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Boadi, D. and price, M. A. 1996. The effects of catch-up (compensatory) growth on reproductive performance of beef heifers'

Can. J. Anim. Sci. 76: Szl-S,Zg. Fifty-four heifer calves were allocated"tokve feeding/weaning heatments at birth in April/May

1gg0: 1) vEW (r = 11) dams feed-restricted for 3 mo before and 2 mo after calving; caives weaned in June onto grain-supple-

mented pasture and then rnto a drylot in october; 2) EW1 (n = 10) dams not restricted; calves weaned in August (unsupplement-

ed pasture) into drylot in octoberi3) EW2 (n= 10) dams not feed-restricted; calves weaned directly into dry1ot in August; 4) Lw1

(n = 12) dams feed restricted for 3 mo before, but not after calving; calves weaned directly into drylot in October; 5) LWZ (n =

1t): dams not restricted; calves weaned directly into drylot in ociober. The very early (vEW) and eariy (8w1, Ew2) weaned

heifers grew significantly slower than the later-weaned ones (Lw1, Lw2) from birth to September, and were stiil significantly

lighter at 12-13 mo of age (May 1991). Recovery of liveweight-for-age was achieved by EW2 heifers by 18 mo and VEW and

EWl by about 23 mo of age. Early weaning treaftnents delayed age but not weight at first estrus (P < 0'05) yet the number of

heifers conceiving and calving, and all associated reproductive data, including rebreeding success were unaffected by treatrnent (P

> 0.05). Despite a delay in first estrus, reproductive efficiency and calving performance were not impaired by early feed restric-

tion in heifers conceiving at 15 mo of age.

Key words: Beef heifers, feed restriction, fertility, reproduction, catch-up growth

Boadi, D. et price, M. A. 1996. Effets de la croissance compensatoire sur les performances de reproduction des g6nisses d'61-

evage de boucherie. can. J. Anim. Sci. 76: 523-529. ciniuante-quatre g6nisses ont 6t6 reparties dds la naissance en avril-mai

1990 entre cinq r6gimes d,aiimentation-sevrage, soit i, STP isevrage trds pr6coce) n = 11, mdres rationn6es 3 mois avant et 2 mois

aprds le v6lage, veaux sevr6s en juin, mis aup6turag.'uu...o*plZment ie grain' puis enparc d'6levage en octobre; 2,SPI (n=

10), mdres non rationnees sevrage en aott et mise d l'herbe sans-compl6ment, puis en parc d'elevage en octobre; 3' SP2 (n = 10)'

mdres non rationnees, sewage en aott et passage rmmediat en palc; 4. ST1 lsevragetardif n = 12), mdres rationnees 3 mois avant

le v6lage, sewage en octobri et mise immediate en parc; 5. ST) @= 11), mdres non rationnees, sewage en octobre et mise imm6-

diate en parc. Les g6nisses en sevrage trds pr6coce (STP) et precoce (SP1 et SP2) profitaient siBnificativement plus lentement que

celles sevr6es tard (STl et sr2) jusqu'en iepternbre et iemeuraient plus l6gdres aux alentours de 72 it 13 mois (mai 1991)' Les

g6nisses avaient ratlrapele poids normal dans le traitement SP2 et veis t'age de 23 mois environ dans les traitements STP et SPl'

Le sevrage pr6coce retardait l'6ge ir 1a puberte (P < 0,05), sans toutefois abaisser le poids des animaux' Et pourtant, le nombre de

g6nisses pleines arrivant au v€lage et tous les puru-dt .r de reproduction associ6s, y compris la remise ir la reproduction etaient

sensibiement 1es m6mes (p > 0,05) dans tous les traitements. Malg6 un certain retard de la pubert6, I'efficience de reproduction

et les performances de v€lage ne se ressentaient pas du rationnement en d6but de croissance chez 1es gdnisses f6cond6es ir i'dge

de 15 mois.

Mots cl6s: G6nisses d'elevage de boucherie, rationnement, fertilit6, reproduction, croissance compensatorre

Catch-up growth is a self-correcting response restoring a

previouily underweight arumal to its genetically determined

growth channel (Ashworth and Milliard 1986; Carstens et

al. 1988; Drouillard et al. 1991). Catch-up may not occur,

however, if hyperplasia is compromised because feed

restriction occurs too early in life, is too severe or is main-

tAuthor to whom correspondence should be addressed.

Abbreviations: EW1, dams not restricted; calves weaned

in August (unsupplemented pasture) into drylot in October;

EW2, dams not feed-restricted; calves weaned directly into

drylot in August; LW1, dams feed restricted for 3 mo

be-fore, but not after calving; calves weaned directly into

drylot in October; LW2, dams not restricted; calves weaned

diiectly into drylot in October; VEW, dams feed-restricted

for 3 mo before and 2 mo after calving; calves weaned in

June onto grain-supplemented pasture and then into a drylot

in October

523

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ai

c.
ca

 b
y 

U
ni

ve
rs

ity
 o

f 
A

lb
er

ta
 o

n 
10

/1
9/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



524 CANADIAN JOURNAL OF ANIMAL SCIENCE

tained for too long (Maynard et al. lgi-g). Most studies of
this phenomenon in cattle have co,,.entrated on postwean_
ing growth of steers or bulls (Fox et aI. l9j2; Biker et al.
1985; Wright et al. 1987). Apart from the work of
Yambayamba and Price (1991), there has been little report_
ed work on feed restriction tn heifers with respect to repro_
ductive performance.

Little information is available on the long_term effects of
feed restriction in early life (preweaningf on subsequent
growth and reproductive performance particularly in
heifers- Overfeeding of prepuberral heiferi by produters,
ostensibly to avoid stunting and to ensure early puberfy, is
commoq but may lead to other problems, includilg reduced

lol9evitV and impaired milking ability (pinney etit. iDlZy.
Information on the ability of heifers to recoveifrom restrict_
ed prepubertal feeding would enable producers to reduce
feed cost (Morrison et al. 19g9) without jeopardizing the
reproductive potential of their replacement heifers.

The present study was undertaken to establish the oattern
and degree ofcompensation in beefheifers subjectedio var_
ious periods of prepubertal feed restriction, and to iavesti_
gate the longer-term effects of the feed restriction on
reproductive performance.

MATERIAL AND METHODS

Animals and Feeding Treatments
This study used 54 heifer calves born in an exDeriment
described by Boadi and Price (1996). They were aliocated at
birth (Apnl/May, 1990) to five feeding/weaning rreatments,
and suckled their dams on native range until weaning. The
treatments rn presumed decreasing order of nutritional
seventy, were:

VEW (n = 11): The dams were relatively underfed for
399{! mo before (54.'7 MI DE d-t) and 2 mo after (99.6
MJ DE d 1) calving (Boadi and price 1996; Table 1): tne
calves were weaned at about 2 mo of age (21 June) onto
range with access to a supplementary diet of alfalfa,/brome
hay (7.24 kg animal-rdl-1. rolled oats (7.44 kg anrmal-l
d 

-t)_TA 
a proprietary dary calf start er 1Z.)Zkg aiimaFr d-r

of CO-OP@ calf starter - product No. 511d2: Federated
Cooperative Ltd, Saskatoon, SK). They were moved at
about 6 mo of age (October) into a drylot.

ElMl (n = l0): The dams were fed grain and roughage
(153 MJ DE dr) on winter (frozen, sno* couered)iange
before calving; after calving they continued to receive the
supplement (109.5 MJ DE d-l) while grazing increasingly
nutritious alfalfa, brome, fescue spring pasture (Boadi ani
Price 1996; Table 1). The supplement was discontinued at
the end of May. The calves were weaned at about 4 mo of
age (August) onto native range and then at about 6 mo of
age (October) moved into the drylot.

EW2 (n = 10): The dams were fed as EW1 dams; the
calves were weaned at about 4 mo of age (August) directly
into drylot.

LWI (n = 12): The dams were fed as VEW dams
(54.7 MJ DE d-r) before calving, and as EW1 and EW2
dams (109.5 MJ DE d l) after calving; the calves were
weaned directly into drylot at about 6 mo of age (October).

LW2 (n = l1): The dams were fed as EW1 dams;
the calves were weaned directly into drylot at about 6 mo of
age.

In the drylot the 54 heifer calves were fed as a sin_
gle group in a 42.7 x 35.9 m pen after October. They
received ad libitum alfalfaArome hay for 10 d, when they
first entered the drylot and then they were fed at a rate of 2.j
kg head-' d t rolled barley and 2.3 kg hea6 t 6-t
alfalfa/brome hay; water, trace-mineralized salt and straw
bedding were provided freely. The heifers were weished
and moved out of drylot at about 13 mo of age (23\[ay
1991) to graze alfalfa(Medigo sativa),brome (Bromm spp)
and fescue (Festuca spp.) range. They were exposed to *r:ee
bulls as a single breeding group for 58 d starting lg June
1991. The heifers were condition-scored for fatness when
they were about 18 mo of age (11 October) using a frve_
point subjective system (Lowman et at. 1973) where 0 =
emaciated and 5 = grossly fat. Heifers were moved to a new
area at the onset of calving (20 March 1992). Within 24 h
after birth, calves were identified and weished. and the
dams were also weighed. body condition sc6red and their
udders were scored (1 = small ideal teats, 2 = ideal teats, 3
= large teats, 4 = very large (bottle) teats, 5 = pendulous
udder)- Ease of calving was scored on a scale of 0 to S 10 =
no asslstance, I = slight assistance, 2 = a puller used easilv.
3 = a puller used with difficulty. 4 = veterinarian requirei.
and 5 = Caesarean birth). Neonatal mortality (stillbirths and
death within 24 h after birth) was also reiorded. Heifers,
with the exception of those which had not calved or had
caiving ease scores of 3 or greater and udder scores of 4 or
greater, were weighed and bred as a single group to two
bulls on 20 June 1 992 (second breeding) for a 58-d 

-breeding

season. Liveweight and condition scores of heifers, as wel'i
as liveweights of their calves were recorded periodicallv
until weaning on 17 October 1992, when the 2-yi-old heifers
were pregnancy tested by rectal palpation. Subsequent calv_
ing data (rebreeding performance) of the heifers were
recorded as described previously.

Reproductive Status
From 17 January l99l to 3 June 1991, blood samples were
taken twice weetly from each heifer by jugular venipunc_
ture into 10 mL heparinized vacutainers (Becton Dickinson,
Franklin Lakes, NJ; 143 USP units of sodium heparin) and
assayed for plasma progesterone (p/ to determine age at
first estrus. Samples were centrifugea at ZSOO rym fJr 15
min at 4oC I h after collection and the plasma wis pipetted
into sterile vials and stored at JO"C for later radioim_
munoassay. The age at hrst estrus was defined as the first
day that plasma Po concentration exceeded I ng ml,-l and
remained elevated )4 ng ml--l for at least 7 d, which was
taken to iadicate the preience of u n n.iioout .orprrs luteum.
Blood sampling ceased on 3 June to allow heifers a oeriod
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f"nf" I Composition of feed as fed to dams (kg animal-l d-l)
LWI Damsz VEW Damsz

EWl, EW2 and LW2 Dams'

PrecalvingY Postcalvingy PrecalvingY Postcalvingv Precalving) PostcalvingY

Ingredient
Barley grain (kg)
Alfalfa,brome haY (kg)
Green feed (oats) (kg)

Calculated analYsisx
Dry matter (kg)
Digestible energy (MJ)

1.90
10.70
t4)

12.5
153.5

8.2
109.5

8.2
109.5

3.20
6.00

2.9r
0.96

3.20
6.00

2.91
0.96

3.26
+.o/

7.0
99.6

J.+
54.',l

J.+
54'7

zSee text for description of treatments.
yprecajving: 26 Januaryto 3 April; postcalving: 4 April,to 22May for Ew1, Ew2, LWI and LW2 dams and 4 April to 20 June for VEW dams

'CalculatiJns based on table values (National Research Council i 984)'

ofrest prior to breeding which began I 8 June; 2 I heifers had

not begun cycling by that date. Liveweights at first estrus

',vere estimated by linear interpolation between the nearest

weights taken before and after the date of first estrus (Ferrell

1982).
Similarly, pregnancy was assessed from plasma P+ c91-

centrationi in Utood samples collected twice weekly
between 17 September 1991 and 11 October 1991' The cri-
terion used for pregnancy determination was that Po con-

centration should be >+ ng ml-l and remain so throughout

the sampling period. Heifers with P, concentrations lower

than I ng til-l ut any stage in the'sampling period were

recorded as non-pregnant- Pregnancy was also checked

manually by rectal palpation on l1 Octobet 1991'

Hormone Assays
Plasma samples were assayed for Po by a double antibody

radioimmunbassay (Rawlings et al. 1980). After thawing in

water at about 40 to 50oC, 200, 100, and 50 pL of plasma in
duplicates were extracted with 4 mL of petroleum ether for

5 min, and the extracts assayed using an anti-serum raised in

rabbii against 4-pregnene-l lx-o1-3, 20-dione hemisucci-

nate, and goat anti-rabbit gamma-globulins as the second

antibody. Wittrin assay extraction efltciency was used to

correct ihe progesterone concentrations determined for each

sample. The mean recovery of titrated Po across assays was

72 i l0.l% (mean t SEM rz = 10). Standard curves ranged

from 0.003313 to 1.6 ng tube-]. Sensitivity of the assays

(defined as mean of B maximum dose {(2 x SD of B max'

dose) t mean of B maximum dose-]) was 91.3 t' 4'lyo
(mean t SEM n = 10) equivalent to 0.97 ng tub-l' The

intra- and inter-assay coefficients ofvariation were 5.76 and

10.54o , respectivelY.

Statistical Analyses
Liveweights, daily gains, body condition scores, age and

weight ai f,rst estrus were subjected to least squares analy-

sis 6f variance using the General Linear Model (Type III)
procedure (SAS Instltute, Inc. 1989) to study the effects of
preweaning feed restriction. The model used was:

Yri=p+fi+tj()

where I,, = trait under consideration; p = overall mean; 7t =
treatmerit groups with (i = 1... 5) and Ei() = the error term'

For statistical analysis, 3 June was recorded as the date of
frrst estrus for the jl heifers that had not cycled prior to this

date, provided they calved before 4 April, i'e' within one

estroui cycle (21 d) plus one gestation length (approximate-

lv 285 d).' 
For the effects of early feed restriction on reproductive

Derformance, the calving and weaning data were analyzed

by least square analyses of variance using GLM in SAS in

the model:

Iijr = [r * 4 + q + rSt, + E1 (i;)

where I,,,. = ffait under consideration; p = overall mean; Zt

= treatm'6ht with (i = 1... 5); S' = sex of calf with (i= 1,2);

7S,, = treatment x sex of calf interaction and E1 (11) = error

t.tih. Diff.t"nces among means were tested for signifrcance

by paired l-test comparisons for unequal treatrnent groups

(Steel and Tonie 1980). Chi-square at P = 0'05 was used to

Lst percentage data (heifers cycling, preg1911' calf mortali-

ty and assisted births) (Steel and Tonie 1980)'

RESULTS

Growth of Heifer Calves
There were no significant treatrnent effects on birthweight

or birthdate (Table 2). By June when they were weaned, the

VEW heifers were significantly lighter than those in the

other four treatment groups. This difference persisted

through to August when the next fwo groups (EWl and

EW2) were weaned, but by late September the VEW heifers

had caught up to the recently weaned EWl and EW2 heifers

in liveweight. By September the two later-weaned groups

(LWl and LW2) were signifrcantly heavier than the three

iarly-weaned groups (Table 2). These treatment differences

persisted throughout the drylot period and were still appar-
-ent 

when the heifers left the drylot the following May'
Before the start of breeding at about 14 mo of age (12

June 1991) the VEW heifers were significantly lighter than

the early-weaned heifers (EWl and EW2) which in turn

were significantly lighter than the late-weaned (LWl and

LW2) heifers. These liveweight differences were still appar-

ent in the fall (October 1991) when the heifers were preg-

nancy checked. By the middle of winter (26February 1992),

there were no longer any significant treatment differences in

liveweight among the heifers, most of which were in an
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Table 2. Least squares means t SE ofliveweights and gains ofheifer carves

Treatment groups

VEWZ EW2z LWlz LW22
No. of heifers
BirthdateY
Liveweights, kg
Birth (1990 April,May)

1990 19 June
1990 2l August
1990 24 Sept.
1990 l3 Nov.
199f B May
1991 l2 Junex
1991 l1 Oct.w
\992 26 Feb

Condition scores
l99t I I Oct.
1992 26 Feb.

l1
110.0r4.1

16.6 r 4.9b
129 .4 t 5.2c
165.7 x 5.1b
181.2 t 6.5b

251.6 t 8.1c
349,7 ! t0.6b
4{li 1 + rt 1

) { +n l

2.9 + 0,1

t0
107.4 i 4.3

32.8 r 1.6
84.5 + 5.1ab

153.7 * 5.5b
16'7 .5 r 5.9b
1841+67b
t55{+70A
2'76.3 t 8 5b
368.0 r I l.6D
403.4 r 13.9

2.6 t 0.1

3.0r0l

l0
I 18.5 a 4.3

\44+t1
76.6 + 5.lb

154.0 i 5.5,
l,'73.3 r 5.9b
184.5 r 6.7b
259.0 x 7.9b
280.1 + 8 5b
372.1 r 12,2ab
421 .3 i 13.9

2.4 t 0.1

3.1 r 0.1

l2
108.1 r 3.9

1?O+!o
95.8 ! 4.7a

170.9 + 5.0a
204.6 ! 5.5a
225.3 x 6.la
285.). +',7.2a

400.5 t 10.6a
415 R + I ) I

2.7 r 0.1

2.9 ! 0.1

11

I 13.0 + 4.1 0.34

36.6 + 1.5 0.33
90.5 x 4.9a 0.02

16]L4 t 5.2ab 0.001
19'7 .5 + 5.'/ a 0.001
216.8 t 6.4a 0.001
286.2t7.5a 0.007
304.4 x 8.Ia 0.003
391 .4 * ll.Ia 0.03
436.5 + 11.5 0.29

2.7 ! 0.1
2.9 x 0.1

0.34
0.62

zFor description see text.
vDay ofthe year (day 1 = i January).
xBreeding weight.
wPregnancy testing weight_
a--c, Means within rows forlowed by a different letters differ srgnificantly ar p < 0.05

advanced state of pregnancy. No treatment effects on body
condition score (fatness) was detected in either the fall or
the winter (Table 2).

Reproductive Performance
By 3 June 1991, when blood samphng ended, 23 ofthe 54
heifers had begun cycling (Table 3) ranging from a high of
9 out of 12 and 7 out of 11 in the LW1 and LW2 groups, to
a low of 1 out of 11 and 2 out of 10 in the VEW and EWl
groups respectively. There was a significant treatment effect
on the number of cycles prior to June 3; the two later_
yeaned groups experiencing significantly more cycles than
the three early-weaned groups. Early weaning and feed
restriction of their dams did not affect weight at first estrus
of heifers, but the VEW, EW1, and EW2 hiifers were older
(P < 0.05) at first estrus than the later-weaned heifers
(Table 3).

Interestingly, treatment had no effect on pregnancy rare,
(83% at pregnancy checking in the fall), number of talves
born (80%), or their birth dates or birth weights. Neither did
it significantly affect dams' weight, condition or udder
scores at calving, number of assisted births or neonatal mor_
tality (Table 3), although almost half of the VEW heifers
requrred some assistance at calving. One calf in the LW2
group and one in the VEW group died neonatally.

There were no effects of treatment on the number of
calves weaned (as a proportion of the heifers exposed to
bulls the previous swnmer), the birth to weaning rati of gain
or weanilg weights of their calves (Table 4). At the start of
the second breedrng period (20 June 1992) liveweishts and
condition scores of the 37 heifers which had giv-en birth
without difficulty were not affected by treatrnent (p > 0.05;
Table 4). Neither were there any treatment differences (p >
0.05) in the proportion of heifers pregnant or their
liveweights or condition scores when they were pregnancy
checked at about 29 mo of age (17 October tSgZ). fherl

were no incidents of dystocia during the second calving
period, nor were there any significant treatrnent differencei
in dams' liveweight, condition or udder scores, nor calving
dates or calf birth weights.

DISCUSSION
The absence of catch-up growth exhibited by the very early
(VEW) and early-weaned (EW1 and EW2) heifers durine
the 1990 surnmer agrees with the general observation ii
studies on younger animals (Berge et al. l99l; Osoro and
Wnght 1991). Morgan (1972) found that during refeeding,
the liveweight gains of calves reared from birth to 16 wk on
a low plane of nutrition were at no time higher than that of
continuously well-fed calves, while calves underfed from l6
to 32 wk expressed some degree ofcatch-up during refeed-
ing. Wright et al. (1987) suggested that animals have the
ability to compensate only if feed restriction is applied at a
stage when the potential exists for an appreciable quantity of
fat to be deposited.

Growh of the heifer calves through their first summer
indicated that reshicting their dams for 3 mo before calvine
did not in itself reduce lactation, but that continuins th6
restriction after calving did. The cows were in condition
score 3.5 when the restriction began in January 1990 and,2.5
when they calved in April/May (Boadi and price 1996).
These fat levels presumably provided an energy buffer until
calving, but were not sufficient to buffer the VEW dams,
which continued to be restricted after calving. By 13
November, when the five groups of heifers were together in
the.drylo! the liveweights of the VEW heifers had ciught up
to the eariy-weaned (EW1 and EW2) heifers, but these thre-e
early-weaned groups had not caught up to the later-weaned
groups (Table 2). During the course of the next 6 mo ia the
drylot, there was no indication of catch-up growth by the
early-weaned groups relative to the later-weaned groups.
This was expected because feed was restricted and therefore
competitive and it would be anticipated that the heavier,
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Table 3. Least squares means i SE of reproductive performance of heifers

Treatment groupsz

VEW EWI EW2 LWl LW2
Trait

No. of heifers
% cycling by 3 June

No. cycles to 3 June

Age at lst estrus (d)

Wt. at lst estrus (kg)
o/o pregnant on 11 Oct
o% of calves bomy
Calving date'
Calf birth wt (ke)
Dam wt. (kg)w
Dam condition scorew

Udder score
Calf mortality (%)
Assisted births (%)

11

9.1

0.2 + 0.4b
426.3 i 6.5c
269 .l r 13.4

82

82

103 r 3.8

3'.79.4 t 13.6
2.2 t 0.1

1.9 r 0.3
1l.l
44.4

10

40
0.6 r 0.4b

407.8 + 5.0b
269 x 10.3

80
70

98.3 t 4.0
31.8 + 1.5

3'.77.8 t 14.6
2.1 t 0.1

1.5 t 0.3
0.0

t4.3

10

20
0.7 r0.4b

412.7 ! 6.5bc
294.3 r 13.4

80
'70

99.6 r 4.5
323 r t.6

409.3 f 16.0
2.3 + 0.2
2.0 r 0.3
0.0
0.0

t2
/i

2.1 r 0.4a
388.8 t 3.9d
2'79.6 r 8.2

75
75

100.3 a 3.8

389.0 f 13.6
2.3 + 0.1

I.5 + 0.3
0.0
0.0

l1
63,6
1.1 r 0.4a

397.0 x 4.2a
290.9 ! 8;7

r00
100

100.3 + 3.3
34.8 t 1.2

411.3 r 11.6
)1+Ol
2.0 r 0.3
9.1

18.2

0.06
0.007
0.005
0,3 8

0.56
0.33
0.94
0.5'7

0.25
0.86
0.5 3

0.65
0.08

zFor description see text.
vProportion of calves bom per cow exposed to the bull'
xDay of the year (day I = I January).
*Caiving *"igtrt und condition t"o.. 1O = emaciated to 5 = grossly fat) ofheifers 

^24 
h postcalving'

a c Means within a row followed by different letters differ significantly at P < 0.05.

Table 4, Least squares means I sE of weaning performance of calves and rebreeding of heifers

Treatment groupsz

VEW EWI EW2 LWr LW2
Trait

Number of dams bred
Calves

% weaned
Weaning wt., kg
Rates of gainY (kg d-r)

Rebreeding heifers (1992 20 June)

Number exposed
Liveweight (kg)
Condition score
o% pregnantx
Liveweight (kg)
Condition score

Number calving
Calving datew
Calf birth w. (kg)
Dam weight (kg)
Dam condn score
Udder score

l1

73
199.0 + 8.3
0 88 r 0.04

8

409.4 + 12.1

2.5 r0.2
r00

430.8 r 13.1

3.1 t0.2
8

102.4 r 7 .2

36.9 r 1.6

476.5 x 10.8
2.5 r 0.1

2.1 r 0.3

l0

'70

21.2.4 + 8.9
0.94 r 0.04

6

395.5 a 14.0
2.4 i0.2
100

422.3 t r5.r
2.8 r0.2

6

I 19.8 r 9.1

33.4 r2.r
463.8 r 10.8

2.7 t 0.1

1.7 r 0.3

10

10
206.5 ! 9.7
0.91 r 0.04

6

434.8 r 14.8

2.5 t 0.2
100

47 5.4 x 15 .9

3.1 r 0.2
6

1 13.8 + 9.1

34.0 t2.l
488.3 r 11.5

2.4 t 0.1

2.0 r 0.3

12

75

262 5 t 8.3
0.89 t 0,04

9

407.7 r I2.l
2.5 t 0.2

89

441 r129
3.0 r 0.2

8

1t9.3 !',7.2
33.3 r 1.6

4'71.0 t t3.6
2.4 ! 0.1

2.0 r 0.3

il

91

205.0 x 7 .4

0 90 r 0.03

0.77
0.85
0.84

8

428.3+12 1 0.27

2.5 t 0.2 0.64

100 0.76
461.1 r 13.1 0.10

3.1 + 0.2 0.81
8

115.0 t 7. 0.49

37.4 r 1.6 0.29
483.4 r 13.6 0.58

2.4 r 0.\ 0.49

1.8 r 0.3 0.70

zFor description see text.
YBirth to 1992, l7 October.
xPregnancy tested on 1992, 17 October.
wDay ofthe year (daY I = lJanuary).

later-weaned heifers would maintain their advantage in a

competitive feeding situation.
During the summer of 1991, the heifers had access to ade-

quate good-quality range grazing, and the early-weaned
groups were able to demonstrate catch-up growth. By the

iollowing February, when they were weighed prior to the

beginning of calving, there were no signiflcant treatment

effects on liveweight.
Early weaning the heifer calves delayed age at first estrus,

and reduced the number of heifers which had cycled by 3

June 1991. Despite the relatively small number of heifers

used in each group, the results of this study agee with the

general findings of increased age at puberty following

reduced feed intake (Morrison et al' 1989). Puberty is gen-

erally acknowledged to be more weight than age dependent

in cattle (Joubert 1963; Newman and Deland 1991) and this

was confinned here, since there were no signiftcant treat-

ment differences in weight at f,lrst estrus.

Interestingly, despite the large treatment differences in
the number of heifers which had cycled prior to the begin-

ning of breeding, there was no significant treatment effect

on ihe number that became pregnant' It is not clear whether

this is a result ofthe bull effect (Joubert 1963), or the spring

flush of pasture. Joubert (1963) noted that once estrus was

initiated by favorable nutritional conditions, there should be

liftle difficulty in getting the heifer in calf.
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The absence of any effect ofpreweaning feed restriction
on calving performance could be expected. as all heifer
groups had simrlar mean liveweights ind condition scores
prior to calving. Makarechian et al. (1988) also found no
signihcant differences in the percent calf crop born. birth
weight, and birth dates of calves born to either early-weaned
or late-weaned heifers. Fleck et al. (1980). however. reDorr-
ed a significantly lower calf binh weisht and hisher lnci-
dence of dystocia in heifers with Iow fiist wurter iains. The
similanty of calving dates among the treatrnents slows that,
although more of the later-weaned heifers were observed to
be cycling prior to the beginning of breeding, they do not
appear to have conceived any earlier than the early-weaned
groups. Neither did treatment significantly influence calf
mortality or the incidence of calvins difficultv.

Richardson et al. (1978) repoied that early-weaned
heifers had a lower perinatal calf mortality compared with
late-weaned heifers: there was no detectable trend towards
this in the present study. Makarechian et al. (l9gg) reported
no significant differences in the incidence of calvine diffi-
culty between early-weaned (30%) and late-rieaned
(29.8%) heifers. Overall there was no sisnificant rreatment
effect on the ability ofheifers to successi:lly wean a calfof
acceptable liveweight. These findings agree with those of
Richardson et al. (1978) and Makarechian et al. (19gg). The
successful rebreeding performance indicates that the early
postnatal nutritional regimen of the heifers in this study had
no detrimental effects on their long-term reproductive effi-
clency.

CONCLUSION
Although the number of heifers used was small, it can be
concluded that the variety of calfhood nuffitional regimens
applied in this study had no permanent effects on grofih or
reproductive performance of these heifer calves. They were
able to exhibit catch-up grofih when given an opporhmity
to do so. Early weaning of calves allows cows to ncrease
theh body condition score prior to winter. It is clear that
under the conditions of this study, early weanilg of heifer
calves did not compromise their reproductive potential.
Other research has shown rhat early-weaned mafes calves
can achieve normal slaughter weight and grade at a normal
age. Therefore producers who do not sell calves at weanins
may be well advised to consider earlier weanins in theii
herds.
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