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ABSTRACT

One hundred and three Hereford x Angus cross-
bred, spring-calving cows were used to deter-
mine the influence of early weaning performance
of their male progeny and the need for cowherd
winter supplementation. Treatments were early
weaned (EW; 115-d of age) and normal weaned
calves (NW; 220-d of age). Both intact and cas-
trated male progeny were randomly allotted to
early and normal weaning calf management
treatments. Following summer grazing and wean-
ing protocols, cows within each weaning group
were randomly assigned to receive winter sup-
plementation treatments of LOW (1.26 kg/hd/d)
or HIGH (1.81 kg/hd/d) amounts of a protein
supplement containing 450 g/kg CP (DM basis).
Cows whose calves were weaned early gained
more BW and BCS (P < 0.0001) during the sum-
mer grazing season than cows with normally
weaned calves. Early weaned calves had higher
ADG between weaning dates; WDA and BW by
age 242 d (P < 0.05) than normally weaned
calves. Normal weaned steer calves ended the
experiment with the lightest BW (P < 0.05) when
compared to early weaned steer calves, early
weaned bull calves, and normal weaned bull
calves. At calving time the EWLOW supplement
fed cows had greater (P = 0.04) BCS but similar
(P = 0.74) BW when compared with cows with
normally weaned calves that received 100% of

"Contribution No. 13-286-J from the Kansas Agricultural Experiment
Station.
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their supplement (NWHIGH). Early weaning has
the potential to reduce the amount of supple-
ment required during the winter grazing period.

Keywords: Early Weaning; Beef Cows; Bulls;
Steers; Protein Supplementation

1. INTRODUCTION

Early weaning decreases nutrient requirements of beef
cows, allowing for an increase in cow body condition
score and carrying capacity of pastures [1-5]. This ap-
proach is valuable to spring-calving herds in areas with
decreasing forage quality during mid-summer. Early
weaning may also be an option during drought condi-
tions and the associated reductions in forage supply,
which can force cow-calf producers to consider man-
agement strategies to maintain stocking rates and cow
and calf performance [6]. Early weaning can also in-
crease conception rates and shorten the interval from
parturition to conception in first calf heifers [7,8].

Early weaning of beef calves at 90 to 120-d of age
provides an opportunity to increase nutrient intake by
feeding concentrates at a time when their growth poten-
tial is high. Early weaning has been shown to increase
feed efficiency and marbling scores compared with nor-
mal weaning protocols [3,4,9,10]. In the United States,
most male calves used for meat production are castrated.
Steers have improved quality grades, more intramuscular
fat, and improved tenderness of longissimus steaks than
bulls, whereas bulls grow more rapidly, utilize feed more
efficiently, and produce carcasses with greater cutability
compared with steers [11,12]. Although using bulls for
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this type of meat production was researched extensively
in the early 1980s, it has not been thoroughly addressed
in combination with the practice of early weaning.

In early weaning programs, summer and fall increases
in cow body weight (BW) and body condition score
(BCS) may have the potential to moderate the herd’s
dependence on winter protein supplementation while
grazing low-quality forage; consequently, significant
reductions in winter feed costs might be realized.

The objectives of this study were to investigate the use
of early weaning and castration on calf growth. In addi-
tion, the effect of early weaning on summer cow BW and
BCS as well as the need for winter protein supplementa-
tion was evaluated.

2. MATERIALS AND METHODS

The care and handling of animals during this experi-
ment was conducted in accordance with the guidelines of
the Institutional Animal Care and Use Committee at
Kansas State University.

2.1. Cow-Calf Performance Study

One-hundred-three multiparous, crossbred cows nurs-
ing spring-born male beef calves (mean birth date =
March 2) were used in this experiment to measure cow
and calf performance related to calf weaning age. Calves
had commercial Hereford x Angus cross dams and were
sired by purebred Hereford and Angus bulls. Calves were
blocked by birth date and sire, and then randomly as-
signed to one of four treatment groups: 1) early weaned
steers, 2) early weaned bulls, 3) normally weaned steers,
and 4) normally weaned bulls. Cow-calf pairs from all
treatments were commingled within four native-grass
pastures near Manhattan, KS, USA (average stocking
rate = 3.6 ha/cow-calf pair). All pastures had ad libitum
access to a commercial salt/mineral mixture and water.
Cows were examined for pregnancy by rectal palpation
following traditional weaning time in the fall.

Lactation period for the early weaned and normally
weaned treatments were 115-d and 220-d, respectively.
On both weaning dates, BW and BCS (1 = emaciated and
9 = obese) as described by [13] were determined by av-
eraging four independent BCS estimates made by trained
technicians. In addition, on the normal weaning date,
external backfat of cows was determined by ultrasound
(Aloka 500, Aloka, Wallingford, CT; transducer = 3.5
MHZ linear array with a 12.5-cm window, model UST
5021-125; and Cattle Performance Enhancement Com-
pany cattle software, Oakley, KS, USA).

Herd health maintenance programs and breeding sea-
sons (May 21 through July 21) were similar between
pastures and treatments. Briefly, all calves were injected
with Fortress 7 (Pfizer Animal Health, Cambridge, MA,

Copyright © 2013 SciRes.

USA) at 86 d of age and calves assigned to the steer
treatments were castrated and implanted with Compo-
nent E-C (VetLife, West Des Moines, IA, USA).

At 115-d of age, the calves assigned to early weaning
were weaned, injected with Bovi-Shield 4 (Pfizer), and
assigned to pens according to their sex class. This re-
sulted in four pens of calves (two bull pens and two steer
pens); all were fed a complete starter ration (Wildcat
Feeds LLC, Topeka, KS, USA; Table 1). Daily feed in-
take was recorded for the pens, and calves were treated
for illness as necessary. Feed intake averaged 5.13 kg/d
as fed. At 134 d of age, weight was recorded and early
weaned calves were shipped to the Western Kansas Ag-
ricultural Research Center in Hays, Kansas, USA. The
growing ration for early weaned calves is presented in
Table 2. At 183-d of age, the early weaned calves were
adjusted to a finishing ration.

Table 1. Starter rations fed to either early or normal weaned
calves from weaning until feedlot facility arrival.

Ration (%)

Ingredients' Starter ration® Starter ration®
Brome hay - 51.3
Wheat midds 30.0 16.7
Soy hulls 30.0 -
Hominy - 20.2
Distillers grain solubles 14.9 -
Shelled corn 10.0 -
Cottonseed hulls 8.0 -
Vitamin premix 4.1 2.4
Cane molasses 2.0 -
Limestone salt 1.1 0.6

'All amounts reported as a percentage of diet, as fed; “Fed to early weaned
calves from 115 to 134-d of age; *Fed to normally weaned calves from 221 to
241-d of age.

Table 2. Feedlot rations fed to both early and normal weaned
calves after arriving at the feedlot facilities.

Ration %
Ingredients' Growing® Finishing’
Sorghum silage 43.9 323
Grain sorghum, finely ground 432 58.8
Soybean meal 8.9 6.1
Rumensin/Tylan® premix* 1.0 0.7
Ammonium sulfate 0.4 0.3
Limestone 2.1 1.5
Urea - -
Salt 0.5 0.4

'All amounts reported as a percentage of dry matter in diet; “Fed to early
weaned calves only from 134 to 182 d of age; Fed to early weaned calves
only from 183 to 241 d of age; *(Tylan®; ELANCO ANIMAL HEALTH,
Greenfield, IN, USA).
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The calves designated for normal weaning remained
with the cows on native bluestem range near Manhattan,
Kansas, USA with no creep feed throughout the summer.
At 201-d of age, they were injected with Bovi-Shield 4
(Pfizer), One Shot (Pfizer), and Fortress 7 (Pfizer).
Calves were weaned and weighed at 220-d of age and
randomly assigned to pens according to their sex class.
This resulted in four pens (i.e. two bull pens and two
steer pens), which were fed an average of 1.8 kg/d of a
grower ration (Wildcat Feeds LLC, Topeka, KS, USA;
Table 1) and 4.7 kg/d of prairie hay. At 242-d of age,
calves were weighed and shipped to the Western Kansas
Agricultural Research Center, Hays, KS. Early weaned
calves were also weighed at 242-d of age.

2.2. Beef Cow Supplementation Study

Ninety-six pregnant, multiparous Hereford x Angus
beef cows grazing low-quality tallgrass prairie during the
winter were used to evaluate the influence of early wean-
ing of calves on their need for protein supplementation
during the subsequent winter feeding period. At the ini-
tiation of the study (November 14), BW and BCS were
determined as described by [14] using the same nine-
point scale utilized during the breeding season. Body
condition scores were determined to the nearest 0.25
BCS by a panel of four trained technicians and averaged
to provide the BCS score at each weighing. Initial BW
and BCS averaged 578 + 61.5 kg and 5.5 + 0.6, respec-
tively, and additional BW and BCS were collected ap-
proximately every 60-d and within 48 h after calving.

Cows were blocked by pasture (three pastures; each
pasture = approximately 136 ha), stratified by BW and
BCS, and randomly assigned to one of three grazing
groups within weaning treatment (i.e., early weaning or
normal weaning). As described by [15], the winter-
grazed, dormant forage was a mixture of C; and C, spe-
cies in the Kansas Flint Hills region; forage quality of the
pastures was described by [14]. Two winter supplemen-
tation levels were randomly assigned to the feeding
groups. The four treatments utilizing a common soybean
meal-grain sorghum supplement (CP = 450 g/kg; DM
basis) were as follows: 1) early weaning, HIGH
(EWHIGH; 1.81 kg/day of the supplement); 2) early
weaning, LOW (EWLOW; 1.26 kg/day of the supple-
ment); 3) normal fall weaning, HIGH (NWHIGH; 1.81
kg/d of the supplement); and 4) normal fall weaning,
LOW (NWLOW; 1.26 kg/d of the supplement). The
HIGH groups were provided supplement to meet the
nutrient requirements for pregnant beef cows of similar
type and physiological status [16]. Supplementation
commenced on November 14 and continued until calving,
at which time all cows were handled similarly and pro-
vided with 5.44 kg/d of alfalfa hay until new-growth
forage was available. During the supplementation period,
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all cows were gathered at 06:30 to 09:00 h from their
respective pastures and bunk-fed. Supplementation oc-
curred three days per week (i.e. Monday, Wednesday, and
Friday), with the amount of supplement prorated to de-
liver the designated daily quantity. Cows had ad libitum
access to a commercial mineral mix and water through-
out the experiment.

2.3. Statistical Analysis

Individual live animal measurements were analyzed
using a 2 x 2 factorial treatment structure consisting of
weaning time and sex class using the PROC MIXED
procedure of SAS (2000; SAS Institute Inc., Cary, NC,
USA). Animals were blocked by birth date and sire for
treatment assignment. Fixed effects were weaning time
and sex class, whereas block and block interaction were
considered random effects. Pen measurements of DMI
and G:F were analyzed using a 2 x 2 factorial treatment
structure consisting of weaning time and sex class using
the PROC MIXED procedure of SAS (2000). Pen was
used as the experimental unit. Fixed effects included
weaning time and sex class, whereas block and block
interactions were considered random effects. All interac-
tion and main effect means for all analyses were sepa-
rated using the LSD procedure when the respective f-test
was significant (P < 0.05).

Cow supplementation data were analyzed by ANOVA
utilizing the GLM procedure of SAS (2000) as a ran-
domized complete-block design. Treatment, block, and
treatment nested within block were included in the model.
Grazing groups were considered the experimental units,
and two grazing groups of each treatment were included
in each of the three pastures (block) representing six rep-
lications per treatment. Treatment within block was
specified as the random term for testing treatment effects.
Treatment means were determined by the LSMEANS
option of SAS (2000), and predetermined orthogonal
contrasts were used for treatment comparisons. The pro-
portion of cows pregnant at the end of the breeding sea-
son was analyzed by the FREQ procedure of SAS.

3. RESULTS AND DISCUSSION
3.1. Cow-Calf Performance Study

Summer performance of cows is reported in Table 3.
When calves reached an average of 115-d of age, there
were no differences in BW or BCS of the cows; however,
cows that had their calves weaned early were heavier (P
< 0.0001) at the normal fall weaning time (i.e., normal
calves weaned on October 6). Cows that had their calves
weaned early gained 52.6 kg more BW (P < 0.0001)
during the summer grazing season than cows with calves
weaned at the normal time. Consistent with summer BW
data, cows with early weaned calves had greater BCS (P
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Table 3. Effect of weaning treatment on cow body weight (BW), body condition score (BCS), and external backfat of spring-calving
cow-calf pairs during the summer grazing season.

Weaning treatment

Item SEM P-value
Early' Normal?®
Number of cows 52 51
Average calving date March 2 March 2
BW, kg
June 25 (calves 115-d of age) 535.7 5334 8.5
October 6 (calves 220-d of age) 599.7 544.8 3.8 0.0001
BW change, June 25 to Oct. 6, kg 64.0 11.4 3.8 0.0001
BCS’
June 25 (calves 115-d of age) 5.0 4.9 0.08
October 6 (calves 220-d of age) 6.2 4.9 0.07 0.0001
BCS change, June 25 to Oct. 6 1.2 0.0 0.07 0.0001
Backfat on Oct. 6, mm 7.6 43 0.02
Cows pregnant on Oct. 6, % 96 100 0.49

'Early treatment group weaned on June 25; “Normal treatment group weaned on October 6; *Body condition score: 1 = emaciated; 9 = obese [13].

< 0.0001) at normal weaning time in the fall. Cows with
fall-weaned calves only maintained BCS during the
summer, whereas cows with early weaned calves gained
1.2 BCS more (P < 0.0001) than normal weaned cows
from early weaning time until normal fall weaning time.
This result is in agreement with the findings of [4,5].
Previous investigations have noted the relationship be-
tween body condition and reproductive performance
[17,18]. In addition, ultrasound backfat measurements
showed that early weaned cows had 3.3 mm more back-
fat at the normal fall weaning time. Pregnancy data noted
no differences between the early and normal weaned
treatments for the proportion of cows pregnant at the
normal fall weaning time.

Early weaned calves had similar (P > 0.10) live
weights initially, at 115-d of age, but were heavier (P <
0.05) at 242-d of age than normally weaned cattle (Table
4).

Early weaned calves had weights per d of age (WDA)
initially (115-d of age) similar to normally weaned cattle
(Table 4). Early weaned calves had greater (P < 0.05)
WDA and had greater (P < 0.05) BW at 242-d (Table 4)
than normally weaned calves. In agreement, [19] re-
ported that normally weaned steers had lower ADG and
took longer to reach harvest. In another study, [20] re-
ported that early weaned steers had higher ADG from
203 to 230-d of age. In our study, a weaning time x sex
class interaction (P < 0.05) for weight was observed at
242-d in which normally weaned steers (321.4 kg, SEM
= 6.1) were lighter (P < 0.05) than normally weaned
bulls (339.7 kg, SEM = 6.5), early weaned bulls (354.8
kg, SEM = 6.7), and early weaned steers (358.2 kg, SEM
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= 6.9). Early weaned calves had greater (P < 0.01) ADG
from 115 to 242-d of age (1.21 kg/d vs 1.07 kg/d) than
normally weaned calves (Table 4), likely because they
were fed a higher plane of nutrition. Other investigators
[1,4,9,10,21,22], found that early weaned calves gained
faster from early weaning to the normal weaning date,
and that these calves were heavier at approximately
205-d of age than calves weaned at the normal time.
During the same time period, bull calves had greater (P <
0.05) ADG than steer calves. It is well documented that
bulls gain faster than steers due to the anabolic effects of
testosterone [11,12], but in this study it appears the an-
drogenic effect of implants in the steer calves moderated
those effects.

A study by [9] showed that normally weaned calves
experienced compensatory growth and superior ADG
compared with early weaned calves during the first 28 d
in the feedlot. The normally weaned cattle in our study
might have experienced less growth as they were adjust-
ing to both a new diet and environment. In general, early
weaned calves grew faster from early weaning until the
normally weaned calves had adjusted to the feedlot.
Bulls and steers had similar weights and WDA at all
times (Table 4). In contrast, [11] reported that bulls were
heavier than steers at various ages.

Comparison of the efficiency of early and normally
weaned cattle may depend on the composition of gain,
the degree of nutritional restriction prior to weaning, and
likely compensatory growth of the normally weaned cat-
tle. Bull calves consumed less (P < 0.05) feed DM but
gained with similar feed efficiency as the steers from 134
to 242-d of age (Table 5).
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Table 4. Effects of weaning treatment and castration on calf
growth characteristics.

Weaning time Castration group

Item
Early' Normal® Steers Bulls
obsfr%a(:ifons 4 ok 47 49
Weight, kg
115d 161.5(3.2) 167.1(3.0) 165.7(3.1) 163.0(3.0)
242d 322.8"(5.2) 300.9°(4.9) 309.0(4.7) 314.6 (4.5)
WDA, kg/d
115d 1.41(0.03) 1.46(0.03) 1.46(0.03) 1.41(0.03)
242d 1.35°(0.02) 1.25°0.02) 1.29(0.02) 1.31(0.02)
ADG, kg/d
115-242d  1.21°(0.06) 1.07°(0.06) 1.10°(0.05) 1.19°(0.05)

'Early weaned calves were weaned at 115-d of age and entered the feedlot at
134-d of age; *Normally weaned calves were weaned at 220-d of age and
entered the feedlot at 242-d of age; “°Within a row and weaning time, means
with different superscript letters differ (P < 0.05); ““Within a row and sex
class, means with different superscript letters differ (P < 0.05).

Table 5. Effects of castration on dry matter intake and gain to
feed ratio (G:F) of early weaned male calves.

Castration group

Item SEM
Steers Bulls
134 to 242 d of age
Number of observations 2 2
Dry matter intake, kg/d 7.50° 7.39° 0.015
G:F 0.145 0.185 0.012

*Within a row and sex class, means that do not have a common superscript
letter differ (P <0.05).

3.2. Beef Cow Supplementation Study

The provision of ruminally degradable protein (RDP)
to beef cattle grazing low-quality forage has been shown
to improve forage utilization [23,24]. Other investiga-
tions reported increases in BW and BCS as a result of
provision of supplemental protein [14,25]. Cow BW and
BCS data are presented in Tables 6 and 7. Winter BW
and BCS changes are similar to those observed in previ-
ous protein supplementation studies with spring-calving
cows [14,26,27]. Cows with calves weaned early were
heavier (EW vs NW; P < 0.01) at the start of the winter
grazing season. Cumulative BW losses from the start of
the winter grazing season until calving tended (P = 0.07)
to be greater for cows that had their calves weaned early.
However, final BW at calving was greater (P = 0.01) for
cows that had their calves weaned early (i.e., 115-d of
age). This result indicates that when cows have spring
calves weaned at the traditional time in the fall, feeding
to meet NRC requirements results in performance com-
parable to cows with calves weaned early.
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Comparing the HIGH vs LOW supplementation levels,
cows receiving the HIGH treatments gained more (P =
0.02) BW during the fall/early winter period (November
14 to January 7) and tended to lose less (P = 0.07) BW
than the LOW treatments from November 14 to spring
calving.

NWHIGH cows that had their calves weaned at 220-d
were compared with cows with calves weaned at 115-d
on the EWLOW regimen to determine if the increase in
weight achieved by early weaning could allow for a re-
duction in the amount of feed required to sustain the
cows in adequate BW and BCS during the winter and
until parturition the following spring. During the first
period of the winter grazing season, NWHIGH had
greater (P = 0.02) BW gains than the cows with early
weaned calves on the reduced supplementation regimen
(EWLOW). Likewise, cumulative BW losses from the
start of the winter grazing season to calving were 20 kg
greater (P = 0.02) for the EWLOW cows than those in
the NWHIGH treatment. Final BW at calving reflected
no differences (P = 0.74) between NWHIGH and EW-
LOW, which indicates that the cows with early weaned
calves that started the winter grazing season with greater
(P <0.01) BW were able to use that weight to their ad-
vantage and therefore maintain acceptable BW at calving.
In addition, it has been suggested that delivering feed
resources based on their availability and allowing cows
to cycle in their weights allows for an increased effi-
ciency of nutrient utilization [28]. However, care should
be taken to prevent severe nutrient restriction that could
negatively affect fetal development [29].

Consistent with BW observations, winter BCS
changes (Table 7) were similar to those observed in pre-
vious protein supplementation studies with spring-calv-
ing cows [14,26,28]. Cows with early weaned calves
started the winter grazing season approximately 0.9 BCS
greater (P < 0.01) than the cows with calves weaned at
220-d. Cows that had their calves weaned at 115-d lost
(P <0.01) more BCS when compared with cows that had
their calves removed at 220-d during the entire winter
grazing/supplementation season until calving. Cows on
the HIGH vs LOW regimens tended (P < 0.07) to differ
in BCS change only during the January 7 to January 13
period. Although no significant differences in BW were
observed between NWHIGH and EWLOW at calving,
BCS were greater (P = 0.04) for EWLOW than for
NWHIGH. This finding suggests that although the EW-
LOW cattle were allowed to lose more BCS during the
winter grazing period, the additional BCS gained during
the summer following early weaning more than com-
pensated for the losses. All cows were combined after
calving and handled as one management group until the
subsequent weaning date that was approximately one year
after the NW date. The NWLOW cows had the lowest
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Table 6. Amounts and changes in body weight (BW) of early weaned (EW) and normal weaned (NW) beef cows fed different amounts
(LOW and HIGH) of protein supplement during winter grazing of dormant tall grass pastures.

Treatment' Statistical comparisons (P-values)
Item SEM?
EWHIGH EWLOW NWHIGH NWLOW EW vs. NW HIGH vs. LOW  NWHIGH vs. EWLOW
No. of cows 23 24 24 26
Initial weight, kg (Nov. 14) 616 581 561 555 9.9 <0.01 0.08 0.19
Period weight changes, kg
Nov. 14-Jan. 7 14 8 17 10 1.95 0.25 0.02 0.02
Jan. 7-Feb. 13 14 16 21 20 3.22 0.23 0.94 0.36
Feb. 13-calving’ =72 -78 =70 =77 3.94 0.72 0.15 0.2
Cumulative weight change, kg
Nov. 14-calving’ —45 =53 =33 —46 4.89 0.07 0.07 0.02
Final weight, kg 570 523 528 505 9.16 0.01 0.01 0.74
Calf birth BW, kg 41 38.5 423 42.4 1.29 0.08 0.36 0.07

"Treatment: EW = June 23-115 d of lactation; NW = Oct. 15-220 d of lactation; HIGH = 1.81 kg-hd "-d " of soybean meal-milo supplement (450 g/kg crude protein;
DM basis); LOW = 1.26 kg'hd "-d "' of soybean meal-milo supplement. 2SEM = standard error of the mean. *Average calving date = March 15.

Table 7. Amounts and changes in body condition scores (BCS) of early weaned (EW) and normal weaned ( NW) beef cows fed
different amounts (LOW and HIGH) of protein supplement during winter grazing of dormant tall grass pastures.

Treatment® Statistical comparisons (P-values)
Item SEM’
EWHIGH EWLOW NWHIGH NWLOW EW vs. NW  HIGH vs. LOW  NWHIGH vs. EWLOW
No. of cows 23 24 24 26
Initial BCS-Nov. 14 5.8 6 5.1 5.1 0.148 <0.01 0.81 <0.01
BCS changes
Nov. 14-Jan. 7 —-0.13 —-0.19 —-0.09 —-0.16 0.052 0.55 0.21 0.2
Jan. 7-Feb. 13 —0.04 -0.12 0.02 —-0.09 0.045 0.3 0.07 0.05
Feb. 13-calving’ —0.44 -0.3 —-0.11 —-0.07 0.076 <0.01 0.26 0.13
Cumulative BCS change
Nov. 14-calving* —0.61 —0.62 —-0.19 —0.31 0.085 <0.01 0.44 0.01
Final BCS at calving 5.25 5.35 491 4.74 0.127 <0.01 0.77 0.04
Cows pregnant’, % 95.5 88.9 95.5 73.9

'Body condition score: 1 = emaciated; 9 = obese. “Treatment: EW = June 23; NW = Oct. 15; HIGH = 1.81 kg-hd "-d "' of soybean meal-milo supplement (450
g/kg CP; DM basis); LOW = 1.26 kg-hd '-d 'of soybean meal-milo supplement. *SEM = standard error of the mean. *Average calving date = March 15. *Cows
pregnant following winter supplementation, Chi square, P = 0.07.

rebreeding rate (P = 0.07) of all treatment groups. cost saving in cow-calf feeding systems; however, feed-
ing less than 70% of the normal supplementation regi-
4. CONCLUSIONS men may result in significant BW and BCS losses and

. L . . . reductions in reproductive performance.
In conclusion, early weaning is a viable option to in-

crease BW and BCS of beef cows during the summer.
This could be a useful tool in drought or other pasture- REFERENCES
limiting situations. Increasing BW and BCS before en-

tering the rigors of winter. grazing can also b@ beneficial. Newland, H.W. and Harvey, W.R. (1987) Cow and calf

Early weaning and winter supplementation taken to- performance and economic considerations of early wean-
gether demonstrates the potential of allowing producers ing of fall-born beef calves. Journal of Animal Science,
to feed less supplement and, therefore, could represent a 64, 15-22.
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