incidentally just half
as much air as the nest, the thermometers projecting through holes in the
stopper. In three hours’ time the humidity had risen from 62.9 to g5.2 per
cent., pretty close to saturation, and the sack was still thoroughly wet.

Knowing thus the behavior of the hygrometer in a closed-up stagnant
air, we next placed it under a hen. Would it saturate the air there?
Here are the readings and remarks:
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TasLe X. Ecc HyGroMETER IN BotrLE CONTAINING AIR.

Humidity in Bottle. Humidity of Room.

62.9

|
Time in bottle. !
|

0 minutes ‘
10 “
20 .
40 “

) 8 hours
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the nest,
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) 11“’”“}” Time. Nest Temperature. | Humidity in nest. [Humidity of Room.
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from the 5
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1e former Gauze becoming dry.
‘g hygro- ‘ 13;35
uantity of }00:5

Was: pr- 100.5

in till the 100.0

ts the air Gauze wetted afresh.
owed for

| 9.5 69.3
nd breast i 100.5 74.7 i

TasLe XI. Eec HycroMerer UNDER Burr ORPINGTON ON STRAW NEsT.
B L (N . =

46.0

sufficient, 3 100.6 72.8
ip:gl:\:f iAvenge 70.1" '
syuld hold o el A

rhing the During two hours the sack became dry twice and almost dry again,
absorbed [lenough water having thus evaporated to saturate the nest air six times
the nest. [over. Yet the humidity was practically constant from the very first read-
rapidly it i_ng! Very different from the behavior in the bottle. Hence we concluded
rgrometer [llit was impossible for th¢ hygrometer to saturate the nest air. . The vapor
just half ust be passing from the nest quite rapidly.

les in the But the clearing away of one objection raised another : since so much
y g5.2 per [vapor is being dissipated, it is possible the closé-meshed wire gauze is
ly wet. indering free diffusion, thus to a certain extent bottling up the vapor
staguan! pround the thermometer. If so the humidity. in the “‘egg’’ does not repre-
. there? RNt that in the nest generally. Before this objection could be satisfac-
¥ orily answered it was necessary to begin the humidity determinations

nder the hen§ already set. The results are shown in the following table :
5 BurL. 163,
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Comparing this table with No. IX., it will be observed that the
humidity in the nests appeared even higher than‘in the wet incubators
without fanning. This seemed incredible, and thus the objection previ-
ously mentioned seemed emphasized. To examine its validity a new
hygrometer was devised, of which Fig. 5 is an illustration, In general
design it is the same as the former, but the wire gauze is supplanted by
a framework of wires converging from the centre on the ends of the egg,
and being about one-half an-inch apart at the widest point, This instru-
ment we called the ‘‘frame hygrometer.”’ The wires, we thought, could
not have much effect in checking diffusion. To establish this point it was
tested against an ordinary wet and dry bulb, unsheltered, and subject to
free diffusion in the room. The results are given below :

Tasue XIII. ComparisoN or Frame HyGroMerER wiTH ORDINARY HyGRro-
METER IN Roowm.

eyttt ————————— S 1 D SRR . 2

Temperature. Ordinary Hygrometer.| Frame Hygrometer. Difference.

42.2
42.6
43.0
41.2
42.6
4.

42.
66.
74.
34.
ed) (fanned)

756.5
75.56
75.5
76.6
75.6
76.0
76.0
67.0
96.0
76.0

CONWLWWN N~
CORIRIBWDOW

FENPREREsSS
SoovwoNMOOaaD

i,

The greatest difference is not large and with high humidity, or when
fanned, the difference was nil. Having thus established that the ‘‘frame
hygrometer'’ is at worst very nearly correct in the room, we proceeded to
test the ‘‘egg hygrometer’’ by it. Selecting a hen in whose nest the ‘‘egg”’
had previously given a humidity of 74.3 (the average of ten readings) we
put in the ‘‘frame.”” It gave a humidity of only 60.1 per cent., 14.1 per
cent. lower than that given by the ‘‘egg.’’ It seemed incredible that the
difference could be so large, but repeated tests gave the same resu’t. Then
both were put under her at the same time, the ‘‘egg’’ on the left, the
“frame’’ on the right, giving 65.8 and 50.6 respectively, a difference of
15.2. Another hen was selected, a White Wyandotte, under evergreens.
Result : egg gave humidity of 73.9, frame 59.8, difference 14.1. Later in
the day Mr. McKenney tested the same hen with the following result :
egg 742, frame 56.7, difference 17.5. These facts are tabulated as fol-
lows :
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TasLe XIV,

D VS G t——

Hen.

Remarks.
NS ]

,|Damp earth ]A\ersge of 10 read-|

' Egg on ng
.\Under evergreens. Egg on le ‘
Reading by A. M.

Egg hygrometer.

Hu-
mldny

66.8 |Frame on left

78.9
74.2

-
|
\
[
|

Firsr CompArisoN ofF Eaa aNp Frame HyGrdmeTErs uNDER HENs,

S . LI T

Frame hygrometer.

Remarks.

“" “" rlght I
Reading by A. M.
later in day ..

| later in day..

Not yet reconciled to such a great difference, we selected another hen
for a more extended and exhaustive test. To begin,with, the dry ther-
mometers were placed toward the body., The wet ones outward from it.
They were latet interchanged, and lastly the ‘‘egg,’’ which had been
on the left side, was changed to the right, and the ‘‘frame’’ vice versa.

The difference ranged from 14.6 to 17.9, and averaged 15.9. The
readings complete are given in Table No. XV.:

TasLe XV. Beconp Comparisox or Eaca AND Frame HYGROMETERS UNDER

Burr OrriNgTON HEN ON DaMp EarTE NisT.

Frame Hygrometer. ]

Humidity !
| |
Difference.

Remarks.

Humidity.

Left, wet outwnrd

Gauze dry, wetted
Left, wet outward

67.6| {Right, wet outward.
Gauze wetted

Positions interchanged.
nght, wet, lmurd

GGauze wet.ted 4

“ “

Rip‘ht, wet j‘nwnd Wia'a's

70.2|Left, wet inwnrd
70.8/
Ganze wetted
74.1|Leflt, wet mwl.rd
72.8
. 70 8 “ “
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These tests established beyond doubt that our second objection was
well founded, that the ‘‘egg’’ did bottle up the moisture and thus give
readings far too high. If all the differences of both tests are averaged we
find the egg readings too great by 15.7. Referring to Table XII., and

subtracting 15.7 from the ‘‘egg’’ humidities, we obtain the next column,
the humidities by the ‘‘frame.”’

But doubtless in the minds of some there is an objection to even the
‘“frame’’ hygrometer: The wet bulb is giving vapor to the air in the
nest, and although it cannot give enough to saturate the air, still it may
be giving sufficient to raise the humidity considerably above what it would
be if the wet bulb were not there. This objection seems plausible, but it
may be stated here that during the present season (19o7) the ‘‘frame’’
hygrometer in the nest was subjected to a rigorous test by the absolute
method and it was established that the hygrometer readings are not in
error to any appreciable extent. Details of this test will be given later
in another connection. Then takipg as correct the humidity of the nests
as given by the frame hygrometer, we observe that it is very much higher
than the fanned reading in the dry machines, as 59 is to 39. (See Tables
IX. and XII.) Hence if we are to take the hen as our guide we must infer
that dry incubators have not sufficient moisture, and that incubators
cannot be expected to give best results unless they are made as moist as
the hen's nest.

Now referring to Table XII., and comparing the various kinds
_of nests, we observe that the rubber and the earth nests had highest
‘humidity, and' that they also hatched best. Barring the board nests, where
5 eggs were broken, the hatch increased or decreased as the humidity did.
Referring to Table No. IX., it will be seen also that on the average
the ‘‘wet’’ machines, or machines into which moisture was introduced,
gave a considerably greater hatch than did the dry ones, in the case of
both the selected and the shuffled eggs, though the difference was the
more marked on the latter. Hence from the practical side also for both
the hens and the incubatofs we thought it a fair conclusion from the work
of 1906 that high humidity must be productive of larger hatches. This
conclusion has been thoroughly confirmed by the extended tests of 1907.
Consulting Table No. VII., the reader will observe that 1,221 eggs
were set in machines where moisture was introduced by use of water only,
and 1,406 in dry machines. In the ‘‘wet’’ machines the hatch was 51.9 per
cent. of the total eggs set; in the ‘‘dry’’ machines it was only 40.7 per
cent. Then besides, more chicks hatched in ‘‘wet’’ machines lived than
those hatched in dry ones, 63 per cent. of the former living to the age of
four weeks as against 39.5 per cent. of the latter, or, counting the chicks
alive at the end of four weeks in terms of total eggs set, the ‘‘wet”
machines produced 32.7 per cent. as many chicks as eggs set and the dry
machines 16.1 per cent., or less than half as many as the wet.
Or stating it otherwise, 3 eggs,in a wet machine produce 1 chick four
weeks of age, while it takes 6 eggs in a dry machine to produce 1 chick
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the same age. This is a very remarkable substantiation in a practical
way of our conclusion that since the air in the nest is very moist that in
an incubator must also be very moist for best results.

But a comparison between Tables IX. and XII. will show ‘that
although the humidity of the ‘‘wet’’ incubators with fanning (which ap-
proximates to the correct humidity, the unfanned being too high), is
slightly higher than that of the hens by the frame hygrometer (which also
approximates to the corect reading) still the selected eggs in the incubators
did not hatch nearly so well as those under the hens (all eggs set under
hens were selected). This being the case, we must conclude that some
vitalizing power (or powers) present with the hens was absent from the
incubators.

CIRCULATION IN NEST.

In the work on humidity thus far reported there lies almost hidden a
suggestion of a condition in a hen’s nest not generally suspected, cer-
tainly not formerly suspected by us, which may ultimately be shown to be
that vitalizing influence, or at least one such. The reader will recall that
when the ‘‘egg’’ hygrometer was placed in the stoppered bottle, the sack
did not become dry even in three hours’ time, and the humidity rose
almost to saturation. He will also recall, or by referring to Table No.
XI., he may again observe, that when the same hygrometer was placed
in a hen’s nest it became dry in less than 40 minutes, and dry again in
about 45 minutes more, and partly dry a third time in 30 minutes, enough
water having thus evaporated to saturate the air at least four or five times
over, notwithstanding which the humidity in the nest remained constant
at only 70 per cent. These facts surprised me greatly at first, and they
suggested to my mind the idea of a fairly rapid change of air in the hen’s
nest. To gain further light upon this point, the ‘‘egg’’ and ‘‘frame’’ were
tested against each other in the room subject to free diffusion. The
results are given in Table No. XVI. :

TasLe XVI. ComparisoNn oF Eae ANp Frame HyGroMETER IN Room.

Humidity of
Room Room by Difference between Humidities given by

Temperature. Ordinary Egg and Frame Hygrometers.
Hygrometer. ¢

Per cent:

28.3—diffusion

12.7 (2)—diffusion
9.0—diffusion
11.6—fanned
11.1—fanned 10/’ away
3.7—fanned 17 away
7.0—fanned 18” away
10.7—fanned 10” away
12.8—fanned 67 away

ssEessEas
CUBRROODW
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FrLoor WATERED.

Room | . Humidity of |

: Difference between Humidities given by
Temperature. :?‘?}Tyzog:;g; Egg and Frame Hygrometers.
I | “Per cent.
95.6 74.6 3.56—diffusion

.3—fanned 6” away

' 5.2—fanned 10”7 away
8.1—fanned 18” away )
The first reading shows that when the humidity was low the difference
was high, 23.3 as compared with 15.7 in the hens’ nests. The second
reading shows that with higher humidity the difference was less, being
only 12.7. Many readings not recorded here were taken from time to
time at average humidities of from 50 to 65, and the difference was always
in the neighborhood of 15 per cent., very close to the difference in the
nest. Was it possible that the air-movement in the hen’s nest was equiva-
lent to free. diffusion in the room? It did not seem credible. The tem-
peratures of course are not the sdme in the two cases, so that the tests
are not exactly parallel, still the existence of the same difference between
the hygrometers in the nest, as in the room, pointed strongly to the sus-
picion that the nest was subject to air movement equal in effect to the
free diffusion of the room. If so, then the reading of the ‘‘frame’’ hygro-

meter was really a fanned reading, and, therefore, strictly accurate; of
which more later.

But how can we reconcile the ideas of rapid air movement and hig
nest humidity? Surely there is not enough evaporation from the eggs
to maintain such high humidity in the face.of such rapid circulation. Let
us examine. Referring to Table XII., under ‘‘evaporation’’ we learn
that the average loss from all eggs under hens in 1906 was 12 per cent.
of their original weight. . The ventilated and board nests, however, are
unnatural conditions, and the evaporation is high, hence in any argument
based on evaporation these nests should be omitted. The average evap-
oration in the remaining kinds of nests is 11 per cent. The weight of a
setting of eggs is about 26 ounces, and the evaporation would thus be
2.86 ounces. And this divided up equally amongst the first 19 days is
sufficient to saturate the air under the hen at least feur times an hour for
the whole period. = This known, it is not so difficult to conceive of high
humidity in the face of rapid air movement. Moreover, it is possible that

some moisture comes from the hen’s body, aiding in the maintenance of
the high humidity.

_CIRCULATION IN INCUBATORS.

The idea of circulation in the nests led us to the consideration of cir-
culation in incubators, but owing to the incompleteness of the work on
the former the latter has been held in abeyance. It may be stated, how-
ever, that the differential reading between the ‘‘egg’’ and the ‘‘frame”
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hygrometers when placed in wet incubators was much less than when
under the hens and quite variable in any individual incubator. In the very
dryest of the dry the difference was almost the same as under the hens.
That variation in circulation affects the differential reading may be seen
from Table XVI. When testing the ‘‘egg’’ against the ‘‘frame’’ in the
room a little Ajax motor-fan was used to produce movement of air past
them. The distance.of the fan from the hygrometers was varied, hence
the rate of circulation was likewise varied. It will be seen that for both
low and high humidities (temperature g6 in both cases) there is a rate of
circulation which gives a maximum differential reading, and also that
either faster or slower circulation will reduce the difference. Therefore
since the differential was lower in the wet incubators than under the hens
the circulation was different, either faster or slower. Likewise since the
differential in the dry machines was equal to that under the hens, the cir-
culation must have been different, for the same amount of circulation pro-
duces a much greater differential in a dry than in a moist atmosphere.
Whether the circulation in the incubators is greater or less than that
under hens we are not able to say from direct measurement, but we have,
however, indirect proof that seems to indicate unmistakably that the incu-
bator circulation is considerably the slower, proof that came to us during
our study of nest humidity by the absolute method.

HumipiTy BY THE ABSOLUTE METHOD.

To determine humidity absolutely has given us more trouble than
any other part of the work. In 1906, being busy with other problems, and
having only a short time to devote to it, it baffled us entirely. Although
it looks easy in description, as given on pages 29 to 32, it is difficult
in application. When beginning to use it last year we made a number of
determinations of the room humidity by it one after another, to test the
method. The variations were so great that it was evident that something
was wrong in the manipulation. The drying tubes were weighed, 500
cc. of air drawn through them, and then re-weighed. The operation was
repeated over and over several times in succession, but often the tubes
would gain two or three times as much in weight as the time before,
while the wet- and dry-bulb readings would show constant humidity. In
the spring of 1907, with more time at our disposal, it was discovered that
the variations were largely due to condensation on the tubes of moisture
from the breath when it happened to be directed against the cold glass.
From that time on a mask was worn by the operator so that the breath
could not possibly strike the tubes. As a further precaution rubber gloves
were worn, so that no perspiration from the hands could ‘condense on the
tube, With these precautions we were able to determine the humidity
of the room correctly by this method. Seventeen comparisons extending
from May to August gave the following results :

Wet and dry bulb, average relative humidity, 49.5 per cent.

Absolute method, average relative humidity, 49.3 per cent.
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AcruaL HuMiDITY IN INCUBATORS.

Ta

Having thus established our manipulation of the absolute method, we ORI
could with confidence use it in determining the relative humidity in incu-
bators and in nests. A series of machines and several hens were set in
August for this special study. For the machines three facts were recorded

at each determination : (1) the humidity of the room and the correspond- nsuhisoes

ing vapor pressure ; (2) the apparent humidity in the incubator by the wet
and dry bulb without fantiing and the corresponding vapor pressure, two
‘or three readings for one determination; (3) the actual humidity in the
incubator by the absolute method and the corresponding vapor pressure,
two or three readings for one determination.

Perhaps some explanation should be made of the term ‘‘vapor pres-
sure.\ Every gas or vapor has an expansive power, a fact which may
be shown as follows : Tie tightly a thin rubber over the mouth of a glass
beaker, place it in the receiver of an air-pump, and exhaust the air from

the receiver. The rubber will be seen to bulge outward as the air from g ATULD
around it is pumped away. Hence the air within the beaker has an expan- J No. IIL. Prairi
sive power, This causes it to exert a pressure outward on the rubber. The Btate......
outside air had the same power in equal measure and as long as it was

present to exert its pressure on the top, the rubber being equally pressed W o 1V, Prairi
in both directions, was neither bulged outward nor depressed inward. State ......

But as soon as the outside air was partly removed and its pressure re-
duced, the expansive power of the air within manifested itself. Now, air
possesses this property when not confined in a vessel, but expansion is llNo. VII. Mode
prevented by the weight of the air above. That water vapor has an
expansive power and exerts a pressure may be shown in a similar way.
The more vapor in the air at any given temperature the greater the pres-
sure it (the yapor) exerts. When vapor issues from the tea-kettle its
pressure is higher than that in the air around and hence that vapor ex-
pands and keeps on expanding till the vapor pressure throughout the room
is uniform. This equalization would occur even if the air were perfectly
motionless. It is much hastened by air currents. There are various ways
of determining the pressure of the vapor in the air at any time, but they
are all too involved to be given here. Suffice it to say that when the tem-
perature of the air and the weight of vapor in a cubic foot are known,
then by applying certain physical laws, and performing a long mathe-
matical calculation, we are able to determine the corresponding vapor
pressure. In this calculation correction is made for the contraction of the
air when entering the cold bottle A (Fig. 1). When this vapor pressur
is known we are able to state the natural tendency of the moisture. If
the vapor pressure outside the machine is greater than inside, then the
room moisture would by its greater pressure pass through the cracks into
the incubator. If on the other hand the pressure within is greater, thef
the moisture within will pass outward. ;

Five machines were examine? in this test. The result is given i
Table No. XVIL : \
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TasLe XVII:

ActuaL vs. AppAReNT HuMIiDITY IN INCUBATORS.
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Jn this table the wet- and dry-bulb results are the averages of from
three to five readings, the ‘‘absolute’’ results of from seven to ten readings.
Perhaps the dry machine should be noticed first. The actual humidity was
only 21,3 per cent., an average of ten readings taken on five different days.
Of these ten only one was greater than 22 per cent., and only two less than

19 per cent. In-fact one of the outstanding features of this test was the
uniform humidity of this dry machine; come back to it when I would, its
bumidity was always the same within very narrow limits of variability.
Another noteworthy fact with regard fo this machine is that the vapor
pressure”in it was practically the same as in the room, .433 inches for
the former and .444 inches for the latter. The room pressure was the
average of five readings taken on the same five days as the incubator
readings, 'Since these pressures were nearly equal, there would be little
transference of vapor either way. But all determinations were made
during the day. At night with' a drop in temperature the room vapor
pressure would fall, under which conditions vapor would pass from the
incubator to the room. The apparent humidity by the wet and dry bulb
method was much higher than the actual as 34.4 to 21.3, i.e., the appa-
rent is astray 13.1 on 21.3, an error of 61.5 per cent. This great discrep-
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ancy is due to the lack of circulation, the moisture given off by the wet-
bulb not being dissipated fast enough to indicate the true humidity. This
result proves absolutely the 1906 conclusion from theoretic considerations
that the real humidity of an incubator is not learned by the use of the wet-
and dry-bulb hygrometer without fanning. Again, as fanning disturbs
the normal conditions within the machine, the fanned reading, while cor-
rect for the artificial conditions, does not represent the exact humidity
under normal conditions. Hence the only way to gain reliable informa-
tion as to the actual humidity in an incubator is by this or some other
“‘absolute’’ method.

Machines I., IIl., and IV., being all of the same make, with the
moisture provided in the same way, would be expected to have approxi-
mately the same humidity. From the column ‘‘actual humidity’’ this
would appear to be the case, while from ‘‘apparent humidity'’ 1. and IV,
are nearly alike, but IIl. considerably lower. The explanation of this
apparent discrepancy is found in the individual readings of which 47.8
and 45.8 are the averages. During the first ten days of incubation the
humidity in ITI. was low, apparent 43.4, real 35.5; difference 7.9. During
the remainder of the hatch it was high, apparent 56.6, real 50.8; differ-
ence 5.8. It 'so happened that for this machine two-thirds of the readings
for the ‘‘apparent’’ were taken while the humidity w as low, but that three-
fourths of those for the ‘‘real”’ were taken while the humidity was high.
Hence the average of the ‘‘apparent humidities’’ is too low and of the
‘‘real humidities’’ too high to represent the true averages tor the whole
hatching period. The cause of the low humidity in this apparently moist
machine during the first ten days was not discovered. The difference
between the apparent and true humidities was 7.9 during the dry period
and 5.8 during the moist period. In I. it was 8.8; in IV., 6.9; in VII,
where the moisture was provided in the form of buttermilk, the difference
was 7.5. Thus in the moist machines, too, we sée that the humidity as
given by the wet- and dry-bulb hygrometer is astray, an error of 7.5
(average difference) on 47.5 (average real humidity) or 15.8 per cent,
and we again remark that for reliable information on the humidity in
incubators an absolute method is essential.

The actual vapor pressure in these ‘‘moist’’ machines was.in all cases
more than double that in the room at the same time, and in No. VIL it
was nearly three times that in the room. Hence in all these ¢ases there
would be a strong tendency for the vapor to pass outwards through the
cracks.

AcruaL Humipity IN NESTS.

The same methods were applied to determining the actual humidity

in hens’ nests. The results are given in Table No. XVIII. : !
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TasLe XVIII: AcruaL vs. AppareNT Humiprty IN Nesms.
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Wyandotte .... | Earth | 62.7 .481

|
Averages for earth nests. .

I1L. wm-k....] staw | 5.0 | 487
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It was found that several samples could not be taken in succession,
for the second and third were invariably lower than the first. Great vari-
ations in humidity were found in all nests. For hen No. I. the range was
706 per cent. to 99.3 per cent.; for No. II., 48 to 83; for
No. IIL, 40.5 to 60.4. Readings were taken in the top of the
ncst, the bottom, and between the leg and breast, but no uniformity was
reached. Of seven readings for hen No. I. the highest was obtained at
the bottom, the next three in order were top readings, the remaining three,
bottom readings. For hen No. II. the highest was a top reading, the
next three were bottom readings, and the remaining one a top reading.
For No. III. the highest was between the leg and breast, the second and
third bottom readings, the fourth a top reading; the fifth between the leg
and breast, and last a bottom reading. Probably ntuch of the variation
with these hens might be accounted for if we knew how closely or remotely
the reading followed some shifting of the hens. The humidity in nests I.
and II. was also determined by the ‘“‘frame’’ hygrometer, two readings
in each case. In No. 1 the absolute method gave a higher reading’ than
the hygrometer; in II. the hygrometer gave the higher reading. Of
course the two methods could not be used simultaneously in the same nest,
hence in fairness we could compare only the averages. Averaging the
two, the hygrometer gave 71.8, the absolute 70.8. Hence we must con-
tude that for earth nests at least the nest hygrometer is correct within
the limits of experimental error. This is the test previously referred to
in discussing the frame hygrometer. Looking now at the vapor pressure
in the nests, we see that it is from 2} to 4 times as great as in the room
during the same time.

\
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ActuaL HuMIDITY AND CIRCULAT})N.

Taking the actual humidities in nests and in incubators determined
during this test as fairly representative of those during the season in the
same kinds of nests and the same incubators run in the same way, let us
place the results in.juxtaposition for comparison.

TaBLE XIX : EVAPORATION AS RELATED TO ACTUAL HuMipITY IN NESTS AND IN
INCUBATORS.

i
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|
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<

|
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I
|
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|
|
|

BN - oo vs ovivsionse s oe sise Earth nest 70.8 | 9.7 |3 hatches, May, June,
B < soincinsninns sbrsoses Straw nest 52.8 11.9 ZOJELYtéhes, May, June
BB o055 winé & s6menia s e _Ventillt’d nest| 85.0 14.6 21;1:&)1'1'&, Juneand July.
Model ....coeonvsesonesims Buttermilk | 654.4 9.6 |2 hatches. Large tray

of buttermilk almost
covering bottom of in-
cubator.

No. II. )07 Prairie State .|) Sand t/.ray . 10 Dbakent iintiare o
. II1 o & d 1 9.6 y )
gg, IV. « “ w:I:er ‘ sand tray and water.

No. . L Dry ( 21.3 | 14.56 |7 hatches in 1907 Prairie
1 ‘ State, dry.

Note that the humidity in earth nests was 25 per cent. greater than
hat in the Model, and 50 per cent. greater than in the moist Prairi¢
States. And yet the evaporation in the earth nests was slightly the
greater, in spite of the very high humidity ! These facts, it seems to me,
cdan have only one explanation, viz., a faster ciréulation in the nests than
in the incubators. The whole table bears out this argument. This is the
proof already referred to.in discussing circulation. Putting into practice
this season the conclusions we reached last year, Mr. Graham has been
able to almost treble the performance of the dry machine with which we
began in 19o6. (See Table VII., page 27.) Zenoleum and water, chicks
alive in 4 weeks'= 44 per cent. of eggs set; dry machines, chicks = only
16.1 per cent. of eggs set. Still we have not yet overtaken the hen, who i
able to give us 52 chicks 4 weeks old for every 100 eggs set. Perhaps
proper circulation is the vitalizing power that must be combined with
those already established to place artificial incubation abreast or possibly
in advance of the natural process.
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Carbon Dioxide in Relation to Incubation.

By C. C. THoM, DEMOSTRATOR IN PHYSICS.

Carbon dioxide is a colorless gas with an acid (sour) taste, and a
more or less pungent odor. It is formed largely by the oxidation of car-
bonaceous organic matter, and is given off in considerable quantities by
the lungs of the living animal during respiration. It is not a poisonous
gas, although in an atmosphere containing large quantities of carbon
dioxide death might ‘result from suffocation or from want of oxygen.
While carbon dioxide is not of itself injurious, yet it is a product of com-
bustion and respiration usually accompanied with other injurious pro-
ducts, and the amount of it present in the atmosphere is taken as a stan-
dard by which we can judge of the quality or purity of the air. It is
everywhere found in small quantities, from 3 to 4 parts in 10,000 in the
atmosphere of the country.

Taking the atmosphere of the country as a standard of purity neces-
sary to the proper maintenance of animal life, it was thought that pos-
sibly the air in the egg chamber of the incubator, during incubation, be-
came so highly impregnated with carbon dioxide as to impair the healthy
and normal development of the embryo chick. To test this theory it was
decided to' analyze the air in the egg chambers of a number of incubators
for carbon dioxide. For this purpose a special apparatus was fitted up
consisting (see Fig. 6) of a large aspirator, bottle ‘A, so fitted and gradu-
ated that a definite volume of water could be drawn from it by openihg
the pinch-cock P, necessitating the same volume of air being drawn into
the bottle to replace the water taken out. The air drawn in was taken
from the egg chamber of the incubator by inserting the end of the rubber
tube T through a small hole in the door of the incubator. The air drawn
from the egg cHamber was not allowed to pass directly into the large
aspirator bottle, but was first made to pass through a known volume of
a standard solution of potassium hydrate contained in the small bottle K,
and in so doing all the carbon dioxide in the air was absorbed by the
potassium hydrate uniting with it to form a potassium carbonate. In
testing the solution in the small bottle K for potassium carbonate the
following method was used :

To an aliquot portion of the solution was added a few drops of phe-
nolphthalein indicator, and the excessive alkali neutralized with one-
hundredth normal sulphuric acid, care being taken to keep the tip of the
burette immersed in the solution to prevent the escape of any. carbon
dioxide.” To the clear solution was then added a few drops of methyl
orange indicator, and the solution again titrated with one one-hundredth
normal sulphuric acid, until all the carbonate present had been broken
up, as indicated by the change in color of the solution. From the amount
of one one-hundredth normal acid used in the last titration, the volume

‘of carbon dioxide in the volume\of air taken from the incubator was de-

termined. In figuring the results of these analyses no correction was
[(61]
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made for the change in temperature of the air d&awn from the incubator,
as it was found that the error from this sqQurce was inappreciable. Pre.
caution was taken, however, to make a daily analysis of the stock solu-
tion of potassium hydrate for carbonate and the error arising from this
source deducted from our results.

Numerous analyses were made of the air in the egg chamber and
also of the air in the incubator room. At the same time many analyses

were made of thf air from under setting hens. The results of these

analyses show clusively that while the dir in the egg chamber is not
nearly so pure“as the air in the incubator room, it is still much purer than
the air from under setting hens. The average of all thg analyses of air
from the incubator room shows 7 parts carbon dioxide in\xo,ooo parts of
air. The air from the egg chamber of the incubators, run'with and with-
out moisture, shows an average of 9.9o parts carbon dioxide in 10,000;
while the air from under setting hens shows on an average 31.93 parts
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of carbon dioxide, more than three times the amount found in the incu-
bators, and over four times the amount found in the incubator room.

The knowledge of this fact led to the belief that possibly a high
carbon dioxide content of the air in the incubator chamber during incu-
bation was necessary to a successful hatch. The results of analyses so
far showed that increased moisture in the incubator gave a decided increase
in carbon dioxide, from g.15 parts in the dry machines to 10.46 parts in
the machines run with moisture, or an increase of 1.31 parts. By refer-
ring to Table VII. (page 27)-it will be noted that the vitality of the chicks
from the hatches was increased from 16.1 per cent. in the dry machines to
32.7 per cent. in the wet machines.

Four hatches were then conducted, during which a pan of whole
milk was ‘kept in each machine. The results of these tests showed that
while the carbon dioxide content of the machines was increased from
10.46 parts when the machines were supplied with pure water to 12.12
when the machines were supplied with whole milk, yet the mortality of
the chicks hatched was considerably greater than when pure water alone
was used. Buttermilk, however, gave much better results than whgle
milk, the carbon dioxide content was slightly decreased from 12.12 to
12,03 parts in 10,000, while the percentage of chicks alive af four weeks
in per cent. of eggs set, was increased from 23.2 per cent. for whole
milk and 32.7 per cent. for water to 37.4 per cent. for buttermilk. The
increase in carbon diofide in the machines run-with buttermitk and-whole -

ilk was due to the efmission of this gas during the fermentation of the
milk which was inoculated with Bacillus @rogenes lactis before being
put in the machine.
o determine to what extent, if any, these successful hatches with
buttermilk were due to the comparatively high carbon dioxide content,
achine 3 was fitted up with a gas pipe leading from a drum of artificial
parbon dioxide through the fresh air intake to the interior of the machine,
here the pipe was so arranged that the gas entering by it would be dis-
ibuted uniformly throughout the egg chamber. Approximately 2,500
. of carbon dioxide was put into this machine twice daily—just after
e eggs were turned in the morning and again just after they were turned
hthe evening. In all, three hatches were made in which artificial carbon
fioxide was supplied. Moisture also was supplied during these hatches.
e analysis of the air from this machine gave an average of 43.32 parts
arbon dioxide in 10,000 of air. The live chicks at four weeks, from these
tches, in per cent. of eggs set, was 37.2, an increase of 4.5 per cent,
er moisture only, and about equal to that of buttermilk. The increase
vitality of the chicks from the combination of carbon dioxide and
oisture over moisture only, amounting as it does to 4.5 per cent. of the
ggs set, seems directly due to the higher carbon dioxide content. At
he same time buttermilk used as moisture and a comparatively low car-
dioxide content gave practically the same result. Again, when the
oisture machines were disinfected with zenoleum, the average carbon
6 ButL. 163. .
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dioxide content in the egg chamber was decreased from 10.46 parts for
water only to 8.29 parts for water and zenoleum, and from 9.15 parts in
the dry machine to 5.86 parts in the dry machine disinfected with zen-
oleum. In every instance disinfecting with zenoleum resulted in a de-
crease of carbon dioxide, yet the use of zenoleum never. failed to give a
better hatch, and higher vitality. . While a high carbon dioxide content
seems decidedly beneficial in the case of machines supplied with moisture
only, yet it is just possible that the function it performs in artificial incu-
bation may be fulfilled by something else, as the results from the use of
buttermilk and zenoleum seem to indicate.

Although the work on carbon dioxide is not conclusive, the results
so far furnish much valuable data, and establish many useful relation-
ships. Just what function, if any, carbon dioxide performs in incubation,
and to what extent it is essential, is a point on which we have not at
present sufficient experimental data to warrant conclusions.
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Chemical Work in Connection With Incubation Problems.

By R. HarcourTt, PROFESSOR OF CHEMISTRY, AND H. L. FULMER,
DEMONSTRATOR IN CHEMISTRY.

The chemical work herein reported was undertaken with the object
of gaining some definite information regarding the distribution of the
mineral constituents in the different parts of the egg, and to determine
the effect of different methods of incubation on the amount of these con-
stituents absorbed by the chick. Previous investigations carried on in
the department of Physics of this institution demonstrated the fact that
there was a large quantity of carbon dioxide gas around the eggs during
incubation by the hen. It is well known that carbon dioxide in the pre-
sence of moisture will dissolve calcium carbonate and that the shell of
the egg is composed largely of this substance; consequently, the question
naturally arises, has the presence of this gas anything to do with the
greater vitality of the chicks incubated by the hen? This hypothesis was
further strengthened by the observed fact that, although the percentage
of eggs hatched was small, the chicks obtained from incubators in which
lamp fumes were present were generally strong and vigorous. It was
hardly thought that the humidity of the air under the hen or in the incu-
bator was sufficient to allow the.carbon dioxide to dissolve any appreciable
amount of the lime, yet it was thought that the point was worth investi-
gating. .

The plan of our investigation was to determine the amount of lime
(Ca0) and phosphoric acid (P203) in a number of eggs from several hens,
and then to ascertain the amount of these constituents in the chicks got
by different methods of incubation from the eggs of the same hens. As
it would, obviously, be impossible to analyze an egg and to get a chick
from the same egg, we had to analyze a number of eggs from each of
several hens and thus obtain figures that would be approximately correct
for comparison in the after work.

METHOD OF ANALYSIS.

An outline of the methods employed in separating the different parts
of the egg and of making the analysis is as follows :

Proportion of Shell, White, and Yolk. This part of the work re-
quired no special skill, since the different parts were separated in a
strictly mechanical way., The egg was first freed of all adhering foreign
matter as completely as possible, and then weighed. The parts were next
separated and placed in tarred dishes and weighed, their total weight being
checked with the original weight obtained. :

As our object in studying the composition of the original egg was
to obtain figures with which to compare the composition of the chick

[67])




after incubation, the membrane lining the shell was included with the
latter, since this membrane is not absorbed by the chick, but left behind.
The white was drained from the shell as completely as possible, while
the chalaza, which is that part of the white that joins it to the yolk, was
clipped off with a pair of sharp scissors as near as could be without injur-
ing the yolk.

A very convenient way of separating the white from the yolk was by
making an opening in the shell, just large enough for the white to stream
through, and yet small enough to withhold the yolk. After the white was
all out, the opening was enlarged enough to allow the escape of the yolk.
Rapid separation could be made in this way.

Calcium and Phosphorus in the different parts of the Egg. Methods
of making solution: Since phosphorus is volatile* and cannot be deter-
mined by incineration and examination of the ash, all the solutions were
made in the wet way, using strong nitric acid as the oxidizing agent.

. Shell, this being largely of calcareous nature, readily goes into solu-
tion on treatment with strong hydrochloric acid. The broken shell was
placed, in a beaker, covered with a watch glass to prevent loss during ‘the
vigorous effervescence due to the eScape of carbon dioxide, and the acid
gradually added, till most of the carbonate was attacked, after which
solution was completed by gentle heating. At this stage nothing is left
undissolved, except the lining membrane, which is easily oxidized and
decomposed by boiling the solution for half an hour with r or 2 cubic
centimeters of strong nitric acid. When solution was effected, the whole
was made up to a volume of 250 cc. and aliquot parts of this taken for the
several estimations.

White and Yolk. Since the greater part at least of the calcium and
phosphorus is present in the white and yolk of the egg in an organized
condition, it is necessary that a complete disorganization be accomplished
in order that these elements be liberated and brought into a condition from
which they can be isolated by the precipitating reagent, which is used in
their estimation. Cariust has found that the phosphorus of organic
material can be completely removed by oxidizing the substance with strong
nitric acid ; while in our work here, by comparing with the ashing method,
it was found that the method which removed phosphorus removed the
calcium also. Consequently, we used nitric acid for oxidizing the phos-
phorus, and the solution thus obtained was also utilized for the determin-
ation of calcium,

As the phosphorus of both the white and yolk is probably present in
combination with proteids, bodies which are comparatively easily oxidiz-
able, we carried out the digestion with nitric acid in the ordinary Kjeldahl

*V. Barmbauer found that Vitellin, which, when treated with nitric acid
gives 8 per cent. of phosphoric acid, yields barely 0.3 per cent. of ash. (Fre-
senius, Vol. II., p. 120, Conw.)

tFresenius, Vol. IL; p. 116, Conn.
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digestion flasks used'in nitrogen estimations. A small quantity of hydro-
chloric acid} was also used to hasten the liberation of oxygen from the
pitricacid. As the nitric acid became exhausted more was added from time
to time. After about one hour’s digestion solution was usually effected and
nothing but the elaidin formed from the fats was left. This latter was

casily filtered off and then the solutions were made up to a volume of
250 cc. with water.

DETERMINATIONS.

Calcium Aliquot parts of the solution were used, and the calcium
precipitated with ammonium oxalate and determined in the usual way.

Phosphoric @atid (P20s): Aliquot parts were used from which the
hydrochloric acid was expelled by repeated evaporation with nitric acid.
The phosphoric acid was then determined volumetrically, as outlined in
Methods of Analysis under Optional Volumetric Method, p. 13.

Calcium in the Chick : The contents of the egg (the chick) after incu-
bation were not examined for phosphorus and the method of extracting
the calcium was changed for one which was not quite so exacting on time

and material.  The shell and membrane were completely removed and
discarded.

Méthod of Making Solution: The chick was placed in a porcelain
dish and incinerated more or less completely. Complete carbonization is
as far as the process need be carried, for at that stage all mineral constitu-
ents are freed from their organic combinations. After combustion the
contents of the dish were pulverized and extracted with successive portions
of strong hydrochloric acid until exhaustion was complete.. The different

extracts were then combined and made up to a volume of 250 cc. with
water.

Determination: Aliquot |portions of the solution were pipetted off,
treated with a small quantity of ferric chloride to remove phosphoric acid,
neutralized with ammonia and the ferric phosphate and ferric hydrate

filtered off and washed. Calcium was precipitated from the combined

filtrate and washings with ammonium oxalate and estimated in the usual
way.

The results obtained are as follows :

IMethods of A.0.A.C., A under total phosphoric acid in fertilizers, p. 12.
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. The eggs were;, with the exception of Nos. 17 and 517, rather under
the average weight, and they were not uniform in weight. The greatest
variation appears to be’in the quantity of shell, although this may be
partly due to the fact that, while the white of the egg was drained away
as completely as possible, the shell was not washed to remove the last
traces of the albumen. This may also account for the slightly high pro-
portion of shell.

Regarding the distribution of the phosphoric acid and lime, it is evi-
dent that the yolk contains the largest proportion of the phosphoric acid,
and the shell the most lime, while, as would naturally be expected, the
white of the egg contains but little of these constituents.

To bring out more clearly the average weight of the eggs and the
distribution of the lime and phosphoric acid in the several parts, the aver-
age results obtained from the analyses of the different eggs from the same
hen are given in the following table :

TasLe XXIV. AvVERAGE PERCENTAGE AMOUNT OF LiME AND PHoOSPHORIC AcCID
IN Eaas rroM Dirrerent HEens.
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The above average results show extremes of from 44.27 to 65.28
grams in the average weight of eggs for different hens, a difference of
over 21 grams, and a variation of nearly 10 per cent. in the amount of
the white of the egg.

The following table shows the absolute average weights of the dif-
ferent parts of the eggs and of the phosphoric acid and lime in the shell
and in the contents, that is, in the yolk and white combined :

\
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TasLe XXV. Averace WriGHT oF Eaas AND THE PHosPHORIC ACID AND Lame
IN SEELL AND CONTENTS (grams).
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The above data show that the lime in the contents of the egg varies
from a little less than .03 grams to over .04 grams, a very small amount
to supply all the lime necessary for the formation of bone in the young
chick.

To ascertain the absolute weight of lime in the chick at different
stages of the period of incubation, we took eggs from the incubators
eleven days and twenty days from the commencement of incubation and
determined the amount of lime in the partially developed and fully
developed chick. It was soon found that after eleven days of incubation
there was practically the same amount of lime in the partially developed
chick as there was in the contents of the original egg, but that at the end
of the incubation period there was a very decided increase. The eggs
used in this part of the work in the June hatch were from the same hens
as the eggs analyzed earlier in the season. It was impossible to secure
eggs from the same hens for the study of the July hatch, but there is such
a wide difference between the average lime content of the fresh egg and
that of the young chick at the end of incubation period that it does not
seriously affect the results. Unfortunately we were unable to take up the
work of determining the lime content of the chicks until so late in the
season that we could not study more than one hatch with each incubator.
Conseqeuntly, the results obtained are not so reliable and conclusive as if
a number of hatches with each method of incubation could have been
examined. However, some very interesting facts have been ascertained,
and the work will be continued another year. The following table gives
the results obtained so far:—
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Tasre No. XXVI. Wemenr oF Live In Criok At DivvereNT PeriODS OF INCUBATION.
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TasLe No. XXVII. WeigaT or Lime IN CHicK AT DirrereNxt PERiODS OF
IncuBaTiON —Conttnued.

[

Name of

Incubator. Remarks.

Treatment.

Incuba-

Period of
. tion.

N |
Prairie State Dry
“" “
“
“

|Artifical CO,, H,0

| moisture
| “

As each chick was taken from the shell notes were made on its appar-
ent strength. It will be observed that in every case where the chick was
marked as ‘‘weak’’ there was a very low absorption of lime, and where
it was noted as being unusually strong, there was a large absorption.
In this case only decided differences in appearance were noted, but in
view of the above result more careful notes will be made in future wark.
In this connection it may be noted that the lime content of the chicks of
the June hatch is lower than that of the July hatch, and Mr. Graham of
the Poultry department reports that the chicks of the former month were
inferior /in vitality.

It is very probable that there is a vital force in the egg which imparts
vitality to the chick. For instance, egg No. 360 in nearly every case
produced a chick with a high lime content, and egg No. 40 in every case
gave a chick with a low lime content, and three of them were noted as
being unusually weak.
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It is also quite probable that the method of incubation has something
to do with the lime content of the®hick and possibly with the vitality of
the chick. - The five chicks from the Continuous Hatcher were, with one
exception, low in lime, and it was found that these chicks did not thrive
well ; while all the chicks from the Prairie State machine, in which there
were lamp fumes, were high in lime and ‘were strong and thrifty.

From what has been noted in the two preceding paragraphs, it is
quite evident that, in order to get results which shall give a strictly fair
and comparable basis on which to compare the merits of different methods
of incubation, a series of eggs must be selected such that it is possible
to have them appear in each incubator. It is also indicated, when the
June and July hatch are compared, that it is quite necessary to select this
series of eggs in as nearly the same season of the year as possible, or, in
other words, that fresh eggs should be selected for setting.

The following table has been prepared to show the average lime
content of the chicks from the different methods of incubation, the amount
of carbon dioxide present, the percentage hatch, and the vitality of the
chicks as indicated by the percentage number alive at the end of four
weeks. In making up the average weight of lime in the chick all amounts
below .1600 grams have been discarded; because all chicks containing
less than that amount of lime were abnormally weak.

TasLr No. XXVIII. Averace WeiaHT oF LiMe IN CHicks WrTH DirFerENT METHODS
oF INCUBATION.

|
‘
|
,

Per cent chicks|

|

Method of Incubation.

(CO,) in 10,000
parts, grams. |
alive at end of|
four weeks cal. to
fertile eggs.

Carbon dioxide
to fertile eggs.

>

| Lime (Ca0) con-
tent of chick,
i

| Per cent of hatch

Cyphers, dry
Peerless, dry, hot water machine
Continuous Hatcher. A little moisture

July Haich.
Model, buttermilk
Prairie State, lamp fumes, dry
Prairie State, dry
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On looking over the above table it will be seen that the average
lime content of chicks got by different methods of incubation was lower
in June than in: July, but in both months the chicks from the hen show
the largest amount, There is apparently no connection between the
amount of lime absorbed by the chick and the amount of carbon dioxide
surrounding the egg during intubation. It has been found that large
amounts of carbon dioxide are given off from the egg itself during incuba-
tion, and it is very probable that the gas from this source would have a
greater dissolving effect upon the carbonate of the shell than that in the
surrounding atmosphere. This would be true, because it is acting in the
presence of liquid moisture.

While we do not wish to draw any definite conclusion on the com-
paratively small amount of work which has as yet been done, still we
think it worthy of note that there appears to be some relation between
the lime content of the chick and its vitality, as indicated by the per cent.
of chicks alive at the end of four weeks. Where lamp fumes were used
there is an apparent exception to this, as the percentage vitality is low.
This may be explained, however, by the fact that wherever this method of
incubation has been used the percenfage hatch is low; but, at the same
time, these chicks are always strong' and vigorous. ' It may also he
noted that the Continuous Hatcher gave chicks low in lime, and of a
high vitality, yet, while a large percentage of these chicks lived through
the four weeks’ period, they did not prove to be thrifty, thus further

bearing out our previous tentative statement, that there is a marked
relationship between lime content and vitality. '

We are not prepared, with the insufficient data which we have at
hand, to give the above hypothesis with reference to the relationship
between lime content and vitality as a definite conclusion, nor to state
what conditions in incubation will cause the maximum absorption of
lime; but we feel that the point is worthy of further study.
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