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Influence of Total Feed and Protein Intake on
Reproductive Performance in the Beef Female
Through Second Calving’

By J. N. WILTHANK, reségrch physiolopist (animal) ; J. Boxp, royearch inimal
husbandmmt; atd B, J. WAkWIcK, egricultural adminiatrator, iu collaboration
with R. E. Davis, research chemixi (biochemistry) ; A, C. COOK, animal husband-
man;? W. L. REvnoLbs, rescarch physiologist (animal) . and M. W. HAaAzEN,
awimal husbandman,® Animul Qusbandry Research Divigion, Agriculturnl Re-
aearch Servicel

A major problem in the beef industry is poor reproductive per-
formance. Reproductive performance of beef females is influenced by
the quantity and quality of feed. More knowledge about the influence
of nutrition on the reproductive performance of beef females could lead
to more effective and more efficient supplementation of their diet.
More effective supplementation could vesult in better reproductive
performance through increasing calf cvop and by concentrating calving
of u herd in a shorter period of time. This bulletin reports the results
of an experiment undertaken to study the effect of total feed intake
{for convenience called “energy™) and of protein on the reproductive
performunce of beef females.

REVIEW OF LITERATURE

Nutrition plays a significant role in the reproductive performance
of farm unimals. The literature on this subject has been reviewed
Ly Asdell (1),* Reid (51. 52), Blaxter (6), and Hafez (25). The
review of Jiteruture in this bulletin, therefore, will deal mainly with
the effect of nutrition on the reproductive performance of beef cows.

Calf crop varies from year to year (2, 70, 11, 29, 83, 36, 46, 47, 61)
and from nren to arvea (/9. 97). Differences in range condition and
condition of the cow are two of the main factors reported to be respon-
sible for varintion in calf erop.  Pare and Klemmedson (47) reported
that on seven ranches where forage wus scare the calf crop was 49
percent while on eight ranches where forage supply was normal, the
culf crop was 80 percent.

Hilts (28) reported that cows turned out in good condition had a
calf crop of 70 percent, whereas those turned out in poor condition had
a calf crop of 52 percent. Walker and Lantow (59) observed that

'The research performed at Jeanerette, La., was done in cooperation witk the
Louislana Agricultursl Experiment Statinn,

¥ Now retired.

*The nuthors gratefully ackuowledge contributions from W. A. Curry amd
Bonner L. Phillips. Animae! Husbandry Research Division, ARS; Thonas
Meredith, resigned; and T. M, DeRouen, Louisiana Agricultural Experiment
Station.

C ' Itntie numbers in pnrentheses refer to Literutare Cited, p. 37,
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the calf-crop percentage increased when cows had enough forage.
Baker and Quesenberry (2) reported calf crops of 77 percent and 68
percent in years following a drought compared to an average of 85
percent in years following normal rainfall. Knox and Watkins (32)
re{xorted that 78 percent of cows gave birth to calves in the years
fo.lofwli{lg drought compared to 92 percent in years following average
rainfall.

Marsh and others (4¢) in Montana reported ¢hat cows on heavily
grazed pasture (23.1 ncres per cow) weaned u ealf erop of 70 percent;
those on moderately grazed pasture (30.5 acres per cow), & calf crop
of 89 percent; and those on lightly grazed pasture (88.8 acres per
cow), a calf crop of 90 percent. The work of MeIlvain (42) in Okla-
homa shows that the average calf crop weaned from cows on heavily
grazed range {12 acres per cow) was 83 percent; from cows on moder-
ately grazed range (17 acres per cow), 90 percent; and from cows c»
lightly grazed range (22 acres per cow), 93 percent. Cows on heavily
grazed range calved later than those on moderately grazed range.

Studies in Oklahoma (48) show that heifers and cows wintered on
low levels of feed had approximately as many calves as those on mod-
erate, high, or very high levels of feed. Adequate fornge was avail-
able for all these animals in summer. The uverage ealving date was
later for animals that had wintered on the lower levels of feed than for
those that had wintered on higher levels of feed.

Protein and energy supplements fed to cows do not always improve
calf crop, as indicated by the work of Stanley (54). He fed cotton-
seed cake, white corn, yellow corn, and cottonseed cake plus cornmea!
to groups of cows on range pasture, but the calf crop did not differ in
the supplemented and control groups. On the other hand, Lantow
and Snell (35) showed that cows fed cowpen hay and sorghum silage
on pasture had a 100-percent calf crop compared with 20 percent for
cows in the control pasture group. Similarly, Walker and Lantow
{69} reported that the calf crop ncreased when cows were fed high
roughage and concentrate.

Black and others {2} reported that the calf erops of cows fed cotton-
seed cake and of cows fed no cuke did not. differ. However, in years
that the control cows were left on range and received no sup]])]ement'ui
hay, the cows fed cnke did have a better calf crop. Guilbert and
Rochford (24) reported that cows supplemented with cottonseed cake
and barley had a calf crop of 91 percent compared to 61 percent for
COWS receiving no supplement.

The work of Foster and others {£3) shows that the calf crops of
cows grazing on the southeustern coustal plains vuried according to
the level of winter supplement received. Cows that received 2 pounds
of protein supplement per day had an average calf crop of 48 percent
compared to 63 percent for those that had received 4 pounds of protein
supplement per day and 68 percent for those that had received 6
pounds of protein supplement.

Joubert (30) in South Africa showed that puberty was hastened by
feeding beef heifers supplementary feed during the winter. He also
showed that the first post-partum estrus occurred 414 days after
calving for cows that received no supplementary feed compared to 267
days for cows that received supplementary feed. The work of Morris
{43) in Australia indicates that heifers fed bush hay plus 1 pound of
crushed grain sorghum daily had greater ovarian activity than those
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fed bush hay alone. Workers in Africa (27) reported that supple-
- mentary feeding increased the calf crop.

The feeding of winter supplements did not increase the calf crop
in New Mexico (J3) in years of average rainfall. However, sup-
Eements fed cows during years of drought increased the calf crop

om 78 percent to approximately 85 percent. Studies in New Mexico
also showed that when bonemeal was available, ground maize was as
valuable a supplement as was cottonseed meal aJone or as cottonseed
meal plus dehydrated alfalfa.

Work at Fort Reno, Okla. (49), showed that supplementation in ex-
cess of need may decrease the calf-crop percentage. Cows fed 1 pound
of cottonseed meal daily on native range during winter months had a
calf crop of 95 percent; those fed 2.5 pounds of cottonseed meal on
native range had a calf crop of 87 percent; those fed 2.5 pounds
cottonseed meal and 3 pounds of oats on native range had a calf crop
of 87 percent.

Wagnon and others {58) reported that cows, each of which was
sup{)le-mented with an average of 380 pounds of cottonseed meal and
barley during months of forage scarcity, had a calf crop of §3 percent
compared to 66 percent for cows not supplemented. In addition, the
calf crop of the supplemented group was more uniform from year to
yearthan that of the unsupplemented group.

Studies in Florida during the winter (60) showed a beneficial effect
when cows were either provided with a protein supplement on grass
pasture or were grazed on a clover-grass pasture. Cows on grass
pasturs had a calf crop of 75 percent compared to 100 percent for
cows that had grazed on grass pasture plus a protein supplement,
on clover-grass pasture, ot on clover-grass pasture plus a protein
supplement. The time required to conceive was also longer for cows
grazing on the grass pastures.

Feeding supplements high in phosphorus has been shown to in-
crease calf crop in certain geographic areas (4. 5, 32). Knox and
Watkins (33) point out that the high content of phosphorus rather
than the protein may be the reason that cottonseed meal is a better
supplement than grain.

According to the foregoing results, the benefits of supplemental
feed apparently depend on the quality and quantity of forage avail-
able at the time of supplementation and during the breeding period.

Some work has been done to measure the effect of protein and
energy intnke on the reprodnctive performance of beef females in the
drylot. The work of Iangford and others in North Dakota (54)
shows that reproductive performance did not differ when cows were
wintered on approximately 10 pounds per day per head of total
digestible nutrients (TDN) or 8 pounds of TDN. Bond and others
(8) have demonstrated that estrual cycles ceased in heifers fed low
levels of energy and protein. Warnick (60) has shown that estrus
and ovarian activity were deiayed when heifers got an inadequate
level of protein. Inadequate protein also caused estrus to be delayed
in cows suckling calves. Zimmerman and others (65) reported that
the interval between calving and the first estrus was lengthened when
the intake of energy was at low levels for 140 days before calving.
Christian and others (72) concluded that the addition of alfalfa hay
to a diet of wheat straw shortened the interval between ealving and
first ovulation.




Experiments with dairy heifers and bulls show that the onset of
puberty can be delayed by underfeeding. Westmacott (62) reported
that more heifers calved at 2 years of when reared on a high level
of feed during the first two winters of their life than when reared on
s moderate level of feed in both winters or during either of the win-
ters. Reid (52) reported that the average age at puberty was 616
days, 387 days, and 279 days for three groups of Holstein heifers fed
65 percent, 100 percent, and 140 percent, respectively, of Morrison’s
standard of total digestible nutrients. A.'v_emge body weight at pu-
berty for the three groups was 634 pounds, 583 pounds, and 631
¥ounds, respectively. Reji)orts from the State of Missouri (I8), snd

rom England (73} and Sweden (26) also show that a low plane of
niutrition delays puberty in dairy heifers. None of these workers has
reported conception rate to be influenced by level of feeding,

Bulls reared on low levels of TDN tend to reach puberty later (9,
1}, 22) than those fed at higher levels. They aiso tend to produce
less semen until they reach maturity.

The old adage that fatness causes sterility has long been accepted.
Marshall and §§e1 {41) found fatty deposits in and around the ovar-
ian bursas of sterile heifers and cows and believed the deposits were
the cause of sterility. Quinlan (50) reported that the ovaries of fat
heifers were smaller than usual. Recent studies {48, 57) do not show
that fatness has any effect on conception rate. These same studies,
‘however, indicate that fat heifers do have more difliculty at first
calving than cows given lower levels of feed.

The literature reviewed in the foregoing puragraphs shows that
nutrition can affect. the reproductive performance of the beef cow.
When forage is scarce, the calf crop ean be increased by feeding »
protein or an energy supplement. The levels of energy and protein
necessary for satisfactory reproduction, however, have not been estab-
lished. Studies in this aren of animal nutrition could lead to better
and more efficient supplementation of the diet of beef cows under
range and pasture conditions.

EXPERIMENTAL PRCCEDURE

The overall plan of the experiment reported in this bulletin was
{2) to observe the reproductive performance through the first calving
and subsequent post-parturition period of beef females started as
weanling heifers und fed rations that differed widely in protein and
energy levels, and (b) to observe the reproductive performance
through the second calving and post-parturvition period of the same
females after all had been chunged to a single ration,

To determine whether breed and climatic conditions would affect
results, the experiment was replicated at two locations—the Agricul-
tural Research Center, Beltsville, Md., and the Iberia ILivestock
Experiment. Station, Jeanerette, La.

Fifty-four grade Angus heifer eulves of unknown exact age and
ancestry and weighing initially an average of 392 ponnds were used
in the experiment, at Beltsville. The Jeanerette heifers were of mixed
breeding, averaged 406 pounds initially, and were likewise of unknown
exact age and ancestry {appendix {able 15).
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At each location, heifers were allotted at random by weights and
breeds into nine treatment groups of six animals each. Each group
was fed » ration of a specified leve] of cnergy and of protein. Experi-
mental work was started in November 1956 at Beltsville and in
Janunary 1957 at Jeanerette. In this report, experimental animals are
called heifers until they calve the second time.

Groups of experimental animals were fed three levels of total feed.
The heifers on high-level rations were fed ad libitum. Heifers on
medium-level rations were fed approximately 66 percent of the feed
consumed by those on high-level rations at the same m weight.
Those on low-level rations were fed enough to maintain y weight.
The amount of feed had to be adjusted from time to time to accom-
plish these objectives.

Within each total-feed (energy) level, protein was fed at three
levels—high, medium, and low. At the high-protein levzl, heifers
were fed approximately 0.23 pound of digestible protein per hundred
pounds of body weight; at the medium-level, approximately 0.15
pound per hundred of body weight; and at the low-level, approxi-
mately 0.06 pound per hundred of body weight.

Heifers at Beltsville on the low and medium levels of energy were
fed individually once each day, and those on the high levels of energy
were fed in groups of two. All heifers at Jeanerette were group fed.
Those on medium- and low-energy rations were fed once a day; those
on high-energy rations had feed available at all times.

Rations at Beltsville wera mixed, ground, and made into pellets
five-eighths of an inch in dinmeter. Rations at Jeanerette were fed
as ground, mixed feed. Water, salt, and bonemeal were available to

heifers of all groups (tables 1 and 2).
TasLe 1-—Composition of experimental rations fed heifers at
Beltsville

[ A rations bad the following materinls added—1 percent salt, 1 percent steaned
bonemenl, and 1,875 1.1, of vitamin A per pound of ration]

Ingredients
Crude

Ration level protein
Corn and Cotton- content
cob meal| Molasses| seed Starch
meal

High energy: Percent Percent FPercent Peocent
High protein_ . _____ 2 30 10 15 4
Medium protein. ___ 61 10 4 0
Low protein 25 20 0 30

Medium energy:
High protein
Mediom protein. ___
Low protein

32. 5 i0 32
a0 10 3
50 10 0

[F Y]
rindn

Low energy:
High protein
Medium protein. .__
Low protein

10 62
10 32.
10 4

1 1 i
i




TabLe 2-—-Composition of ecxperimental rations fed heifers at
Jeanerette
{All rations had the following materials added—1 percent salt, 1 perecent steamed
bonemeal, and 1,875 1.U. of vitamin A per pound of ration}
Rarions Fep Firsr 9 MonTtEE oF EXPERIMENT

Ingredients
Crude
Ration level pro-
Grass | Snapped; Shelled | Cotton-|  Mo- tein
hay corn corn seed lasses | Starch
meal
Hi h.energy: Percert | Percent Percent Pereent Percent | Pereent | Percent
igh protein._____ 10. 0 650 _.____ 15 0 190 0 12. 6
Medium protein.__| 15 0 825 |______._ 25 10 a 81
Low protein______{ 17. 5 3256 ____. 0.0 29 30 4.2
Medium energy:
High protein______ 15. 0 425 | _____ 2. 5 10 0 18. 4
Medium protein___| 10. ¢ 63 0 f_______ 15. 0 10 0 12. &
Low protein_._.__. 75 67.5 |....___ 00 10 i5 60
Low energy:
High protein._____ 25 205 | 62. 5 10 Q 288
Medium protein.__{ 5. 0 2.5 oo __ 32.5 10 ¢ 18 4
Low protein..____ 150 825 _____. 2.5 10 0 81
Rarions FEp REMAINDER OF EXPERIMENT
High energy:
igh protein______ 0.0 |_..___. 150 15. 0 10 0] 12.6
Medium protein.__| 30,0 |________ 57. 5 2.5 10 0 7.9
Low protein__ ____ 27,5 | .. 22. 5 00 20 30 39
Medium energy:
High protein______ 2700 |emaaa 30. ¢ 32. 5 10 0 19. 3
Medium protein__ | 30. 0 |____ ___ 45. 0 15.0 10 0 12. 6
Low protein. _____ 30.0 . ___ 435. 0 0.0 10 15 5.7
Low energy:
High protein______ 25.0 4 _______ 2.5 62. 5 10 0 30. 0
Medium protein.._| 27.5 {________ 30. 0 32. 5 10 0 19.3
Lowprotein______130.0 | ____ " 57. 5 2.5 10 0 79

As the experiment progressed, it proved impossible to get animals
on the high-energy, low-protein and on the medium-energy, low-
protein rations to consume the desired amounts of feed. This result
and that reported in other work (7) make it appear that protein
deficiency causes low voluntary intake of feed.

Heifers that did not attain puberty or that ceased to have estrual
cycles before becoming pregnant were removed from the original
rations. These heifers were then given the ration containing the next
higher level of energy or of protein. During the period of increased
feed, heifers taken off the low-energy rations had their feed increased
to 1.89 pounds of feed per hundred pounds of body weight. This
amount of feed was approximately 66 percent of the feed consumed by
the animals fed ad liEitum. Heifers were maintained on the new
rafion until they reached puberty; were bred and diagnosed preg-
nant. They were then returned to their original ration,
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The first ration change at Beltsville occurred 391 days after the
experiment was started ; that at Jeanerette, 371 days after the experi-
ment was started. At these times approximately one-half oﬁhe
heifers in each group that had not shown estrus or that had ceased to
cycle were changed to a higher ration. The other half of the heifers
in these groups were changed to higher rations after all the heifers
changed initially had shown estrus.

During pregnancy, heifers on low-level rations were fed slightly
more feed te compensate for the increase in weight due to pregnancy.

Except for the previously mentioned changes of rations, all heifers
were kept on their original rations for 180 days after their fivst calf
was born or until they were 90 days pregnant with their second calf,
depending on which date occurred first. Beginning at this time,
heifers were fed ad libitum on a ration consisting of 94 percent timo-
thy hay and 6 percent cottonseed meal, salt, bonemeal, and vitamin A.
This ration was designed to improve the condition of the heifers on
low levels of feed and to reduce fatness in the extremely fat heifers.
Heifers were fed this ration during the remainder of the second
pregnancy, through calving, and through the post-partum period un-
til the time they were diagnosed as pregnant with their third calf.
When diagnosed pregnant, they were removed from the experiment.

Checks for estrus were made twice daily through use of vasecto-
mized bulls. Heifers at Beltsville were turned into an exercise lot
for the estrus check; those at Jeanerette were checked in their feed-
lots. Heifers were not bred during the first 8 months of the experi-
ment. After this period, an attempt was made to breed each heifer
at every estrual period. Breeding was done either naturally or
throngh artificial insemination.

To determine estrual period lengths, heifers were checked a6 2-hour
intervals during one 3-week period at Beltsville. This check was
made in May and June 1957, before any of the heifers had been bred,
To determine time of ovulation, the ovaries were examined rectally at
2-hour intervals, starling at the end of the estrual period.

At Beltsville, the reproductive organs of heifers were examined
rectally on the following schedule: (1) Weekly until puberty was
reached; (2) 15 to 21 days after calving and weekly thereafter until
the heifers showed estrus and involution of the uterus was complete;
{3) 7 to 13 days after estrus to check for ovulation; and (4} 35 to 41
days after breeding for pregnancy diagnosis. At Jeanerette, the re-

roductive organs were rectally examined by manual palpation at
irregular intervals throughout the year.

Most calves were creep fed from the time they were 75 days old.
Exceptions to this at Beltsville were calves suckling cows on high-
energy, high-protein and on high-energy, medium-protein ration lev-
els. Clows on these ration levels were fed ad libitum, and their calves
had access to their dam’s feed. Creep feed was provided at ages
earlier than 75 days to calves in which death seemed nevitable because
their milk supply was inadequate. Except as noted, all calves were
creep fed in a separate pen. Calves were removed from their dam’s
pen and allowed access to creep for at least 3 to 4 hours each day.

Estimates of milk production were obtained once a week by separat-
ing calves from their dams for approximately 12 hours. After this
period of sepatration, ealves were weighed, allowed to suckle their
dams for approximately 20 to 30 minutes. and were reweighed as
soon as possible after nursing.

737667 O-65—2




Heart rates were determined in all heifers after they had been on
experimental rations for about & year. Heart rate was determined
by placing the hand in the rectum and taking the pulse from the -
femoral artery.

At Beltsville, wither-height and body-length measurements were
taken three times during the experiment. Each recorded measure-
ment was an average of three independent measurements by the same
person.

Heifers were scoved for condition after approximately 8 months on
oxperimental rations. Condition scores ranged from 1 (very thin)
to 14 (very fat).

EXPERIMENTAL RESULTS AND DISCUSSION
Prepuberal and Puberal Periods of Heifers

Heifers gained weight nccording to planned energy intakes except
for those on the hiﬂﬁ-energy, low-protein and the medium-energy,
low-protein rations ?ﬁn_'. 1). Heifers on these rations consumed less
feed and gained more slowly than those in groups where protein was
fed at the high or medium levels {table 3). The total feed and the cal-
culated umounts of energy and of digestible protein consumed by
heifers on each ration level are aulso shown in table 3. Reports of
digestion trials at Beltsville by Elam and others (18} indicate that
the digestibility of these rations may have been lower than was cal-
culated.

Differences in reproductive performance of heifers were related
mostly to differences in occurrence of estrus {table 4). All heifers
fed the high- or medium-energy rations and adequate protein showed
estrus. In contrast, most heifers fed low-energy rations did not show
estrus.  Nearly all heifers that showed estrus on low-energy rations
stopped cycling before breeding started. Not all heifers fed high-
energy, low-protein rations nor those fed medium-energy, low-protein
rations showed estrus. Heifers that showed estrus in these groups
appeared to have n higher intake of feed than those that did not
show estrus. Condition scores at breeding time {shown in table 3)
tended to be slightly higher in the low-protein groups for heifers that
were cycling than for those that were not eycling.

The ovaries in heifers that did not cycle showed very little evidence
of activity. They were small and had a few follicles 8 to 10 milli-
metfers in diameter. Heifers that showed estrus and then ceased
cycling had usually ovulated at each estrus. The corpus luteum then
regressed, and the ovaries becume inactive,

Reuasoning from work done in other species, it seems probable that
ovarian imactivity of heifers fed low energy levels resulted from a
decreased supply of gonadotrophic hormene rather than ovarian
insensitivity. Ovaries of undernourished rats are responsive to go-
nadotrophic hormones (24, 39, 44. 55). Injection of gonadetrophic
hormone inte young undernourished bulls reversed the effects caused
by undernourishment on semen composition {36}. Thus, low levels
of energy appear to result in reduced production and/or release of
gonadotrophic hormones. Change in ovarian sensitivity to gonado-
trophic hormones could also be a cause.

8



http:accordi.ng

HIGH PROTE!IN MEDIUM PROTEIN
LIVE WT. LBS. :

1000

800

600

400

LOW PROTEIN

Amount of Energy
Beltsville

—cem—ee Madium
OO0~ Low

Jeanerette

e e = Hiigh

mmmeemme Medium
K——YeX LoOw

200 400
DAYS. ON EXPERIMENT

FicuRe 1—Avernge weight changes in heifers on original rations Quring the
prepuberil and puberal periodls,

The interval from start of experiment to puberty and the weight
of heifers at puberty are nlso shown in table 4. The variation in
time from start of experiment to puberty and weight at puberty was
large within each experimental group. At Beltsville, there was a
trend for heifers fed rations at the higher energy and protein levels
to show estrus after shorter periods than those fed rations at the
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TasLe 3.—Feed consumed an?: she growth rate of heifers during prepuberal and ;pubera] periods, when all heifers =

were on original-rations

AT BELTSVILLE FOR 391 DAYS OF EXPERIMENT

Ration level

Average daily consumption by
heifers of—

Average weight of
heifers at—

Total Digestible Digestible
feed energy protein
(calculated) | (calculated)

Start of End of
experi- period
ment

Average
daily
gain

Average con-
dition score
of heifers at

time breeding
commenced

High energy:
High protein
Medium protein
Low protein.

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protein
Mecdium protein
Low protein

Therms Potinds
20. 88 1..34
19. 68 .79
12. 45 | .20

11. 85 1.-20
12. 59 .
9,71

. 49
5, 45
. 53

Pounds
385
389
397

" 415
414
387

378
379
385




A7 JEANERETTE FoR 871 DAYS oF EXPERIMENT

High energy: : s
High protein 19. ¢ . 82 . 63 395
Medium protein 21. . 03 L1l 429
Low jprotein - 9. . 81 .23 388

Medium encrgy: )
High protein s 10, 13. 01 . 407
-Mediugm protein 9. . 01 . 423
Low protein . 3. 41 . 384

Low energy: ) )
High protein . . 41 . 383
Medium protein . .21 e 404
Low protein . 6 . 81 .35 445

1 On a scale df 1+ (very thin) to 14 (very fat).
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TasLe 4—Puberty and conception data for heifers that reached puberty on original ration levels

AT BELFSVILLE

Ration level

Heifers:
observed

Heifers
that
showed
estrus

Heifers
that
ceased
cycling
before

breeding

Interval from start of
experiment to puberty

Weight of heifers at
. puberty

Heifers fed - otiginal
rations and bred that—

Average Range

Average Range

Conceived

Coneeived
on firat
service

High energy:
igh protein:
Medium protein______
Low protein

Medium encrgy:
High protein
Medium protein..____
Low protein

Low energy:
High protein
Medium protein
Low protein

Number
6

Number

Days Days
101 30-172

83 21-178

167 41-234

104-214
19-193
122-268

149
125
198

220
175
150

203-238
124-215
127-172

Pounds
372-733
403-673
387-570

462-579
462-539
365-510

356-453
372-455-
363-438

Number




Y

AT JEANERETTE

High energy: ]
Tigh protein . 160 21-47( 368-1,065
Medium_ protein 123 ( 530 821
Low protein ‘ 58 :

Medium energy: . .
High protein__..._... 107
Medium protein 242
Low protein R 32

Low energy: . )
High protein , 100
Mecdium protein b ] 62
Low protein . . 70

' One heifer became crippled and died. She was riever bred.
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lower levels. At Jeanerette, heifers fed rations that were inadequate
in energy or in protein either showed estrus shortly after they were
started on the experiment or did not show estrus on the original
rations. Marked gﬁerenws in ability to conceive were not observed
between groups of heifers on different rations., The data on concep-
tion may not be reliable because (1) the numbers of animals were
extremely small, and (2) there were difficulties with semen quality
at Beltsville,

All anestrus heifers raised to higher levels of feed showed estrus
whereas none of the anestrus heifers left on the original rations showed
estrus (table 5). Anestrus in heifers, therefore, appeared to have
been caused by an inadequate supply of energy or of protein. The
interval from raiion change to estrus appeared to depend somewhat
on weight gain, although here again there were large variations.
Rations inadequate in energy and in protein delayed estrus indefinitely
in most heifers. Even when sdequate energy and protein were
available, the heifers gained from 57 to 329 pounds before their ova-
ries became functional and they sturted regular estrus cycles. This
observation agrees with that in an earlier experiment conducted by
the authors (§). '

A low level of protein in the diet appeared to reduce the voluntary
mtake of feed and thus to have the effect of lowering the energy level
of feed consumed. Bond and others (7} reported that a low intake of
protein limited the intake of total feed. They ulso showed that a
minimum amount of protein must be available fo insure that cattle
consume nn adequate amount of total feed.

It is impossible to determine from the results of this experiment if
the Jow level of protein in the diet directly inhibits the reproductive
process or if the effect of the low level on the reproductive process is
indirect through the reduced intake of total feed.

Neither length of the estrous period nor time of ovulation were
affected by ration fed (table 6). The average length of 45 estrous
periods was 21.1 hours. Time from end of estrus to ovulation aver-
aged 9.2 hours. The estrous period was somewhat longer than the 14
hours given by Willett us the avernge estrual length for dairy cows
(63). Time from end of estrus to ovulation was shorter than the
13.5 to 15.5 hours given by Willett for dairy cattle (63) and the 14.3
given by Nalbandov and Casida {45) for beef cows. However, it was
comparable to the 9.5 hours reported by Marion and others (38),
where sterile copulation was permitted.

Large variations in heart rates were found in heifers fed the differ-
ent levels of energy and protein at each location. Henrt rutes were
faster in animals on the higher levels of energy after u 24-hour fast
and 1 to 2 hours after they had been fed (P < .01) (table 7). The
level of profein also influenced the heart rate significantly at Jeaner-
efte (P <C.01). At Beltsville, there was a significant inferaction be-
tween the levels of energy and of protein {P < .05). This interaction
was mainly the result of the slow heart rate in heifers fed on a high-
energy, low-protein ration when compared to that in heifers on other
high-energy rations. Heart rate was faster in heifers shortly after
they had been fed than in heifers ufter they had been on a 24-hour
fast (P <.01). These differences in the heart rate agree with the
results obtained by other workers (26, 53, 56}, who have shown that
the heart rate was faster in animuls on high levels of feed.
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First Calving

A large number of calves born to heifers on the high-energy, high-
protein ration or on the high-energy, medium-protein ration died
either at birth or shortly thereafter (table 8). Many of the calves
born to heifers on these high-energy rations were presented backwards
or in some other abnormal position. Some of the calves that died
early were born alive but breathed only once or twice after birth.
Birth weights of calves born to heifers on high-energy rations were
not excessive, and the gestation period averaged about the same length
as that of heifers on medium-energy levels of feed. Thus, the birth-
weight of calves and length of gestation periods did not seem to be
related to calving difficulty (table 8}. Instead, calving difficulty ap-
peared to be related to condition of the heifers. Totusek (57) and
Pinney and others (48) have also reported that fat heifers had » high
incidence of calving difficulty.

Birth weights of calves born to heifers on low-energy rations were
considerably lower than those of calves born to heifers on high- or
medium-energy rations that included adequate protein (table 8).
Calves born to heifers on the high-energy, low-protein ration and
medium-energy, low-protein were also lighter at birth than those born
to heifers on high- or medium-energy rations that included adequate
protein.

Calves born to heifers fed the various Jevels of rations wetghed the
following percentage of the dams’ weights. At Beltsville, calves
from heifers on high-energy rations, 5.8; medium-energy, 7.4; low-
energy, 8.5. At Jeanerette, calves from heifers on Ligh-energy ra-
tions, 5.4 percent; medium-energy, 6.7; and low-energy, 6.6.

Heifers fed low-leve! rations at Jeanerette had a considerably high-
er daily intake of energy than those on similar rations at Beltsville.
This resulted in higher guins and in higher body weights for the
heifers at Jeanerette {table 9}. The hig'iler daily intake of energy
by heifers at Jeanerette may explain the lower percentage of calves’
weight to dams’ weight in the medium and low levels of feeding at
this station. ‘The work of Eckles and Sweet (I7), Joubert (30, 31),
and Reid (52) show similar results for the effect of nutrition on the
birth weight of calves.

The length of the gestation period did not nppear to be affected
by the ration except possibly in heifers on high-energy, low-protein
feed at Jeanerette.

Most heifers were gaining weight before they had their first calf,
but the magnitude of the gain was variable. Weight losses at calving
varied considerably for heifers fed the different levels of energy and
protein (table 9). At Jeanerette, the losses ranged from an average
of 66 pounds for heifers on the low-energy, high-protein ration to 102
pounds for those on the high-energy, high-protein ration. At Belts-
ville, the losses ranged from an average of 59 pounds for heifers on
the low-energy, low-protein ration to 103 pounds for those on the
medium-energy, Jow-protein ration. Plans were to allow heifers on
the low-energy rations to gain enough weight while pregnant to com-
pensate for the expected loss in weight at calving, so that body weights
after calving would be equal to those before conception. However,
the gains in weight during pregnancy were actually more than the
Josses ut calving, especially at Jeunerette.

15
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TanLe 5.—Reproductive performance of heifers after their rations were changed to higher levels of energy or protein

A1 BELTBVILLE

o Gain in Average Heifers bred
,I“z'.“;l‘: “:ﬂ f:;o"} weight. from daily that—
Number mt' st " )F(‘ ration change Average gain
Original Next higher of 0 catrus to estrus weight from
ration level ration level heifers at ration Con-
v estrus change Con- ceived
Average| Range [ Average| Range to ceived | on firat
estrus | service
High energy . High energy: ) ‘ Days Days Pounds Poundy Pounds Potizida Number Number
Low protein._._. Medium pro- 3 102 73-165 170 57-329 568 1. 67 :
’ tein.
Medium energy: Medium energy: )
Low protein.....| =~ Medium pro- 3 156 [ 142-162 116 | - 104-129 625 .74 3 2
tein.
Low ciiergy: ,
High protein. _. High protein.. 4 256 | - 204-371 192 139-217 600 .75 4 0
Medium protein _|  Medium pro- 4 183 | 146-247 139 111-185 583 .76 4 2
tein.
Low protein.___. Low protein . _ 4 214 146-262 130 67-197 618 .61 4 3
T T 4 i =




i

A1 JEANERETTE

H ifh energy:
oW protein

Medium cnergy:
Low protein

Low energy:
High protein__ ..
Medium protein _

Low protein

Highenergy:
Medium pro-
tein.

Medium enecrgy:
‘Medium pro-
tein.

High protein_.

Medium pro-
tein.

Low protein . _

10- 98

181-469

33-208
87-183

73-180

148

30-215

656-255

0-320
180-275

105-140

' All heifers showed estrus.




TasLr 6.—Average length of estrous period and time to ovulation® of
heifers on siated ration levels at Beltsville

Length of estrous Time from end of
Heifers period estrus to ovulation
Ration level observed
Average Range Average Range
High energy: Number Hours Hours Lottry Hourz
igh protein._____ 6 21 5-40 10 6-14
Mediun protein.__ 6 23.3 20-28 6.4 0-12
Low protein______ 2 24 20-28 8 2-14
Medium ecergy:
High protein._____ 6 23. 3 20-26 G 8 0-12
Medium protein___ 6 20 12-28 9 +14
Low protein_ ___._ 2 19 6-32 [C) TR PO
Low energy:
High protein__.___ 2 21 20-22 [ T T
Maedium proteino___ 5 19. 2 12-30 12. 5 818
Low protein_ _____ 2 22 20-24 8 16

! Thuring a 3-weck period, May-June, 1935,
2 Observations were not taken on ovulation.

Tasre T~Average heart rate in heifers thai hod been on stated
ration levels for about 1 year

At Beltaville At Jeanerette

Ration level
Follewing a ; 1 to 2 hours | 1 to 2 hours
24-hour fast | alter feeding | after feeding

High energy: Beats in 15 sec. | Beabsin 1§ sec, | Beatsin 15 see.
Highprotein_____.______________._ 195 26. 5 249, 2
Medium protein.__ .. __________.__ 19. 2 27 28 8
Jowwprotein__ .. ___ ____________ 15.7 24, 3 22. 2

Medium energy:

High protein. . . .. 15. 2 21 23. 8
Medium protein. .. _____._..__ i6. 5 24. 5 25. 8
Low protein_ . _ . _ . __L._..__. I8 5 21, : 21. 8

Low energy:

High protein__.. . _ .. __.________ 14 21 20.3
Medium protein_ . ___._..._____ 14. 3 19. 3 22. 6
Lowprotein. . ____ . . . __.__._.. 14 19.5 17. 3

Feed intake after calving was higher in all groups than it was dur-
ing the puberal and prepuberal period. The cows receiving medium-
energy rations received more feed because of adjustinents nccording
to their live weight gain and to feed consunied by ad libitum heifers.
Low-energy heifers received more feed because they had greater body
weight to maintain. Intake of cows in the high-energy, low-protein
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groups was less than for cows. in other high-energy groups. Also
intake in the medium-energy, low-protein group at Beltsville was
lower than planned. Fowever, even in these two groups, intake was
much higher than in the prepuberal period.

Weight changes after calving differed between groups of heifers
on the various levels of experimental feeding. Substantial gains in
weight after calving were shown by heifers fed the high-energy, high-
protein ration at Loth stations and by heifers fed the high-energy,
medium-protein ration at Jeanerette. Heifers on other ration Jevels
showed either a loss in weight after calving or little or no change in
weight (table 9). Most heifers receiving low-energy rations were
extremely thin (fig. 2).

Differences in reproductive performance of heifers receiving dif-
ferent rations were muinly the result of heifers not showing estrus
after calving (table 10). All heifers in high-energy and medium-
energy groups showed estrus before 180 duys after calving except two
at Jeanerette (one in the high-energy, medium-profein group and one
in the medium-energy, mediumn-protein group) and two at Beltsville
in the medium-energy, low-protein group. Most heifers in the low
energy groups failed to show estrus after calving on. original rations.

The interval from calving to fivk! estrus was somewhat increased in
heifers showing estrus on the medium-energy, low-protein ration and
in a few heifers that showed estrus on low-energy rations. The data
in table 10 indicate that post-partumn estrus does not. occur unless
heifers get enough energy, regardless of the amount of protein in
the ration. There also uppears to be some delay cf post-partum estrus
in heifers on the medium-energy, low-protein ration. These results
agres with those of Jonbert (30). They do not agree with those of
“'1tt and others (6’4) who reported that very few cows on a low-
yprotein ration conceived. However, results in the latter study also
appeared to be confounded with irtake of energy. All heifers that
had been on low levels of energy or of protein showed estrus and con-
ceived after their feed was changed to the hay ration (table 11).
However, the days from ration change to estrus and the weight gains
from ration change to estrus were variable.

Culves suckling cows receiving either a low-energy or Jow-protein
ration grew less rapidly than calves suckling cows receiving other
rations (table 12). The one exception to this was cows receiving the
medium-energy, low-protein ration at Jeanerette. At Jeanerette,
calves of cows receiving the high levels of energy and high or medium
levels of protein grew faster than calves from heifers receiving the
medium levels of energy. This was not the case at Beltsyille.

Growth of calves tended to foliow the same pattern as milk produe-
tion of their dams. [ittle or no decrease in wilk production was
noted as lactation progressed in heifers on rations adequate in energy
and protein.

(Creep feeding improved the gains of the calves from cows on low-
protein or low-energy rations. Adequate levels of both energy and
protein appear necessary for adequate milk production and for promo-
tion of calf growth.
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TasLe 8.—Survival, weight, and gestation period of first calves born to heifers on stated ration levels

A1 BELTSYVILLE

Ration level

Heifers
calving

Still-

births

Calves living—

2 wceké
after
birth

24 hours
after
birth

At wean-
ing time

Average
birth
weight of
calves

Calves’

| birth weight

in relation
to dams’

body weight

Average
gestation
period

}ﬁﬁh energy:

igh protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protcin
Medium protein
Low protein

Ntimber

Number

Niimber
4

Number Number

Number




AT JEANERETTE

Hiﬁh energy:

igh protein._. . ...
Medium protein
Low protein. .. .....

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protein . 4
Medium protein 5
Low protein ‘ 6

! Calf was born premature by about 2 months,
2 Calves were born premature by about 3 months.




TasLe 9.—Weight changes and feed consumption of heifers befére and after first calving

AT BELTSVILLE

Average heifer weight
before calving

Average heifer weight
after calving

Average daily feed consumed
by heifers for 90 days after

calving
Ration level ]
60 30 1to7 1to7 30 | -60 90 Total | Digestible | Digestible
days days days days days days days feed energy protein
i intake

High energy: Poitnds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Therma Pounds
igh protein___________. 1,114 1,139 | 1,151 1,060 | 1,072 1,080 1,114 21. 4 27. 8 1.78
Medium protein 1,046 1,089 996 988 984 997 20. 3 26. 4 1. 07
Low protein__.._. al i den 867 873 794 783 | 784 789 17. 4 23. 6 .39
Medium energy: ; :
Highprotein. . _.__._ ... 866 896 926 830 790 767 769 13. 8 7.5 L 78
Medium protein.___._.___ 865 896 891 825 795 776 772 14.9 19. 4 1. 24
Low protein_.._ ... ____ 717 735 760 657 619 603 595 10. 4 14.0 . 36

Low energy: : .
High protein__ _...._._. - 606 579 625 526 518 531 568 6.8 87 1 46
“Medium protein._..__.._. 557 570 569 488 469 482 480 7.5 9.6 .98
Low protein........_.___ 538 532 533 474 450 447 456 6.8 89 . 36
T T b .




AT JEANERETTE

High energy:
High protein
Medium protein
Low protein_.....__ i

Medium encrgy:
High protein. . . coceuans
Medium protein. . .. N
Low protein

Low energy:
High protein
Medium protein
Low protein

1,192
1,295
1,025

921
1,058
970

796
787
878

1,090
1,194
940

853
942
881

730
693
799

1,095
1,199
894

827
946
. 855

708
640
761




TasLe 10.—Reproductive performance of heifers on original rations after their first calf
‘ AT BELTSVILLE

Heifers showing estrus within— Heifers bred that—
Heifers Average :
Ration level Heifers showing | interval,

observed estrus !

calving to | 60 days 90 days
first estrus after

calving’

120 days Conceived
after after Conceived| on first
calving calving .

service
High energy:

! . i Number Number
High protein

. Number Ntimber Number
5 5 4
Medium protein. _ .. .. . _l..._
Low protein. __. ‘

Number
Medium-energy:
High protein
Medium protein
- Low protein

Low energy:
High protein
Medium protein
Low protein




Ar JEANERETTE

High energy:

: High protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protein
Medjum proteit
Low protein

45
35
58

1.In less than 180 days after calving.




Tasre 11.—Reproductive performance on the hay ration of heifers that had not shown estrus on original rations
for 180 days after giving birth to their first calves '

AT BELTSVILLE

Interval from ration | Weight gain of heifers | Heifers bred that—
change to estrus from ration change
Ration level Heifers to estrus
observed Conceived
Conceived | on first
‘ Bervice

Average Range Average Range

Mediuim energy: - - Number Days Days Pounds Pounds Number
Low protein . 2 120 96143 218 183-253

Low energy: } . )
High protein 166 | 139-213 337 | 307-376
Medium proteiun i 112 20-178 229 125-344
Low protein 102 14-180 180 91-267

JEANERETTE

High energy: ‘ , ]
Medium protein . ; 228

Medium energy:
Medium protein

Low e¢nergy: k
High protein... 81
Medium protein 56
Low protein 38

1 This- heifer had large luteinized cysts in the ovaries when slaughtered.




TanLe 12.—Growth of first calves and milk production of their dams

AT BELTEVILLE

Weight gain of calves Average 12-hour milk
production of dams

First 60 days of | First 150
life dava of life] First 60 | First 150
days after | dayas after
birth of | birth of
Total Daily Daily calves calves

avergge { sverage

Ration [evel

High epergy: Pounds Pou
igh protein 104 .

Medium protein 92

Low protein a7

g
o G D

Medium energy:
High protein 89
Medium proteis
Low protein

j=rh" |
[ LY 7]

Low energy:
High protein__________
Medium protein
Low protein

o e G
o ua

JEANERETTE

Hiflh energy:

igh protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protein
Medium protein
Low protein




LEGEND
High Energy-High
Protein #35
High Energy-Low
Protein #6
Medium Energy-Medium
Protein #8
Low Energy-Medium
Frotein #4
low Energy-Low
Protein #17

FiGrre 2.—A comparisen of the condition of representative heifers fed the vari-

vls levels of energy and protein, The first calves of these heifers are #lso
shown.




Second Calving

Differences in body weight between groups tended to disappear
after cows wers put on the hay ration before their second ca vin%
(fig. 3). At the time they went on a hay ration, some groups o:
hetfers at Beltsville differed in weight by more than 700 pounds. At
Jeanerette, the greatest difference between groups was approximately
650 pounds. Heifers on medium or low levels of energy and low levels
of protein gained weight steadily from the time they were fed hay
until their second calf was born {appendix tables 16 and 17).

After second calving, the weight losses of cows formerly on high-
energy, high-protein or on high-energy, medium-protein rations
tended to be greater than those of cows formerly on other ration levels.
The weight guins of cows before calving and weight losses after calv-
Ing tended to minimize the large difference in body weights between
groups on the various ration levels. Eighty-four days after calving,
the largest difference in weight between groups of cows on various
rations at Deltsville was 170 pounds; at Jeanerette, about 270 pounds.

The occurrence of estrus in cows following second calving did not
appeur to be affected markedly by previous rations {table 13}. Estrus
was delayed somewhat in two groups of cows previously fed low-
energy rations at Jeanerette. However, this delny was not any longer
than that in cows thut were previously on the medium-energy, high-
protein ration. Little or no delay in estrus was shown by these same
groups of cows at Beltsville. It appears that the rations cows had
been fed had little or no carryover effect on occurrence of estrus.

The data on conception are difficult to interpret because the number
of animals was small and also because cows on the various rations
were bred in different seasons of the year. However, the conception
rate was very high at both locations for cows previously on low-energy
feed. ;

Calves varied in size at birth, but there were no indications of a
carryover from the effects of their dam’s original rations. In addi-
tion, previous rations did not appear to influence the growth rate
of calves for the first 60 days or 150 days after birth. Milk production
between groups of cows varied less than during the first lactation and
showed no effects of previous ration treatment (table 14).

Growth of Heifers

Body size was not affected permanently by rations fed. Wither
heights and body lengths 3 months after the experiment was started
differed but little between groups of heifers on the various rations
{ig. 4). Body weights, however, differed by nearly 100 pounds
between some groups of heifers,

Measurements on .June 17, 1957, showed that body weights differed
by large amounts in groups of heifers fed the various rations.
Weights ranged from an average of 730 pounds for heifers on the
high-energy, high-protein ration to 334 pounds for those on the low-
eneryry, low-profein ration. The groups of heifers also differed as
much as 11 centimeters in body length and as much as 8 centimeters
in wither height. The differences in body weights and measurements
disappeared after cows were placed on the hay ration. Differences
in body weights and body sizes between groups were small when
cows were removed from the experiment {appendix table 16).
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TasLe 13.—Reproductive performance of cows on hay ration following their second calving

AT BELTSVILLE

Cows showing estrus— Average Cows bred that—
. interval
Qriginal ration level Cows between

60 days 90 days 120 days | 150 days calving Conceived

calving
after after after . after and first | Conceived | -on first

calving calving calving calving heat service

High energy: Nuviber Number Ntimber Number Number Daya Number Ntimber
High protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low énergy:
High protein
Medium protein
Low protein




AT JEANERETTE

Wigh energy:

High protein. . .. vnnin o -

Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein. ..o lia i

FLow energy:
High protein.. ... uoininanean ‘
Medium protein
Low protein

crirn

1
2
1

¥ Two-cows died after being bred but hefore pregiancy could be dingnosed,




TasLe 14.—Growth of second calves and milk production of their dams on hay ration

AT BELTSVILLE

Original ration level

Average
birth weight
of calves

Calves’ birth
weight in
relation to
dams’ body :
weight

Calves
stillborn

Average weight gained by
calves from birth-—

Average 12-hour milk
production of dams

to 60 days

to 150 days

Firat 60
days after
birth of
calves

First 150
days after
birth of
calves

High energy:
High protein
Medium protein
Low protein. _ ... .l cemecanas

Medium energy:
High protein
Medium protein
Low protein

Low energy:
High protein
Medium protein
" Low protein

Pounda




AT JEANERETTE

High energy:
High protein..._. ;
Medium protein.. .o.craaoio-o
Low protein. ..o coiinannn o

Medinm energy:
High protein_ . ..ovnncaiaiiiun
Medium proteiti.,ovescnccwnas
Low protein

Low energy:
High'protein. ... .oio coennein
Medium protein
Low protein




BELTSVILLE HEIFERS

Before and after Before ond ofter
LBS. . HuyISturIl.ed | Second Calving
High energy; high ond
1,200 medium protein-swme—

!
000 Wedivm energy; kigh ond

| medivm “0“2#‘
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g ’.
%
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FieTvre 3.~—Weight changes of heifers before and after hay ration started and
before and after second calving.
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Mincellanecus Resuits

Some heifers on the low-energy rations were observed eating feces
and dirt, ckewing or pulling the hair off other animals, and drinkin
urine. These heifers also consumed large amounts of bonemeal an
salt. This depraved appetite disappeared after these heifers were
fed the hay ration. Two heifers (one fed the low-energy, high-pro-
tein ration and the other the low-energy, low-protein ration) were
inconsistent in their intake of the hay ration. They both died within
a few weeks of the completion of the experiment. An auiopsy on the
heifer that had been fed the low-energy, high-protein ration revealed
a number of hair balls.in the rumen. The hair balls shown in figure
5 were removed by surgery from the rumen of the heifer that had
been on the low-energy, low-protein ration. The total weight of these
hair balls was 5,626 grams; the largest weighed 3,788 grams. The var-
iation in feed intaie and subsequent deaths of these animals are
believed to have been caused indirectly by hair balls blocking the
entrance of the rumen,

SUMMARY

An experiment was conducted to explore the effects of three levels
of protein and three levels of energy on the reproductive performance
of ﬂeef females. The experiment was conducted at Beltsville, Md.,
and Jeanerette, La. Most weanling heifers fed low levels of total

feed (energy) did not reach puberty. Likewise, many heifers on low
levels of protein did not reach puberty, but their total feed (energy)
intake was also low. Thus, it is not known whether the effect of
low protein on the reproductive processes was dirvect or indirect.

Heifers fed rations low in energy or in protein or in both came into
estrus and conceived when a more adequate ration was provided.
Heifers on high-energy rations became extremely fat and had trouble
in calving. Death rates of their calves at or shortly after birth were
excessive.

Heifers on high-energy rations had significantly faster heart rates
than heifers on low-energy rations. Heart rate was jower at both loca-
tions on low-protein rations atall energy levels. This wasstatistically
significant at Jeanerette but not at Beltsville. The heart rate was
faster in heifers shortly after feeding than after a 24-hour fast.

Post-partum intervals fo estrus and to ovulation were greatly
lengthened by feeding low-energy rations. Most heifers on low-
energy rations did not come into estrus during a 180-day period after
calving. Calf growth and milk production of dams were less in
groups of anumals fed rations low in energy or in profein. Differences
in body size tended to disappear when females were fed the sume high-
roughage ration. In addition, veproductive performance and milk
production. were similar in all groups of females during the second
pregnancy, calving, lactation and post-partum interval when the same
high-roughage ration was fed.

Data on conception are difficult to interpret because (1) the number
of animals was small, (2) semnen quality was uncertain at Beltsville,
and (3} cows on the various rations were bred in different seasons.
There are no wide diflerences in conception rate in heifers that showed
estrus and ovulated. A noteworthy fact is that cows previously on
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Frovae 3—IHuair balls removed by surgery from the rumen of o4 heifer that had
been on a low-energy, low-protein ration, Size of the balls in inches is
shown by the scale.

low-energy rations had u very high conception rate at hoth locations

when fed the high-roughage rations.
If the level of energy and protein allow the occurrence of estrus,

there is no evidence that rations affect the duration of estrual periods,
the regularity of the estrual eycle, or the length of the gestation period
of beef femnles,
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APPENDIX

TasLr 15.—Apparent breed or cross of heifers used in the replicate
at Jeanerette, La.

Char- | Brabk- | Brah- Non-
Ration leve] bray mun ham Angus| deseript’
Cross

High energy:
%igh protein
Medium protein. .__
Low protein

T2 I b

Medium energy:
High protein
Medium protein_ __.
Low protein

B b 2

Low energy:
High protein
Medium protein_ ___
Low protein

[Ty i)
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Tasre 16. ——W eights of cows during the intervals on original vations and those during the first 84 days on a kay
ration and feed consumed

A1 BELTSVILLE

Original ration level

Cows
observed

Average body
weights of cows
at stated intervals
before change
to hay ration

50 days

84 days

Average body
weights of
cows on day
changed to
hay ration

Average hody weights of cows at
intervals after change to hay ration

56 days | 84 days

Average daily
feed conz -
sumed by
cows—first -
84 days after
hay ration
started

High encrgy:
High protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low cnergy:
High protein
Medium protem
Low protein

Number

Pounds
1, 136
1,037

785

Pounds
1; 158
1, 029
. 788

761
780
590

755
783
599

524 531
509 503
473 488

Pounds
1,207
1,039

813

771
808
612

506
490
480

Pounds
1, 229
1, 092

873

Pounds
1,251
1, 126

907

906 949
927 958
757 810

720
678
651

682
641
599




AT JEANERETTE

High-energy:
High protein
Medium protein
Low protein

Medium energy:
High protein
Medium protein
Low protein

Low cnergy:.
High protein
Medium protein
Low protein

1,230 1,229

1, 278 1,

845

779
046
792

635
599
718

266
870

825
085
815

648
043
725




Tantn 17—Weight gained and feed consumed by cows fed the hay ration at intervals before and after bearing

second calf

AT BELTSVILLE

Original ration level

Cows
observed

Average body
weight of cows at
stated intervals
before calving

Average body weights of cows at
gtated intervals after calving

56 days | 28 days

1-7 days

28 days

56 days

84 duys

Final
weight,
of cows

Average daily con-
_sumption of hay
ration by cows—

84 days
after
calving

At calving
time

High cnergy:
~High protein
Medium protein
Low protein

Mediun energy:
High protein
Medium-protein
Low protein

Low cnergy:
High protein
Medium protein
Low protein

Number

Pounds
1, 302
1,170
1, 003

Pounds
1, 302
1,174
1,019

1,032
1,017
972

1,062
1, 061
1, 002

1,053
1, 002
963

1, 070
1,035
982

Pounda
1, 200 1,
1, 116 1,

935

1,020 | 1,
1008 | 1,
946

1,010 | 1,
978
914

_Pounds

171
075
893

016
000
942

015
958
915

Pounda
1, 086
1, 009

931

1,017
993
922

993
916
921

‘Pourds
1, 087
998
883

1, 000
1,003
934

916
897
924

Potnde
24,
23.
23. 3
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c
b
8
3
£
2
5
2
3
3
‘R
)
B
g
!

AT JEANERETTE

High energy;
~ High protein
Mediunm protein, . ...
Low protein

Medium endrgy:
High protein. ... ...
Medinm protein
Low protein

Low encrgy:
High protein, _. . ...
Medium protein. ...
Low protein

1,220

1,189

9%

953
1,053
955

1, 002
966
955

1,095
1, 085
969

911

1,012
872

965
921
886

1,051
1, 066
962

883
1, 028
878

0961
040
8549







