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1.

INTRODUCTION

This study is primerily concerned with t he growth and development of
Jersey heifers fed limited preirie hay rations. Prairie hay is one of the
principal hay crops for deairy cattle in Oklahoma, and is fed in large
amounts by deirymen in the state. It is fed very extensively in certein
sections where soil end climatic conditions are unfavorable for the pro-
duction of the legume hay cropse.

During periods of drouth when supplies of prairie hay are small and
of poor quality, there is a possibility that the feeding of limited
amounts of this low quality hay may result in subnormel growth end dev-
elopment of young deiry cattle.

Results discussed in this study show the effects produced on the growth
and development of Jersey heifers resulting from the feeding of rations

containing different levels of prairie hay as the sole roughage.
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PROBLEM

The purpose of this study is to determine the offect of feeding dif-
ferent levels of prairie hay om the growth and development of Jersey
heifers. It is based on the records of twenty-seven heifers used in
Projeet 287 of the Oklahoma Experiment Stetion. A1l the heifers were
grade Jerseys, some of them being transferred from Project 190 of the
Oklahome station when Project 287 was started in September 1, 1936. Most
of the helfers were the progeny of cows used inm Projects 190 and 287 born
between September 1, 1936 and January 1, 1939. A1l heifer calves from
cows in Project 190 were trun?fnrﬂ-i io Project 287 at the time of birthe
Thesegrade heifers were started om the exporimemtel retion used in this
study at various times from September 1, 1936 to January 1, 1939.

Due to the fact that the experiment is =till in progress and the date
used in this study were obtained from heifers ranging in age from six to
twenty~-four months, it is necessary to present the data at the various
age imtervals. In view of this fect the data include feed nnd growth
records for twenty heifers from birth to six months of age, fifteen heif-
ers to twelve and eighteen months of age, smd thirteen heifers to twenty-
four months of =ge. Additional data concerned with the feed and growth
records of nineteen heifers for the Pirst gestation period is slso in-
cluded in this study.

As a general rule, these heifers were fed whole milk for the first
s8ix weeks, and then graduaslly changed to skim milk. The skim milk wos
fed to the age of six months. These heifers were confined in individuel
stells in the college dairy barn until they were six months old, and fol-
lowing that time were tumed out in 2 dry lot after each of the two deily

feedings. The only exceptions to this practice were short periods of
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inclement wezther when it became necessary to confine the heifers indoors
during the entire day.

Amounts of total digestible nutrients furnished by this experimentel
ration are based on the Minnesota feeding standard for norﬁal growth of
dairy heifers.(12)

Prairie hay was the only roughage fed and rations were formulated
in which three different levels of hay were used. |

The standard, or 100 percent prairie hay ration used in this study,
wag based on the records of average daily hay consumption of grade Jerseys
fed prairie hay, ad libitum, in Project 190 of the Oklahoma Experiment
Station as reported by Kuhlman. (19)

A second ration which allowed the consumption of ene~half the amount
of prairie hay fed in the 100 percent hay ration wns designated as the
50 percent hay ration. The third retion allowed the consumption of one-
fourth the amount of prairie hay used in the 100 percemt hay ration and
was designated as the 25 percent hay ration. At any given age, the three
hey retions were supplemented with equal amounts of cottonseed meazl,
nemely such an &mount_whiuh will meet the protein requirements for normel
growth based on the Norrison standard%/

In addition to the cottonseed meal, dried beet pulp was fed with
esch of these three rations in such quantities that the total digestible
nutrients supplied by 2ll three rations were equivalent in emount.

The heifers were sterted on prairie hay, dried beet pulp, end cotton-
seed meal as soon as they showed & desire to eat these feeds. Some of
the heifers did not eat hoth hay =nd concentrates until the latter part

of the first thirty-day period while others did not eat very muech of

1/ F. B. Morrison, "Feeds and Feeding,” 20th edition, p. 1005.
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either feed until the second thirty-day period, or when they were be-
tween 30 snd 60 days of age. All of the heifers were weighed and measured
for height at withers for three consecutive days at regular ten-day
intervals. All weights and measurements used in this study ere the

averages of the records for each three day period respectively.



REVIEW OF LITECRATURE

The feeding of rations which will produce normal growth and develop=
ment in young dairy heifers has been the subject of research by several
experiment station investigators. Various types of rations have been
fed. Several attempts have been made to rai.ac calves by feeding rations
containing no roughagess Such rations consisted enmtirely of milk or milk
plus concentrates. Work conducted by Herman (16), Ragsdale (27) znd
McCandlish (21) in which either whole milk or skim milk was fed as the
primary source of nutrients in the ratiom produced normal, =nd in some
cases, above normal gains during the first seversl months of the calves'’
lives. As the calves grew older this type of 2 ration proved to be
inadequate for normal gains. The calves failed to grow at the normel
rate and some actually lost weight. Several developed symptoms of anemia,
and in practically all cases de=th occurred somewhere between the age of
11 to 14 months.

Research in regard to the feeding of concentrate rations to growing
dairy calves has been conducted by Davemport (9), Huffman (17), Mesd
(22), Reed (28), and others. The feeding of this type of ration has, in
general, produced normal growth f_.ron birth to six months, and in some
cases up to the age of eight or tem months. GSometime between the ages of
8ix months and a year abnormel symptoms have developed in the calves
indiceting e deficiency of some essential element in the ration. Unless
these deficiencies were corrected by 2 change in the ration, the cslves
continued to decline in hezlth end desth ocecurred as the final result.

Studies concerning the value of rougheges in the retion for obteining
normal growth in dairy heifers are varied in nature.

Early work done by Hart (14) indicated differences in the feeding
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value of the forage of three cereal grains for produc:lyg normel growth
<. ""

and reproduction in grade Holstein heifers.

Copeland (7) conducted & study to determine the value of cottonseed
hulls and hay as roughages for growing Jersey heifers. Two lots each
containing twenty-three grade and purebred Jersey heifers were used as
experimental subjects. Lot I received Bermuda, Sudan, =nd .Serghtm hays
28 the dry roughage, while Lot II received cottomseed hulls. Both rations
were supplemented with grain, silage, =nd pasturage when available. Lot
I fed the hay os the dry roughage mede the more rapid growth during the
first 18 months, end especially from six to nine months of sge. At the
age of 21 months the animals in Lot I, on the aversge, were 50 pounds
heavier than those in Lot II, end also exceeded them in 1 he majority of
the body measurements taken.

Beam (2) conducted a2 short time (126 days) feeding experiment with
eight dairy heifers in which oat feed was substituted for one~helf the
deily hay ration. When compered with & similar lot of hei!'orls fed a hay
ration, the average daily gain was 1.16 pounds for the oat feed lot and
1.24 pounds for the hay-fed lot. The gain in height at withers was 1022
ond 10.25 centimeters respectively. Both lots received silage and the
same grain mixture.

Willerd (30) conducted a winter feeding experiment over a2 period '-of
150 to 203 days in which dairy heifers ranging in age from 16 to 20 months
were respectively fed rations of native hay, alfelfa hay, #nd both kinds
of hay plus silage. In the lot fed the native hay alone none of the
heifers made normal gaine, and the average gain for the pe riod was about -
two-thirds of normel as compared to the lot fed alfelfa hay alome in which

three-~fourths of the heifers made normal gains or better, snd the average



gain was slightly above normal.

Results of experiments by Meigs (23), snd Bechtel (3) im which poor
quality timothy hay was fed to young dairy calves show that roughage of
such quality contained insufficient amounts of vitemin A to promote
normal growth; as the calves developed symptoms of vitamin A deficienecy,
which if not corrected, resulted in desth. Some work more closely re-
lated to this study of the value of preirie hay in t he rations of growing
dairy eslves was conducted by Cave (6) =t the Kansas Station. He fed
dairy calves prairie hay ed libitum plus a vitemin A deficient grain
mixture and milk from dems fed similar rations. These cross-bred
Aryshire-Holstein celves made an average gain of 226 pounds in body weight
from birth to six months of age, appemred thrifty, end reacted normslly in
all respects. The night blindness test for vitamin A deficiency showed
no abnormalities in thet respect.

Kuhlman (18) fed prairie hay ad libitum supplemented by cottonseed
meal 28 the sole concentrate to more than fifty grade Jersey calves during
the ten year peried, 1927-1937, and obtained very favoreble results in
regard to growth and development. No apparemt symptoms of vitamin A de=~
ficiency were manifested even when low grade prairie hay produced during
drouth seasons were fed.

Dvorachek (10) conducted & feeding triel with growing dairy heifers.
Six Holstein and three Jerseys about five months of age were selected as
experimental subjects, and divided into three lots. Lot I received
alfalfa hay and Lots II and III received prairie hay =as the sole roughage.
A11 three lots received the hay ad libitum plus @ basal concentrate ration

consisting of white corn chops, ground brewer's rice emd salt. Lot II
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received the basel concentrate retiom supplemented by linseed oil meal
end steamed bome meal. Lot III recelved the seme concenireate ration as
Lot II plue n cod liver oil supplememts. A¢ the epproximmte age of tweniy-
two months, the heifers in Lota II and JII hed made equal, and even
slightly larger gains then the heifers im Lot T which were fed s1fnlfa
hay plus the besal concentrate retion. lgte IT and ITI made almost
identical gains in weight and body messurements indicating that the retm
fed Lot II was ndequate in the vitamins suppiied to the ratiom of Lot IIT
by the addition of the cod liver oil supplement.

In addition to the studies concerning the effects of different typos
of rations in influencing growih and development of young dairy eattle.
other factors =ffecting growth have also doon considered. Dartlett (1),
Espe (13), ond Ragsdele (24, (25) have formulated normel growth standards
Tor dairy catile bosed om the records of 2 lsrge mumber of dairy e=ttle
reised under quite favorable conditioms in experiment station herds. The

.. Bartlett (1), and Espe (13) standards are based on records made nt the
Resding Englend and Jows steiions respectively, while Ragedale®s (25)
are besed on records made =t several experiment station and large breeder's
herds.

Lush (20) conducted = study perteining to normal growth of renge cate
tle end his reosulis show the influence which season and feed surply have
on growth in weight end skeletal messurements of young beef eatile
rolsed under renge conditions.

Eckles (11) studied the influence upon the rate of growth of dairy
heifers of rations containing liberal end insufficient emounts of total
digestivle nutrients.
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Eckles (12) also studied nutriemt requirements for normal growth of
dairy cattle by a comparison of the Wolff-Lehmann, Kellner, Armsby, and
Morrison feeding standards for growing dairy heifers. The important con-
clusion from the compareon of these feeding standards is that the Mor-
rison stendard wes found to be too low for normal growth of deairy heifers
under one yeer of age and too high beyond that age.

Ragsdele (26) studied feed conmsumption of dairy cattle during the
growth period. His results show that Jersey heifers consumed 281.0,
608.0, 1089.0 and 1054.0 pounds of total digestible nutriemts per 100
pounds of gain in weight at the respective ages of six, twelve, eighteen,
and twenty-four months.

Carneiro (5) conducted growth studies with purebred Holstein calves
in Brazil. After the age of four months these celves showed a decreazsed
rate of growth when compered with the normal (Eckles) stendards. Under
similar conditions of feeding and menagement crossbred Holstein-Brahama
calves developed normelly, =nd it was concluded thet environmental con-
ditions other than nutrition are responsible for the subnormal rate of

growth of the purebred calves.
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PLAN OF STUDY

The plan used in this study was to ealeculate the percent of normal
growth snd development made by Jersey heifers fed differemt levels of
prairie hay =s the sole roughage.

Growth, as interpreted in this study, is the inerease in pounds of
body weight and centimeters in height at withers. The weights and heights
of all heifers is expressed as & percentage of the Missouri normals for
Jerseys (25) by thirty-day périods from birth to the age of twenty-four
months. Weight and height percemtages for heifers under two years of
age were cnlculated on the same basis, the only difference being in the
number of months that date was available for the younger heifers. The
total digestible nutrient intake was expressed in the same memner using
the Minnesota stendard (12) as the normal basis for the caleculations.

Studies pertmining to geins made during the first gestation period
are based on the schedule used in feeding these heifers during that
periode

A1l studies of feed Intake and growith are based on 30 day periods.
Individual records were obieained for each of the enimals. They were
sumarized by lots scecording to the level of prairie hay which had been
fedse All heifers fed the 25 percent hay ration, which had made apparent-
ly normal gains and showed no development of visible symptoms of vitamin
A deficiency, were designated as Lot I. Heifers fed the 50 percent hay
ration, and developed normally, were designated as Lot II, and heifers
fed the 100 percemt, or standard hay ration, as Lot ITI. Lgts IV, V,
and VI ere individual heifers which developed symptoms of vitamin A

deficiency when fed the limited prairie hay ratioms. Lot VII includes
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three heifers fed a libersl vrairie hay ration supplemented with a

1.

gomaercinl vitamin 4 prevparation hnown we Puratenc.
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PRESENTATION AND DISCUSSION OF RESULTS
Part I
Growth end Development of Jersey Heifers Fed Three Levels of
Frairie Hay from Birth to the End of Twenty-four Months
of Age

Gains inweight, one of the primary measures of growth, will be con-
sidered first in this discussion. Trble 1 shows the averzge actual
weights of Lots I, II, and III compazred with the Missouri normal for
Jerseys (25), from birth to twenty-four months inclusive. Teble 2 and
Figure I show these weights expressed as percent of normel based on the
Missouri Standard (25), for the two year period. It may be noted that
the everage birth weight of Lot I (Table 1) is considerably lower then
either Lots II and IIT or the normal, snd the resson for this was the
light birth weight of three of the four heifers representing Lot I. Re-
gardless of their smell size at birth, these heifers made rapid gains, and
at six months of age they were as heavy as Lot III which also contained
four heifers.

Lot II, represemted by six heifers, made excellent gains during this
early period and exceeded both Lots I and III by exactly 22 pounds in
weight at the =2ge of six months. During the seventh month, 2ll lots show
e decline in rate of gain, apparently due to the combined effects of being
turned out in the exercise lot for the first time, and the removal of the
skimmilk from the ration. Both of these fuctors tend to affect the
heifers, adversely, resulting in a elight decresse in feed comsumption snd
rate of gain. After the heifers became accustomed to the changes in the
ration end environment, improvement in gains were noted and during the
remainder of the two year period the heifers in ell three lots made very

satisfactory geins. At the nge of two years, Lots I, II, and III weighed
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Table 1. Average Body Weights of Heifers Fed Different
Levels of Frairie Hay

Age iniMissouri Normals:Lot I, 257 HeysLot 1I, 5074 HaysLot 11, 1007 Hay

months: (1bs.) 3 (1bs.) 3 (1bs.) : (1bs.)

Birth 53 44 50 - 52
1 67 63 63 68
2 90 88 88 86
3 121 117 122 113
& 158 148 161 148
5 199 191 202 185
6 243 228 250 228
7 286 243 269 261
8 324 265 294 296
9 360 302 328 324
10 393 332 352 359
1 420 367 388 388
12 450 406 419 424
13 479 446 446 446
14 507 480 491 484
15 530 509 513 504
16 558 533 538 529
17 580 567 562 551
18 601 600 581 567
19 622 628 602 588
20 642 655 628 619
21 665 681 660 658
22 684 707 707 678
23 708 T44 737 689

24 733 793 760 718
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Table II. Percent of Normal Weight Of Heifers Fed Different
Levels of Prairie Hay

Age in months : Lot I, 25% Hay s Lot II, 50k Hay : Lot III, 1 Ha

Birth 83.0 95.0 97.4
1 94.0 94.5 100.8
2 98.0 97.8 95-0
3 96.9 100.4 93.6
4 93.8 101.6 93-5
5 95.9 101.5 92.9
6 93.7 102.8 93.9
7 85.1 93.9 91.2
8 81.8 90.8 91.3
9 83.9 91.0 90.1

10 84.4 89.5 91.4
11 8745 92.4 92.3
12 90.1 93.2 94.2
13 93.1 93.1 93.2
14 9.6 96.9 95.3
15 96.1 96.7 94.7
16 95.5 96.4 94.3
17 977 96.8 93.8
18 99.8 96.7 92.1
19 101.0 95.6 92.5
20 101.7 95.3 93.0
21 101.3 95.7 94.6
22 101.3 98.2 93.5
23 102.4 98.3 91.2
24 105.1 97.5 91.3




Figure I. Percent of Normal Weight of Heifers Fed Differemt Levels
of Prairie Hay
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Teble III. Percent of Normal Growth end T.D.N. Intake of Heifers
Fed the 25% Hay Ration

Heifers T N WL TR Percent of Normsl
per month ¢ months 3  Weight s Height : T.D.N. Intake
4 1 94.0 96.7 52.9
4 2 98.0 96.2 89.2
4 3 96.9 96.6 85.1
4 4 93.8 97.1 82.2
4 5 95.9 97.0 100.9
4 6 93.7 97 .4 102.6
3 7 85.1 95.9 89.1
3 8 81.8 94.5 91.1
3 9 83.9 94.6 96.0
3 10 84.4 95.7 102.9
3 11 87.5 96+5 102.5
3 12 90.1 5648 103.6
3 13 93.1 97.0 99+9
3 14 94.6 97«2 101.0
3 15 96.1 98.1 105.1
3 16 955 977 105.0
3 17 971 98 .8 102.3
3 18 99.8 98.8 112.2
3 19 101.0 99+2 109.9
3 20 101.7 98.9 111.6
3 21 101.3 98.6 110.7
3 22 101.3 99.9 107.5
3 23 102 .4 99.4 114.8
3 24 105.1 99.8 112.4
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793, 760, and 718 pounds respoctively, as compared to the normal of 733
poundse. Alihough the nudber of heifers in cech lot is sm=ll, these sains
show the noszibilities of feeding limited prairie Moy rati ons to produce
noraal gains in growing dairy heifers

Since the method of feeding the three lots with reference to hey
intzke differs considersbly from sccepted practices it ie of interest to
consider the aversge gains in welght and height of eech lot as relsted to
tue ration fed« The rate of gain of Lot I was very satisfactory es is
shown in Table 3 and Figure II. The morked decrecse whieh occurred from
the sixth month to about the tvelfth month which 2lso occurred in Lots
IX and IXTI is spparently due to the chenge in the rotion and environment

-

vhich took place during this pericd. &ning in height wmnde by Lot I were

algo very sctisfactory, nnd at the end of the reriod the lot was 99.8

5]

e

seroent of normed) dn this respeoete Totnl digestible nutrient intake,

expreased as a percent of the normel, shovs greater wmonthly vericti ong

Lhan is showw by welght or hedght. Hubrient inbtake Aid not rezeh the

4

adrmal uwntll the sge of five wonths due to the foet thet the young heifers
often failed to congume their allotted amounts of hey =nd concentrates at
this e»rly age. I declime in fced inteke wes noticed following the sixth

monbh due to the froet that after the reomoval of skimmilk from the retion

the hedfers showed a Leondency to go of £-fecd and somo timo elapsed before
they became sceustomed to the change of ration and begen esting the al-

lotted amounts of fecd offered. AThor the zge of seventeen months the

*

rete of nubrient intake increesed considersbly. This was due to the in-
erease in the zllowznce of nutrients offered in the ration boginning at
when

that age. It is the plan of the sxperiment to breed the heifer

3

1971

they receh the nge of ssventeen wonths, ewd the incremzed =21lowrnce of
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Table IV. Percent of Normal Growth =2nd T.D.N. Intake of Heifers
Fed the 50% Hay Ration

T Heifers  : Age im  ® Percent of Normal
per month : months 3 Weight 3 Height : T.D.N. Intske
6 1 94.5 96.6 5842
6 2 97.8 969 74.2
6 3 100.4 9749 91.2
6 4 101.6 96.9 99.1
6 5 ~101.5 98.1 102.8
6 6 102.8 97«3 105.9
2 7 939 969 89.1
2 8 90.8 96.8 98.4
2 9 91.0 96.0 87.6
2 10 89.5 96.9 101.7
2 11 92.4 9549 105.3
2 12 93.2 95.7 24.6
2 13 93.1 98.0 105.4
2 14 9%.9 98.0 103.9
2 15 9647 9745 102.0
2 16 96.4 96.5 104.8
2 17 96.8 97.7 105.2
2 18 96.7 979 10242
E 19 95.6 97.3 1064
2 20 95.3 97.2 106.1
2 21 95.7 96.5 105.1
2 22 9842 98.0 104.5
2 23 9843 9846 107.2

2 24 97.5 98.7 105.9
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Figure III.
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nubrients of fered after this spe 48 Por the purvose of meeting the demends

of pregnancy. 2 compariscon of the three fzcetors show that while the 25

sercent hey rablion was sotisfostory Tor vroducing normal zeins in wveipght

znd height, it roouired en intske of wore than nermal aqounts of tetal
digestible »ubrients.

The datm for Lot JI fed ihe 50 wercent hay reiion are precented in

Toble 4 and Wigure ITX. This lob gmrined in welight ob & more waiform rote

s

thun ¢id Lot I« These heifers mude larger soine during the first six
monthe and wers =2ifected lase by the ehsnges in raflon and environuent
wiich took pluee following thet period. Gains made during the remainder
of the tun yesr period vere vory sstizToecbory. =znd the asversge for ihese
twe helfers of Lot 37 was 975 sercent of normel at thet tice.
he rate of gain in height wmo very wniform for this lot s8 ic nobed
igure Iil. The widest variction bebwoen wonths belng only three per-
cent, with o low of éﬁ.? percent ot twplve momhs ﬁf oge aad o bigh of
38.7 percent =t twenty-Ffour months.

The pereentages for total digestible muirient inteke show monthly

veristions sirlilar to those of Lot I oo con be =oticed from & comemrison

of Figures I and ZIX. ZFurthor comparison of these twoe figwres indi-
cates that the 59 nercent hoy ration fed Lot IT »ns necrly as effective
in producing norasl growth as the 5 perceont hoy retion fed Lot T. In
some resypects it mmy be considersd more desirable s these helfers vere

s fected less by the chenges which took placed iw the rotion emd environ=

ment following the sixth =owth.

During the sceond yenrs the 25 percemt hay ration fed Lot I produced

gains in weight snd helght which appronched the —ormel more closely than

did the gzins mede by Lot II. Feoed intake was grester for Lot I during

this poried, especielly durinz the latter halfy ns is c¢losrly showm by
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Table V. Fercent of Normal Growth and T.D.N. Intake of Heifers
Fed the 100% Hey Retion

N~ R T Y RS T F S,
per month : months 3 Weight Helght : T.D.N. Intake
4 1 100.8 97.0 44.3
4 2 95.0 95.0 70.2
4 3 93.6 94.1 92.2
4 4 9345 93.1 91.2
4 5 92.9 94.1 %5
4 6 93.9 94.1 114.8
4 7 91.2 94.1 107.2
4 8 91.3 93.8 106.6
4 9 90.1 93.1 99.0
4 10 91.4 94.5 103.9
4 11 92.3 95.1 89.2
4 12 94.2 96.3 9942
4 13 93.2 97.0 95.5
4 14 95.3 9643 102.1
4 15 94.7 967 104.8
4 16 94.3 96.1 97.4
4 17 93.8 97.4 101.1
4 18 92.1 97.1 105.3
2 19 92.5 98.0 106.7
2 20 93.0 97.6 106.2
2 21 94.6 97.7 103.3
2 22 93.5 98.1 94 .7
2 23 91.2 98.1 98.6
2 24 91.3 98.8 99-5



Figure IV. Percent of Normal Growth and T.D.N. Intake of Heifers
Fed the One Hundred Percent Hay Ration
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a comparigson of Figures II aad Iil. fLn explenation “or this difference
in nutrient congumptlion bebtween Lots I and IT is found in the source of
nubriente in the retions fed these lots. The 25 percent hay ration fed
Lot I contzing less hoy ond more dried best pulyp then does the 50 percent
hay ration fed Lot II. Helfers fod the 25 percent hey ration consumed
the ellotted amounts of hay offered and seldom refused wny of the con-
centrates, while the heifers fed the 50 percent hay raotion consumed
thelr entire allowance of concenirotes but frequently refused cmall
swounts of hay, and as 2 rasult, their intake of total digestible nub

ents was slightly leus as compared to the intske of the heifers fed the

jd

75 percent hay retion. One reason for lower feed consumption by the

heifers in Lot 1T 4s pe

2latibllitys the 50 percent hay ration contains

twice the amount of hay sllowed inte 2% percent hay ration and consew
el Ly less dried beet vulp. The dried heet pulp is more palatsble than
the prairie hay, ead @s & result the 25 percent hoy rotion was consuned

more completely than the 770 percent hay retion. Teble 5 end Figure IV
containg the data for Lot IIZ. Thais lot, olthough $wo pounds heavier

rat birth, did not gzain quite as ranidly during the first six months as

t¢id Lot Iie It made galus nearly oqual to those of Lot I. During the

b
Hy

eriod, from six months Lo one ysar of age, Lots IT =nd ITT wmade ve

<<;

5’)

vimilar peins exceeding Tot I in dthis respect. This indicotes the value

r,.i

of the larger amounts of hey fed Lots IT snd ITT in vroducing normal
growth during this period. During the period, from one to two yezrs of

&

[

e gains made by Lot IIT weve very satizfactory, slthough not quite equal
tc those made by Lots T and II. fains in heighbt of Lot III were very
niform and shoved the seame trends ag do those wade by Lots I and II.

Although eligitly smaller thep thoce of lLeobs T and II they were vory



satisfactory and never were below 93.0 porcont of normal ot any time
dguring the two~yeer period.

wbrient consumpiion of Lot III was very similar to that of Lots I

Ee

and ¥I. One excertion, however, was the more uniform feed consumption

during the monmths immediately following the removal of the skimmilk from

-
L

the retion. These heilers appurently wore less aif

s

fected by the changes
in the rotion snd envirowsncut than were the heifers in Lots I and Il

Rates of grin in weight show & smaller decrsase probubly dus to the faet

t

these heifers more nearly eonsuaed their sllotied amcunts of feeds
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Teble 6. Feed ond Weight Records from Birth to 180 Days of
Heifers Fed Different Levels of Prairie Hay

e e e
3 Normel : Lot I t Lot 11 ¢ Lot TII

Level of hay intake 25% . 50k 100%
Number of snimals 4 6 4
Ave. weight per animals
at birth, lbs. 53.0 14.0 5043 51.6
at 180 days, 1lbse 243.0 227.8 249.7 22843
Gain, lbs. 190.0 183.8 1994 176.7
Feeds consumed per animal:
Whole milk, lbs. t 209.0 243.5 234.8 20640
Skim milk, lbse 1781.0  1671.0 177646 1660.0
Prairie Hay, lbse 285.0 18.5 133+5 21249
Beet pulp, 1bse 16540 16842 152.8 116.8
Cottonseed meal, lbs. 16540 16042 164.0 155.6

Aves 1lbse TeDeNs consumed
per 100 lbs. gain 298.7 25542 245.8 271.6

Teble 6 affords acomparison of each lot with the normal with refer-
ence to gains end economy of gains during the first six months. Lot II
excelled the other two lots, both in t he rapidity and efficiency of gnins
made,; followed in order by lots I end III. At this age, Lots I, II, and
III had consumed 255.2, 245.8, and 271.6 pounds of total digestible
nutrients, respectively, per 100 pounds gein in weight as compared to

the normal requirement of 298.7 pounds.
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Table 7. Feed and Weight Records from Birth to 360 Days of
Heifers Fed Different Levels of Prairie Hay

t Normal 3 Lot I s Lot IT : Lot III

Level of hay imtake 25% 50% 100%
Number of enimals 3 2 4
Ave. weight of Animals:
et birth, lbs. 53.0 3843 475 51.6
at 360 days, 1lbs. 450.0 405.7 419.0 423.8
Gain, lbs. 397.0 367.4 371.5 372.2
Feeds consumed per animals
Whole milk, 1bs. 209.0 245.0 232.5 206.0
Skim milk, 1bs. 1781.0 1702.3 1982.2 1741.9
Prairie hay, lbs. 1419.0 363.6 672.9  1233.1
Beet Pulp, 1bs. 53640 883.7 613.7 401.7
Cottonseed meal, 1lbs. 578.0 673.9 7 32.0 673.5

Ave. 1bs. T.D.N. consumed
per 100 lbs. gain 428.8 413.4 412.1 421.1

A comparison of the three lots from birth to ome year of age is
shown in Teble 7. Although all three lots feiled to make normel gains,
Lot III made better gains than tte other two lots. However, this
deviation from the normel is smell as Lot I which made the smallest gsin,
was only 19.6 pounds below normal weight. In efficiency of gein at this
age, Lot II still excels. Lots I, II, and III consumed 413.4, 412.1,
and 421.1 pounds of total digestible nutrients per 100 pounds gain in

weight as compered to the normal requiremenmts of 428.8 pounds.
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Table 8. Feed and Weight Records from Birth to 540 Days of

Heifers Fed Different Lovels of Prairie Hay

t Normal 3 Lot I 2 Lot II s Lot III

Level of hay intake 25% 50% 100%
Nuymber of animals 3 2 4
Ave. weight of animals:

at birth, 1bs. 53.0 38.3 47.5 51.6

at 540 days, 1bs. 601.0 600.0 581.0 555.5

Gain, 1bs. 548.0 561.7 533.5 503.9
Feeds consumed per animal:

Whole milk, lbs. 209.0 245.0 232.5 206.0

Skim milk, lbs. 1781.0 1702.3 1982.2 1741.9

Prairie hay, lbs. 3093.0 785.4 1291.6  2558.6

Beet Pulp, 1bs. 824.0 1947.7  1393.4 602.3

Cotton seed meal, 1bs. 1070.0 1164.1 1249.0  1254.1
Ave. 1bs. T.D.N. consumed
per 100 1bs. gain 557+9 511.9 540.4 572.2

Of the three groups, Lot I made the greatesi total gains averaging

13.7 pounds above normel at the age of 18 months.

the period from twelve to eighteen months of age,

This showsthat during

Lot I made large

enough geins to equal and surpass both Lots II and III in weight. A¢

this age Lots I, II, and III had consumed 511.9, 540.4, and 572.2 pounds

of total digestible nutrients,respectively, per 100 munds gain as compared

to the normal requirements of 557.9 pounds.
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Table 9. Feed and Weight Records from Birth to 720 Days of
Heifers Fed Different Levels of Prairie Hay

3 Normal : Lot I 3 Lot II : Lot III

Level of hay imtake 258 50 100%
Number of animals 3 2 2
Ave. welight of eanimalss
at birth, lbs. 53.0 38.3 47.5 533
at 720 days, 1bs. 733.0 7933 760.0 717.5
Gain, 1bs. 680.0 75540 712.5 664.2
re;::1:°::::fd1§:t e 209.0 245.0 232.5 183.4
Skim milk, 1lbs. 1781.0 1702.3 1982.2 1776.3
Prairie hay, 1lbs. 5157.0 1298.9 2442.9  4194.9
Beet pulp, 1bs. 1112.0 3259.9 2335.8 776.8

Cottonseed meal, lbs. 1598.0 1689.1 1762.6 2231.9

Ave. lbg. T.D.N. consumed
per 100 lbs. gain 682.2 594.1 619.8 663.5

At the age of two years Lot I had made the largest total gain in
weight and exceeded lots II end III by 42.5 and 90.8 pounds, respective-
ly. Lots I and II slso exceeded the normel by 75.0 and 32.5 pounds
respectively, as compared to Lot III which was 15.8 pounds below normel
welght. In considering efficiency of gain for the two year period it
will be noted that all lots were above normal in this respect. Lots I,
1I, and III consumed 594.1, 619.8, and 663.5 pounds of total digestible
nutrients, respectively, per 100 pounds gain in weight as comp red to the
normal requirements of 682.2 pounds.

Ope explenation for the order im which Lgts I, II, and III rank in
efficiency of gain over this two year period is suggested by the source

of the digestible nutriemts furnished in these three rations. The heifers
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fed the 25 percent hay ration received a larger portion of their nutrients
in the form of concentrates, namely dried beet pulp. This also is true,
although to a lesser degree, of the heifera fed the 50 percent hay rationm,
while the heifers fed the 100 percent hay raetiom received a larger portion
of nutrients from the prairie hay. It 1s a well known fact that the total
digestible nutrients present in concentrate feeds are more efficiently
utilized then those presemt in the roughages, and results obtsined from
Lots I, II, and III indicate that as the amount of hay in the ration is
increesed from 25 to 100 percent the efficiency of gain becomes less.
Efficiency of gain, as measured by the pounds of total digestible
nutrients per 100 pounds gain in weight, for all three lots at the re-
spective ages of six, twelve, ecighteen, and twenty-four months compares
very favorably with the values given for Jerseys as reported by Ragsdale
(26), who found thet Jersey heifers fed good herd rations consumed 281.0,
608.0, 1089.0 and 1054.0 pounds of total digestible nutriemts per 100
pounds gain in weight, respectively, et the ages of =ix, twelve, eight-

een, and twenty-four months.
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Part IX.

Value of a Vitamin A Bu-plement in Correcting Deficiencies in
Limited Prairie Hay Rations

This section denls with three heifers which developed marked

cms of vitamin & deficlency while being fed limited prairie hay
retions. A commercial vitamin A supplement in the form of 10 cubic
centimeters of Purstene was added to their daily ration, =nd the in-
dividual response of each snimal, as measured by increase in weipght, fo-
gethior with the date of a2ddition of the supplement to the ration is
showm in Figure V.

The heifer design§%éd as Lot IV was fed the 25 percenmt hay ration,
and heifers decignated as Lots V and VI were cach fed the 50 percent hay
retlon. Lot IV was quite normal in weight Tor the Pirst four months.
The only abnormel condition noted during this period was that she bloat-
ed occasionally beginning at the age of 110 days. During the next month
hetween the ages of 120 to 150 days, marked sympioms of vitomin A de~
Ticiency developed. At 142 days of age she was blind in the right eye
and five days later blind in the left eye. At this time the syes were
bulged and gray and the pupil could unot be secen. These syaptoums are
typical of witamin A deficiency. Beginning at 147 days of zge, she re-
ceived the vitomin & suvplement zs showm in Figure-v. Adgition of the
supplement to the rationm corrected the arppearance of the eyes, but did
not restore her sight indiesting thst iﬁ addition to xerophthalmia, a
permznent type of tlindness due to constriction of the optic Toramen had
developed, Dhe continued to decline in rete of gain until the zge of
24C days, after which she maintained herself ot tuis approximete level
until t he end of the first year. RFollowing the age of one yesr she made

considerable improvement in rate of gein, although she never rezched



Figure V. Effect of a Vitamin A Supplement on Weight of Heifers Developing
Symptoms of Vitamin A Deficiency on lLimited Hay Rations
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normal weight, and at the end of the two year pe riod was stillgdoimar- B
AGRICOLTORAL & HECUANIGAL (LG

]JIBE~,’&L\L ]L

The heifer designated as Lot V was slightly above norma%“f? gg@g§§39

cont below it.

&zt birth, snd made very satisfactory growvth during the first four months.
The first symptom of vitamin A deficiency shovn by this heifer was exces=
sive coughing noticed at 105 days of age, followed later by merked
symptoms during the [ifth month charactorized by coughing, white nasal
dischorges, watering of the eyes, and soreness of the joints. TFollowing
the age of 150 days, she continued to be below normal in physical con-
difidn and on the 228 and 229 day was given 60 cc of cod liver oil daily.
5 morked increase in body weight occurred during the following ten—-day
period. The abnormal condition of the syes began to clear up,; and ap=-
-petite and physical condition also began to show improvemewb. At the
age of 247 days the vitamin & sunplement, FPuratene, was added to the
ration and shortly afterward warked improvement in the conditiorn of this
heifer wns noted. UHor eyes beeams normal and she begen gaining in wolght.
The response made in this respect is shown very clearly in Figure
V. At the age of fifteen momths, Lot V was normal in weight and during
the remainder of the two year period continued to goin very catisfactorily.
The heifer desipnoted as Lot VI wes small at birth; however, she
mede very normal gaims.during the first 60 days and continued to g&in

o OJJ

following this time, although at a slower rate. Follow1nr°+ha.190 day

symptoms of vitamin A deficiency began to appear w%ieh were thafacterzzed

DS‘“"

o

- o s P )o
° 5

LLLLL v o °,

by dullness of zction, and et the nge of 136 déyq S>e hecwme ulind iﬁ’oﬁé o5

oye. Ay the age of 147 days, she was blind in both eyeQ, and the eyes
wore bulged and grays. Additionsl symptoms noted were rapid breathing,

secretion of excessive asmounts of salive, end sluggishuness of movement.
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The vitamin L supplement wee added to the ration on the 147 day and some
jmprovement in growth ocewrred during the following 30-day perisd. Ad-
dition of the supvlement %o the ration improved the condition of the eyes
but did not restore sight, indicating a state of éermanent blindness.
fhe othor deficiency symptoms were slow in c¢learing up. DBuring the
reriod from 260 to 270 deys of age, additionsl smounts of vitanmin A were
given in the form of cod liver oil with.little heneficial offect.
This heifer, Lot VI, coutinued to decline in rote of gein until the age
of ten months wes reached, when she was only 70.5 percent of normml.
After this » gradual improvement was noted until seventeen momths of age,
efter which a~sli§ht decline ocecurred, and ot the end of the two yesr
period she was 8B.4 percent of wormal in weight.

These three heifers, Lots IV, V, and VI were borm in the fall of
1936 and were fed prairie hay of the 1936 erop from the time they began
cating hay wntil July 23, 1937 when the 1937 crop was @vailable. The-
hay fed these youﬁg heifers wes grown during the drouth season of 1936
end was of poor quality. A sample of it was eolleeted for coroiene
determinetion during the period July 10 to 17, 1937, and cheaiezl
aﬁalysis.showad it to hove the very low carotene value of only vine
tenths milligrems per pound as compsred to good quality prairie hay
which ranges in valus from 6 to 10 milligrsms per pouni .

The records of these thres heifers indicate the velue of a vitamin
A supplement in the ratioms of groving dairy heifsrs when it bhecomes neces-
seyy to feed limited awounts of poor quelity preirie hey. Swmery tables
for the three lots similar to Table 6 to 9, inelusive, are showm in Part

111 furnishing = comparisom of lots IV, V, VI, and TII.
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Pert IIX

A Vitamin A Supplement Not Mécessary in ithe Ration of Heifers
iy

Fed Liberal Quantities of Prairie Hay

Pigure VI shows the galns in velght made by three heifers fed 2
liberal préirie hay ration plus 2 vitamin A supplemswi. It also shows
e comparison of these three héifers with another heifer of similer age
which received the seme hay ration without the supplements

The three heifers which received the supplement are grouped to-
gether as Lot VII; however, for purposes of comparison in Figure VI
they wre designated by their individunl herd numbers. These throe
neifers were about the same age, 336 was born July 28, 1935, 424 on
Aguust 5, and 1224 on Novemboer 15 of the same year. Heifer, number
337, fed no aupglement was born July 20, 1935. All four heifers re~
ceived the same rations, prairie hay, =d libitum end cottonseed mezl until

Mareh 1, 1936, when 5 cc. of Puratene was added to the daily rotlions of
336, 424, =nd 1224. This omount was increased to 10 ce. daily on July
21, 1936 and fod in thot amount during the rempinder of the two year
perisds Rationg of 2ll four heifers were modified to ~ certaln degree
Jamuary 1, 1937 when drisd beet pulp vms substituted in the ration for-a

ortion of the cottonseed meal. The prairie hay sllowance remained the
same, however, and during the entire two yeér period these heifers uvere
allowed a8 much hay as they would consume.

The four heifers were fed the 1935 crop of prairie hay until the
approximate sge of one year and the 1936 crop during the second year.
Tho 1935 crop was good quality hay grown under gquite wormal climatic
céndiﬁions, while the 1936 crop was of poor quelity as previously dis-

cuzsed ig Part IL.



Pigurs VI. Growth of Heifers om Liberal Hay Ration Not Imnroved by Vitamin A Supplemernt
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In considering the grins made in weight by these four heifers as
éhow& in Pigure ¥V I, it will be noted that heifer 337 which rccelved ne
supplemerd wos more nearly of normal weight than was the aversge welght
of the three heilers fea the additionel vitamin A. This indlcates that
the feeding of liberal amounts of good quality prairie hay fwrnishes suff
ﬁicient vitamin & fof‘ﬂormal grom%h-im dairy heifers up %o the age of one
yEars.

A comparison of the rate of gelin woide in weight during th&l secend
year shows & condition similar fo that of the first year. =ud ot the end
of_the twe year period helfer 337, who received no supplemernt, axceeded
the other three heifers in percemt of normal weight. These resulis in-
dicate that even prairie hay of poor quality, if feed im libersl amounts,
furnished.sufficiaﬂt amounts of vitomin A& %o prevent the development oft
vany deficioncy symptoms in growing dairy heifers and is in agreemont with
the work reported by Kuhlman (18).

Summery Tebles 10 to 13; inciusive, show & comparison qf Lots IV,
v, VI, snd VIT in regard to total goins made in weight, smounts of feeds
consumed , and efficiency of geln os measured by pounds of total digest-
ible nutrients consumed per 100 pounds of gain abt the ages of 180, 360,

540, and 720 days, respectively.
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Table 10« Peed and Teight Records from Birth to 180 Days of Heifers
Which Beveloped Symptoms of Vitamin A Deficiency om Limited
Prairie Hay Rations end Heilers Fed Liberal Amounmts of

Prairic Hay

Lovel of hsy intake 25% 50% 500  Liberal
ﬁuﬁber of animals 1 1 1 3
Avee welght of animels:
at birth, 1bs. 530 53.0 5440 £1.0 5043
at 180 days, lbs. 243.0 2190 2110 214.0  229.0
Gain, 1bs. 190.6 166.0 15740 173.0  178.7
Fgeds consumed per animals
Whole milk, 1bs. 209.0 298.1 276.5 263.5  259.1
© Skim Hilk, 1bs. 1781.0  1517.8 V1680.1 1511.9 1851.0
Prairvie hag, 1bs. 285.0 102.3 1444 143.6  204.1
Beot pulp, lbs. 145.0 179.8 195.3 17043 -=
Cottonseed meal, lbs.  165.0 195.7 173.9 182.9  222.6

Eveg. 1bse. TeD.H. consumed
per 160 1bs. g%&ined 29807 31405 339.3 289:8 25907

& consideration of Table 10 shows that Lots IV, V, and VII which
developed symptoms of vitamin A deficlency during this early age, were
considersbly lighter in bvody weight then Lot VII in which the heifers

in
d@veloped/a normel manner. Lfficiency of geins for Lets IV, ¥V, and VI
are also lower as is clesrly showm in Table 10. These two conditions can
be explained by the fuct thet any comdition or factor which affects grow-
ing helfers zdversely will tord to decrease the rate of growth and, there-

fors, indirsctly the efficiency of gein.
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Table 11. Feed and Weight Records from Birth to 360 Days of Heifers
Which Developed Symptoms of Vitamin A Deficiency om Limited
Preirie Hay Ratlons and of Heifers Fed Ljiberal Amcunts

of Prairie Hay

t Normal ¢ Lot IV : Lot V : Lot VI sLo‘tVIi

Level of hay imtake 25% 50% 50%  Libersl
Number of animsls : | 4 3 3
Ave. weight of animals: |
st birth, 1lbs. 53.0 5340 54.0 41.0 5043
at 360 doys, 1lbs. 45040 364.0 393.0 339.0 3937
Gain, 1lbs. 3970 311.0 339.0 298.0 143 .4
Feeds consumed per animals:
Whole milk, 1bse. 209.0 298.1 27645 263.5 259.1
Skim milk, lbs. 1781.0 1517.8 1680.1 1511.9' 1851.0
Prairie Hay, 1lbs. 1419.0 386.8 678.2 624.5 1351.3
Beet pulp, 1bs. 536.0 1055.7 879.8 846.4  --
Cottonseed meal, lbs. 578.0 529.3 567.4 553.1 899.3

Ave. leQ TeDlle consumed
per 100 1bs. of gain 428.8 495.3 46643 506.7 440.1

Table 11 commares the seme lots at one year of age indicating a
condition very similar {o that givem intke preceding table. One difference,
easily noted, is the fevorable response made by Lot V whichat this age
is only seven-temths of a pound lighter in body weight t’ﬁan the average
of Lot VII which received on sdequete smount of vitamin/during the “irst
year. L@t V is also more efficient than lots IV or VI and is excelled

only to a small degree by Lot VII.
During the first twelve months, a2ll lots appesred to be less ef-

ficient in meking geains as, compered to the normsl, than they were during

the first six months. At six months of age Lots IV, V, VI, and VII had
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consumed 314.5, 33943, 289.8, and 259.7 pounds of totel digesiible nulrie-

v 2o compared to the normal requires

¥

enba, respeciively per 100 pounds
ments of 296.7 pounds whereas at the uge of one year these Tour lots hud

consumed 495.8, 468.3, 506.7, and 440.1 pounds respechtively, &8s compered

to the normel reguirements of 428.3 pounds.
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Table 12. Feed and Veight Records from Birth to 540 Days of Heifers
fhich Developed Symptoms of Vitamin A Deficiency on Limited
Preirie Hay Rationg and of Heifers Fed Liberal Aunounts

of Prairie Hay

_: Normel 3 Lot IV 3 Lot U 3 Lot VI 3 Lot VII

Level of hay intake ‘ 25% 505 50% Libersl
Humber of animmls 1 1 1 3

Eveoe wolght of znimalss

at birth, lbe. 53.0 5340 4.0 41.0 5043
- at 540 days, lbs. 601.0 550.0 618.0 548.0  528.%

Gain, 1bs. 548.0v 497.0 564.0 507.0 478.4
Feeds consumed per animals

Whole milk, 1bs. 209.0 298.1 27645 263.5  259%.1

Skim milk, 1bs. 1781.0 1517.8 1680.1 1511.9 1851.0

Prairie hay, lbs. 3093.0 1491.3 1496.9 1485.7 2823.4

Beot pulp, 1bs. 8ra.0 1663.1 1683.4 1642.9 134.8

Gottonseed menl, lbs. 1070.0 1050.8 1059.2 | 1042.3 1871.2

fve. Ibs., TP consumed )
per 100 1ibg. of gain 557.9 572.2 5210 566.8 634.0

The data for all lots to the end of eightecen months are showm in
Table 12. A cémparison of Tables 11 end 12 show the changes which took |
place during-the‘period, twelve to eighteen months. Lots IV, V, and VI
mede & relatively more repid gain during this period than did Lot VII
and at this age were heavier in tody weight. This conditicen is very
similar to that shown in Table 8 for Lots I, II and III. At this age
Lots IV, V¥, and VI also show wore efficient gains than does Lot VII as
they consumed 572.2, 521.0 &ﬁ&-ﬁéé.ﬂ poﬁnﬂs of total digestible autrients

per 100 pounds gein in welight respectively, as compared to Lot VII which



consumed 634.0 nounde for an equal gain in welght. Lat
waich responded so favorsbly to the oddition of vitemin
is remerkesble in this reswect as she hod consumed 521.0

digestitle nwirients por 100 ovounds goin ag compared to

guirement which 21lows the consumption 557.9 pounds per

"N

pa

n welght.

i

& $o her rotion,
pounds of total
the normal ree

180G pounds gain



Table 13+ Feed and Veight Records from Birth to 720 Days of Heifers
Thich Developed Symntoms of Vitamin A Deficiency on Limited
Prairie Hay Rations and of Heifers Fed Liberal Amounts

of Prairie Hay

$ Normel ¢ Lot IV 1 Lot V H Lot VI : Lot VII

Level of hay intake 25% 504 504  Liberal
Humber of animals 1 1 1 3

bye. weight of animals:

at birth, Ibs. 53.0 53.0 54.0 41.0 50.3
at 720 days, 1bs. 733.0 657.0 771.0 680.0 677.3
Gein, 1lbs. 680.0 604.0 7170 639.0 627.0

Feeds consumed per animals
Yhole milk, 1lbs. 209.0 298.1 276.5 263.5 259.1
Skim wilk, 1bs. 1781.0 1517.8  1680.1  1511.9  1851.0

Prairie hay, 1lbs. 5157.0 1337.1 2517.3 2235.2 4388.1

Beet pulp, 1bs. 1112.0 3218.5 2582.4 2524.9 477.3
Cottonseed menl, lbs. 1598.0 1443.3 1552.2 1560.1 2574.2

Aves 1bs. T.D.X. concumed
per 100 lbs. gain 682.2 708.8 621.% 665.8 725.8

Table 13 shows the results obtained to the end of the two yeor period.

At this age Lots V and VI eoxceeded Lot VII in total gain in weight. Lyt

V 2lso exceeded the normel weight by 37 pounds. Lot IV, the heifer fed

the 25 percent hay retion supplemented with vitamin A, made the smellest
gain of all, and at this asge is 76 vounde below normal weight. Lgt VII,
the three heifers fed the liberal hay ration supplemented with vitemin A,
made quite satisfaectory gainms. Hywever, they were not as large as one
might expect from the feeding of s ration which fumished large smounts

of both roughege end vitamin £

In comparing the officiency of gain made by these four lote, it will
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be noted that Lots V and VI excel Lots IV and VII, and =zre above normal

in this respect. Lot IV, the heifer waich mnde a smaller total galn in
woight during the two year period, was zlso less efficient inthe
utilization of the total digestible nutrients consumed. & comparison of
her totel digestible nutrient intake with the wnormal shows that she con-
sumcd 26.6 pounds in excess of normal reguirements for eaeh 100 pounds
gein in body welght. Two undesirable results, decresse rate of growth

and low efficiency of gain of this heifer =s a result of the effects of
vitamin A deficiency stress the importance and value of sufficient amounts
of vitamin & in the rations for growing dairy heifers.

Lot VII wez less efficicnt than any of the other threce lots which
received the limited hay rations. These heifers, on the aversge, consumed
43.6 more pounde of total dipgestible nutrients per 100 pounds gain in
welght than the normazl requirement at this age. One logical explenstion
for the lower efficiency of gmuinm by Lot VII is that this group received a
large portion of the total digestible nutrients in the form of prairie
hay as compared to Lots IV, ¥, and VI which received a larger portion of
the nutrients in the form of concentrates. Thus, these results tend to
verify the fact thet rations furnishing a wmejor vortion of the total
digestible nutrients in the form of concenirates are more efficiently
utilized then rations furnishing the mejor portion of autrients in the

form of roughages.



Part IV
Different Levels of Prairie Hay As the Sole Roughage During the
First Gestation Period

The gains in weight, Teods consumed, =nd the reliative efficlency
of gains by Lots I to VII, inclusive, during the first gestation period
are shown in Table 14 and 15.

Lots I and II conmbain several heifers in sddition to the nuwber in-
cluded in the growth studies for the two year period discussed in Purt I.
Toe zdditional heifers were transferred from ansther project and changed
from & full =llowance of prairiec hay to the 25 =2nd 50 percent hay rations
at the time of conception. Date oblained during their first gestetion
peried were therefore included in this phes °f the study. During the
first gestetion peried it wus the plen of the investipgators to feed all
of the heifers rations which would supply sufficient amounts of total
digestible nutrients to mazke an average daily gain of one pound in body
welght. Rations which would give this rate of gein were bosed ont he
actuzl geins made by a krge anuvmber of grade Jersey heifers during the
irst gestation period when fed prairie hay, =d libitum, and ¢O “tonseed
mezl retions inm Project 190 of the Cklahoma Experimemt Stetion.

This group of heifers made an average daily gain of approximztely one
‘pound during the first gestation pe riod. Sinece growth and development
were very satisfactory, it was decided to fesd the heifers in this Sihdy
an equivalent amoumt of total digestible nutrients during their first

gestation peried.
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Table 14. Feed and Weight Rgcord of Heifers Fed Differemt Levels
of Prairie Hay During the Pirst CGestation Peried

Level of hay intake 25% so0d 100%
Nutber of enimals 6 Y 2
Ave. weight of animals:

at conception, 1lbs. 6777 647.8 550.5

at celving, lbs. 982.3 924.2 304.5

Gain, 1lbs. 304.6 276<4 254.0
Length Gestation in days 274.7 271.2 267.0
Daily gain, lbs. 1.11 1.02 «95
Feeds consumed:

Preirie hay, 1bse. 901.9 1635.0 2500.6

Beet pulp, 1lbs. 1894.1 1305.5 453.0

Cottonseed meal, 1bs. 1066.1 1195.7 924.9

Total 1bs. T.D.N. per
animal 263042 263547 2207.0

Ave. 1be T.D.N. consumed
per 100 lbs. gein 863.4 953+6 868.9

I/ Data Tor one heifer im this lot used onmly to the 240 day of pregnancy.

A comparison of Lots I, II, end III is shown in Table 14. Lyt I
fed the 25 percemt haey ration was heavier than elther Lots II or III at
the time of conception, and also made & larger total gain during the
gestetion peried. The average length of the gestatiom period for these
six heifers was 274.7 days and they made an average daily gein in weight
of 1.11 pounds during this period. This daily gain is slightly in ex~
cess of the amount expected and indicates that the 25 percent hay ratiom
when supplemented with sufficient emoumts of total digestible nutrients

in the form of concentrates, is very effective in produeing gains during
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the first gestation period.

Lot II fed the 50 nevcent hay roation mede = very sstisfactory gain
during the gestation period, and 21l heifers excepiing one bshaved
zormelly. This particular heifer was normal in 2ll respocts until about
the 240 dsy of her gestation poriod, =znd had gmined & total of 257 pounds

1 >

in weight at that time. Following this period she became abnormel, lost
her appetite, and bhegen losing weight. On the 261 dey of the gestation
period she aborted arnd continned to be abnormsl. In view of the exist-
ence of these abnormal conditiens after the 240 day it wes decided that
deta obteined subsequently to thet time should be included. Omitting the
last part of the restation peried for this one heifer, Lot II represented
by five heifers mnde an average deily gein of 1.02 pounds. This gain
excoeded the expected by .02 of a pound snd indieates that the 50 nercent
hay ration is entirely satisfactory for produecing the desired gains

during the first gestation peried.

i

.0t IIT reprecented by only two heifers, made the smallest gain of
the three lots, and slso had the shortest gestetion period dus to the fact
that one of the two hsifers celved on the 260 day of pregnancy. These

two heifers wade an sverage dally gain of 95 hundredthe of a pound during
the period which is only slightly less than the expected gain. The gain
mede by heifers in Lot III fed the 100 percent hoy rotion cau be considered
cuite satisfactory for producing the desired geins during the first
gesteati on period. The records of feed comsumption of these three lots as
shown in Table 14 show that more pounds of total digestible nuiriemts were
consumed per snimal in Lats I and IXthen in Lot IXX. Two explanatious

for the different in nutrient intoke are: first, the heifers in Lots I

and II were considerably heavier ot the time of conception as compared to
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the two helfers in Lot IXI, sand cecondly, the grester gains made by the
Lots I and If. Considering the officiency of gain of the three lots ss
shown by the nutrient imtake per 100 pounds gain it is noted that Lot 1

excels in this respsct, followed closely by Lot III, both being con-

g

sidersbly more efficlent then Lot IZ. Table 14 ghows that Lgts I, II,
and IITcuusumed 063.4, 953.6 and (68,9 pounds of total digestible nutrients,
respecitively, ver 100pounds gain in welight during the first gestation

.

periocd. The wnore efficient poins mode by Lot I 2 bamp red to Lots 11

g
end IIIis expleined by the differences in the rotions fed. The 25 per-
cent hay ration fed Lot I furrnishes 2 larger portion of the total digest~
ible nutrieats in the form of concentretes than does either the 50 and
100 percent hey votions fed Lots IY and III, respectively. Result$v56;

tulined throughout this entire study indicate thet the nutriemis furnish-

ed in this 25 percewt hey ration ore wmore efficiewtly utilized than those

furnished inm the 50 and 100 percent hay rations.
In efficiency of guin, Lot IITY follows Lot I slthough the difference

P .

is very sunell which indicstcs that these two hellers were prozctics 11y a8

flClewt in the utilizetion of the nutrients furnished in the 100 e rcent
hey rztion a8 were the heifers inkLot I fed the 25 percent hay roiion.
However, the heifers of Lpt IIT had two advantages over those of Lot I,

wamely, their actual age and weight 2t the time of conception. The aver-
age age in days snd pounds in welght for Let II1 were 524 and 55C.5,
respectively, as compared to the average age in days and pounds in weight
for Lot I which were 601.2 and 677.7, respectively.

Both factors, younger age and lighiter weight, should produce mors

of ficient gains as younger heifers gain fester than more meiure heifers

end these differences in age and weight are a logical explanstion for the



efficient gazins made by the two heifers representing Lot IIX.

Lot II was the leazst efficient of ihe three lots, as 1t consumed
90«2 and 84.7 pounds of totel digestible nutrients wmore than did Lets §
and 11X, resvectively. This rate of efficiency of gein by Lot II is
eontrary to the sxpsctation. Hawever, due to the differences bebween
the rations fed Lots I anmd IT it is logical to expect that Lot I would
exceed Lyt II in efficiency of gain, and the results show this to be the
cases, Lgt III excelled Lot II in efficiency of gain which wos not ex-
peeted. This marked difference is shown in Toble 14. One @ossibla
explanation for %his occurrencs is the difference between the sverage ags
and weight of the heifers represented in Lpts IT and IIX. Heifers in
Lot II averaged 595.2 days of age and 647.8 pounds im weight at the time
of coneception as compared to the heifers in Lot IIT which averaged 524
days of age amd 550.5 pounds in weight. This older age and hoavier weight
of the heifers in Lot II offers au explanation for the difference beiween
Lot IT and III, but this does not explein the wide veriation between
Lots I and IX in which the average age and weight ot the time of con-
ception are anproximetely the same. Therefore, this difference must bhe
due to the retlions and analysis of Table 14 gshows that Lyt II consumed
90.2 more vounds of total digestible nulrients per 100 pounds gain in
weight than 4id Let I. This indicates that the 50 pereent hay ration fed

Lot II ic less efficient than the 25 percent hay ration fed Lot I for

]

produging gains during the first gestation period.



Table 15. Fsed and Weight Record of Heifers Fed Different Levels
of Prairie Hany Plus 2 Vitamin A Surplement During the First
Gegtation Period

e A e IV &t Lot V1ot VI s Lot Vil
Level of hay imteke 253 507 5% Liberal
Fusber of animsls 1 1 1 3
Ave. wolght per animels
at conception, 1lbs. 554.0 646.0 568.0 5457
ot calving, 1bs. 798 .0 912.0 837.0 7 687
Gain, ibs. 244.0 266.0 269.0 223.0
Leungth of gestation in days 298.0 27440 291.0 2T4.7
Daily gain, lbs. .38 «97 +99 .81
Feeds consumeds
Prairie hay, 1bs. 872.1 1642.5 1198.4 2856.1
Beot pulp, lbe. 1857.7 1321.9 1338.7 442.8
Cottonseed meal, lbs. T10+4 763.2 705.0 90294
Total 1bge TD N
per smimal 23232 2327.4 2154.6 2355.4
Lvee lbse T«D.H. consumed
per 100 1bs. gain 952.1 875.0 601.0 1056.6

The heifers representing Lats

IV, to VII inclusive {Table 15)

received u vitamin & surplement during the entire gestation period. It

mey be noted that none of these lots equnlled the expected goin of one
pound daily elthough Lots ¥V amd VI approzched it very closely. Lot IV
mzde a smaller geiwn end this indicating effocts of retord growth ceused
by the vitamin A deficiency which occurred during the {irst year of her
life. Lagt VII consisting of the three heifers fed the libersl hay ration,
made the smellest daily gain of these four lots. This lot made smaller

daily gains than Let III(Table 14) which received 2 similar hay ration

without the vitamin supplement. Therefdre, these results indicate that



the addition of a vitemin 4 supplement to retions containing 1iberal
amounts of prairie hay are of little or no value in producing larger gains
in dairy heifers during the first gestaticn period.

Nuytrient consumption by cach of these four lots wes nes rly iders ienl
as can be noted in Table 15. Lyt VI consumed the smellest total smount of
féed and thig was due to the fact that she seldom consumed the sllotled
smounts of hay offered.

In eonsidering the efficiency of gain for these four lots it is noted
thet Lots ¥ and VI vhich made the larger average daily gains also were
more efficient in wtilizing the total digestible nutrients consumed.

Lots V end VI consumed 801.0 and 875.0 pounds of total digestible nutri-
eﬁfs, respectively, per 100 peunds gein as compered to Lets IV and VII
which consumed 952.0 and 1056.6 pounds per 100 vounds gein, respectively.
The lower efficiency of Lot IV as compured with Lots ¥ and VI is explained
by the fact that she consumed epproximstely the seme amount of nutrients
during the gestation period but only gzoined 244 pounds in welght whersas
Lots ¥ and VI gained 266 and 269 pounds, respeciively. Lot VIL receiving
the liberal hay ration, was the lecst efficient of a1l four lobts as It
consumed the lergest amount of nutriemts and mede the smallest tolal god
du?iﬁg the period. These results again indicate that a ration furnishing
a iarge portion of its total digestible nulrients in the formm of_hay is
1@3$ efficiently utilized than a ration furnishing « major portion of the

nubtrientz in the form of concenbrates.
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Sumery

This study is concorned with the growth end development of Jersey
heifors fed different levels of prairie hay as the scle roughege from
5irth to the age of two years. Three levels of hay were fede In the
100 percent, or stendard hay ration the snount of hay fed ot any given
age wsg practieslly egusl {o the ammounts consumed by Jersey heifers when
hay was fed zd libitum. In the two rertricted rations the daily hay ale
lovances were limited to 25 and 5C percent of the amounts of hay fed in
the 100 percent rations at corresponding oges. In eddition to the hay,
exch ration included dried beet pulp and coblionseed meal im such emounte
that the totsl digestible nutrients furnished by it met the nuirient re-
guirements of dairy heifers for growth aeccording to the Uinnesota
Stenderd (12). When prairie hay supplied sdequate amounts of vitamin A
heifers fed the 25, 50, and 100 percont hey rations mpde gains in weight
and height during the period from birth to the age of two years which
compare very favorably with the Missouri standards (25)e At the age of
two years tho heifers fed the 25, 50, and 100 percewt hay ratiomns on the
average, weighed 793, 760 end 718 pounds, respectively, 2s compared with
the Wissouri normal of 733 pounds.

fyerage gains in height at withers of the helfers fed these throe
levels of preirie hay were very uniform and soticfactory during the
period from birth to two years of age. ione of the three lots of heifers
was ever helow 23.0 nercent of normal height at any time during the two
yeer poriod. At the age of twe ysors they measured 118.8, 117.6, and
177.7 centimeters, respectively, as comparcd with the Hissouri normsl
of 119.1 centimeters.

Prom birth to the age of two years, the heifers fod the 25, 50, and

i

100 percent hey rations respectively consumed 594.1y 619.8, =nd 663«5



pounds of totel digestible nutrienmbts per 100 pounds gain as compared to
the normel roquiremcnts of 682.2 pounds.

On th

D

averages neifers fed the 25, 50, and 100 porcent hoy rations
consumed 1298.0, 2442.9, and 4194.9 pounds of prairie hey per animal,
?espectively? during the period from birth to two yesrs of ags.

Three heifers, designnted ss lots IV, ¥V, and VI in this study,
developed symptoms of vitamin A deficiency duriug the mriod from birth
to six month of age, whon fed limited rations of poor guslity prairis heay.

The amounts of vitamin £ presenmt in the limited allowances of this
low grade hay consumed by three young heifers was inadequats for normel
growbhe. Bach of three heifers showed 2 morked decline in the rate of
gain,_beaame physienlly abunormal, &nd two of then developed 2 permanent
type of blindness due to the contriction of the optic foramen. A~Ldditien
of a vitemin A supplement to ithe ration in the form of 10 cc. of Puratene
daily, stimulated growth imn these heifers, and corrected the abnormal
condition of the oyes of one heifer which had not become permonently
blind.

£t the oge of two yesrs Lot IV, weighed 657 pounds end during the
two years consumed 708.8 pounds of totel digestible nutrienmts for each
100 pounds gain in velight. Lot I, in vhich the heifers developsd normnl-
1y on the same level of hey intoke, welghed 793 pounds at this cge end
consumed 594.1 pounds of toitsl digestible nutrisnts per 100 pounds gain
in weight. Lots V and VI fed the 50 percewt hay ration weighed 717 and
639 pounds respectively, at two years of age. They consumed 668.8 and
621.5 pounds of total digestible nutrients respectively, per 100 pounds

gain a5 compared with Lot II, in which the heifers developed in a wnormel
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manner on the 50 percemt hay ration, end weighed 760 pounds et two years
of age. They consumed 619.8 pounds of total digestible nutriemts per
100 pounds gain in weight.

No teneficial effect on growth was noted as the result of the ad-
dition of a vitamin A supplement to the rations of three heifers fed
liberal quantities of prairie hay. Heifers fed this rati on showed no
increase in rate of gain when compared with enother heifer of similer
age which received the same hay ration without the vitamin A supplement.
These results indicete that under the conditions of this experiment
rations consistin‘ of liberal quantities of prairie hay furnished sdequste
amounts of vitamin A to produce normal growth in dairy heifers to the age
of two yearse.

During the first gestation period heifers fed the 25, 50, and 100
percent hay rations mede average deily gains of 1.11, 1.02 and .95 pounds
respectively. Feed allowances during this period were based om a fecding
schedule which would produce an estimated gain of ome pound daily. The
results obtained show that all three rations were adequate for this
purpose. The gains made by the heifers fed the 25 and 50 percent hay
rations were slightly lerger than the gains made by the heifers fed the
100 percent hay ration. However, due to the limited number of snimels

in 211 three lots these differences cemnot be considered very significent.
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Coneclusions
Since this is only & preliminary report of mm investigstion which

will be countinued feor seversl years, finzl conclusionz should wnot be
gravm Trom the limited redords vhieh ere now aveilable. However, the
results obtained for the twenty-seven sunimels svailsble im this study
do permit the siotement of soverasl {tewmtative conclusionss

1. Limited praivie hay rotions conbaining 25 and 50 percent of
normal hay allowances, preperly supplemented with sufficiewt amounts of
concentrates woere equally ss catisfactory as the 100 percent prairie hay
ration in producing normal growth and development of Jersey heifers during
the period from birth to two years of age provided the hay furniched
adequate amownts of vitemin L.

2+ the commercizl vitamin & supplouent, Puratens, corrected to

2.

e marked degree, the tows of vitamin A defilciency which developed in

young dairy heifers as o result of fecding rotions conteining limited

amount s of poor quelity prairie h

m

¥

3¢ Lo benefleial coffect on growth wes noted as the result of
the zddition of a vitemin £ supplement to the ration of heifers fed
liberal quantities of prairie hay.

4. 411 three lovels of hey intake, nemely, the 25, 50, and 100
percent hay rations were satisfactory for producing the geins desired

during the first gestetion period.
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