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ABSTRACT

Forty-eight Holstein heifers weighing 200 pounds 
each were randomly assigned to two treatments, one consist
ing of a high energy level in which the animals were fed 
concentrate and alfalfa hay ad libitum until conception was 
verified, and the other comprising the standard level in 
which the animals were fed the conventional high roughage 
rations at levels to allow growth according to the U.S.D.A. 
standards.

Heifers on the high level grew 40 percent faster in 
body dimensions, corresponding to a 40 percent difference in 
rate of gain. Body weight gains paralleled increase in 
skeletal measurements regardless of feeding level.

Animals on the high level utilized digestible energy 
with an efficiency 20 percent higher than the animals on the 
standard level. Days required for heifers to gain from 200 
to 800 pounds were 254 for the high level and 35^ for the 
control group.

Age at puberty was 8.21 months for the animals on 
the high level and 10.39 for the standard level. Body 
weight and skeletal measurements at puberty were very similar 
for the animals on the two treatments.

These results Indicate that animals fed high energy 
levels utilize excess calories for growth rather than for

vii
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fattening, that feed energy is converted more efficiently 
into body weight, and that sexual maturity is determined by 
body weight rather than by age.
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INTRODUCTION

One of the main problems that the Dairy Industry 
faces today is the high cost of bringing the dairy heifers 
into the milk production stage, resulting from the delayed 
time in breeding the animals.

Using current feeding practices, it takes approxi
mately 18 months before a heifer can be bred. It is thought 
that this time is excessive and costly and should be reduced.

Some workers have tried to find a solution to this 
problem, but many of them perhaps have approached the prob
lem under circumstances causing contradictions that have 
initiated the desire for clarifying the situation.

For many years it was believed that growing animals 
fed high energy tended to fatten rather than utilize the 
calories for growth. The reason for this is that the animals 
were compared on an age basis rather than on a weight basis; 
consequently, the larger animals were referred to as fat 
when compared to those fed the standard diet which weighed 
considerably less.

Actual evidence today indicates that body weight is 
the factor which most affects the amount of body fat in 
ruminants.

Due to the great advantages offered by rapid growth 
and early calving of dairy heifers, it seemed necessary to



do further experimentation in order to obtain more precise 
information regarding the above mentioned ideas.

The objectives of this study were:
1. To determine the most energetically efficient and 

economical method of feeding dairy heifers under dry 
hot conditions.

2. To compare conception rates and calving problems of 
heifers fed to first calving on two planes of energy 
intake and bred at different ages.

3. To examine the effects of body size on age at 
puberty and to see if the first estrus period is 
influenced by age, weight, or both.

4. To compare production of heifers reared on two 
planes of energy and bred for early or normal ages 
at calving.
This experiment was set up to cover the above objec

tives for the complete productive life of the animals; how
ever, the results in this thesis cover only the period from 
the time the animals weighed 200 pounds until conception was 
verified.



REVIEW OF 'LITERATURE

Reviewing the literature, it was found that the 
terms "high” and "low”, when applied to feeding levels, 
varied widely and, In most cases, were not well defined. 
Consequently, care should be taken in the comparisons of the 
results so expressed.

Effect of Feeding Levels on Skeletal Growth and Weight Gains 
Armstrong and Hansel (1) suggested that differences 

in rates of growth of heifers are due to variance in amounts 
of nutrients available for growth rather than hormonal 
influences. Hanson, _et al. (10, 11) noted that rearing 
intensity strongly influences the rate at which the body 
develops. However, they noted that in reaching final mature 
size, the body Is so directed by genotype that regardless of 
rate of growth the same end point in size is reached.

Hanson and Bonnier (10) showed that nutrition affects 
the rate of body development and that this influence follows 
a gradient, the fore part of the body being less affected 
than the middle and hind parts.

Eckles and Swett (6) concluded that nutrition 
increases the rate of growth to a considerable extent, but 
does not stimulate growth beyond the maximum genetic poten
tial of the animal. They found that heifers fed liberal 
rations reached sexual and skeletal maturity at an earlier



age and that lactation decreased the rate of growth of the 
animals even on liberal feeding.

The effect of the plane of nutrition during.rearing 
on growth was also studied by Crichton, Aitken and Boyne (3) 
who suggested, that muscular development of animals on low 
levels of energy was relatively more affected than skeletal 
development and averaged only 68< of the muscular develop
ment of the animals on the high energy level. The skeletal 
measurements of height at withers and length of the back 
were least affected by restricted feeding.

The same report (3) shows that up to about 600 
pounds, animals of a given"weight had the same heart girth 
whether they were reared on a high or low plane of nutrition, 
but from about 450 pounds upwards low-plane animals of a 
given weight have a greater middle girth than high-plane 
animals of the same weight. This was probably due to the 
greater gut fill of the low-plane animals which received a 
high roughage ration. Later, the same authors (4) reported 
that all different treatments varied significantly from one 
another in the age at which maturity was reached, in each of 
the four skeletal measurements. The animals on the high- 
high plane attained maturity 8 to 9 months earlier than the 
ones on the low-low plane of nutrition.

Sorensen, and co-workers (28, 29) studied the effects 
of three levels of feeding (60%, 100% and 140%), as recom
mended by Morrison, from birth up to 80 weeks of age and



suggested that the level of nutrition apparently accounted 
for as much variance in body size as did the genetic differ
ences between animals.

The following weights and skeletal measurements were 
reported for the animals on the different treatments at 80 
weeks of age.

Weight Height Length Heart Girth
JlbsJ. ■ t e l - ........... .

High 1,125 50.8 62.75 74.8
Medium 919 49.4 61.4 68.9Low 566 45-5 49.6 57.3

Several authors (4, 10, 11) have shown that rearing 
intensity has practically no influence on skeletal size at 
maturity.

Effect of Feeding Levels on Sexual Maturity and Reproductive

There is very good agreement among authors relative 
to the fact that higher planes of energy accelerate sexual 
maturity which is usually designated as the attainment of 
the first estrus period.

Crichton et al. (3) found that animals on higher 
planes of energy reached sexual maturity earlier. They 
found great differences in the age at which animals reached 
sexual maturity, but very little difference in size. The 
stress of the change over from a high plane of nutrition 
during the first 44 weeks of growth followed by a low plane 
until two months before calving may have had an adverse
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effect on sexual development by increasing age at puberty 
■Krhen compared to animals which were maintained on a low 
plane of nutrition from birth to calving* Animals reared on 
the high-low system were at a disadvantage after the change 
over compared with those on the low-low since, being bigger,, 
their maintenance requirements were higher and less nutrients 
were available for growth.

Early investigations by Eckles and Swett (6) showed 
that animals fed liberal rations reached sexual and skeletal, 
maturity at an earlier age. This was also confirmed by 
Swanson (33) who found that the faster an animal grows, the 
earlier it will develop sexually and that slower rates of 
gain delayed first estrus period in Hoisteins more than in 
beef breeds, and faster growth seemed to speed the onset of 
puberty in Holsteins more than in beef breeds.

Reid, et al. (24) and Sorensen, et al. (29,), reported 
that when Holsteins were fed three different energy levels, 
the animals fed 140# of the TDM recommended by Morrison 
reached puberty at 9.4 months of age, while the ones fed 
100$ and 60$ reached puberty at 11.3 and 1?.3 months of age, 
respectively. They also reported that skeletal measurements 
at first estrus were less variable than body weight and sug
gested that they were potentially more useful for predicting 
the first estrus.

Joubert (15) disclosed that low nutritional planes 
used In his work delayed puberty on an average of 221 days



and that it was possible to have animals on high plane bred 
9.6 months earlier than their mates on the low plane.

Several authors (24, 29) have indicated that there
I

is little evidence to prove that ovarian functions were 
adversely affected by either under or over feeding once 
puberty was reached. However, there are not too many 
reports as to whether or not feeding levels affect the 
number of services per conception. Sorensen, et al. (29) 
reported that heifers fed 60$, 100# and 140# of Morrison®s 
recommended TON levels had to be bred 1.56, 1.22 and 1.33 
times, respectively, per conception.

Wickersham and Shultz (35) showed that in well fed 
(114# TDN upper level recommended by Morrison) Holstein 
heifers bred at three different ages, 18.9 months, 15.2 
months and 11.4 months, there was a trend favoring concep
tion rate in the younger heifers at first service? however, 
there were no significant differences in breeding efficiency 
between age groups during the service period after the first 
calving.

Hawk, Tyler and GasIda (12) reported a highly sig
nificant negative correlation between age at puberty and 
breeding efficiency. They did not find indications that the 
length of time a heifer had been sexually mature before she 
was bred had an effect on her fertility or conception rate.

Several authors (12, 18) have found positive corre
lations between season of birth and conception rates.



Mares, et al. (18) indicated that fall and spring bom had 
the highest conception rates, 82.3% and $2.^% respectively* 
While Hawk, et al. (12) showed that heifers bora during the 
spring reached puberty at a significantly earlier age than 
those born during other seasons of the year. This was due 
to the better pastures during the spring and summer.

Utilization
Crichton, et al. (3) indicated that food conversion 

energy (FOE) from birth to 250 pounds live weight was very 
similar for hi/̂ h and low plane calves, but to 350 pounds 
live weight animals on a low plane were about 23% less effi
cient. They also suggested that FCE up to a given live 
weight is of more practical value. The reason for this is • 
that there were great differences in the age at which 
animals reached sexual maturity but very little difference 
in body size, and in order to assess the FCE of the animals 
in the different treatment groups, they decided to compare 
the food intake up to a given weight rather than dividing 
food intake by live weight gains over some fixed interval of 
time.

Hanson and Brannang (11) reported that no influence 
of feeding intensity on the animal1s ability to digest feed 
could be demonstrated. Reid and his associates (26), work
ing with lactating cows, reported a rate of depression in 
digestibility associated with multiples of intake above
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maintenance. For each multiple {i.e., two, three times, 
etc., maintenance requirements) above maintenance require
ments the TDN values decreased an average of four percentage 
units. Sorensen, et al. (29) reported that until 80 weeks 
of age the TDN required per pound of gain was 0.19 regard
less of treatment, but the animals on the high level gained' 
1,035 pounds compared to pounds for the animals on the 
low level. The heifers on the high level were energetically 
more efficient inasmuch as a larger percentage of their body 
tissue was fat.

Investigations conducted by Gardner et al. (8) dis
closed that total empty body energy was linearly related to 
body weight, concluding that energy content of lamb gain was 
relatively constant at equal weights. The percent of body 
water was reduced 0.73 with each percent increase in body 
fat; however, the percent protein was. reduced only 0.03. 
These workers concluded that weight, not age or rate of 
gain, is the principal determinant of the percent composi
tion of the chemical components of the lamb®s body. These 
workers showed that rapidly grown lambs are superior in 
total energy efficiency to those growing at a slower rate. 
The same observation was made in beef cattle by Klosterman 
and co-workers (16).

The studies of Ragsdale (21) on feed consumption of 
dairy cattle during growth illustrate the greater efficiency 
in the use of feed for growth at younger ages. Younger
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animals from birth to eight months required slightly less
than one half the feed nutrients for each pound gain in live
weight than did the older animals, the reason being that 
smaller animals have lower maintenance requirements and that 
gains are lower in dry matter than those of older animals. 
Older animals are much heavier, so the greater the amount of 
fat they have, the greater the energy requirement for gains 
will be.

Sorensen, et al. presented evidence that the effi-y g-IUtJ f.'D* ^

ciency with which feed was converted to body weight, 
expressed as pounds gained per pound of TDN consumed, was 
practically identical on three feeding levels after 32 weeks 
of age. They also found that at earlier ages the heifers on 
high levels showed slightly more gain for each pound of TDM 
consumed. At 16 weeks of age the animals on the high level 
gained 0 A? pounds in body weight per pound of feed as com
pared to 0.19 pounds of gain in body weight per pound of 
feed at 80 weeks of age.

Influence of Age and Feeding Level of the Heifer on Calving 
Difficulties

According to Reid, et al. (25) „ when heifers were 
reared on three different energy levels (60#, 100# and 140# 
of Morrison8s recommendations) the highest incidence of 
calving difficulty (dystocya) at the first parturition was 
observed in the heifers of the low group, followed by the 
medium group. However, no consistent differences attributable



11
to early-life feeding treatment were observed in the calving 
difficulties or in the health of the newborn calves at sub
sequent parturitions.

Swanson and his co-workers (30, 33) indicated that 
because of the expected calving difficulty from underfed 
heifers, loss of calves and calving difficulties, a restric
tive system of rearing heifers is the most costly. He 
observed that calving problems are inversely related to the 
size of the heifer and concluded that the growth rate must, 
therefore, be managed to minimize dystocya, so he recom
mended that a good nutritional level be provided to the 
heifers 2 months before calving.

Wickersham and Schultz (35) investigated the effects 
of three different breeding ages, 18.9 months, 15-2 months 
and 11.4 months, in well fed Holstein heifers (114# TDN 
upper level recommended by Morrison). They indicated that 
heifers which calved at an average age of 20 months reached 
an average weight of 1,204 pounds, which is generally a 
satisfactory weight for Holstein heifers at first calving; 
Incidence of calving difficulties was highest in the youngest 
group of heifers. However, no adverse effects of early 
breeding on reproductive performance during the "second 
service were reported. They suggested that body weight at ' 
calving cannot be used as the only criterion for determining 
a safe calving size, and although well-fed heifers bred to 
freshen at 20 months were above normal in body size, they
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may not necessarily have been large enough to deliver a full 
size calf successfully. So, they concluded that unless calf 
size can be reduced and/or heifer size increased, calving 
difficulties may be expected with a program of very early 
breeding even though heifers are well fed.

A few years ago it was customary to breed animals at 
a given age regardless of weight or body size. According to 
Davis and Brost (5) the normal average age for first calving 
of Holstein heifers from the years 1897 to 19^8 was nearly 
30 months. Recently Salisbury and VanDemark (27) recom
mended 1,070 pounds of body weight as a safe calving size 
for Holsteins (or 950 after calving). They concluded that 
the problem appears to be one of adequate feeding, not of 
the calving age.

Production
The concept that high energy levels fed during rear

ing and early calving have a deleterious effect upon 
lactation has been disputed for many years.

Early investigations done by Reed and his associates' 
(23) about the relation of feeding and age of calving to the 
development of dairy heifers showed that the milk producing 
ability of heifers at first calving was not affected by 
early calving. The milk production of animals on low energy 
level was less than those in higher levels and body develop
ment was inadequate.•
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This was substantiated by Turner (3̂ ) who studied 

the influence of age at first calving on milk secretion and 
found that the most efficient milk and fat production 
(utilization of nutrients) was obtained by breeding animals 
to calve at from 20 to 2k months of age. However, maximum 

- milk production was attained at about 30 months of age at 
calving, and from 5% to 10% of the maximum production at 
from 23 to 28 months of age, dependent upon the breed. The 
youngest heifer in this study* a Jersey, calved at 13 months 
of age, the youngest Guernsey at 16 months, while the 
youngest Holstein calved at 17 months of age. He also 
reported that younger animals are more persistent in lacta
tion than older animals. In close agreement with these 
authors was Swanson (32) who indicated that the main advan
tage of delayed calving of heifers is to allow for more 
maturity, resulting in larger first lactation, but concluded 
that the early calving heifer always has an advantage in 
total production at any age after her first lactation.

Recently, Wickersham and Schultz (35)» working with 
well-fed Holstein heifers bred at three different ages (18.9 
months, 15.2 months and 11.4 months), found that the average 
daily production of the oldest heifers was the highest of 
all age groups; however, the average daily production of the 
youngest age group was slightly higher than the average for 
the middle group.



A summary of several experiments comparing identical 
twins on high and low rearing intensities was reported by 
Hanson (9)« In his first experiments both twins were fed 
alike after calving* which resulted in 6,994 pounds PCM from 
the high group and 6*409 pounds from the low group in the 
first lactation; however * the differences in second and 
third lactations were not significant. In a second experi
ment there were no significant differences in milk production 
due to either system of feeding. In a third experiment, 
with pair mates fed equal standard rations for a few months 
before calving, and also fed alike during lactation, the 
animals reared on the lower level produced more milk than the 
animals on the higher level during the first lactations.

Reid and his associates (24* 25) at Cornell Univer
sity investigated the effect of plane of nutrition during 
early life on growth, reproduction, production, health and 
longevity of Holstein cows. A recent report of the overall 
performance of the animals from birth to fifth calving 
showed that no differences attributable to nutrient intake 
before first calving were found in the yield of milk* either 
uncorrected for its fat content or corrected to a fat 
content of 4# (PCM), or in the yield of fat during any of 
the four lactation periods. In all lactation periods the 
low level cows produced less butterfat percentage than the 
cows of other treatments„ In no lactation period was the 
fat concentration of the milk of the medium level cows



different from that of the high level cows. The large size 
effected "by the high plane of nutrition given up to the time 
of first calving was not associated with a commensurate 
increase in the production rate, but was associated with a 
relatively less variable milk production than that of some-. 
what smaller cows.



EXPERIMENTAL PROCEDURE

’ A completely randomized design was used to evaluate 
the effects of energy levels on reproductive and productive 
performance of dairy heifers fed for early breeding versus 
conventional feeding and breeding programs,

Treatments
Two levels of energy were fed to the heifers, con

sisting of that recommended by the U.S.D.A. (Tech. Bull. 
1099), hereafter referred to as the standard level, and 
another in which the animals were fed alfalfa hay and grain 
free choice, hereafter referred to as the high level. The 
animals in the high level were fed to reach puberty earlier 
and were bred earlier to compare calving difficulties, pro
ductivity, etc. of animals bred at two different ages.

Animals and Allotments
Forty-eight heifers of the University of Arizona 

dairy herd were used in the experiment. Half of the animals 
were assigned to the high level and the other half to the 
standard level. The 24 heifers in each treatment were 
divided into three groups of eight animals each, stratified 
according to age.

16
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Animals on both treatments started on the experiment 

at the same weight9 being allotted to their respective 
groups when they weighed 200 lbs.

Alfalfa hay of excellent quality was fed ad libitum 
to all heifers except when it was necessary to control the 
weight gains of the animals on the standard level. Group 
feeding was the system used^during the experiment, conse
quently all the feed consumption figures are expressed as 
average per animal per group.

The grain ration shown on Table 1 was fed to-the 
heifers of the standard level at the rate of 4 lbs. per day, 
until it was noted that the alfalfa hay provided the neces
sary energy to fulfill the requirements for gain as suggested, 
by the 0.S.D.A. Table 3 shows the standard weight gains 
according to age.

TABLE 1 
STANDARD LEVEL GRAIN RATION

Ingredient

Barley
Cottonseed pellets
Molasses dried beet pulp
Molasses

The animals on the high level were fed grain and hay 
free choice from 200 lbs. until pregnancy was verified by

Percent

6510
20
5
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rectal palpation sixty days after "breeding. After pregnancy 
was verified, hay continued being fed free choice, but grain 
was limited to 4 lbs. per day until calving. The grain 
ration fed to the heifers on the high level treatment is 
shown on Table 2.

TABLE 2 
RAPID GROW GRAIN RATION

Ingredient Percent

Barley 74.3Molasses dried beet pulp 10.0
Cottonseed meal 10.0
Molasses (cane) 5-0
Limestone .7Vitamin A, 30.000 I.U./grain

• (135 grains)

TABLE 3
U.S.D.A. GROWTH STANDARD*

Age in Months Weight in Pounds

3 2134 2?2
5 3356 396
7 4558 510
9 54910 60911 658

12 ?14
13 74014 774
15 80516 841
17 874
18 912
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TABLE 3 (Continued)

19 94-6
20 985
21 1,025

*U.S.D.A. Technical Bulletin 1099

Prior to completion of 200 lbs. all the heifers were 
part of a calf starter experiment conducted by Gardner (?) 
in which from birth (9̂  lbs.) to 200 lbs. they all consumed 
a limited amount of whole and skim milk and in addition, one 
of three calf starters, together with hay, free choice. The 
calf starter study was part of the complete plan to find a 
palatable, inexpensive grain combination to feed.free choice 
for rapid growth. Although it is not part of the present 
study, the feed consumption of the calves from birth to 200 
lbs. is shown in Table 4 as additional information.

TABLE 4
FEED CONSUMPTION OF HEIFERS 
FROM BIRTH TO 200 LBS.

Treatment Groups 
Item Accelerated Control

Calf Starter, lb. 212 212
Alfalfa Hay, lb. 60 60
Whole Milk, lb. 90 90
Skim Milk (fluid), lb. 285 285

Feed Analysis
Three different digestion trials were conducted to 

determine the amount of digestible energy and protein in the
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different feeds. Pour animals for each trial were put on 
constant feed intake five days before collections started. 
Complete collections were carried on for five days. All 
feed and feces were weighed on dry basis. Digestibility of 
the dry matter was determined by difference between intake 
and excretion.

Digestible energy was determined by combustion of 
the samples in a bomb calorimeter. Digestible energy of 
alfalfa hay exclusively was determined in a separate trial. 
The digestible energy of the concentrates was determined by 
the difference method? A mixture of several proportions of 
alfalfa hay and grain was fed and by subtracting the amount 
of the already known digestibility of the alfalfa hay from 
the total digestibility of the grain and hay mixture, the 
coefficient of digestibility of the grain was obtained for 
every particular ratio of hay to grain. Hay?grain ratios 
were plotted in a graph with their respective digestible 
energy values. All points were connected resulting in an 
average value for all ratios of hay to grain. Routine 
analyses for dry matter, protein, fiber, ether extract and 
ash content of the feeds were also conducted.

Breeding
Originally, it was planned to breed the heifers of 

the high level groups at the second estrus period, but due 
to the fact that some of the heifers started reaching puberty
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at less than 600 lbs,, a decision was made to breed them at 
the second estrus period if they reached a minimum weight of 
670 lbs. Three of the heifers in the first group were bred 
without reaching the minimum weight in order to observe some 
of the possible calving difficulties at lesser weights..

The heifers on the standard group were bred at 15 
months of age provided they had completed one estrual cycle 
previously and their weight was in accordance with the 
standard.

All animals were observed at least three times daily 
to determine heat periods. First heat was considered as the 
time the animals reached puberty. Breeding was by artifi
cial insemination in all cases.

Diseases or other abnormal conditions were noted and 
corrective actions taken. Records were made of such condi
tions and any medication or other treatment used. Animals 
were vaccinated, against Bang8 s disease.

Observations
The heifers were weighed every week at approximately 

the same time of day and measured once a month. The follow
ing measurements were made while the animals were standing 
in a normal position:

1, Distance between point of shoulder and point of pin
bone

2. Circumference of heart girth



3. Height to withers
4. Hip. width

All of the foregoing measurements were also made as 
the calves were assigned to treatments at 200 lbs.

All estrus periods and breeding dates were noted. 
Conception rates were determined and treatment comparisons 
made. Rectal palpation was used to determine pregnancy, 
embryonic or fetal losses or any estrual irregularities.
Calf birth weights were observed and recorded one day post
partum.

Relative difficulties in calving due to feeding 
levels were ascertained by observing and recording the 
number of assisted and unassisted calvings. Abnormal posi
tion deliveries (such as breech, etc.) are considered in 
determining calving problems.

Amounts of hay and grain offered and refused were 
recorded at each feeding. Efficiency of feed utilization 
was calculated for each group. Due to the fact that animals 
were fed in groups of eight, it was not possible to make any 
individual observations on feed consumption; consequently, 
comparisons were made between groups.

Variance was analyzed statistically and coefficients 
of variability were determined for age at puberty, weight at 
puberty, feed efficiency and average time for animals in 
reaching 800 lbs.



RESULTS AND DISCUSSION

Animals fed the high level ration made 40# faster 
daily weight gains than animals on the standard level from 
200 to 800 lbs. of body weight$ as shown on Table 5. The 
average daily weight gains for the high level groups from 
200 to 800 lbs. was 2.4l lbs. as compared to 1.77 lbs. for 
the standard group. Statistical analysis showed that these 
differences were highly significant (p(0.01).

Comparisons at each 100 lbs. of body weight gain 
showed that from 200 to 300 lbs. differences in average 
daily weight gain between the two treatments were highly 
significant (p<0.01); from 300 to 400 lbs.$ 400 to 500 lbs., 
500 to 600 lbs., and 700 to 800 lbs. only significant dif
ferences were found (pfO.05); no statistically significant 
differences were found from 600 to 700 lbs.; however9 from 
600 to 700 lbs. there was a difference of 0.47 lbs. in daily 
weight gain between the two treatments.

The highest average daily gain for the animals on 
the high level was 2.81 lbs. and occurred from 300 to 400 
lbs. as compared to 2.05 lbs. for the animals on the standard 
level from 400 to 500 lbs.

The average total number of days for the heifers on 
the high energy level from the time they started on the

23



TABLE 5
AVERAGE DAILY GAIN PER CALF PER EACH HUNDRED LBS. 

OP GAIN IN BODY WEIGHT

Treatment 201-300 301-400 401-500 501-600 601-700 701-800 AVERAGE

HIGH LEVEL 
GROUP I 2.32 2.86 2.44 2.78 1.59 2.38 2.39
GROUP. II 2.22 2.86 2.63 2.17 2.70 2.04 2.44
GROUP III 2,27 2.70 2.27 2.44 1.96 2.78 2.40
Avg. Daily Gain 
per Calf 2.2? 2.81 2.45 2.46 2.08 2.40 2.41

STANDARD LEVEL 
GROUP I 1.82 1.56 2.1? 2.08 1.10 1.51 1.71
GROUP II 1.69 1.75 2.32 1.-89 1.61 1.59 1.81
GROUP III 1.78 2.13 1.6? 1.96 2.13 1.05 1.79
Avg. Daily Gain 
per Calf 1.76 1.81 2.05 1.98 1.61 1.38 1.77
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experiment (200 lbs. body weight) until they reached 800 
lbs. was 254 days, compared to 35^ days for the animals on 
the standard level. '

Skeletal Growth
. Increases in skeletal measurements paralleled weight 

gains. Accordingly, no treatment differences were observed 
in height to withers at equal weights, as illustrated in 
Figure 5. Similar comparisons were observed in all measure
ments. Variation was greater within treatments than among 
treatments. Accordingly, the results suggest that at equal 
weights genetic factors exerted a greater influence on 
skeletal size than did plane of nutrition.

This data strongly confirms the theory that a high 
energy level allows the maximum growth potential to be 
reached and that energy is the main limiting factor for 
rapid growth. The deposition of the bone salt in the pres
ence of the concentrations of inorganic phosphate and 
calcium similar to those of normal plasma, requires the 
expenditure of energy from associated metabolic systems.
From 30# to 35% of the fat free dry material of the bone is 
organic. This indicates that bone growth is a process that 
requires adequate energy for optimal growth, associated with 
necessary minerals.

Figures 1,2, 3 and 4 illustrate the growth curves 
for height to withers, length from point of shoulder to point 
of pin bone, hip width and heart girth, respectively.
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The increase in all the skeletal measurements in 

relation to time was smooth, but constant at all times, as 
can be observed on the above mentioned Figures. It appears 
that fastest growth occurs in the period in which the 
animals weigh from 200 to 350 lbs.

According to the present results, age comparisons do 
not seem to be a fair basis for comparisons of weight gains, 
rate of skeletal development, feed efficiency and sexual 
maturity since these characteristics appear to be controlled 
more by the size of the animal rather than its age; however, 
in order to make the differences more noticeable, the skele
tal growth curves were compared on an age basis.

Tape weights derived from the heart girth measure- • 
ments closely approximated the scale weights with a slight 
tendency for the scale weights to be lower than the tape 
weight for the animals on the high level. Comparatively, 
the scale weights tended to exceed the tape weights for 
animals on the standard level.

Expert observers of cattle affirmed that the animals 
on the high level were not objectionably fat or patchy 
around the tailhead as illustrated in picture #1.

Feed Intake
The data in Table 6 show the total feed intake from 

200 to 800 lbs. of body weight and also for each 100 lbs. of 
body weight gain. Animals on the high level consumed 864.8



PICTURE 1
TYPICAL PHYSICAL CONDITION OF THE ANIMALS 
ON THE HIGH LEVEL AT VARIOUS BODY SIZES



TABLE 6
PEED INTAKE PER ANIMAL PER EACH 100 LBS. 

OP GAIN IN BODY WEIGHT (LBS.)

Treatment 201-300 301-400 401-500 501-600 601-700 701-800 Total

HIGH LEVEL
GROUP I Hay 113 74 101 79 282 248 897Grain 341 331 545 528 695 489 2,979
GROUP II Hay 95 54 93 210 173 308 933Grain 319 360 484 586 469 654 2,872
GROUP III Hay 46 36 103 135 202 244 766

Grain 357 436 547 515 725 513 3,093
Avg. Hay/Animal 84.6 54.6 99 141 219 266,6 864.8
Avg. Grain/Animal 339 392.3 525.3 543 629.6 552 2,981.2
STANDARD LEVEL
GROUP I Hay 299 464 483 618 1,248 1,179 4,291Grain 220 157 87 178 92 - 734
GROUP II Hay 233 466 453 628 924 1,074 3,778

Grain 237 228 170 212 136 983
GROUP III Hay 197 384 551 651 712 1,160 3,655Grain 134 188 240 204 190 26 982
Avg. Hay/Animal 243 438 495.6 632.3 961.3 1,137.7 3,907.9Avg. Grain/Animal 197 191 165.6 198 139.3 8.6 899.5
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Ibs. of hay and 2,981.2 lbs. of grain compared to 3,907-9 
lbs. of hay and 899.5 lbs. of grain for the animals on the 
standard level.

Animals on the high level with free access to both 
hay and grain showed a preference for grain at a ratio of 
80$ grain : 20$ hay which gradually changed to 70$ grain : 30$ 
hay at completion of 800 lbs. These results indicate the 
animals gradually increased their appetite for hay. The 
animals on the standard level had free access to hay but 
grain was limited to a maximum of 4 lbs. per day. They 
initially consumed a ratio of 45$ grain : 55$ hay which 
finally changed to 12$ grain : 88$ hay at 600 lbs. body 
weight.

Average daily feed intake figures are illustrated on 
Table ?. Animals on the high level consumed more total feed 
than the animals on the standard level in most instances, 
except from 600 to 700 lbs. of body weight at which period 
the animals on the standard level consumed slightly more 
feed daily than the animals on the high level. However, the 
difference in daily feed intake during the period in which 
the animals gained 600 lbs. of body weight (200 - 800) was 
quite small.

The amounts of digestible energy that were' consumed 
by the animals for each 100 lbs. of increase in body weight 
from 200 to 800 lbs. are shown on Table 8. Animals on the 
standard level consumed an average of 5,809 megacalories



TABLE ?
AVERAGE DAILY 

OP
FEED INTAKE 
BODY WEIGHT

AT EACH 
GAIN

100 LBS.

Treatment 201-300 301-400 401-500 501-600 601-700 701-800

HIGH LEVEL
GROUP I Hay

Grain
2.60
7.84

2.12
10.88

2.46
13.29

2.18 
14.68

4.48
11.03

5.92
11.65

GROUP II Hay
Grain

2.08
7.01 1.5310.2?

2.45
12.74

4.56
12.74 4.67 12.68

6 28 
13 36

GROUP III Hay
Grain

1.03
8.03

.98
11.78

2.3312.44
3.30
12.57

3.96
14.22 6.7914.26

A\rg„ Hay per Animal 
Avg. Grain per Animal 
Total Intake

1.90
-kS

1.54
10.98
12.52

2.41 
12.82 . 
15.23

3.35 4.3712.64
17.01

6-33
m

STANDARD LEVEL
GROUP I Hay

Grain
5.45 
4.00

7.24
2.45

10.51
1.90

12.87 
3.71

13-72
4.00

17.86

GROUP II Hay
Grain

3.974.00
8.1? 
4.00 , 10.534.00

11.854.00
14.90
2.19 16.99

GROUP III Hay
Grain

3.50
2.38

8.17
4.00

9.18
4.00

12.774.00
15.16
2.00 14.91

Avg. Hay per Animal 
Avg. Grain per Animal

4.31 7.86
3.48 10.07

3.30
12.50 . 
t|L|o

14.59
2.73.

16.59
Total Intake "tT W TlT35 13.37 17.32 16.59



TABLE 8
DIGESTIBLE ENERGY INTAKE PER EACH 100 LBS. OP GAIN 

IN BODY WEIGHT (EXPRESSED AS MEGACALORIES)

Treatment 201-300 301-400 401-500 501-600 601-700 701-800 TOTAL

HIGH LEVEL
GROUP I Hay

Grain 13^.77 
: 435.15

88.25
486.19

120.46
695.47

94.22
673.79

336.32
886.89

295.77624.01 1,069.793,801.50
GROUP II Hay

Grain
113.30' 
407.0?

64.40
459.40

110.91
617.64 250.45 

747.80
206.33
598.49

367.33
834.63

1,112.72
3,665-03

GROUP III Hay
Grain

54.86
455.57

42,93
556.39

122.84
698.03

I6I.OO
657.19

240.91
925.17

291.00 
654 64

913.54
3,946.99

Avg. Hay/Animal 
Avg; Grain/Animal 
TOTAL ENERGY

100.98 
432.60 

. 533.58
65.19500.66
565.85

118..07 670.38 
788.45

168.56 
692.93 861.49

261.19
803.52

1,064.71
318.03704.43

1,022.46
1,032.02
3,804.52
4,836.54

STANDARD LEVEL
GROUP I Hay

Grain
356.60
280.74

553.38
200.34

576.04
111.01 737.05

227.15
1,488.41
117.40

1,406.12 5,117.60
936.67

GROUP II Hay
Grain

277.88
302.43

555.77
290.95

540.26
216.94

748.98 
270.54

1,102.00
173.55

1,280.89 4,505.78
1,254.41

GROUP III Hay
Grain

234.95 
171.00 457.97

239.91
657.14
306.27

776.41
260.33

849.16 
242.46

1,383.46
33.18 4,359.09

1,253.14
Avg. Hay/Animal 
Avg. Grain/Animal 
TOTAL ENERGY

289.81 
251.39 
541.20

522.37
243.73
766.10

591.15211.41
802;56

754.15 
252.67 

1,006.82
1,146,52: 
177.80 

1,324.32
1,356.82 

11.06 
1,367.88

4,660.82
1,148.06
5,808.88



while gaining 600 lbs. (200 ~ 800 "lbs. ) as compared to the 
ones in the high level group which consumed only an average 
of 4,837, resulting in a difference in efficiency of 20<, 
favoring the heifers on the high level. The reason for this 
difference can be attributed to the fact that it took 100 
days longer for the animals on the standard level to reach 
the same weight as their mates; consequently, the mainten
ance requirements for energy were considerably greater for 
the animals on the standard level, resulting in the 20# 
higher efficiency for the rapidly grown animals. Also, 
energetic efficiency of propionic acid, which is produced in 
higher ratios when high grain diets are fed, is higher than 
that of acetic acid, produced in higher proportions when 
high amounts of hay are fed. Depression in digestibility 
caused by increased Intake above maintenance requirements 
was not sufficient to be counteracted by the increase in 
efficiency due to the decreased total maintenance require
ments of the animals on the high levels. Consequently, the 
animals on the high level were more efficient in converting 
feed energy into body weight gains.

Sexual Maturity
Age at Puberty. As shown on Table 9, age at puberty 

was considerably affected by the level of nutrition. The 
average age at puberty for the animals on the high level was 
8.21 months, as compared to 10.39 months for the animals on



TABLE 9
AGE, WEIGHT AND SKELETAL MEASUREMENTS AT PUBERTY

Age Weight Height Length Hip Width Heart Girth 
Treatment (Mo.) (lbs.)' (in.) (in.) (in.) (in.)

HIGH LEVEL
GROUP I 7.9 590 43.8 48.9 14.5 57.8
GROUP II 8.4 630 44.0 50.0 15.0 59.1
GROUP III 8.3 593 44.0 49.3 14.6 - 58.9

AVERAGE 8.2 6o4 43.9 49.4 14.7 58.6

STANDARD LEVEL
GROUP I 9.7 619 44.2 49.0 15.2 58.0
GROUP II 10.4 630 45.5 50.6 15.0 59.7
GROUP III 11.1 656 ‘ 45.3 51.6 15.4 60.1

AVERAGE 10.4 635 45.0 50.4 15.2 59.3
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the standard level„ Statistical analysis of all individual 
observations shows that the differences are highly signifi
cant (P<0.01) between the two treatments.

Variations were relatively high in the two treat
ments. In the standard level the extremes were 8.1 months 
and 13.5 months, as compared to the variations on the high 
level in which the extremes were 7.2 months and 10.0 months. 
These results are comparable to the ones obtained by Sorensen 
and co-workers (29) at Cornell in which dairy heifers fed 
high energy levels reached puberty at a considerably earlier 
age (average 9 months) than animals fed normal and subnormal 
energy levels (average 11.25 and 17 months respectively).

Weight at Puberty. Table 9 shows that data concern
ing average weights for animals on the two energy levels at 
the time they reached sexual maturity. The average weight 
for the animals on the high level was 604 lbs. as compared 
to 635 lbs. for the standard group. Although there was a 
difference of 31 Tbs. between the averages of the two groups, 
statistically significant differences were not found among 
the two groups. Ranges in weight were high. In the high 
level group, the two extremes were 506 and 725 lbs. and in 
the standard group, the two extremes were 515 and 798 Tbs.
One of the probable causes for these variations was the fact 
that animals might have been ovulating earlier, but did not 
show signs of psychological heat. Rectal palpation of
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animals that had not shorn heat signs indicated that the 
animals were cycling.

Skeletal Size at Puberty. Table 9 shows the averages 
of several skeletal measurements at puberty. No statisti
cally significant differences were observed between the two 
groups in skeletal size at puberty. There was a very slight 
difference between the two groups for the skeletal measure
ments corresponding to the slight difference in body weight 
at the time puberty was reached. Average size differences 
correspond to differences in body weight at puberty.

The results of this experiment indicate that body 
weight and skeletal measurements can be a very accurate 
indication of the time at which sexual maturity will occur, 
reaffirming the observations of others (3, 12, 25, 27, 29 
and 35) that puberty is primarily influenced by body size 
rather than age.

Breeding Efficiency. The average number of breed
ings per conception of the 24 animals on the full feed group 
was 1.6. At this writing, too few animals in the standard 
group have been bred to make a valid comparison of breeding 
efficiency. According to Salisbury, et al. (27), the number 
of services per conception has little meaning in the compari
son of fertility level of cows when semen from a number of 
bulls of varying fertility is used; consequently, careful 
consideration should be taken when comparing fertility rates 
of animals on different levels of nutrition.
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