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INTRODUCTION 

The literature contains numerous reports with both laboratory and 

farm animals concerning the effects of different nutritional planes on 

growth and reproductive performance. However, little long-term research 

of this type has been conducted with beef females. In the Southwest, 

where supplemental winter feed for beef females represents a large por­

tion of the expense in a cow-calf operation, the problem of optimal 

nutritional plane is of great economic significance. 

It is known that extremely low winter feed levels for beef females 

will result in smaller and less thrifty calves at birth, lighter calves 

at weaning and lower percentage of calf crop weaned, but the plane of 

nutrition where this begins to occur is not well defined. Also, rela­

tively little information is available on the effects of extremely high 

planes of winter nutrition on the beef female. While overfeeding is 

probably less prevalent than underfeeding under farm and ranch conditions, 

it may be practiced in varying degrees in purebred herds where it is de­

sirable to keep beef females in a fat condition for show and sale. It 

is important to ascertain whether or not such a practice is detrime·ntal 

to their productivity. 

Studies on different winter feed levels for beef cows have been in 

progress at the Oklahoma Station since 1948. In general, it pas been 

found that levels of wi nter supplement lower than ordina.!lily r ecommended 

did not adversely affect reproductive performance and did increase pro­

ductive lifespan of the cow and percentage of calf crop weaned. In 

1 
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subs~quent studies, more severe restrictions in winter supplement resulted 

in reduced calf crops, reduoed birth and weaning weights of ~he calves~ 

~d slower maturity 0£ the cows. 

The trials reported in this thesis were initi~ted to determine the 

e££eots of wid~ly di££ering levels of winter supplement. 'l'wo trials, each 

involving 6o heifers are -rieported. Data have been obtained for fe~es 

through 5. ~ years 0£ age ( Tr:i.al I) and 4. 5 years o;f' age ( Trial II) • 

" 



REVIEW OF LrrERATURE 

The literature pertaining to the effects of plane of nutrition on 

growth and productivity have been extensively reviewed by Thomas (1952), 

Shrader (1954), Zimmerman (1958), Zimmerman (1960) and Pinney , (1962). 

Therefore, this review will deal pr:i.nl~ily with the more pertinent and 

recent literature in this field. 

Experiments at the Oklahoma Station 

Research on the effects of different levels of supplemental winter 

feed for beef cows was initiated at the Fort Reno Experiment Station 

in 1949. The initial trial, involving 120 Hereford heifers, was 

summarized by Pinney (1962), at which time these cows had been on experi­

ment for 13.5 years. All of the cows grazed native grass year~long at a 

stocking rate of approximately 10 acres per head and were divided into 

three groups and received from -November to mid-April each year, the 

following amounts of supplement per head daily: Low level, 1.0 lb. 

cottonseed meal; Medium level, 2.5 lb. cottonseed meal; and High level, 

2.5 lb. cottonseed meal plus 3.0 lb. of whole oats. iach of these 

nutritional groups were subdivided into two lots, one of which calved 

first at 2 years of age, while the other calved first at 3 years of age. 

All cows were bred to purebred Hereford bulls and calved in Febrnary, 

March and April of each year. The calves were weaned at approximately 

210 days of age in early October. None of the calves were creep-fed. 

The pertinent resul ts of this study are given in the following table. 



LIFETJJ'1E EJtFECTS OF DIFF.EREN.r WINTER FEED LEVELS OM 
PERFORMANCE OF RANGE BEEF COWS 

==-1.,.eyel of Winter Supplement 

Winter·· gain of cows (1b.) i 
1st winter as calves 
2nd winter as bred yearlings 
Av. winter gain; 3rd, 4th 

and 5th wint,er 

Mature body ~eight of cows {lbo) 
Average calving date of cows 
Average birth weight of calves (lb.) 
Percent calf crop weaned 
Average weaning wto of calves (lb 0 ) 

· (sex corrected only) 
Numbl!f-'.r of years on tast·per eow 

Low Medium .High 

23 
-90 

-197 

1142 
3/15 
7706 
90.3 

479 

12.7 

60, 
-52 

-164 
.... 

1147 
3/10 
7706 
'$3q9 

482 

11.6 

88 
-26 

-124 
., , 

ri~4 
·,J/9 
78.8 
.S.3._8 

48.3 

lOo? 

Winter gains wer.e di:rect;ly reiat,ed to winter feed levels)) whereas 

4 

summer gains were inversely related to feed level. The difference between 

the Low and High groups i.n mat;m,e body weight at 8 years of age was about 

50 lb. This difference was nr:::,t significant., ho'W'ever. Both mature live 

measurements and carcass measurements on cows killed after maturity 

indicated no important differences in skeletal development due to winter 

feed levelso At earlier agesy however 9 significant differences in these 

"body size" measurements did occur (Shroder» 1954)0 Evidently the Low 

level cows had overcome nea.rly_all of the early growth disad:va,n.tage by 8 

years of ageo 

Of interest is the fact that average calving date was delayed by 

· the Low level regime by 5 to 6 days as compared to the Medium and High 

groups.. It was assumed that Low level females had a longer post-partum 

interval to estrus. Average birth weights were not significantly affected 

by nutritional treatment. 
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Percent cal:(' crop was drastically reduced by the two higher feeding 

levels as a result of a lower conception rate and/or a higher embryonic 

mortality. Also, more calves died from birth to weaning in these groups. 

Average weight of the calves at weaning did not differ to any great 

extent; if they are corrected for age differences, the Low level offspring 

were actually slightly the heavier since thEzy" were calved later. 

This study yielded some of the first data indicating that high nutri­

tional planes may adversely affect lifespan or longevity. To the author's 

knowledge this is the first trial of its kind continued l ong enough to 

observe effects on longevity. In this study, only failure to wean a calf 

2 successive years and serious diseases or injury were considered ample 

reasons for removal of a cow from test. The productive lifespan thus 

measured gave an advantage of over 2 years for the Low, and nearly a year 

for the Medium. regime, vs. the High level winter treatment in average num­

ber of years spent on test per cov to .,13~ 5 years. Several studies indicate 

that excessive energy intake has a depressing effect on the lifespan of 

laboratory animals, but little work of this nature with cattle has been 

reported. It has been reported by Hansson et~- (1953) that significant 

increases in longevity of dairy cows could be induced by l ow nutritional 

planes. If this is true in the case of beef cattle, a re-evaluation of 

feeding standards may be appropriate since some yearly productivity could 

be sacrificed for a longer productive lifespan, particularly with valuable 

breeding females. 

In 1954, a new series of experiments was initiated using daughters 

of the original cows. Further repetitions were begun each year from 1954 

to 1958. All of these experiments involved three lots of 14 or 15 

heifers each,designated as Low , Medium or High winter feed level groups . 
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In contrast to the original stuctr, where a specified amount of winter 

supplemental feed was consumed by the cows, the winter feed level in 

these subsequent trials was adjusted at frequent intervals in an attempt 

to obtain predetermined rates o.f gain or loss i'rom November to mid-April, 

as follows~ 

First winter as calves 

Low level - no gain during the winter period. 

Medium level - 0.5 lbo gain per dayo 

High leYel - LO lb. gain per day. 

Second and subsequent winters 

Low level - 200 lb. or more loss. 

Medium le·vel - 100 lb. loss. 

High level - no loss in weighto 

These trials were conduct,1sd 1:n the same manner as the original 

study, with the except.ion of aJnom1t of winter feed and the fact that all 

heifers in the mere recent. trials e;alved first at 2 years of age. 

All of the trials sin0e 1954 were s·urrunarized by Zimmerman ( 1960) ; the 

results through 19:59 are shown in the table which followso 

EF'F'ECT OF DIFFERENT WINTER FEED LEVELS ON 
PERFORMANCE OF RANGE BEEF GOWS (5 Trials) 

Leve). d·f Winter Supplement 
Low · Medium · High 

Winter gains of cows(lb.)g 
1st winter as calves g 90: 155 
2nd winter as bred yrlgso -149, ·=9.5. ·-32 
Avo winter gain.11 3rd and -<19t ·=108 -55 

4th winters 
Average calving date of cows 3/17 3/8 2/28 
Average birth weight of calves:(lb.) 68.6 76.2 77.0 
Percent calf crop weaned 77.2 84.2 83.2 
Average weaning weight of calves(lb.) 

Corrected for age and sex 380 420 433 
Corrected for sex only 364 416 442 
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Average data thr ough thr ee calf crops are presented. 

Some of the differences i n r esults bet ween these trials and the ori-

ginal trial are striking. A similar trend in regard to delayed calving 

date from Low feed levels was noted; however, there was more spread be-

tween the three feeding levels in the repetitions. Also birth and weaning 

weights were significantly decreased by t he Low level regime. This is 

in contrast to the original study where level of winter feed had no effect 

on either birth or weaning weights. Moreover, in the later trials, percent 

calf crop weaned was drastically decreased by the ~w level treat.men~, 

whereas in the original stu~ percent calf crop was increased by the Low 

feed level. 

In the later series of trials , all measures of body size were directly 

related to winter feed level up to 3.5 years of age. Measures more closely 

associated with skeletal sizes such as wither height, were much less 

affected by feed level 1 however 1 than measures such as heart girth circum.-

ference which is greatly affected by fatness of the animal . 

Several reasons are apparent as to why the results from the later 

repetitions did not agree ·with t hose obtained in the original stud.yo First, 
. ' 

there was a difference in the feed levels offered in the later trials as 

compared to the initial studyo The average feed consumption of the Lows 

was less than half that consumed by the Lows in the original trial, and 

also the Highs were given slightly more winter feed than the original High 

level group. When one compares winter gains , it is seen that there was 

much less variation between the three nutritional levels in the original -

study than in the later st~dies . This possibly may be partly accounted 

for by a lighter stocking rate and milder winter conditions in the early 

years of the initial study j resulting in much smaller differences in 
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actual total nutrient intake and, consequently, little difference in per-

formance of these cows in terms of the birth and weaning weights of their 

ca,lves. 

However, one must still assume that there was a large enough differ-

ence in nutrient intake to affect longevity of the cows if this is taken 

to be a "real" effect of winter feed level. There is no way of determ.in-
. . 

ing the long-term effects of winter feed level on lifespan in the later 

trials since the first three of these trials were discontinued at 3.5 

years of age. 

One other factor should be mentioned in regard to a comparison of 

the original trial with the later repetitions. In the original study one-

half of the cows calved first at 3 years of age which would give them a 

distinct advantage in overcoming the effects of a low winter feed level, 

since less body growth occurred during first gestation. In addition, the 

exact age of the original females was unknown. They were apparently 

winter calves, however, and were probably older when started on test than 

heifers used in the later studies~ This would mean that the original 

heifers calving first at 2 years of age would have had a distinct advan-

tage over those used in later trials, i.e. they were probably 27 to 28 

months of age at first parturition. 

In addition to the trials summarized in this thesis (started in 1957 

and 1958), two further trials were initiated in 1959 and 1960 and were 

summarized by Pinney (1963) through one calf crop for each trial. The 

purpose of these trials was to study the effect of alternating winter 

feed levels from one year to the next. A total of 150· heifers were in-

valved and were fed either Low, Medium or High winter feed levels the first 

winter as weaner calves corresponding to daily gains of - 0.16, 0.58 and 
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O. 92 lb. per head, respectively. The following winter as bred yearlings 

half of the Low level heifers were advanced to a High level.treatment which 

· resulted in a winter weight gain of 26 lb. and, conversely, one-half 

of the High level heifers were reverted to a Low level which resulted in 

an average loss of 230 lb. in body weight. Those continue.d on the Low, 

Medium and High treatrnemts for both winters lost an average of 156, 115 and 

36 .lb., respectively, during the second winter. Differences in body 

weight, wither heig4t, body length and various width measuremen·t,s were not 

great at 2. 5 years of age, but heifers fed continuously on the Low regime 
. . 

were significantly smaller than heifers on the High level for 2 successive 

years. 

The results clearly indicate that the plane of nutrition during the 

first winter as 1,eanling calves affected the calving date the following 

year regardless of nutritional plane during the second winter. Conversely, 

birth weights and gains of calves from birth to weaning were determined 

to a great e~ctent by the nutritional plane imposed during the second 

winter during gestation regardless of the nutritional plane practiced dur ... 
. ·~ 

;i,ng the first winter. Neither alternate system of winter feed (Low-High or 

High-Low) proved to be of any great advantage over the Medium regime im-

posed both winters 9 The sequence of Low level the first winter followed 

by the High level the second win-l:ier seemed to off er some promise if the 

fil'st winter's effect of delayed calving elate could be overcome. On the 

other ha:nd, the sequence' of High level the first winter followec1 by Low 

level the seqpncl winter was detrimental in terms of the b;i.rth weigh ts and 

gain$ of the calves dur:i.ng the suckling period. 

A more recent trial has been reported by Tur.man ( 1962). In this 

study weanli1?.g Hereford heifers were wintered at Low, Moderate, or High 
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levels corresponding to the same gains previously practiced. In addition, 

l'lalf of the heifers from each nutritional level were restricted in sum.mer 

ga;i.n by confining to drylot on alternate days the following summer, AP. 

additional group of Low level heifers were "flushed" with a high level 

of silage and g:ttain from March 15 to May l. A vasectomized bull was used 

to determine the occurrence of estrus prior to the breeding season. 

All, increase in age at first estrus w~s observed with each decreasing 

feed level, an average of over .30 days difference occurring between the 

Low Ejl'ld High level groups. Percent conception over a 105..,a.ay breeding 

period was decreased by the Low level regime, and drastically reduced in 

the Low level group restricted in summer grazing. The conception rate 

for the Low lev:el-f;:Lushed lot, however, was normal. This would indicate 

that the plane of nutrition prior to the breeding season can adversely 

affect age at first estrus., a.+1¢l. that llflushing" shortly before the breed ... 

ing season~ overcome these adverse effects on percent of he:ifers con­

ceiving during a limited breeding season. 

Other Related Experiments 

Wiltbank~ !,lo (19?7) c0nducted a factorial experiment to determine 
~ 

the effects of three different levels of protein a.nd three levels of energy 

on the occurrence and length of estrus in 5L. wea;ri.ling beef heifers, The 

energy levels were full-feed, two-thirds full-feed and maintenance of body 

weight. Digestible protein intakes per da:y per cwt. bo~ weight were 0.23, 

0.15 an<J. 0.06 lb. for the three protein levels. The low energy level de­

pressed the percent of he;i,fers showing estr1;ts over the 250.-day trial at 

all protein levels. The low protein level also decreased the percent of 

heifers exhlbiting estrus but was more pronounced when combined with the 

low energy intake. Both low energy and low :prot1:1in levels increased the 
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age at first estrus. Energy level seemed to have a much more pronounced 

effect than protein level on this trait. In this study 0.15 lb. of digest­

ible protein per cwt .. of body yeiilsht daily appeared to be adequate in 

promoting early estrus. A correlation of -0.39 was obtained between 

average daily gain of the heifers and number of days required to reach 

fi7:'st estrus. 

Bond .§1 lQ.. (1957) demonstrated that underfeeding of either protein 

or ~nergy re1:1ulted in cessation of estrus and ovarian activity in heifers 

already cycling. 

The effect of two energy levels on 88 mature Hereford cows in regard 

to reproductive phenomena was :investigated by Wiltbank et al. (1962) ~ ,_,,, ____ 
Four treatments were involved and were started shortly after weaning in 

October. The cows were divided into groups designated as high-high, high ... 

low, low-high and low-low with the change in level of energy occurring at 

calving. The high groups received TDN intakes approximating the NRC re­

quirements for mature cows (9~0 lb., of TDN per head daily prior to calving 

and 16. 0 lb. . after calving) • The low groups received 4. 5 lb. . of TDN 

before and 8.0 lb. per head daily following calving. 

Body weights and condition scores were significantly influenced .by 

the different treatments, and birth weights were reduced 11 lb. by the 

low energy level prior to calving. Both pre-and post-calving energy levels 

influenced the time required for occurrer1ce of first estrus following 

calving, but the energy level prior to calving seemed to be more important. 

The percentage of; cows showing heat within 60 days after calving were: 

high-high, 80; high-low,81; low-high, 115; and low-low, 17. Most of the 

cows fed co,ntinuously on the low energ,y level failed to show estrus in 

90 days, but 85 percent of those fed the low-high regime exhibited estrus 



12 

before 90 days. The low~high group, however, required significantly longer 

than any of the other treatment groups to reach estruso 

The conception rate was somewhat lower in cows fed at the low 

energy level after calvingo No difference in conception rate was found 

betweeu the two groups fed high energy levels af't(;lr calving. Significa.ri.tly 

fewer cows fed the low energy level subsequent to calving were diagnosed 

pregnant than those fed the high level, largely due to failure to show 

estrus in the low energy groups .. The percentage of cows diagnosed 

pregnant during the experiment was 95, 77, 95 and 20 for the cows on the 

hig4-high, high-low, low,-high and low-low regimes., respectively. 

Number of services per conception was highest for the low-low energy 

group and least for the high ... high and low-high energy groups. The workers 

cited support for the theory that failure to exhibit estrus following low 

energy intake was due either to a failure of release or production of 

gonadotrophic hormone from the anterior pituit~, rather than decreased 

sensitivity of the ovary. They proposed that possibly boqy condition 

rather than energy intake .:g2t ~ was the more important factor influencing 

occurrence of estrus since the level o:C energy fed prior to calv';i.ng had 

the most important effect on this trait. 

Joubert (195L,a) studied supple.mental feeding vs. no supplement 

during the winter in the Union of South .Africa with both dairy and beef 

cattle. The winter feeding periods ranged from 147 to 173 days in length, 

with 1;700 to 3.,100 lb. of hay, 447 to 865 lb. of silage and none to 

over 800 lb. of concentrates being fed during these periods to each High 

plane femaleo Poor nutritional conditions each winter significantly re­

tarded the development of the Low plane, unsupplem.ented, heifers with 

noticeable differences still occurring at 4 years of age 9 Shorthorns 
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were very severely stunted, but Jerseys were only slightly affected by the 

Low regim.eo · Skeletal developmi:mt was retarded each winter, whereas 

measures of muscular development showed significant decreases for.the Low 

regime. The Low plane individuals made greater increases in weight and 

growth during the summer, however. 

The Low nutritional plane delayed puberty 221 days with a tendency 

for t.qe subsequent reproductive cycle to be retarded. Birth weight of 

~he calves was reduced 7. 5 Jb. by tJ:ie Low regime. While no differences 

in milk p:i,•oduction due to feed level were observed in the dairy breeds, 

the Low plane females started at a lower J,.evel of production but were 

more pe;rsistent in.lactation. Weaning weights of calves in the beef breeds 

were significantly reduced by the Low nutritional plane, 

When :r.,eproductive data were analyzed (Joubert, 1954b), it was seen 

that whereas :most of the High plane heifers reached puberty during the 

winter, 86 percent of the Low plane females did so in the summer. Also the 

Low plane animals invariably e}l."Perienced anestrus during subsequent 

winters, whereas the High plane heifers continued cycling. In addition, 

usually a year was required by the Low plane heifers after weaning their 

calves before sexual activity was resumed, while the High group resuxned 

cycling shortly after weaning their ca;I.ves. Although the effects of the 

Low plane were not as dI·astic in the da.i.ry females, post ... partum estrus 

was delayed 21 days by the Low regimeo No differences were seen in number 

of services required per conception between the two groups. 

The effec·t of supplemental ·winter feed as compared to no supplement 

for winter-calving beef cows in the Sa11 Joaquin Range Station in California 

was reported by Wagnon~ ~o (1959)q The supplE?mented group of cows re­

ceived 1.0 lb. of cottonseed meal starting i11 late summer with an 



additional lb. at calving9 and an additional lb. of barley when winter 

rains started. Such supplementation resulted in an increased pregnancy 

rate of 1~ percent, fewer calf losses before weaning and an advantage of 

58 lb. in weaning weights·o The unsupplemented cows eventually reached 

the same size in terms of body length and height, but required longer to 

do so· than supplemented cowso 

A long-term stuey of the effects of plane of v.utrition during early 

life upon the performance of Holstein dairy females was reported by 

Ileid (1960). The feeding levels used from birth to first calving as a 

, percent of the upper level of Morrison vs standards for TDN were: · Low, 
0 
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65; Medium, 100; and High, 140. During the first lactation the quantities 

of TDN provided were·: Low, 118; Medium, 109; and High, 100 (e,xpressed as 

a percent of Morrison's TDN standard for mature cows). After second ; 

calving, all females were fed .in accordance with Morrisori ts :standards, 

All heifers were bred at 18 months of age. Thirty-four trios of heifers 

had been allotted to the study at the time of this report. 

Body size, as determined by weigh~ and linear measurements at first 

estrus, was nearly the same for all groups, while age at first estrus was 

inversely related to nutritional level. Over 300 days difference in age 

at first estrus existed between females on the Low and High level regimes .. 

Birth weights of the first calves were directly related to energy intake$ 

however., when e;x:prei:!sed as percent of' body weight of the d81l1.11 they were 

inversely related to energy level. After the second calf, no relation 

between birth weight and nutritional rearing level of the dam was seen. 

~..lthough the percent of fem.ales conceiving at first service was lower 

itlth each increase in energy leve~. the total servic~s requir~d per con­

ception was similar.for all groups since afew of the.Low level females 
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required a great number of services for first conception, None of the Low 

level animals became sterile, wherea1:3 three Medj,um level and five lUgh 

level cows were removed for.this reason. 

Low level heifers had more calving difficulty at first calving, but 

no d!fference between treatment groups was seen thereafter~ No signifi~ 

cant differences in milk production occurred thro~gh five lactations 

(Reid ~ .§J:,, 1957) • 

A corollary experiment to th~t of Reid's (1960) was reported by 

Sorenson~ .iY;~ (1959). Feed levels based on TDN intake similar to that 

of Reidfo were used, and calves from each of the three TDN levels we;re 

slaughtered at o, 16, 32, 4S, 64 and 80 weeks of age to determine the 

effects on bo(zy' growth and the development of reproductive and endocrine 

organs. Again, the delaying of first estrus was noticed for the lower 

feeding levels, The average ages at first estrus were 37.4, 49.l and 

72,0 weeks for the High, Medium and Low level groµps, respectively. Only 

th;ree of the twenty Low level heifers ever showed signs of estrus,· and 

two were slaughtered at 80 weeks of ~ge after having shown no signs of 

estrus~ However, once estrous cycles were initiated they occurred with 
. ·. . 

equal regularity in all groups. 

At 16 weeks of age, the mammary glands of the High level heifers were 

illtiltrated with fat cel~s in contrast to the relatively large amounts of 

fibrous connective tissue seen in the glands of the Low level heifersQ 

Histological studies of the reproductive tracts revealed no differences 

between treatments except those related to differences in maturity~ An 

increase in feed level appeared to result in increased thyroid activity 

and metabolic rate, as shown by increases in the thyroid~stimulating 

hormone oontent of the pituitary glands and the increased height of the 



thyroid acinar cells. The increased metabolic rate which should result 

from this might be expected to result in a shortened lifespian •. 
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. Some evidence has been reported to indicate that extrein.ely high 

levels of feeding prior to first lactation results in decreased milk 

yields. Swanson (1960) determined the effects of fattening prior to first 

calving using identical-twin Jersey heifers. One of each of seven twin­

mates was full-fed concentrates prior to first calving (24 to 29 months 

of age), while the other twin-m,ate was fed limited grain to 10 or 12 

months of age, and unlimited roughage thereafter. The fattened group 

consumed 157 percent of the TDN given the control group to first calving. 

The TDN consumption of the control group was calculated to be less than 

standard recommendations, and they "appeared to be lean'' prior to 

calving. After calving, both groups received the same amount of concen~ 

trates with unlimited roughage. 

At both 24 months of age and first calving, the fattened heifers 

weighed 132 percent as much as the controls; however, differences in 

body'weight were greatly reduced by 9 months after parturition. Two weeks 

~ter parturition the fattened cows had lost 143 lb. as compared to only 

50 lb. for the control twins. During the first lactation o:p.ly one fattened · 

twin produced more milk than her mate. When expressed on a fat-corrected 

basis, the fattened heifers gave only 85 percent the m;i.lk yield of the 

control heifers. This was not a temporary effect since similar results 

were observed during the second lactation. Examination of the udder tissue 

of the fattened twins after the second lactation revealed a lack of develop­

ment of alveolar-secreting cells. The workers noted a great variability 

in .milk production of the fattened heifers, which might ind;icate that some 

heifers are more severely damaged by high energy levels than others. They 



postulated that the cause of greater m;tlk production in the controls was 

~ effect of hormonal stimuli, since they were growing rapidly during the 

fir~t lactation while the fattened heifers were losing weight. However, 

differences during the second lactation cannot be explained by this 

theory. 
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A s:inij.lar study with 11 identical tw.llls of beef breeding has been 

reported by Arnett (1963). One of each of the twin-mates was full-fed a 

high energy ration to induce fattening starting before 8 months of age, 

w:h;l.le the other twin-mate was fed a moderately-high 1;3nergy ration calcu­

lated to maintain them in a thrifty condition. The fattened heifers 

weighed an average of .320 and 507 lb. more than their moderately fed 

twin-mates at first mating and first calving, respectively. The fattening 

of the he;i.fers resulted in an earlier calving date, increased b~th 

weights, lower milk yields and decreased survival rates of both heifers 

and calves~ The effects of fatten.lllg were highly variable between twin­

pairs, however, and reduction of milk yield was much more pronounced in 

Angus than Hereford females9 Rectal bod:y temperatures taken during four 

peri-0ds of ten fucy's each showed that the fattened cows had a significantly 

higher .body temperature, thus indicating a higher rate of metaboli,sm. 

In a corollary study (Holland, 1961), 8-year~old cows wintered on 

prairie hay and ground mile for two successive winters gave b~rth to, and 

weaned, heavier calves than cows receiving only prairie hay and cottonseed 

meal. "The free,,.choice mile feeding prior to ca:).ving caused these cows to 

weigh-248 and .323 lbo more than the controls at parturition the first and 

second year, respectivelyo Thus it was indicated that the mature cow is 

J.ess easily injured by excessi~'"e fatness than the young, developing heiter. 



EXPERJl.1ENTAL 

Two trials were initiated at the Fort Reno Exper;im.ent Station, one 

each in 1957 and 1958, to study the effects of widely differing planes 

of winter nut+-ition on the growtp and reproductive performance of beef 

heifers. In each trial, four lo~s of 15 weanling Hereford heifer calves 

each were sterted oJ;J. test at app:pox:Lma"t,eiy 8 months of age. All heifers 

were produced in the commercial ~erd at the Fort Reno Station and were 

sired by purebred Hereford bulls. It was possible to allot the heifers 

to treatment on the basis of age, sire, body weight, conformation grade 

and dam's average productivity. 
~ 

The amount of supplemental feed (cottonseed meal and ground mile) 

was adjusted at frequent intervaJs during the winter to control body 

weight changes from early November to mid-April according to the follow­

ing pattern: 

First winter· as calves (8-13 months of age): 

Low level - no gain du_;:ing the winter period. 

Moderate level - Oo5 lbo per head .. daily gaino 

High level - 1.0 lb. p~r head daily gain. 

Very High level - self".'.'.fed a 65 percent concen-t,rate ration. 

Second and subsequent winte1;s as pregnant females': (including calving 

loss): 

Low level - 200 lb. lo~s for each heifer. 

Moderate level - 100 lb. loss. 

High level - no loss in weight. 

18 
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Very High level - self-fed either a 65 or 50 percent concentrate 

ration for maximum gllin. 

A mixture of two parts salt and one part ste~ed bone meal was available 

to all cattle throughout the study. 

The Very High females received a 65 percent concentrate ration dur:ing 

the first two winters in the case of Trial I and only during the first 

winteil for Trial II. In all subsequent winters, a 50 percent concentrate 

diet was fed to this treatment group to reduce the incidence of bloat. 

The Moderate, High, and Very High groups grazed native grass year­

long (primarily bluestems, grama and annual grasses), Since in previous 

trials, the desired weight loss for the Low level tras difficult to obtain, 

these heifers were fed wheat ::itraw in dry-lot from early November to early 

or mid-December each yE>ar. They were allowed to graze approximately 1 

day each week during this confinement. During the re.mainder of the year 

the Low groups grazed native pasture comparable to that available to the 

other groups. The stocking rate during the entire s·~udy was approximately 

8 to 10 acres per breeding female~ The amount of forage available and 

the quality of it would be considered excellent; ap.d, no shortage of 

grass occurred in either summer. or winter. 

In Trial I, the Very High level heifers were reverted back to the 

Moderate level during the fourth.and subsequent winters to determine the 

effects of a drastic reduction in winter feed following maximum winter 

gains between 8 and ~.2 mon-t,hs of age. They were maintained and fed in 

the same pastures as those cows continuously wintered at the Moderate 

level. 

All heifers were pasture-mated to purebred Hereford bulls between 

May 1 and August 15 and calved first at 2 years of age. Each year, the 
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heifers were allotted to bulls used in the station's breeding program on 

the basis of their previous productivity and calving date; equal n1,l!ll.bers 

of heifers from each treatment were exposed to the same bull. In this 

manner, differences due to sires were minimized. All calves were dehorned 

and vaccinated for blackle$, and bull calves were castrated at 6 to 8 

weeks of age. None of the calves were creep fed, and all were weaned 

in early October. 

During the experin:lent, the ~ollowing data were collected: 

1. Supplemental feed consumption by lots~ 

2. Body weights at approximately 4 week intervals. 

3. Calving dates. 

4, Birth and weaning_ weights of all calves, Birth weights 

were adjusted to a bull equivalent and weaning weights 

to a 210-day steer 7quivalent by the method of Botkin 

(1952) who derived the cor:r:ection factors using data 

from similar cattle. 

5. Estimated daily milk production of cows in Trial I at 

appro:idmately 1 month intervals while nursing their 

third calves, and in Trial II while nursing their 

second and third calves. This was accomplished by sep-

arating the calves from their darns and weighing the calves 

immediately before and after nursing for two 13uccessive 

12-hour periods. When the calves were under a month of 

age, three $-hour periods were used since the calves had 

difficulty in nursing the dam completely dry when allowed 
'•. 

to nurse only at 12-hour periods. 
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6. Conformation grade of calves at weaning. 

7. Seven body measurements ·on each female in early November . . 

and mid-April of each year. Height at withers, length of 

body and depth of chest were measured from photographs 

of the heifers taken while they were standing behind a 

grid. Heart girth, width of loin (imediately posterior 

to last rib), width of hips (across widest part of the 

tuber coxac) and width of pin'bones (across widest part 

of the tuber isc,1?.ii) were measured while the he;!..fe:r was 

.maintained in a squeeze chute. 

The data were analyzed by the methods of Snedecor (1956);. Where 

analyses of variance were.determined, the fo+lowing ori;,hoganol contrasts 

were made within each trial and age classification: Low vs. Moderate, 

High and Very High; Moderate vs. High and Very High; and High vs. Very 

High regimes. The probability values associated with these contrasts 

a.re presented in the Appendix (Table XIV). 



RESULTS AND DISCUSSION 

Data collected through the fall of 1962, when the Trial I and II cows 

we:re 5.5 ~d 4.5 year$ of ~ge, respectively, have been ineJ.ll,ded in this 

thes;ts. l'he average stipplem.ental feed consumed per head ea.ch winter by 

treatment is shown in Table I. This represents the amount consumed from 

ea:rJ~y Novemper to mid..,April., or during an approximate 165-day wintering 

period. All females were weighed at approxim.ately 2-week intervals during 

the winter, and subsequent feed intake ·was adjusted to achieve the desired 

winter gain or loss. lt is apparent that considerable variation e;dsts 

between trials as to amou,nt of feed consumed. This is because the trials 

were started in different years and the variation in sever;i.ty of w;i.nters 

and other factors influenced the amount of feed required to obtain the 

desired gain or loss, 

On the average, daily feed intake per heifer was: Low, 0.25 lb. of 

cottonseed meal and 0.10 lb. of milo; Moderate, 1.58 lb. of cottonseed 

meal and 0.68 lb. of milo; High, 2.26 lb. of cottonseed meal and 4.28 lb. 

of mile; and Very High, 29.47 lb .• of a 50 or 65 percent concentrate mix­

ture, During the fourth winter the Very ijigh cows in Trial II consumed 

over L,f) lb. per head daily of' the 50 percent concentrate ration. The small 

amount of supplement fed the Low J,evel females was usually given during 

late win~r 1 just prior to and following oalvi~. 

Body Weight Changes and Growth Patterns 

The W"inter body weight gains or losses which resulted from the four 
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AVERAGE AMOUNT OF FEED CONSUMED (LB_~) EACH WINTER BY HRIFERS 
ON DIFFERENT- LEV-ELS OF SUPPLEMENT 

LEVEL OF -W.I.Nl'ER _SU.EPL.EMENT • · 
· LOW MOOB&kT:_E . - . .. ·Hum • -" -- . ~ VERY:~~taifl . -

WINTER CSM2 MILOS CSM MILO CSM MILO 50 or 65% CONC. 4 CSM MILO 
~- -··-···. -'-· -· ·- ___;,,,.,,_. ------- --· -· ~-

1st Winter as calves 
Trial I 26 312 198 368 663 3433 
Trial II 80 80 238- 320 408 797 3422 

2nd Winter as Bred Yrlgs. 
Trial I 45 348 160 382 735 5169 
Trial II 74 74 272 112 332 552 4810 

3rd Winter 
Trial I 74 272 75 332 798 5575 
Trial II 32 202 88 464 704 468-l 

4th Winter 
Trial I 32 202 56 464 512 202 56 

· Tri al II 46 249 3:02 795 695-1 

5th Winter 
Tri al I 46 249- 302 795 249 

1The Very-High group in T:riai I was reverted to- the Moderate level for the fourth and subsequent 
winters. 

2cottonseed meal, liJ_,% solvent process. 

3Ground mi lo-. 

4A 65% concentrate ration was fed the first two winters in Trial I and for the first winter only 
in Trial II.. Thereafter,_ a 50'7.- concentrate ration was fed in both trials. The 65% ration con-
sisted of:- 49. 7i.,. gr. milo-,- 7. 7% CSM,. 7.0% molasses, 17. 5% chopped alfalfa, 17-. 5io cottonseed hulls N 

and 0.6% ground limestone. The 50% ration consisted of: 33.2% gr. milo, 9.5% CSM, 7.0% molasses, \JJ 

25.0io chopped alfalfa, 25-.0% cottonseed hulls and 0..-3% ground limestone. 



are, shown. in Table It should poi.n:ted out that this win-

ter weight loss include;d loss at pa:rtttrition and only those co1"rs that 

cal'1Ted before the spring weighing are includE,d :i.:n ·the data presented. 

WE,ight ch1?..11ges for Trial I were sim:!.lar' to thos obtained in Trial 

II after the first winter period; hov.rever s much dif'i'erence occurred be­

tween trials with re,spect to weight changes occu.rring during the winter 

phase as calites. For this reason:1 the dat,a are reported separately for 

each trial, rather t;han pooledo During the .fir,st w::Lrrter in Trial I the 

differenee in weight change from Low to High was only 112 lb.; whereasJ 

in •r:i:0ial II over 200 lbo diffe:r·ence existed bet;ween Low ai."ld High groups. 

Even though the Lows in Trial II were fed over s:ix times the quantity of 

feed given the same treatment lot in Trial I, they lost 48 lb. as com­

pared to a gain of 23 1bo for heifers in 'Trial Io The same trend held 

true for the Moderate lev-el~ 'l:ria.1 II heivers gained only one=half as 

much as Trial I he5.i'erso 

When the trials a.re a;,re:raged~ they closely approxjmate the weight 

changes at,te.ri~ptedi t,he Lows lost Oo08 lbo.9 the Moderates gained 0.60 lb. 

and "i;;he Highs ge.ined 0.~19 lb. per head daily" In subsequent winters, the 

overall average loss in lbo per heifer 1tTasg Lows 9 216; M deratesJ 125; 

and Highs 9 77. '.foe graat loss in weight occu.:cring in the Low level groups 

is even more striking 'When expressed on a per(ient of body weight basis. 

The High level females continued to lose. weight winter even though 

they received nearly 5.0 lb, of milo and 2o 5 lb. of cottonseedi ;mee.l per 

head daily during several winters. 

The Very High fems.les gained nearly tr,ficie as m:wJh as the Highs on the 

average during the first winter, and were the only treatment groups 



TABLE II 

AVERAGE WINTER WEIGHT GAINS1 AND STANDARD ,ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Level of Winter SUEElement 
Low 

Percent:3 
Moder~e . High· 

Pounds 
" 

Pounds ,Percent Pounds Percent 
----

First Winter as Calves: 4 
135 t Trial I 23 t: 6 (15} 5 124 i 11 {15) 27 7 (14) 29 

Trial II -48 t. 5 {14) -10 69 t: 5 (15) 14 154 t 5 (15) 31 

2nd Winter as Bred Yrlgs~ 
-113 t. -79 t Trial I -2t,l t 9 (9) -30 9 {13) -13 9 (14) -9 

Trial II -236: 7 {11) -31 -144 'i: 13 (7) -18 -84 :I:. 16 (10) -7 

3rd.Winter: 
-100 t 7 (11) Trial I -204 t10 (9) -24 -11 -58 t 11 (10) -6 

Trial II -202 t21 (6) -23 -83 :f 11 _ {13) -9 -66 t. 14 (13) -7 

4th,Winter: 
-176 t12 (11) -108 t: -85 t 13 (14) Trial I -18 9 {12) -10 · _-g 

Trial II -221 x24 .. (9) -23 -143 t 10 (12) -12 -71 t:. 11 ( 10.) -7 . . 

5th. Winter: 
-231 tis {15) Trial I -21 -182 t. 14 {15) -16 -95 t 8 {13) -8 

Ve;rz High2 
Pounds Percent 

263 t 8 {14) 57 
280 t 10 {15} 57 

18:2 t 14 . (8) 20 
1-42 t 37 (10) 16 

lll t 15 (12) 11 
100 t 21 (12) 9 

-246 t 17 (14) -21 
241 t 15 (13) 20 

-174 t 11 (12) -16 

1Includes only those heifers calving before mid-April and raising a calf,. 
2The Very High group in Trial I was switched to the Moderate level for the fourth and fifth winter. 
3winter weight change expressed as a percentage of the prior fall weight. 
4Indica.tes the number of observations involved in the standard error. 

l\) 
\Jl 
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wh:i.ch had a net gain in weight ~ch subsequent winter. 

It is interesting to note the tremendous loss in body weight which 

occurred in the Trial I when the Very High group was reverted to the 

Moderate level of supplemental feed during the fourth winter. Even 

though they were allowed to consume supplemental feed with the Moderate 

level females during this winter, they lost over twice as .much we!ight 

a~ the cows wintered at the Moderate level throughout the study. This 

is probably the result of an increased maintenance requirement and/or 

decreased foraging ability. There is no doubt that the Very High-fed fe­

m.ales did little if any winter grazing while 011 the full-fed regime and 

probably were still rather reluctant to graze when put on the Moderate 

level the fourth winter. With rats, QUimby (1948) found that the quanti­

ty of feed required to maintain body weight became progressively less as 

underfeeding continued.. Also Grande ~ §d .. (1958) and Beattie and Herbert 

(1947) found dec:rease.d heat production in men during either a starvation 

or semi-starvation state. Most probably a combination of factors contri­

buted to the greater loss of weight shown by tp.e Very High females when 

reverted to the Moderate regime. The following winter, little difference 

was apparent in weight losses between Mode~ate and Very High females re­

verted to the Moderate level the previous winter. 

The effect of winter feed level on weight gains duripg the summer is 

shown in Table III. In every case, the lots lo sing more weight in the 

winter gained more weight on pasture the following summer. This is good 

evidence of the remarkable recuperative power of the beef female. The 

smallest difference between groups with regard to sum.mer weight gains was 

between Moderate and High winter treatments; the largest difference was 

between the High and Very High lots, as was true with winter gainso The 



TABIE III 

AVERAGE SUMMER WEIGHT GAINS1 (LB.) AL"® STANDARD ERRORS OF 
HEIFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

27 

Level of Winter SU££lement 
Low Moderate High Very H:i.gh-z-

1st Sum.mer as Bred Xrlgs: 3 
Trial I 356 t . 5 (14.) 265 -1:. 9 (15) 256 t 7 (14) 170 t 9 (14) 
Trial II 323 t: 9 (13) 255 t 6 (15) 223 t: 10 (13) 122 t. 8 (lL,) 

2nd Sum.mer; 
140 t 8 (1.3) Trial I 257 t 15 (9) 11+7 t 12 (12) -72 t 17 (8) 

Trial II 309 ± 18 (9) 212 t 20 (7) 160 1:. 14. ( 10) 51 t 19 (8) 

3rd Summer: 
C, ,f 12 Trial I 297 t 8 (8) 211 t 8 (11) 181 t 15 (10) -.) - . (12) 

Trial II 287 t 17 (5) 190 t. 19 (12) 139 t 12 (11) ·-/1, t. 17 (11) 

4th Summer: 
262 t. 10 175 t 149 t 13 Trial I (11) 9 (12) (13) 155 ± 12 (13) 

Trial II 292 t. 21 (9) 218 t 17 (12) 183 ± 12 (10) 4 (13) -110 - 12 

5th Summer: 
246 t. 11 ( 15) 208 t 10 160 t. 10 208 t 11 (12) Trial I (15) (13) 

1rncludes only those heifers calving before mid-April and raising a calf. 
2The Very High group in Trial I was reverted to the Moderate feed level 

for the fourth and fifth wil1ter. 
3rndicates the number of observations involved in the standard error. 

inverse relationship between winter and summer gains is an example of 

''compensatory growth" which has been observed by many researchers. 

Figures 1 and 2 show more vividly the winter and summer weight change 

patterns and the resultant body weights. These body weights were taken 

immediately before and efter each winter feeding period. A .mar keel differ·-

ence between levels was apparent each spring with much of this difference 

disappearing by the fall weighing after summer grazing. With rE;,gard to 

the Low, Moderate and High groups, a wict.er and more consistent difference 

in body weight was maintained in Trial II than Trial I. This . is a result 
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of the larger difference in weight gains between treatment groups in 

Trial II during the first winter since subsequent weight changes were 

similar for both trials. At 2 years of age the Very High group weighed 

.nearly twice as .much as the Lows in both trials. 

After the Very High females (Trial I) were reverted to the Moderate 

treatment, they maintained a body weight intermediate to the Low and 

Moderate·level females. This would indicate that the initial advantage 

in body weight of the Very High group was largely the result of amount 

of fat, rather than true skeletal or muscle development. The body weight 

attained by the Very High females is amazing considering the fact that 

the cows continued on the Very High treatment through four winters 

(Trial II) weighed nearly 1450 lb. after calving as 4-year-olds. Prior 

to parturition one cow in Trial II attained a weight qf over 1800 lb. 

At Li .• 5 years of age, highly significant differences occurred for all 

comparisons of body weight in Trial II, but no significant differences 

were found in Trial I. (Appendix Table XIV). At 5.5 years of age, the 

Low group in Trial I was significantly lighter than the other three treat­

ment groups. The advantage in weight of the High group over the Very 

High ... Moderate group approached significance .. at 5. 5 years of age. The re­

cuperative power of the Low level cows is shown by the fact that inboth 

trials at 4. 5 years of age the difference between Low and High le'vel 

body v1eights. w-as reduced to about 50 lb.~ v1hereas in some previous 

springs this difference was well over 100 lb. in both trials. 

Figures 3 through 9 represent the growth curves of various body-size 

measurements taken each spring and fall. Numerical values for these 

measurements with their standard errors are given in Tables XV through 

XXI in the Appendix. No measurements were taken in the spring of 1962 
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when cows of Trial I were 5 years of age and Tri.al II cows were 4- years 

of age. 

All body measurements reflected the pattern of body weightsJ in that 

much greater differences occurred between treatment groups at the end of 

the winter feeding period than after summer grazing o Tha't these differ­

ences are not entirely due to skeletal growth is suggested by the fact 

that in many cases the average measurement decreased during the winter 

feeding period. Obviously the length of the bones was not decreasing;; 

thus, it m~st be assumed that this decrease was associated with losses 

in fat and/or muscle. These decreases were most, ma:J'.'lrnd in the measures 

which are normally felt to be influenced by degree of fatness. Wlther 

height decreased in several cases during the winter period even though 

it is generally assumed not to be largely influenced by fatness of the 

animal. During the period from the spring of 1961 to the spring of 19623 

or from L,,. 5 to 5. 5 years of age for·, Trial I and from 3. 5 to L,,.. 5 years of 

age for Trial II, the average height of wither decreased in both trials. 

Although the objective in taking the body measurements was to de­

termine skeletal size, very good evidence was obtained in Trial I ·!;;hat 

the differences in the measurements be,tween treatment groups were largely 

the effect of differences in fatness of the cows. After being reverted 

to the Moderate level for two winters, the Very High females in Trial I 

were not larger than the Moderate-continuous group in any of the seven 

measurements taken. The Very High-Moderate group ·was actually smaller 

in size than the Moderate-continuous group in three of the seven m.easure-, 

ments at 5.5 years of agej suggesting that the Moderate treatment pro­

moted ma.."{imal skelet,al growth. 
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By far the least difference between treatment groups occurred in re­

gard to wither height (Figure 3). This is not surprising s'ince the 

.measurement is largely a measure of the long bones of the forelegs and 

should not be greatly affected by differences in body fatj and it is a 

well accepted fact that low nutritional planes have less effect on bone 

growth than lean or fat development. The largest difference between 

treatment groups was slightly over 2 inches at 2 years of age in both 

trials; Thereafter differences tended to become smaller with ti,me. 

Length of body measurements (Figure 4) were probably the least re-

peatable of the measurements taken due to difficulty in locating the 

reference points on the photograph (pin bones and point of shoulder). 

Also, small changes in position of the animal can result in large differ-

ences in the location of these reference points. The fact that this 

measurement decreased during many of the winter periods indicates that 

it was influenced to some extent by the fatness of the cows. As was the 

·case with all other measurements, differences between treatment groups 

were much greater following winter feeding than after the sum.mer gra.zing 

period. 

Figure 5 shows the average heart girth circumference by treatment 

groups. This measurement was most sensitive to the different winter 

feed levels. In most cases the difference between the Low and Very High 

groups was 10 to 15 inches following the _winter feeding period. These 

differences were much s.maller after the summer period when all heifers 

were treated alike. This measurement tended to reflect changes in body 

weight to a greater degree than t~e other :measurements. In fact,, through 

4.5 years of age these curves are almost identical to the body weight 

curves (Figures 1 and 2). Although remarkable amounts of recoJ~ry took 
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place in the Low level groups each summer, they were never greater than 

96.1 percent the size of the High level females. 

Depth of chest measurements are shown in Figure 6. This measurement 

decreased nearly every winter for the Very High group. This would indi­

cate that, like heart girth this m~asurement was also influenced by fat­

ness of the animal. All width measurements (Figures 7, 8 and 9) appear 

also to be influenced greatly by fatness. 

The tremendous difference which occurred at 3.0 years of age for 

the width measurements is interesting. At this time, the Low group 

( Tria:1 I) was only 70. 8, 79 .1 and 75. 5 percent as large as ·the Very High 

group for width of loin, hips and pin bones, respectively. However, after 

two successive winters wherein the Very High females were reverted to the 

Moderate feed level, this was reduced to 95.4, 96.3 and 96.o percent, 

again illustrating the effect of fatness on these measurements. 

It is obvious that there was real effect of winter feed level on each 

of the seven measures of body size taken. There was a direct relatfonship 

between magnitude of the measurement and the winter feed level in nearly 

every case, each year. Statistical 1;1,nalyses of these measurements at 

4.5 and 5.5 years of age are shown in Appendix Table XIV. Three orthogonal 

contrasts were made in each case, namely: Low vs. Moderate, High and 

Very High; Moderate vs. High and Ver.; High; and High vs. Very High. In 

general, the only significant differences ( P <. 0 5) between the Low and all 

other treatment groups were in heart girth and width measurements. Only 

two significant differences (P< .05) occurred with respect to the Moderate 

vs. High and Very High comparisons (heart girth and loin ·width, Trial 

II). The same differences occurred in regard to the High and Very High 

treatment comparison in Trial II. In Trial I, there were no significant 
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differences with r~spect to Moderate vs. High and Very High, or High vs. 
' \ 

Very High group comparisons. This would be expected since the Very High 

group had been reverted to the Moderate level and very small differences 

in the means occurred following this reversal of treatment. 

Figure 10 graphically represents the absolute mean difference be­

tween the Low and High level females for each measurement taken in the 

fall. Only the fall measurements were used since differences in fatness 

were believed to be less at this time. The Very High groups were not 

used since there was good evidence that measurements on these females 

were greatly influenced by fat. Through 4.5 years of age, it is apparent 

that maxim.um. differences had been attained and were decreasing with the 

exception of heart girth. From 4.5 to 5.5 years, little change was evi-

dent for axry measurE3ment.except heart girth, based on data obtained only 

in Trial l. The only measurement in which full recovery of the Low level 

females had been attained was length of body. It should be mentioned that 

for most of the measurements, the High level group held an advantage at 

the start of the experiment (0.5 years of age) even though the groups 

were allotted to treatment at random. 

Figure 11 shows relative recovery of body parts in terms of the .mean 

of the Low group expressed as a percent of the High treatment. The re-

covery of the Low level cows is even more apparent in this graph. · A:t'tp(?;r;.;. 

c~ntB:gEt ·or· full . reco"ifefy. vi'as achieved for . both. bqdy lerigth Oand depth,;' 

with some recovery occurring for all width measurements. Wither height 

was largely unaffected by treatment, although some recovery is evident. 

Again heart girth shows little evidence of any recovery by the Low level 

group e:x;cept for the period from 2.5 to 3.5 years of age. 
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The relative degree of maturity of the various body parts achieved at 

weaning age is shown in Figure 12. The mature a;ge used was L,. 5 years .9 

since measurements on both trials were available at that time. Height 

of withers more closely approached its mature size at weaning from a rela­

tive standpoint, with the width .measurements being later maturing dimen­

sions. This is in almost perfect agreement with data reported on previous 

O~lahoma trj_als (Zimmerman, 1960). It is also in agree.ment with the 

anterior to posterior gradient in body growth proposed by McMeekan (1940). 

In general, the dimensions which most nearly appro~ched maturity at wean­

ing were least affected by the different treatments. In contrast those 

dimensions still in a rapid state of growth were most affected by the 

various treatments imposed each winter. 

Reproductive Performance 

The average calving dates for the various treatment groups are shown 

in Table IV. Each yea:r, the Low level treatment consist~ntly delayed the 

average qalving date. Females on the Low level calved significantly later 

than all other groups in each case, except for the first calf crop in 

Trial II and the fourth calf crop in Trial I (Appendix Table XIV). Over 

all years and trials, the Low le'V"el cows calved 16 days later than the 

Highs and 10 days later than the Moderate fed cows. The effect of the Vecy 

High treatment was variable but, on the average was approximately equal to 

the High groups. The gret:i.test delay in calving date from the Low level 

treatment was during the second calf crop in both trialso This coincides 

with the breeding season follow,ing the largest weight loss for both trials. 

Thereafter, the differences in calving da·~e seemed to diminish; only 6 

days difference was noted between Low and High groups for the fourth calf 



TABLE IV 

AVERAGE CALVING DATES AND ST AJ:JDARD ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 
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Low 
Level of Winter Supplement . l: _ 

Moderate High Very High 

1st Calf Crop 
Trial I 3/23 t 8 (14) 2 3/15 t 4 (15) 3/ 4 t 3 (14) 2/2L.,. t 5 (11.,.) 
Trial II 3/15 :I:. 4 (13) 3/12 t 7 (15) 2/29 t L.,. (13) 3/8 t 8 (1,4.) 

2nd Calf Crop 
3/26 t 9 (13) 3/11 t 5 (14) 3/1 t 4 (12) 3/5 1 6 (15) Trial I 

Trial II 4/6 t. 8 (11) 3/16 t:. 5 (13) 3/1 t 4 (13) 3/9 - 7 (13) 

3rd Calf Crop 
3/191 5 (13) 3/9 i 6 (13) 3/ 4 ~ 5 (14) %3 t. 4 ( 1,4,) Trial I 

Trial II 3/16 - 7 (9) 3/5 t. 2 (12) 3/4 - 4 (11) 2 26 t 4 (13) 

4th Calf Crop 
J/6 t 4 (15) 3/4 ~ 3 (15) 2/28 t 2/27 t 3 (13) Trial I 2 (13) 

1The Very High group in Trial I was reverted to the Moderate feed level for 
the fourth and fifth winters. 

2Inc;Ucates the number of observations involved in the standard error. 

crop. However, it should be pointed out that during the winter prior to 

breeding for the fo1.1rth calf crop, by far the least difference in weight 

loss between Low and High groups occurred. Thus,it would appear that 

weight loss during the winter prior to breeding is related to the delay in 

calving the following year. In addition to delayed calving, the Low 

level also resulted in a more variable calving date as shown by the lar-

geJ;' standard error of the mean. 

There are two possible causes for delayed calving when females are 

subjectE;Jd to a Low level, i.e. either a delay in occurrence of estrus 

following the winter feeding phase and/or an increase in the nu:mber of 

cycles required per conception. Turman (1962) studied the breeding 
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pattern of weanling heifers wintered at Low, Moderate and High levels 

corresponding to the treatments used in the present study. It was ob­

served that decreasing levels of winter feed resulted in increasing delays 

in occurrence of first estrus. Similar results with heifers have been 

reported by Joubert (1954), Crichton~ AJ:. (1959) and Reid (1960). 

Wiltbank ~.,il. (1957) showed that either protein or energy deficiencies 

increased the number of days to first estrus in beef heifers, but energy 

level had a much more pronounced effect than protein level. Also Bond 

~AJ:. (1957) observed that underfeeding of either protein or energy 

resulted in cessation of estrus in heifers already cycling. Studies with 

mature cows (Wiltbank ~ iikb•, 1962) indicate that Low levels of energy 

fed prior to calving markedly increased interval to subsequent estrus, 

and Low levels of energy following calving decreased conception rate and 

increased services required per conception. These workers theorized that 

failure of' a release or production of gonadotrophic hormone from the 

pituitary is a primary cause of failure to exhibit estrus. It would seem 

in the present study that the delay in calving date from the Low feed 

level was primarily a result of an increase in interval from calving to 

first estrus, rather than decreased fertility since the cows were all on 

lush spring grass prior to, and during the breeding period. However, the 

conception rate was also reduced by the Low level regime as will be dis­

cussed later. 

The average birth weights resulting from the various treatments are 

shown in Table V. The Low level cows gave birth to significantly smaller 

calves during each year and trial, with the exception of the fourth calf 

crop, T;rial I (A.ppencli.:ic Table XIV). There was a small but consistent ad­

vantage in weight at birth for calves from dams on the High level as 



TABLE V 

AVERAGE BJRTH WEIGH'r (LB.) AND STANDARD ERRORS OF CALVES FROM 
··. EEIFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Low 

1st Calf Crop 
Trial I 6),. 7 ; 1. 4_3 
Trial II 56. 2 - 1. L, 

2nd Calf Crop 
Trial I 70.9 t 2.3 
Trial II 69.5 ! 2.0 

3rd Calf Crop 
Trial I 75.7 t 1.1 
Trial II 79.6 t 3.3 

4th Calf Crop 
Trial I 80.9 t 2.3 

Level of Winter Supplement 
Moderate High Very H1gf12- xn 

70.8 t .2.0 74.6 t. 2.0 70.5 t. 2.1 
75.7t.1.7 

.,. 
69.3 i:. 2.4, 70.0 = 1.7 

f 81.3 t L,.l '7L1 .• 5 t 1.6 77.2 ~ 1.9 
73.8 - 2.5 75.3 t. 1.9 77 .1,,. t. 2.0 

+ 1- 79.7 ~ 1.7 79.l - 2.4 81. 7 - 2.2 
81. 7 t 2.4, 81.0 t 1.8 73.2 - l.L, 

79.8 ± 2.1 82.8 t 2.0 77 .8 ! 2.6 

1Heifer birth weights corrected to bull equivalent by the methods of 
Botkin (1952). 

2'.l;'he Vecy High group in Trial I was reverted to the Moderate feed level 
for the fourth and fifth winters. 

3Nurnber of observations correspond to those given i1;1 Table IV. 

compared to the Moderate group, but this was nonsignificant. Over the 

entire seven calf crops reported herein, the Lows gave birth to calv-es 

averaging 7.5 lb. smaller at birth than calves resulting from the High 

regime, and about 5.0 lb. smaller tha:t1 the Moderate regime calves. This 

is the same order of magnitude reported by Zimmerman (1960) under similar 

oondi tions through three calf crops, except that he noted less differ= 

ence between Moderate and High groups. Probably of .more interest in the 

present study is the fact that the differences became progressively 

smaller with each succeeding calf crop.. For the fourth calf crop, no sig-

nificant effect of winter feed level on birth weight was noted. The 
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average difference between Low and High groups decreased in the order of 

13.4, 8.1, 3,7 and 1.9 lb. for the first through fourth calf cropsj re­

spectively. Differences between Moderate and High groups followed the 

same trend. This can be explained by the fact that less of the nutrient 

intake would be required each year for bod.y growth as the cow approached 

maturity, and thus there is less competition with the fetus for nutrients 

with advancing age. The direct relationship between winter feed level and 

birth weight of calves was not noted in an earlier trial (Pinney, 1962), 

although differences in winter feed levels were not as marked. 

It is interesting that the Very High nutritional regime depressed 

birth weight as compared to the High level regime in four of the five com­

parisons possible. This effect was significant in only one case, however. 

In three of the five comparisons the Vecy High level cows actually had 

smaller calves at birth than did the Moderate level cows. No report of 

such an effect has been noted in the literature. Holland (1961) reported 

that heifers fed for ma::dmum gain through two calf crops gave birth to 

calves averaging 5 lb. larger at birt,h than heifers fed 1111ormal11 rations. 

The "normal" ration provided for gains slightly better than the Moderate 

level used in the present study. 

The Very High-Moderate regime in Trial I gave birth to calves of 

nearly the same weight as those from the Moderate fed group during the 

third and fourth calf cropso 

The percent of possible cow-bull exposures resuUi.ng in a calf weaned 

is presented in Table VI. The results within year and Trial are rather 

inconsistent; however, the Low level cows weaned a lower percent calf 

crop in four of the seven calf crops .. When all trials and years are 

averaged, calf crop percents were 81.2, 85.4 and 84.8 for the Low, 



TABLE VI 

PERCENT CALF CROP 'WEANED FROM HEIFERS RECEIVING 
DIFFERENT LEVELS OF SUPPLEMENT 

Level of Winter Supplement 
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Low Moderate High Very High I -

1st Calf Crop 
Trial I 86.7 93.3 100.0 6o.o 
Trial II 78.6 66.7 66.7 66.7 

2nd Calf Crop 
Trial I 80.0 80.0 71.4 86.7 
Trial II 71. L~ 85 .. 7 86.7 84.6 

3rd Calf Crop 
Trial I 80.0 86.7 100.0 9.3 .J 
Trial II 69.2 85.7 76.9 100.0 

4th Calf Crop 100.0 100.0 92.9 85.7 

1The Very High group in Trial I wa.s reverted to the Moderate feed level for 
the fourth and fifth winters. 

Moderate and High treatment groups, respectively. Although these differ­

ences are small, they are in agreement with Zimmerman (1960) who observed 

a reduction in calf crop percentage for the Low regime, with little differ= 

ence occurring between Moderate and High groups. 

It is of interest to examine some of the possible reasons for such 

an effect. The percent open cows of those exposed was 12.9J 3.9 and 7.1 

percent for the Low, Moderate and High groups, respectiYely. Percent of 

calves dropped which were dead on arrival was 5.0, 9.7 and 7.0~ respect-

ively, for these groups. No difference was seen in number of calves wh:ich 

died from. birth to weaning. Thus, the only apparent reason for the reduced 

calf crop percentage on the Low level was an increased rate in the num-· 

ber of open cows o 
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Th:i.s effect has been noted by others working with Low nutritional 

planes (Wagno;n .fili. .i!,, 1959; Wiltbank ~ ~., 1962). This effect could 

result from either an extremely long period to first estrus following 

calving and/or a depressed conception rate. Wiltbank tl ~. (1962) noted 

that conception rate was decreased by a low energy level following 

calving, and also that interval to first estrus was increased by- a low 

energy level prior to calving. In all probability, the effect, observed 

in the present study was the result of both lowered conception and long 

anestrus periods. 

The effect of the Very High regime on percent calf crop is wort,hy 

of consideration. If the third calf crop for the Very High-Moderate 

group is considered to be the result of the Very High regime, for the six 

calf crops these cows weaned approximately the same percent calf crop as 

the Low level cows. However, the percent open cows for the Very High 

group for all calf crops combined was only 2.3 percent, by far the smallest 

proportion of any of the treatment groups. In contrast, the percent calves 

lost at birth in the Very High groups was nearly 13 percent which was al­

most entirely a result of dystocia encountered at first parturition as 

2-year-olds. Four calves were lost from the first calf crop in each trial 

in the Very High groups as a direct result of difficulty at calving; none 

were lost for this cause in subsequent years. Thus, it would seem that 

the only detrimental effect of over-feeding, in regard to percen·t calf 

crop, is the difficulty in calving encountered at first parturition. The 

conception rate was amazingly high, especially considering the belief of 

many breeders that fitted heifers are prone to be difficult breeders. The 

fact that these heifers were bred at a young age and on lush pasture may 

have so.me bearing on the results obtained, since many fitted heifers are 
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not bred until a later age and while fed on high grain rations. The Very 

High females were actually in a declining condition each year during 

breeding season, since they were full-fed only during the winter phase. 

Data reported by Chambers .2S: !!J:. (1960) with Angus heifer calves 

indicated that when self-fed a 60 percent concentrate mi:xture during a 5-

month wintering period to gain 1.5 to 2.2 lb. per head daily, percent of 

heifers calving decr~ased from 85 to 76 percent as compared to heifers 

fed to gain only 0.5 lb, per head daily during the same period of time. 

Such results were not observed in the present study. The possibility 

exists of a breed diff er.~noe betvreen Angus and Herefords. 

The average weaning weights, corrected for both age (210 days) and 

sex are given in Table VII. The correction method used was that of 

Botkin (1952), derived from data taken from Hereford cows at similar lo­

cations. In general, there wa~ a direct relationship between winter.feed 

level and weaning weight from the Low to High level treatments, with much 

less difference occurring between the Moderate and High groups than be­

tween Low and High groups. The Low level cows weaned significantly 

lighter calves in both trials for the fi~st calf crop, as well as the 

second calf crop in Trial II (Appendix Table xty). However, the lightest 

calves were weaned by the Low level females in all trials and years wi~~ 

the eJweption of the fourth calf crop, where the Very High-Moderate cows 

weaned the lightest calves. 

The depressed weaning weights for.the Low and Moderate treatments 

were much more pronounced tn Trial II. This is not surprising in view 

of the fact that the difference between High and Low groups in first·win­

ter gail1 was much greater for Trial' II. Considering all calf crops, the 

Low level depressed weaning weight .54 lb. and the Moderate level 14 lb. 
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TABLE VII 

AVERAGE CORRECTED1 WEANING WEIGHTS (LB.) AND STANDARD ERRORS 
OF CALVES WEANED FROM HEIFERS RECEIVING DIFFERENT LEVELS 

OF SuPPLEY!ENT 

Level of Winter SUJ2l2lement 
Low Moderate High Very High2 

1st Calf Crop 
347 t 14 (13)3 391 t 11 (14) 404 t 12 (14) 396 ~ 18 (9) Trial I 

Trial II 3.31 t 13 ( 11) 404 ± 10 (10) L~6 ± 13 (10) 396 - 18 (10) 

2nd Calf Crop 
421 ± 111- (12) 462 t 12 (12) 458 t. 16 (10) 438 ~ 17 (13) Trial I 

Trial II L.oo ± 14 (10) L,,60 t 14 (12) 497 t. 10 (13) 455 - 17 (11) 

3rd Calf Crop 
448 ± 10 (12) 471 '!. 478 t 14 (14) 453 t 12 (14~ Trial I 9 (13) 

Tr;ial II 440 t 16 (9) 475 t 12 (12) 486 t 19 (10) 4~2 t 16 (13 

4th Calf Crop 
470 t. 11 472 t 10 L;B4 '!. 16 (1.3) 460 t Trial I (15) (15) 7 (12) 

1weru1ing weights were corrected to a 210-day steer equivalent using the 
methods of Botkin (1952). 

2The Very High group in Trial I was reverted to the Moderate feed level 
for the fourth and fifth winters. 

3:tndica.tes the number of observations involved in the standard error. 

as com.pared to the High level. The Very High level winter treatment for 

five calf crops depressed weaning weight by an average of 27 lb. as com­

pared to the High level. Reversal of the Very High to the Moderate treat,-

ment appeared to ha-ye little effect on weaning weights. 

Differences in weaning weights became smaller each succeeding year, 

similar to the effect of treatment on calving dates and birth weights. 

The average difference between Low and High groups was 76, 67, 38 and 14 

lb. for the first through fourth calf crops. The difference between Mod-

erate and High groups also decreased with ~ge of the cow. Thus, as the 

cow approaches maturity and the nutritional demands for growth become 
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smaller, more nutrients are available for fetal growth and,_ milk production. 

The actual economic merit of the various regimes may be determined 

more accurately by actual weaning weights, rather than age-cprrected 

weights. The average weaning weights corrected only for sex are shown in 

Table VIII. The differences in these weaning weights are much larger than 

TABLE VIIl 

AVERAGE WEANING WEIGHT1 (LB.) .AND STANDARD ERRORS OF CALVES 
WEANED FROM I:IEIFERS RECEIVING DIFFERENT LEVELS OF 

SUPPLEMENT 

I 

Low 
Level of Winter Supplement 

Very HighZ Moderate High 

1st Calf Crop 
341 ± 1.33 Trial I 

Trial II 322 ± 12 
393 t 12 422 -t. 14 421 t. 21 
396 t 20 446 t 18 394 t 22 

211.d Calf Crop 
390 ~ 12 Trial I 

Trial II 361 ... 19 
458 t. 13 ~-70 t 14 !+44 t 22 . .,. 

512 "1. 14 456 t 18 L.55 - 14 

.3rd Calf Crop 
429 ~ 9 Trial I 

Trial II /+29 - 21 
1+70 t:. 10 . 485 t. 14 463 t 14 
479 :f. 1.3 + 467 ± 18 L,93 - 23 

4th Calf Crop 
472 t. 11 Trial I L.79 t 10 498 ± 18 478 t. 7 

1corrected only for sex, to a steer equivalent. 
2':L'he Very High group in Trial I was reverted to the Moderate feed level for 
the fourth and fifth winters • 

.3Number of observations correspond to those given in Table VII. 

those corrected to a standard age, and show a rather large and consistent 

il'1crease from Low through High treatment groups. Differences between the 

Low, Moderate and High level calves, however, decreased with each calf 

crop until no significant differences were observed between weaning 

weights in the four th calf crop. The Lows wea.11.ed significantly smaller 
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calves in each calf orop, with the exception of the fourth calf crop. The 

Ver:y High regime in Trial II significantly reduced weaning weights for the 

first two calf crops as compared to the High level (Appendix Table XIV). 

This effect in reduction of weaning weights by extremely high nutritional 

planes before first calving has been reported by Turman (1962), and as a 

result of continuou~ fattening rations fed to heifers through several 

calf crops (Arnett, 1963). However, in a corollary study, no detrimental 

effect of fattening was found when range beef cows were- put on test after 

8 years of age. The adverse effect on weaning weight resulting from 

fattening of the young heifer appears to be associated with reduced milk 

flow, and will be discussed later. 

Average daily gain of the calves from birth to weaning presents a 

mo:re accurate picture of the mothering ability of the cows, since birth 

weight is excluded and errors in age correction factors are eliminated 

( Table IX) • As with corrected weaning weights, the gains of the Low leve1. 

ca,lves were significantly depressed for both trials in the first calf 

crop, and for the second calf crop in Trial II (Appendix Table XIV). 

Through the Low to High treatments, gain from birth to weaning was di­

rectly related to winter feed level of the dam; however, differences be­

tween the Moderate and ~igh leivels were very small. Less drastic 

differences are seen between average daily gain of the calves to wea11-

ing than for corrected weaning weight. This is because the average daily 

gain does-not take into account the smaller birth weights resulting 

with each decrease in feed level given the dams. The Very High regime 

resulted in a decrease in gain as compared to the High regime in every 

case, but these differences were not significanto In only one case did 

the Very High regime result in higher gains than the Moderate regime. 
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TABLE IX 

AVERAGE DAILY GA!N FROM BIRTH TO WEANING AND STANDARD ERRORS OF 
CALVES WEANED FROM HEIFERS· RECEIVING DIFFERENT·· 

. LEVELS OF SUPPLEMENTl . . 

Level of Winter Supplement 
· Very High~ Low Moderate High 

1st Calf Crop 
1.37 t .0683 1. 52 t .051 1., 56 7 .052 

{-Trial I 1.55 .... 074 
Trial II 1.32 :I: .064 1.62 t .045 1.68 - .058 1.58 t ,088 

2nd Calf Crop 
1.70 t. 1.84 t .060 1. 77 t .069 1. 76 t .091 Trial I .066 

Trial II 1.61 ± .060 1.84 t .066 2.00 t .042 1.84 i .089 

3rd Calf Crop 
1.78 t .051 1.87 t. .OM, 1.89 t .062 L77 t .054 Trial I 

Trial II 1.73 t. .069 1.87 i .056 1.92 t. .086 1. 76 t. .081 

4th Calf Crop 
f 1.86 i .,043 1.89 t. .088 1.80 t .036 Trial I 1.85 - .051 

1H~ifers were adjusted to a steer equivalent. 
2The Very High group in Trial I was reverted to the Moderate feed level 
for the fourth and fifth winters. 

3Nu,mber of observations correspond to those given in Table VII. 

Differences in calf gain between treatment groups decreased each subse-

quent calf crop, and for the fourth calf c~op very little difference 

occurred between any of the treatments. 

Although of less importance., another factor in addition to weanii;i.g 

weight and percent calf crop determines the economic merit of these treat-

[)len1;,s. This is feeder grade or conformation grade of the calves at wean­

ing (Table X). These grades were estimated each year at weaning by an 

unbia1:1ed, qualified grader. Theoretically, this grade was based on 

conformatiop and is independent of the condition or fatness of the calves. 

The Low level offspring were the poorest grading group each year and in 
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TABLE X 

AVERAGE CONFORMATION SCORE1 AT WEANING OF CALVES WEANED FROM HEIFERS 
. RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Level of Winter Supplement 
Low Moderate High.·· Very High2 

1st Calf' Crop 
10.463 T;rial I 10.71 11.07 11.00 

Trial II 8.73 10.40 10.20 10.10 

2n,d Calf Crop 
Trial I 10.00 10.83 10.60 10.83 
Trial II 9.30 10.42 10.85 10.64 

3rd Calf Crop 
Trial I 10.42 11.15 10.93 10.79 
Trial II 10.00 11.00 10.90 10.62 

4th Calf Crop 
Trial I 10.67 10.87 11.15 10.67 

1e = average good, 9 = high good, 10 = low choice and 11 = average choice. 
2The Very High group in Trial I was reverted to the Moderate feed level for 
the fourth and fifth winters. 

3Number of observations correspond to those given in Table VII. 

each trial, and graded significantly lower in four of the seven compari­

sons (Appendix Table XIV) • No consistent difference was seen between 

calves from the Moderate or High level cows, while the Very High calves 

graded slightly lower than calves from High level dams in four out of the 

five comparisons. These differences were not significan:t, however. 

In an attempt to determine why the gains of the calves differed be-, 

tw(;len nutritional regimes, estimates of daily milk production for all cows 

nursing calves were made at five or six periods during the second lactation 

in Trial I and during the third lactation in both trials. These estimates 

were made by separating the cows and calves for several hours, a!ter which 

the calves were allawed to nurse the cows dry. The cows and calves were 



58 

again sepa,rated and, after 12 hours, were weighed individually to the 

nearest 0.25 lb. before and after nursing. The two successive 12-hour 

yields were combined to give an estimate of 24,,-hour milk production for 

each cow. 'While the calves were under 2 months of age, three 8-hour 

intervals were used to allow the young calves more opportunity to nurse 

the cows dry. 

Table XI shows the average daily milk yield for five or six estimates 

TABLE XI 

AVERAGE MILK YIELDS OVER ENTIRE LACTATION OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENTl 

Level of Winter SuI?J2lement 
Low Moderate High Very High2 

~nd Cal! Crop 
Trial II $.34. t. .473 9.68 t. .83 11.44 t. .70 8.88 t 1.01 

3rd Calf' Crop 
9.66 t .75 10.75 ± .90 10. 78 t 1.02 9.71 t. Trial I 

Trial II 8.95 :J: .69 11..34 t. • 74 11. 99 " 1. 03 10.02 t 

1Average of five estimates for each cow, except the third calf crop, 
Trial II, where six estimates were averaged. 

.70 

.91 

2The Very High group in Trial I was reverted to the Moderate feed level 
for the fourth and fifth winters. 

3stan.dard error of the mean with number of observations corresponding to 
those given in Table VII. 

each ·year. In general, the differences between treatments with regard to 

milk production were similar to differences in ave~age daily gain of the 

calves. Also, differences were smaller between treatments in Trial I 

than Trial II, which was true for all criteria studied. The Low level 

significantly decreased milk production for Trial II during the third 

calf' crop, and the Very High regime significantly reduced milk yield as 
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compared to the High group in each trial (Appendix Table XIV). The Very 

High-Moderate group produced less milk than the Moderate group, as was 

the case with weaning weights and gain of calves from birth to weaning. 

Evidently, the Very High regime had already accomplished its detrimental 

effect after the first three winters. This is confirmed by Swanson (1960) 

with twin dairy heifers, when one member of each pair was fed heavily on 

concentrates prior to firs·t calving. During the first two lactations, 

milk production was reduced to 85 percent of that observed in heifers fed 

normal rations and limited concentrates prior to first calvingo Data 

presented by Chainbers 21 al. (1960) indicate depressed weaning weights 

in calves f!'om Angus heifers heavily fed prior to first breeding, pre­

sumably due to decreased milk flow. Arnett (1963) reported that feeding 

be,ef heifers for maximum gain during first gestation and lactation re­

sulted in s~.gnificantly reduced milk flow as compared to twin-mate heifers 

fed normally. The differences within pairs, however, were qt1.ite .variable, 

and Angus females were affected to a much greater degree than were 

Hereford or crossbred Hereford heifers. 

It should be men-~ioned tha·~ a comparison of milk production of the 

treatment groups :i.n this study is complicated by the fact that each treat­

ment group was at a different stage of lactation at any particular samp~ 

ling. Thus treatment effects are confounded with stage of l~ctation. 

Undoubtedly, some advantage is given to groups in a.nearlier stage of lac­

tation. 

Figures 13, 1L1, and 15 illust,:rate milk production curves fo:r the 

years and trials sampled. It can be seen that much larger differences be­

tween treatments occurred :i.n Trial II than in Trial I. This was true al1;10 

in the case of weaning weights and calf gains and can be explained in p~rt 
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by the fact that much greater differences in weight gains occu.rred between 

treatments in Trial II than in Trial I during the first winter, and also 

to some extent during the winters previous to collection of milk pro-

duction data. 
·' 

ln general, milk production was directly related to winter feed 

level from Low through High levels with tb.e Very High treatment, or Vecy 

High-Moderate treatment, depressing milk flow below that of the Moderate 

level ~t almost every aam.pling. Fqr the third calf crop, Trial II 

(Figure l.5) sampling oovE:ired a much longer portion of the lactation than 

in tl;le previous year. Thus, more of the total lactation curve is 1,·epre-

sented, It can be seen that much larger differepces between treatments 

occurred early in the spring when the cows were still under the influence 

of wint,er treatment than later during the summer grazing p$riod. The Low 

group !leached peak productiop at a later date than the other groups, pre­

sumably because of their ~ter calvtng date. When average total milk 

production is expressed on a 210-day basis for all years and trials, the 

Low, Moderate~ High and Very High groups yielded 1,886, 2,224, 2,.;39~ and 

2,003 lbq respe~tively. However, e:tcpressing total milk yield this way 

probably gives the Low level regime some advantage because of an earlier 

stage of lactation at time of sampling. 

In order to 'determine how much of the Va.J;'iaM.on in gains of the calves 

w~s associated with variation in milk yield of the dams, correlation co­

efficients were calculated (Table XII). These are reported on a within­

treatment basis in order to :remove the effect of winter feed level from 

the pooled correlations. The variables correlated for each period were 

the average of the two estimates of milk flow ta~en at the start and 

fin~sh of the particular period, with the daily gain of the calves for 
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TA6LE· XII 

CORRIU,Al';[ON COEFF1C):EN1'S1 OF AVERAGE DAILY MILK YI.ELO 
.. AND .. AVERAGE .OAtLY. CALF GAIN ~y PEIUOD? ;AND . 

BY DJ;F:reR.ENT LEVELS. OF SUPPLEMEN';l' ' ' 

Calf Cfo:p Degrees 4/20-27 9/1 .. 9 7/6-lb 8/4 .. 8 B":r)··t:h,. 
and of t;o to to to to 

Feed 1$vel of Da.m. Freedom 6/1 .. 9 7/6-10 8/4 .. 8 8/31-9/4 \.1.~~f\·~5 ··~· •' I . , t::e' . \ . ; .. 4 .. ... -. - ... 4.,¥ •• ·~ ,. J 

2nd Cal:!; Crop".• Td~i' H 
Low 9 o.$9 o~ 6·1.,.~ 0~'26 .-cY.:21 0~40 

M1:>derai:e· 11 6~_76*,'< o. 73*.* o. 8l;h\- 0,09 ·o~·i3°9** 

Righ· 12 0~ 61'1°< o~:07 0.53* 0.16 o.~68*~ 

V!rry .High 10 0, 76-lr* · 0.01 a.so . Q./39 Q~ 721rf\-
I 

Pooled 42 0,71*;'; 0,23 o. 54,"r1;: 0, 16 o. 7Vr* 

3rd C~lf Cr<;>p 1 r,ri~l I 
;\:.,ow 11 0~ 76-lp', 0~00 0,08 o.n O, 71** 

Moc;lerate 12 o. H*'>'r 0.22 0~26 0;84,\''>', o. 92*'"" 

IHgh 14 0~'46 o.49* 0.27 0.55* o.BMn"" 
v. Hig~~Mod, 

2 13 Q.31 o. 83·,..,.,'c' 0.37 0.11 o;.77,.,,,.. 

Pooi~d >SO 0.-49'>'n'co 0..-09 Q.,27* 0~45, ... * o .. a2~"'* 

5/17 7/=3 8/;7 9/-7 Bi-r9h, 
t;o t,() to to t;o 
7/3 8/7 9/7 10/i Weaning 

3~c;l Calf. C:rop ,- Trt·t:r~ IT·· '.\•·· ,, ' . ;,•' ·,:.·~ .... -:.~····, .. 
.... , 

liow ·8 o.~.62* · .. o·/oli.' 0.15. 0.31 b .. 77'/QP!t 

' 
.. ,)i 

.. 0.01 Moi;l~rate: .n Q.6P"" 0;29 \I 0.40 Q._.56. 
! 

High 9 0.84*1,' 0,24 0.64* Q.45 O 91*,\-
' .... ' 

Very IUgh 12 Q.~7o*·l'r 0.50* 0.58* -0, 19 · O 86-'--'• . . "" "~. 

Pqoled 40 0,, 7Q'>'r'i'r 0.21 0?30* Q.22 0.80*,"" 

JCorrijlations for second Calf Crop ('l;':r.'ial II) and third Calf Crop (l'rial I) 
were taken. from V~m Cot them 0962h 

2 
For the winte1'." preceding the third ,Gal+ Cr9p the Verry Hi.gh group :l.n Trial I 
was wintered at the Moderate level; • 

...,.P < <:ir :::;: o ... os ·. 
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that period, The correlation for the period of birth to weaning involved 

the average daily gain of the calf for this period and the average quanti­

ty of all ~~hour milk yields for the dam. 

Within tr:ials and treatments the correlations were variable. How­

ever, in most cases the correlations for the first period were higher than 

for subsequent periods. This is true in all cases when the correlations 

are pooled. T.hat the relationship between milk yield and calf gain is 

higher earlier in the lactation period has been reported previously 

(Gi;Cford, 1953; Howes ~ ~o 1958; Furr, 1962; Velasco, 1962). This has 

been ~plained as resulting from less dependence of the calf on the dam's 

milk as the calf grows older and becomes better able to utilize forage • 

.Also, errors in determining individual milk production would seem to be 

greater as the calf becomes older a.nd larger, in view of the technique of 

weighing the calf before and after nursing .. In the present study it was 

observed that urination and defication occurred more frequently among 

older calves following nursing. P.J:ry' such error in accurately determin­

ing weight of the calf before and after nursing would tend to lower the 

correlation coefficients. 

The pooled correlations for the entire birth to weaning period are 

higher than several reported in the literature. In the present study, 

the average yield of milk over the entire lactation accounted for approx­

imately 50 to 67 percent of the variation in calf gain. Lampkin and 

LaI!lpkin (1960) reported lower correla~ions of o.67 and 0.56 for steer 

and heifer calves, res;i:,ectively, for the same variables through 36 weeks 

of lactation. Knapp and Black (1941) found a similar correlation of 

0.52 for gain of the calf and milk consumed prior to weaning. Furr (1962), 

however, reported values ranging from 0.75 to 0.91 for six groups of fall-
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calving cows, which agree with those in the present study. The posi:iibility 

exists that t,he present correlations are biased as a result of differences 

in stage of lactation both between and within treatment groups. 

In mast cases, correlations between gain and milk consU!liption were 

higher for the birth to weaning period·than for any of the individual 

monthly periods, This is not too surprising when one considers the de~ 

crease in error of determining calf gain over a longer period of time and 

also the increase in accuracy of determining milk yield from an average 

of several observations. Both of these factors should increase the 

accuracy of the nieasurements and thus, result in higher correlations if 

the relationship is a real one. 

Since several measures of cow size were available, it was of interest 

to determine the rE?l~tionship between these various measures and milk 

yield of the cows. Mature size of the cows was estimated by the measure-

ments and weights taken a4 4.5 years of age for Trial II and 5.5 ye~s of 

age for 'l'rial I. Also, the relationship between birth weight of the 
I 

calf and subsequent milk yield of the cow was of interest since :it has been 

speculated that larger calves at birth mi~ht induce greater milk yields as 

a result of more vigorous nursing and greater consumption. A positive 

correlation, however, does not preclude the possibility that other fac ... 

tors common to both birth weight and mil'k yield :might result·in a relation-

ship between these two factors, e.g. hormonal relationships. In addition, 

the relationship between winter and summer gains and milk yield was ?f · 

inter1;,st. 

The correlation coefficients between the above mentioned variables 

a.:nd ave~age milk production are shown in Table XIII on a within-treatment 

basis. The relationship between birth weight of the calves and subsequent 
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CORRELATIONS BETWEEN AVERAGE DAILY MILK YIELD OVER ENTIRE LACTATION 
AND'. VARIOUS COW AND CALF TRAITS 

Birth 
Wt.of 
Calf 

Winter 
Wt.Los! 
of Cow 

2nd/-Galf Crop" Trial II 

Low --a.so 0.19 

Mod. -0.16 -0.16 

High 0.18 o. 28 

V.High -0.10 o.. 20 

5 
Pooled -0.08 0.12 

3rd Calf Crop, Trial I 

Low 0.10 o. 30 

Mod. o. 34 0 •. 04 

High 0:.43 0.09 

V.High 0.21 -0.44 

Pooled 0.32>'< -0.14 

Cori-elation Coefficient Between .Average Milk Yield and: 

Surmner 
Wt.Gain 
o-f cow2 

-0.71 

Mature 
Wt. 
of Cow3 

-0.45 

-0. 71-fd< · -0 .• 30 

-0.18 -0.17 

.. Q.08 -0.26 

-0. 38>'<>'<" -0. 38>'< 

-0. 39 -0. 7 31<>'< 

-0.11 -0. so 

-0.38 -0.24 

-0.44 -0.37 

-0.-31>~ -0. 40>'dr 

Mat.Wither 
Height 
of Cow 

.-0.66 

0.09 

-0.31 

0.20 

0.00 

-0 .. 60>~ 

0.04 

-0.26 

-0.30 

-0.13 

Mat.Body 
Length 

'"of .Cow 

-0 .. 67>'< 

o. 20 

-0.19 

-0.19 

-0.12 

-0.55 

-0.38 

0.15 

0.11 

-0.14 

Mat.Hip 
Width 

of Cow 

-Q .• 34 

-0.29 

-0.46 

-0*'30 

-0. 321~ 

Mat.Body 
Depth 

of Cow 

-0.13 

-0.03 

-0. 60>'< 

-0.04 

-0.15 

-0. 73-:r-1, -0. 76-ldr 

-0.53 -0-. 29 

-0.10 -0.Sl 

-0.30 -0.3-2 

-a. 3&,'• -o. 45>'<>', 

Mat.Heart 
Girth 

of.Cow 

-0..18 

-0.29 

~0.22 

-0.13 

-0.19 

-0. 68>''<>'< 

-0.52 

-0.04 

-0. 56>'< 

-0.38;\-','c-

d.f.4 

7 

10 

10 

10 

37 

10 

12 

12 

12 

46 
O' 
....J-



Birth 
Wt.of 
Calf 

.. Wi.nter 

. W.t~Losf 
of .Cow · 

3rd Calf Crop; Trial II 

Low -0.10 0:.1'.l 

Mod. -0.3-3 -0.:18 

High o.51 0.57 

V.High o. 3-7 -0.06 

Pooled Q.08 0.12 

. 6 
Over-All Pooled 

0.12 0.01 

TABLE XIII---CONTINUED 

Correlation Coefficient Between Average Milk Yield and: 

Summer 
Wt.Gain 
of Cow2 

'."'o:.83** 

0-.08 

-0. 62, ... 

0.·04 

-0.25 

Mature 
Wt. 
of Cow3 

-0.47 

-0 .• 16 

-0.43 

-0 .. 32 

-0.38* 

-0.30** -0.39** 

Mat.Wither 
Height 
of Cow 

-0 ... 52 

-0.20 

-0.64 

0.20 

-0.14 

-0.10 

Mat.Body 
Length 
of Cow 

-0-.29 

0..-15 

-0.54 

-0 .. 40 

-0. 30* 

-0 .•. 18>' .. 

Mat.Hip 
Width 

of Cow-

-0.22 

-0;60 

.;.o.5o 

-0.23 

-0.40* 

-0.36*,\-

particular calf crop. 

Mat.Body 
Depth 

of Cow 

-0.44 

-o ... 38 

-O .. S-6>' .. * 

-0.28 

-0. 47*,"<-

-0.35*"' .. 

the particular calf crop. 

Mat.Heart 
G-irth 

of Cow 

-0 .. 44 

-0 .. 38 

-0,.54 

-0.26 

-0. 36,\-

-0.31*"' .. 

d f- 4-. . ---· 

8 

10 

9 

12 

39 

121 

1weight loss from early November to mid-April preceding the 

2weight gain from rriid-Apri l:'.to early November while nursing 

3All mature weights and measurements were taken in November at 5. 5 years of age for Tri al I and 4. 5 years 
of age· for Trial II. 

4oegrees of freedom are approximate, since ail measurements were not available for each cow. 

5Pooled on a within-feed level basis~ 

6Pooled on a within-feed level, with.in-calf crop and trial basis.. 

,\-p < .os 
-l;*P < .01 

~ 
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milk yield of their dams was inconsistent between trials and calf crops. 

Within each calf crop the correlation was highest for.the High group of 

cows which might indicate that when sufficient nutrients are available 

for maximum milk production, there is a positive relationship between 

these two variables. Owen (1957) found significant correlations in birth 

w~ight and subsequent milk yield in sheep ranging from 0.25 to 0.34, 

Gifford (1953) found evidence that maximum, milk production of beef cows 

is affected by the capacity of the young calve.s to consume the milk. 

Winter weight loss previous to estimation of milk production seemed 

to have little overall relationship to subsequent milk production. This 

is not surprising since winter weight gains were highly variable within 

treatment groups due to variability in calving date. On the other hand, 

summer weight gain of the cows during the lactation period was consistently 

negatively correlated with milk yield. This might indicate that heavier 

milking cows were putting more nutrients into the production of milk and 

less ~to fat deposition. 

The results of the correlations between body size and milk p!'oduction 

a!'e quite surprising. l 1fu.ture body weight was negatively correlated with 

milk yield in every case and was the highest relationship found~ This 

is in contrast to a positive relationship of 0.74 reported by Burris and 

Baugus (1955) between total milk production for one lactation and body 

weight of mature Hampshire ewes. 

Other measurements negatively correlated with milk yield to nearly 

the salll.e degree were width of hips, body depth and heart girth circum.;fer­

ence. Wither height at maturity, while negatively correlated with milk 

yield, was much lower in its relationship, as was true of length of body. 

Jt would appear that .measurements affected largely by fatness of the cow 



were more negatively associated with milk production than measurements 

wh:;i.ch give a more accurate indication of skeletal size, i.e. wither 

height. One would logically assume that larger cows within a breed or 

herd should have the ability to yield more milk, but the data does not 

confirm this. To explain these results, one must assurne that better 

milking cows are also thinner cows, and are smaller, in terms of the 

measurements taken in this stndy, especially those influenced greatly 
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by fatness of the cow, Under field conditions it is not uncommon to ob­

se:rve a large calf nursing a thin, light-weight dam. If this relationship 

is true, selection for grea·~er weaning weight and indirectly for milk 

production, on the basis of cow weight or size may prove disappointing. 

The fact that a significant correlation coefficient exists does 

not prove a cause and effect relationship, i.e. do larger cows give less 

milk because they are large, or are they larger as a result of their 

lower milk yield? 

Pinney (1962) reported that the lifespan of cows in a long-term 

Oklahoma study was inversely related to winter feed level, with about one 

year difference in productive lifespan occurring between each of the Low, 

Medium and High feeding regimes after 13.5 years on test. Thus, it is of 

interest to examine the effect of feed level on number of cows rema.i.ning 

on test in 'the present study. In the fall of 1962 at 5. 5 and L,. 5 years 

of age for Trial I and II cows, there were a total of 27, 29, 2Li- and 26 

cows rem8:ining in the Low, Moderate, High and Ve!'iJ High treatment groups, 

respectively, of the original .30 females in each group. While the length 

of time on test was not sµfficient to draw any conclusions in regard to 

long-.terrn effects, it is noteworthy that fewer cows were remaining on the 

two higher nutritional regimes. Of interest is the fact that four of the 
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s;lx cows leaving the High level treatment groups were culled for failure 

to wean a calf in 2 successive years. Despite the fact that nearly twice 

as many open cows occurred in the Low ieve1 groups during the course of 

this study, only one cow was removed for failure to wean a calf for 2 

successive years. Open cows in the High groups tende,cl to be open in suc­

cessive winters; the converse being true in the case of the Lows. Perhaps 

the degree of fatness attained by open cows on the High level regime had 

an adverse effect on subsequent f e.rtili ty. 

Two cows in the High level groups died of unknown cause. Of the four 

cows removed from the Very High regime, two were lost as a result of 

calving difficulty at first calving, one foundered as a yearling and one 

was open for 2 successive yea.rs, The only Moderate regime heifer leaving 

test d:i.ed of an .infected uterus at 2 years of age. In the Low level 

g;roup three females were removed from test; one for failure to calve for 

2 successive years, one as a. result of impaction of the abomasum early in 

the test and another for an extremely unthrifty condition at 3 years of 

age. 



SUMMARY 

Studies were initiated in 1957 and 1958 involving a total of 120 

Hereforq. calves to determine the effects of widely differing winter feed 

levels on growth and productivity of beef females. Results through the 

third and fourth calf crops a.re reported, Winter supplemental feed was 

adjusted at frequent intervals each winter to·achieve predetermined 

weight changes for the Low, Moderate and High treatments. A Very High 

group was ,full-fed a fattening ration each winter; in Trial I this group 

was reverted to the Moderate level after three winters. Heifers were 

pasture-mated to purebred Hereford bulls from May to mid-August and 

calved first as 2-year-olds; their calves were weaned in early October of 

each year. 

'l'he average weight gains for the Low, Moderate, High and Very High 

groups, respectively, were: -12, 96, 144 and 272 lb. for the first winter; 

and -:f~8, -,128, -82 and 162 lb. for the second winter; and -203, -92, -62 

and 106 lb. ,for the third winter followed by similar patterns in subse­

quent winters, . Drastic winter weight losses occurred in the Very High 

group of cows in Trial I when they were reverted to the Moderate level 

for the fourth winter. 

Body weights and linear size measurements of the cows were directly 

related to winter feed level at all times, but differences between treat ... 

rnents became smaller with increasing age. Apparently these differences 

were largely the result of differences in fatness of the cows wintered at 
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the different levels; the Modera,te. level appeared to result in maximal 

skeletal development to 4. 5 and 5. 5 .Years of age. 

73 

From Low to High treatments, the,re was a direct relationship between 

winter feed level and calving date, birth weight, weaning weight, average 

daily gain and conforrna.t;i.on grade of the calves. The Low level regime 

significantly reduced these measures of productivity in nearly every 

case, with little difference occurring between the Moderate and High 

treatments. The Very High regime resulted in earlier calving, similar 

to that observed with the High regime, but depressed birth and weaning 

weighta., calf g~nsand milk production to a level no higher than the 

Moderate regime in most cases. 

The Low winter feed level reduced calf crop percentage because of 

an increased number o,f open cows; the Very High regime also resulted in 

a decreased percentage of calf crop weaned as a result of difficult 

calving at first parturition. All measures of productivity were 

;noticeably less affected by winter feed level as the cows advanced in age. 

For tile fourth calf crop, only sllght differences were observed between 

winter feed regimes for any of the measures of productivity. When the 

Very High cows in Trial I were reverted to the Moderate level after 3.5 

years of age,little effect on productivity was noted despite severe 

winter weight losses. 

Milk production was directly related to amount of winter supplement 

received by the cows, with the exception that the Very High regime 

drastically reduced milk flow as compared to the High level. The gains 

of the calves were correlated with quantity of milk produced by their 

dams to a greater extent during early lactation; correlation coefficients 

for the total period from birth to weaning ranged from 0.71 to 0.82 when 
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pooled on a within-treatment basis. Surprisingly, mature bQdy size of 
·i. 

the cows, as determined by weight and linear m,easurements, was consi.st­

ently correlated in a negative direction with their milk yield. In ab-

solute value, th$ correlation coefficient was higher for traits easily 

influenced by faimess of the cows. 
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'.I:ABLE XIV 

PROBABILITY VALUES OBTAINED FOR F RATIOS Of VARIOUS ORTJ:lQGONAL 
·TR,EATMENT CONTR,ASTS 

Low ·,, ·-Mod. 
vs-. vs. 

Trait '.I:rial Mod .• ,High & V.High HJgh & V.High 

Av, Calving Date 
~SI; Calf Crop .t <•005 <·.025 

II <~250 ~-.. ,1"".. 

2nd Calf C:i:'Op I <,~oo5 · <_.2,50 
n <·,rOOS · <ii;:250 

3rd CaH C:i:;"p·~ ::r < .. 025 ,_.,..,. 

IL <.oso ...... 1'f ....... 

4th Cal~ qrop 'I <t.100 <. 250 

Av. Bil."th Wt., 
ls~ Calf C:r;-op I · <.-005 

II <.oos <.100 
2nd Galf Crop I · <.02s r-'>'.-"9!r' 

I1 ., <.025 ~-~: 

JJ;d cut Crop :i: <.oso .......... ""' .. 

n ~.oso -..100 
a, 4th Calf Crop I "·f."'·-·-, 

Av. Corr. W~an Wt~ 
1 

ht Calf Crop I < .. oos "''""'., 
II <.oos "'"I''""""" 

Zn.d Calf Crop I - <,~.100 · -~"1#,";flp' 

. II <.oos · _,'!""' ... 

3rd Calf Crop I <=-.. 2:;o · "··--~ 
II ~.100 -,,--

4th Ca1f ~rop I ... ~ '!"'II!"""' 

Av. Uncorr. Wean,. Wt~ 
2 

ht Calf Crop I -<.oQ5 <.2so 
u <.oos 

2nd CaU; Crop :i: <-oos -·-·-
II <.oos <. 2:50 

3rd Calf Crop I <.,oos .,.. ........ 
II < .. ozs 

4th Galf Crop I •-''i"" 

Av. Daily Gain of Calve~ 
Bi"J:'th to Weani,ng 

!st Calf C:rop I < .. 02,5 -· ... ~, 

II <,.oos 
2nd Calf C;i;-op I ,..., ... :-·- '•'!'l"!~""I'' 

II < .00.5 
3];'c;i Ceilf Crop I •: ..... -:· 

II < ~2~0 ...... .,. 
4th·Ca!f Qrop L 
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· High 
vs. 

V .High. 

"7,; 250 
. ........ 

.. ,...,...:'"' . 
'--~ .... 

,..~,.. 

< .... 250 
1!""'!91"" 

...... 
<.02s 
<,250 

..... .,. 
< .. ~so 

<.ioso 
< .. 2so· 
<.250 
<. 250 

-· ~-
"70050 
~.250 
<.02s 
<.2.so 

·-~ 
"7. 250 

;~·p··-, 

-~-'<!-

< .. 100 
<.,250 
<.250 



TABLE xrv~.~coNTINUED 

\ 

Low Mod,.. High 
vs.. vs. vs .• 

Tt'ait Trial Mod. ;High & v.High High & V.High V.Hig)1 
.. . 3 

Av. Wean" ·Grade· 
1st Calf Crf;)p 

2nd Calf Crop 

3rd Cal'f Crop 

4th CaH Grop 

Av •. Milk Yielc;l of Cows 
2nd Calf Crop . 

. 3rd Calf. C:t:op 

~ . 
Cow Body Wt.~ , 4~ Yrs, 

C~ Body Wt. , 5~ Yrs'.. 

CQw Bpdy Msmt51., 1 ·4\ Yrs·.;. 

I 
n 

I 
n 

I 
II 

I 

J:I 
. I . 
II 

I 
I;[ 
I ... · 

Ht. of Wi'thers I 
Length of Body · · I 
Heart Girth I 
Depth ·of Che'S·t· · · I 
Wfdth of Lain · I 
Wic;lt.h. o:t: HJps · I 
Width of Pins : I 

Ht., of Wi thE;lrs· 
Length of Body·· 
Heart Girth 
r>epth 0f ·Ch'e<$t' 
Width of Lo·i"t1 
Width of Hi'.PS 
Width of Pins 

Cow BQdy Ms~ts, ,· 5~ Yrs~­
Ht.· of W;tthers •· 
L·en,gth o'f BQ~Y ' 
Heart · G'irth · · 
D~p~h · of Che·s·t· 
Width of. Loi:;n 
Wi·r;lth o·f ·tttps 
Width of l'i·ns 

n 
n -· 
II 
IT· 
II 

. :u 
n ... 

I 
I .• 

I 
I 
I 
I 
I 

<.100, 
· < ¥005 
~i;r050 
<~005· 
<.,250 
<.oso __ ,. 

· <"'·100 
l""''""''!llfi• 

<io'ds .. 
. ..,, __ _ 

_ .. 7 .. 010. 
< .• oso. 

,., l/ 

< .. 100 

<j,2so 
~250 

<v-250 
<.,oos 
~.250· · 

· .<.oo5 
. <iOOS 

<1t250 
<.250· 
<.oos 
<.250· 
<.-100 ,. 

· · <.oso 
<.-oso 

.... "I'!' ... 

-·-,'!"' 

llj9·--, 

.---
<_.olo · 

.. -. 

.. ,. ........ 
' _. ...... 

..,..-.. ~ 
<'ii2$0 

<.010 

·-!.,.-.-~ 

llll''-·-
1 

~100 

<.oo.s 
-... -

. ~.050 

< .. 250 
<.oos 
<~100 

•. ,~·-·· 

.. .......... . 
<"250 

'""·--

·,-.-.-,. 

< ... oos · 

<.005. 
<.oos 

'1weaning weights wer~ corrected to a 210 ... d-ay- $,te~r equivalent; using the 
methods of 8otk:tn (l952r~. ' 

2correcteQ only fot $ex., to. a st;eer equlvaUnt. 
J Confcrrmati(:>n $core; 8:;;average sood, 10.,,low ·choice and ll=ave.rage cho:tce. 
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Trial 
Number 

I 

II 

I 

II 

·TABLE XV 

AVERAGE HEIGHT OF WITHERS (INCHES) AND STANDARD -ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPP.LEMENT 

Level o-f 
Wintering 

Low 
Mod~ 
H-igh 
V-. High-Mod.2 

Low 
Mod~ 
High 
Very High 

Low 
Mod, •. 
High 
V;,, Hi.gh-Mod~ 

Low 
Mod. 
High 
Very High 

Ag·e in Ye:ars and Season of Yearl 

~(.F) -,:b(.S) c~(,;E) '--2{~. - .. 2\(F) 

37"*33±.,25 
37 .. 70'±'.24 
37 .• -57±~30 
37.87±.29 

39;,11±.-24 
39.29±.27 
39.70± .• 27 
3R .. 87±.~39 

··3\("f} 

46-~63±.45 
47~10!..21 
47 .61±.38 
47.89± .. 34 

. 
46-.. 38±.45 
46~29±.29 
46;·62'±,3'.l 
47.-04±.35 

41'.13±.-26 43 .77+ &3 
."• I '.'°9 ....... 4:3.j: 8<tt _. 2!6 

41.43'!' .. 28 43.9-3t-. 22 44.80±. 21 
41.sn~·,21 44.21±.36 45.04±.37 
42. 331:. 31. 44.331:.35 46 .• oo±.33 

41.on·.34 43 .• 54"!:.,..26 44. 18t-. 30-
41.87±-. 27 43.90±~32 44,83±.31 
42.63±.2-6 44.63±. 23 45.87±.34 
42.70f .. 33 44.80±,39 46.35±.46 

Age fn Years and Season of Yei:ir 

4-(S) 4~(F} S(S) 

45 .. 80±,.33 46.,. 37-±, •. zg 
46-.93±-.29 46,.67± ... 22 
47.00±.36 47.11±. 27 
46.86±.38 47.oo±.37' 

46,.14±.28 
46-.. 04±,.25 
46,.86t.29···· 
46,-73± .. 45 

45...,0():! .. :19 
45.·71±.20 

.46.18±.42 
46·,87±.43 

45 •. 68.±.41 
46.,Ut.39 
46. 73±."34 
47 .. _19±;,_39 

5\(F} 

·, 
4-5,.53i'sa30 
46..00?.21 .. 
4.6 .. 31± ~ 33 
46.04!.31 

1s denotes spring and F denote5 fall measurement. 

3(S) 

454.23±~·19 
45,~ TOt.23 
46.07±.37 
47 .. 23±.41 

45·-..25±.-41 
45.39± .. 44 
46.58±.29 
46.62±.39 

2The Very-High group in Trial I was reverted to the Moderate level f~r the fourth and subsequent 
winters. 
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Trial 
Numher· -~ 

l 

II 

I 

II 

TABLE XVI 

AVERAGE LENGTH OF BODY (INCHES) AND STANDARD ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

-Age i:n Years and Season of Year 1 
Level of 
Wintering \(F) l(S) ~\(F) 2(S} 2)~(F) 

Low 43.17±.49 42 .• 77±.44 50 •. 93 :t • .J. I 49'. 27'± .. 39 51.60±.32-
Mod. 42.93±.57 44. 63-±.64 50.93±.47 50.93±.34 52.57±.56 
High 43.14±.47 46.0-7±.35 51. 29-±. 48 51. 68!.41 S3.61:!:. 65 
V~ High-Mod. 2 43 .. 63±.49 47-.73!.44 52.10±.32 54ec63t.ss- 56.30±.77 

Low 4J.-00±.36 45.75±.41 49.00±~41 48..14±.'55 52.32±..68 
Mod. 43-.19:.43 47. 50'!-..32 50 .. 20:!:.42 Sl.OO't.58 52.93:!:.31 
High 44.40±.31 48.90±.35 so. 57± .51 52.3-0'f.60 54.30!.73 
Very High 43.80"! .49 49.00±.55 50.87±.46 55. 23±.s:5 53.73'±.61 

Age in Years and Season of Year 

3\(F) 4(S) 4~(F) 5(S) 5~(F} 

Low 53-.60± .60 52.73±.48 53-.87±.53 55.c. 8o±.5o 
Mod. 53-.97"'!'.43 53 •. 60!.30 54.70:!:.42 56.97±.48 
High 56.18±.53 54.39±.62 54.79:t.42 . 56.46±.45 
V. High-Mod. 56.36±.45 53.96±..45 54.11±.62 56.46±.62 

Low 54.27±.93 55.59±.71 
Mod. 55.8.2± .43 56.73±.63 
High 56-.42±.42 57.n~±.so 
Very High 57.62±.44 58.38±.45 

ls denotes spring and F denotes fall measurement. 

3(S) 

so.20±.63 
52.53±.S7 
54.00"!-.42 

55.77±.75 

50 • .46±. 64 
_ 5-2. 25:!:. so-
53.88!.66 
55,.04± .84 

2'fh:e .. Very High group in Trial I was reverted to the Moderate level for the fourth and sub-sequent 
winters .. 
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Trial 
Number 

T 

II 

I 

II 

TABLE XVII 

AVERAGE CIRCUMFERENCE (INCHES) AND STANDARD ERRORS OF HEART 
GIRTH OF HEIFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Level of 
Wintering 

Low 
Mod. 
High ,._ - 2 v; High-Mod-. 

Low 
Mod. 
High 
Very High 

Lew 
Mod. 

High 
V. High-Mod. 

Low 
Mod. 
High 
Very High 

\(F) 

52.67±.66 
53.53±.76 
53.33±.73 
53.20±.66 

54-. 6-7t .. 39 
s3-.. s1±.5s 
54. 5-3± .38 
54.63±.56 

-_>r:1tfRl 
69" .. 07±.84 
-71-.37±.63 
72 ... lt+±. 83 
75.07±.72 

70.90±.99 
72.59±.55 
7T.46±.57 
11.02± .67 

Age in Years and Season of Year1 

l(S) 

54.20±.67 
57.93±.75 
59.00±.62 
64 .. 96±-.62 

53 ... 14±.61 
56.60:t·.49 
60.70±.26 
65. 70±. 59 

l~(F) ,.-i,:;-_._,;,e,,,, 2(S) 

66.--03±. .. 55 
68.53±.53 
68.32t.53 
69.13±-.64 

65.08±.·47 
65.90±.so 
68. on·. 31 
68.87±.50 

59.33±.42 
63.07±. 60 
65,07t. 72 

_ 7~-.oo±.75 

58.96±-.51 
62. 93± .51 
66.97±.53 
74.50:tl .. 08 

2\(F) 

67.12±. 67 
69.77:!:.53 
69.43:!: •. 64 
74 .. 60±.90 

66.89±.74 
67.S-2± .. 81 
70~97±.75 
72.50±.94 

Age in --,-y~4-; and Season of Year 

ti03) -lfl~tF)-· 5(S) S~(F) 

66,. 13t.-55 
68.9Jt.52 
70.82±.88 
68.89±. 71 

~ ...... __ , ....... -

7 2f,:42±t.·.33 
74'.8:8-f.64 
74.-5"2±~82 
73.14.t. 68 

70.25:!: •. 95 
73.-57±.81 
74.64*~62 
19.-85±.91 

70. .. 23±-~-62 
74.00:!:.57 
74.54± .. 82 
73,.00±-c.84 

ls de-notes spring and F deno-tes fal 1 measurement._ 

3(S) 

62.53:!:.48 
67..40±.46 
69.07:t.84 
77.57!.8-9 

64-. 08±.52 
67.08±.59 
68.69:!:.96 
75.46±1.12 

2The Very High group in Trial I was reverted to- the Moderate level: for the fourth and Sl.lbsequent 
winters. 
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Trial 
Numher· 

I 

II 

I 

I 

TABLE XVIII 

AVERAGE DEPTH OF CHEST (INCHES) AND STANDARD ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Level of 
Wintering 

Low 
Mod. 
High 2 
V. High-Mod. 

Low 
Mod .. 
High 
Very High 

Low 
Mod-. 
High 
V. High-Mod. 

Low 
Mod. 
High 
Very High 

\(F) 

20 .. 03±. 23 
20. 20±~ 16 
20.39±.27 
20. 5.3± .17 

20-.37± .13 
20ce46±'.15 
20.53±-. ig-
20.50±.21 

.:·2~ff:1!J _· 

25 .. 70±. 27 
26.57± .. 19 
26.68±.27 
Z7.25f.28 

2.4-.08±.38 
24.39±.19 
24.65±.21 
25. 5-8±. 3-2 

Age ln Years ind Season of Yearl 

1(:S) V~(F-) 2'(S). 2~(F) 

19-. 77±. 20 23 .• 30±. 22 22.11±.21 23. 93±, •. 2 9 
20. 67± .• 24 23. 43±. 20_ 22.60±.18 24-.93±.20 
21~04± .• rs. 2:3.68:f:.24 23.01±. 28 2s~11±.29 
22. 60±. 21 23.83±-.. 21 25.50±;21 26- .. 37±.27 

20.n±.14 23.43±.20 22.00±.21 24.. 71±.29 
21.57±.I<J 23.73±.17 23.13±. 17 25.18~.31 
21.87±.15 24 .. 23±.13 24.00±.22 25 .. 77t~·30 
23.07±.25 24.67±.19 26. OS±. 38 26~27±.30 

Age in·:.Years and Season of Year 

_ -4{·s~) -

24.67±.19 
25 .• 73± .18 
2.5. 86"!. 24 
25. 2-S"!. 29 

~{--F) 

25.27±.32 
'25.30± .. 19 
25.36±.22 
25.11t.2s 

25.05±.28 
25.73±.33 
26 .. 23±.25 
26.54±.28 

fr(:s-) 5~(F) 

25 .. 17±0:23 
25.83±. 23 
25. 92"!. 2·5 
25-. 38±. 22 

ls deno_tes s.pring and F denotes fall measurement. 

3(S) 

23 ... 60± •. 11 
24.57±. 20 
24.82±.25 
27.67±.30 

23...-96±.20 
24.50±.24 
2s. 50±.15 
26.69±.32 

2The Very High group in Trial 1 was· reverted to the Moderate level for the fourth and subsequent 
winters. 00 

.r---



Tti'al 
Number 

I 

II 

I 

II 

'TABLE rxx. 

AVERAGE WIDTH OF LOIN (INCHES) AND STANDARD ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Level of 
Wintering 

Low 
Mod;. 
High ·. 
V, High-Mod_. 2 

Low 
Mod. 
High 
Very High 

Low 
Mod. 
High 
V. High-Mod. 

Low 
Mod. 
High 
Very High 

\(F) 

.. ~ij ... 25± ... 15 
8'.i27±·.15 
8.08± .11 
8:.02±.1s 

1:.. 7.3±.12 
8.20±.11 
8.45±.10 
8.18*.lZ 

3\(F) 

14: .. 32fl31 
14~ 11±!2s 
.14~ 68± .27 
15.36±.24 

12'..25±.43 
13.04±.15 
12.90±.22 
14 .• 19±. 2-5 

Age in Years and S'ea:,son '6:f YearI 

l(S) l\(F) 2(S-} ' 2~(F:) 

8-.,4:7± .. 15-, 11 .. 23±..l[i: l0~:9iJ.± .. ie 11..40±'* 15 
8,.97f .20 1L~'45f .. 18 lL.17±. 23 12~.53± ~15 
9. t4-±.13 11.46±.13 . 11.45±. 26 12.39±.17 

I0.8tt.15 · 11.80±. 20 13.88±.27· 14.32±.23 

8~95±~24 11.:. 19± • 14 · HhO<J±.-17 1.1, .. 21±. 29 
9. 93±.; 21 12.07± .. 17 lL.28±.,.19 lf.82±.34 

10. 60± ~ 14 12.68i.15 12.0Ti'.18 14.53±.22 
12.07±. 25 12. 77±.14 , 14.08±.31 14.83±.26 

Age in Years and Season of Year 

. , --~€i): . 4"1~f'F"J · '·'5'(~) 5~(:F) 

l'l ~ 80± •. 25 
13.08±. 23 
12. 84±. 23 
13. 02±. 23 

~----'---- . ~.~-~----. ----.~-~--
.. 

12. 85'!,.;:'.}Q' 
13.33±.33 
13. 6-2±. 32 
13.12±.24 

12·.44±. 32 
13..21'!.19 
13,.39·±.20 
14.71±.21 

12..,54±.1-7 
12.97'! ... 24 
13.21±.33 
13,.06±.-22 

1s denotes spring and F denotes fall measurement. 

3:(S)._ .. 

lL.35"±.,15 
12. 50:!:,;19 
12.82t.2I 

:.16.12±. 31 

10,~81±.19 
12. 62:!:. .. 23 
12.36±.19-
14.65±. 28 

Zrhe Very High group in Trial I was reverted to the Moderate level for the fourth and subsequent 
winters. 
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Trial 
Number 

I 

II 

I 

II 

-.:\ .. ,,,,. TABLE XX 

AVERAGE WIDTH OF HIPS (INCHES) AND STANDARD ERRORS. OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF'SUPPLEMENT. 

Level of 
Wintering 

Low. 
Mod. 
High 
V. High-Mod.2 

Low 
Mod;_. 
High 
Very High 

Low 
Mod• 
High 
V. High-Mod. 

Low 
Mod-. 
High 
Very High 

~(F) 

Tl..43±.,19 
13 .• 40±.19 
13.43± .19-
13.27± .. 21 

13-.42±.14 
13.S7't~ 15 
13.27±.13 
l3.S7t. l6 

'3'~(11') 

'19.75±.42 
2t~12±. 26 
21.34±.32 
21 .. 9lt.27 

:to.oz±.35 
20~88±/22 
20t.,81:!:.23 
21. 96±. 25 

Age in Years and Season of Yearl 

· l(S) l~(F) 2(S) 2~(F) 

13,.98± •. 19 17 •. 89±.19 16 ... 85-±.17 19-'li,03±. 19 
14.92±.24 18..13'.!:.18 17 .48±.36 19.97±. 20 
15.16±.20 18. 12·"! .19 rn.o5±. 23 20.00"!~27· 
16.63±. 2I ·18.60±.14 20.58±.22 21.63±.34 

13.88±.17 17.87±.13 16.39±.22 18.93±.22 
1s.oot.20 l8co 37!c;;,22 17'.8.3± .•. 19 19'" 80±:.31 
15.67±.13 18.S8t.13 18 .• 65'!:.19 20.lS't.p 
16.62!".18 19.03±.19 21.12'±.31 20. 86±. 32. 

Age in Years and Season of Year 

4(S) 

19.47±.21 
20. 50'±. 22 
20.82t.31 
20.41±.20 

4~(F) 

20.97±.30 
21.53±.30 
21.57±.32 
21.32:!:.29 

20.69±.29 
21.69:t .. 31 . 
2h45±.30 
22.75±.24 

S(S} 5~(F) 

20,. 98±~20 
21 .. 73±.28 
21.75±.33 
21.46±.29 

1s denotes spring and F denotes fall measurement. 

3(S) 

18. 2,0±. 20 
19.40:!:. 28 
19.93'±.30 
23.01±.33 

-::;-.;•·' 

18.31±,.;23 
:.19,.67'±.18 
19.92±.46 

rz2·~ oot. 26 

2The Very High group in Trial I was reverted to the Moderate level for the fourth and subseq~ent 
winters. 00 
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Trial 
Number 

I 

II 

I 

II 

TABLE XXI 

AVERAGE WIDTH OF PIN BONES (INCHES) AND STANDARD ERRORS OF HEIFERS 
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT 

Age in Years and Season of Yearl 
Level of 
Wintering ~(F) l(S) l~(F) .· · 2(S) 2~(F) 

Low 8.02± .13 8.57±.19 10.80±.14 9.47±.14 12,. 03'! •. 28 
Mod. 8.os±.12 9.17f.17 11.00± .o<J 10.62±.12: 1L83±.15 
High 1:88±.08 9. 57±.14 11.25±.12 10. 73± .14 11.84±. 24 
V. High-Mod.2 8.05±.15 10.05±.15 11.32± .12 12. 2.1t.1s 12.70±.23 

Low 8.03±.17 8.36t.16 ll.08±.18 10.20±.22 1L27!.22 
Mod. 8.30:!: .11 9.35±.10 11. 57±~.15 11. 60± .16 11.84±.28 
High 8.23±.12 10.23±.09 12.00±.15 12.12±.15 12.45±.31 
Very High 8.37±.12 10.50±.13 11.92"±.17 12.56±.26 12~42±.23 

Age in Years and Season of Year 

·,3\:Mn ... rlr.€S) ~(F) 5(S) 5~(F) 

Low IL. 'H±. 33 11.08t .. 1 (} 12. 32±. 25 12.29'±.18 
Mod. 12.68±.23 11.87±.14 12.53± .13 12 .. 78±.15 
High 12 .. 64±.24 12.32±.21 12.55±.25 12.77±.22 
V. High-Mod. 12.98±.22 11.93±.16 12.57±.19 12,.63± .. 19 

Low ll.42±.30 12.38±.26 
Mod. 12.36±.15 12.59±.15 
High 12.25±.18 12.66±;;,19 
Very High 13.04±.19 12.77± •. 17 

1s denotes spring and F denotes fall measurement. 

3(S) 

10,,.80±,.17 
12.07t.22 
12.64±.31 
14.25±.33 

10.46±,.21 
lh69±~18 
11.42±.14 
12.42±.22 

2The Very High group: in Trial I was reverted to the Moderate level .for the fourth and subsequent 
winters. 
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