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INTRODUCT ION

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 percentége of celf crop weaned, but the plane of
nutrition where this begins to occur is not well defined., Also, rela-
tively little information is aﬁailable 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 detrimental
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 has been
found that levels of winter supplement lower than ordinarily recommended
did not adversely affect reproductive performance and did increase pro-
ductive lifespan of the cow and percentage of calf crop weaned, In

o



subsequent studies, more severe restrictions in winter supplement resulted
in reduced calf crops, reduced birth and weaning welghts of the calves,
and slower matufity of the cows.

The trials reporte“d in this thesis were initiated td determine the
effects of widely differing levels of winter supplement. Two trials, each
involving 60 heifers are reported. Data have been obtained for females

through 5.5 years of age (Trial I) and 4.5 years of age (Trial II).



REVIEW OF LITERATURE

The literature pertaining to the effects of plane of nutrition on
growth and productivity have been extensively reviewed by Thomas (1952),
Shroder (1954), Zimmerman (1958), Zimmerman (1960) and Pinney (1962),
Therefore, this review will deal primarily 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 19/9. 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 1b,
cottonseed meal; Medium level, 2.5 1lb, cottonseed meal; and High level,
2.5 1b, cottonseed meal plus 3.0 1b. of whole oats., Each 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 February,
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 results of this study are given in the following table.



LIFETTME EFFRCTS OF DIFFERENT WINTER FEED IEVELS ON
PERFORMANCE OF RANGE EEEF COWS

Level of Winter Supplémeht

- Low Medium High

Winter gain of cows (1b,}:

1st winter as calves 23 60. 88

2nd winter as bred yearlings ~90 -52 -26

Av. winter gaing 3rd, 4th =197 =164, ~124

and 5tk winter . o
Mature body weight of cows !ib, 1142 1147 1194
Average calving date of cous 3/15 3/10 3/9
Average birth weight of calves(1b,) 77,6 77.6 78.8
Percent calf crop weaned 90.3 83,9 - 83,8
Average weaning wt. of calves{ib,) 479 482 483
~ (sex corrected only)

flumbere of years on test per cow 12,7 11,6 10.7

Winter gains were directly related to winter feed levels, whereas
summer gains were inversely related to feed level., The difference bétween
the Low and High groups in mature body waight at 8 years of age was about
50 1b, This difference was nol significant, however. ‘Both,mature live.
measurements and carcass measurements on cows killed after‘matufity
indicated no important differences in skeletal development due to winter
feed levels. At earlier ages, hcwevefg gignificant differences in these
"body size® measurements did occar {Shrdderg 1954). Evidently the Low
level cows had overcome nearly all of the early growth disadvantage by 8
years of age.
| Of interest is the fact that average cslving 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 affectéd

by nutritional treatment.



Percent calf 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 they 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 long enough to
obgerve 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 cow to.l3:5 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 al. (1953) that significant
increases in longevity of dairy cows could be induced by low 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 damnghters
of the oriéinal 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.



In contrast to the original study, where a specified amount of winter
supplemental feed was consumed by the cows, the winter feed level in
these subsequent.ﬁrials was adjusted at frequent intervals in an attémpt
to obtain predstermined rates of gain or logs from Nbveﬁber to mid~April,
as follows:

First winter as calves

Low level - no gein during the winter period.
Medium level = 0.5 1ib. gain pesr day.
High level - 1.C lb. gein per day.
Second and subsequent winters
Low level - 200 1lh, or more loss.
Mediwm level - 100 lb, loss.
High level - no loss in weight.

These trials were éonduct@d ia the same manner as the original
study, with the exception of amount of winter feed and the fact that all
heifers in the more recent trials calved first at 2 years of a'geo |

A1l of the trials since 193/ were summarized by Zimmerman (1960); the
results through 1939 are shown in the table which follows.

EFFECT OF DIFFERENT WINTIER FEED LEVELS ON
FERFORMANCE OF RANGE BEEF COWS (5 Trials)

Tevel of Winter Supplement
Low Medium ' High

Winter gains of cows{ib,): ' J

1st winter as calves , -8 20+ 155
2nd winter as bred yrlgs. «149. =95 =32
Av. winter gain, 3rd and w1 GE =108 =55
4th winters
kverage 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 T7.2 84.2 83.2
Average weaning weight of calvesilb.,)
Corrected for age and sex 380 420 433

Corrected for sex only 36/, 416 442




Average data through three calf crops are presented.

Some of the differences in results between these trials and the ori-
ginal triel 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 the 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 Low level treatmeét,
whereas in the original study 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 size, such as wither height, were much less
affected by feed level, however, 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 those obtained in the original study. First,
there was a difference in the feed levels offered in the later trials as
compared to the initial study. 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 studies. This possibly may be partly accounted
for Ey a lighter stocking rate and milder winter conditions in the early
years of the initial study, resulting in much smaller differences in



actual total nutrient intake and, consequently, little difference in per-
formance of these cows in terms of the birth and weaning weights of their
calves.,

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 determin-
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 gge.

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
digtinet 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-
volved 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



0.92 1b., per head, respectively. The following winter as bred yearlings
half of the Low level heifers were advanced to a High levél'tre;tment which
"resulted in g winter weight gain of 26 1b, and, conversely, one-half

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

an average loss of 230 1b,. in body weight. Those continued on the Low,
Medium and High treatments for both winters lost an average of 156, 115 and
36 1b., respectively, during the second winter. Differences in body

‘ weight, wither height, body length and various width measurements 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 succeééive
years.

The results clearly indicate that the plane of nutrition during the
first winter as weanling 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 extent by the nutritional plane imposed during the second
winter during gestation regardless of the nutritional plane pragticed dur-
ing the first winter. Neither alternate system of winter feed (Low—High or
High-ILow) proved to be of a;y great advantage ovér the Medium regime im-
posed both winters, The sequence of Low level the first winter followed
by the High level the second winter seemed to offer some promise if the
first winter's effect of delayed calving date could be overcome. On the
other hand, the sequence of High level the first winter followed by Low
level the second winter was detrimental in terms of the birth weilghts and
gaing of the calves during the suckling period,

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

study weanling Hereford heifers were wintered at Low, Moderate, or High
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levels corresponding to the same gains previously practiced. In addition,
half of the heifers from each nutritional level were restricted in summer
galn by confining to drylot on alternate days the following summer. An
additional group of Low level heifers were "flushed" with a high level

of silage and grain from March 15 to May 1. A vasectomized bull was used
to determine the occurrence of estrus prior to the breeding season.

An increase in age at first estrus was observed with each decressing
feed level, an average of over 30 days difference occurring between the
Low and High level groups. Percent conception over a 105-day 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 level-flushed lot,. however, was normal, This would indicate
that the plane of nutrition prior to the breeding season can adversely
affect gge at first estrus, and that "flushing" shortly before the breed-
ing season may overcome these adverse effects on percent of heifers con-

ceiving during a limited breeding season.

Other Related Experiments

Wiltbank et al. (1957) conducted a factorial experiment to determine
the effects of three different levels of protein ané three levels of energy
on the occurrence and length of estrus in 54 weanling beef heifers. The
energy levels were full-feed, two-thirds full-feed and maintenance of body
weight. Digestible protein intakes per day per cwt. body weight were 0.23,
0,15 and 0.06 1b. for the three protein levels. The low energy level de-
pressed the percent of heifers showing estrus over the 250-day trial at
all protein levels., The low protein level also decreased the percent of
heifers exhibiting estrus but was more pronounced when combined with the

low energy intake. DBoth low energy and low protein 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 1b, of digest-
ible protein: per cwts of bedy welght daily appeared to be adequate in
promoting early estrus. A corrélation of =0.39 was obtalned hbetween
average daily gain of the heifefs and number of days required to reach
first estrus,

Bond gt al. (1957) demonstrated that underfeeding of either protein
or energy resulted 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 treatnents 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 intskes approximating the NRC re-
quireménts for mature cows (9.0 1b,. of TDN per head daily prior to calving
and 16.0 1b,. after calving). The low groups received 4.5 1b,. of TDN
before and 8.0 1b, per head daily following calving.

Body weights and condition scores were significantly influenced by
the different treatments, and birth weights were reduced 11 1b, by the
low energy level prior to calving, Both pre-~and post-calving energy levels
influenced the time required for occurrence 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 weres
high-high, 80; high~low,8l; low-high, 45; and low-low, 17. Most of the
cows fed continuously on the low energy level failed to show estrus in

90 days, but 85 percent of those fed the low-high regime exhibited estrus
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before 90 days. The low-high group, however, required significantly longer
than any of the other treatment groups to reach estrus.

The conception rate was somewhat lower in cows fed at the low
energy level after calving. o difference in conception rate was found
between the two groups fed high energy levels gfter calving., Significantly
fewer cows fed the low energy level subseguent to calving were diagnosed
pregnant than those fed the high level, largely due to fallure to show
estrus in the low energy groups. The percentage of cows diagnosed
pregnant during the experimenﬁ was 95, 77, 95 and 20 for the cows on the
high-high, high~low, lowr~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 1oﬁ—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 pituitary, rather than decreased
sensitivity of the ovary. They proposed that possibly body condition
rather than energy intake per se was the more important factor infiuencing
occurrence of esgtrus since the level of energy fed prior to calving had
the most important effect on this trait.

Joubert (1954a) studied supplemental 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 1b,. of hay, 447 to 865 1b, of silage and none to
over 800 1b, of concentrates heing fed during these periods to each High
plane femgle., Poor nubritional conditions each winter significantly re~
tarded the development of the Low plane, unsupplemented, heifers with

noticeable differences still occurring at 4 years of age, Shorthorns



13

were very severely stunted, but Jerseys were only slightly affected by the
Low regime. " Skeletal development 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 the subsequent reproductive cycle to be retarded. Birth weight of
the calves was reduced 7.5 lb, by the Low regime. While no differences -
in milk production due to feed level were observed in the dairy breeds,
the Léw plane females started at a lower level of production but were
more persistent in lactation. Weaning weights of calves in the beef hreeds
were significantly reduced by the Low nutritional plane,

When reproductive 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 sco in the summer, Also the
Low plane animals invariably experienced anestrus during subsequent
winters, whereas the High plane heifers continued cyclingnl In addition,
usually a year was required Ly the Low plaﬁe heifers after weaning their
calves before sexual activity was resumed, while the High group resumed
cycling shortly after weaning their calves. Although the effects of the
Low plane were not as drastic in the dairy females, post~partum estrus
was delayed 21 days by the Low regime., No differences were seen in number
of services required per conception between the two groups. |

The effect of suﬁplemental winter feed as compared to no supplement
for winter-calyving beef cows in the San Joaquin Range Station in Califormia
was reported by Wegnon et al. (i959), The supplemented group of cows re-

ceived 1,0 1b, of cottonseed meal starting in late summer with an
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gdditional 1b, &bt calving, and an additioﬁal 1b. of barley when winter
rains started. Such supplementation resulted in en increaéed pregnancy
rate of 15 percentg'fewer calf losses before weaning and an advéntage of
58 1b, in weaning weights. The unsupplemented cows eventually reached
the same size in terms of body length and height, but required longer to
do so than supplemented cowéo |

A long-term stﬁdy of the effects of plane of nutrition during early
life upon the performance of Holstein dairy females wés reported by
Deid (1960). The feeding levels used from birth to first calving as a
' perceﬁt of the upper level of Morrison's standafds for TDN were: - Zow,
655 Medium, 100; and High, 140. During the first lactation the Quantities
of TDN provided were: Low, 118; Medium, 109; and High, 100 (eﬁpressed as
a percent of Morrison's TDN standard forma.t‘arécows)o After second
calving, éll females were fed in accordance with Morrisori'!s standards,
All heifers were bred at 18 months of aéeo Thirt&hfour trios of heifers
kad been allotted to the study at the time of this repbffo |

Body size, as determined by weight and linear measurements at first
estrus, was nearly the same for all groups, while age at first estrus was
inversely related to nutritional level. Ower 300 days difference in age
at first estrus existed between femgles on the Low and High level regimes.
Birth weights of the first calves were directly related to energy intake:
however, when expressed as percent of body weight of the dam, they.were
inversely related to energy level. After the second caif, no relation
between birth weight and nutritional rearing level of the dam was seen.
«.1though the percent of females conceiving at first service was lower
uith each increase in energy level, the total services required per con-

ception was similar for all groups since a few 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, whereas three Medium level and five High
level cows were removed for this reason.

Low level heifers had more calviﬁg difficulty at first calving, but
no difference between treatment groups was seen thereafter, No signifi-
cant differences in milk production occurred through five lactations
(Reid et al., 1957).

A corollafy experiment to that of Reid's (1960) was reported by
Sorenson et al. (1959). Feed levels based on TDN intake similar to that
of Reid's were used, and calves from each of the three TDN levels were
slaughtered at 0, 16, 32, 48, 64 and 80 weeks of age to determine the
effects on body growth and the development of reproductive and endocrine
organs. Again, the delaying of first esfrus was noticed for the lower
feeding leﬁels, The average ages at first estrus were 37.4, 49.1 and
72,0 weeks for the High, Medium and Low level groups, respectively. Only
three of the twenty Low level heifers ever showed signs of estrus, and
two were slaughtered at 80 weeks of age after having shown no signs of
estrﬁs; However, once estrous cycles were initiated they occurred with
equal regularity in all groups.

At‘16 weeks of age, theAmammary glands of the High level heifers were
infiltratéd with fat cells in contrast to the relatively large amounts of
fibrous connective tissue seen in the glands of the Low level heifers.
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 content of the pituitary glands and the increased height of the
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thyroid acinar celis. The incressed metabolic rate which should result -
from this might be expected to result in a shortened lifespan..

Some evidence has been reported to indicate that extremely 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-mate was fed limited grain to 10 or 12
months of age, and unlimited roughage thefeafter° 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
after parturition the Ffattened cows had lost 143 1lb, as compared to only
50 -1b, . for the control twins. During the first lactation only one fattened -
twin‘produced‘more milk than her mate. When expressed on a fat-corrected
basis,'theifattened heifers gave only 85 percent the milk 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 indicate that some

heifers are more severely damaged by high energy levels than others. They
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postulated that the cause of greater milk production in the controls was
an effect of hormonal stimuli, since they were growing rapidly during the
firgt lactation while the fattened heifers were losing weight. However,
differences during the second lactation cannot be explained by this
theory.,

A similar study with 11 identical twins 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,
while the other twin-mate was fed a moderately-high energy ration calcu~
lated to maintain them in a thrifty condition. The fattened heifers
weighed an average of 320 and 507 1lb, more than theilr moderately fed
twin-mates at first mating and first calving, respectively. The fattening
of the heifers resulted in an earlier calving date, increased birth
weights, lower milk yields and decreased survival rates of both heifers
and calves, The effects of fattening were highly variable between twin-
pairs, however, and reduction of milk yield was much more pronounced in
Angus than Hereford females. Rectal body temperatures taken during four
periods of ten days each showed that the fattened cows had a significantly
higher body temperature, thus indicating a higher rate of metabolism.

In a corollary study (Holland, 1961), 8-year-old cows wintered on
prairie hay and ground milo for two successive winters gave birth to, and
weaned, hegvier calves than cows receiving only prairie hay and cottonseed
meal. .The free~choice milo feeding prior to calving caused these cows to
weigh 248 and 323 1lb. more than the controls at parturition the first and
second year, respectively. Thus it was indicated that the mature cow is

less easily injured by excessive fatness than the young, developing heifer.



EXPERIMENTAL

Two trials were initiated at the Fort Reno Experiment Station, one
each in 1957 and 1958, to study the effects of widely differing planes
of winter nutrition on the growth and reproductive performance of beef
heifers. In each trial, four lots of 15 weanling Hereford heifer calves
each were started on test at app;oximately & months of age, All heifers
were produced in the commercial Eerd at the Fort Reno Station and were
sired by purebred Hereford hbulls., 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 milo)
was édjusted at frequent intervals during the winter to control body
welght 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 during the winter period.

Moderate level - 0.5 1b, per head daily gain,

High level - 1.0 1b, per head deily gain.

Very High level - gelf-fed a 65.percent concentrate ration,

Second and subsequent winters as pregnant females’(including calving

loss):

Low level - 200 1b, loss for each heifer,
Moderate level - 100 1b. loss. |
High level - no loss in weight.

18
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Very High level ~ self-fed either a 65 or 50 percent concentrate
rgtion for meximum gain,
A mixture of two parts salt and one part steamed bone meal was available
to a2ll cattle throughout the study.

The Very High females received a 65 percent concentrate ration during
the first two winters in the case of Trial I and only during the first
winter for Trial ITI, In a1l subseguent 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 was difficult to obtain,
these heifers were fed wheat straw in dry-lot from early November to early
or mid-December each year. They were allowed to graze gpproximately 1
day each week during this confinement. During the remainder of the year
the Low groups grazed native pasture comparable to thaf available t& the
other groups. The stocking rate during the entire study was approximately
8 to 10 acres per breeding female, The amount of forage available and
the quality of it would be considered excellent; and, no shorfage of
grass occurred in either summe: 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 42 months of age. They were maintained and fed in
the same pastures as those cows continuously wintered at the Moderate
level,

A1l heifers were pasture-mated to purebred Hereford bulls between

May 1 and August 15 and calved first at 2 yvears of age. ZEach 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 numbers
of heifers from each treatment were exposed to the same bull. In this
manner, differences due to sires were minimized., A1l calves were dehorned
and vaceinated for blackleg, and bull calves were castrated at 6 to &
weeks of age. None of the calves were creep fed, and all were weansd
in early October.
During the experiment, the following data were collected:
1. Supplemental feed consumption by lots.
2. DBody welghts at approximately 4 week intervals.
3. Calving dates.
4, Birth and weaning weights of all calves, DBirth weights
were adjusted to a bull equivalent and weaning weights
to a 210-day steer equivalent by the method of Botkin
(1952) who derived the correction factors using data
from similar cattle.
5. Estimated daily milk production of cows in Trial I at
approximately 1 month intervals while nursing their
third calves, and in Trial II while nursing their
second and third calves. Thils was accomplished by sep-
arating the calves from their dams and weighing the calves
immediately hefore and after nursing for two successive
12~hour periods. When the calves were under a month of
age, three 8-hour periods were used since the calves had
difficulty in nursing the deam completely dry when allowed

to nurse only at l2-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, léngth 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 (immediately 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 ischii) were measured while the heifer was
maintained in a squeeze chute.

The data were analyzed by the methods of Snedecor (1956), Where
analyses of variance were determined, the following orthogancl contrasts
were made within each trial and age classification: Low vs. Moderate,
High and Very High; Moderate vs, High and Very Highj; and High vs. Very
High regimes. The probability values associated with these contrasts

are presented in the Appendix (Table XIV),



RESULTS AND DISCUSSION

Data collected through‘the fall of 1962, when the Trial I and II cows
wepe 5.5 and 4.5 years of age, respectively, have been incinded in this
theslsg, The average supplementsal feed consumed per head esach winter by
breatment is shown in Table I. This reprssgents the amount consumed from
early November to mid-April, or during an approximate 165-day wintering
period. All females were weighed at approxinately 2-week intervals during
the winter, and subsequent feed intake was adjusted to achieve the desirec
winter gain or loss, It i1s apparent that considerable varistion exists
between trials as to amouynt of feed conswped., This ia because the trials
were started in different years and the variation in severity of winters
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: Iow, 0.25 1lb. of
cottonseed meal and 0,10 1b. of miloy; Moderate, 1.58 1b. of cottonseed.
meal and 0.68 1b, of miloy High, 2.26 1b, of cottonseed meal and 4.28 1b,
of milo; and Very High, 29.47 1b, of a 50 or 65 percent concentrate mix-
ture. During the fourth winter the Very High cows in Trial IT consumed
over 40 1b. per head dally of the 50 percent concentrate ration. The small
amount of supplement fed the Low level females was usually given during

late winter, Jjust prior to and following calving.

Body Weight Changes and Growth Pstterns
The winter body weight gains or losses which resulted from the four

22



AVERAGE AMOUNT OF FEED CONSUMED (LB.) EACH WINTER BY HEIFERS
ON DIFFERENT LEVELS OF SUPPLEMENT

. LEVEL OF WINTER SUPPLEMENT

' LOW _ MODERATE HIGH VERY-HIGH: -
WINTER CSMZ MILO3 CSM MILO CSM MILO 50 or 65% CONC.%& CSM MILO
Ist Winter as calves

- Trial I 26 312 198 368 663 3433

Trial II 80 80 238 320 408 797 3427
2nd Winter as Bred Yrlgs. I

Trial E 45 348 160 382 735 5169

Trial II th 74 272 112 332 552 4810
3rd Winter :

Trial I 74 272 15 332 798 5575

Trial IIL 32 202 88 464 704 4681
4th Winter

Trial I 32 202 56 464 512 202 56

Trial IIL 46 249 302 795 6951
5th Winter ' :

Trial I 46 249 302 795 249

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

2Cottonseed’meal, 437 solvent process;

3Ground milo,
4A 657 concentrate ration was fed the first two winters in Trial I and for the first winter only

in Trial II. Thereafter, a 50% concentrate ration was fed in bothk trials., The 65% ration con-
sisted of:r 49.7% gr., milo, 7.7% CSM, 7.0% molasses, 17.5% chopped alfalfa, 17.5% cottonseed hulls
and 0.67% ground limestone. The 507% ration consisted of: 33,2% gr. milo, 9.5% CSM, 7.07% molasses,
25.0% chopped alfalfa, 25.0% cottonseed hulls and 0.3% ground limestone,

¢e
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trestoents are shown in Table II. Tt should be pointed oct that this win-
ter weight loss included loss at parturition and only those cows that
calyved before the spring weilghing are included in the daba presented.

Weight chanpges for Trial I were similar to thos obtained in Trial
IT after the first winter period; however, mush difference occurred be-
tusen trials with respect to welght changes oocurring during the winter
phase as calves, For this reason, the data ars reporfed separately for
sach qualg rather tkan pr:E ¢, During the first winter in Trial I the
difference in weight change from Low to High was only 112 1b.; whereas,
in Trial IT over 200 1b, difference existed bstween Low and High groﬁpsa
BEven though the Lows in Trial II were fed over six times the quantity of
feed given the same treatment lot in Trial I, they lost 48 1b, as com-
pared to a gain of 23 1b. for heifers in Trial I. The same trend held
true for the Moderate level;y Trial II hsivers gained only one-half as
much as Trial I heifers,

When the trisls are averaged, they clossly approximate the weight
changes attempted:; the Lows lost 0.08 1b., ths Moderateé‘gained 0.60 1b.
and the Highs gained 0,89 1lb, per head daily., In subsequent winters, the

overall average loss in 1b, per heifer wasy Lows, 216; M- derates, 1253

and Highs, 77. The great loss in welght ocourring in the Low level groups

is even more striking when expressed cu a percenh of body weight basis.
The High level females conbinued to lose weight each winter even though
they reéeivéd nearly 5.0 1lb, of mllo and 2.5 1lb. of coblonseed meal per
head daily durlng geveral winters |

The Very High females gained nesrly twice as much as the Highs on the

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



PABLE II

AVERAGE WINTER WEIGHT GAINSl AND STANDARD ERRORS OF HEIFERS

'RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Level of Winter Supplement

Low Moderate High Very High®
Pounds Percent- Pounds  Percent Pounds Percent Pounds Percent
First Winter as GalVés: ‘ ‘ ' :
Trial I 232 6 (15)% 5 124211015 27 135% 7 (1) 29 263% 8(1l) 57
Trigl II -8 £ 5 (14) -10 602 5(15) 14 154% 5(15) 31 280 % 10 (15) 57

2nd Winter as Bred Yrlgs:

Trigl I ~241%9 (9) =30 -113% 9(13) -13 -79% 9 (14) -9 182%1, (8 20

Trial II =236 % 7 (11) -31 =144 %13 (7) -18 -84 % 16 (10) -7 142 % 37 (10) 16
3rd Winters ' ' ’

Trial I -204 210 (9) =24 -100 % 7 {(11) -11  -58 £ 11 (10) -6 111 § 15 (12) 11

Trial II =202 %21 (6) -23 -83 %211 (13) -9 -66%14 (13) -7 100 £ 21 (12) 9
4th Winter: N -

Trial I -196 212 (11) -18 -108 % o (12) -10. -85% 13 (14) -8 =246 %17 (14) -21

Trial II ~ -221 #24 (9) =23 =-143 %10 (12) =12 -71% 11 (10) -7 241 %15 (13) =20
5th Winters: : ' A

Trial I -231 218 (15) -21 -182 % 14 (15) -16 -95% g (13) -8 -17,% 11 (12) -16
1

Includes only those heifers calving before mid-April and raising a calf,

the Very High group in Trial I was switched to the Moderate level for the fourth and fifth winter.
dinter weight change expressed as a percentage of the prior fall weight.

4Indicates the number of observations involved in the standard error,

94
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which had a net gain in weight %ach subsequent winter,

| It is interesting to note tﬁe\tremendous loss in body welght 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 wéight
as 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 ﬁhaﬁ the Very High-fed fe-
males did little if any winter grazing while on 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 et al. (195§) and Beattie and Herbert
(1947) found decreased 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 the Very High females when
reverted to the Moderate regime. The following winter, little difference
was epparent in weight losses between Moderate and Very High females re-
verted to the Moderate level the previéus winter, |

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

shown in Table III, In every case, the lots losing more weight in the
winter gained more weight on pasture the following summer. Thls is good
evidence of the remarkable recuperative power of the beef female., The
smallest difference between groups with regard to summer 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 gains. The
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TABLE IIT

AVERAGE SUMMER WEIGHT G-AINSl (LB.) AND STANDARD ERRORS OF
HEIFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Level of Winter Supplement
Low Moderate ‘High Very High~

lst Summer as Bred Yrlgs: 3 :
Trigl I 356 % 5 (14)° 265 % 9 (15) 256 % 7 (14) 170 % 9 (14)
Trigl IT 323 % 9 (13) 255 % 6 (15) 223 # 10 (13) 122 % 8 (14)

2nd Summer:

Trial I 257 215 (9) 17 %12 (12) 140 £ g (13) -72%17 (8)

Trial IT 309 # 18 (9) 212 £ 20 (7) 160 % 14 (10) 51 % 19 (8)
3rd Summer: .

Trial I 207 ¢ 8 (8) 211 % g (11) 181 % 15 (10) -3 ¥ 12 (12)

Trial IT 287 £ 17 (5) 190 £ 19 (12) 139 % t

12 (11) -4 % 17 {11)

4th Summer:s

Trial I 262 £ 10 (11) 175% 9 (12) 149 % 13 (13) 155 % 12 (13)

Trigl IT 202 £ 21 (9) 218 % 17 (12) 183 % 12 (10) -110 % 12 (13)
5th Swmmer:

Trial I 246 %11 (15) 208 %10 (15) 160 % 10 (13) 208 % 11 (12)

1Includes only those heifers calving before mid-April and raising a calf,
“The Very High group in Trial I was reverted to the Moderate feed level
for the fourth and fifth winter.
3Indica.tes 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 weilghts were taken
immediately before and after each winter feeding period. A& marked differ-
ence between levels was apparent each spring with much of this differcnce
disappearing by the fall weighing after summer grazing. With regard to
the Low, Moderate and High groups, a wider 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 IT 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 ags much as the Lows in both trials.

After the Very High females (Triasl 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 fabt, 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 1b, after calving as 4=year-olds. Prior
to parturition one cow in Trial II attained g weight of over 1800 1b.

At 4.5 years of age, highly significant differences occurred for all
comparisons of body welght 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 T was significantly lighter than the other three treat-
ment groups. The advantgsge 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 in both
trigls at 4.5 years of agé the difference between Low and High level |
body weights was reduced to about 50 1b., whereas in some previous
springs this differenée was well over 100 1b, 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 theirbstandard errors are given in Tableg 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 Trial II cows were 4 years
of age.

A1l body measurements reflected the pattern of body weights, in that
much greater differences occurred between treatment groups at the end of
the winter feeding period than after summer grazing. That 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 decreasings
thus, it mgst be assumed that this decrease was associated with losses
in fat and/or muscle. These decreases wers most marked in the measures
which are normslly felt to be influenced by degree of fatnessg., Wither
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 1962,
or from 4.5 to 505'years of age for . Trial I and from 3.5 to 4.5 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, ﬁery good evidence was obbained in Trial I that
the differences in the measurements between 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 Trigl 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-continucus group in three of the seven measure-
ments at 5;5 years of age, suggesting thalt the Moderale treatment pro-

moted maximal skeletal 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 since the
measurement is largely a measure of the long bones of the forelegs and
should not be greatly affected by differences in body fat, and.it is a
well accepted fact that low nutfitional.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 time.

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 pogition of the ahimal can result in large differ-
ences in the location of these reference points, Tpe fact that this
measurenent 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 measureﬁlents9 differences between treatment groups
were much greater followihg winter feeding than after the summer grazing
period.

Figure 5 shows the average heart girth circumference by'tféatment
groups. This measurement was most sensitive to the different %ihtef
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 smaller after the summer period when all heifers
were treated alike. This measurement tended to reflect changes in body
weight to a greater degree than the 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 reco%éry'ﬁook
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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 mgasurement was also influenced by fat-
ness of the animal. A1l 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
(Trial 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 succéssive winters wherein the Very High females were reverted to the
Moderate feed level, this was reduced to 95.4, 96.3 and 96.0 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 relationship
between magnitude of the measuremént and the winter feed level in nearly
every case, each year. Statistical analyses of these measurements at
4e5 and 5.5 years of age are shown in Appendix Table XIV. Three orthogonal
contrasts were méde in‘each case, namely: Low vs. Moderate, High and
Very High; Moderate vs., High and Very High; and High vs. Very High. 1In
general, the only significant differences (P<.05) 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
TII). The same differences occurred in regard to the High and Very High

treatment comparison in Trigl II. In Trial I, there were no significant
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differences with respect Lto Moderate vs. High and Very High, or High vs.
Very ﬁigh group comparisons, This would be expected since the Very High
group had beén reverted to the Moderate level and very small differences
in the means occurred following this reversal of treatment. |

Figure 10 graphiéally'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 fatnesé
were believedvto be less at.this time, The Very High groups were not
used since there was good evidence that measurements on these feﬁales
were greatly influenced by fat. Through 4.5 yeérs'of age, it is apparent
that maximum differences had been attained and were decreasing with the
exception 6f heért girth. From 4.5 to 5,5 years, little change was evi-
dent for any measurement except heart girth, based on data obtained only
-in Trial I. The only measurement In which full recoverj of the Low level
females hadvbeen 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-
vcovefy of the Low level éows is even more apparent in this graph, Avpér-
{ centage of full recovery was achisvéd for both body len gﬁthi{.anaf dépth,: -
with some recovery occurring for all width measurements., Wither height
was largely unaffected by treatment, although sdme recovery is evident.
Again heart girth shows little evidence of any recovery by the Low level

group except 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 1s shown in Figure 12. The mature age used was 4.5 years,
since measuremenis 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-
gions. This i1s in almost perfect agreement with data reported on previous
Oklahoma trisls (Zimmerman, 1960). It is also in agreement with the
anterior to posterior gradient in body growth proposed by McMeekan (1940).
In general, the dimensions which most nearly approached 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. ZEach year, the Low level treatment consistehtly delayed the
average calving date. Females on the Low level cglved 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 level cows calved 16 days later than the
Highs and 10 days later than the Moderate fed cows. The effect of the Very
High treatment was wvariable but, on the average was approximately equal to
the High groups. The greatest delay in calving date from the Low level
treatment was during the second calf crop in both trials. This coincides
with the breeding season following the largest weight loss for both trials.
Thereafter, the differences in calving dale seemed to diminish; only 6

deys difference was noted between Low and High groups for the fourth calf
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TABLE IV

AVERAGE CALVING DATES AND STANDARD ERRORS OF HEIFERS
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Level of Winter Supplement _
Low Moderate High Very High~

lst Calf Crop

Trial I 3/23 £ 8 (14)% 3/15 f L (15) 3/4 % 3 (14) 2/24 £ 5 (14)

Trial II  3/15 % 4 (13) 3/12 % 7 (15) 2/29 %2 4 (13) 3/2 £ 8 (14)
2nd Calf Crop

Trial I~ 3/26 29 (13) 3/11 %5 (14) 3/1 24 (12) 3/5Z 6 (15)

Trial II 4/6 28 (11) 3/16 %5 (13) 3/1 %4 (13) 3/9% 7 (13)
3rd Calf Crop / .

Trial I 3/19% 5 (13) 3/9%6 (13) 3/4%L5 (1) 3/3% 4 (14)

Trial II  3/16 27 (9) 3/5% 2 (12) 3/4% 4 (11) 2/26 % J (13)
4th Calf Crop 4

Trial I 3/62 4 (15) 3/4%3(15) 2/28f 2 (13) 2/27 % 3 (13)

Lone Véry High group in Trial I was reverted to the Moderaté feed level for
the fourth and fifth winters.
2Indicates 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 fourth calf crop, by far the least difference in weight
loss between Low and High groups occurred. Thus,it would appear that
welght loss during the winter prior to breeding is related fo the delay in
calving the following year. In addition to delayed calving, the Low
level alsc resulted in a more variable calving date as shown by the lar-
ger standard error of the mean.

There are two possible causes for delayed calving when females are
subjected to a Low level, i.e. either a delay in occurrence cof estrus
folloﬁing the winter feeding phase and/or an increase in the number 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 et gl. (1959) and Reid (1960).
Wiltbank et al. (1957) showed that either protein or energy deficiencies
inereased the number of days to first estrus in beef heifers, but energy
level had a much more pronounced effect than protein level. Also Bond
et al. (1957) observed that underfeeding of either protein or energy
resulted in cessation of estrus in heifers already cycling, Studies with
mature cows (Wiltbank et al., 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
fallure of a release or productibn of gonadotrophic hormone from the
piltuitary is a primary cause of failure to exhiblt 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 varicus treabtments 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, Trial I (Appendix Table XIV), There was a small but consistent ad-~

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

AVERAGE BIRTH WEIGHTl (LB.) AND STANDARD ERRORS OF CALVES FROM
. HETFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Level of Winter Supplement

Low Moderate High Very High2

lst Calf Crop .
Trial I 6L.7 £ 1.4° 7.8 £.2.0 74.6 £ 2.0 70,5 L 2,1
Trial IT 56.2 2 1.4 75,7 £ 1.7 70.0 % 1.7 69.3 £ 2,4

2nd Calf Crop

Trigl T  70.9 £ 2.3 77.2 5 1.9 81.3 % 4.1 745 % 1.6
Trisl TI 9.5 % 2.0 73.8 = 2,5 75,3 % 1,9 77,4 E 2.0

3rd Calf Crop 4 ‘ .
Trial T  75.7 £ 1.1 9.1 % 2.4 81.7 £ 2.2 9.7 % L7
Trigl IT  79.6 % 3.3 81.7 2 2.4 g1.0 ¢ 1.8 73.2 % 1.4

4th Cglf Crop 4
£ 2.0 .8 L 2.6

Trial I 80.9 £ 2.3 79.8 % 2,1 82.8

Ieifer birth weights corrected to bull equivalent by the methods of

Botkin (1952).

zThe 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 im Table IV,
compared to the Moderate group, but this was nonsignificant., Over the
entire seven calf crops reported herein, the Lows gave birth to calves
averaging 7.5 1b. smaller at birth than calves resulting from the High
regime, and about 5.0 lb, smaller than the Moderale regime calves., This
is the same order of magnitude reported by Zimmerman (1960) under similar
conditions 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 1b, for the first through fourth celf crops, 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 vear for body growth as the cow approached
maturity, and thus there is lesg 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 winbter feed levels wers 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 come
parisons possible. This effect was significant in only one case, however.
In three of the five comparisons the Very High level cows actually had
snaller calves abt birth than did the Moderate level cows. No report of
such an effect has been noted in the literature. Holland (1961) reporied
that heifers fed for maximum gain through two calf crops gave birth to
calves aversging 5 1b., larger at birth than heifers fed Ynormal® 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 welght as those from the Moderate fed group during the
third and fourth calf crops.

The percent of possible cow-bull exposures resulting in a calf weaned
is presented in Table VI. The results within year and Trial are rather
inconglstent; however, the Low level cows weaned a lower percent calf
crop in four of the seven calf crops. When all trials and years are

everaged, calf crop percents were 81l.2, 85.4 and 84.8 for the Low,
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TABLE VI

PERCENT CALF CROP WEANED FROM HEIFERS RECEIVING
DIFFERENT LEVELS OF SUPPLEMENT

Level of Winter Supplement

Low Moderate High Very High-+

1st Calf Crop

Trial I 86.7 93.3 100,0 60,0

Trial II 78.6 66,7 66,7 66,7
2nd Calf Crop

Trigl I 80.0 80.0 71. 4 86,7

Trigl IT 71,4 85.7 86,7 84.6
3rd Calf Crop

Trial I &0.0 £6,7 100,0 93,3

Trial IT 69,2 85.7 76,9 100.0
/th Calf Grop 100.0  100.0 92.9 85.7

T

1The Very High group in Trial I was reverted to the lModerate feed level for
the fourth and f£ifth 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 1little differ-
ence occurring between Moderate and High groups.

t is of interest to examine gome of the possible reasons for such
an effect. The percent open cows of those exposed was 12.9, 3.9 and 7.1
percent for the Low, Moderate and High groups, respectively. Percent of
calves dropped which were dead on arrivel was 5.0, 9.7 and 7.0, respect-
ively, for these groups. No difference was seen in number of calves which
died from birth to weaning. Thus, the only apparent reason for the reduced

calf crop percentage on the Low level was an increased rabte in the nun-

ber of open cows.



This effect has been noted by others working with Low nubritional
planes (Wagnon gt al., 1959; Wiltbank et al., 1962). This effect could
result from either an extremely long period to first estrus following
calving and/qr a depressed con&eption rate. Wiltbank et al. (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 lowesred conception and long
anestrus periods. .

The effect of the Very High regime on percent calf crop is worthy
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 farbthe smallest
proportion of any of the treatment groups. In contrast, the percent calves
logt at birth in the Very High groups was nearly 13 percent which was al-
nost entirely a result of dystocia encountered at first parturition as
2-vear-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 thatb
the only detrimental effect of over-feeding, in regard to percent calf
crop, is the difficulty in calving encountered at first parturition. The
conception rate was amazingly high, especially considering the belief of
nany breeders that fitted heifers are prone to be difficult breeders. The
fact that these helfers were bred at a young age and on lush pasturs may

have some 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 dec;ining condition each year during
breeding season, since they were full;fed only during the winter phase.

Data reported by Chambers gt al. (1960) with Angus heifer célves
indicated that when self-fed a 60 percent concentrate mixture during a 5-
month wintering period to gain 1.5 to 2.2 1b. per head daily, percent of
heifers calving decrqased from 85 to 76 percent as compared to heifers
fed to gain only 0.5 1b, per head daily during the same period of time.
Such results were not observed in the present study. The possibility
exists of a breed difference belween 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 was 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-
tweén Low and High groups. The Low level cows weaned significantly
lighter calves in both trials for the first calf crop, as well as the
second calf crop in Trial IT (Appendix Table XIV)a However, the lightest
calves were weaned by the Low level females in all trials and years with
the exception of the féurth calf crop, where the Very ﬁighéModerate cows
weaned the lightest calves.

The depressed weaning weights for the Low and Moderate treatments
were much more pronounced in Trisl IT., This is not surprising in view
of the fact that the difference between High and Low groups in first win-
ter gain was much greater for Trial II, Gonsi&ering all calf crops, the

Low level depressed weanihg-weigh£,54 1b, and the Moderate level 14 lh.
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TABLE VII
AVERAGE CORRECTEDl WEANING WEIGHTS (LB.) AND STANDARD ERRORS
OF CALVES WEANED FROM HEIFERS RECEIVING DIFFERENT LEVELS
OF SUPPLRMENT :

Level of Winter Supplement

Low Moderate High Very High?
1st Calf Crop
Trial T 347 %14 (13)3 391 £ 11 (14) 404 £ 12 (14) 396 % 18 (9)
Trial II 331 % 13 (11) 404 % 10 (10) 426 % 13 (10) 396 % 18 (10)

2nd Celf Crop

Trial I 421 % 14 (12) 462 £ 12 (12) 458 % 16 (10) 438 § 17 (13)

Trigl IT 400 2 14 (10) 460 £ 14 (12) 497 * 10 (13) 455 % 17 (11)
3rd Calf Crop .

Trigl I 8 £ 10 (12) 4712 9 (13) 478 % 14 (14) 453 T 12 (14)

Trial IT 40 % 16 (9) 475 £ 12 (12) 486 % 19 (10) 452 % 16 (13)
4th Cglf Crop p

Triagl I 470 211 (15) 4722 10 (15) 484 % 16 (13) 460 2 7 (12)

lWeaning welghts 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.

‘Indicates the number of observations involved in the standard error.

as compared to the High level., The Very High level winter treatment for
five cglf 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 have 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
1b, for the first through fourth calf crops. The difference between Mod-

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

cow approaches maturity and the nutritionsl demands for growth become
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smaller, more nutrients are available for fetal growth and milk iaroduction°
The actual economic merit of the various regimes may be determined

more accurately by actual weaning weights, rather than égg-qorrected

welghts. The average weaning weights corrected only for éex are shown in

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

TABLE VIIT

AVERAGE WEANING WEIGHT:L (LB.) AND STANDARD ERRORS OF CALVES
WEANED FROM HEIFERS RECEIVING DIFFERENT LEVELS OF
SUPPLEMENT

Level of Winter Supplement

Tow Moderate High Very High<

1st Calf Crop 3 ‘

Trigl I 3,1 % 13 393 £ 12 422 1, 421 % 21

Trial II 322 & 12 396 2 20 L6t 18 394 T 22
2nd Calf Crcp

Trial I 390 5 12 458 * 13 70t 1 Wb T 22

Trial II 361 - 19 455 % 14 512 % 14 456 £ 18
3rd Calf Crop

Tpigl I /29 % 9 470 % 10 485 % 14 463 f 1/

Trisl II 429 % 21 479 % 13 493 1 23 467 % 18
4th Calf Crop

Trial I 472 2 11 479 %

10 498 * 18 st o7

Toorrected only for sex, to a steer equivalent.
2The Very High group in Trial I was reverted to the Moderate feed level for
the fourth and fifth winters.
Mumber of observations correspond to those given in Table VII.
those corrected to a standard age, and show a rather large and conslstent
increase 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 fourth calf crop. The Lows weaned significantly smaller
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calves in each calf crop, with the exception of the fourth calf crop. The
Very 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 continuous 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
more 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 level
- calves were significantly depressed for both trials in the first calf
crop, and for the second calf crop in Trial II (Appendix Table XIV).
Through fhe 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 Modersate and High levels were very small. Less drastic
differences are seen between avefage daily gain of the calves to wean-
ing than for corrected weaning wqight, 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 significant. 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 GAIN FROM BIRTH TO WEANING AND STANDARD ERRORS OF
CALVES WEANED FROM HEIFERS RECEIVING DIFFERENT
LEVELS OF SUPPLEMENT!

Level of Winter Supplement

Low Moderate High Very High®
1lst Calf Crop ’ 4
Trial T  1.37 % 0682 1.52 % .051. 1.56 % 052  1.55 % 074
Trial IT  1.32 4 .064 1.62% ,045 1.68% .058 1,58 ¥ ,088
2nd Calf Crop
Trigl I 1.70 ¥ 066 1.8, % .060 1.77% 069 1,76 % .00
Trigl IT  1.61 % 060  1.84 % ,066  2.00 £ ,042 1,84 % .089

3rd Calf Crop

Trigl I 1,78 L 051 1.87% 044 1.89% .062  1.77 % 054

Trial II  1.73 # 069  1.87 % ,056 1,92 % ,086 1,76 % ,081
/th Calf Crop , |

Trial I 1.85 % ,051  1.86 % ,043  1.89 £ .088  1.80 Z .036

lHelferé wefo adJustea to a steer equivalent.

RThe Very High group in Trial T was reverted to the Moderate feed level
for the fourth and fifth winters.

3Number of observations correspond to those given in Table VII.
Differences in calf gain between treatment groups decreased sach subse-
quent calf crop, and for the fourth calf crop very little difference
occurred between any of the treatments.

Although of less importance, another factor in addition to weaning
weight and percent calf crop determines the economic merit of these treat-
ments. This is feeder grade or conformation grade of the calves at wean-
ing (Teble X). These grades were estimated each year at weaning by an
unbiaéed, qualified grader. Theoretically, this grade was based on
conformation and is independent of the conditlon 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 SCORE:L AT WEANING OF CALVES WEANED FRCM HEIFERS
' RECEIVING DIFFERENT LEVELS COF SUPPLEMENT

Level of Winter Supplement

Low Moderate High Very High<

1st Calf Crop ‘

Trial I 10, 467 10,71 11.07 11,00

Trial IT 8,73 10.40 10,20 10.10
2nd Calf Crop ' o

Trial I 10,00 10,83 10.60 10,83

Trial II 9.30 10.42 10.85 10.6/,
3rd Calf Crop ' -

Trial I 10. 42 11,15 10.93 10.79

Trisl II 10.00 11.00 10,90 10,62
4th Calf Crop

Trial T 10,67 10,87 11.15 10,67

18 = average good, 9 = high good, 10 = low choice and 11 = average choice.
The Very High group in Trial I was reverted to the Moderate feed level for
the fourth and fifth winters,

Number of observations corregpond to those given in Table VII.

each trial, and graded significantly lower in four of the seveh compari-
sons (4Appendix Table XIV). No consistent difference was seen between |
calves from thetModerate 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 significant, however.

In an sttempt to determine why the gains of the calves differed be-
tween nutritional regimes, estimates of dailﬁ 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, after which

the calves were allowed to nurse the cows dry. The cows and calves were
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again separated and, after 12 hours, were weighed individually to the

nearest 0,25 1b, before and after nursing. The two successive 12-hour
yields were combined to give an estimate of 24~hour milk production fof
each cow. 'While the calves were under 2 months offage, 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 XTI

AVERAGE MILK YIELDS OVER ENTIRE LACTATION OF HEIFERS
RECEIVING DIFFERENT LEVELS OF SUPPLEMENTL

Tevel of Winter Supplement

Low Moderate High Very High~
2nd Calf Crop
Trial IT 8.3, % 470 9.68 £ .83 11442 .70 8,88 % 1,01
3rd Calf Crop " y
Trial I 9.66 £ .75 10.75 .90 78 21,02 9.7 L .70
Trigl II 8.95 £ ,69 11.34 % .74 11.99 # 1,03 10,02 % .91

lAverage of five estimates for each cow, except the third calf crop,
Trial II, where six estimates were averaged.
RThe Very High group in Trisl I was reverted to the Moderate feed level
for the fourth and fifth winters.
Standard error of the mean with number of obscrvatlons corresponding to
those given in Table VII,
each year. In general the differences between treatmenbs with repard o
nilk productlon were similgr to differences in averaﬂe daily gain of the
calves. Also, differences were smaller between treatments in Trial T
than Trial IT, which was true for all criteria studied. The Low level

significantly decreased milk production for Trigl 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 Mocderate group, as was
the case with wéaning 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 membér of each pair was fed heavily on
concentrates prior to first calving, During the first two lactations,
nilk production was reduééd to 85 percent of that observed in heifers fed
normal rations and limited concentrates prior to first calving. Data
presented by Chambers et al. (1960) indicate depressed weaning weights

in calves from Angus heifers heavily fed prior to first breeding, pre-
sumably due to decreased milk flow,  Arnett (1963) reported that feeding
beef heifers for maximum gain during first gestation and lactation re-
salted in significantly reduced milk flow as compared to twin-mate heifers
fed normally, The differences within pairs, however, were quite variable,
and Angus females were affected to a much greater degree than were
Hereford or crossbred Hereford heifers,

It should be mentioned that a comparison of milk production of the
treatment groups in 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 lactation.
Undoubtedly, some advantage ié‘given to groups in an earlier stage of lac-
tation,

Figures 13, 14 and 15 illustrate milk production curves for the
vears and trials sampled. It can be seen that much larger differences be=-
fween treatments occurred in Trial ITI than in Trial I. This was true also

in the case of weaning weights and calf gains and can be explained in part
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by the fact that much greater differences in weight gains occurred between
treatments in Trial II than in Trial I dufing the first winter, and also
to some extent during the winters previous to collection of milk pro-
duction data.

In general, milk production was directly related to winter feed
level from Low through High levels with the Very High treatment, or Very
High-Moderate treatment, depressing milk flow below that of the Moderate
level at almost every sampling, For the third calf crop, Trial IT
(Figure 15) sampling covered a much longer portion o} the lactation than
in the previous year. Thus, more of the total lactation curve is repre-
gented. It can be seen that much larger differences between treatments
occurred early in the spring when the cows were still under the influence
of winter treatment than later during the summer grazing period. The Low
group reached peak production at a later date than the other groups, pre-
sumably because of their later calving 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, 2,395 and
2,003 1b., respectively. However, expressing total milk yield this way
probably gives the‘Low level regime some advantage because of an earlier
stage of lactation at time of sam?ling.

In.order ta;determine how much of the variation in galns of the calves
was 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 taken at the start and

finish of the particular period, with the daily gain of the calves for
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TABLE XII
CORRELATION COEFFIC;ENISI OF AVERAGE DAILY MILK YIELD

AND AVERAGE DAILY CALF GAIN BY PERIODS AND
BY DIFFERENT LEVELS OF SUPPLEMENT

Celf Crop Degrees 4/20-27 6/1+9  7/6-10 8/4~8  Birth
and of to - to to . " to to
Feed Level of Dam  Freedom 6/1-9 _ 7/6-10 8/4-8 8/31-9/4 Weaning
2nd Calf Cropy Trial II ‘ » ’
Low - 9 0.59  0.61* 0,26  -0.21 0,40
Moderate ’f”'11 0.76%%  0,73%%  0.81%¥% 0,09  0,89%*
High 12 0.61% 0,07 0.53%  0.16 0.68%%
Very High 10 0.76%% 0.0l  0.50 039 0.72%F
Pooled 42 0,71%% 0,23 0.54%% = 0,16 0, 71%%
3rd Calf Crop, Trial I | f o |
Low ' 1 0.76%% 0,00 0.08 0.11 . 0,71%*
Moderate 12 0.71%% 0,22  0:26 0,84%%  0,92%%
High 14 0.46 0.49% 0,27  0.55%  0,84%%
V. High-Mod,” 13 0.31  0,83% 0,37 0.1  0,77%%
Poojed 50 0.49%% 0,09 0.27%  0.45%F  (,B2%%
s/17  7/3 87  9/7  Birth
to to. - to to to
" 7/3 8/7 9/7 10/1 Weaning
3rd Calf Cropy Trial II - o - = oo o i
Low _ '8 0.62% -0,04 0,15, 0,31 0.77%*
Moderate 1 0.61% 0,29 ' 0,01 0.40 0.56
High | 9 0.84%% 0,24 0.64% 0,45 0.,91%*
 Very High 12 0:70%*  0,50%  0.58% -0,10  0.86%%
Pooled 40 0.70%% 0,27 0,30%  0.22 0.80%*

1Correlatlons for second Calf Crop (Trial II) and third Calf Crop (Trial I)
were taken from Van Cotthem (1962)s

2For the winter preceding the third,Galf Crop the Very High group in Trial I
was wintered at the Moderate level.

*P << or ’_‘-’0.0S .

**P < or 220,01
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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 24-hour milk yields for the éam,

Within trials and tresbments 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. That the relationship between milk yield and calf gain is
higher earlier in the lactation period has been reported previously
(Gifford, 1953; Howes et al., 1958; Furr, 1962; Velasco, 1962). This has
been explained as resulting from less dependence of the calf on the dam's
nilk as the calf grows older and hecomes better able to utilize forage.
Also, errors in determining individual milk production would seem to be
greater as the calf becomes older and 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. Any 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 litefature. In the present study,
the average yileld of milk over the entire lactation accounted for approz-
imately 50 to 67 percent of the variation in calf gain. Lampkin and
Lampkin (1960) reported lower correlations of 0.67 and 0.56 for steer
and heifer calves, respectively, for the same varisbles 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 possibility
exlsts that the present correlations are biased as a result of differences
in stage of lactation both between and within treatment groups.

In most cases, correlations between gain and milk consumption 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 measurements and thus, result in higher correlations if
the relationship is a real one.

Since several measures of cow size were available, it was of intergst
Ato determine the relationship between these various measures and milk
yield of the cows. Mature size of the cows was estimated by the measure-
ments and weights taken at 4.5 years of age for Trial II and 5.5 ysars of
age for ?rial I. Also, the relationship between birth weight of the
calf and subsequent milk yield of the cow was of interest since it has been
speculated that larger calves at birth might 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 milk 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 of
interest.

The correlation coefficients between the above mentioned variables
and average milk production are shown in Table XIII on a within-treatment

basis. The relationship between birth weight of the calves and subseguent



TABLE XIII

CORRELATIONS BETWEEN AVERAGE DAILY MILK YIELD OVER ENTIRE LACTATION

AND' . VARIOUS. COW AND CALF TRAITS

Cdrfelatibn Coefficient Between Average Milk Yield and:

Summer

2nd €Galf Crop, Trial II

Low
Mod.
High

V.High

Pooled5

3rd Calf Crop, Trial I

Low
‘Mod.
High
V:High

Pooled

Birth Winter Mature Mat.Wither Mat.Body Mat.Hip = Mat.Body Mat.Heart

Wet.,of Wt.Los Wt.Gain Wt. Height Length Width Depth Girth

Calf of Cow of Cow of Cow of Cow “of Cow of Cow of Cow of Cow d. f.
<0.50 0.19 =0.71 =0.45 ,70.66- -0;67* -0.34 -0.13 -0, 18 7
-0.16 -0.16 -0, 71%% '—0.3Q 0.09 0.20 -0, 29 -0;03 -0-29 10
0.18 "0.28 -0.18 -0.17 - -0.31 -0.19 -0.46 -0.60%* -0.22 10
-0.10  0.20  -0.08  -0.26 0.20 -0.19 0430 -0.04 -0.13 10
-0.08 0.12 -0.38%% -Q,38% | 0.00 -0.12 -0.32%* -0.15 -0,19 37.
0.10 0.30 -0.39 -0,73%% .-0,60* ' -0.55 -0, 73%* -6,76** —0.68** 10
0.34 0.04 -0.11 -0.50 0.04 -0.38 . -0.53 -0129 -0.52 12
Q.43 0.09 -0.38 -0.24 -0.26 0.15 -0.10 -0.51 -0.04 12
0.21 -0.44 -0.44 -0.37 -0.30 0.1l -0.30 -0.32 -0.56%* 12.
0.,32% -0.14 -0.31%  -0.40%% -0.13 -0.14 -0.36% -0, 45%% -0.38%* 46

L9



TABLE XIII---CONTINUED

Correlation Coefficient Between Average Milk Yield and:

Birth

 Winter Summer  Mature Mat,Wither Mat.Body Mat.Hip Mat.Body Mat.Heart
Wt.,of  Wi.Loss Wt.Gain Wt. Height Length Width Depth Girth 4
Calf of Cow™ of Cowz, of Cow of Cow of Cow of Cow of Cow of Cow d. f..
3rd €alf Crop, Trial II -
Low ~0.10 0213 -0,83%*% -0,47 -0.52 =029 -0.22 -0.44 -0:44 8
Mod. -0.33 -0,18 0.08 -0.36 -0.20 0.15 -0;60 -0.38 -04+38 10
High 0.51 0.57 -0.62%  -0:43 -0.64 -0.54 -0.50 -0.86%* -0.54 9
V.High 0.37 -0.06 0.04 ~-0,32 0,20 -0.40 -0.23 -0,28 -0.26 12
Pooled 0.08 0.12 -0.25 -0.38% -0.14 -0.,30% -0, 40% -Q,&7%% -0,36% 39
Over-All Pooled’ _ .
0.12 0.01 -0.30%% -0,39%* -0.10 -0..18%* -0,36%%  .0,35%% -0,31%%

121

1Weight loss from

early November to mid-April preceding the particular calf crop.

2Weight gain from mid-Aprilito early November while nursing the particular calf crop.

3A11 mature weights and measurements were taken in November at 5.5 years of age for Trial I and 4.5 years

of age for Trial

& , .y ; .
Degrees of freedom are approximate, since all measurements were not available for each cow.

5Pooled on a within-feed level basis.

II.

6Pooled on a within-feed lewel, within-calf crop and trial basis.

*P < ,05
#*P £ .01

89
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milk yield of thelr 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
weight 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 byAthe capacity of the young calves to consume the milk,

Winter weight loss previous to estimation of milk production seemed
to have 1little 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 galn of the cows during the lactation period was consistently
negatively correlated with milk yield. This might indicate that heavier
milking cows were putting more mutrients into the producﬁion of milk and
less into fat deposition.

The results of the correlations between body size and milk production
are quite surprising. Mature body weight was negatively correlated with
milk yiéia in every case and was the highest relationship found. This
is in contrast to a positive relationship of 0,74 reported by Burris and '
Bangus (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 same degree were width of hips, body depth and heart girth circumfer-
ence, Wither height at maturity, while negatively correlated with milk
vield,was much lower in its relationship, as was true of length of body.

It would appear that measurements affected largely by fatness of the cow
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were more negatively associated with milk production than measurements
which 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 assume that better
milking cows are also thinner cows, and are smaller, in terms of the
measurements taken in this study, especially those influenced greatly

by fatness of the cow, Under field conditions it ig not uncommon to ob-
serve a large calf nursing a thin, light-weight dam. If this relationship
is true, selection for greater 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 féeding regimes after 13.5 years on test. Thus, it is of
interest to examine the effect of feed level on number of cows remaining
on test in ‘the preéent study. In the fall of 1962 at 5.5 and 4.5 years
of age for Trial I and IT cows, there were a total of 27, 29, 24 and 26
cows remaining in the Low, Moderaté, High and Very High treatment groups,
regpectively, of the original 30 females in each group. While the length
of time on test was not sufficient to draw any conclusions in regard to
long-term 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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six 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 level groups during the course of
this study, only one cow was rehoved for failure to wean a calf for 2
successive years, Open cows in the High groups tended 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 fertility.

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 years., The only Moderate regime heifer leaving
test died of an infected uterus at 2 years of age. In the Low level
group 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
Hereford 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 are 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.

The average weight gains for the Low, Moderate, High aﬁa Very High
groups, respectively, were: -12, 96, 14/ and 272 1lb. for the first winter;
and =238, wi28, -82 and 162 1b. for the second winter; and -203, -92, -62
and 106 1lb. for the third winter followed by similar patterns in subse-
guent winters, - Drastic winter weight losses occurred in the Very High
group of cows in Trial T 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~
ments became smaller with increasing age., Apparently thesg differences

were largely the result of differences in fatness of the cows wintered at

72
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the different levels; the Moderate level appeared to result in maximal
skeletal development to 4.5 and 5,5 years of age.

From Low to High treatments, there was a.direct relationship between
winter feed level and calving date, birth weight; weaning weight, average
daily gain and conformation grade of the calves. The Low level regime
significantly reduced these measures of productiviﬁy 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

“weights, calf gains and 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
ah increased number of open cows; the Very High regime also resulted in
a decreased percentage Qf.caif crop weaned as a result of difficult
calving at first parturition. All measures of productivity were
noticegbly less affected by winter feed level as the cows advanced in age.
For the fourth calf crop, only slight 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 1e§e1o 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. Surprising;y,.méture body size of
the cows, as determined by weight and linear measurements, was consist-
ently correlated in s negative direction with their milk yield, In ab-
solute value, the correlation coefficient was higher for traits easily

influenced by fatness of the cows.
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TABLE XIV

PROBABILITY VALUES OBTAINED FOR F RATIOS OF VARIOUS ORTHOGONAL
"TREATMENT CONTRASTS

Low 7~ Moda “High

VS VS, VS,
Trait Trial Mod.,High & V.High High & V.High V.High.
Av, Calving Date ‘ : :
1st Calf Crop I <4005 <4025 4250
1I <4250 [ -
2nd Calf Crop I <5005 <4250 R
, : i1 <w005 - o <a:250 e
3rd Calf Crop - T <4025 e -
- ITC <4050 - N
4th Calf Crop T = <,100 : <,250 BT ER
Av. Birth Wte ; :
1st Calf Crop ’ I - <4005 — <250
| II ~ <,005 <.100 e
2nd Calf Crop o I © <025 = g SR
: I1 © €a025 - ——— -
3rd Calf Crop I <,050 — -
IL - 7,050 : “*.100 <.025
- Ath Calf CrQP I Rkl - ' <.250
Av. Corr. Wean Wt;l*. - S _
1st Calf Crop : I - £,005 i -
- IT <.005 —— <.250
2nd Calf Crop I . - <100 i E -
. TT : <6005 . C .. e : <'050
3rd Calf CI"Op ’ I . <'. 250 - <u250
II . 100 ‘- <.250
4th Calf Crop I - - <.250
Av. Uncorr. Wean. Wt-’.-2 : : e
lst Calf Crop I <.005 <.250 —en
1I <.005 ' - ~2.050
2nd Calf Crop I <4005 ——— =, 250
II - <,005 <.250 <.,025
3rd Calf Crop I . <,005 ’ ’ L <.250
II <.025 ———— : -
4th Calf Crop I - . 2,250
Av, Daily Gain of Calves .
Birth to Weaning
lst Calf Crop : I <,025 R -
- IT <.005 - et
2nd Calf Crop I D — -
o ‘ IT <.005 -—- <.100
3rd Calf Crop I i . e <.,250
‘ IT <.250 - <,250

4th Calf Crop- I - - C—e- —



TABLE XIVe-~CONTINUED

Low - Mode High
. . VSe VSe VS,
Trait Trial Mod.,High & V,High High & V.High V,High
Av, ¥~lear‘1<-.~’--Grade'*3 : : = = o . : '
1st Calf Crop I <4100 Cwmm —
II <4005 _— .
2nd Calf Crop I 24050 - -
T <.005" S -
3rd Calf Crop I <4250 - —-—
: : 11 <,050 S ‘ -
4th Calf Crop T -- e 2,100
Av. Milk Yield of Cows - o .
2nd Calf Crop . IT - £,100 —— <.005
3rd Calf Crop L e S = e
1 <005 emn =>.050
L% L
Cow Body Wt., 4% Yrs, I " - —— . - <.250 _
1T 2,010 <.010 ~ <,005
Cow Body Wt., 5% Yrs. I <,050 .- <,100

Cow Bady Msmts., 4% Yrs.
Ht, of Withers :
Length of Body -

I <4100 - o s
I

Heart Girth ’ - L <w100 L o
I
I

- o, - pE Y a—

Depth of Chest
Width of Leoin

[— . S oy

<,250 - <4250

Width of Hips" <4250 --- S
Width of Pins I . e S
Hte of Withers T - s <4250 - —
Length of Body SOOI - <250 \ e S—
Heart Girth t IT - <005 - <4005 <4005 -
Depth of -Chest: ~ -~ II: - <2500 0 R et
Width of Leoin - I - <,005 <.010 <005
Width of Hips S I <4005 — <.005
Width of Pins T - , - p_—
CQW Body Msmts., 5/ YI'S%' Lo D e s . N . .. .
Hte of Withers I <250 e s
Length of Body I <y 250 : st -
Heart Girth . I <005 - - aE— <.250
Depth' of Chest - I <4250 ¢ ———
Width of Loin - T - <100 —— S
Width of Hips I 050 - _ e . i
Width of Pins I

<4030 - ———

1Weamng weights were corrected to a 210 day steer equ1va1ent using the
methods of Botkin (1952),

2Corrected only for sex, to a steer eqdivaléﬁt;

3Conﬁormation score: 8=average good, 10=low choice and ll=average choice,



TABLE. XV

AVERAGE HEIGHT OF WITHERS (INCHES) AND STANDARD .ERRORS OF HEIFERS
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Age in Years and Season of Yearl

Trial Level of P - —
Number Wintering L(F) 168) IHGE) 28y 25(F) 3(S)

T Low 37%335,25  4L,13%.26  43.77.33  43,831.26  45.00%.19 454231419
Mods 37,708,246 41.43%,28  43.93%,22 44,801,201  45:71%.20  45.70%,23
High 5, 37.57£.30  4L.57%.21  44,21%.36  45.04%.37 . 46.181.42  46.07%.37
Ve High-Med.®  37,87£.29  42.33%,31 44.33%.35  46.00%.33  46487%,43  47.23%t.41

II Low 39417t.24  41.07%.34  43.54%,26  44,18%,30  45.68t.41  45,25%.41
Mods 39.29%.27 ° 41.87%.27  43.90%.32 44,83%.31  46.11%.39  45,39%.44
High 39.70%.27  42.63%.26  44.63%.23 - 45.87t.34  46,73t.34  46.58%,29
Very High 38487%,39  42,70f.33  44.80%,39  46,35t,46  47.19t.39  46:62%.39

Age in Years and Season of Year
-3%(F) 4(S) 4%(F) 5(S) 5%(F)

1 Low 4646345  45.80%,33  46.37%,28 45453%, 30
Mod.. 47:10%.21  46.93%,29  46.67%,22 46,0021,
High 47.61%.38  47.00%.,36  47.11%.27 46.31%,33
V. High-Mod. 47.89%.34  46.86%.38  47.00%,37 46,04%, 31

I Low 46,38%445 46.14%,28
Mod. 46,29, 29 46.04%,25
High 46624433 46,86%,29"
Very High 46.73%.45

47.04%,35

1S denotes spring and F denotes fall measurement.

2The Very-High group in Trial

winters.

I was reverted to the Moderate level for the fourth and subsequent
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TABLE XVI

AVERAGE LENGTH OF BODY (INCHES) AND STANDARD ERRORS OF HEIFERS
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Age in Years and Season of Yearl

Trial Level of
Number. w» Wintering L(F) 1(s)  15(F) 2(S) 25(F) 3(S)
1 Low  43.17%.49 42,77% .44 50.93%.31  .49.27%.39 51.601.32 50.20%.63
Mod. 42,93+.57 44,631.64  50.,93%.47 50.93%,.34 52.57%.56 52.53+.57
High 43.14%.47 46,07%.35 51.29%.48 51.68t.41 53.61%t.65 54,00%.42
V. High-qu-.2 43,63%,49 47.73 .44 52.10%.32 54.63%.55 56.,30%.77 55,77t.75
1L Low 43.00%.36 45,75%.41 49,00t.41 48.14%,55 52.32%,68 50.46%.64
Mod. 43,79t .43 47.50%,.32 50.20%.42 51.00%,58 52.93%.31 . 52,25%.50
High 44,.40%,31 48,90%,35 50.57%.51 . 52.30%.60 54.30%.,73 53.88%,66
Very High 43,80%.49 49.00%.55 50.87%.46 55,23%,.85 53.73%.61 55.04%.84
Age in Years and Season of Year
L(F) 4(S) 4% (F) 5(S) 5%(F)
I Low 53.60t.60 52.73%.48 53.87%.53 55.80%,50
Mod. 53.97%t.43 53.60%t.30 54.70%.42 56.971t.48
High 56.18%.53 54,39%,.62 54.79%.42 . 56.46%.45
V. High-Mod. 56.36%,45 53.96%.45 54.11t,62 56.46%.62
Mod. 55.82%.43 56.73%,63
High 56.42% .42 57.18%.50
Very High 57.62% .44 58.38%.45

13 denotes spring and F denotes fall measurement.

2The._Very High group in Trial I was reverted to the Moderate level for the fourth and subsequent
winters.



TABLE XVII

AVERAGE CIRCUMFERENCE (INCHES) AND STANDARD ERRORS OF HEART

GIRTH OF HEIFERS RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Age in Yeérs and Season of Yeaf1
Trial Level of -
Number Wintering X(F) 1(S) 15(F) cw= 2(S). . 2%(F) 3(S)

T Low 52,67%.66 54,20%,67 66.03%,55 59133f.42 67.12%,67 62.53%.48
Mod. 53.53%,76 57.93%,75 68.53%,53 63.07t.60 69.77%.53 67.40%,46
High , 53.33%.73 59.00t,62 68.32%,53 65.07%.72 69,43%,64 69.07t.84
V. High-Mode?  53.20%.66  64.90%.62  69.13%.64  75.00%.75  74.60£.90  77.57%.89

II Low 54,67%,39 53414%.61 65.08%t47 58,96%.51 66.89%t,74 64.,08%,52
High 54.53%,38 60.,70%.26 . 68.07%.31 66.97%.53 70.97%,75 68.69t,96
Very High 54.63%.56  65.70t.59  68.87t.50  74.50%1.08 72.50%.94  75,46%1.12

Age in'Qéggg and Season of Year
FECEY He3) BLCR) 5(39) 5% (F)

I Lena 69.07%.84  66.13%.55 7242133 70.23t.62
Mod. 71.37%.63  68,93%.52  74.88%.64 74,00, 57
High 72.14%,.83 70.82%,88 74,52%,82 74.54%.82
V. High-Mod. 75.07%.72 68.89%,71 73.14%,68 73.,00%. 84

II Low 70.90%.99 70.25%,.95
Mod., 72.59%.55 73.57t.81
High 73.46%,57 T4,.64%,62
Very High 77.02%.67 79.85t.91

15 denotes spring and F denotes fall measurement,

2The'Very High group in Trial I was reverted to the Moderate level for the fourth and subsequent

winters.
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“TABLE XVITI

AVERAGE DEPTH OF CHEST (INCHES) AND STANDARD ERRORS OF HEIFERS
RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

Age in Years and Season of Year~

1

Trial Level of -
Number-.©  Winktering %(F) 1¢S) . 15(F) 2(S) 25(F) 3(S)

I Low 20.03%,23 19.77%.20 23.30%.22 22.17%.21 23.93%.29 23.60%,.11
Mod., 20.20%.16 20.67%.24 23.43%.20 22.60%,18 24,93%,.20 24.,57%.20
High 5 20.39%,27 21.04%,18 23.68%.24 23.07t.28 25.11%,29 24.,82%,25
V. High-Mod.”  20.53t.17 =~ 22.60%.21  23.83%.21  25.50%.21  26.37%.27  27.67%.30

IT Low 20.37%:13 20.7kt.14  23.43%.20 22,00%,.21 24471%,.29 23,96%.20
Mod. 20,461,315 21,57t,19 23.73%,17 23.13%,17 25.181:31 24.50%,24
High 20.53%,19 21.87%,.15 24,23%,13 24,00%,22 25,77%t.30 25,50%,15
Very High 20.50%,21 23.,07t.25 24,67%,19 26.08t,38 26,27%.,30 26.69%,32

Age in.Years and Season of Year
BRR) . 46s) ) 5(5) 55 (F)

I Low 25.70%,27 24.67%.19 25.,27%,32 25.17%.23
Mod-. 26,57t.19 25.73%,18 25,30%,19 25,83%.23
High 26.68%,27 25.86%,24 25.36%,22 25.92%,25
V. High-Mod. 27.25%,28 25.25%,29 25.11%,25 25.38%.22

I Low 24.08%.38 25.05%.28
Mod. 24,39%.19 25,73%.33
High 24,65t,21 26.23%.25
Very High 25.58%.32 26.54%,28

Ig denotes spring and F denotes fall measurement.

2The,Very'High group in Trial T was reverted to the Moderate level for the fourth and subsequent
winters.
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" TABLE IXX.

AVERAGE WIDTH OF LOIN (INCHES) AND STANDARD ERRQRS OF HEIFERS
' RECEIVING DIFFERENT LEVELS OF SUPPLEMENT

I

Age in Years and Season of Year
Teial Level of
Number Wintering %(F) 1(s) 1%(F) 2¢s) 2% (F) 3(8).
I Low TB425t.15  8.47%,15. 11.23t.14  10,93%.10 11,40%.15  11.35%.15
‘Mod.. 8427%,15 8+497%.20 11:45%,18 11,17%,23 '12a53f,15 12,50%519
High 8.08%.11 9.14%,13 11.46%,13 | 11.45%.26 12,39%,17 12.82%f.21
V., High- Mod.2 8,02%,15 IO}SZf.IS ©11.80%,20 13.88%.27 14.32%,23 [16.12%.31
i1 Low 173112 8£95f.24 11.19%,14 - 10.09%.17 13421?.29. 10.81%.19
Mod. 8.20t.11 9.93f?21 12.07%,17 11.28%,19 13.82%.34 12,62%,23
High . 8.45%,10 10.60%.14 12.68%.15 12.07%.18 14.53%.22 - 12,36%,19
Very High o 8418%.12 12.07%.25 12.77t.14 . 14,08%,31  14.83%.26  14.65%.28
Age in Years and Season of Year
3BE) - B ey 5B 55
T Low '14132-.31 11,80%,25 12, 85-,30' 12. 54-.17
Mod. 14.77%.25 13.08%,23 13.33%,33 12,97%.24
High 14,68%.27 12.84%,23 13.62%,32 13.21%.33
V. High-Mod. 15.36%,.24 13.02%,.23 13.12%.24 13.06%,22
11 Low 12.25%.43 12. 441,32
Mod. 13.04%.15 13.21%.19
High 12.,90%,22 13.39%.20
Very High 14.19%,25 14.71%,21

lg denotes spfing and F denotes fall measuremerits

2The Very High group in Trial I was reverted to the Moderate level for the fourth and subsequent

winters.
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- TABLE XX

AVERAGE WIDTH OF HIPS (INCHES) AND STANDARD ERRORS,OF-HEIFERS
RECEIVING DIFFERENT LEVELS OF "SUPPLEMENT" -

Age in Years and Season of Yearl

Trial Level of
Number Wintering X(F) “1€S) 15(F) 2(S) 2%(F) 3(S)
I Low. 13.43t.19  13.98+.19  17.89%.19  16.85:.17 19.03%,19  18,20%.20
Mod. 13.40t.19  14.92%.24  18.13%,18  17.48%,36 19.97¢.20  19.40%.28
High | 13.43%.19 15.16%,20 18,12%.19 18,05%.23  20.00%.27 19.93%.30
V. High-Mod:? 13.27%.21 16.63%*.2F '18.60%t.14 20.58t.22  21.63t.34  23.01%.33
II  Low 13.42.14  13.88%,17  17.87t,13  16.39%,22  18,93t.22 18,31%,23
Mods 13.57t.15  15.00%,20 18:37%,22  17.83%.19  19.80%.31 '19.67%.18
High 13,27+.13  15.67%.13  18,58%,13 = 18.65%.19  20.15%.27  19.92%.46
Very High 13.57%.16  16.62%,18  19,03%,19  21.12%.31  20.86%.32 22,00%.26
- Age in Years and Seasén of Year
3% (F) 4(S) 4% (F) 5(s) 5%(F)
I Low 19.75£:42  19.47%.21  20.97%.30 | 20, 98%420
Mod, 21.12%.26  20.50%.22  21.53%.30 21.73%.28
High ~ 21.34%,32 20.82%,31  21,57%.32 21.75%,33
1 Low 20.02%.35 20469%,29 |
Mods 20.88%;22 21.69%,31
High 20,81%.23 21.45%,30
Very High 22,75%.24

IS denotes spring and F denotés,fail measurement.

2The Very High group in Trial I was reverted to the Moderate level for the fourth and subsequent
winters. '
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“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

Trial Level of
Number Wintering %(F) 1(S) 1%(F) - 2(S) 25(F) 3(S)

I Low 8.02%.13 8.57t.19 10.80%.14 9.47t.14  12.03%.28  10.80%.17
Mod. 8.05%t.12 9,17%.17 11.,00*.09 10.,62%,12 11.83%.15 12,07t.22
High 7.88%.08 9.57t.14  11.25%,12  10.73%.14  11.84%t.24  12,64%,31
V. High-Mod.? 8.05¢.15 10.05%,15 11.32%.12 12,27%,18 12,70%.23  14.25%,33

IT Low 8.03%,17 8.36%.16 11.08t.18 10.20%.22 11.27t.22 10.46%.21
Mod. 8.30%.11 9.35£,10 11.57%.15 11.60%,16 11.84%.28  11.69%,18
High 8.23t.12 10.23*.09 12.00%.15 12.12t,15 12.45%.31 11.42%.14
Very High 8.37f.12  10.50%.13  11.92%.17 12.56%.26  12.42%,23  12,42%,22

Age in Years and Season of Year
- 3%0R) i6S) L5(F) _5(8) 5% (F)

I Low 11.93%.33  11.08%.19 12.32%t.25 12.29%.18
Mod. 12.68%,23  11.87t.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 11.93t.16 12.57%,19 12.63%.19

II Low 11.42%.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 demotes spring and F denotes fall measurement.

2The Very High group in Tr1a1 I was reverted to the Moderate level for the fourth and subsequent
winters.
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