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OPSOMMING: DIE VERWANTSKAP TUSSEN LIGGAAMSMASSA EN VRUGBAARHEID BY VLEISBEESKOEIE VAN VER-

SKILLENDE OUDERDOMME

Liggaamsmassa - en reproduksiedata van920 Sussex-tipe koeie, wat gewissel het in ouderdom van I jaar oud tot volwasse koeie (5 jaar en

ouer), is ontleed vir verwantskappe tussen liggaamsmassa (X) en herkonsepsie (Y). Die gegewens is oor'n 6-jaar periode ingesamel en het die

volgende ingesluit: Liggaamsmassa aan die begin en aan die einde van die teelseisoen, persentasie massatoename oor die teelseisoen, l iggaams-

massa aan die begin en aan die einde van die winter en persentasie massatoename of verlies oor die winterperiode. Betekenisvolle verwantskappe

tussen liggaamsmassa aan die begin van die teelseisoen en herkonsepsie is by alle ouderdomsgroepe gevind, met die uitsondering van 2-jaar-oud

diere wat vir die eerste keer gepaar is. Geen verwantskap is waargeneem tussen konsepsie en gemiddelde liggaamsmassa aan die begin van die

winter, einde van die winter, persentasie massatoename of verlies gedurende die winter en persentasie massatoename oor die teelseisoen nie.

SUMMARY:

Records on body mass and reproductive performance of 920 Sussex type cows. ranging in age from yearlings to adults (5 years and older)

were examined for relationships between body mass (X) and conception (Y). The data was obtained over a 6-year period and included: body mass

at the start and at the end of the breeding season, percentage gain in mass over the mating season, body mass at the start and attheend of the

winter and percentage gain or loss over the winter. Significant relationships were recorded for body mass at the start of the mating season and con-

ception for nearly all the age groups with the exception of the 2-year-old animals mated for the first time. No relationship could be established for

conception rate and mean body mass at the start of the winter, end of the winter, percentage gain or loss over the winter and percentage gain over

the breeding season.

A considerable amount of research has been de-
voted to the effects of undernutrit ion on the reproduc-
tive performance of beef cows. Review articles by
Lamond (1970),  McClure (1970),  Terblanche (1974)
and Topps (  1977) and addi t ional  informat ion edi ted by
Cunha. Warnick & Koger (1967) and Preston & Wil l is
(1974) have deal t  wi th th is topic rather extensively.
Throughout these reports there has been the inference
that adequate nutrit ion, both pre and post porturn, is of
vital importance in order to sustain good reproductive
performance in beef females.

Preston & Wil l is  (1974) maintain that  a r is ing
plane of nutrit ion during the breeding season is the
most important requirement to secure high cal f  crops.
This content ion is supported by McClure (1965),  who
supplemented cows with hay from calving unti l three
weeks after service and recorded a 62Vcconception rate
to first service, compared with l37o for unsupple-

mented animals. The data of Wiltbank, Rowden,
Ingalls & Zimmerman (1964) and Dunn, Wiltbank,
Zimmerman & Ingalls (1964) provide further evidence
to support the belief that breeding cows should be
improving in condition during the mating period.

Parker,  Waldr ip & Marion (1966) did not
observe an effect of nutrition on calving performance
and concluded that the failure to demonstrate a
response was due to the overall ferti l i ty of the cows
being very high. Meaker (1974) recorded a conception
rate of only 2570 among Africander cows that had
gained l0 kg in body mass from l4 days post partum
until the end of the mating season. whereas the concep-
tion rate was 87,57o when cows had lost 54 kg in.body
mass over the same period. The results achieved by
Meaker (1974\ are therefore at variance with the belief
that a breeding animal must be gaining in mass in order
to conceive. The results also suggested that body mass
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at the end of the breeding season influenced the rate of
concept ion.  I t  was found that as th is body mass
decreased from 435 kg to 378 kg. reconcept ion de-
creased linearly from 87,5q" b 25cIc (Meaker. 1974\.

This relat ionship supports the content ion that a
crit ical or target mass must be attained before con-
cept ion is l ikely to occur (Lamond, 1970).  In more
practical terms it means that the reproductive abil ity of
cows w i l l  p robab ly  dec l ine  concur ren t ly  w i th  a
decrease in  body  mass  be low the  ta rge t  mass .
Conversely.  as body mass increases above the target
mass, cows wil l tend to become subferti le due to
excessive deposi t ion of  fat .  Richardson, Ol iver &
Clarke (1975) examined the inf luence of  body mass ar
the beginning and end of  the mat ing season on concep-
t ion rates.  They concluded that the greater the loss in
body mass over th is per iod,  the lower the subsequent
calving rate. The hypothesis, as formulated by t-amond
(1970),  is  supported by the f indings of  Ward (1968).
T r a i l ,  S a c k e r  &  F i s h e r  (  l 9 7 l  ) ,  M e a k e r  (  1 9 7 5 ) ,
Steenkamp. van der Horst  & Andrew (1975)and Buck,
Light,  Rutherford,  Mi l ler .  Rennie.  Pratchett .  Capper
&  T r a i l  ( 1 9 7 6 ) .

According to Broster (1973),  a posi t ive relat ion-
ship between live mass and ferti l i ty in the cow has not
b e e n  c o n s i s t e n t l y  d e m o n s t r a t e d .  M u n r o  ( 1 9 7 0 .
unpubl ished) analysed a large number of  data and
fai led to produce a conciusive resul t  regarding the
relat ionship between fert i l i ty  and l ive mass change for
catt le (Broster.  1973).  Simi lar ly ' ,  Whitman. Remmenga
& Wil tbank (  1975) found that when they fed Aberdeen
Angus and Hereford cows, aged 2- l l  vears.  var ious
levels of energy, bef'ore and after calving. the cows
gaining in mass before calv ing had a greater l ikel ihood
of oestrus 50 days post partum than those which lost
mass before calving. However, neither body mass
change before breeding nor body condition at f irst
b r e e d i n g  a f f e c t e d  t h e  i n c i d e n c e  o f  p r e g n a n c y .
Al though numerous reports have demonstrated a
posi t ive relat ionship between body mass and fert i l i tv .
much controversy st i l l  exists regarding the target mass
concept.  For instance, what is the target mass for a
specific breed and age of cow? The objective of this
study was therefore to determine whether body mass at
the start  and/or at  the end of  the mat ing season were
related to concept ion in Sussex type cows.

Procedure

Records on the reproduct ive performances of
920 Sussex type cows, ranging in age from year l ings to
adul ts (5 years and older) ,  were examined. The data
was obtained over a 6-year per iod.  The animals were
maintained on the Dundee Research Station u,here
control led summer mat ing seasons were used viz.  45
days for hei fers and 65 days for al l  other females.  Only
Sussex bul ls were used.

Body mass at the start and at the end of the
breeding season was recorded for al l  the animals.
Percentage gain in mass over the mat ing season, body
mass at  the start  and end of  the winter and percentage
gain or loss over the winter were also recorded for cows
5 years and older.

ln order to examine the relat ionships between
body mass and ferti l i ty, the animals were divided into
the following age groups (numbers in brackets refer to
number of  animals used in the calculat ions):
Age group:
I  Hei fers l -year-old and mated for the

f i rst  t ime

2 Heifers 2-Vears-old and mated for the
f i rst  t ime

3 Cows 2-years-old and mated for the
second t ime

4 Cows 3-years-old and mated for the
second t ime

5 Cows 3-years-old and mated for the
third t ime

6 Cows 4-vears-old.  i r respect ive of  the number
of caives produced (98)

7 Cows 5-years and older,  i r respect ive of  the
number of  calves produced (482)

Within each age group. the cows were div ided
into equal lv spaced categor ies of  body mass (X) and the
percentage concept ion (Y) was calculated for each
categor\ ' .  In al l  cases regression analyses rvere carr ied
out  us ing  we igh ted  means fo r  Y .  When an imalnumbers
were l imi ted (e.g.  Groups 4 and 5).  on11,a few categor ies
of body mass were possible and only l inear regressions
could be f i t ted to the data.  On the other hand. when
numbers  were  no t  l im i t ing  (e .g .  Groups  6  and 7) ,  the
animals were div ided into a greater number of  body
mass categor ies and quadrat ic funct ions were f i t ted by
least squares analysis.

Discussion of results

l'earlings'

On average, when the mean body mass of  the
hei fers at  the start  of  the breeding season was 212 kg.
43oio of  them conceived whereas those with a mass of
337 kg  exh ib i ted  a  concept ion  ra te  o f  l8  , , ' c  (P  <  0 ,10) .
Thus. the concept ion rate rose at  the rate of  3, \a i , for
every l0 kg increase in body mass. However.  when the
mean body mass of  the hei f 'ers exceeded 27t l  kg,  the
percentage concept ion tended to decrease, perhaps due
to the hei fers becoming too fat .  Arnett .  Hol land &
J'otusek (1911) recorded a decrease in concept ion rate
when cows became overfat .  From this relat ionship i t
appears  tha t  the  op t imum mass a t  mat ing  i .e .  the  ta rge t

( r 3 2 )

(87)

(47)

(38)

(36)
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Table I

Relationship betx'een bocl.t' nlo.\s (X) at the .start and at the end rtf the ntatings(oson artd reconception (Y).for Su,rsex

t.t'pe ('ou's tl dilferent ages

Age and number
of t imes mated

Rela t ionsh ip  a t  s ta r t iend  o f 'mat ing  season Sign

I year mated
l s t  t i m e

2 years mated
ls t  t ime

2 vears  - -  mated
2nd t ime

3 years -  mated
2nd t ime

.3 1'ea rs matec
3rd  t ime

4 years i r respect ive
of mat ings

.Adu l t  cows -  i r rcspcc t i r  e
o t 'mat ings

S t a r t Y -  - 1 6 . 2 9 + 0 . 2 8 X
End Y - -354,56 + 2,61X -- 0,004X2

Start no significant relationship
End no significant relationship

Sta r tY -  - - -51 ,91  +  0 ,37X
End no signif icant relat ionship

S t a r t Y -  3 0 . 8 6 + 0 . 1 6 X
End no signif icant relat ionship

S t a r t Y -  4 2 . 5 5 + 0 , 1 2 X
End no signif icant relat ionship

Sta r tY -  - -  1060 ,98  +  5 .05X -  0 ,006X2
End Y - - i  103,04 + 5.07X - 0.005X2

Sta r tY-  - -415 ,58  +  1 ,94X -  0 .002X2
End Y-  630 .77+2 .70X 0 .003X2

t32

8 7

47

3u

l 6

98

482

0,6930
0,9652

0,8892

0,8722

0.9912

0,8992
0 ,8912

0.9483
0,9838

P  <  0 , 1 0
P < 0,05

P < 0,05

P < 0,05

P < 0 ,01

P < 0,05
P < 0,05

P < 0,01
P < 0.01

nlass for  year l ing hei fers,  of  Sussex t ! 'pe.  is  approxr-
matelv 280 kg. In conf i rmat ion of  th is tendency,
percentage conception and mean body mass of yearling
h e i f e r s  a t  t h e  e n d  o f  t h e  m a t i n g  s e a s o n  w e r e
signi f icant ly (P < 0,05) correlated (Table l ) .  Simi lar
relat ionships have been recor<1ed by El ; is  (  1974),  Carter
&  C o x  ( 1 9 7 3 ) ,  Y o u n g  ( 1 9 7 4 )  a n d  A x e l s e n  &  M o r l e y
'  I  O -  / -  t
I  l 7  /  U  l .

7'x'o-year-old

N  o  s i g n i f i c a n t  r e l a t i o n s h i p  w a s  o b s e r v e d
between percentage concept ion and mean body mass at
the start  or  at  the end of  the breeding season of  2-year-
old heifers mated for the first t ime. Percentage concep-
tion did not \arv greatly (85.jcrt) 1007a) when the
mean body mass of  the hei fers var ied between 285 kg
and 3t i5 kg at  the start  of  the rnat ing season. These
resul ts tend to substant iate the f indings of  Broster
(1973).  wi th the except ion that the present f indings
rel'er to a specific age group, while Broster studied dairy
cows that received moderate to generous planes of
nutr i t ion.  Haru' in.  [ -amb & Bisschop(1961)found that
n"rass at mating al'fccted the reproductive rate of 2-.t 'ear-
old Africande r heil 'ers. The,v recorded a calving rate of
l } }ct |  when the mass at  mat ing exceeded 318 kg and
onlv 60! i ,  when the mass was 250 kg and less.  I t  can be
concluded theref 'ore that  the mean body mass of  the 2-
vear-old hei fers used in th is studv was wel l  above the

minimum joining ntass required for maximum concep-
tion. Although no definite joining mass for 2-year-old
heifers mated for the first t ime was established, it would
appear that the optimum for Sussex type beef heifers
ranges between 320 kg and 340 kg.

A significant (P < 0,05) l inear relationship was
n.ricti bsiwcc/i cdiircpi;dn and nican bodl if ias.j at ihe
start of the mating season of 2-year-old cows mated for
the second time (Table I ). Although no decrease in
conception was recorded above the maximum at 385
kg, it seemed pointless to feed these animals so as to
exceed this mass as no extra benefit in conception
could be expected. From the relationship demonstra-
ted, it appears that approximately 390 kg would be the
target mass for maximum conception to occur. No
significant relationship was recorded at the end of the
mating season, but it was evident that a tendency
existed for conception to occur more readily as the
body mass increased.

Three-y'ear-old

Although animal numbers were l imited for the 3-
year-old cows mated for the second time, a significant
(P < 0,05) l inear relationship was recorded between
conception and mean body mass at the start of the
mating season. No relationship was noted for the same
animals at the end of the mating season (Table l). The
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results indicated that high conception rates were
attained irrespective of whether the mean body mass at
the start of the mating season was 350 kg(83%o\ or 450
kg (10070). From the results it would appear that the
opt imum mass at  mat ing was approximately 410 kg.

The results of only 36 cows that were 3-years-old
and had been mated for the third time were available. A
signi f icant (P<0.05) relat ionship was obtained be-
tween conception and mean body mass at the start of
the breeding season (Table l ) .  I t  is  obvious from
previous discussions that wi th the greater animal
numbers avai lable these relat ionships tended to exhibi t
curvi l inear responses. l t  can therefore be expected that,
had there been more animals the same curvi l inear
relationship would apply for the group of 3-year-olds.
However.  the relat ionship recorded was of  the order of
only a 1,4%o increase in concept ion for  every l0 kg
increase in body mass at the start of the mating season.
Furthe rmore, according to the relationship it appeared
that maximum concept ion occurred when the mean
body mass at mating was approximately 440 kg.

Four-.t'ear-old

Signi f icant (P < 0,05) quadrat ic relat ionships
were recorded between concept ion and meaJr body
mass at  the start  and at  the end of  the mat ing season of
4-year-old cows (Table l ) .  Both relat ionships fo l lowed
the same trend, except that  the body mass of  the cows

at the end of  the mat ing season was approximately
I  I  kg greater than at  the start .  A marked decrease in
concept ion rate.  possiblv due to overfatness at  the
onset of  breeding, was observed with the 4-year-olds.
When ihe mean body mass of  the cows increased from
460 kg (where maximum concept ion was recorded) to
510 kg at  the start  of  the mat ing season, the percentage
conception decreased from 93?t, to l8%.

Adult ('r,llr'.t

In accordance with the resul ts obtained for the 4-
year-old cows, highly s igni f icant (P < 0,01) relat ion-
ships were recorded between weighted percentage
concept ion and mean body mass at  the start  and at  the
end o f ' the  mat ing  season o f  adu l t  cows (F ig .  l ) .  F rom
the graphs i t  is  evident that  the opt imum mass at
mat ing .  to  ach ieve  max imum concept ion .  was  approx i -
mately 5 l0 kg.  Body masses above this level  resul ted in
no extra gain in concept ion rate and there was a
tendency for concept ion to decrease with increasing
body mass above the target mass. I t  was also evident
that a gain of  say 40 kg in body mass favoured concep-
t ion rate more in th in cows than that i t  d id in wel l
f leshed cows. For instance. there was an increasb' 'of
2870 and l2o/c in conception rates when the body mass
of cows at  the start  of  the breeding season increased
from 320 kg to ,160 kg and from 420 kg to 460 kg,
respect ively ( t r ig.  l ) .

1(J

z

i-
qt
U
z
(,

A

+'

Y :  - ,415 ,58  +
R -  0,9493**

Y :  -630.77 +
R - 0.9838r,x

- 0,002x2

2 .7  tX  -  0 .003x :
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The calculated target masses to obtain maximum
conception for the different aged animals (Table 2,Frg.
l) were used to establish a relationship between target
mass and age of the cow (Fig. 2). This relationship (for
cows calving for the first t ime at 2 years of age) was
curvil inear and significanr (P < 0,05). By using this
regression (Fig. 2), the stockman would be able to

determine what the target mass for any age of Brit ish
beef type (Sussex) animals should be to ensure
maximum conception. Obviously, the accuracy with
which the target mass could be determined depends on
the "correctness" of the calculated target masses for
each age group.

Table 2

Suggested target mosses./br British bee./ t)'pe ('ou's ar joining to ensure maximum conception rates

Age group Age and number of t imes mated Suggested target mass

I
2
3
4
5
6

I  year -  mated lst
2 years -- mated I st
2 years - mated 2nd
3 years - mated 2nd
3 years - mated 3rd

4 years - irrespective of
Adult - irrespective of

t ime
t ime
t ime
t ime
t ime
matings
matings

280 kg
330 kg
390 kg
4 1 0  k g
440 kg
460 kg
5 1 0  k g

bo
v
; 4oo
o

t!
r l  l s t l

Y: -0,505 -  55,956X + 349,768X0'5
R :  0 .9932 (P < 0.05)

j t

AGE A l -  MATTNc (YEARS)

l : i ,q. )  f lelat ir t t t .slr i l t  belwt 'ctI  lergel me.\. \  antl  age at ntat ing of 'r 'ov's cah,ing.fnr the.f irsr t imeat tv,o ),eors q./ 'age
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No re la t ionsh ip  cou lC he c l r : ie r t l r r i tc< i  he i l lee: i t

concept ion ra te  and mean bt tdy  metss a t  the s t : r r i  t t f  the

rv i n te r ,  end  o f  t he  u  i n te r .  pc r ccn tagc  ga ins  < l r  l oss  ove  r

t he  u ' i n t c r  and  [ ) c r cL -n ta t c  g ; r iD  o ' r  c l '  t l r c  h r c ' . ' r l i ng

season .  The  l a t t e  r  r esu l i s  suppo r ' .  t h r - '  i i nd rngs  o l

R i c h a r d s o n  e r  a l .  (  1 9 7 5 )  i t n r l  S t e r - r t k a n i p  r i  t l .  ( 1 9 / 5 )

who  conc luded  tha t  t he  : r b i i i r \  i o  , : ' oncc i t  e  i , ' .  i i  t t t r i c t t on

o f  L rod -v  mass  ! ) i ' t '  . \ ( ' an rJ  n t t t  o l ' g i i i n  d i i ; i ne  t he  i r os i -
par ium per ioc l .

{ ' o t t c ! us ions

Lamond  (  1970 )  ma in ta ined  t l i a t  scn , - - r i i l ap i r l i c ; r -

t ion o f  the " target  mass"  i :o l tcept  u  as i i t t l i tc r l  hr  t  hc  agc

anc l  thc  breed of  the bec l  lc lna le  .  [ ' l t i '  i r : : . i . t l1s  o l '  t l r t :

prescnt  s tud l '  have not  r r r i l y '  s r tgges icc j  a  t i t rge i  n ta !s  { 'o r

Susse  x  t ype  ca t t l e .  bu t  have  a l so  pe l ' n t i t t ed  t hE ;  c f  t r : c t  o f '

agc  t o  be  quan t i t a tec l  (F ig  2 ) .  l t  i s  t hus  p t r r r h l c  t t ;

recommencl  a  target  lnass a t  , lo i r r ing l -or  a i l  age catc-

so r i es .  
- f he re  

can  b i :  l r t t l c  doub t  t ha i  t hc  m ; r . s  t 'BL lu r r c t j

to  s l . lppor t  maxinurm concrpt io t t  ' * ' i i i  varv  L ;c t r l ' cc t - l

Zebu.  dual -pr - r rpose at icJ  l t t i t i sh  hcc l '  l vpcs o1 bec l '

cat t le .  l {owever .  the pnnc ipk:  suggc-c tec l  h \  I - i in ront l
( 1970 )  i s  l i ke i y ' t o  app l l ' t o  i r t os t  t \ ' pes .  I t  i : ;  i : npo r t ( l l r i

t ha t  l im i t s  be  se t  f o r  t he  mo : ; t  common  b rcec l s  and

crosses encountered.  s i t - lcc-  thc  s t ( r ( 'k rn i rn  u ' i l i  thc t t  i iav t

a  predetermined ob. iec t i r , 'e  goal  \ l 'h r i l  se  icc t ing anr j

app l y i ng  l eed ing  r cg in i es .  f { e  u i l !  t l i cn  no  i ongc r  hc

so leh '  c lependant  on subje ; t i t ' c  rcc t t t ' l ln icn i i : t i tuns ' ,  i l . .

th i t t  i :ows must  be " i , rc l i  I ' cd"  a f t ' . : t  ca lv tns.

Shou ld  i t  bec t - )me  poss ih l c  t o  cs tab l i s l r  a  cu r i  i -

l inear  re la t ic lns i r ip  i 'o r  a l i  ; . tgc-c ; r t r , :s t l r ics .  thcn appl ica-

t i on  o f  such  gu ides  can  be  e  xpec ted  l n  i i avc  i t  c i r a r t i r i t i c

i n rpac t  on  t he  ca l v i ng  re te  o l  l he  \ a t i ona !  hc ld .  
' i  

hc

p roduce  r  wcu ld  knon '  u ' e l i  i n  ac i t a r t c ' :  o f  l i t e  h r c r : r i i t t u

prrr- iod rvh:rt  the targcl rr ' i?rS 1'or c;rci t  heel 'agt: Erou[)

A X h l . S F - N .  r \ .  &  N ' ! O R t - E Y .  t - . H . W .  l c i 7 t i  i h e  t : ! { ' c c t  o i  p L r n e  o l

\ rc ; rnc i , !  i re  i t ' c rs .  Pr i t t ' .  , ' l t ts t  .5c t t  - l t t i r t . ; .  l ' r r : t / . .  !  l .  24 i  .

F l I tL t : { l -E i t .  W. l l  .  |97- .s .  l )c rscnaI  c , - r r r rmunic ; . r t ro i - , .

s l r r i L r l c !  be  i r r  o rd t : r  t o  n r r r i n - i i ze  t hc  p t ' obab i l i t v  o l ' con -

cep t i o r r  occu r r i ng .

( i ene ra l l r ' .  a t  unv  r t i . " ' i - n  t i n i c .  t he re  i s  a  re l a t i ve l l ,
r l i de  i a r i a l i s rn  i n  t r o< l r ,  m i r ss  be tween  i nd i r i dua l s  i n  a
hr : rd .  evcn i i rn( )ngst  c{ . ) \ \ ' s  fed s i rn i la r ly '  and be ing of
s i r - r i i i u l  l gc  an t l  p ro i i uc t i i c  s ta tus .  I t  i s  t hus  necessa ry .
1o r : i r . i r rhas izc  th i r t  a l thougi r  the targ ' i t  n tass n tav be an
i rh r i i l r r t c  t i g r r r : .  hecausc  o f  i nd i . , ' i dua l  ' ua r i a t i on  t he
gu ide  i n t i \ i  h i :  apn i i r t l  i i ' i t h  r . l i s c re t i r l t .

i j rorn  thc  data | l i -ere  nred i t  is  c lear  that  c r t rvs  are
ab l c  t o  conce i i , e  cve  n  when  the i r  bcd l ,mass  exceeds  o r
is  t r , : lo r i  the ind icated t ; r rgc t .  Consequent l r ' .  i f  rhe body
nt i ls - .  o f 'each cow is  measured pr  ior  to  the in t roduct ion
o(  br t :ed ing bLr i ls .  then re i i - - rence to  appropr ia te  f igures
{e .g .  i - - i g .  l )  w i l l  i nd i ca t c . j us t  u ' ha t  t he  chances  o f  con -
ccp t i on  { i . r r  cach  i nd i i i dua l  a re  l i ke lV  t o  be .

Another  in l1 , -or tant  aspect  which en iergcd f rorn
t i l c  p rese  n t  r csu i t s  t as  t l r c '  f a i l u re  t o  show '  r e l a t i on -
sh rps  be t r vce  n  conccp t i on  m t r :  and  body ,  mass  f o r  a l l  t hc

age  g roups  und , . r r  d i scuss ion .  r ' i z - , 2 - ye ; i r - c l d  cow l i
m: i tec l  l 'o r  the f  i rs t  t in re  .  l 'hcst :  resu l t .c  are not  un ique
r i nce  I J ros t c r  (  1975 )  a l so  I ' a i l ec l  t o  show re - l a t i onsh ips
het.,r 'ccn hcd1, '  mass change an<J f 'ert i l i t l '  for lactat ing
Ca i r i  l r c i { - e  r s .  B ros t r ' r  (  1975 )  s t i gges ted  t ha t  t he  cows
nrar  l la lc  bc 'c t ' l  { )pe ra t ing t ' , ' i th i t t  an opt imum range.  ln
mor j  s i n rp l i s t i c  t c rms .  t he  h t . i l ' e r s  used  i n  t he  t r i a l s
re  pc i r ter l  hr " l ' t :  r i lo \ ,ha. , 'e  bccn fec i  on too h igh a p lane of
n u t r i t r o n .  l ' h i s  c o u l d  h a r c  r c s u i t e d  i n  t h e  m e a n  b o d y '
in : rss  c i  thc  he i [ 'c rs  be inr t  rvc l l  above the su_ugested
targct  n ta \ ; . , .  but  not  :o  h igh that  i t  led to  obes i ty  and
i rnpa i red  l ' e r t i l i t r , .  

- i  
he  ncccss i t v  1 ' o r  es tab l i sh ing  i l

i J rgc l  n tass 1r>r  t i te  2-v , :ar -o ld  he i t rers .  matec l  t 'o r  the
1 ' r r - r t  t i n i e .  i s  c l ca r l t '  i l i u s t ra t cd .  l - l nne ' cessa t ' i l y  h i gh
p l l r t r cs  , r l - n  i r t r i t i on  t r l r  t h i s  g roup .  no t  on l y ,  r esu l t ed  i n  a
uastagc o l  c rp t . 'ns i r . 'e  consen 'cr l  l l , in te  r  fced.  hut  a lso
ie i J  t o  no  i ; np r i ' ' t c i " r r cn t  i n  t hc  co l t ccp t i on  ra te .

nu t r i t i on  i , ' , n  r ep roc luc t i r t :  pc r t ' o ruu rncc  o f  ea r l y
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