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INTRODUCTION

It 1s inportgnt in deiry cattle management to maintain steady and
continuous growth of heifers and thereby secure properiy developed cows
which will give the production that is expected of them when they are
brought into the milking herds In general, heifer calves during the
first twelve months of their growing period are carefully mansged as to
feed, housing and care to promote normal growth., However, they are often
neglected during their yearling stage to the point where growth is re~
tarded because of envirommentasl factors. :

On many dairy farms in the North Central States the management of
yearling daeiry heifers in open outdoor sheds during the winter months has
become & somewhat common practice. It is the concensus of many daivymen
that managing heifers by this method hes the advantage of growing larger
gize animals since they consume large quantities of feed. 4The costs of
care and housing also are important factors, since labor can be reduced
l#terially with the employment of mechanical methods and the housing re-
quirements are kept at & minimum,

There is a lack of sufficient end conclusive data pertaining to
some of the envirommental conditions that affect growing heifers during
the winter., To obtain additional information on this probiem, a winter
housing experiment was designed with two definite objects in mind,

First: to ascertain whether dairy heifers housed in a cold barn will
meke as rapid growth and show as good physical condition as those housed
in a werm barn, and second: to observe the feed consumption levels of the

heifers housed in the two barns.



LITERATURE KEVIEW

Barly studies perteining to problems of housing form snimuls were
conducted to detersmine coste and factors that infiuence growth, fatteaning
and milk production. This review may resdily be divided into two parts:
one, studies in environment affecting beefl catile snd two, those affeot-
‘ing dedry cattle.

Fart 1 - Beef Catile

Besults of feeding and sheiter studies conducted by Patrick and émth
(14) at the Iowa State College in 1289, showed that when stecrs were
housed in & bern with temperstures from 37° to 49° F., the feed cost yer
pound of gain was 8,02 cents se comyured to 10.22 cente for steers housed
in & colder barn with & tempersture rsnge of 17° to 33° F. In 1895 at
the Ohio Experiment Station, Thorne snd Hickman (20) studied the effects
of & warm barn vs. an 0 en shed, in which the warm barn averaged 40° F.
with & low of 10° F. and & high of 70° F., while the temyersture in the
open shed renged from a low of 10° ¥. below zero to 60° F. While the
results pertaining to the dully gein of animels in either group for two
series of trials did not show any materisl difference, it wes, however,
observed thet when temperatures fall below the zero joint, there was &
retardation in rate of gain even to the yoint whers there wmere no gaine
until tem eratures incressed, even though the snimals continusd % sat
on full feed, This same situation wes sleo observed when abnormelly
high temperatures were reached,

Temperature influences on the fettening of sleers were studied by
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Mairs and Tomhave (13) at the Pennsylvania Experiment Station in 1908, in

" trisls in which steers were selected as uniform as possible with respect

to age, size, breeding, flesh and quality. They were divided into groups
of 12 with one lot in closed box stalls and the other in an open shed.
The steers in each group weighed about the same with a weight of 886.6 1b
for the closed shelter steers as comyared to 889.4 1b for the open yard
group. The tests were conducted from November 13 to March 19, and dur-
ing this period the steers housed in the warm barn gained 48 1b more
than those in the open barm groups This may not be significant, ‘since

the animals in the warm barn ate slightly more feed.

In studies made by Sanborm (18) at the Utah Experiment Station in
1892, the results indicated that in comparing steers in protected sheds
with a temperature averaging 40° F. to those in open sheds with the temp-
erature averaging 23° F. with the lowest point resaing 12° Fe below zero,
that even though the steers in the open shed consumed more feed, they

. geined more in weight, had heavier aypetites, showed better physical con~

dition, and had better general appearance than those in the closed
shelters

Feeding trials conducted by Waters (22) at the Missouri Experiment
Station in 1907 indicated that animsls maintained in outdoor pens made
greaster gains than those housed in warm barns. Conclusions were that
cattle are able to generate sufficient heat in the body through mastica-
tion, digestion, assimilation and fermentation of the large guantity of
food to maintain the normal temperature requirements for the animal body,

Corresponding conclusions were indicated in the investigations of
Shaw (19) at the Minnesota Experiment Statiom in 1902, BSteers fed
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indoors gained an average of 1.74 lb per head daily as compared to those
" fed in the open shed at a gain of 2.26 1b per day per steer.

Cochel and Doty (3) at the Pennsylvania Exyeriment Statiom in 1910
observed that protection of animuls from cold temperatures was not
necessary, that steers receiving liberal amounts of silage had keener
u?petitu and possessed somewhat smoother coats, and made greater gains
than steers that wérc fed libersl grain rations, Of the two lots of
steers that were on trial, ome lot received 15 1b of silage per day, the
other lot on full grain feed consumed 7.5 1b of silage per day. ".!‘hc lot
on liberal silage feeding gained 20 1b per head more than those on full
grain feed during the trisl.

v In experiments conducted by Potter and Withycomb (16) at the Oregon
vExperinsnt Station in 1921 the effects of feed and temjperatures were
observed on beef cattles Temperatures in the sheltered barns averuged
42° F. se compared to 33° Fu for the open barns, Hay consumption
showed 25,38 1b per dny for the sheltered steers as compared to 26,81 1b
per day for steers in the .o;;en shedss 8ilage consumption was 19.21 1lb
per day for sheltered animels while for the open yard group it was 15,19
15 per days The average daily gein per animal was 1.54 1b for the
sheltered group and 1,48 1b for the ojen shed steers. Conclusions from
these studies suggest that there were no material differences in favor
of one group over another,

Armsby (1) relates that since growth is & hysiological process,
largely synonymous with increase of protein tissue and rapidly growing
cells, a liberal supply of protein is neededs The average rate of
growth diminishes from birth onward, A deficient protein ration may
limit growth, This may also be true of a deficiency of ash material in
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‘thu rntioh. While it may be an auuppnon that abundent protein and
mineral supplies may stimulate growth, the effects are siight and thﬁl
the production of protein tissue is fundwentaliy & function of the
animal, not the ration.

Part II - Dairy Cuttle

From 1910 to 1913 at the Maryland Experiment Station three seusons
trials were conducted to observe the effects of housing dairy cows in
closed sheds vs. open sheds, Buckley (2) found an advantage for open
sheds in lower bullding costs, less barn equipment, less labor required
£o manage the cows, and the effects of low temperatures did not aeei to
show any influence on milk productions In no case did there seem to be
any decrease in mllk production or physical effects on the animsls,
pemanent or temporary that could be attributed to a low temperature or
sudden fluctuation in temperature, uniess beceuse of a cold rain or
sleet, This is in sgreement with the dairy cattle housing studies made
by ¥oodward et al (23) at the United Stutes Department of Agriculture
Experiment S8tation at Beltsville, Maryland in 1918, In trials that were
observed from November through March, indications were that cows tept in
the opea shed, consumed gomewhat more feed and vroduced siightiy more
mi'' than those kept in the closed barn, but the increase im production
did not offset the sxtra feed cost.

Investigations of the effects of high environmental temperatures on
dsiry cattle were conducted by Reagun end Richardson (17) at the Univer-
sity of California in 1938. In this experiment studies were made in &
temperature comntiolied room st levels of 40 to 100° Fo Respiration rates,

body temperatures, pulse rates and physical effects were studied. Their
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results showed that as the air temperatures increased from 40 to 100° F.,
the res iration rates increased from 12 to 124 per minute, body temp-
eratures increased from 10L to 105° F, and julse rates decressed from
72 0 57, It was slso observed that the upper iimits of heat regulation
for thp deiry cm; were between 80 and 85° F, When temperatures went
above those levels for more than 24 hours, heat production overbalanced
heat loss and the body teixparature incresged.

Shelter methods, temperature influences and feed consumption rates
were studied at the North Dakota Exyeriment Stetion in 1926 by Dice (4)
V(5) (6) to determine the ability of cows to withstand exposure to low
winter temjeraturess OCows were kept in closed barns and open barns ‘
during November, December, February #ud Marche The cows in the cold
barn showed a slight advantage in milk production.

Studies pertaining to housing dairy cattle were conducted by
Plumb (15) at the Purdue Agricultural Experiment Station., Two groups
of six cows each were ke;t, one in a warm barn and the other in an open
shed,s Conclusions from these trials indicated that the protected cows
produced 161.1 1b more milk on less feed per pound than those in the
open shed end gained 231 1b in weight as compared to a loss in weight
of 33 1b for cows in open sheds for the 48 day trial period. HResults
from these studies seem to indicate that other factors being equal
dairy cows housed in warm shelters will eat less feed than cows not
protected, Exposure to cold winter weather causes cows to produce
less milk tha® these same animals would produce if protected. Also, it
is more difficult to maintain their weight when they are exposed to cold

weather,
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Kelly and Rupel (12) in investigations of stable enviromments
conducted at Genesee Depot, Wisconsin during the winter of 1930-1931 and
1931~1932 in cooperation with the Wisconsin Experiment Stetion and United
States Department of Agriculture, observed that st & temperature reading
of 60 to 65° F. n.tlk production wus maintained above the average, but
butterfat was below the average for the experiment. At higher temperature
levels the rate of respiration wes correspondingly higher, the cows
appeared less comfortable and cow pox problems becume more apparent than
at lower temperatures. Sudden changes of temperatures of 10° in the 45
150 65° ¥, renges, affected the cows for the firet three milkings., Sick-
ness, lack of sppetite, and pneumonie increased with sudden exposures to
draftﬁ. The rate of decline in milk production was greater when the temp-
erature in the baerns was variable then when it wes fairly constant, Cous
in open barns dropped sharply in milk production during cold periods, but
recovered more quickly with the return of mild weather than cows in
stanchions.

In studies pertaining to the wintering of deiry heifers on corn
silage, Hunt (11) at the Virginis Experiment Station in work with dairy
heiferg found thet heifer calves weighing 275 1b would eat approximetely
20 1b of eilage per day, those weighing 420 1b would eazt 25 1lb, and

heifers weighing 650 1b would eat approximately 30 1b of silage,

Some factors influencing the rate of growth and the size of deiry
heifers et maturity were studied by Eckles and Swett (9) &t the Missouri
Experiment Station. The results showed that skeletel mecsurements may
be used as a method of determining growth, because the chances for
experimental error are low and because of the ezse with which it is
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possible to secure the height at withers, This method is recommended
‘vu‘ being sufficiently accurate to néanure the development of a growing
animel, The other unit of growth measure in animels is live weight.
It wes also noticed in these studies that there was a tencency for
animsls to recover from retarded growth if conditions are favorable
later; however, if retardation of skeletal growth hag proceeded
too far, the animals will not obtain the normal size that is expected
of them at maturity,

According to Eckles (8) the most favorable barn tem eratures had
‘not been determined experimentslly, but the assum,tion was that it
should renge from 40 to 50° F. for well-fed cows and between 55 and 65°
F, for growing heifers. Experimental work along with practical observa-
tions seems to indicate that fattening steers do not need es much, if
any, protection from cold temperstures. 8ince the dairy cow is not
protected by thick layers of fat, she cannot withstand exj osure to cold
weather, @gpecially when wet or drafty conditions prevail, This coin-
cides with the recommendations of Henry and Morrison (10) that beef
pteers adjust more rapidly to cold temperatures because of the layer of
fat just beneath the skin, In the dairy cow the situation is different
because her system is severely taxed through the annual drain of milk
productions B8She does not build these layers of fat and does not have the
insulating yrotection, consequently her body hes more radiation than the
beef steer per hundred pounds of live weight, Her hide is thinner and
coat of hair not as heavy as om the beef animsl, It is therefore be-
lieved necessary %o provide a well ventilated barn with temperatures
meintained shove 40° F. for dairy cowss. This temperature level can



~ easily be atteined in a well built barn without artificiel heat, since
the enimals produce emough heat energy to keep the barn warm, provided
that the barn has enough animals in it,

To determine the effects of different methods of growing dairy
heifers during the winter months Dice (7) carried out experiments with
‘heifers in open and ciosed shedss The resuits of these trials indicated
thet growth may increuse with less feed consum; tion &t higher tempera-
tures than for heifers housed under lower temperature levelss It was
also observed that those boused in closed sheds developed greater
.ukeletal grouwth as messured by height at withers and that they consumed
less protein and total putrients per pound of gsin than those inm o;sm’
sheds, Apparently more energy was neceded to keep the heifers varm in
the open sheds An explanation as to why heifers reqguire warmer barns
then cows is that cows consume more feed and therefore are able to pro-
duce greaster body heat, end also heifers have larger body surface exposed
to the atmosphere in proportion to their weight than cows, From this
explanation it then seems plausible that & warm shelter is to be
recommended for bousing yesr old dairy heifers during winter months -
especially whem temperatures drop _be}.ou sere accompanied with high wind
velocitye
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EXPERIMENTAL PROCEDURE

This experiment, as indicated, has been planned to stﬁdy some
environmental effects on the growth of dairy heifers and their feed
requirements during the winter months, Many studies have been made by
several agricultural resesrch workers on feed requirements and milk
production for dairy cows during the winter months, but these results
are not conclusive with respect to the need for werm housing. Little
work hes been reported on housing reqguirements for heifers, The experi-
mente herein reported were designed to obtain this type of information.

Three trials were conducted from November 1 to April 1 or for a
period of approximately 22 weeks. The first of the trials was started
on November 1, 1947 and then they were repeated in November 1948 and
Rovember 1949, Therefore, the experiment may be divided into three
periods. | |

8ince the information that was being sought pertained to dairy
heifers about one year old or older, animsls were selected as nearly
slike as possible with respect to age, breed, breeding, size and general
physical sppearance, Heifers were arranged in pairs by breeds, age and
size, with one heifer being housed in the warm barn and the other in the
cold barns They were registered heifers that were being retained in the
college herd for replacements.

The barns in which thege experiments were conducted are at the
College dairy farm, The heifers were housed in two barns. The warmer
barn is & part of the main college barn and the other is a more open and
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‘@older barn which was originally built to houss dsiry sires. These
barng each have box stalls sveraging in size about 12 ft x 12 ft or an
area of zbout li4 square feet of floor space per stall, Three heifers
were placed in esch pen, thus allowing about 48 square feet of floor
space per aninal.'.fhe barns have ample light, and the ceilings are
» approximately 10 feet high, The walls and ceilings of the msin barn
are constructed of wood, and are insulated with 4 inches of rock wool.
The walls have building paper and sheathing on the outside snd are lined
on the inside with wood. Thisg barn is alweys referred to as the wam
ﬁarn. The wellg in the sire barn are not insuleted. They are lined in-
side with planks o a height of 4 feet and are covered with ghesthing
and siding. This barn is referred to ss the cold burn., Each barn is
equipped xith cement floors, standurd steel pen panels for the box stalls,
' feed mangers and water tanks thsat are not automatiec.

Each of the barns has outside yarde in which the andmals could
exercise, In the case of the helfers housed in the cold barn the doors
were open at all times with the exception of a few nights when blizzard
weather conditions prevailed which made it necessary to clcse these
doors to keep the snow from blaw1n¢~1nxo the pens, The animaels housed
in the warm bara were allowed limited exercise, in the outdoor yard to
the extent that these heifers were out for sbout two howrs during the
afternoon when outdoor temperatures were mild (40° ¥, or zbove); other-
wise they were closely confined to their box stalls in the barn,

The animals were kept on a regular schedule by being fed at 8:00
o'clock in the morning and 4:00 o'vloeck in the aftermoon, The feeding

procedure was to feed pilage ficrst and aftor the silege was consumed
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the hay was fed, The same persomnel fed and wmansged the heifers through-
out the three years of the trials.

In determining the amounts of feed the heifers should have, the
literature on dalrying indicated that 20 pounds of corn silage per
heifer per day for this age was about the amount exyected to be con-
sumed during the winter months when temperatures ranged at lower levels.
Any feed requirements above this amount were consumed as hay. Ensilage
was kept constant at 20 pounds per day per heifer by being weighed daily.
The hay was fed ad lib. and was weighed on the pame day of each week,
Corn silage wes of excellent quality taroughout the trisls, but the hay
varied to quite a degree from time to time, It was planned to feed &
mizture of brome and alfalfa hay and this was strictly followed, No
grain wes included in the rstions during the trlals, thus meking the
feed an all roughsge retion., 8Salt was available ad 1ib, in the form of
block galt but no mineral supplements were supplied.

Growth rates were determined each week on the sume day, by welghing
the animals, measuring chest circumference and height at withers. Chest
circunferences were obtained by using a cettle tape measure placed around
the heart girth and readings were recorded in inches. Height at withers
was: measured by a calijer designed to be placed level &t the point of
withers and readings were reported in centimeters. According to Eckles
and Swett (9) Touchberry and Lush (21) messurements obtained at point
of withers are recommended for experimental procedures.

Temperature readings were secured with recording thermometers
placed in a central location in the barn.

Health of the animels was under the supervision of a liceunsed
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~ veterinarian who has charge of the vfetex'ixwry work of the herd. During
the course of the trials normel health prevailed.

Each heifer was designated by the herd number, that is, the regis-
tration ear tag or tatoo for the animel on the certificate of registra~
tion, 3

For the trial from November 1, 1947 to April 1, 1948, 18 heifers
were selected consisting of 6 Holsteins, 6 Guernseys and 6 Brown Swiss,.
These were paired into two groups with 9 heifers being placed in the
cold barn and an equal number in the wurm barn. The growp in the cold
'barn had en average age of 1l months and 24 days, and weighed 595 1b
a8 compared to those in the warm barn which had an average age of 1l '
months and 9 days and weighed 596 lb. On November 1, 1948, 22 heifers
were selected consisting of 4 Brown Swiss, 4 Guernseys, 2 Jerseys and
12 Holsteins, The average age for the 1l put in the cold barn was 1
year, 1 month and 27 days and the weight was 683 1b in comparison to
the 11 heifers in the warm barn that averaged 11 months, 12 days, in
age and weighed 656 1b,

S8ixteen heifers were selected for the triesl on November 1, 1949
end these consisted of 8 Holsteins, 2 Brown Swiss, 2 Guernseys and 4
Jerseys. The 8 heifers placed in the cold bara averaged 1 year, 1
month and 25 days in age and weighed 617 lb while the 8 heifers in the
warm barn averaged 1 year, 1 month and 1C days in age and weighed 607 lb.

Thus a total of 56 animsls were used in the experiment of which 26
were Holsteins, 12 Brown Swiss, 12 Guernseys and 6 Jerseys.

The data obtained from these trisls cousisted of growth rates,
feed consum; tion levels, temperature ranges and differeuces between

barns as well as differences between breeds.

SCUTH DAKOTA STATE COLLEGE LIBRARY



RESULTS

During the first trial with a temperature difference of 17° F. in
the two barns, the heifers in the warm barn showed greater gains in

weight, chest circumference and height at withers, These data are
presented in table 1,

The cold barn heifers made an everage gaim of 73 1b comyered to
110 1b per heifer in thc‘ warm barn or & difference of 37 1b. The rate
of growth in weight (Fig. 1) shows that the two groups started the
‘t'rial at zbout tho seme weight, that growth trends were paraliel to
each other during the first nine weeks and after this time the group
in the warm barn grew more repidly.

Incresse in chest ciroumference (Fig. 2) indicates that the two
grougs grew at the seme rate until the twelfth week when the warm barn
grow began to develop more rapidly, Chest measurements for the two
groups were essentially alike at the beginning of the trials At the
twelfth week the wurm barn ‘group had geined an inch more than the
other group, and st the end of the trial the difference was 3.5 inches.

(Figs 3) shows that each grouy started the trial with about the
some height at witherss Growth rates were nearly slike during the
firet ten weeks, after which the warm barn heifernv grew more rapidly
during the remainder of the periods The warm barn heifers finished:
the trisl with 126.,2 cm in height as compared %o 121.2 cm for the cold
barn group, or a difference of 5.0 cm. Heifers in the warm barn
goined an average of 10.8 cm compared to 5.7 em for those in the cold

barn,
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Table I

Effect of temperature on growth rates of dairy heifers.

_—=

Triel 1. BNove 1, 1947 - Apr. 1, 1948.
m—— e s —
Cold Barn Warm Barn
(9 gg,fe;gl (9 heifers)
g $
B g
3 i =t : 32 ¥ al 2
8 %P 85 S % %2 83 :
ol RGNS § geRe . CHEE T IR IR SR £ 3
Y e 8 Ay 8 R
Ko, 1b in. o318 i 4 . ik, cm_ b 4
 § 595 56,7 115.5 4y 596 56.8 115.4 57
2 602 5648 115.8 25 599 572 115.8 45
3 605 57.0 11643 30 607 57.5 116,3 by
4 619 57.2 116.6 22 613 57.8 116.7 33
5 620 57.6 116.9 23 619 58,0 7.4 37
6 625 57.9 117.3 15 621 58.3 117.8 35
7 630 5842 117.6 20 627 53,6 118,2 39
8 633 58.3 117.9 25 633 58,9 118.5 43
9 636 58.4 118.1 20 638 59.0 1ig.8 38
10 638 58,6 118,5 27 645 5942 119,3 48
11 643 58,6 118, 19 650 5945 120.0 40
12 645 59.1 119.2 16 660 60,2 120.0 32
33 648 59.4 119.5 17 669 60.8 1.3 36
14 649 59.6 119.8 16 677 61.0 121.7 37
15 654, 60.0 120.1 11 677 6l.5 122.3 31
16 656 60.1 120.2 29 684 62.0 123.1 46
18 66L 60.5 120.6 29 692 63.0 124.,0 47
19 664 60.7 120.7 16 697 63.5 12446 33
20 666 60.9 120.8 40 697 63.8 12449 52
pea § 667  61.1 121,0 45 699  64.3 12544 59
22 668 6l.4 121.2 32 706 64.9 126.2 46
Ave,
Aie. - temperature <5 4e
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Table 11
Effect of tempersture on the feed consumption of dulry heifers,
Teial 1. Hov, l, 1947 - Aure l, 1948,

ce;d Barn Warm Barn
(9 heifers) (9 heifers)

B b B by
£ & % 3 % %3
ERREEEEE L
RS RN USRS " SRR | S | LR | e < YR
i
2 104!8 L-g 26 3.3 9*6 106 m 3'3
3 1lL.8 1.9 20 3.3 10,3 1.7 20 3.3
4 11.7 1.9 <0 33 8.6 1.4 20 3.3
5 1i.9 1.9 R 3.2 10,7 1.7 20 3.2
 OMNE B W 2 MY N B A
v 13.3 dad 20 3.2 il.9 1.9 20 3.2
] 1bhed a3 20 32 9.8 1.5 A 3.2
9 12.9 e 20 % 3 8.3 led “€L Jed
10 12.2 1.9 20 3.1 iG.8 1.7 0 Jed
il i15.1 2edy 20 3l Dol 1.5 <0 3ed
i2 16.3 225 20 3.1 10.3 de5 #0 240
i3 16,9 246 L 341 ii.8 1.6 20 3.0
i4 16.1 2¢5 20 3.1 10.9 1.8 20 3.0
15 16,9 2,6 20 3. 9.0 1.6 20 3.0
6 6.6 2, TR PR T T
17 17.8 2.7 20 3.0 12.2 1.7 20 “e9
i8 lied Zed 20 Je 11.0 1.8 b 249
19 1602 2.4 20 3w° lgoa l.é =4 »L‘"\';
20 148 2.2 20 3.0 1344 1.9 <0 A%
b 174 2.7 €0 3.0 1446 440 &£ Ze8
20 3.1 i1.0 1.6 20 2.0

Ave, 14e5 2e3
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The data in table II for feed consumption show that it required
1445 1b of hay and 20 1b silage per day, or 2.3 1b of hay and 3.1 1b
of silage per cwt for the heifers in the cold barn. This compares to
11.0 1b of hay snd 20 1b of silage per heifer per dey, or 1.6 1b of
hay and 3.0 1b of silage per cwt for the heifers in the warm barn,
The rate of hay consmptio:; is shown in Fig. 4. The pounds of hay
consused were parallel until the tenth week when the course of hay
éonamptlon increased rapidly for the cold barn heiferss It required
345 1b more hay per day for the cold burn heifers over the entire
period.

Barn temperatures (Fig. 13) during the trizl show that as the
trial continued, there was & grester daily variation of temperature
in the cold barn than in the warm barn.

Resulte of the second year trial were similar to the first as is
indicated in Table III, The cold barn heifers gsined sn average of
72 1b in weight com;ared to 112 1b for those in the warm berns The
rate of growth in weight is shown in Fig. 5. The weights were parale-
lel for each group until the twelfth week, when the cold barn heifers
began to grow at a slower rate, while the warm barn heifers maintained
& steady, continwous growth. The cold barn heifers sterted the trial:
at an average weight of 683 1lb per heifer, compared to 657 1lb per
heifer for the warm barn, The warm barn heifers finished the trial
with an everage weight of 769 1b compered to 755 1b for the cold barn
heiferss Chept develoyment as indicated in Pig. 6 shows & more rapid
rate of groutp for the heifers in the warm barn than for those in the

cold barn.



Effect of temperature on growth rates of deairy heifers.
mc l, 191;8 il .ﬁp!". l’ 1949q

Trial 2.

“ 30 »

Table 111

e e ey

Cold Barn Warm Bsrn
h (11 heifers)
® ®
8 2
e 5 k. 5
3 @ : o a f; 3 @ o ® t’;
e & 2h% P 4 o4 W 0
i 3 B B3 ga 3 $: 3 )
3. 3 £§4 &y 48 @ i9 39 .5 2
No, _ 1b in. o . OIS - RIS © < b
1 683 60,7 1207 48 657 56,6 1158 ST
2 €12 09 1309 38  6F 560 - 163 ™
3 00 3 s M 8O N8
A M e 1309 0 W 00 SLi. BT i
E s Ea A A 665 e T4 49
6 701 60.2 121.3 37 679 57«7 117.5 4L
T M. S 30LS AR SA RS ke
T T G SRR R T < ¢
$ Wi MY % W W A,
18 U2 R IS W |6, W.a 100 3
3 T4 QA 1329 W T @O 1T B
MO8 s 108 4 T e Imy &
30 W% A8 I B W e Ana e
6T R A3 A3 T . G AR Y
IO Gl 154 186 80 . A8 . AR
WS 68 106 BT 63 ARS W
TR i T SRR T I R T S T TR S
0 me Sk IaLE R YT R XD Al
Bl WEL R MaE B T Y. Mea M
22 755 63.2 124.6 30 769 6445 1247 50
Ave,
gain 2.5 3.9 112 7.9 8.9
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Table 1V

Effect of temperature on the feed consumption of deiry heifers.
Trial 2, HNov. 1, 19&8 i ‘i’lro 1, 1949,

T e ——— e — —— — e——ta
Cold Barn Warm Barn
(11 heifers) (11 heifers)
s fllege ey -EEAege
2 % 4 2 3 A 28 R
ot ™ & iy A 7
i & : L ' ,"'“ 53 & 2 343 g
f 33 A% 33 it 31 3z 33 3%
No, _ib ¢ XA | A T | 1 3 SRR | SR
i
2 10,9 1.6 20 3.0 10.5 1.6 20 3.1
3 11,5 1.7 20 2.9 10,7 1.6 20 34l
4 12.6 1.8 20 2.8 10.2 1.5 20 3.0
5 13.0 1.8 <0 2.8 10,3 1.5 20 3.0
6 15.4 202 <0 2.9 9.6 14 <0 29
7 16.2 23 20 2.8 10,0 1.4 20 249
2 16,5 2.3 20 2.8 10,1 1.5 20 2.9
9 16.8 23 20 2.8 10.8 1.5 <0 2.9
10 17,7 244 20 2.7 10.1 L4 20 29
11 16,9 23 20 2.7 11.0 1.5 20 Ze8
iz 17.2 23 <20 247 11,6 1.6 20 2+8
13 17.8 A 20 2T 11.9 1.6 20 2.8
14 20.0 2.7 20 2.7 13,7 1.6 20 Ra7
15 21,0 2.8 20 2.7 13.5 1.8 X 247
16 20.7 248 20 27 13,0 1.8 20 247
17 ; 20.0 2.6 20 2.6 12.0 1-6 20 2.7
18 18.7 25 20 2.7 13.6 1.8 20 27
19 21.0 2.8 <0 2aT 13.0 17 =0 27
20 2044 2.7 20 2.7 133 1.8 20 2.6
21 20.0 247 20 247 12.9 1.7 20 2.6
22 19.8 Re2 20 2.6 13.4 b P 20 2.6
Ave, 1703 203 20 2.7 11.6 1.6 20 28
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Rate of growth as mecsured at withers (Fig. 7) shows similar
trends tc the chest circumference curves. A8 the triul started, the
¢old barn heifers measured 12047 ca in height as compared to 115.8 em
" for the warm barn groups As the trial ended, the height at withers
were 124.6 om and 124.7 ca respectively.

Feed requirements (Teble IV) show that the cold barn heifers ate
17.3 1b of hey per day ger heifer, &8 compared to 11.6 1b for those in
the warm berns Hay consumption per cwt (Fige 8) shows that after the
third week the cold barn heifers consumed larger quantities of hay than
thoge in the warm barne The c¢old barn heifers required 2.3 1bs of hay
and 2.7 1b of silsge per cwt as compared to 1.6 1b of hay and 2.8 1b
silage per cwt for the heifers in the warm barn.

Barn temperatures (Pige 13) were parallel until the twelfth and
thirteenth weeks, when cold barn temperstures dropped rapidly while
verm barn temperatures became warmers The explanction for this seems
to be that as normal winter temperstures dropped, the heifers in the
warm barn were confined to their yenss The doors were not open to any
extent to allow the barn to cool down; in the cold barm the outside
doors were left open 80 that the heifers could run out doors as they
wished.

Summary of results of the second year trial shows the warm barn
heifers gauined over the cold barn heifers by 40 1b more weight, 5.4 in.
more chest circumference and 5.0 cm more height at witherss Daily hay
congumption was 5.7 1b less per heifer for those in the warm barns

Results for the third trial (Table V) show that in the beginning
the heifers for each group were mearly equal im weight, heart girth, and
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Table V

Effect of temperature on growth rates of deiry heifers. .
Triel 3, Nove 1, 1949 - Apr. 1, 1950,

Cold Barn Werm Barn
(8 l_aggfeml (8 he!%rgrg)
®
g 2 IS &
@ o -~ ] o +3
3 4 L. .3 ]
;. 8 38 3 2% ) 4 .}
£ & 84 3y 48 @ 84 EFy 48
No. 1b in, cm oy ib in, cm Op
625 59.0 115.9 48 628 58,1 112.6

1

2 628 59.7 116,2 50 628 5843 113.2
3 637 60,1 117.6 37 629 58.3 115.6
'A 647 60.0 118.2 38 633 59.1 116.2
5 658 60.8 118.5 36 638 5945 116.6
6 659 61.0 118.9 23 647 60,0 116.8
7 664 61.1 1i8.1 27 653 €0.3 116.8
8 666 61.3 1i8.2 23 658 6046 117.1
9

0

670 61.6 11942 32 664 61.0 117.5
1 671 61.8 119.6 20 670 6le4 1id.1
11 678 62.3 12040 9 €75 €1.8 11847

i2 683 62,2 120.1 il 683 62.0 118.7
13 683 6244 120.6 7 691 6242 119.3
14 682 62,6 12047 19 701 627 119.%
15 680 62.8 1213 27 T 63.0 120.5
18 6952 62.7 122.5 31 751 61..0 122.7
19 699 6249 122.8 13 758 65.1 12344
20 706 63.0 123.3 28 768 65.7 12440
21 713 63.1 123.6 37 5 6642 12444

PEEBEEREURERRNPRRIBEEL S
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Table VI

Effect of temperature on the feed consum;tion of dairy heifers.
; Triel 3+ Bove 1, 1949 - Apr. 1, 1950.

Cold Barm Warm Barn
(8 heifers) (8 heifers)
Hay Silage Hay —Silage

keeks
Daily per
heifer
Dsily per
cwt

i; Daily per
heifer
Deily per
ckt

F;.‘ Daily per
heifer
Deily per
cwt
Daily er
heifer
Daily per
cet

Bo,  1b ib 1b i S OO °
y 3 . g
2 11.6 1.8 3.2 11.3 1.8 20 3.2
3 12.3 1.9 3(1 ll.? 109 20 3.1
‘ 1207 2.0 301 ll¢6 1.7 20 3.2
5 12,0 1.8 3.0 11.6 1.8 20 3.
6 13.9 ¢l 340 1i.4 1.8 20 341
" 1406 2.3 3;0 12;3 159 ZQ 3.1
8 15.3 243 3.0 1044 1.6 20 3.0
9 14.8 242 3.0 98 1.5 20 340

10 1644 Red 3.0 11.7 1.7 20 340

11. 16«1 2&4 350 1.0.2 105 20 300

12 17.8 246
13 1844 2:7
14 1944 249
15 20,0 249
16 . 1306 267
17 1.8 342
18 21-0 3&0
19 22,6 342
20 2104 3i0
21 20.6 249
22 19.0 247

249 11.3 1.7 20 249
2.9 11.8 1.7 20 249
269 1239 1.8 20 219
249 1044 15 20 248
249 1242 1.7 20 2.8
249 1344 1.8 20 267
2‘9 14.0 109 20 2.7
249 - 152 240 20 2.6
2.8 15.0 240 20 2.8
248 12,0 15 20 246
2.8 12,3 1.6 20 2+5

SVBBBBBBBBEBEREBBEBEN

249 12,0 1.7 <0 2.9

8

Ave, 17.2 2e5
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height at withers, During the trial the rates of growth in weight

(Fig. 9) were nesrly equsl until the twelfth week, when the warm barn
heifers continued to grow at a stexdy rate while the cold barn heifers
lost weight for about four weeks before they continued to gaine The
explanation for this 1;;3 in weight seems to be the effect of temp-
erature (Fig., 13) which dropped very sharply during the tenth te
twelfth week., The warm barn heifers gained 157 1b per animal =8 com-
pared to 96 1b for the cold bern heifers, Course of growth in chest -
circumference (Pigs 10) shows that the cold barn heifers did not develop
&8 repidly as the warm barn helfers,

During the trial the warm barn heifecs grew sore rapidly in height
es is shown in Fig, 1l At the beginning of the trial they were 3.3 cm
lese in height at withers but at the end of the period they were 1.2 em
taller,

Feed consumption (Table VI) shows that esch heifer in the cold
barn required 17,2 1b of hay per day per heifer, as compsred to 12 1lb
of hay for those in the warm bern, Hey consumption per ewt (Pig. 12)
shows thzt the hay reguirements were 2,5 lb of huy per cwt for the

cold bern heifers a3 com ared to 1.7 1b for the wzrm barn heifers.
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. A summury of comparisons for each year and the average of the
three trizls is presented in Table VII, These results show that the
heifers in the warm baru made average daily geins in weight of 0.83 1b
compared to 0,52 1b for the group in the cold barn,

Totel feed conmz;ption, which ineludes hey and silage, is expressed
as hay equivelent, This value is obteined by dividing the pounds of
silage consumed by three and adding this to the pounds of hay., The
average for the trisls shows that the heifers in the cold barn consumed
4+7 1b more feed, u’hay equivalent, than those in the warm barn,

To produce a pound of gain in the cold barn, feed requirements for
the theeetriais averaged 31.1 1b hay and 38,4 1b silage or 43.8 1b as
hay equivalent, compared to 13.9 1b of hey and 24.6 lb silage, or 22,2
ib a8 h&y equivalent for the warm barn heifers, These differences
calculated on a percentage baeis show that to produce a2 pound of gein
in the heifers housed in the cold barn, the fead requirements were
greater by 123.7 per cent for hay, 56.1 per cent for silage and 97.3 per
cent for total feed &s hay equivalent than for those in the warm barn,
The average temperature differcnce of the two barns was 14.5° Fe for the
three trials.

¥hen the peins during the entire trial periods are averaged for the
three trials and the results are expyressed in terms of percentuges, the
deta show that the heifers in the cold barn geined 12,6 per cent in
weight, 6,4 per cent in chest circumference and 4.5 per cent in height
at withers as compared to 20.1, 14.2 and 9.3 per cent res ectively for
the beifers in the warm barne

Breed differences were observed (Table VIII) wmhich inaicated that



Table VI1

Results of housing heifers in a cold barn versus & wam barn,

1947-1948 1948-1949 1949-1950 3 yr. ave,

Difference
Cold ¥Warm Cold Warm Cold Warm Cold Wwerm of 3 yr.
barm barn barn barm barn barm barn Dbarn save.

No. heifers included 9 9 11 11 8 8 93 3.3

Daily weight gain per heifer (1b) 0.48 0,73 0.47 0.74 0.63 1.03 0.52 0.83 0,31
Daily hay equivalent per heifer (1b) 2.1 17.6 23.9 18.2 23.6 18,7 2z.8 18.1 47
Feed Consumption per 1b gains

H‘y (lb) 30.1 1502 36.2 lS‘l 27'0 uc 5 3131 13.9 17. 2

Silage (iv) Bab 216 42,2 271 3NS5 19.2 38,4 U6 13.8

Bay Equi'alent (1b) ‘3‘9 24‘3 50-1 2405 37.5 17.9 1‘3-8 R2el 2106
Percentage galn per g

Weight (% 12.2 Mh 20.3 170 153 25,060 12,6 .l 7.5

Chest circumference (%) Bl o2 4B 40 B9 kb . 6.4 A T.8

Height at withers (%) £ S g -1 58 S AS Y 4.8




Table VII1I

Effects of cold and warm housing om different breeds of dairy heifers.

—— S - o ———

Holgteins Brown Swiss Guernseys Jerseys

Cold narn Cold Warm Cold tarm .Cold warm
barn barn barn barn barn barn barn barn
No. heifers included 13 13 6 6 6 & 3 3
&ve, gains per heifer
Weight {1b) 78 127 75 104 75 106 icz2 153
Chest cireumfersuce (in.) hedy 842 3.5 Bed 48 8.1 3.5 3.8
Height at withers (cm) 5.3 10.6 4al 9.8 7.7 11.0 6.9 11.9
Percentsge gain per heifer
Feight (%) 11.0 17.%7 12.3 16.1 12,6 18.5 2049 3445
Chest circumference (7) 7ol 13.7 6.0 14.6 8.5 15.1 &d - 19.4
Height st withers (%) be3 8.8 3.5 8.4 6.8 10.0 Sk AT

"GE‘
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Holgteins in the warm barn gained 127 1b (17.7 per cent) in weight
compared to 78 1b (11.0 per cent) gain for those in the cold barn.
Brown Swiss in the warm barn gained 104 1b (16.1 per cent) in weight,
while those in the cold barm gained 75 1b (12.3 per cent). Guernsey
heifers in the werm b;rn gained 106 1b (18.5 per cent) in weight,
while those in the cold barn gained 75 1b (12.5 per cent). Jersey
heifers showed the greatest guin in weight with those in the warm
barn makixg a gein of 153 1b (34.5 per cent) as compared to 102 1b
(20._9 pér cent) for the heifers in the cold barn.

Chest circumference messurements showed the Holstein heifers
housed in the cold barn gained 4.4 in. (7.2 per cent) as compered to
8.2 ine (13.7 per cent) or 3.8 in. (6.5 per cent) more for those in
the warm barns Brown Swiss in the cold barn gained 3.5 in. (6 per
cent) in chest circumference compared to 8.4 in, (14.6 per cent) for
the warm barn heifers. Guernseys housed in the cold barn gained A.é
in., (8.5 per cent) in chest circumference s compared to 8.1 im., (15.1
per cent), which is 3.3 in. (6.6 per cent) more for the heifers housed
in the warm barn. Jersey heifers in the cold barn gained 3.5 im. (6.4
per cent) in chest circumference as compared to 9.6 in. (19.4 per cent)
or 13.0 per cent more for those in the warm barn.

" Growth efficiency &8s measured in height at withers showed that the
cold barn Holstein heifers gained 5.3 cm (4.3 per cent) zs ‘eonpaud to
a gain of 8,2 cm (8.8 per cent) or 4.5 per cent more for those in the
warm barn. Brown Swiss in the cold barm geined 4.1 cm (3.5 per cent)
a8 compared to 9.8 cm (8.4 per cent) or 4.9 per cent more for the

heifers in the warm barn, Guernseys housed in the cold barn gained
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7.7 cm (6.8 per cent) as compared to 11.0 cm (10 per cent) or 3.2
per cent ioro for the warm barn heifers, Jerseys housed in the cold
barn gained 6,9 em (6.4 per cent) &s compared to 11.9 cm (11.7 per
‘cent) or 5.3 per cent more for the heifers in the warm barn.

The data just pr'elent.ed show that the rates of growth varied
somewhat with the different breeds of dairy heifers. Some of these
variations may be shown in a general way by & ranking of the breeds.
Since the increase in weight is perhaps the most important single
nealgremant used, the breeds are listed below in decressing order of
their average gains in weight for the three trials.

Warm barn group Cold barn group
Gain in wt. Percentage gain Gaein in wt, Percentage gain

1, Jersey Jersey Jersey Jersey

2. Holstein Guernsey Holstein Guernsey

3« Guernsey Holstein Guernsey Brown Swiss
4s Brown Swiss Brown Swiss Brown Swiss Holstein |

It is evident that the Jersey heifers made the greatest gains both
in actusl weight and percentoge wise under the conditions of these experi-
ments. There are some factors which may explain these greater gains.

The number of Jerseys in these trisls wes less than for the other breeds.
Since the average age of thchoraey heifers was two months less than for
the other breeds, they were smaller and in & more rapid stage of develop~
ment. With each animal receiving 20 1b of silage the smaller Jerseys had
more available feed in proportion to their size than did the other
heifers, It is therefore believed that little importence should be

placed in the greater gains made by the Jerseys.



SUMMARY AND CONCLUSIONS

A housing experiment for yearling dairy heifers was conducted
over three winter seasous, using & warm, lunsuleted bern for one group
and & cold, nnimlatgd barn for the other. Growth rates and the
smount of feed consumed were determined for each group.

Weekly average temperatures for the entire experiment ranged from
29 to 60° F, in the warm barn compared to a range of 5 to 48° F. in the
cold barn. The lowest temperature recorded was 2° F, below zero in the
cold barns Temperature fluctuations were much greaster in the cold bern
than in the warm barn,

The heifers in the cold barn consumed 26,0 per cent more feed, as
hay equivalent, than those in the warm barn.

The heifers in the warm barn made greater gains by 7.5 per cent
in weight, 7.8 per cent in chest circumference and 4.8 per cent in
height at withers then those in the cold barn.

Heifers in the warm barn made greater gains and consumed less
feed than those in the cold barn, Calculations of totul feed consumed,
a8 hay. equivalent, to produce a pound of gein show that 97.3 per cent
more feed was required for the group in the cold barn.

Comyarisons were made of growth rates and feed consumption of
different breeds of dairy heifers housed in the cold and warm barns.
Due to age differences and lack of sufficient numbers in some of the
breeds, the results were not conclusive,
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