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Inftuence of Total Feed and Protein Intake (\\n 
Reproductive Performance in the Beef Female 
Through Second Calving 1 

By J. N. 'VILrUANK, research phYlliologillt (animal) ; J. BOND, n'lIcarch l/'/limal 
hlulbandmali.;llnd B.J. 'VARWICK, agriellUltral Illifllinilltru·tor. ill (!ollaboratlon 
with R. E. DAVIS, rCllcllrch chemist (biochemilltry) ; A. O. C'()()K. a'/imallulsbaml­
man;' 'V. L. REYNOLDS, r!)8!)arc1~ ph1l8iologi.l!t (animal); and 1\[. W. HAZEN, 
animal hUllbandnurn,' .411imal HUllbandry RCllearch Dit.,isicm, .4Ur;cultllraZ Rc­
_'carch SI:rvice." 

.A major problem in the beef industry is poor reproductive per­
formance. Reproductive pedOrml\llCe of beef females is influenced by 
the quantity and quality of feed. More knowledge about the influence 
ofnutrition on the reproductive performance of beef females could lead 
to moreeifective and 1110re efficient supplementation of their diet. 
More effective suppl('melltatiQll could result in better reproductive 
performance through increasing calf crop and by concentrating calving 
of 1\ herd in It shoder period of time. This bulletin reports the results 
of all experiment undertaken to study the ·effect ·of tollll feed intake 
(for convenience called "energy") and of protein on the reproductive 
periormll11Ce of beef females. 

REVIEW OF LITERATURE 
Nutrition plays .Il significant role ill the reproductive performance 

~ of farm animals. The literature on this subject has been reviewed 
by Asdell (J),~ Reid (51. 513), Blaxtel' (6), tmel Hn,fez (~5). The 
review of Jitemture in this bulletin, therefore, will deal mainly with 
the effect of nuh·ition 011 the reproductive performance of beef cows. 

Cld£ crop varies from year to year U~, 10, 11,29,33,36,46,47, (1) 
and from area to area (1,9. fd7). Differences in range condi60D and 
('onclition of the cow are two of tlle main factors reported to be respon­
sible for variation in cldfcl'Op. Pan and Klemmedson (47) reported 
that on seven ranches where forage was scare tlle caH crop waS 49 
percent wJli1e 011 eight raneh(>s where forage supply was normal, the 
calf crop waE, 80 percent. 

Hilts (28) reported thai cows tumed out in good condition ltad a 
('aU crop of 70 pereent, whereas those turned out in poor condition had 
a. ('aU crop of 52 pereent. ,,'!llker and Lantow (59) observed tllat 

I Th~ rt'6eareh .J1('rforlll~d at Jeanerette, Ln., was done in ('ooperntion with the 
Louisiunll.<\grkulturlll E"'l~rimellt 8ta tion. 

'Now retired. 
3 The 'authors gratefully /Iekuowledge ('outributions from ·W. A. Curr~· :md 

.HunllerL. Pbillip;;. Auimal Htmhalldry R!'8ean..b Divi6ion, AR8; Thollllls 
:\Jeredith, re6iglle£1; and T. :\1. DeRouen, Louisiana Agricultural Experiment 
Station. 

'Ititlie lHllllhers in lll\r~ntlll.'f;('l> ref('r t.o Literature Cit.('d, 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 (33) 
reported that 78 percent of cows gave birth to calves in the years 
following drought compared to 92 percent in years following average 
rainfall. 

Marsh and others (40) in Montanareported'~:.hat cows on heavily 
grazed pasture (23.1 acres per cow) weaned a citf cr(lp of 70 percent; 
those on moderately grazed pasture (30.5 acres per cow), a calf crop 
of 89 percent; and those on lightly grazed pasture (38.8 acres per 
cow), a calf crop of 90 percent. The work of McTInlin (42) in Okla­
homa shows that the average calf crop weaned from cows on henvily 
grazed range (12 acres per cow) wns 83 percent; from cows on moder­
Il;t~ly grazed range (17 acres per cow), 90 percent; and from cows ("1 

llghtly 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 Im"els of feed lUld approximately as many calves as those on mod­
erate, high, or very high levels of feed. Adequate forage was avail­
able for all these animals in summer. The average calving date was 
later for animals that had wintered on the 10werle,"e]s of feed than for 
those that had wintered on higher leyels of feed. 

Protein and energy supplements fed to cows do not ahmys imprm"e 
calf crop, as indicated by the work of Stanley (54-). He fed cotton­
seed cake, white corn, yellow corn, and cottonseed cake plus cornmeal 
to group>; of cows 011 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 cowpea 1uty and sorghum silage 
on pasture had It 100-percent. calf cro~ compared with 20 percent for 
cows in the control pasture group. ::Similarly, "Talker and LllIltow 
(59) reported that the calf (TOP increased when cows were fed high 

roughage and concentr"te. 
Black and others (3'1 reported that the caH crops of cows fed cotton­

seed cake and of cows' fed no cake did not. differ. However, in years 
that. the control cows were left on rllIlge and recei,red no supplemental 
hay, the cows fed clike did hln-e It better calf C1"Op. Guilbert and. 
Rochford (24) reported that eows supplflmented with cottonseed cake 
and barley had a calf crop of !)1 pereent compared to 61 percent for 
cows reeei,"jng no supplement. 

The 'work of Foster and others (reS) shows thRt the calf crops of 
cows grazing on the southeastern coastal plains ,'aried according to 
the level of winter supplement received. Cows that received 2 pounds 
of protein supplement per day had an average Clllf crop of 48 percent 
compare(l to 63' percent for those tlmt Imd receh'ed 4 pounds of protein 
supplement. per day and G8 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 durll1g the winter. He also 
showed that the first post-partum estrus occurred 414 days after 
cah"ing for cows that received no supplementary feed compared to 267 
.dRyS for cows that. 1"6(~ei\'ed supplementary feed. The work ·of ~Morris 
(4.-3) in AustralilL indi(~ntes that heifers fed bus11 lUlY 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 (1U) reported that supple­
mentary feeding increased the calf crop. 

The feeding of winter supplements did not increase the calf crop 
in New Mexico (33) in:years of average rainfall. However, sup­
plements fed cows during years of drougl1t increased the calf crop 
fro~ 78 percent to approXlDlately 85 percent. Studies in New Mexico 
also showed that when bonemeal was available, ground maize was as 
valuable a supplement as was cottonseed meal alone or as cottonseed 
meal plus dehydrated alfalfa. 

Work at Fort Reno, Okla. (49), showed that snpplementation 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 
supplemented with an average of 380 pounds of cottonseed meal and 
barley during months of forage scarcity, had a calf crop of 83 percent 
compared to 66 percent for cows not supplemented. In additIon, the 
calf crop of the supplemented group was more uniform from year to 
year than that of the UnsupI)lemented group. 

Studies in Florida durmg the winter (60) showed a beneficial effect 
when cqws were either provided with a protein supplement on grass 
pasture or were grazed on a c1oyer"grass pasture. Cows on grass 
pasturf~ had a ca1£ crop of 75 percent compared to 100 percent for 
cows Uha.t had grazed on grass pasture plus a protein supplement, 
on ('}over-grass pasture, or on clover-grass pasture plus a protein 
supplement. The time required to conceive was also longer for cows 
grazin,g on the grass pastures. 

Feeding supplements high in phosphorus 11as been shown to in­
crease calf crop in certain geographic areas (4, 5, 32). Knox and 
lVatkins (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 intake on the reproductive performance of beef females in the 
drylot. The work of I __angford and others in North Dakota (34) 
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 10'Y 
levels of energy and protein. Warnick (60) has shown that estrus 
and ovarian activity were d.elayed when heifers got an inadequate 
1evel of protein. Inad~-quate 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 (lfd) eone1uded that the addition of alfalfa hay 
to a diet of wheat straw shortened the interval between calving and 
first ovulation. 

3 
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Experiments with dairy heifers and bulls show that the onset c;f 
puberty can be delayed by underfeeding.1Vestmacott (62) reported 
that more heiferS calved at 2 years of age when reared on a high, level 
of feed during the first two winters of their life than when reared on 
8. moderate level of f~d in both winters or during either of the win­
ters. Reid (52) reported that the average age at puberty was 61.6 
days, 337 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. l'Verage body weight at pu­
berty for the three groups was 634 pounds, 583 pounds, and 631 
pounds, respectively. Reports from the State of MIssouri (16), and 
from England (13) and Sweden (26) also show thnt. a low plane of 
nutrition delays l?uberty 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,
1.4" 22) than those fed at higher levels. They also tend to produce 
leas semen until they reach maturity. 

The old adage that fatness causes sterility has long boon accepted. 
Marshall and Peel (.4,1) found fatty deposit"s in and around the ovar­
ian bursas of sterile heifers a'ad cows and believed, the deposits were 
the cause of sterility. Quinlan (5C!) reported that the ovaries of fat 
heifers were smaller than usual. Recent studies (4-8, 57) do not show 
that fatness has any effect on conception mte. These same studies, 
however, indicate that fat heifers do have more difficulty at first 
calving than cows given lower levels of feed. 

The literature reviewed in the foregoing pamgraphs shows that 
nutritiOli can affect. the reproductive performltllCe of the beef cow. 
'Vhen fomge is scarce, the calf crop can be increased by feeding 1\ 

protein or an energy supplement. The levels of energy and protein 
necessary for satisfactory reproduction, however, have not been estab­
lished. . Studies in this area of animal nutrition could lend to better 
and more efficient supplementation of the diet of beef cows under 
mnge and pasture condition!;. 

EXPERIMENTAL PROCEDURE 

The overall plan of the experiment reported in t.his bullet,in was 
(a) to obsen'e the reproductive performance tlll·ough the fil"St cah'ing 
and subsequent post-Pllrturition period of beef females started as 
weanling heifers and fed rations that differed widely in protein Imd 
energy levels, and (b) to obsen·e the reproductive performance 
through the second calving and post-parturition period of the same 
females Ilfter all had been clmnged to a single ration. 

To determine whether breed and climatic conditions would Itft'ect" 
results, the experiment was replicated at two locations-the Agricul­
tural R.esearch Center, Beltsville, Md., and the Iberia Li\'estock 
Experiment Station, .Teanerette, J..a. 

Fifty-four grade Angus heifer' calves of unknown exact age and 
ancestry and weighing initially an lwemge of 392 pounds were used 
in the experiment, at Beltsville. The .Jeanerette heifers were of mixed 
breeding, IlVemged 40(; pounds initially, and were likewise of unknown 
exnct age and ancestry (appendix table 15). 
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At e~ch 1000ation, heifers were allott~ at. random by weights and 
broods mto mne treatment groups of SIX anunals each. Each group 
was fed a ration of a specified level of'energy and of protein. ExperI­
mental work was started in November 1956 at Beltsville and in 
January 1957 at Jeanerette. In this report, experimental animals are 
called heifers until they calve the second time. 

Groups of experimelitaI animals were fed three levels of total feed. 
The heIfers on high-level rations '''.ere 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 body weight. 
Those on low-level rations were fed enough to maintain body 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 lev~l, 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 indiyidually once ea("h day, and those on the high levels of energy 
were fed in groups of two. ..An heifers at .Teanerette 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 were mixed, ground, and made into pellets 
five-eighths of an inch in diameter. Rations at Jeanerette were fed 
as ground, mixed feed. 'Yater, salt, and bonemeal were available to 
heifers of all groups (tables 1 and 2). 

T_-\BLE 1.--00mposition of ewpe1imental mtions fed heifers at 
Beltsville 

[All rations bad the following materials added-l percent saIt, 1 percent steamed 
bonemeal, amll,8i5 I.U. of vitamin A per pound of ration] 

Ingredients 
Crude 

Ration level protein 
Timothy Corn and Cotton- content 

hay cob meal Molasses seed Starch 
meal 

High energy: Percent Percent Percent Percent Percent Perrent 
?-High protein _ , .OJ 50 10 15 0 13.2 

Medium protein ____ ?­.OJ 61 10 -1 0 9.2 
?-LoW' protein____ .• __ _OJ 20 0 30 4.125 

Medium energy:
High protein_______ ?­_OJ 32.5 10 32.5 0 19 
Medium protein ____ ?­_OJ 50 10 15 0 13. 2 
Low protein________ ?- 10 0 15 6.OJ 50 

Low energy: 
High pmtein _______ ?- ? - 10 62.5 () 28. 1•• OJ 
Medium protein ____ 25 32. 5 10 32.5 0 19 

-:.> 

Low protein________ 25 61 10 -1 0 9.2 
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T~LE 2.-0omposition ofewperirnental 1'ations fed heife1'8 at 
Jeanerette 

[All rations had. the following materials added-l percent salt, 1 percent steamed 
bonemeal, and 1,875 I.U. of vi.tamin A per pound of ration] 

RATIONS FED FIRST 9 MONTHS OF EXPERIMENT 

Ingredients 
Crude 

Ration level pro-
Grass Snapped Shelled Cotton- Mo- tein 
hay corn corn seed lasses Starch 

meal 

Hlhenergy : Percep·, Percent P.rctnt Percellt Ptrcent Perct1lt PtTCtnt 
. igh protein______ 10. U 65. 0 ------- 15. 0 10 0 12. 6 
Medium protein___ 15. 0 82.5 ------- 2.5 10 0 8. 1Low protein ______ 17.5 32. 5 ------- O. 0 20 30 4- 2 

Medium energy:
High protein______ 42.5 10 18.15.0 ------- 32.5 0 4 
Mediumprotein___ 10.0 65.0 15.0 10 0 12. 6
Low protein ______ 10 6. o7.5 67.5 o. 0 15 

Low energy:
I1igh protein______ 25. 0 2. 5 10 28. 8------- 62. 5 0 
Medium protein___ 15.0 42.5 32.5 10 0 18. 4
Low protein ______ -------115.0 82.5 -- --- -- 2.5 10 0 8. 1 

RA'nONS FED REMAINDER OF EXPERUIENT 

I1~h energy: I 
igh protein______ 30.0 45.0 10 0 12.6-------- 15.0 

Medium protein___ 30.0 -------- 57.5 2.5 10 0 7.9 
Low protein ______ _I. a - ?? - 0.0 20 30 3. 9 ?~ __ . a ------:--

Medium energy:
High protein______ ?-_I. a - 30.0 32.5 10 0 19.3 
Medium protcin___ 30.0 45.0 15.0 10 0 12.6 
Low protein ______ 45.0 10 15 5. 730.0 O. 0----- ... --

Low cn'ergy:
High protein______ 25. 0 2. 5 62.5 10 0 30.0 
Medium protein___ 27.5 32.5 10 0-------- 30.0 19.3 
Low protein ______ 30.0 57.5 2.5 10 0 7.9 

As the experiment progressed, it proved impossible to get llnimals 
on the high-energy, low-protein and on the medium-eneq,"Y, ]OW­

protein .rations to consume the desire(l amounts of feed. This result 
and that reported in other work (1) mnke it appeal' that protein 
deficiency causes low voluntary intake of feed. 

Heifers that did not attain pubedy or that ceused to hu'-e 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 illC'reased 
feed, Jleifers taken off the low-energy rations had their feed illC'reasecl 
to 1.89 pounds of feed per hundred pounds of body weight. This 
amount of feed was a.pproximately 66 pel'C'ent of the feed consumed by 
the animals fed ad libitum. Heifers were maintained on the new 
ration nntil they reached puberty; were brt!d and diagnosed preg­
nant. They were then retllmed to their original ration. 

6 



Tlle first ration change at Beltsville occurred 391 days after the 
experiment was started; that at Jeanerette, 3.'11 days after the experi­
ment was started. At these times approximately one-half of the 
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 chan.ged to higher rations after all the heifers 
changed initially had shown estrus. 

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

Except for the previously mentioned changes of rations, aU heifers 
wel'e kept on their original rations for 180 days after their first calf 
was born or until they W8re 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 tl.nd 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 tlleir third calf. 
'Vhen diagno..sed pregnant, they were removed from the experiment. 

Checks tor 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 J?eriod. Breeding was done either naturally or 
through artificial msemination. 

To determine estrual period lengths, heifers were checked at 2-hour 
intervals during one 3-week perIOd at Beltsville. This check was 
made in ~Iay and June 1957, before any of the heifers had been bred. 
To detel'll1ine time of ovulation, the ovaries were examined rectally at 
2-houl' intervals, starting at the end of the estrual period. 

At Beltsville, the l'eproductive organs of heifers were examined 
recta11y on the fo11o" ing schedule: (1) ',,"eekly 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
productive organs were rectally exammed by manual palpation at 
Irregular intervals throughout the year. 

Most calves were ('reep 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 ]ev­
els. Cows 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 cllh'es in which death seemed inevitable because 
their milk supply was inadequate. Except as noted, an calves were 
creep fed in a separate pen. Calves were remo\'ed from their dam's 
pell 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 t1~eir dams for appro~imately 12 hours. After th!s 
period of separatIOn, calves were WeIghed, allowed to suckle theIr 
dams for approximately 20 to 30 minutes. and were reweighed as 
soon as possible after nursing. 

737-667 0-65-2 
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Heart rates were determined in all heifers after they had been on 
experimental rations for about a 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
mellt was an a,verage of three independent measurements by the same ) 
person. 

Heifers were scored for condition after approximately 8 months on 
experimental .rations. Condition scores ranged from 1 (very thin) ;.. 
to 14 (very fat). ' 

EXPERIMENTAL RESULTS AND DISCUSSION 
I 

Prepuberal and Puberal Periods of Heifers 

Heifers gained wei~ht accordi.ng to planned energy intakes except 
for those. on tl~e hi9'l1-energy, lo:w-protein and t1~e medium-energy, 
low-protem ratlOns. ,fiO'. 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 amOlmts of energy and of digestible protein consumed by 
heifers on each rntioll le,-el are also shown in table 3. Heports of 
digestion trials at Beltsville by Elam and others (18) indicate that 
the di~estibility 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 
red 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-enel'gy rations 
stopped cycling before breeding started. Not all heifers fed high­
energy, low-protein rations nor those fed medium-enel'gy, low-protein 
mtions sho,,"ed estl"ltS. . Heifers that showed estrus in these groups 
appeared to 11Iwe a higher intake of feed than those that. dld 110t 

sho\" 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 notcyc1illg. 

The ovaries in heifers that did not cycle showed very little evidence 
of activity. They were sma]] and had a few follicles 8 to 10 milli­
meters in diameter'. Heifers that showed estrus and then ceased 
cycling had usually ontlated at each estrus. The corpus luteul11 t,hen 
regressed, ;lIlel the ovaries became inactive. 

Reasoning from work done in other species, it seems probable that 
ovarian inactivity of heifers fed low eneq,,'Y levels resulted frol11 a 
elecr'eased supply of ~onaelotl'Ophic hormone ra,ther than ovarian 
insensitivity. Ovaries of undernourished rlits are responsive to go­
nadotrophic hormones (f20, .?[), 44. ,5fi). Injeetion of gonadotrophic 
hormone into young undemourished bu11s reversed the effects caused 
by lUldernourishment on semen composition (35). Thus, low levels 
of ener·try appear to r('suit in reduced prodlletion and/or r:elease of 
gonadotrophic hormones. Change in ovarian s('nsiti,-ity to gonado­
trophic hormones could also be a cause. 
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DAYS ON EXPERIMENT 

FIGURE 1.-Ayeruge weight changes in heifers on original rations during the 
prepuberal and puberal periods. 

The interval ft'om shut of experiment to puberty and the weight 
of heifers at puberty are also 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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'rABL}<, 3.-Feed C01t8U11ted ((iflj' ,;/te g1,CYWth mte of heife1's dwing prepUbcml and pUbe1'ol periods, when all heife1's 
'were on O1'iginal ratW1I8 

AT BELTSVILLE FOB 391 DAYS OF EXPEBIl£ENT 

Average daily consumption by Average weight of 
heifers of- heifers at- Average con-

Average dition score 
Ration level daily of heifers at 

Total Digestible Digestible Start of End of gain time breeding 
feed energy protein experi- period commenced 1 

(calculated) (calculated) ment 

i\ 
High energy: Paun/a TMr11ll Poundl Poulldl Poundl Pound. ',J 

High protein________ • _______________ 16.1 20.88 1.34 385 971 1.5 12.5 
Medium protein_____________________ 15. 1 19.68 .79 389 916 1.4 10.0 
Low prc,tein ________________________ 9.2 12.45 .20 397 547 .38 3.0 

Medium energy:
High protein______________ ._._______ 9. 2 11. 85 1.20 415 716 .77 6.0 
Medium protein_____________________ 9.7 12.59 .80 414 769 .91 8.5 
Low protein ________________________ 7.2 9. 71 .25 387 499 .29 2. 5 

Low energy:
High protein________________________ 5.1 6.49 1. 09 378 393 .04 1.5 
Medium protein_____________________ .07 1.85. 0 0.45 .66 379 408 
Low protein ________________________ 5. 0 6.53 .26 385 415 .08 1.9 

>, ~ "T ~ 
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A1' olEANERE'I''nJ Foil 3il nAYS o~' J.iJXI'EKiMEN'J' 

High enl'J'gy:High proteill ____ . __________________ _ 
l\fedilim protein___ • _____________ • __ _ 
Lo,,' proteih ____ • _. ___ • ____________ _ 

Medium	Highenergy:protein_____ • ______ • __________ _ 
Mediu\.11 proteill ___________________ .. 
Low protciil ..__ • __________________ _ 

Low energy:
High pJ'otein_ .. ______________ . _____ _ 
Medium protein _____ • ______________ _ 
I.ow protein _______________________ _ 

IOn a scale of 1 (vlJi'y thin) to 14 (very Cat) . 

1\).0 
21. 0 

9. 5 


.10.1 

!UI 

fl. 8 


5. 1 

5.5 
6. 6 


24.82 
28. 03 
12.81 

13.01 
13.01 
13.41 

6.41 
7.21 
8.81 

1.63 

1.11 

.23 


1. 	34 

.85 

. :37 


1. 09 

.73 

.35 


895 

429 

388 


407 

423 

384 


383 

404 

445 


1000 

1022 

488 


692 

712 

558 


425 

470 

512 


1.6 
1.6 

.16 


.77 


.78 


.47 


.il 

. 18 

. 18 


11.2 
12.0 
1.9 

5. 4. 
5. 9 

4.8 

2. '7 
2. 5 

3. 6 


....... 
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TABLE 4.-Puberty and conception data for heifers that reached puberty on original ration levels 
AT BELTBVII,LE 

" 

Heifers Interval from/!tart of Weight of heifers at Heifers fed original
Heifers that experiment to j)uberty puberty rations and bred that-'-

Heifers that ceased 
nation level observed showed cycling 

estruB before ConceiVe~ 
breeding Average nange Average Range Conceived on first 

service 

Hi{\h energy: Number Number Number Dav' Dar; Pound, Pound. NIJi/lbet Numberigh protein:.. ________ 6 6 0 101 30-172 541 372--733 6 2Medium proteih ______ 6 6 0 83 21-178 506 403-673 5 1Low protein _________ 6 4 1 167 41-234 466 387-570 3 0 

Medium C1l1l1gy:
High proteill _________ 6 6 0 0 149 104-214 519 462-579 6 1Medium protein ______ 6 6 0 125 19-193 508 462-539 6 3Low protein _________ 6 5 2 198 122-268 442 365-510 3 0 

Low energy: 
High proteill _________ 4 2 2 220 203-238 404 356-453 0Medium proteill ______ 6 5 3 175 124-215 407 372-455 2 1Low proteiu _________ 6 2 0 150 127-172 400 363-438 2 1 

.(T r ~ 
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AT JEANERETT.l 
, 

HifJh energy: 
Iigh prolchL______ •• 6 6 0 160 21-470 657 368-1,065 6 6 

MediulIl protein ______ 6 6 0 123 4G-:ti8 666 5~ 821 6 
Low protein _________ 6 2 1 58 32-84 358 310- 4.06 1 

Medium cnergy:
High prolein _________ 6 6 0 107 66-14.3 493 449- ~~'7 5 

Mediu IJ1 protein ___ • _. 6 6 0 242 37-468 596 468-105 15 

Low protein _________ 6 3 0 32 14-58 412 346- 914 3 

Low energy: 
II igh protein ______ "__ S I 1 100 475 0 -"'! .... ----~----------- ---------- ... -
Medium protehL_____ 5 2 1 62 49-76 464 337- 592 1 
IJow protein _________ 6 2 1 70 20-121 466 406- 525 1 I 

lOne heifer becllme crippled and died. She was !lcver bred. 

~ 
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]olVer levels. At J eanerette,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 differences in .ability to conceive were not observed 
between groups of heifers on different .rations. The data onconcep­
tion may not be reliable because {I) 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 show;;J 
estrus (table .5). .Anestrus in heifers,therefore, appeared to have 
.been .causedbyan inadequate supply of energy or of protein. The 
interval from ration 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 adequate energy and protein were 
available, the heifers gained from 57 to 329 pounds before their ova­
ries became functional and they started regular estrus cycles. This 
observation agrees with that in an earlier experiment conducted by 
the authors (8). . 

A low level of protein in the diet appeared to reduce the voluntar)l • 
intake of feed and thus to have the effect of lowering the energy level 
of feedconswned. Bond and others (7) reported tJUlt a. low int·ake ·of 
protein lirtlited the intake of total feed. They .also showed that a 
mininuun amount of protein must be available to insure t]lat cattle .f" 
consmne an adequate amount of total feed. 

It is impossible to determine from tIle results of this experiment if 
the low level of protein in the diet directly inhibits the reproducth·e 
process or if the effect of the low le,Tel on the reproductive l)rocess is 
indirect through tbe reduced intake of total feed. 

Neither length of the estrous period nor time of onllation were 
affected by ration fed (table 6). The a,'erage length of 45 estrous 
periods was 21.1 hours. Time from end of estrus to onllation aver­
aged 9.2 hours. The estrous period was somewlult longer than the 14 
hours given by "Tillett as the Rverage estrual length for dairy cows 
(63) . Time from end of estrus to o,'ulation was shorter than the 
13.5 to 15.5 hours gi \'en by "Wmettfor dairy cattle (6.3) and the 14.3 
given by NalbandO\' and Casidtt (45) for beef cows. However, itwas 
comparable to the 9.5 hours reported by ~farion and others (38), 
where sterile copulation waS permitted. 

Large variations jn heart rates were found in heifers fed the differ­
ent levels of energy and protein at each location. Heart rates were 
faster in animals on the higher levels of energy after a 24-hour fast 
and 1 to 2 hours after theY had been feel (P < .01) (table 7). The 
level of prot~ill also influenced the heart rate significantly at Jeaner­
ette (P < .01). At Beltsdlle, there was a significant interaction be­
tween the levels of energy and of protein (P < .05). This illtemctioll 
was mainly the result of the slow heart rate ill heifers fed on :t high­
energy, low-protein ration when compared to thnt in heifers on other 
high-energy rations. Heart ratkl was faster in heifers shortly after 
they had been fed thall in heifers after they had been on a 24-11Our 
fast (P < .. 01). These differences in the heart rate agree with the 
results obtained by other workers (ga, 53, 56), who have shown that 
the IH~art rate was faster in anima Is 011 high levels of feed. 
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First Calving 

.A. large number of calves born .to heifers on .the high-energy, hi~h­
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 aHve but breathed only once or twice after birth. 
Birth weights of calves born to heifers on high-energy rations were 
llot excesSl\'e, and the gestation period aver-aged about the same length 
as that of heifers on medium-energy levels of feed. Thus, the birth­
weight of calves and length of gest.atioll periods did not seem t.o be 
related to ~llving difficulty (table 8). Instead, calving difficulty ap­
peared to be related to condition of the heifers. Totusek (5'7) and 
Pinney and others (48) have also reported thnt fat heifers had a high 
incidence of calving difficulty. 

Birth weights of calves born to heifers on low-energy rations were 
considerably lower than those of cah'es 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 mtion 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 levels of rations weighed the 
following pel'centnge 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 ligli-energy ra­
tions; 5.4 percent; medium.energy, 6.7; nnd" low-energy, 6.6. 

Heifers fed ]ow-Je\'e1 rations at Jeanerette had a considerably high­
er' daily intake of energy thnn those on similar rations at Beltsville. 
This resulted in higher .gains and in higher body weights for the 
heifers at .Jeanerette (table 9). The higher daily intake of energy 
byheifers at .Teanel'ette may explain t1Ie lower percentage of calves' 
weight to dams' weight in the medium and low levels of feeding at 
tlus station. The work of Eckles and Sweet (17), Joubert (30,31), 
and Reid (5B) show similar results for the eJfeet of nutrition On the 
b.irth weight of cah·es. 

The length of the gestation period did not a.ppear to be affected 
by the ration except possibly in heifers .on high-energy, low-protein 
feed tit ,T~Ulerette. 

Most 11eifers Wel'e. gaining weight before they had their first calf, 
but the mn.gnitude of the gain was \":lri:1.ble. 'Veightlos.."eS atcalvillg 
varied considerably fOl'heifers fed the diffel'ent levels of energy and 
protein (tilble 9). At .Teanel'ette, the losses ranged from an average 
of 66 pounds for heifers Oil the. 10w-el1el'~'}', 11igh-pl'otein ration to 102 
pounds fot' those on the high-energy, high-protein ration. At Belts­
vme, the losses ranged from an average.of 59 pounds for heifers on 
the low-energy, low-protein ration to 103 pounds for those 011 the 
mcdium-energy,low-pl'Oteill ration. Plans were to allow heifers on 
the Jow-energy mtiolls to gain enough weight. while pregnant to com­
pensate for the expected loss ill weight nt calving, so that body weights 
after ca.lving 'would be equltl to those befol'e conception. However, 
the gains in weight during pregnancy were .actually more than the 
losses at clI,h"ing, especially llt .Jeanerette. 
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TABLE 5.-Rel}1·odtwtl/ve lJeJ'/Ormance 01 heilm's alte?' theil' rations were changed to higher levels 01 e'Mrgy or protein 

A1' BELTSVILL.; 

I Gnin in Avernge Heifers bred Intervnl from weight from dllily that­rntion clll~ngeNumber ration clulIlge Avernge gninto estrus 1Originnl Next higher of to estrus weight from 
rntion level rntion level heifers nt ration ConM 

estrus chnnge Con- ceived 
Avernge HIUlge Avernge Hnllge to ceived on first 

estrus service 

High energy: High energy: Dau. J)au· POlllllt, 1"0'11111. Pot/lid. J'o,l1ld. Number NumberLow protein _____ l\Iedium pro- 3 102 73-165 170 57-329 568 1. 67 3 1 
tein. 

Medium energy: ,Medium energy: 
Lowptotein _____ Medium pro­ 3 156 142-162 116 104-12!l 625 .74 3 2 

tein. 

Low energy: 
High protein ____ High protcin_M 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 proteill _____ Low protein __ 4 214 146-262 130 67-197 618 .61 I 4 3 
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A1' JEANERETTE 

Hif'1 energy: 
ow protein _____ 

High energy: 
Medium pro­

tein. 
5 55 10- 98 148 30-215 608 2. 69 4 2 

Medium energy: 
Low proteill _____ 

Medium energy: 
Medium pro­

teill. 
:3 217 181-469 148 65-255 728 .53 3 2 

Low energy: 
High proteill ____ 
Mcdill m protein_ 

I~ow protein_____ 

High protein __ 
Medium pro­

tein. 
Low protein __ 

5 
4 

5 

136 
106 

166 

33-208 
87-183 

73-180 

14:3 
170 

154 

0-320 
180-275 

105-140 

582 
597 

692 

I. 05 
1.60 

• H3 

5 
4. 

5 

2 
1 

3 

I All heifers showed estrus. 
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TABLE 6.-Average lengtk of estrous period and time to ovulation 1 of 
keife·rs on stated ration levels at Beltsville 

I Length of estrous Time from end of 
Heifers period estrus to ovulation 

Ration level observed 

Average Range A,,'erage Range 

High energy: NumbtT HOUri Houn IIoun Hour, 
High protein______ 6 21 8-40 10 6-14 
Medium protein___ 6 23.3 20-28 6.4 0-12 
Low protein ______ 2 24 20-28 8 2-14 

Medium energy:
High protein______ 6 23.3 20-26 6.8 0-12 
Medium protcin___ 6 20 12-28 9 4-14 
Low protein______ 2 19 6-32 (2) 

Low energy:
High protein______ 2 21 20-22 (2) 
~lediuln protein___ .5 19.2 12-30 12.5 8-18 
Low protein______ 2 22 20-24 8 0-16 

1 During a 3-weck period, Mlly-June, 195i:. 

2 Obscrvations were not tllken on ovulation. 


TABLE 7.-Average hea1't ?'ate in heifers tha.t had been on stated 
ntti{)'n le'llels for abou.t 1 year 

At Beltsville At Jeanerette 

Rlltion lcvel 
Following Il 1 to 2 hours 1 to 2 hours 
24-hour fllst after feeding after feeding 

High energy: Btau in 15 &tc. Btats i" 15.te. Beat. i" 15 &tc.High protein_____________________ 19.5 26.5 29.2
Medium protein__________________ 19.2 27 28. 8 Low protein _____________________ 15.7 24.3 22.2 

Medium energy:
High protein_________ _____ • _____~ 15.2 21 23.8
Medium protein__________________ 16.5 24.5 25.8
Low proteL'l ___ .. _________________ 18. 5 21. :3 21.8 

Low energy:
High protein___________• _________ 14 21 20.3
Medium protein__________________ l4.3 19. :3 22. 6 Low protein _____________________ 14 19.5 17. :3 

Feed intake ltftel' 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 adjustments according 
to their live weight gain and to feed consumed by ad libitum heifers. 
Low-enel'gy heifer'S recei\'ed more feed because they had greater body 
weight to maintain. Intake of eows 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. However, even in these two groups, intake was 
much higher than in the prepuberal period. 

'''eight changes after calving differed. between groups of heifers 
011 the yarious .1eyels of experimental feeding. Substantial gains in 
weight after calving were shO\nl by heifers fed the 11igh-energy, high­
protein ration at both stations llnd by heifers fed the high-energy, 
medium-protein ration at Jeanerette. Heifers on other ration levels 
showed eithet· a loss in weight after cah-ing or little or no change in 
weight (tRble 9). ~fost heifers recei,-ing low-energy rations were 
extremely thin (fig_ 2). 

Differences in reproducth-e periol1nance of heifers receiving dif­
ferent rations were mainly Ule result of heifers not showing estrus 
after cahing (table 10). All heifers in high-energy and medium.­
energy groups showed estms before 180 days dter ealdngexcept two 
at Jeanerette (one ill the high-energy, medium-protein group and one 
in the medium-energy, medium-protein group) and two at Beltsville 
in the medium-energy, low-protein grOl,lp. Most heifers in the low 
energy groups failed to show estrus after caldng .oil original ratiQns, 

The interval frQm cllhillg to fhst· estrus was somewhat illcrensed in 
heifers showing estrus .oil the medium-energy, low-protein ratiQnand 
in a few heifers that showed estrus .on low-energy rations. The data 
in table 10 iudicate thll.t post-parhun estrus does not OCCUr unless 
heifers get enough energy, regardless of the amount of protein in 
the ration. There also a ppem'S to be s.ome delay cf post-pnrtum estrus 
in heifers on the medium-enel'gy, low-pr'otein ratiQn. These results 
agree with those .of J.ouber1: (30). They do not agree with those .of 
1Yitt and .others (64), who reported that yery few cows on a low­
l)l'.otein rati.olI ('oncein~d_ Howe\-er, results in the latter study also 
appeared tQ be eDnfounded with intake .of energy. AJI heifers that 
had been .on low le\'els of energy or of protein showed esh'llS and con­
t~ei \'ed aftel' their feed was {'hanged to the hay ration (table 11). 
Howen~r, the days from ration ehange tD estl'lIS and t.he. weight gains 
hom rati.on change t.o estrus were nu:in.hle, 

Cah'es suekling eow!; recei\'ing either a low-energy or Jow-protein 
l"tltiDn grew less mpidly tll:tn ealn'sf:uekling eo,,"s re<:ei,rillg other 
ratiDns (table 12)_ The .one exception to this was (lOWS receidng the 
medium-energy, l.ow-prDtein rati.on at .Jeanerette. At .Teanerette, 
('alt-es of cows l"e('eiying the high levels .of energy and high 01' mediullI 
levels .of prDtein grew faster than calves from heifel'S reeeiving the. 
medium le'-els of energy, This was n.ot the case at Beltsville. 

Growth of ('alves tended tD follow the same pattern as milk pr.oduc­
tion .of their dams. Litt.le or no deerease in milk pr.oduction was 
n.ote(l as Jaetafi.otl pmgressed in 11('i fers 011 ration!; adequate in enel'gy 
Rnd protein. 

('reep feeding impr.oved the gains of the calves from cows on low­
protehl or ]ow-eneJ.·gy ratiDns. Adequate levels of both energy nnd 
proteinnppear necessary for adequate milk production and for promo­
tion of calf growth. 
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TABLE S.-Survival, weight, and gestation period of first calvefJ born to heifers on stated rotion levels 

AT BELTSYILI,E 
.' -

Calves Jiving- Calves' 
Average birth weight Average

nation level Heifers Still- birth in relation gestation
calving births When 24. hours 2 weeks At wean- weight of to dams' period

born after after ing time cltlves body weight
birth birth 

Hi.fih energy: Numb" .JVflmbtr Numbtr Numb,r Numb" Ntl11Ibtr PQtlrld. J>erunl lJar.igh protein ________ S 1 4 3 1 1 54. 5 5: 1 277
Medium protein ______ 5 1 4 2 2 2 62.4. 6. 3 275Low proteill _________ 6 0 4 4 3 3 46. 5 5. 9 277 

Medium energy:
High protein _________ 6 0 6 6 6 6 59.6 7.2 272
lHedium protein _____ • 6 1 5 5 5 5 56.1 6. 8 274Lo\\' protein. ________ 6 1 5 5 5 4 53.5 8.1 282 

Low energy:
High protein _________ I 14 3 3 3 3 43.5 8.3 280
Medium protein ______ 0 5 5 5 5 40. 6 8. 3 274Low protein _________ gI 22 4 4 4 4 41. 6 8. 8 273 

- --<-­
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AT JEANERETTE 

I 
Hif\h energy: I 

igh proteill __ •• ____ 6 2 4 3 3 2 66.0 6. 0 281 
Medium protein ______ 6 0 6 4 4 4 59.0 4.9 280 
Low proteill. __ • _____ 5 0 5 5 5 4 49. 0 5. 2 269 

Medium ellergy:
High protcin _________ 5 0 5 5 5 5 62. 0 7.3 280 
Medium protein ______ 5 0 5 5 5 5 67.0 7. 1 285 
Low proteill ____ ~ ____ 6 1 5 5 5 4 59.0 5.6 281 

Low energy: 
High proteill _________ 4 0 4 4 4 4 53.0 7.3 288 
Medium protein ______ 5 0 5 5 5 5 45.0 6. 5 278 
Low protein _________ 6 0 5 6 6 6 47.0 5. \l 282 

1 

I Calf was born premature by about 2 months. 

2 Calves were born premature by about 3 months. 
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TABLE 9.-lVeight changes and feed consumption of heifers before and after first calming 

AT BELTSVILLE 

Avcrage heifcr weight Average hcifer weight Average daily feed consumed 
beforc calving aftcr calving by heifers for 90 days after 

calving
Ration level 

60 30 1 to 7 lto7 30 60 90 Total Digestible Digestible
days days days days days day!! days feed energy protein 

intake 

Rii\h cncrgy: Pound. Pound. Pound. Pound. Pound. Pound. Pound. Pound. TMrlJl. PollY,igh protein ____________ 1,114 1,139 1,151 1,050 1,072 1,080 1,114 21. 4 27.8 1. 78Medium protein _________ 1,011 1,046 1,089 996 988 984 997 20. 3 26.4 1.07Low protcin _____________ 816 867 873 794 783 784 789 17.4 23. 6 .39 

Medium energy: 
High protcin ____________ 866 896 926 830 790 767 769 13. 5 "-,7.5 1. 78Medium protein _________ 865 896 891 825 795 776 772 14. 9 19. 4 1.24Low protcin _____________ 717 735 760 657 619 603 595 10. 4 14.0 .36 

Low energy: 
High protein ____________ 606 579 625 526 518 531 56S 6. 8 8.7 1.46Medium protein _________ 557 570 569 488 469 482 480 7.5 9. 6 .98Low protein,, ___________ 538 532 533 474 450 447 456 6. 8 8. 9 .36 
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AT JEANEI\ETTE 

Hi{\h energy: _ igh protein ____________ 
Medium protein _________ 
Low protein _____________ 

1,172 
1,251 

HS6 

1,174 
1,280 
1,016 

1,192 
1,295 
1,025 

1,090 
1,194 

940 

1,095 
1,190 

894 

1,136 
1,203 

867 

1,162
1,222 

831 

26.6 
24. 6 
16.1 

34.8 
32.8 
21.8 

2. 34 
1.30 
.40 

Medium energy:High protein ________ • ___ 
Medium protein _________ 
Low protein _____________ 

858 
999 
908 

889 
1,019 

935 

921 
1,058 

970 

853 
942 
881 

827 
946 
855 

801 
953 
828 

809 
969 
819 

15.4 
17.2 
16.4 

20.0 
22. 4 
22. 4 

2.06 
1.51 
.64 

Low energy: 
High protein __________ • 
Medium protein _____ -____ 
Low protein _____________ 

796 
762 
848 

772 
728 
862 

796 
787 
878 

730 
693 
799 

708 
640 
761 

654 
613 
723 

656 
618 
720 

10.6 
lQ.7 
10. 4 

13.6 
13.8 
13.8 

2. 27 
1. 43 
.57 

tg 
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TABLE lO.-Reproductive perfo'NlULnce of heifers on original rations after their first col,f 
AT BELTSVILLE 

Heifers Average 
Heifers showing estrus within- Heifers bred that-

Ration level Heifers 
observed 

showing 
estrus 1 

interval, 
calving to 
first estrus 

60 days 
after 

90 days 
after 

120 days 
after Conceived 

Conceived 
on first 

calving calving calving service 

High energy: Numbt, Numbt, Dov. Numbtr Numbtr Numbtr Number NUrMln
High protein ___________________ 5 5 57 4 4 4 5 
Medium protein ________________ 44 4 80 0 3 4
Low protein____________________ 6 6 72 2 4. 5 6 

Medium energy:
High protein ___________________ 6 6 81 3 3 5 6 
Medium protein ________________ 6 6 58 2 6 6 6
Low protein____________________ 6 4 61 3 3 4 4 

Low energy:
High protein ___________________ 04 0 0 0 0 
Medium protein________________ 5 0 0 0 0 0 
Low protein____________________ 6 1 112 0 0 1 1 

-

r ,. J. 

4 
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AT JEANERETTE 

High energy:
High protein ___________________ 
1.ledilllll protein ________________ 
Low protcin____________________ 

l\lcdillll1 cncrgy:
High protcin ___________________ 
Mcdiulll protcin ________________ 
Low protcin____________________ 

Low cncrgy:High proteill ___________________ 
IHcdilim protciu ________________ 
Low protcin____________________ 

1 In lcss than 180 days after calving. 

5 
6 
4 

5 
5 
(j 

4 
5 
(j 

5 
5 
4 

5 
4 
6 

0 
1 
3 

45 
35 
58 

41 
81 
95 

---------­
163 
122 

4 
5 
1 

4 
3 
2 

~I 

5 
5 
2 

5 
4 
3 

0 
0 
1 

I 

5 5 2 
5 5 o 
4 4 3 

5 5 1 
4 4 2 
3 6 2 

0 0 --------­
0 1 
1 3 3 

~ 
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~ TABLE H.-Reproductive perfm'1nanoe on the hay ration of heifers that had not shown estrus on origVnal ratioM 
/01' 180 days a/ter giving birth to thei1' first callVes 

AT BELTSVILLE 

Interval from ration Weight gain of heifers Heifers bred that­
change to estrns freiill ration chrmge

Rntion level Heifers to estrus 
observed Conceived 

Conceived on first 
Avcrnge Range Average Range service 

Medium energy: Nllmber Vov. Vov. Pollnd. Pound. Number Number
Low protein ________________ .. _____________ 2 120 96-143 218 183-253 2 2 

Low energy: 
High protein__________ • ___________________ 4 166 139-213 337 307-376 4 2 :~Medium protein __________ ... __ • ______ ...... ___ 5 112 20-178 229 125-344 5 3Low protein ________ .... ____________________ 5 102 14-180 180 !H-267 5 4 

AT JEANERETTE 

High energy:
Medium protein ___________________________ 11 228 -120 0 0 

Medium energy: 
Medium protein ___________________________ 1 5 -10 1 1 

Low energy: High protein______________________________ 4 81 28-178 i29 10-200 4 3Medium protein ___________________________ 4 56 16-121 112 10-200 4 3Low protein ______________ • ____ • __________ 3 38 13- 87 105 65-160 3 1 

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

~,.. ;~r 



Tou: 12.-Growth of fir8t calvuand omiJJc producti01), of their damJI 

AT BELTSVILLE 

I 
Weight gain of calves Average 12-hourmilk 

production of dams 

First 60 days of First 150 
Ration .level life days of life First 60 First 150 

davs after days&fter 
birth of birth of 

Total Daily Daily calves calves 
average .average 

H~h energy: PoUlIU Pou,.." Pou,.." PoltllU Po",.uigh protein__________ 104. 1.7 2 8. .2 8.6Medium protein_______ 92 1.5 1.7 1.3 7.6Low protein __________ 57 1 1.1 6.2 5.1 

Medium energy:
High protein__________ 89 1.5 1.7 7. 5 7.0Medium protein_______ .98 1.6 1.7 8.4 7.9Low protein __________ 48 .8 1.1 6.5 4.9 

Low energy:
High protein__________ 38 .6 1.1 3. 4 2.4Mediumprotein_______ 42 .7 1.2 4.3 3. 9Low protein __________ 39 .6 1 4.6 3.6 

AT JEANERETTE 

High energy:
High protein__________ 140 2.3 2. 2Medium protein______ _ 125 2.1 1.8Low protein_________ _ 78 1.3 1.6 

M.edium energy:
Highprotein_________ _ 79 1.3 1.5
Medium protein ______ _ 99 1.6 1-6
Low proteill _________ _ 86 1.4 .1. 5 

Low energy:
High protein_________ _ 50 .8 1.2
Medium protein______ _ 59 1 1. 1 Low protein _________ _ 1.465 I 1.1 



;1 
A B 

c D 

E 
LEGEND 

A High Energy-High 
Protein #35 

B High Energy-Low 
Protein #6 l­

e Medium Energy-Medium 
Prote i n # 8 

0 Low Ene r g y -M e d iu m 
Protein #4 

E Low Energy-Low 
Protein #17 

F.IGURE 2.-A comparison of the condition of reprel!!entative heift'rs fed the vari ­
ous levels of energy and protein. Tht' first cah·eI!! of tht'St' .ht'ift'rs are .also 
shown. 
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SeeoadCalYiDg 

Dllferences in body weight between groups tended to disappear 
after cows were put on the hay ration before their second calving 
(fig. 3). At the time they went on a hay ration, some gt'Oups of 
heifers 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 .ofenergy 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-protem rations 
tended to be grenter than those of cows formerly on other ration levels. 
The ·weight gains of cows before cahring and weight losses after calv­
ingtended to minimize the la.rge difference in body weights between 
groups on the various ration levels. Eighty-four days after calving, 
the largest dift·erence in weight between groups of cows on various 
rations at Beltsville was 170 pounds ; !tt Jeanerette, about 270 pounds. 

The occurrence of estrus in cows following second calving did not 
appeal· to be affected markedly bypredous rations (table 13). Estrus 
was dehlyed somewlmt in two groups of cows previously fed low­
energy rations at Jeanerette. However, tlils delay was not any longer 
than that in cows that. were preyiously on the medium-energy, 11igh­
protein ration. Little or no deby 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 C!llTYO\'er 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. . 

Galyes 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, pre\rious .rations did not appear to influence the growth rate 
of calves for the first 60 days or 150 days after birth. Milk production 
between gl·OUpS of ("ows 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 
diff'ered but little between groups of heifers on the various rations 
(rig. 4:). Body weights, however, differed by nearly 100 pounds 
be6veen some groups of heifers. 
~Ieasurements on .June 17,1957, showed that body weights differed 

by large amounts in groups of heifers fed the various rations. 
"reights ranged from an a ,oerage of 730 pounds for heifers on the 
high-energy, high-protein ration to 394 pounds for those on the low­
eneq:,'Y, low-protein 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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TAULE 13.-Reproduetive perf01'11uJ,1we of cows on ha,y ration following thei1' second callVing 

AT BELTSVILLE 

Cows showing estrus- Average Cows bred that­
interval 

Original ration level Cows 
cl\lving tiO days 

ufter 
90 days 

ufter 
120 days 

after 
150 days 

after 

between 
calving 

und first Conceived 
Conceived 

on first 
lmlving calving calving culving heat service 

II igh energy: Nllmbtr Nllmbtr Numb.. Nu.mbtr NlLmb.. J)au· NU7llbtr NU11l/Itr
High protein ___________________ 5 3 5 5 5 81 5 1
1\lediuIII protein ________________ 4 2 3 4 4 66 4 2Low protein____________________ Ii 6 6 6 6 25 6 2 

Medium energy:High protein ___________________ 6 3 6 6 6 52 6 1
Medium protein ________________ 6 1 3 6 6 74 6 4
Low protein ____________________ 6 6 6 6 6 37 6 4 

Lowenerg:r:High protein ___________________ 3 2 2 3 3 64 .3 3
Medium protein ________________ 4 0 4 4. 4 76 4. 3
I.ow protein ____________________ 6 4 6 6 6 48. 14 14 

.'\t "'1' A 
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11 igh energy: 
J I igh protein. ~.~ •••••••• "' •••• __ 
n.l('dium proleill_ ... _. __ •• ___ •• ~ 
1_011' pI'oLein. _' _____ ' ______ •• _ 

MediUlll cnl,'rgy: 
High proLeirL ____ ._._~_ ... __ • __ 
Medium proieiil __ ._. __ ... ______ 
Low proleirL ._._. ___ . __ • __ • ___ 

Low (,llcrgy:
mg" pmw"L _--,,' ____ ,- ------1l\Iedilllll proteill ____________ •• __ 
Low proteill. _____ • _____________ 

5 
5 
J 

5 
5 
5 

4 
5 .. 

AT 

2 
4 
2 

0 
4 
1 

1 
2 
1 

.JEANERETTE 

3 
5 
a 

2 
5 
a 

1 
a 
4 

4 
5 
a 

3 
5 
4 

1 
3 
4 

5 
5 
3 

a 
5 
4 

2 
3 
4 

75 
40 
92 

140 
52 
86 

132 
115 
68 

5 
4 
4 

5 
5 
5 

4 
5 
4 

3 
2 
2 

3 
3 
4 

3 
4 
3 

'''' 

I Two cows diml after heing bred bllt before pregnancy could he diagnosed. 

~ 
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TABLE H.-Growth 0/ second calmes and milk production of their damson hay ration 
AT BELTSVILLE 

Average weight gained by Average 12-hour milk 
Calves' birth calves from birth- production 01 dams 

Average weight in 
Originlll rlltion level birth weight relation to Calves 

of calves dams' body, stillborn First 60 First 150 
weight t{) 60 days to 150 days days after days after 

birth of birth of 
calves calves 

High energy: Pound. Perunl Nllmbtr 1'ouM. Pound. PullIN. Po";',,.High protein __________________ 57 4. 8 0 89 226 7.8 8.0
Medium protein _______________ 55 4.9 0 81 228 7.7 7.6Low protein __________________ 64 6. 8 1 100 291 7.4 7.1 

l\ledium energy: 
High protein__________________ 61 6 0 106 264 7.8 8. 1
Medium protein ___________ ~ ___ 56 5. 6 0 92 228 8.4 9.0Low protein __________________ 66 7 1 98 290 7.6 7.2 

JAW energy:High protein _______________ "__ 52 5.1 0 100 275 7. 8 8.6
l\ledium protein ___________ , ____ 62 6. 3 0 125 306 9. 1 9.5
Low protein ______ •___________ 57 6. 2 0 107 274 8.0 7.2 

,-­
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A'I' JEANERETT.: 
,-

High energy:
High protein___ - •• -­ __________ 
Medium protein._.____________
Low protein __________________, 

65 
67 
58 

5.9 
6. 3 
6 

0 
0 
0 

83 
86 
71 

258 
253 
196 

Medillnl energy: I
High protein___ ..._____ • _ .' • __ 
MediulIl protein ___________ . ___ 
j,ow protein __________________ 

:
5,1 
58 
55 

5. 6 
5. 7 
6.3 

1 
() 

0 

SS 
67 
64 

309 
215 
191 

Low energy: High proteill________ . ____ , •. _. 64 6. 6 I 72 162 
MediulIl protein ______ • ___ "" ___
Low protein __________________ 61 

52 
6. 6 
5. 9 

I 
0 

60 
78 

232 
207 

4.8 
5. 7 
3.9 

6. 5 
4.7 
5. 2 

5.n 
7.2 
5.3 

4. 
5. 
3. 

5. 
4. 
4. 

4. 
6. 
4. 

2 
o 
4. 

9 

2 
3 
7 

~ 
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BElTSVlll~ HEIFERS 
Before and after Before and after 

Hay Started Second Calving 
lBS. 

High energy< high ~nd .........
r--- medium protein1,200 - ~ ............. 

Ilr.-;-..:.~ .. --- "" 1,000 ,..... ..~ ­:,...Medium energy: high and ~••• I 

r--medium protein ~_.~ ~.... - ~.....-.."\' 

~, .......... -­
800 ,.,.- , .P"" 
~- ..-' '" 
~ and med;um ~...­

600 r--energy; .Iow ... 

........::.~teln~•• 

"l I . ..,. h' h d' ow energy; 19 f me lurn,
400 

1 and low protein 

I I T - Jo 
JEANERETTE HEIFERS 

......... 


-_.

1,000 __ I ..,.:.'" -----~~--,-: •._1,-- .,... -. 

.... 

.­
800 =~.:~!"- -' iIa··-

~-

.~.** ~-
600 I 

400 
.-,. 

o 
~ I I I 1 I 

56 28 o 28 56 8456 28 0 28 56 84 

DAYS DAYS 

FIGURE 3.-Weight changes pf heifers before and after hay ration started and 
before and after second clilving. 
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300 

lBS. 

~-. 

~- ..... _0.:­

lIOO ....-+--L-­900 ~--11"'---
Body Weight 

700 ~---
~---

500 
,..---..-­

~- --.. 

\ Io 

CENTIMETERS 
140 I ! 

Wither Height 

120 
~-- 1----..---~----- ....----­~---

~-- ... ....-- ,.--- ~..-­
100 ~--- --­

80 

I 1 1o 
160 

Body Length 
140 --­

~-....,~_-o ~-~--
.~---:.(. 120 --­

~--""I ~--.--_ .. ----.~---
100 

80 

r I I \ ., I 1o 
HE.HP HE.MP HE.lP ME HP ME;MP ME,LP LE.HP LE.MP LLlP 

RATION LEVEl 

-JAN. 9, 1957 ---- JUNE 17, 1957 ---OFF EXPERIMENT 

}<'lGeUE 4.-.-\verllge body weights and bod~' l1IeaSUrelllents uf heifers fed yarious 
le"els of rations nt Belt.'<ville. 
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MiKellaneouResalts 

Some heifers on the low-energy rations were observed eatinlJ .feces 
and dirt, chewing or pulling the hair off other animals, and ~rmking 
urine. These heIfers also consumed large amounts of bonemeal ana 
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 autopsy on the 
heifer that had been fed the .Jow-energy, high-protein ration revealed 
a number of hair balls in the rumen. The hair balls shown in figure 
5 were l-emo\'edby 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 gt'ams, The var­
iation in feed intake 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 perfonnance 
of beef females. The experiment was conducted at Beltsville, lId., 
and Jeanerette, La. }Iost weanling heifers fed low levels of total 
feed (energy) did not reach puberty. J~ikewise, 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 direct 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 cal~ing, Death rates of their calves at or shortly after birth were 
ex.ceSSlve. 

Heifers on high-energy rations had significantly faster heart rates 
than heifers On low-energy rations, Heart rate was lower at both loca­
tions o.n low-protein rations at all energy levels. This was statistically 
significant at JeaneI'ette but not at Beltsville. The heart rate was 
faster in heifers shortly afteI' feeding than after a 24-hour fast. 

Post-partum intervals to esh'us and to ovulation were greatly 
len!"rthened by feeding low-energy rations. :Most heifers .on low­
energy rations did not come into estl'US during a l80-day period after 
calving, Calf growth and milk production of dams were less in 
groups of animals fed rations low in energy or in protein. Differences 
in body size tended to disappear when females weI'e fed the same high­
roughage ration. In addition, reproductive 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) semen quality was uncertain at Beltsville, 
and (3) cows on the various rations were bred in different seasons, 
Thel:e a re no wide eli trerences in cOllception rate jn heifers that showed 
estrus and ovulated, A noteworthy fact is that cows previously on 

; 

> 
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~'lOttltt; ;:;.-Hulr bulls rl'lIlo\'ed by sllrgery fro III the rumen of !l heifer th!lt hnd 
bt'en ou II low-energy, low-protein ru tlOII. Size of the hnlls in inche!! Is 
shown by the scull.'. 

low-energy mtions had a vel'y high conception rate at both Ioclltions 
when fed the high-roughage rations. 
If the len,'1 of enel'gy and protein allow the occurrence of esh'us, 

there is 110 mridence that mtions a fred the duration of esh'ualperiods, 
the regularity of thll estl'llal cycle, 01' the length of the gestntion period 
of beef Jl'tnales. 
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APPENDIX 
TABLE l5.-Apparent breed or cross of he·i,jers used ,in the 'replicate 

at Jeanerette, La. 

Char- Brah- Brah- Here- Non-
Ration level bray man ham ford Angus descript 

cross 
.!"" 

,.. HfIh energy: . igh protein _______ 1 1 1 1 1 1 
Medium. protein ____ 1 2 2 1 0 0Low protein________ 1 1 2 1 0 1 

Medium energy:
High protein _______ 1 1 2 0 0 2 
Medium protein ____ f 1 1 1 1 1
Low protein________ 1 1 2 1 1 0 

Low energy:
High protein _______ 1 1 2· 1 0 1 
Medium protein. ___ 1 1 1 1 1 1Low protein________ 1 1 2 0 1 1 
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TABLE 16.-1Veights of cows during the intervals on origillal1'l1tion8 mul tlw8e dlo'ing the first 8J,.days on a hay 
?'alion awl feed consumed 

A1' BEI,TSVU,LE 

Average body 
wClghts of cows Average body Average body weights of cows at Average daily 

at stated intervals weights of intervals after change to hay ration feed con-
Original ratioil level Cows before change cows on dllY surned by

observed to hllY ration changed to cows-first 
hay ration 84 days after 

hay ration 
84 dllYs 56 dill's 7 dllYs 28 days 56 days 84 dllYs started 

High energy: .Vumbtr Poulld. Pound, Polwd, Pound. Pound. Pound. Pouild. Pou"",
High protein _________________ 5 1, 1:36 Ii 158 1,207 1, 20:3 1,216 1;229 1,251 19.5Medium protein______________ 4 1,0:37 1,029 1,0:39 1,074 1. 076 Ii 092 1, 126 20. 4Low protein _________________ 6 785 788 813 827 837 873 907 17.4 

Medium energy:
High protein_________________ 6 761 755 771 846 873 906 949 21.3
Medium protein______________ 6 780 783 808 871 894 927 958 19.9Low protein _________________ 6 590 599 612 644 702 757 810 19.8 

Low energy:
High protein_________________ 4 524 fi31 506 595 638 682 720 21. 0Medium protein______________ 5 509 503 490 558 599 641 678 19.6
Low protein _________________ (j 47a 488 480 543 571 599 651 17.9 

,. t ~. .. 
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A1' JE.>'NERETTE 

ligh energy:High protein _________________ 5 I, 195 1,2:30 1,229 1,217 1,214 I, 190 1, 198 ---------'- ... .,.. 

t\[ediulI1 protein ______________ 6 1,260 1,278 1,266 1.,258 1,244 1,223 1,215 ------------
Low protein _________________ 9654 839 845 870 882 899 955 -----------­

l\Iediulll energy: High protein _________________ 835 844 861 8575 771 779 825 '------------
Medium prot(·in ______________ 5 943 946 985 1)79 998 997 1,014 ------------Low protcirL ________________ 792 815 831 832 854 8596 793 --------:"'"'---

Low energy:_ High protein _________________ 791 8194 644 6:35 648 720 770 
-----------~ Medium protein ______________ 5 612 599 643 750 770 802 843 ---------.:~-

1.ow protein __________ - - __ - -- 6 711 718 725 782 8\0 842 858 -----------­
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TAm,)'] 17.--lVeight gained mul feed Qonsum.ed by cows fed the hay ration at intervals be/m'e and after bearing 
second calf 

AT BELTSVILI,E 

Average daily con­
weight of cows at. Averuge body weights of cows at sUlllptioll of hay 
stated intervals Btated in{erval!! aner calving ration by COWB-

Cows before calving Final 

Average body 

weightOrigilllll ration level observed 
of cows 

At calving 84 days 
after56 dill's 28 dllYs 1-7 days 28 days 56 days 84 days tillle 

calving 

High elH'rgy: NllIIIlltr PouI,d. POUlid. l'oulld. l'ollnd. Pound. l'ollnd. l'ollIId. l'ound. Pound. 
. High protein ________ 5 1,302 1,302 1,200 1, 171 1,119 1,086 1,087 28. 2 24.0 

Medium protein _____ 4 1, 170 1,174 1, 116 1,075 1,057 1,009 998 32.4 23. 9 
l~ow protein _________ 6 1,003 1,019 935 893 924 931 883 26. 3 23.3 

Medium energy: 
High protein ________ 6 1,032 1 002 1,020 1,016 1,021 1,017 1,000 27.3 24.5 
l\ledium proteill _____ 6 1,017 1: 001 1,008 1,000 994. 993 1,003 28. ° 24.1 
Low protein _________ 946 942 916 922 934 28. 1 25.16 972 1,002 

Low energy: 
High protein ________ 4 1,053 J, ()70 1,010 1,015 1,010 993 916 27.3 24.4 
l\1ediulll proteill _____ 5 1,002 1,035 978 958 947 916 897 26. 4 24..9 
Low protein _________ 6 963 982 914 915 930 921 924 27.4 22. 4 
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AT JEANEIlE'l'Tf: 
-._-,-,.,--_. .-.-~~-"..,- -'"'----I 

High PIl('rgy: ! 
High prolpin _____ •• _ 5 1,220 1,224. 1, 005 t, 051 J,045 1,062 -... --- ... ~ .. -- -...... ~ ... ---- ... -----_ ... --­
.Mer\imil pl'ot('in. ____ (i I 062 I, 0511,18\l I, WS 1,005 1,066 ----- .. ---- --"''''-'-''''--- - ..... -------
Lo\\' prol('in••• ___ ._. 4. !lOO I, ()25 !l6H !l62 ' !l3S H30 -- .. ---""' ..... - ---- ...... _--- ----- .... ---­

l\Iedilllll (!IH\rgy: 
IIigh protein •••• , _,. 51 058 I 1147 !lll 883 875 SOil - ... - ... _-- - .. -_ ... _---_ ... - ---------­.... 

l\J(\dilllll protein. _••• 5 1,05a I I,O(i7 1,012 I, ()28 004 1l1l7 ------"" ..... "" --------.- ... ----------­
1.011' protein __ ., -"'-1 6 !l55 060 872 878 S!lO 886 ---""_ .... _,' - ... ---------- ----------

Lo\\' energy: ! 
4 1,002 1,012 065 H(il H7!l 1,032 _. ________ .. ""'_ ...... _-..,-­11 igh protein. - .••• '-1 ---------­

.l\ledilllll P!'Olein •• _._ 5 fl6ll HSO I 04.0 028 018 r' -.-.- --- -----"" ... "" ....... .. _---"!--_ ....
HZI 7!l1 __ • __ • ____Loll' protem. ___ • __ ._ (i 055 \laO 886 84!l 770 --_ ....... ----- -------_ ... ­
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