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INFLUENCE OF POST-PARTUM ENERGY LEVEL ON 
REPRODUCTIVE PERFORMANCE OF HEREFORD 

COWS RESTRICTED IN ENERGY INTAKE 
PRIOR TO CALVING 1 

J. N. WILTBANK, 2 W. W. ROWDEN, 8 J. E. I NGALLS 2 AND D. '  R. ZIMMERMAN 8, ,I 

U. S. Department oJ Agriculture and Nebraska Agricultural 
Experiment Station, .Lincoln 

T HE level of total digestible nutrients 
(TDN)  received both before and after 

calving affects the reproductive performance 
of mature beef cows (Wiltbank et al., 1962). 
Onset of post-partum estrus was delayed 
when the T D N  intake was limited to one- 
half the allowance recommended by the Na- 
tional Research Council (N.R.C., 1958) 
either before or after calving. Also, the in- 
terval from first breeding to conception was 
longer in cows limited to one-half the recom- 
mended level of T D N  after calving than 
for cows fed the recommended level. More 
information is needed to determine the level 
of energy required after calving by the ma- 
ture lactating beef cow for the support of 
improved reproductive performance. Certain 
work in both cattle and swine indicates that 
the ovaries become more responsive to 
gonadotrophins as the interval from parturi- 
tion increases (Cole and Hughes, 1946; Allen 
et al., 1957; Wiltbank, Unpublished data).  
I t  is important to determine whether increas- 
ing the energy level after the ovaries have 
become more responsive to gonadotrophins 
might be more beneficial than increasing en- 
ergy at calving time. 

The purpose of the experiment reported in 
this paper was to determine the influence of 
feeding different levels of energy after calv- 
ing on the reproductive performance of cows 
that were fed 50% of the recommended al- 
lowance of T D N  prior to calving. Reproduc- 
tive performance was compared when energy 
was increased at calving or delayed until 28 
to 35 days after calving. 

Materials  and Methods  

Sixty-nine mature Hereford cows ranging 
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in age from 5 to 11 years (average 6.8 years) 
were used in this experiment. All cows were 
individually fed the same ration during the 
last 140 days of gestation. The ration fed 
was calculated to supply approximately one- 
half the T D N  and all the digestible protein, 
minerals and vitamin A recommended by the 
National Research Council (N.R.C., 1958) 

for  wintering pregnant beef cows (table 1). 
However, it was necessary to supplement the 
pre-calving ration of eight cows that were 
in a very thin and weakened condition in 
order to prevent their possible loss during 
calving. Two pounds of additional concen- 
trate was fed to these cows from 2 to 4 weeks 
before calving. This was increased to 4 lb. 
for two cows that failed to show sufficient 
improvement after the first increase. Calving 
started February 2 and ended April 24, 1961. 
At calving the cows were allotted at random 
within age, body condition score and calving 
date to the following ration treatment 
groups: I, 12.5 lb. T D N  (75%);  I I ,  16.5 
lb. T D N  (100%);  I I I ,  25.0 lb. T D N  
(150%);  IV, 8.6 lb. T D N  the first 4 to 5 
weeks post-calving (50%) and 16.4 lb. T D N  
thereafter (100%) ; and V, 8.6 lb. T D N  the 
first 4 to 5 weeks post-calving (50%) and 
25.2 lb. T D N  thereafter (150%).  Figures 
in parentheses indicate the percent of allow- 
ance of T D N  recommended by N.R.C. 
(1958). Nutrients other than energy were 
supplied in excess of N.R.C. (1958) recom- 
mendation (table 1). 

All cows except those receiving 25.0 lb.  
T D N  were individually fed once each day 
after calving. Cows in groups I I I  and V were 
fed ad libitum. A period of 7 to 10 days was 
usually required when changing from a ra- 
tion limited in T D N  to one containing either 
100% or 150% TDN.  

Weights and body condition scores were 
recorded at the beginning of the experiment, 
1 week later, and every 28 days thereafter. 
Cows were also weighed and scored for con- 
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TABLE 1. COMPOSITION OF RATIONS '~ 

Ration fed 
before calving r 

Level of TDN b 50% 50% 

R a t i o n s  fed a f t e r  ca lv ing  

75% lOO% 15o% 

Feed ingredients ,  lb. per  d a y  
Alfa l fa  pellets ,  sun  cured  6 12 
Corn  1 .0  1 .5  
Bee t  p u l p  0 .5  0 . 7  
S o y b e a n  mea l  0 . 5  0 . 7  
Sa l t  0 .02  0 .03  
Bone  mea l  0 .04  0 .06  
V i t a m i n  A a 27 .5  41 .2  

Tota l ,  lb.  pe r  d a y  8 .06  14.99 
T D N ,  lb. per  d a y  4 . 7  8 .6  
Diges t ib le  pro te in ,  lb. per  d a y  0 .9  1 .6  

12 12 12 
5 .9  9 .7  18 .6  
2 .0  3 .3  6 .2  

o:67 6:i 6:2 
5026 8122 15;22 
19.97 24.1  3 7 . 0  
12.5 16.4 25.2 

1 .8  2 . 0  2 .9  

a Rations calculated from composition tables presented in N.R.C. 
b Expressed as a percent of the allowance of TDN recommended 
e Fed to all cows during the last 140 days of gestation. 
d International units divided by 1,000. 

(1958). 
by N.R.C. (1958). 

dition 1 to 7 days before calving, within 24 
hr. after calving, 1 week after cows were on 
the post-calving ration, 1 to 7 days after 
estrus, and when they were diagnosed preg- 
nant. A subjective scoring system was used 
in appraising body condition; 9 described 
the highest and 1 the lowest condition. 

Cows were checked for estrus with ster- 
ilized bulls (Wiltbank, 1961). Bulls were 
painted on the brisket with a multi-purpose 
grease containing cement pigment and were 
kept with the cows continuously except at 
feeding time. Grease marks on the rump of a 
cow or cows standing for a bull or other cows 
were considered to be indications of estrus. 
Cows were hand mated to two bulls at the 
first estrous period after 45 days post-calv- 
ing, if the uterus had involuted. Thereafter, 
cows were bred at each successive estrus to 
at least two bulls until they conceived or 
the experiment was terminated on September 
5, 1961. 

Rectal examination of the reproductive 
organs was started 15 to 21 days post-partum 
and continued at weekly intervals until the 
uterus involuted (horns returned to approxi- 
mately normal size and attained normal con- 
sistency) and the cows showed estrus. Exam- 
inations were also conducted 7 to 13 days 
after estrus to determine if ovulation had 
occurred, 35 to 41 days after breeding for 
pregnancy diagnosis and in all cows with 
estrous cycles shorter than 16 days or longer 
than 24 days. Cows were removed from the 
experiment when they were diagnosed preg- 
nant. Cows which were not pregnant were 
removed from the study on September 5, 
1961. Data  were analyzed using analysis of 
variance for unequal subclass numbers as 

outlined by Snedecor (1956) or by the chi- 
square test. 

Resul ts  and Discuss ion  

Cows weighed an average of 1,111 lb. at 
the beginning of the experiment and 862 lb. 
immediately after calving. A large portion 
(85 lb.) of weight loss occurred the first week 
of the experiment and undoubtedly resulted 
from a decrease in fill. Weight loss from the 
first week of the experiment until 1 to 7 days 
before calving averaged 69 lb. The remaining 
decrease in weight (95 lb.) resulted largely 
from the loss of the conceptus. Body condi- 
tion score decreased from an average of 6.8 at 
the beginning of the experiment to an aver- 
age of 3.7 after calving. 

Changes in body weight and in body condi- 
tion score after calving were associated with 
post-calving ration treatment (table 2). As 
a result of an increase in fill, most groups of 
cows gained weight the first week after calv- 
ing. All groups, except group I I I ,  lost body 
weight during the remainder of the first 28- 
day period. This loss was most severe in cows 
receiving 50% of the recommended level of 
T D N  during this time (groups IV and V). 
Group I continued to lose weight between 28 
and 56 days post-calving, while cows in group 
I I  maintained their weight and those in 
group I I I  gained weight. All groups increased 
in body weight between 56 and 84 days post- 
calving. The rate of gain was closely related 
to the level of TDN.  Changes in body condi- 
tion scores generally paralleled the changes 
in weight. Cows receiving the 150% level of 
T D N  changed rapidly in body condition, 
while there was a more gradual increase in 
the other groups. 
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The interval from calving to first estrus 
was significantly (P~ . 01 )  shorter in group 
I I  than in other groups (table 3). Feeding 
of T D N  either below (group I )  or above 
(group I I I )  the recommended level delayed 
( P ~ . 0 5 )  the onset of estrus after calving. 
Cows fed the recommended level of T D N  
(group I I )  averaged 49 days from calving to 
first estrus as compared with 73 and 72 days 
for cows receiving 75% and 150% of the 
recommended level, respectively (average in- 
cludes only cows showing estrus). The impor- 
tance of this i s  illustrated by the proportion 
of cows in estrus by 50 days or 70 days after 
calving. More ( P > . 0 5 )  cows on the lower 
level of T D N  failed to show estrus (21% 
for group I vs. 7% and 8% for groups I I  
and III).  Feeding only 50% of the recom- 
mended level of T D N  during the first 4 weeks 
after calving also seemed to delay the onset 
of first estrus. The interval from calving to 
first estrus was 78 days in group. IV (50% 
to 100%) and 82 days in group V (50% to 
150%). Although there was little difference 
in the interval from calving to first estrus be- 
tween groups IV and V, s o m e  difference was 
noted in the incidence of estrus. Fifteen per- 
cent of the group-IV cows failed to show 
estrus during the experiment, as compared 
to none of the group-V cows. 

Although the feeding of a higher than rec- 
ommended level of T D N  after calving did 
not decrease the interval from calving to first 
estrus, it did appear to exert a favorable in- 
fluence on conception (table 4). A higher 
proportion of the cows fed the 150~'o level 
of T D N  settled on first service than the cows 
fed either 75% or 100% levels of T D N  
(83% and 87% for groups I I I  and V vs. 
54%, 31%, and 46% for groups I,  I I  and 
IV, respectively). This difference, however, 
was not significant. All cows on the higher 
level of T D N  had settled by the third service. 
Thus, a shorter interval from first breeding 
to conception resulted ( P ~ . 0 5 ) .  T h e  poor 
conception rates of the cows fed the recom- 
mended level of T D N  from calving almost 
cancelled their advantage over the other 
groups in interval from calving to first estrus. 
The low conception rate of the group-II cows 
may have been the result of breeding too soon 
after calving. Perkins and Kidder (1963) 
and others have shown a relationship be- 
tween the interval to first breeding and con- 
ception rate. Uterine involution as measured 
by rectal palpation did not seem to account 
for the improvement in conception rate with 
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T A B L E  3. O C C U R R E N C E  O F  E S T R U S  I N  C O W S  F E D  D I F F E R E N T  L E V E L S  
O F  T D N  A F T E R  C A L V I N G  

R a t i o n  
t r e a t m e n t  

g r o u p  

S h o w i n g  es t rus ,  
d a y s  a f t e r  c a l v i n g  N o t  C a l v i n g  

N u m b e r  s h o w i n g  to  1st 
of  cows  50 70 90 110 e s t ru s  a e s t rus  b 

A v e r a g e  
w e i g h t  a t  
1st e s t rus  

% % % % % d a y s  

I 14 7 43 64 71 21 73 
I I  14 57 78 93 93 7 49 

I I I  13 15 46 77 92 8 72 
I V  13 15 46 62 77 15 78 
V 15 7 27 73 87 0 82 

lb.  

847 
863 

1113 
878 

1022 

a By end of experiment. 
b Average includes only cows showing estrus within 150 days post-partum. 

time after calving. The low conception rate 
of group IV as compared to group V (46% 
vs. 87% conception on first service) undoubt- 
edly reflects the need for high levels of energy 
to overcome the detrimental influence on con- 
ception rate from feeding low levels of en- 
ergy after calving. In an earlier study Wilt- 
bank et al. (1962) reported similar results 
from the feeding of high and low levels of 
T D N  after calving. 

The overall fertility of the cows that re- 
ceived more than the recommended level of 
T D N  (groups III and V) was higher, al- 
though not significantly so, than that of cows 
in other groups (table 5). The advantage 
ranged from 13% to 22% for group III and 

T A B L E  4. C O N C E P T I O N  R A T E  O F  C O W S  F E D  
D I F F E R E N T  L E V E L S  O F  T D N  A F T E R  C A L V I N G  

Conceived by a 
Interval 

3rd Ration from first 
treatment 1st 2nd service breeding to 

group service service or more cenception b 

% % % days 

I 54 91 91 6.5 
II 31 69 85 18.4 

III 83 100 100 2.7 
IV 46 73 82 7.9 
V 87 93 100 5.2 

a Includes only the cows that were bred. 
b Average includes only cows that conceived. 

from 21% to 30% for group V. However, the 
cows that received the recommended level of 
TDN (group I I )  had a shorter (P~ .05)  in- 
terval from calving to conception. In group 
I I  this resulted from the shorter interval from 
calving to first estrus. 

Ovarian activity was determined by meas- 
uring the largest follicle present on the ovaries 
and the overall dimensions of the ovaries at 
weekly intervals during the 5-week period 
prior to estrus. The overall dimensions of the 
ovaries were used to estimate total ovarian 
volume. Ovarian activity was greater in the 
full-fed cows (group I I I )  than in the other 
groups (table 6). Full-fed cows had larger 
follicles and greater ovarian volume (P~.01)  
during the 5-week period before the onset of 
estrus. There was also a tendency for cows 
in groups I and V to have greater follicular 
development (P~ .05)  prior to estrus than 
cows in the maintenance (II)  or low-main- 
tenance (IV) groups. 

Differences between groups in the onset of 
estrus are difficult to explain. Follicular de- 
velopment in groups I, I I I  and V would ap- 
pear to have been adequate to promote estrus 
several weeks before its occurrence. I t  ap- 
pears that the occurrence of post-partum 
estrus is not completely dependent on follic- 
ular development. 

T A B L E  5. R E P R O D U C T I V E  P E R F O R M A N C E  O F  C O W S  O N  D I F F E R E N T  L E V E L S  O F  T D N  
A F T E R  C A L V I N G  

R a t i o n  N o t  p r e g n a n t  
t r e a t m e n t  C a l v i n g  to  

g r o u p  N o .  c o w s  P r e g n a n t  ~ B r e d  N o  h e a t  c o n c e p t i o n  t' 

% % 
I 14 72 7 

I I  14 79 14 
I I I  13 92 0 
I V  13 70 15 

V 15 100 0 

% d a y s  

2I  80 
7 67 
S 75 

15 86 
0 87 

a Determined 35 to 42 days after breeding. 
b Average includes only cows that conceived. 
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TABLE 6. FOLLICULAR DEVELOPMENT PRIOR TO ESTRUS 

R a t i o n  
t r e a t m e n t  

g r o u p  

Average diameter of the 
largest follicle prior to estrus 

Average ovarian 
volume prior to estrus ~ 

5 wk. 4 wk. 3 wk. 2 wk. 1-7 days 5 wk. 4 wk. 3 wk. 2 wk. 1-7 days 

mm. mm. mm. mm. mm. m m  ~. m m  3. m m  3. m m  ~. m m  a. 

I 14.1 11.9 13.5 14.0 9.6 21.3 19.7 19.3 23.0 21.8 
II 9.1 5.7 12.4 10.3 11.7 13.4 14.1 16 .4  16.2 22.1 

III 15.3 16.1 15.9 15.8 16.8 22.7 21.0 20.5 26.2 23.0 
IV 8.2 8.2 9.4 12.2 13.2 13.1 12.6 16.8 14.1 18.9 
V 10.2 10.1 13.5 15.0 13.7 15.7 20.7 19.1 23.8 22.5 

a Volume divided by 1,000. Estimated by rectal palpation. 

Differences between groups in fertility are 
interesting. Large follicles were observed con- 
t inuously on the ovaries of the cows that  were 
fed higher than the recommended level of 
T D N  at least 3 weeks prior to estrus. These 
large follicles may have conditioned the re- 
productive tract or ova in some manner  and 
improved fertility. 

49 days for group I I  to 82 days for group 
V ( P < . 0 1 ) .  Groups I I I  and V had larger 
follicles and greater ovarian volume (P < .01 ) 
than the other groups. Conception rate at 
first service was 54, 31, 83, 46, and 87%, and 
percent of cows diagnosed pregnant  was 71, 
78, 92, 69, and 100 for groups I through V, 
respectively. 

S u m m a r y  

Sixty-nine Hereford cows receiving 4.7 lb. 
of T D N  daily for approximately 140 days 
prior to calving were allotted to the follow- 
mg ration treatments after calving: I, 12.5 
lb. of T D N ;  II ,  16.5 lb. of T D N ;  I I I ,  25.0 
lb. of T D N ;  IV, 8.5 lb. of T D N  for 28 days, 
then 16.5 lb. of T D N  thereafter; V, 8.5 lb. 
of T D N  for 28 days, then 25.0 lb. of T D N  
thereafter. The cows weighed 1,111 lb. and 
scored 6.8 in body condition at the beginning 
of the experiment. At 24 hr. post-calving, 
weight had decreased to 862 lb. and body 
condition score to 3.7. Eighty-four days after 
calving, average weights were 852,895,  1,133, 
883, and 1,033 lb., and body condition scores 
averaged 4.4, 5.0, 7.3, 4.5, and 5.8 for cows 
in groups I through V, respectively. The in- 
terval from calving to first estrus ranged from 
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