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ABSTRACT 

82.J.d CO'.'T 

:: rocessi::::g C::1i t 

::.ns.lysed.. 

d'.:i_ring the �eriod I S75 to 1 978 Jovernrr.en t 

treedir� st��ions: h�isi (st�tic� 1 ), �o��eld (Jt��icn 2) 

an� cs.ttle a�e r2iscd en ns.tural pastures. 
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( 27). 

r - - ·r \ . V'"� \ 1. u 1 , Li.d .. \..1. 

-· , 

1 1 ( ;1::.. '. -=---· \ ''--'), -- ::.. 

( ' .• I \ • \ -.., --,- -r I • 

( ,: _)::- '· \ -;- I ' 

of a totr�l of i 83 2 anim.c.:.ls i'ier·e analy3e;d 

:-�i tr.in s ta "';ions by le2..st s=1_ua�es to i� .. vestign te the 

effects of bre ed/cross, sire (within breed), breed  of 

dam, year, month of birth, age of daw, sex, and breed 

x year, breed of dam x ye:: .. r, and sire x breed of ciarn 

interactions. �he results indic ated that breed of c alf 



had a highly sig�ificant effect on all the traits at 

each station, (I<::: 0. 01). 
rar:1ced : �-5, 2 � � r ' b-....,, .u, ana 

In Staticn 1 , the breeds 

IT fer -'::�1e three weights. 

iii 

�he crossb�eds we�e u� tc 29.1 and 32.5 �g heavie� 

ths.n tl:e n 

..l... ' and 1 .9, c.nd. '1 c::-1 • • _.; 
.J...-.... r"'\Y"\ i..tl.L..:.... ... .:.. 

i� [TO\i"tl: to 18 !":on tl1s. :reed x ye2r �nteracticns 

�n st?tic�s 2 2nd ) , the �nte�acticn o� breed 

with yea� was i��ortant fer �11 tr��ts. 

�6. 1 
r· ·r; 

" 11 ..I.. ' 

�ere ne ccns�2tent 

1 C-MTH ··TI ,, ... . 

24.), 

t '0 6 1 ( -g-· \ , 
. up o 1 • "· :g , ) i" J n.eo.vJ...er 

birth s.nd t-s ife:i-e ur: to 11 

in gro�·Tth to 1 8 JLon ths. 

:r:-ercent 

crcsse:; 

";.T" ":j 

� r _:_.o, 

" .. .!. ' 

3ire effects ivere non-sie;nificant for B-.?J: ruHi \f,/':2, 

but highly significant for 18-Io':TH '.-!'1 in Station 1. !r.. 
StC:.tion 2, sire effects v:ere highly sigr ... i::'ic<mt for 



s.ll t::::-;.;.::.ts. 

3 . .'T and ·.n,rr. 
H �f .J.. 

iv 

3reed of dD.Il, effe 8ts �·:ere .sie:;ni:'ic:.n t :fer 

i� St::;.tion 1, and. :or ·i!v:'I. only i.::-... :Jte. tion 2. 

Irogen;y· of crossb:::'eds vlers hec::.vie::::- (::? L. C. J1) t�1�::-� -::r ... cse 

Ereed of d8.ill :c:: ye::.::.· :>.r�G. sire �� �:::'eed 

Results c� the e:f:fec�s c:f t�s envircnnen-:cl fac-:ors 

illciics.ted. -:t.:.it 

.:!c�lving sec...sor� &r.d 

cv;-;-"bre sds il:ciicc:: te:G. 

1,i22..11Cd • c 0\: s • 

esti::1ated by ;atern2.1 r...al:f-s::.b rr:eti.:�cl. .::eri t::b:..li ty 

0.89 tc ("' i'i \..,e I_, 

SlJ.d 0.18 to 0.53 :or B .• ·T, ,•i.iT,anC. 12·-1-:::::: · . .'T, res;ectivc;ly. 

Genetic corre:::..atio!ls ;;ere all :;;:ositive, but· ITost of 

the values v.rere greater th.:.n 1 • rooled rher...otypic 

correlations viere 0.27, 0.21 and 0. 67 :for B'dT-·�r.rT, 

3iiT-18-ETH ·.·;T, a..."l.d :·!�vS:-18-I·-1TH -.,'T, respectively. 



V 

Repeatabilitjt- of ;::�·!T K3.S estiw.a.ted. i·.·itllin cm:-!Jreed 

b�,r the L:.. -:;re.- class correlation ( ' , ... -... . -oJ ;,;_., .... l0.L1 1 ) 2.2-:..d -:;he 

rsgression of later en earl�er records (3ta-:;ion 2) �ethcds. 

The es-:;i�ates r�nged :rcw G.Z� to 0.)9. 

breeding st��icna indicated t��t there ��s ina�:ficient 
clata on i·:hicr. reliab:..e ge�e�ic rar:1::eter es":;ir:;ates co�__;_ld. 

be based. 

tl:is rroblerrl. 
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A STUDY OF THE GHO,/JTH AND �'L'\TERNAL PERF0Ili1ANCE 

OF NGUNI AND CROSSBRED BR/\HJI1AN AND 

3IMMENTAL CATTLE IN SviAZILAND 
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C H A P T E R 0 N E 

INTRODUCTION 

Beef cattle development in Swaziland is based on the 

improvement of the environment in which beef cattle are 

produced and on the improvement of the genetic merit of 

the national herd. It has long been established that beef 

production is influenced by environmental (climate, 

diseases, nutrition and management) and genetic (breed, 

within breed genetic differences) factors. It is also 

abundantly clear that in most parts of the tropics and 

sub-tropics, environmental changes in feeding and health 

could increase the output of beef much more rapidly than 

genetic improvement (Williamson and Payne, 1 978 ) .  In 

general, however, environmental modifications are costly, 

relatively temporary and their implementation is largely 

a function of the prevailing economic climate. While 

genetic gains may be more modest and slow, genetic 

improvement for a particular environment is relatively 

cheap, long lasting and cost saving (Frisch and Vercoe, 

1 978 ) .  Moreover, since lack of genetic improvement of 

stock is among the primary factors contributing to the low 

level of returns from cattle in Swaziland (see Butterworth 

and Presswood, 1 978 ) ,  improvement of-the genetic potential 

of the cattle will ensure that as the environment improves, 

more productive animals are available to exploit it. 

Growth rate in beef cattle is one of the
.

objectives 

of the National Breeding Programme in Swaziland 
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( Butterworth and Presswood , 1 978 ) .  Improving Swaz i  cattle 

through recording growth rate and other traits was 
' 

/ 

officially init iated in 1 97 5  on three Government ranches 

and a computerised  data processing unit at the Minis try 

of Agriculture in Mbabane was established . The breeding 

programme is currently based on one indigenous breed , 

the Nguni , and two exotic breeds , the Brahman and Simmental . 

Its main aim is t o  provide superior performance tested 

bulls for distribution t o  the Rural Development Areas ( RDAS ) . 

However ,  there are presently not sufficient straightbred 

Brahman and/or Simmental female s to produce the anticipate d  

bull requirements; hence s ome Nguni females are upgraded 

towards these two breeds . At the same time the potential 

of the rec ommended breeds and cro ss es is evaluated to find 

out which type of animal is most suit ed to the country's 

various climatic zone s .  

Gene tic improvement o f  a population results from 

underlying changes
. 

in gene frequency and/or changes in the 

way in which the mating system in the populat ion permits 

the genes to unite as the zygotes are produced ( Lush,  

1 94 5 , Falconer , 1 960 , Turner and Young, 1 969 ) .  

Selection; i . e .  the method of choo sing the parents of 

future generations , is the mo st commonly used method of 

changing gene frequencie s .  It  is bas�d on the accurate 

evaluation of d ifferences between animals so  that those  

with better genotype s are allowed t o  reproduce and poor 

genotypes are culled . The effectiveness of sele ction is 

dependent on the genet ic superiority of the s elected 



animals in relation to  the mean o f  the population from 

which they c ome ( i . e . , the sele c tion diffe rential ) ,  this 

superiority being re fle c ted in improved pe rformance of 

the ir progeny . 

4 

An init ial requirement in any genetic improvement 

plan is to determine the traits of economic importance .  

In b e e f  cattle , economic traits  are those t hat c ontribute 

to productive efficiency and quality or des irability of 

produc t and they includ e fertility , mothering abili ty , 

growth rat e ,  e fficiency o f  feed us e ,  carcass merit , and 

longevi ty ( Gregory , 1 965 , 1 97 1 , Rae and Barton , 1 970 , 

Willham , 1 976 ) .  

Growth rate in slaughter animals appears to be most 

important from an economic point of view . Firstly , it 

has been es tablished that growth rate is highly correlated 

with efficiency of fee d  conversion under feedlot c onditions 

Gregory , 1 96 5 , 1 97 1  ) .  Secondly,  livewe ight is  a go od 

index of c�rcass we ight , there be ing little variation 

b e tw een animals in killing-out percentage . Thirdly , fast 

growth means that an animal has to be  kept through fewer 

diffi cult and expens ive winters be fore reaching a killable 

weight . I� has been obs erved that high weight gains are 

positively c orrelated t o  lean growth and t hat the genes 

for rapid growth are not antagonis tic to  thos e  for the 

product ion of desirable carcasses ( Se ifert and Rudde r ,  1 976 ) .  

Heritability es timates for postweaning growth have been 

found to be moderately high and response s  to sele c t ion 

significant ( Preston and Willis , 1 974 , Seifert , 1 975 b } .  
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Against t he s e advantages , rat e of gain has been 

found to be geneti cally and Iiheno typically pos itive ly 

correlat ed Hi t h  birth \ve i ght and mature s ize ( Preston and 

W illis , 1 974 , S e ifert , 1 97 5b ) . Hence , s e le ct i on fo r 

fast growth c ould l ea d to herd s of large cow s with  high 

maint enance re n uiremen ts  nnd in creas ed dys t o c i a  due t o  

heavy b irth we ight s . 

Ivl o t hering ability o f  a cow , whi ch is c ommonly 

as ses s e d  by the weight of i t s  cul f at we aning , is anothe r 

impo rt ant trnit in be e f  pro duct ion . Although thi s me asure 

of mothering ab ility inc ludes the c ombined e ffe ct of a 

c alf 1 s po t en t ial for gro\� th and i t s  dam 1 s abil ity to 

care fo r i t , it also refle cts  t o  a large e x t ent , the milk 

product i on of the d um . Und e r  past oral cond i t i ons where 

calves are r e ared s ingly on the ir dnrns , a cow ' s a�ility 

to prod uce calv e s  re[,'"Ul arly and t o  re a r them - s ati s fact ory 

can be as e c onom�cally import ant as the grow t h  rat e s 

obtained by ind ividual calve s . 

The basic re-1uireruent in een e tic improvement of al l 

tr�its of e conomic value is  the m e asuremen t or eVQlua tion 

of d ifferen c e s  among ru1imals . The purpose of the 

measurements is to rr o v id e 811 ac curate estirna te o.f t he 

bre ed ing value o f  an animal r e lative · to others in a he rd . 

Howeve r ,  geneti c  e ffe cts may _ �� c onceale d  by natural or 

induced facto rs which c ould confuse the bre eder and reduce 

the a ccuracy o f  s el e cting animals having the greate s t  

bre eding value . To bette r e stimate geneti� d if ferenc e s  

between animal s , environmental differences be twe en record s 
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n e e d  t o  be reEoved or controlle d .  S ome enviro r�ental 

ir-fluenc e s  c�n b e  ad j us t e d  s t a t i s t ic �lly ( e . g . s ex ,  aee o f  

darr. ) s:.nd o t he rs C 3.ll be c ::n tro lle d by s ta::1d..:.rdising fe ed ing 

c or:::;-a::�e a:.. l s.nirr.als or.. r:.n e :;ual "b s. s i s  as sw:J ing t��3. t t r::.e 

?.n ir::.als r:anat;e Ci n.lil : s , d. i :? f e ::�en c e s  i:-1 the i r  l :..ve '.ie i ght s 

re �l zs� c � :.. c d if � e�e�c e s  r e 3. 2 o nab l y  � e l l .  

. - " 
en .:::::r:m:-'- sc.ge of 

t�e ge�etic c o rr� l � t i c ns b e twe e� t�er::. . 

I� ��d i t i cn , t he te r i t �� �l ity 0 :?  

c.. tr·. i t 1.:.1:d e r  s e l c c Jc i on ts. s C:t rr.s..j c r detsrr::.�g influence 

on t�e c�o :.. c e  c f  the t e s t ing me ttc� . ::: n t rc:.2. t s  o f  

L!ed :..L.illl t o  high he rit aoili-:;;;,- , s e le c t i cn o n  i�d. ivi�'-42. 1  

perfornanc e ( perforruance t e s t ing � i s  �de :; us.te ;·;he re s.s 

l O '.'." he r:.. t a bilit ies re -::_u2.re c cns id.e r:.!. t i on o f  :t: ro geny and 
sib te s t ing. Howev er , s eve ra l e c ono�ic tr�i t s  o f  b e e f  

cattle t hat c ontribut e to t h e  r ro di.i.ctiv e  e ffic iency and 

d e s ira b i l i ty of l_:; r o d1;.ct have r: odere.t e ly hit;h 

he ri tab ilities ( Pre s t on and �·i illis , 1 974 ) . I e rformanc e 



t e s t ing is , the re fo re , the maj o r  s e l e c t ion me thod in 

bre e d ing plans to improve tra i t s  like growth rat e  and 

feed convers i o n .  
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Gene t ic correlations are imp or t ant in selec tion 

be cause they giv e  an indi cation o f  t he change l.vhich w i l l  

o c cur in o n e  t ra i t  whe n s e lec ti on i s  applie d t o  t he o the r .  

They are us e ful in planning s e le c t ion agains t und e s irable 

c o rrela t ed r e s po nses , and , al though a part i cular trait 

may no t be of d i r e c t  e c o nomic value , it can b e  us ed as a 

basis for s e le c t ion if i t  is gen e t ically related t o  a 

c r i t e rion that i s  of d ire c t  e conom i c  value . Other 

imp ortant param e t e rs in beef c a t t l e  are phen o typic 

c o rrela t i ons b e twe en tra i t s  and rep e a tability o f  cow 

performance with re spe c t  � o  growt h rat e  o f  c alve s to 

weaning. All these parame ters are dis cus s e d  in de tail 

in t he nex t chapt e r .  

I n  b e e f  c a t tle , gene tic improvement can be achieved 

t hrough selec t i on within ex i s t ing bre eds , cho o s ing among 

bre eds and c r o s sbreeding designed e i ther t o  expl o i t  hybrid 

vigour or t o  c o mbine the meri t s  of diffe ren t bre eds 

( rre s t on and 'vJillis , 1 974, Bis hop e t  al , 1 975, Cund i ff , 

1 980) . Howeve r , e ffe c t ive s e le c t i on is of fundamental 

importanc e what ever o the r improvement me thod i s  adopted .  

Diffe renc e s  be tween br e e ds o f  c at tle repre sent a 

valuable source o f  gene t i c  variati on which beef producers 

c an expl o i t  e i the r by changing from one br e ed to ano ther 

or by cros sbre e ding. The de cisi on on choice of bre ed 



d epends in part on t he breeding obj ec tive , particularly 

on the re lat ive importance attached to growth rate and cow  

performance ; and in part on the suitability o f  diffe rent 

breeds unde r  the particular farming environment . 

Crossbre eding on the o ther hand , allows for utilisation 

of he tero s i s  and combining of desired charact e ristics  in 

c omme rcial ea ttl e  that v1 0uld not be pres ent in any parent 

breed alone . The gene t ic consequence s  o f  cros sbreeding 

and the superiority o f  cro s sbred over straightbred animals 

have been well docume nt ed (Mas on , 1 96 6 , Dickerson , 1 96 9 , 

1 973 , Cund iff , 1 970 ,  1 980 , Preston and 'N"illis , 1 97 4 ) .  

The ma j or  ob j ec tive of the pre sent s tudy was t o  

evaluate the growth and maternal performanc e  o f  Nguni and 

Nguni cro ssbred cattle in Swaziland . The growth trai ts 

chosen for investigation were birth we ight , weaning 

( 2 1 0 days ) weight and 1 8-month ( 540 days ) weight . The 

weaning wei�1ts of calves were also used as  a basis for 

evaluating the mate rnal pe rformance o f  the c ow " breeds " .  

The nature of the available data also made it poss ible 

to calculate estimates of  heritability and genetic and 

phenotypic correlations of the growth traits ,  and to make 

e s timate s of the repeatabil ity of weaning weight . The 

feasibility o f  lowering the age at whi ch cattle are 

selected for breeding in the Swazi  Government ranches 

from t he current 540 days ( 1 8  months ) to 1 4  months 

( 4 20 days ) was also  evaluated.  



C H A l T E R T vJ 0 

itEVIE\4 OF LITERATURE 

2 . 1 Fac t o rs Influenc ing t he Growth Perfo rmanc e of 

Beef C a t t le 

Growth i s  w id ely a c c e p t e d  a s  a most impo rt ant 

c h�r�c t e ri s t i c  in b e e f  c at tle . The growth cyc le may be 

s e pa rated int o  two phas e s , namely , pre-natal and p o s t ­

natal ; the lat t er b e ing further subdivid ed int o a pre­

w eaning and a rjo s t -we aning pha s e  ( Hafe z ,  1 963 , l'r e s t on 

9 

and W ill i s ,  1 974 ) .  T he p re-natal growth phase involves 

c hange s  in s i z e  between c o ncept ion and birth and i s  usually 

m e asured as t he bir t h  w e i ght o f  calve s .  F re -we aning growt h  

i s  a m easure o f  p o s t -natal growth while the an imal i s  

s ti ll und e r  mat e rnal influenc e s , and p o s t -w e aning growth 

is a mei.isure of ind ep end Gnt growt h .  r�lo s t stud i e s  have 

d e alt with t he las t t w o  pha s e s  of gro wth and have 

measured grm·:th as 1tJ eight ( and weight change ) at vari ous 

s tages of t he animal ' s  life between birth and maturity . 

The fac t o rs influenc ing any t rait may b e  as s oc ia t e d  

w ith a gene t ic and a n  environmental o rigin ( Fal cone r ,  1 960 , 

F re s t on and \Villi s ,  1 974 ) .  Variat ion in measures of growth 

are caus e d  not only by breed or wi thin b re e d  gene t ic 

d ifferenc es , but als o  by non-genetic factors such as 

climate ,  nutrition and management Q The vari ous factors 

influe ncing the growth traits of be ef cat tle are thus 

c lassified into gene tic  and non-genetic  factors in this 



review and only thos e fac tors influenc ing the pre- and 

post-weaning trait s  are dis cus s ed under each category. 

Lit e rature on factors influencing the growth 

performance  of cattle is ext ens ive ( Preston and Willis , 

1 0  

1 974 ) .  How ev er , in the main , such -vrork has been confined 

t o  temperat e climate s  and most s tudie s have dealt with 

cattle maintained under fe edlot cond itions . T he re appears 

to be a rela tive d e arth of informat ion not only from the 

tropics and sub-tropics , but also  from breeds other than 

the 1 1 Hurop ean 1 1  and Brit ish beef breeds . 

This revi e w  i s  c o nf ine d t o  some of the available 

l.i terature on fa ctors influe n c i ng the grO\ith t ra i t s  of 

cattle in t ro pi c a l  and sub-tropical areas . It  fo cus es  

on reports from s tud ie s carried out with  cat t l e  raised 

under graz ing cond i ti ons . 

2 .  1 • 1 Fac tors i nflue n c ing pre-weaning p;rO\ith 

trai t s  

The pre-weaning performance of beef calves is  

c ommonly measured by birth weight , weaning we ight , 

weaning we �ght per day o f  age , and gain or  average daily 

gain from birth to weaning . Birth �eight is an essential 

component of lives t o ck producti on e c onomics .  It is an 

indicator of size and vigour of the calf at t he be ginning 

of post-natal development . Birth w eight is als o  directly 

important through its influence on calving d ifficulty and 

is use ful in d etermining t he average daily gain o f  calves 

from birth to  weaning and age-corrected weaning \<T eight . 
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Calf wean ing l ivewe ight , a d j us t ed for non-gen e t i c  

fac tors , i s  u s e d  t o  me asure t h e  maternal pe rformance of 

t he d am. \'l e aning we ight may al so be used as a crit e ri on 

for e arly s c r e e ning or culling o f  bulls and he ifers be fore 

the ir first w int er fe e d  s hort age ( s e e  Cart e r ,  1 9 7 1  ) . 

However , in c ow-calf op e rati ons , weaning weight of t he 

calf exe rt s  a gre at influence on net inc ome be caus e it i s  

dire ct ly relat ed t o  t he va lue o f  t h e  calf a t  wean ing . 

Pre-weaning growth p e rformance in c a t tle i s  a complex 

tra i t s inc e it re fl e c t s no t only the growth ability o f  

the c alf but als o  the ma ternal environment created for 

the calf by i t s  dam . Calf cro w th ra t e  :r:;ri o r  t o  w aanine 

i s  large ly a re fle c t ion o f  i t s  d arn ' s  mothe ring ability , 

e s [e c ially her milk yield�  t h e  calf ' s  own growth capa c i t y  

p lays a min o r l'Ole  s. t th�s stage . Howeve r ,  the vari ous 

fac t ors  influencing the 1-- re-we::--..n ing growth trait s may b e  

gene ral ly categorised  int o een e t ic and non-gene t ic 

i t tfluence s .  

( i ) Gen e t ic F�c tors 

The . . e ffe c t s  of gene t i c  fac tors on pre-weaning 

growt h tra i t s  are w e ll knm,rn . Differen c e s  in b irth 

w e ight , pre -weaning da ily gain and w ean ing w e ight due to 

breed of s ire , bre ed o f  dam , s ire l ines or ind ividual 

s ire groups are all c ons eque nc e s  o f  genet ic influe nc e s . 

Het erot ic a s  w ell as inbre eding e ffects on gro wth are 

also due t o  genet ic s ourc e s  of variation . 

The e x is t ence o f  bre e d  d ifferenc e s  in pre -weaning 
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growth i s  1-lell e s tabl ished in t he l i t e rature . Preston and 

',>/ill is ( 1 97 4 )  summarised the e;eneral ranking o f  the common 

beef bre e ds and conclud ed that s ome breed s were c o ns ide rably 

large r a t  b i r t h  and w e aning than others . In Table 2 . 1 

are some birth w e ight s o f  the ind igenous bre e d s  o f  

S outhern Afr ica , a s  well a s  o the r breeds c ommonly us e d  in 

tropical are as . I t  is apparent from t his t a b l e  that the re 

are bre e d  d i ffe ren c e s  in b i rth He i ght . Howeve r ,  t he re 

are very few report s  in whic h the breeds are c ompared in 

the s ame enviro nme nt . S ome of the c ompa ris ons report e d  

have b ee n  mad e u s i ng �mrvey ty :r-· e  d e1 t a  in vrhi ch t he vari ous 

bre eds w e re examined a t  d i ffe rent s ites s o  that o t he r  

fa c t o rs c o nfound e d  t o  s ome e x t ent t h e  compa ri s o n o f  bre e ds . 

Maule ( 1 973 ) reviewed some publ i s he d c omp arat ive 

s tud ie s  on t h e  zro wth �e rfo rmanc e o f ind igenous and exo t i c  

bre eds o f  c at t l e in S out hern A f r i c a  and sugge s t ed apparent 

bre ed type d i fferen c e s  in pre-w ean ing grm.rth t rai t s . He 

o bs erve d  that m o s t  o f  the e x o t ic breeds were supe r ior in 

growth t o  t he ind igenous one s , �oJi t h breeds lik e  the 

Charolais w e iBhing up t o  1 06 kg heavier than t he indigenous 

Afr ic ande r  and Nguni at 1-r e an ing ( 205 days ) • T he review 

also revealed s ignificant breed differences among the 

exot i c , as w e l l  as between the indigenous breeds  o f  

cattle in growth rate t o  weaning and vreaning weight . 

In  Bot swana , Trail et  al ( 1 977 ) evaluat ed the 

product ivity o f  the three  l ocally available Sanga type 

breeds (T swana , Tuli , Africander ) , using records colle c ted 



1 3 

TABLE 2 . 1 T he B i.rth ive ight of s ome Be e f  C a t t l e  Breeds 

Breed 

Africander 

� . 
.n.ngonl 

Ba rot s e 

Bonsmo.ra 

Boran 

Brahman 

Tviashona 

Ngun i  

Santa Gert rud is 

S irnm en tal 

T mv-ana 

Tuli 

Birt h ive ight 
( Kg ) 

3 2 . 3 
30 . 6 

2 9 . 9 

20 . 0 

2 1  • 1 

26 . 0 
24 . 0 

34 . 0 

2 2 . 3 

2 5 . 7 

· 27 . 8 

28 . 1 

23 . 5 

2 6 . 0  
28 . 7 

3 2 . 2 

4 2 . 7 

37 . 4 
3 9 . 2 

30 . 7  

3 2 . 7  
28 . 8  

Re fe renc e 

Jl1aul e ( 1 973 ) 
Pres t on nnd j i l l i s  

( 1 974 ) 
T rail e t  · l l  ( 1 977 ) 

I-re s t on and ·, J i ll i s  
( 1 974 ) 

T ho rpe e t  . 1  ( 1 979 ) 

l\1aul e ( 1 973 ) 
Thorpe et · 1 1 ( 1 97 9 ) 

Maul e ( 1 973 ) 

Pre s t on and � i i l l i s  
( 1 97 4 )  

Thorpe e t  · ; l ( 1 97 9 )  

P re s t on and •,J i l l i s  
( 1 97 4 )  

DPU ( 1 97 9 )  

r·laule ( 1 973 ) 

Jl'laul e  
DPU 

( 1 973 ) 
( 1 979 ) 

I-r e s t on and \I i l l i s  
( 1 974 ) 

P re s t on an d · \Jillis 
( 1 97 4 )  

J oubert et �1 ( 1 977 ) 
DPU ( 1 979 )  

Trail e t  � 1  ( 1 977 ) 

Maule ( 1 973 )  
T rail et · .1 ( 1 9 77 ) 
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over a 4 -year pe ri od and reported significant differences 

in pre -wean in�: �rou th . They found that at birth , the 

rrsvrana ( ) CJ . 7kg) an d il. fric ander ( 2 9 .  9kg) calve :_; H ere 

s igni ficantly heav i e r  than t he Tuli ( 28 . 8kg ) . The T swana 

c alve :::_; '. ; o,;.·· c c .. l s v  s iDJ. i fi c ant ly b e -t.; t c: r in weaning H eight 

( 1 74 . 6kg ) t han the Tuli ( 1 6 9 . Gkg ) and the Afri cand er 

( 1 66 . 1 kg ) ca1.ve s . S imilar fin dings i n  Zamb i a  have b e en 

reported by Thorp e  e t  al ( 1 97 9 , 1 980b ) , using d ifferent 

bre ed s of cat tle ( Baro t s e , Angoni and Boran ) . 

� s tud y  o f  the e ff i c i e n cy o f  various bre e d s  o f  c at t le 

in a sub - t r o :p i c a. l  environme n t  H a s  u nde rtaken by Ven t e r  

e t  �1 ( 1 980 ) in S outh Afr i c a . The re sults of this s tudy 

c o ::1firme d tha t bre e ds d i ff e r ed sign i ficant ly in pro­

weaning grm..r t h , Hith S immental ,:,nd Bonsmara calves hav ing 

he av i e r  we ight s at b ir t h  and H e aning than Africand e r and 

Here fo rd c alve s .  The s e  re p o rt s ar e j us t  a few examples of 

the many s tu d i e s  whi ch c on f i rm t ha t  b re e d  di f fer en c e s in 

growt h  exist even � i t hin similar type s of cat t le . 

The gene t i c  factors that influence pre-wean ing gro1vth 

are of two sort s : dire ct genet i c  e ffects of the 

individual ' s o wn  geno type , and mat ernal gene tic e ffec t s  

controlled by the darn ' s  genotype ( vlillham , 1 9 63 , 1 97 2 ) .  

The genotype o f  the dam apart from other influe nces , also  

affe c t s  the l evel of  milk yield and consequently , the 

growth rat e o f  the calf . Thus , although the genotype of 

the dam is to s om e  ext ent c onfounded with t he genotype 

of the offspring,  it has the most important influence on 
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pre -weaning perfo rmanc e . 

Several s tudie s have re ported the importance o f  the 

dam in expre s s ing bre e d  d iffe rences in pre -weaning growth 

trait s . Vorster ( 1 9 5 4 ) rep o rt e d on a long-term comparat ive 

s tudy of be ef produc ing ab ili ties  o f  d ifferent breeds of 

bulls when mat e d  t o  " :Euro p e a n "  cros s and " Na t ive " cows in 

Z imbnbwe . He found thnt , independent of bre ed o f  sire , 

the pro'geny o f  t h e  Eur o p e an cr o s s  c ows 1-vere s ignifi cant ly 

( P<0 . 0 1 ) heav i e r  a t  b i rth and w e an ing than the offspring 

o f  the r e: l0. t ive l y  smal l Nat ive co Hs . In t h:... :::; s tudy , the 

p r o ce ny of t he Europe an type cows w e re 1 4 kg heuvi0r �t 

\·l e aning . Ell is et : 1  l ( 1 9 65 ) , u orkine; ·. :i t h  strai£;htbred 

and c r o s sbred Dra�nan-Here ford c R t t l e  in the tropical a r e a s  

o f  T exas o b s e rv ed that the ee n o tyre of the dam ex ert ed 

cons ider:::1bly more influe nce  o n  b ir th vre i&ht than did t he 

gen o type o f  t he s i re . C ompa.ring the pre -weaning £:ro vrth o f  

t he S imment :ll , Afri cand e r  an d Here ford b re eds , tT oub e r t  e t  ·-: 1 

( 1 977 ) found th3 t S imment a l  c a lve s w e re 4 0 . 6 kg �nd 4 2 . 1 kg 

heav ier :1.t vleaning thnn t he Afr i cu.nder and Here ford calve s ,  

re s� e c t ively . They at tribut ed this supe riority to the 

d i fferences in mothering ab ility of the t hre e bre eds . 

Reports from the cros sbreed ing studies undertaken in 

v/estern Uganda by T rail e t  il l ( 1 97 1 b )
. 

·and Sacke r e t  :..tl 

( 1 97 1 b ,  c ) illus trated that breed of dam , breed of sire 

and bre ed of c alf al l have an important influence on pre­

weaning body we ight s .  These s tud ies involved thre e 

introduc ed bre eds ; Angus , Red Poll and Boran ; and two 



ind igenous b re e d s : Ankol e and �as t  Afri can Zebu.  T he 

rep ort s have indicat ed t ha t  the b irth \veigh t s of calve s 
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by B o ran Rnd .!' .. nkole da.ms \lere s izn i fico.nt ly heavier than 

tho s e  by Z ebu dams . From 3 to 9 months ( wean ing ) , c alves 

b y  I3orun dams H u r e  rll 3 0  S i [!)�ifi cantly heavie r .  th::tn t ho s e  

by Anlco l c  �1.nd Z e bu dums . S ire-br e ed i nfluences in the s e  

s tud i e s  ind i cated tha t t h e  Bor�n and Red Poll s ired 
s ignifi co.nt ly he avier calv ..:; s  :::� t b irth than t he �,n gus sire s . 

However , during the pe riod 3 t o 9 months , pro geny o f  t he 

."\neus sire s vre re i n  turn signific:1ntly heuvicr than t ho s e  

of Boro..n si r e s . 

T rail &,t :: 1  ( 1 977 ) c omp::..r e d  four s i re breeds , : ". 1 1 

m a t e d  t o  T sHan,:� c o·;� s o.nd re por t e d s ire b re e d  d i fferences  

. I . t' 1n p r e -wc s n 1ng grow n .  T h e y  found that t he fro eeny of 

G imment�l and Brahman s i � e s  w ere s ignifi can tly he avi er at 

b irth and weaninc than progeny o f  Bonsmara and Tuli s ire s . 

\'f orking ui t h  Afri c3.nd e r  d ::..ms as a bas i s , 1-lentz .Q.!..___21 ( 1 979a ) 

al so re port ed b r e e d  o f  s i re d i fferences in pre -we�ning 

growth trait s .  The sire b r e e d s  c o�pared in t h i s  s tudy 

were C harolais , 3 immental , Brahmo.n and He re ford . Other 

H o rkers Hho reported breed of s ire and/or bre ed of dam 

d iffe rences in pre-weaning t rai t s are Horak e t  : ; 1  ( 1 964 ) , ---
Harr icharan e t ·-:.1 ( 1 97 6 ) , C ro cke t t e t  al ( 1 979 ) ,  and 

Pate rson e t  E!.l ( 1 980a ) .  

Cros sbre eding brings about a favourable response 

in b irth weight , pre -wean ing gain and weaning weight , due 

no doubt to the superior viability and growth rate potential 
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o f  the F1 calf , and the sup e ri ori ty in ma t e rnal 

pe rformanc e  of the F1 c ov1 in the c a s e  o f  thre e-bre e d  

1 7 

c ros s e s  o r  ba ck-cr o s s e s . 0 o  far as t he F1 c al f is c on c e rned , 

t he d e gr e e  o f  he t e ro s i s manife s t  in these t ra i t s  dep ends very 

much o n  t he ma t e rn:::tl r;erformetnc e o f  the s traigh tbred c o w .  

Di ffe rent re s}ons e s  o f  r e c ipro cal cr o s s e s  fo r pre -w e an ing 

gain and 1 reaning \/ e ight us ual ly s t em from vc:�riu t i ons in 

m ilk rr o du c t ion and m o thering .'l b i l i  t y . 

T he effe c t  of c r o s sbre 0 d ing o n  pre -weaning 

p e r fo rm:J.nce of cA.lV e D  hns b e on c o n fi rmed by many repo rt s . 

T he cro s s ing o r  d i fferen t b r � c d � has b�cn !ound t o  r e sult 

in inc r e a s e d  b ir th H c i .::;h t s  :.::.n d  SUb S e ·l Uent za in t o  '.i e :.1�1lng 

du e to incre :t � cd he t e ro s is l..::vels . Bl li s e t  :._1 ( 1 ::3 6 5 ) , 

rL::f!Ol' t ing on the 2 f f e c t s  o 1  h c; t e r o D L 3  on b L:tl1 u c; i ght of 

Dralunnn-He rc f o rd c r o s s e s  f o u....'1 d  he t e r o s i s  levelo of 1 0 . 8�. 

for f ir s t -cro s s  ca lv ·� s , 5 . 5 �- fo r b.�_ck-cross  cnlv e s  from 

firs t - c ro s D  c o Y s , 8 . 2 �w fo r b a c k - c ro s s  c:1lve s from s t ra i ghtbred 

c oHs .:1nd 2 . 0;- for F2 calve s . The r a y o r t s  o f  T rail e t  . ..,__1 
( 1 971 b ) and Sacker e t  a l  ( 1 97 1 b , c ) indi c tl ted s i g11i fi c<:m t  

hybrid vigo ur effec ts o n  1 re -ueaning body vle ight s  o f  

cros sbre d  c alv e s . In t he s e  s tudies , cros sbre d c :..1lve s Here 

heavier a t  b ir th , and at 3 ,  6 and 9 months than s t raight bred 

calve s , and he t e ro s i s  levels for the s e · respe c t ive ages were 

Bet' 1 6°' 1 gc: d 1 6cf 7" ' 7" ' /- an /' • T he re sul t s  from the s e  reports al s o  

sugge s t e d  t ha t the e f fe c t  o f  hybrid vigour on the mothering 

abil i ty o f  F1 d ams 1-ras n t le as t as great a s  o n  e arly grouth 

of the F1 cro s sbred s  t he m s e lve s . 



In the sub-tropical areas o f  New South Wal e s , 

Barlow and O ' Ne ill ( 1 978 , 1 980 ) evaluated the growth 

pe rformance of He re fo rd and c r o s s bred Here ford calv e s  

t o  \veaning. They found that c ro s sbred calves grew 
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fas ter than He re ford culves . The advan tage s in livewe ight 

a t  weaning w e re 1 2 . 0 kg fo r Brahman x He re ford , 1 5 . 1  kg for 

S immental x Here ford , and 1 6 . 3 kg fo r Fries ian x He reford .  

The se auth o r s  sugge s t e d that ab out half the superio rity 

o f  the Bo s taurus crosses would be a t tributed t o  

het e rosis and that mo s t  o f  the increases in bir th w e ight 

and ave rage daily gain among Brahman c ro s s e s  could al s o  

b e  explained by the same phenome non . Mentz e t  al ( 1 979a ) 

also found that crossbreds p e rformed 1 1 . 1 % to 1 1 . 8% be t t e r  

than Afri c an der c o n t rols in wean ing we ight . 

Jhe An imal I'roduc t i on Re s earch Unit ( APRU ) ( 1 978 ) 

in Bo t swana rep orted on the c ompara t ive pe rform an c e  of 

cros sbred S immental , Bonsmara , Brahman and Tul i F 1 c ows 

when mat e d  t o  a third s ire br e e d  and no ted s ignifi c an t  

d i fference s  i n  bir th we ight and daily ga in to wean ing 

o f  the thre e -breed cross c alve s .  The c alve s by t he 

S immental . . c ro s s  c ows were signi fic an tly he avier a t  birth 

and grew s igni ficantly fas t er than all the o the r bre e d  

c rosses and t he T swana c ontrol s . The milk yield r esults 

revealed that t he c rossbred Simmental cows pro duc ed 

sign ifi cantly more milk than all the o the r c r o s s e s  during 

the pre-w e aning period , providing further evid e nc e that 

breed o f  dam differences in pre -weaning da ily gain and 

weaning w e i ght of calves are largely due t o  milk yield 
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diffe rences  ( Fres t on and Willis , 1 974 ) .  

The effect  o f  the sire on birth weight and weaning 

weight  is to be an ticipated in view o f  the moderate 

heritability es timat es of the se trai t s  ( P re s ton and W illis , 

1 974 ) .  The sire c ontribute s  a sample half of his genes 

towards the gene t i c  make-up of the calf and the refore its 

gene t ic influence on measured calf pe rformance is to be 

expec t ed despit e the very high influence of the maternal 

environment provi ded by the dam .  

Mos t vlO rk ers who have studied the effect of the 

sire on the pre -weaning performanc e o f  the calf have 

c onfirmed measurable sire effects . S ignificant d iffe rences  

be tween sires within breeds were reported by  Bosman and 

Harwin ( 1 9 6 6 ) who not ed tha t  sire diffe rences were even 

more marked in the case  of weaning we ight than at birth . 

These authors reported a magnitude o f  differences among 

sire s of up to 29 kg at wean ing. In Sudane se cattle , 

Osman and Rizgalla ( 1 9 68 ) found highly significant (P<0 . 0 1 ) 
sire e ffec ts on b irth weight but non-significant e ffe c t s  

on both pre-weaning average daily gain and weaning we ight . 

They reported differenc es  of up to  5 kg and 20 kg , 

respectively , for birth we ight and weaning weight b etwe en 

the be s t  and p o o rest  sire s .  Similar findings were rep orted 

by Barlow and O ' Neill ( 1 978 ) ,  who noted highly signific ant 

sire influences  o n  birth weight , but non-s ignificant 

effe c ts on daily gain . The se authors also illustrate d  

that sires had a significant effect on the gestation 

length of their calve s .  Venkate shwarlu et  al ( 1 972 ) 



reported significant sire e ffe c t s  on b irth w e ights of 

1 83 Ongole calve s by 2 0  s i re s .  

The re appears t o  b e  bre ed d i fferenc e s  in the 

magnitude of sire e ffe c t s  on pre-weaning growth t raits 

o f  calves . raters on e t _d  ( 1 980a ) , w o rk ing with seve ral 

b r e e d s  of c at tle 1 obse rved that t he influence of s ires 

w i t hin the Simment al b re e d  was greater than s ire 
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influenc es 1'11 thin t h e  C harolais and He reford bre eds fo r 

birth weight , p re -wean ing ave rage daily gain , and weaning 

w e ight . They not ed an apparent large varia tion among 

t he progeny o f  sires of the S imm ental bre e d  and le s s  

varia t i on in Hereford and C harolais sires ' progeny at 

b irth and w eaning . S imilar result s were o b tained by 

Harricharan e t  <:1l ( 1 9 7 6 ) who observed tha t s ir e s  had a 

s i gnifi c ant influe nc e on b irth weight in the San ta Gertrud i s  

herd , but appeare d t o  b e  le s s  important in the Sahiwal and 

Brahman herd s .  However , the s e  work e rs at t r ibut ed the 

herd d iffe rences in s ire e ffe c t s  t o  the d ifferent nutri t ional 

levels be twe en herds and po int e d  out t ha t  the full p o t ential 

e f fec t  of a sir e  on b irth we ight may not be mani fe s t ed 

und er p o o r  nutrit ional c ondi t ions . They also observed 

t hat the effect of the s ire on weaning w e ight be came 

greater with increa s ing age at weanin�. 

In gene ral , the evid ence that varia tion in pre-wean ing 

growth of calves due t o  sir e s  ex ists ,  imply that sele c t i on 

o f  supe rior sir e s  in te rms of increased calf grow th to 

weaning or reduc ed b irth weight is p o s s i bl e . The 

measurable sir e  e ffe c t s  on ge s tati on length and b irth w e ight 
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o f  calves are fur ther evidence o f  the phenomen on tha t  the 

calf c o ntrols i t s  ge s ta t ion per i o d  and play s a determining 

ro l e  in the init iat ion of partur i t i on .  

Inbre e din g i s  als o  expe c t e d  t o  have s ome influ e n c e  

o n  birth we i gp.t and sub s e c! ue nt gro v1 th o f  calv e s .  The 

influe nc e of the s ir e  on pre -'i/eaning groHth is not o nl y  

due t o  the rel a t iv e  gene tic me r it of a s ir e for grow th , 

but al so de p en ds up on the d e gr e e  o f  gene t i c  diffe r en c e s  

b e tw e e n  the s i re and d am ,  w hi ch may give ris e to e ithe r  

heterosis ( betHeen lines wi thin a bre e d ) o r  inbre eding 

d e pr e s s ion . Alim ( 1 9 64 ) wo rk in g  w it h Kenana cat t l e  in 

Sud an rep o r t e d  tha t the degr e e  of inbreed ing of calv e s  

had a h ighly s i gn i f i c an t  e ff e c t  o n  b irth w ei ght . He 

found a re gre s s ion c o e f f i c i ent which ind icated tha t the 

inbre e d ing of the dam is un imp o rt ant in it s influ e n c e  on 

b irth -vre i ght , but tha t the inbree ding of the calf i s  

a s s o c i a t e d  with depre s s e d  birth w e ight s .  

( i i ) Non-Gene t ic ?� ct ors 

The envi r onmen tal fac tor s affe c ting pre -weaning 

growth may e i the r have a dir e c t  e ffe c t  or act indir e ctly 

thro ugh their in flue n c e  on the dam ' s  milk yield . T he s e 

include age o f  dam , w e igh t  and s ize  of dam , the ma t e rnal 

environment and feed ing , or the nutritional regime imposed 

on the dam . The sex o f  the calf as well a s  year and 

month o f  b ir t h  al s o  play an impo r tant role in influencing 

pre-weaning growth. 
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The importan c e  o f  the a ge o f  the dam in influencing 

b irth we ight , daily ga in and vT eaning we ight of calves is 

well e s tablished .  A rec ent study by Jones and Hopkins 

( 1 980 ) on the e f fe c t  of corre ction fac tors on respons e t o  
' 

s ele c t ion have revealed that1 when the environmen tal e ff e c t s  

o f  age o f  dam are n o t  al lowed for i n  sele c tion fo r grow th 

ra t e , the sele c t i on diffe rent ials and genetic  respons e s  

t o  s elect ion are r educ e d .  \'iork ing with c ows aged 2 to 8 

years , these autho rs found tha t neglec ting the dam -age 

e ffe cts reduced gene t i c  gains by 1 5% when selection was 

for weaning we ight . 

Age of dam e ffe cts  on r·re -wean ing performanc e are a 

measure o f  dif fe renc es in the ma t e rnal environmen t of the 

dam age s . Progeny of young dams are usually lighter at 

birth and wean ing and they t end to grow more sl owly than 

those of older dam s . 11,os t stud ies have indicated an 

increase in pro du c t ion up to 5 t o  8 ye ars of age , followed 

by a gradual d e cline , though the peak pe ri od s eems to 

vary b e tween d iffe ren t bre eds and types of cattle , mos t  

p robably due t o  d iffe rences in age at maturity .  The 

lighter birth w e ights of progeny of young dams may be 

partly due t o  the fac t  tha t  in pregnant cows which are not 

yet mature , the growing foe tus has to . compe te for resourc es 

with growth and d evelopment of the dam herself . Limitations 

due to the skeletal size of the dam in immature cows may 

al so c ons train the calf ' s  growth during ge stat ion and 

thus result in smaller calve s at b irth. The gradual 

d e creas e in cal f  birth we ight and weaning weight as the 
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cow age increases furthe r is presumably due to  a decline 

in mate rnal abili ty asso c iated with old age . 

There has been c onsis ten t  reports on the reduc tion 

in pe rformanc e of young cows c ompared with mature c ows . 

Alexander e t  � 1  ( 1 960 ) , working with 244 Here fords in a 

sub-tropical environment in Australia found that firs t calf 

heifers produc ed calves which were 1 . 8 times light er at 

birth than th ose  of mature c ow s .  Bosman and Harwin ( 1 96 6 ) ,  

dealing with several he rds of cattle , reported highly 

significant age of dam effe c t s  on birth and weaning weight s .  

Calves from 3-year-old dams averaged 1 0 . 5kg light e r  at 

weaning than calve s from matur e d&ms ( 5  to 8 years ) in 

the ir s tudy. Those  authors also noted tha t  peak 

produc t ion appeared to be reached be tween 5 to 8 ye ars of 

age in mos t  herds , with the except ion of the Africander 

herd whi ch appeared to  reach peak produc tion at 1 0+ years . 

In W e stern Uganda , Sacker e t  ·:tl ( 1 97 1  a )  s tud ied the 

effects o f  various environmental factors on body weights 

of crossbred cattle and reported significant age of 

dam effe c t s .  They found that 5- , 6- , and 7-year-old · dams 

weaned the . heaviest calve s ,  older cows produced the 

lighte s t  and the younges t  c ows  varied greatly b etween ye ars . 

Harricharan e t  al ( 1 97 6 )  reported a 3 .  6 kg and 5 .  9 kg 

increase in birth weight as age of dam increased from 

2 . 5 to 9 years in a Santa Gertrud is and Brahman herd , 

respe c tively. 



Winks et al ( 1 978) found that mature and aged cows 

(5 to 8 years and 9+ years) produced calves that were 

heavier at birth, grew faster and had heavier weaning 

weights than young cows ( 3  to 4 years) . They, however, 
/-( 

found no significant differences between calves from 

mature and aged cows. Similar results were obtained by 

Heyns (1 960) , working with cows aged 4 to 9 years. 
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That author attributed the d�m-age differences in pre­

weaning growth to differences in milk production. Other 

workers who reported significant age of dum effects on 

pre-weaning performance are Alim ( 1 964) ; Venkateshwarlu 

et al ( 1 972) and Paterson et ql ( 1 980b) . 

On the contrary, Vilakati ( 1 9 77) , working with Nguni 

and Brahman crossbred calves, found a non-snig ificant 

age of dam effect on weaning we ight, presumably because 

the study involved only mature and aged cO\'iS (4 to 1 0+ 

years) . Other workers who failed to find significant age 

of dam effects on some pre-weaning traits are Bosman and 

Harwin (1 966) , Rudder et al ( 1 975) and Crockett et al (1 979) . 

The parity of the dam and the previous parous state 

of the cow .are also believed to have some influence on the 

pre-weaning growth of the calf. Ghosh et al (1 978) found 

that birth we ight increased from second, to fourth parity 

in female Holstein x Haryana calves and noted that parity 

effects were highly significant (P<0. 01 ) .  A similar 

tendency of increasing birth weight with the advancement 

of parity was reported by Ray et al ( 1 978).  However , the 

effect of parity is partly dependent on the age of the 



dam at first calving and the int erval be twe en calve s .  

W ith respe c t  to previ ous parous state , calves raised by 

dams parous the previous year are generally light er at 

b irth and have a lower pre-weaning growth rate  than 
/ 

calves from dams whi ch were 1previously non-parous and I 
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thus res ted the previous year . This trend has be en 

c onfirmed by several reports (Koch and Clark , 1 95 5a ;  

Sacker e t  ::.t l ,  1 97 1  a ,  Seifert and Rudde r ,  1 976 , Vilakati ,  

1 977 , DPU , 1 979 , Mentz  e t  al 1 979a , Thorpe et al 1 980a ) , 

though in mos t cases the �ut hors failed t o  find a 

s ignificant and c on sistent effe ct of the dam ' s  previ ous 

parous s tate . Be s id es ,  the previous parous s tate of the 

dam tends to be partially co nfounded with the age of the 

dam.  

The weight of t he dam has been found to  be  pos itive ly 

as s ociated with the birth weight of  the cal f as indicated 

in Table 2 . 2 .  Although the correlation c o e fficient s are 

not ve ry high ,  the y  indicate that  heavier covls tend to 

produce heavier calves at birth . The relationship betw e en 

weight of dam and w eaning we ight is also not very strong , 

but is generally posi tive ( Preston and W illis , 1 974 ) ,  

indicating tha t  the advantage e s tablished at birth 

continues t o  w eaning. 

Several reports have indicated t hat the we ight and 

size  of the dam affe c ts t he pre-weaning performance of the 

calf . Vorster ( 1 954 ) observed that weights of calves at  

birth w ere closely related ( P< 0 . 01 ) to  the s ize  of their 



T A BLE 2 . 2  

Breed 

Ank o l e  

Angoni 

B o ran 

Bar o t s e  

T he C o rre lat i on between W e ight o f  

Dam an d Bi r th we ight o f  C alf 
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C orrelation R e feren c e  
C o e ff i c ie n t  

0 . 28 Tra i l  

0 . 1 9  T ho rp e  

0 . 1 8  T ra i l  
0 . 2 1  Tho rpe 

0 . 2 6  Tho rpe 

e t  

e t  

e t  
e t  

e t  

: J l 

al 

al 
� 1  

: 1 1  

( 1 97 1 a )  

( 1 980a ) 

( 1 97 1 a ) 
( 1 980a 

( 1 980a ) 

Ho l s t ein x Haryana 0 . 3 9 Gho s h  e t  nl ( 1 978 ) 

He re fo rd 0 . 26 Alexand e r  e t  : l l  
( 1 960 ) 

Here ford 0 . 40 Tud o r  ( 1 972 ) 

" Eu ropean "  0 . 23 Vo rs t e r  ( 1 9 5 4 )  

" Na t ive " 0 . 2 9  Vor s t e r  ( 1 954 ) 



dams and c onclud ed that within c omparable groups of 

c ows , the heavier animal s produced the larger calve s .  

Alexander e t  :ll ( 1 960 ) found that the weight of the dam 
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was s ignific an tl y  related to bir th weight and was ass o c ia ted 

with a bout 6% of the varia t i on in birth we ight of  the 

calf. T hey found that the regressi on of birth weight on 

cow weight was 0 . 0 1 9 ,  indicating t{?t fo r every 1 00kg 

increase in cow weight , calf bir th we ight was expe cted to 

be 1 . 9kg heavier.  Singh and Tyagi ( 1 970 ) reported t ha t  

3 . 28� o f  the variance i n  birth weight was attributable to 

dam weight.  

Trail et ' ll ( 1 97 1 a)  found a co rrelation of 0 .  23  

between the b irth \ve ight s o f  all calves and the \ve igh ts  

of thei r d ams immed ia t ely· after calving and a regress ion 

coeffic ient of 0 . 02kg. Rep orting on the yerformance of 

Ankole ,  Boran , and Zebu c ows , the se authors found no 

evidence of diffe ring relati onships between calf birth 

vleight  and we ight of c mv at parturition among either covr 

age groups or cmv breeds . A highly significant 

c orre lation of  0 .  2 4  behreen cal f  weaning \ve ight and a 

regre ss ion. of 0 . 1 27kg were als o  obtained . Thorpe e t  �1 

( 1 980a ) reported a regres s ion of cal f  weaning weight on 

dam weight of 0 . '1 2kg , indi cating tha t dams vlhich were 

50Kg l ighter than average vJ eaned calves \vhi ch were 6kg 

lighter than average . A signifi cant influence of pre-· 

calving wei ght of the dam on calf performanc e  was reported 

by \'links et  al ( 1 978 ) , \vho also found co rrelation 

coefficients ranging from 0 . 3 1 to 0 . 39 between weight of 



c ow pre-calving and grmvth rate  ( birth to weaning ) and 

w eaning weight ( 1 80 days ) of calf.  

28 

The importan c e  of ma ternal influence on the growth 

of young mammals ha s long b e en recognised (Koch and Clark , 

1 9 5 5a ,  Fal c oner , 1 9 60 , Koch,  1 97 2 ) .  While the s i re 

influenc e s  his offspring only through the spe rm cell , the 

dam may influence he r offspring thrpugh the environment 

provided as well as through the ovum. Althoueh maternal 

e ffects are environm ental in so far as thei r  influence  

on  offspring is  c onc erned , they are al so determined by 

gene tic  and environmen tal fa ctors . The genetic maternal 

e ffects have already been d i s cus s ed . 

Mate rnal effe c t s  on b irth wei gh t  refer t o  t he 

d iffe renc e s  in bir th Height c aused by differenc e s  in 

mat ernal environment provid e d  by cows during ges tat ion 

( pre-natal maternal influenc e ) .  Brown and Galvez ( 1 9 6 9 ) 

evaluated mate rnal and non-mat ernal influenc e s  on birth 

weight and rep orted that the e ffe ct  of  differen c e s  among 

individual cov1s on the birth w e ight of their calv e s  

acc ounted for 1 7 . 6% o f  the total variation in birth weight 

in Herefo�d and 9 . 3% in Angus . A review of the influence 

o f  mate rnal environment in b e e f  cattle by Koch ( 1 972 )  

revealed that maternally-related vari�tion accounted for 

1 4  to 1 8% of  the phenotypic varianc e  in birth weight . 

Since there is no d ir e c t  measure of the influence s  

included  i n  the mat ernal envi ronment ,  an estimat e  o f  t otal 

maternally-related variation and c ovariation is d e rived 



by c omparing mat e rnal half-s ib with pate rnal half-si b 

correlations . Koch ( 1 972 ) found an average correlation 

of  0 . 1 1  among pa ternal hal f-sibs for birth we ight ; whilst 

t he maternal half-s ib co rrelati ons among all calves was 

0 . 25 ,  and of ad j acent calves , 0 . 2 9 .  The differenc e in 

relationship among the maternal apd paternal half-s ibs 

is due to t he additional influence through the mat e rnal 

environments provided during the pre-natal period . The se 

correlations indi cate  that the mate rnal environment has 

a c ons iderable influence on the birth weight of the calves . 

Howeve r ,  there appears to  be a fairly high ne gativ e  

gene tic correlati on b etwe en gen e t i c  ability and maternal 

ability for birth we ight and ge station length . Koch 

( 1 972 ) , after c ollation of data from several re port s ,  

found an average genetic  correlation of -0 . 44 between 

individual and maternal e ffe cts  on birth weight . The 

negative Gene t i c  correlation ind icates an antagonism 

b etween genes  for pre-natal growth and the genes 

conditioning the intra-uterine environment for heavier 

foetal we ights (direct and mate rnal e ffe cts ) .  Such an 

antagonism would be a balanced me chanism with the 

t endency to· maintain birth weight s in intermediate ranges 

( Brown and Galvez , 1 9 69 ) .  

Evidence for the existence and extent of maternal 

environment from birth to weaning come s from expe rimen t s  

which measure known c omponents such as milk production ,  

by reciprocal crossing o r  cro ss-fostering among bre eds  or 
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types and by the c omparison o f  observed correlations with 

theoretical exp ec tations for various kinds of relatives 

( Ko ch ,  1 972 ) .  

Milk yie ld has an overriding e ff e c t  on calf growth 

rate from birth to w eaning. Pre ston and Willis ( 1 97 4 )  
�- , 

reported tha t milk yield can account for be twe en 1 6  and 

62% of the variati on in weaning we ight . Milk yield o f  

dam has been shown b y  Richardson e t  al ( 1 979 ) to account 

for 72 and 63% of the variation in c�lf growth during the 

first 98 and 1 50 day s  of life , respectively. A study o f  

the w eight gains o f  calv e s  over the suckling pe riod carrie d  

out by lvalker ( 1 964 ) showed that 70�� of  the weight 

differen ces at wean ing are at tributable to the difference s 

at 1 2  weeks , ind icating that differen c e s  in milk yield 

are part icularly re sponsible . 

Table 2 . 3  shows s ome published co rrelations of 

weaning weight and pre-weaning daily gain with the milk 

yield of  the dam . 

The various reports have indicated that the 

correlation between monthly lactati onal yield and monthly 

growth rates tends t o  d e cl ine as lactati on progresse s , as 

a result of the in creasing depe ndenc e  of the cal f  on 

pasture . Heyns ( 1 960 ) , working wit h 24 Africander cows , 

observed that up to  the third and fourth months of 

lactation , the calf was highly d ependent on the milk 

produc tion of the dam , but that the reafter , the gain in 



TABLE 2 . 3  

Breed 

Angus 

Africander 

A fricand er x 
Angus 

Brahman 

Brahman cross  

Brangus 

N ' Dama 

Sokoto 

W e s t  African 

Shorthorn 

Zebu 

.. 
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Correlation of Calf Average Daily Gain 

and W e an i ng 1ve ight with Dam ' s  Milk Yield 

Average \'leaning Refe rence 
Daily Gain \I/ e ight 

0 . 54  Reynolds et  al ( 1 978 ) 

0 . 64 Heyns ( 1 960 ) 

0 . 58 Reynolds e t  al ( 1 978 ) 

0 . 5 1  Reynolds e t  al ( 1 978 ) 

0 . 5 5  Holroyd e t  al ( 1 978 ) 

0 . 60 R eynolds e t  : tl ( 1 978 ) 

0 . 93 M ontsma ( 1 960 ) 

0 . 9 6 " 

0 . 98 1 1  

o .  6 1  0 . 60 Lampkin and 
Lampkin ( 1 960 ) 



3 2  

1-1 e ight o f  calf did not s eem t o  be affe c t ed t o  a gre at 

ex t en t  by the relc:.tively low level of milk produced by 

it s d am ;  sugge s t ing tha t grazing ability mak e s  the calf 

le s s  dependent on the milk of it s dam . In Ghana , Mont sma 

( 1 9 6 0 ) , work ing vrith t hr e e  type s of cat tle , found high 

pos it ive corre lati ons be tween drun ' s milk yield and the 

c al f ' s  rat e  o f  gain and also not ed a gradual d ecline in 

the importanc e of milk t o  the cal f  as it be came more 

dep endent on gras s .  He attribut ed the ve ry high average 

c orre lation ( 0 . 96 ) betw e en milk yield of dam and we ight 

increase of calf at 8 v1e eks t o  the ab sence o f  pas ture 

suit able for the cal f .  

T he milk produc tion in suckling c ows i s  in turn 

influe nc ed by plane o f  nutrition of the d am , calf bir th 

we ight and month of bir th ( Heyns , 1 960 , .!11ontsma , 1 960 ,  

Holroyd e t  al , 1 97 9 ) . A close relat ion be twe en total 

lac tation yield of ·  suckling c ows and the b ody we ight of 

the i r  calv e s  at birth ( r=0 . 7 5 )  has been reported by Heyns 

( 1 9 60 )  and this has been found to be at least part ially 

independent of plane o f  nutrit ion of the c ow ( Walker , 

1 964 , Ri ctiard son , 1 979b ) .  

However ,  a ne ga t iv e  c orrelation be twe en cow pre­

weaning weight , and her calf ' s  pe rfor�an c e  at weaning has 

been rep or ted in s everal stud ies . Estima t e s  of gene t ic 

c orre lations ranging from -0 . 28 to -0 . 70 have been reported 

by Koch ( 1 972 ) .  This ne gative gene tic c o rre lation involving 

mat ernal ability has spe cial conce rn with regard to the 
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performance o f  the femal e offspring o f  high-produc ing 

dams . Sele c ting he ifers supe rior in weaning we ight would 

result in increas ed genetic  value for growth re s ponse , but 

d e crease milk production . 

The nutritional environment provided for bre eding 

cows throughout the year is of utmost importan ce be cause 

o f  the large influence of the dam on the pre-weaning 

performance of the calf.  In  general , low plane of 

nutrition prior to calving depr e s s es birth weight and 

s everal reports confirm that the pre-calving nutri ti onal 

e ffect of th e dam is of appr oximately e qual importanc e t o  

post-calving nutri tion , in s o  far as pre-weaning 

p erformanc e is concerned ( I res t on and \'Jillis , 1 974 ) .  

The importance of pre-calving levels of nutrit i on 

with re spe ct t o  mothering ability and subsequent calf 

pre-weaning pe rformanc e have been sugge sted by mos t 

workers in the tropics . In Zimbabwe , Ward ( 1 968 ) carried 

out a s tudy on the effe ct of  supplementation of  Mushona 

bee f  cows grazing on veld and reported tha t calves born to 

cows which had been supflemen ted 1vi th  groundnut cake 

before calv j.ng were heavier at birth than tho s e  b orn to  

unsupplemented cows ( P<0 . 00 1  ) .  He also not ed an increas e  

in weaning weight of 3 2% due t o  supplementati on.  Tudor 

· ( 1 972 )  investigated t he influe nc e  of low and high plane of 

nutrition during pregnancy on cal f birth weight in Hereford 

c ows and found that the low plane of nutrition s ignificantly 

(P< 0 . 0 1 ) reduc e d  calf birth weight . In that s tudy ,  the 
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calf bir th w e i ght s  o f  the low plane cows were reduc e d  by 

6 . 8kg or 2 1 . 9% compare d  with the high plane c o vJ S . 

Ric hard s on e t  al ( 1 979 ) re ported that an impro v em en t  

i n  plane o f  nutri t i on l e d  t o  an incre a s e  i n  v1e ight of c ow 

at  the end o f  winter and after c a lvin g ,  and that this was 

a s s o cia t e d  w i t h  an increase in calf b ir th we i gh t . I n  that 

s tudy , c o w s  given mos t conc ent rat e s  pr oduced s igni fi can tly 

( P<0. 01 ) he av i e r calv es than t ho s e  on veld alone . W ith 

r e s pe ct to calf growth from birth to 1 50 or 240 days , 

the s tud y ind i cated an inc r e a s e  in daily gain w ith an 

improvement in plane o f  nut r iti on of the dam , this be ing a 

r e fle c t i on o f  the inc rease in milk pro duc t i on with 

improvement in plane o f  nutrit i o n .  Richa rd son e t  al ( 1 979 )  

al so reported tha t  cow we ight c ha nge · in wint e r  h:1. d a 

s ignifi cant and pos itive e ffe c t  on cal f birth w e i ght , thus 

providing furthe r  evid ence tha t cow w e ight change during 

pregnancy ex e rted an impo rtant e ffe c t  on c al f  b ir th w e ight , 

apart from i t s a c t i on through increasing pr e -partum cow 

weight . The se resul t s  al so support the hypothesis that 

plane of  nutrition in late -pre gnancy affects  fo etal · grow th .  

Gene rally , · . c ows whi ch t end t o  l o s e  weight b e fo re calving 

will produce light e r  c alve s than t ho s e  whi ch are fed in 

such a way tha t they gain weight ( Pre s ton and W illis , 1 974 ) . 

The change in wei ght of the dam during lactation i s  

also o f  maj or importance t o  pre-weaning growth. Most 

reports have indicated an inverse relationship between 

rate of cow weight gain and calf daily gain. Cows gaining 

the mos t under grazing conditions have been found t o  



produce s lower-gaining calves .  Cows which gain a lot 

3 5 

of weight during the suckling period do so at the expense 

o f  milk produc tion and conse quent ly wean lighter calves .  

Lampkin and Lampkin ( 1 960 )  observed that animals with 

higher milk yields los t more weight , or gained le s s  we ight 

during the lactati on �eriod than the i r  lower-yielding 

contemporari es . They found a significant co rrelation of 

-0 . 28 be twe en vleight change and milk yield over the total 

suckling peri od .  The regres sion coeffic ient s obtained in 

the ir s tudy indicated that for every extra kilogram of milk 

produced in the d ifferent 1 2 -week periods of lactation , 

an add itional l o s s  in body weight of betwe en 0 . 0 1 3 and 

o . 029 kg was involved.  

Trail et  al ( 1 97 1 a )  found a highly significant 

correlati on o f  -0 . 1 5  and regress ion of -0 . 1 04kg per kg 

betwe en calf weaning we ight and gain ( or los s ) of dam ' s 

wei ght during la c tati on. The ir result s sugge s ted that c ows 

that came into milk in good condition tended to yield more , 

and heavier milke rs made smaller eains as more of the ir 

nutrients were going int o  the production of milk than t o  

building up body tissues . Similar result s  were obtained 

under Zambian c onditions by Thorpe e t  al ( 1 980a ) who 

reported nega tiv e  correlations be tween calf wean ing weight 

and dam liveweight change measured over the maj or part of 

the lactation period , suggesting that the heaviest  weaners 

were produced by the dams which los t most weight during 

lactation .  
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The s ex of the calf is one o f  the important non-genetic 

fact ors influenc ing its pre-weaning pe rformance . In almost 

all s tudies reviewed ,  t he birth weight s of male calves were 

reported t o  be signifi cantly greater than those  of female 

calves .  Becaus e of the ir advantage at birth , male calves 

also t end t o  grow fas ter  to weaning and thus have heavier 

weaning weights than females .  Since male calves are 

generally carried in utero for a longer period than females 

( Preston and Willis , 1 9 74 ) , part of the superiority of the 

male sex might be a refle ct ion of a greater gestation 

length. For ins tance , Barlow and O ' Neill ( 1 978 ) ,  evaluating 

the pre-wean ing pe rformance of first-cro ss calves found that 

ges tation was 1 . 4 days longer for males than females and 

that males were in turn 2 . 2 kg heavier at birth and they grew 

0 . 06 kg/day faster than female s from birth to weaning. 

However , it is also contended tha t  the differenc es in growt h  

rat e  between the two sexes may be partly hormonal . 

The analys is of birth we ight records of 1 30 Haryana 

calves in 1 0  s ire groups by S ingh and Tyagi ( 1 970 ) revealed 

that 9 . 38% of the tot al varianc e in birth was attributable 

t o  sex o f  cal f .  Alim ( 1 964 ) reported that di fferences due 

t o  sex accounted for 6 . 9% of the total variance in birth 

weight . Males averaged 1 . 7 kg heavier than f emales in this 

s tudy , the differenc e be ing highly s ignif icant ( P<0 . 01 ) • 

.. 
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Bbsman and Harwin ( 1 9 6 6 ) reported a highly signif icant 

influence of sex on both bir th omd weaning we ight . They 

found differences of 2 .  3 to  2 .  ? kg for birth weight and by 

weaning the difference s  between the 2 sexes were up to  

1 2 . 7  in favour of the males . In a later stud y ,  Bosman 

and Harwin ( 1 967 ) reported an average differenc e of 1 2 . 3 kg 

in weaning weight be tween bull and he ifer calve s .  Harricharan 

e t  al ( 1 976 ) found mean he rd differences in favour of males 

o f  0 . 9 ,  2 . 3  and 3 . 3 kg for calves of Santa Gertrudi s ,  

Sahiwal and Brahman breeding, re spectively , t he se dif fe renc es 

being s ignificant . In Simmen tals , Joubert e t  ;:tl ( 1 977 ) 

re ported that the average b ir th weight of bull calves 

exceeded that  of he ifers by some 1 1 %. The l ong-term 

difference be tween the birtr;. wei gh t  of male and female 

calves in their s tudy was 4kg,  while the weaning weight 

difference was 22 . 5 kg. O thers who have reported that male s 

were superior to  female s  in birth vleight , ave rage daily gain 

o r  w eaning weight are Alexander e t  ul ( 1 960 ) , Horak et al 

( 1 9 64 ) , Osrnan and Rizgalla ( 1 968 ) , Kennedy and Chirchir  ( 1 97 1  ) , 

Holroyd e t  al ( 1 979 ) , J.'.Tentz e t  · tl ( 1 97 9a ) . 

I n  mos t reports where cas trated male s  were involved , 

s teer performan ce have been pla ced above that of hei fers and · 

below that of bull calve s . Sacke r e t· al ( 1 97 1 a )  found that 

male cas trate s  were significantly heavier than females  

by up to  1 4 . 5  kg  at weaning .  Thorpe e t  3. 1  ( 1 9 80a ) reported 

significant differences b etween ent ire and cas trated male s 
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in weaning weight , 1,1 i  t h  bull calves having heavi e r  1-reight s 

than t he cas trat ed mal es . 

Year and season ( or month ) of birth influenc e s  on the 

pre-weaning pe rfo rmance of culve o have b e en vlell e s t a bl i she d . 

Year differences  in pre -wean ing growth of calv es r eflec t 

the variati on i n  gene ral e nvironmen tal cond it ions from 

year-t o-year in a herd and are a normal expectati on .  \Vhen 

cat tle live on the veld , the milk produc tion of the cow 

depends to a large ex tent on the amount of grass available 

and thus gain from b i r th t o  w e an ing and weaning w e ight 

under such conditions is large ly a refle ction o f  rainfal l in 

the curren t and previous season.  Years of exc eptionally 

high rainfall are usual ly accomranied by he avy b irth and 

weaning w e ight s of calve s as a result of abundant grazing . 

However , abnormally large yearly fluctuati ons may al so be a 

refle ct ion of poor mana gement or poor adaptability o f  

cat tle in  a he rd . 

Differen ce s  be tween ye ars for pre-weaning grm; th t rai ts 

have b e en re ported in many s tudie s .  Alim ( 1 964 ) found that 

year e ffe c ts accoun ted for 9 . 29% of the total varia t ion in 
. .  

birth wei gh_t . Signific an t  ye ar effects on calf bir th 

weight have be en re ported by Alexander et  al ( 1 96 0 ) , Bosman 

and Harvlin ( 1 966 ) , Kennedy and Chirch,ir ( 1 97 1 ) , Harricharan 

et al ( 1 976 ) ,  Joubert e t  al ( 1 977 ) , Paterson e t  al ( 1 980a ) 

and Thorpe et  al ( 1 980a ) .  The maj or  influencing factor in 

the s tudy of Alexander e t  al ( 1 960 ) appeared t o  b e  a drought 

·year accompanied by an extremely low plane of nutrit ion 
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impo sed as a treatment . Joubert et  al ( 1 977 ) not ed a cl os e 

correlat ion between rainfall and resultant pasture c ond itions 

on the one hand and me an birth weight on the o ther.  The ir 

re sults revealed a decid ed tenden cy for improved nutrit i on 

t o  cause an increase in birth wei gh t . How ever , mos t report s  

have c onceded that birth wei ght s e ems t o  be lit tle affe cted 

by environmental conditions unle s s  they are extremely s evere . 

Significant yearly variati ons in pre-weaning daily 

gain and weaning weight have als o  been rep orted by s everal 

workers . Bosman and Harwin ( 1 967 ) found d ifferenc e s  of up 

t o  34 . 5kg in weaning weight be tween the best and po o re s t  

years . Sacker et  al ( 1 97 1 a )  attributed the highly 

significant year of birth effects on body weight from thre e 

t o  nine mont hs ( weaning ) to the very marked differences  

between years in pasture availab ility. W illis e t  al  ( 1 972 ) 

observed tha t  weaning weight ( 90 days ) tended to de cline 

over the years of s tudy due e ither t o  climatic condi ti ons 

o r  to a general decline in the level of supplementation given 

to  cows or calves .  Faterson et a l  ( 1 980a ) found that 

although pastures we re irrigated , rainfall of the previous 

year was related to the year e ffe cts  on d aily gain and 

weaning weight  ( 2 1 0  days ) .  Others who reported s ignifi cant 

year effe cts on daily gain and weaning weight are Kennedy 

and Chirchir ( 1 97 1  ) , Joubert e t  al ( 1 977 ) ,  Mentz e t  al 

( 1 979a ) and Thorpe et al ( 1 980a ) .  

The season of bir th influences the birth we ight o f  the 

calf ind irectly through the pre-calving nutritional plane 
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of the dam , and it can affe ct the weaning weight and gain 

in weight of the calf ind irec tly through it s e ffect on 

milk production in addition t o  the direct effects o f  season .  

I n  Ghana , Montsma ( 1 960)  observed tha t  calve s born in the 

dry season and therefore developed in utero during the 

wetter part o f  the year , were 9% heavi er at birth than 

calve s b orn in the rainy s eason. S ingh and Tyagi ( 1 970 )  

reported that 4 . 75%  o f  the variance i n  birth weight was 

at tributable t o  season of birth and that this effect was 

significant . 

Bosman and Harwin ( 1 967 ) found that spring-born 

calves had a superior growth rate to  late summer calves and 

at tributed this t o  the idea t hat early seas on calves and 

the ir dams have full advantage of the �eak summer graz ing 

period . These  authors also found that in he rds producing 

summer and winter calves ,  the latter calves were somewhat 

lighter at weaning than the early summer calves . In Cuba , 

W illis et al ( 1 972 )  reported that seasonal e ffects showed  

a pronounced trend in  both birth and weaning wei ght . 

ThyY found that calves born at t he be ginning and end of the 

year t ended t o  be lighter  at 90 days ( weaning ) than tho s e  

born in la te spring and summer .  They ind icated tha t  this 

was a refle ction of the availability _ bf grass which would 

begin to be come plentiful in April or May wi th the ons e t  

o f  the rainy s eason and scarce t owards the end o f  Octob er . 
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S everal aut hors ha v e  d i s cuss ed the e ff e c t  of t ime 

or d a t e  of birth , on birth we igh t as it o p e ra t e s  during 

the c alving s e as on and have c om e  to t he c on clu s i on tha t  

b ir t h  wei ght can b e  expe cted to increase a s  t he s ea son 

p rogre s s e s . Alexan d e r  e t  al ( 1 9 6 0 ) found that on ave rage , 

b i rt h  H e ight inc re as e d  by 0 . 4 3kg for each 1 0  d ays during 

the c alving s e as o n  re sult ing in a t o t al ave rage inc r e as e 

o f  3 . 0kg for the 1 0-w e ek c c..lving p e riod . Bo sman and 

Harwin ( 1 9 6 6 ) found th:..:. t e arly- s e a s on calves w e re 

s i cnificant ly ( 5 t o  7kg ) light e r  i n  b i rth vl e i ght than 

c alv es born at the end of the calving s e a s o n .  

'd i th r e s pe c t  t o  d a i ly e;a in an d  wean in g  1-.r eight , c alve s 

b o rn e a rly in th e s e as on ap�e u r  t o  grow fas t e r  and are 

heavier at weaning tho.n late s e ason c alve s . A s t udy by 

\'/ i nks e t  al ( 1 978 ) in the dry t ro p i c s  of North Que ens land 

reve aled tha t al though the b ir t h  vl e i ght o f  c alv e s  born 

lat e in the c alvi ng p e ri od w e re s ign i fi c antly he <lVie r  than 

t ho s e of earl ie r  one s , early-b o rn c alve s grew fas t e r  

( Pc:.O . 0 1  ) and 1v ere heavier a t  vrean ing ( 1 80 d ays ) .  R e p o r t s  

fr om Svraz ila.nd have a l s o  ind i c a.  ted tha t  late-b orn calve s 

( D e c ember) were gene rally he uvy a t  birth , . but tha t e c..rly 

b o rn calv e s ( S eptem b e r  to Nov em be r )  were in turn 

s igrti. fican t ly he avi e r  a t  ,,reaning ( 2 1  Q · days ) t han la t e  c alv e s  

( Vilakati , 1 977 , DFU , 1 979 ) .  

Ri c ha rd s on e t  al ( 1 97 9 )  fo und t hat calf bir t h  w e ight 

incre ased as the calving s ea so n  advanc e d , but that the 

advantage of being b o rn la t e  1va s  los t by the t ime t he 
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calve s vJ ere 1 50-days old . They o b s e rved tha t  calf we ight 

gain from birth to 1 5 0 days decl ined a s  calv e s were born 

later in the s eas on , even a ft er co rrect ing fo r th e  effe c t s  

o f  milk yield &nd calf b i rt h vre ight . The se authors 

sugge s t e d  that t he ne ga t i v e  rel :.1  tionshi:p betwe e n  [_,rro w th 

t o  1 5 0 d ay s  ar1d date o f  bi rt h Has pro bably a re fle c ti o n of 

the ·� uant i  t y  and riuali ty of gras s  av3. i lable t o  suckli ng 

c alve s  from 90 d ay s  of age om-mrds , 'i'lh en c;ras s  form s  a 

substant ial part o f  the ir d ie t .  I'�entz e t  al ( 1 979a ) 

found that calve s b orn e 2. rly in the calving s e a s on w e r e  

s ignif i cant l y he uvi e r  <.:t t �-leaning t han tho s E:  b orn in the: 

middle o f  t he co. lving s ea s on and thqt th es e Here in turn 

h e :.�vi e r  t !'tan t ho s e  born l:lt e . 

The w e an ing we ight o f  t h e  c a l f  is to s ome e x t ent 

de :;: ende nt o n  t he a ge o f  t h e  c alf at w ean ing .  The w e an ing 

a ge in b e e f  c a t t l e  usually ran� e s  fr om 1 80 to 2 50 d�ys . 
The m oo t  fre q ue n tly u s e d  a.ges be ing 1 80 ,  200 , 2 0 5 , and 

2 ·1 0 duy s . T r.e ust;.al 1.1ract ise  of 1·1 ean ing calv e s  a t  a fix ed 

t ice J .e&ds t o  age d iffe ren c e s  among calve s 1-1 hi ch ne eds 
ad j us t ing in o rd e r  t o  nJa. ke V<-<.1 id c ompari ::; ons o f  TtJ ec.:n ing 

w eight s . Tl:e iroportc:tll cc o f  corre c t i ng for cali' uge i n  

s e l e c t i Gn experiments have been confirmed by Jones  and 

Hopkins ( 1 980 ) vrho ind i c ated that if calves born 1-li t hin 

a per i od of 33 d:1y s  were c ompa re d and calf age was negle c t ed , 

the r e s ponse t o  s e le ct ion for wean ing we ight would be reduc ed 

by a b out 6%. 
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2 .  1 • 2 Fac t ors infl uencing po st-wean ing gro i·J th tr:::.i t s . 

Post-weaning grow th in be e f  ea t tle c i.ill be me r.�.sured by 

weight at  suitably chosen age s , the weight gain over  a 

spe cific pe riod or the rat e  o f  gain in weieht per unit 

time . Re s e arch has hoHever indicat ed that pos t-w eaning 

growth unde r  grazing condit ions is be tter  measured  by 

liveweigh t  a t  spe c ifi c  ages about normal slaughte r-age 

rathe r  than by gain per d::ty r e co rded over any shorter period 

( Cart e r ,  1 97 1 , S e i fert , 1 97 5b ) .  In case s  whe re e arly 

mating is advocat e d ,  the yearling vJeight ( 1 2  to 1 4  mont hs ) 

o f  the animal is no:cmally us E:d  a s  a measure o f  growth. 

Live w e ight a t  1 8 , 20 , and 24 mont hs of age i s  sa id to  be 

the main d e t e rminant of · carc a s s  H e ight and ec onomic re turns 

and i s  t hus the m o s t  ap propri a t e measure of  re s �onse to  

s e lection . 

The ec onooi ·c importanc e o f  :r;o s t- •,.,reaning grovr th in 

beef pro duc ti on as already indi cated in the introduc tory 

chapt er , needs no furthe r emr:hasis . The groH tl: phase 

after weaning ccvers the larger proportion of the animal ' s  

life an<f  iB  relatively fre e  o f  maternal influe nc e s g 

Although pos t-1.,reaning grow th de pends solely on the animal ' s  

gene tic ability t o  grow , i t  is  als o .  sub j e c t  to  more 

environmental stress  and c onsequently more variable than 

the pre-weaning phase . The various fac tors that influence 

post-weaning growth traits are also conveniently 

categorised into geneti c and non-gene tic factor s .  Knovrledge 
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of both the gene tic and environmental influence s  on this 

period of the animal ' s  life is of vital importanc e 

particularly unde r  tropical conditions where mos t  cat tle 

have t o  cope vri t h  a vrid e range o f  environment al constraint s . 

( i ) Gene t i c  Factors 

The importance of genetic fac t ors  in causing 

variati on in pos t-weaning growth t raits is apparent in 

view of the medium to hic;h heritability es timates  of such 

traits ( Pre s ton and W illis , 1 974 , Barlow , 1 978 ) .  Bre ed 

and s train differenc e s  in post-weaning growth rate  are 

well knoim , and genet ic differences beh1een sires wit hin a 

breed  and betw e en ind ividuals within a group , all 

cont r ibut e  t o  t he variat�on in pos t-wean ing growth 

performan ce .  

Most s tud ie s  carrie d out under tropical and sub-t ropical 

condit ions have indicated significant growth ferforman c e  

diffe rences be twe en the different types of cat tle ( B .  

indicus Vs B. taurus ) and id thin e ach type , bre ed 

differences  are also well established . Cross breeding ha s  

also bee�_ widely reported t o  l�ve a marked influenc e on 

post-weaning growth traits , part icularly in cases where 

Zebu and European or British breeds are involved .  

Several re ports on the breed evaluation programme in 

Botswana have indicated signifi cant differences in post­

weaning growth among various breed groups and have al·so 

suggested an advantage in post-weaning growth to 1 8  mont hs 
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of  age through cro s s breeding ( Trai l  e t  al , 1 977 , APRU , 1 978 ) .  

Tra il e t  al ( 1 977 ) found tha t s traight bred Tswana and Tuli 

calves were signifi cantly he avi er at 1 8  mont hs t han 

s traight bred Africanders . A comparison of t he cro ssbred 

progeny of Tswana c ows by Simrnental , Brahman , Bonsmara 

and Tul i  s ires rev e al ed that all the c ros sbreds i'fere 

significantly heavie r t han the T swana controls .  The 

S immen tal and Brahman s ired c ro s sbreds were significant ly 

heavier at 1 8  months than the other cros s br ed s . Similar 

s tudies in Zambia ( Thorpe e t  al , 1 97 9 , 1 980b ) bas ed on 

different bre e ds al so indica ted signifi cant bre ed 

differen ces in 1 2 ,  1 8 , 24 and 36  mont h w e ight and have 

sugge s t ed some advantage in pos t-weaning grow th 

performance d ue to cro ss bre eding , e s pe cially where ] .  

t aurus x ]. indi cus cros sbreds we re involved . 1.V ork ing 

with Brahman and C harolais ca ttle ,  Rudde r e t  al ( 1 97 5 ) 

shmved tha t  cros s·ing Z ebu with 12 ·  taurus in a tro pic al 

environment had a significant influence on post -weaning 

growth pe rformanc e .  They found that Charolais x Brahman 

cattle were 0 . 1 7kg heavi er ( P<0 . 00 5 ) pe r day of age t han 

the straightbred Brahman and gained 0 . 1 3kg per day more 

during t he pos t-weaning pe riod.  

Signifi can t  diffe renc e s  in growth performanc e  due to 

breed of  sire and breed of darn were illustrated by Trail 

et al ( 1 97 1 b ) ,  who found that from weaning t o  24 mont hs , 

progeny of Red Poll and Angus s ire s were si gnifi cant ly 

heavie r  than t he progeny of Boran sir e s .  A t  24  mont hs of 
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p rogeny of Boran s ir e s  and calves  by Boran dams were in 

turn 1 5�� and 8�� heavie r  at tha t age t han pro geny of Eas t 

African Zebu and Ankole dam s , respectively . However , the s e  

authors als o  re po rted s ignifi can t  geno type x year 

int erac t i on s , ind ic ating the ne c e ss ity of evaluating bre ed 

type s over s everal years . A la ter rep ort by Sacker e t  al 

( 1 97 1 c )  indicated s igni fic�nt hybrid vigour effects in 

cro sse s b e tween Red loll and Boran br eeds . The average 

ye arling weight s ' of cr o s sbreds were 2 6 . 4�0 superior to 

those o f  pure breds in this repor t .  

A five-ye ar evalu a t i on s tud y o f  F2 and F 3  Afri cander , 

Brahman and Brit i sh ( Shorthorn x Here ford ) cros sbred 

ca t tle by Kennedy and Chirchir ( 1 97 1 ) ind icated t ha t  the 

Z e bu cro s s breds grew fas ter and were s ignificant ly heavier 

at 1 8  months than the Bri t i sh c ro s s e s . The averaGe 

1 8-month we ights were 294 . 3kg, 282 . 8kg und 244 . 2kg for 

the Brahman , Africand er , and British cro s sbreds , 

re spe ctive ly . A s imilar s tudy la ter und e r taken by 

Seifert ( 1 975b ) has also sugges t ed t ha t  Z e bu cros sbreds 

are sup er ior to Brit i sh cros s breds in the tropi cal areas 

o f  Aus tralia. The la tter s tudy also reve aled that among 

the Zebus , Brahman cro ssbreds were heavi er ( P�0 . 0 1 ) t han 

the Afr icander cros s e s  throughout t he pos t-weaning perio d  

{ up to 1 8  months ) . 
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A c ompara t ive s tudy of the pos t-weaning growth 

performance of Z ebu- s ir ed cros s e s  by Winks e t  al ( 1 978b ) 
has ind ic ated t hat Sahiwal x S ho rthorn cros s e s  t end ed to 

have highe r grow th rat es than Brahman x Sho rtho rn from 

w e aning to 1 8  mont hs and t hat the latter cros s e s  have 

fast e r  grow th rat e s  from 1 8  to 30 mont hs . T he authors 

sugge s t ed that the differenc es in growth rate s  during the 

vari ous post -weaning per iod s could be a fun c t i on of 

di ffe renc es in rate of ma turi ty in the two gen o types . In 

Guyana ,  Hahadevan et al ( 1 97 2 ) al s o  found that progeny 

of nat ive c o ws by Sahiwal bul ls were heavier as ye arlings 

than those by Brahman bull s .  

Other stud ie s  have ind ic a t ed that genotype x 

environment interacti ons f or pos t-weaning growth trai t s , 

as dis cussed in the reviews by \v ar\vi ck ( 1 972 ) , and Prest on 

and W illis ( 1 97 4 ) ,  ex ist . For ins tance , Mentz e t  al ( 1 9 7 9b ) , 

evalua t ing the pos t-w e aning grow th perfo rmance o f  342 

s t e ers out of f�fricand e r  c m·Ts and by vari ous sir e -bree d s  

under two sys t ems o f  mana gement re ported a signi fic ant 

s ire -breed x t re atment int eract i on .  They found that 

pro geny by �· taurus s ir e s  ( C harolai s ,  He re ford and Simment al ) 
perf o rmed s trikingly b e t t er in a sys tem of in tensive 

fat tening t han t hose by B . indi cus sires ( Africand er and 

Brahman ) . Howeve r ,  und er the ex t en s ive produc t i on sys tem , 

Q. indicus progeny per formed re latively b e t t er .  Among 

the B . ind icus s ire-bre e d s , that s tudy showed tha t  the 



48 

Brahman c r o s s breds held no advant age over t he s tra i gh tbre d  

Africander und er int ens ive pro duct i on sys t em , but tha t  the 

Brahman c r os s e s  outw·ei ghed the Afri cander control by 1 3 . 1 �" 

under the ext ensive produc tion sys t em . Among t he �· tauru s 

s ire-breeds , the S immental c ro s sbreds performe d  re lat ively 

b e tt e r than both the Cha rolais and Hereford cro s s breds 

under ex tensive conditi ons . 

The influence  of the sire on pos t -vle un ine gro wth 

has al s o  b e en es tablished thou gh mos t s tud ies have been 

c onfined t o  eva lua t ing bre ed o f  sire d ifferenc es  r athe r than 

individual s ir e s  1 1i  t �nin bre e d s . \,' ork ing Hi th Sudc.tne s e  

c a t t l e , O sman and H iz e;Rllc... r i 9 08 )  rt:rort -.:d s i gnif l c�nt 

( r�o .  G 1 ) s ire; e f f e c t 3  on ye: 1 rl ing w e i ght nx1d p o s t -11 e anill g 

a.ve r<'..;2'C d cl i l y  c::;n in. . T h ey fo und di ffe renc e :J  o f  Ul t o  40 kg 

in aver3t;e ad jus ted ye :. � rl in6 1.,r e i ght be t't1 e e n  t he be st and 

roo re s t s ire s .  � n  investigati on of the eane ti c and 

environ::nento.l fac t ors i.r1fluen c in g  er ow th t ra.i ts o f  

Holst e in - Fries ian x 3ahilval c:.:t t tl e by Naidu an d  De s a i  

( 1 965 ) a l s o  ind ic a ted t hat differenc es among sire gr oups 

for y ..:;.: u 'l i ng ·H e i gh t  rtlere highly s i gni ficant . S i gn i ficc.J.n t  

sire e ffe c t s o n  po s t -Hean ing dai ly gain of Afric8.nder 

cattle have been reported by Von L a  Chevallerie and Buys 

( 1 96 5 ) .  
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The imp o r ta n c e  of t h e  env i ro nmen t al factors influen cing 

be e f  c a t t l e  produc t i on is \v ell known . Hhile e;enetic  

impro vement depends o n  the he r i t ab i l i ty o f  t rai t s , t h e  

env i ronment plays an important part i n  the expre s s i on 

of  ru1 animal ' s produc t ive ability . Irnowledge o f  t he non­

gene t i c  fac t or s  influencing grmvth po st--vrean ing is e ssential 

t o  mak e  ac curate as s e s sment o f  the bre eding value s of 

animals for t he s e  cha ra c t e rs . 

The ma j o r  non- gene ti c  fac t o r s  influ e n c ing pos t ­

\v e aning grovrt h in c a t t l e  are cl imat e , nutri t i on , managem ent , 

t h e  s ex of t h e  an imal , t h e  use of grow th s t imulant s and 

d is ea s e  and parasit e s  ( Fre s t on and \'J illis , 1 974 , W il l i am s o n  

and Iayne , 1 978 ) .  

C lima t e  may influ ence p os t -we aning gr m; th di re ct ly 

through the an imlll ' s p hy9i ol o5y in t erm s o f  i t s  b o d y  

tem_r;e rature and res pira tion ra te Hhi ch in turn affe ct 

feed and/o r  water intake ; or ind ir ectly through i t s  e ffe ct 

on the feed supply and h eal t h  of the animal . The indire ct  

effects of climate are  of part icular importance in  areas 

where cattl e are depend ent on grazed pasture or crops for 

their food supply . In such areas , climati c  fac t ors , 

no tably rainfall , temperature and solar radiation exe rt 

important influences on pasture production and hen ce the 

animals that graze that pas ture . 

Although the direct  effe c t s  of climate on post­

weaning growth have b een studied extens ively ( Pre s t on and 
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outline of the e ffe c t s  of high ambient t emperature 
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be cause they are of special impo rtance t o  tropical and 

sub-tropi cal regions .  I n  the s e  areas , he at s tress affe c t s  

p ro duction o f  exo t i c , highly-produc tiv e  breeds of cattle 

and , although the ind igenous bre eds are wel l  adapted in 

terms of  survival ,  they have l ow inherent growth potenti als , 

by tempe rat e standards ( Fris ch and Vercoe , 1 978 ) .  

Re s earch has ind icat ed that very high temperatur e s  

depre s s  growth i n  cattle  throu gh the ir effect o n  feed 

intake , wat er int ak e , and nitrogen me tabolism.  Review s by 

Fre s ton and Willi s , 1 974 , Fris ch and Ve rcoe , 1 978 and 

Williamson and Payne , 1 978 ) have indica ted that daily gain 

decre a s e s  vTi th increase in t emperature from 23 to 33 °C 

and t ha t  food intake also d e creas es  at  hieh t emperatur e s . 

Kellaway and C old i t z  ( 1 975 ) ,  report ing on the e ffe ct of 

heat s tress on growth and n itro gen metabolism showed tha t  

food intake and grow th ra t e  of  cat tle decreased a t  38°C 

compared with 20°C and that catt le at 38°C s howed evid ence  

of  dis turbances in  their me t abolism. .Feed efficiency is 

al so affected adversely at  high temperature s be cause the 

animal at t empt s to  lower i t s  heat load by reducing feed 

intake and this r e sults in a de creas e d  grow th rat e  and 

hence poorer fe ed e fficiency ( Pre s t on and Willis , 1 97 4 ) .  

Nutrition is  con s id ered the mos t important single 

fac tor influencing beef  cattle produc t ion . In mo st tropical 

and sub-tropical c ountrie s , bee f  production is based 
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almos t  ent irely on na tural pas tur e .  The maj or nut riti onal 

l imitat ion to pro duction in such pla ces is thus a comb ined 

deficiency o f  energy and pro te in whi ch normal ly ari s e  from 

the poor lUal ity herbage or roughage , Hhich iG the only 

food availab le t o  beef ca ttle during a long dry season.  

Redu c ed quantit i e s  of s uch food may be an additional 

l imit ing fa ctor in parti cularly advers e drought situati ons 

( T opps , 1 976 ) .  The low dige s t ibility and pr otein content 

of t he d iet  pre s ented to  cat tle post-weaning impos es a 

s evere phys i cal restri ct ion on the amount of fo od an 

an imal is able to eat and thi s  in turn redu c e s  the groHth 

rat e .  

Reports on the influenc e of nutrition on beef  cat t le 

growth in tro pical and sub-tropi cal countries ind icate that 

la ck o f  pro t e in in natural pasture is the ma j or l im i t ing 

fa c t o r .  Pratchett et al ( 1 977 ) ,  inve stigati ng t he fa ctor s 

l im i t ing liveweight gain ( post-Heaning ) of beef  cat tle on 

range land in Bot swana , obta ined result s whi ch indic ated 

t hat liveweight change i s  influe nced primarily by the 

c rude prot e in cont ent of the herbage s ele cted . They found 

that crude pro t e in co ntent of f i s tula sampl e s  accounted for 

54% of the variation in liveweight gain , \vhile  dige stibili ty 

o f  the same sample s  ac c ount ed for 32%. Othe r work e rs who 

re ported similar findi ngs are Suthe rland ( 1 95 9 ) , Topps 

( 1 962 ) and Van Niekerk ( 1 974 ) .  The lat ter author s tated 

that feeding of energy-rich , but pro t e in d eficient fo od 

giv e s  poor response s  in animal produc tion and d epre s s e s  
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forage intak e . H e  conclud ed that energy is not the first 

limiting fac tor in the dry sub-tropical condit ions of 

South Afr i c a . On the contrary , reports from s tud ie s in 

tempe ra t e  cl imate s ind i c a t e  that ene rgy is the maj o r  
. 

l imit ing fac t o r  o f  p o s t -weaning growth rat e  ( Hodgs on ,  1 968 , 

Pre s t on and V illis , 1 974 ) .  

S e a s onal influenc e s  on post-weaning grov1th a:r.e al s o  

well e s tablished . I n  a sys t em o f  b e e f  produ c t ion based 

predominately on pas tur e , p o s t -weaning grow th change s with 

the s e a s ons of the yea r , thi s be ing ma inly due to th e 

s ea s onal pat terns of pa s ture produ c t ion and availab i l i ty .  

I n  a r eview of the fac t or s  affe c ting t he performance o f  

be ef cat tle on unimproved pa s ture s in tropical Que ensland , 

Sutherland ( 1 9 5 9 ) c oncluded tha t  the ma in pro blems o f  be e f  

produc t i on in such an area w e re rela ted t o  inad equa t e  plane 

o f  nut r i t ion provid ed a t  c e rtain s eas ons of the ye ar by 

unimproved pas tur e s  and i t s  effect on t he performan ce of 

cattl e . The problem o f  ye r iodi c nutritional d e p re s s i ons 

caused by oc cas s i onal drought cond i t i ons or by Hi nt er 

c ond i t i ons in mo s t  �ar t s  of Sou thern Afri ca have also 

b e en l ong recognised ( Naud e , 1 965 , \t/ard , 1 968 , But t e rw o r th 

and Pre s sw o od , 1 978 ) .  Revie ws by Payne ( 1 970 ) and 

William s on and Iayne ( 1 978 ) have e a c h  ind icat e d  seve re 

po s t-l<� e aning gr owth r e s trict ions during the w inter ( or dry ) 
period and fas t e r  growth rat e s  during sp ring and summer 

( or we t season ) . 
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1' o s t-1·1e aning gro1vth i s  al s o  in fluenced by year and 

month o f  bi rth . Vorster ( 1 954 ) not ed that the advan tage 

whi ch ::.:.n imals b o rn e arly vr i thin the c a.l vinG s e a s on ba d  ut 

v1 8 <llling •'la s  s t i l l  appa.ren t e v en :-1 t 3 .  5 an d  4 .  5 y e a rs of 

age . 'I.'ho rpe e t  :?..1 (' 1  980a ) r e p o r t e d  tha t c a J.v e .:.:J  bo1·n 30 d ays 

l u t e r  t han ave rage w e r e  l ight e: r  by 1 5  t o  1 8kg c..t 1 2  r:1 0n t hs 

and by 1 8  t o  2 Ckg � t  1 8  m ont ha . Sacker e t  al ( 1 97 1 a )  
emr•l. a s i s e d  t �·�e S i £ll. i ficar. c e  o f  t 2.k ing per i od of b i r th int o 

c on s id e ra ti on in analy s e s  of ·\·.f e ight - fo r-age d a t a  in an 

environme nt v:he re range c ond i t i ons can ckmge gre at l y  fr om 

mon th- to -month. The s e  t·mt hors al s o  re rJ ort ed s j_ gni fi cant 

yea r e f fe c t s on _r:. o s t -wean ing grovrth ; the y found bod y vr e i ght 

differe n c e s  o f  2 6 . 0kg a t  1 8  months and 1 9 . 1 kg a t  24 mont hs 

b e twe en the be s t  �nd wor s t  ye Qr s . Kenn edy �n d Chi rchir ( 1 97 1 ) 
found s i gn if ic ant di ffe renc e s of 4 3 kg and 5 2 8kg for 1 3 -

and 1 8-mont b H e i ght s , re s p e c t ive ly , be t w e en the be s t  and 

po ore s t ye n r . S ign i f i cant ye n. r  e ffe c t s on post-\v ean ing 

daily ga in and yearl ing Height Here rep or t e d  by S t raw and 

Jones ( 1 977 ) and t hey als o  emphasi s ed the impo rt anc e o f  

c o mparing po st-vreaning grow th re c ords o f  an imal s within 

year e s pe c ially in areas Hhere t he environment i s  ha rsh . 

Hanagement has an important influe nc e on growth 

and is a s ourc e  o f  varia t i on that the pro duce r  can at t empt 

to control with some suc c es s .  For in stanc e ,  a c ompari son 

of two sy s t ems of management in Bot swana by Rennie e t  al 

( 1 977 ) reveal ed that t he pro duc tivity of indigenous cattle 

raised unde r  a ranching vri thin a fenced paddock sys tem 
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-v;as sur e ri or to that o f  cat tl e  rai s e d  und e r  t he 

t radit i onal syst em of management on unenc l osed  communal 

era zing ( Cattle } os ts ) . The s e  aut ho rs found produc t ivi t y  

e s timates  of 1 2.8kg c f  1 8-month old calf per c ow pe r year 

for the ran ch-ra ised animal s -v;h i l e  that for the ea ttle  

po st-ra is ed animals -vras 86kg . The an imals maintained 

in the ranch for the wh ole period of o tud y h��d a superi o r  

pos t-w eaning gain ( 7  t o  1 8  mont hs ) of 1 7 . 3 kg o r  20� ove r 

t he cattle pos t-maintained animals . 

The manageme nt asp e c t s  tha t  in fluenc e grow th po st­

weaning include fe eding , suppl ementat i on , watering ,  

modification o f  the envi ronment ( shade , shelt e r ) and 

d i s ease c ontro l . A d e tailed review of publ ishe d  wo rk on 

t he se  management fa c t or s  has be en mad e by I 're s to n  and 

i'l ill is ( 1 97 4 ) .  

Feeding as d i s cus s e d  here refers t o  the provision of 

d ry mat ter  or energy whe n t o tal graz ing is not sufficient to 

support t he herd . This normally o c curs in vlint er and/or 

during d rought years , al though the severity of nut rit ional 

s t re sse s depend s  on s t o cking rate and r egion�l re s tric t i ons 

of pasture producti on by climatic cond ition s .  In gene ral , 

the main id ea be hind feeding graz ing animals is t o  e quat e  

the highly seasonal pat tern of pas ture produc tion with the 

steadily increas ing fe ed requirement s of growing animal s .  

Most re ports from stud i e s  inve stigating the in fluence of 

fe eding on post-weaning growth have ind icated t hat grazing 

cattle fed with silage , hay or foggage during wint er and/or 
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the d ry season , grew fas t er than non-fed an imals 

( Suthe rland , 1 95 9 ,  Naud e ,  1 96 5 , T opps , 1 97 6 , '// ill iam s on 

and Fayne , 1 978 ) .  

Closely as soc ia t e d  with the effects of feeding 

graz ing catt l e  is the f re q uen cy of graz ing. Thi s ha s  

a n  impo rtant influenc e on growth part i cularly in 

management sys tems where night k raaling is pra c t i s e d .  I t  

has be en obs e rved that durine ho t days cat t l e  normally 

show a d e c r e a s e  in the ir gra zing during the day , but a 

c ompensatory increase dur ing t he night when t empe ra tures 

are c ooler.  Thus , if t he manaGement syst em i s  suc h that 

cat tle have n o  acc e s s  t o  gra zing at ni ght t ime , the effe ct 

of ho t day s on t otal food intake could be s evere and thus 

growth rat e 1vo uld be r educed . 

The provis i on of a nutri t i onal addi t ive to remedy 

d e f i c iencies ( in quali ty rathe r  than quan t i ty ) in the 

d ie t  of an ima l s , i . e . , supplementation ,  is anothe r 

management fa c t or w ith a marked influenc e on post-w ean ing 

growth. The re is abundant evid enc e from the tropic s and 

sub-tropics Hhi ch ind i c a t e  that the us e  o f  pro t e in 

supplements to  cat tle grazing unimproved pas tur e s  during 

the dry season when the pastur e availab le is o f  l ow fe ed 

value re sult s  in increa s e d  growth rat e s  ( Suthe rl and , 1 9 5 9 ,  

Naude , 1 9 6 5 , T opps , 1 976 , Pra t chett e t  al , 1 977 ) .  The 

supplementa t i on o f  minerals and vitamins to the d ie t  of 

growing animals al so inc reases the ir grov1th rat e s . 

For ins tan c e , the bene ficial e f fe c t s  of pho sphorus 

• 
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supplementation o n  live weight gain have be en reported 

in mos t areas of Southe rn Afri ca Hhere natural rangeland s 

are deficient in this mine ral ( see  Ward , 1 968 , Capper e t  al , 

1 977 , APRU , 1 978 , Butt erwo rth and l'resswood , 1 97 8 ) . 

In  cattle , s ex has a ve ry strong influenc e on the 

grmv-th rate of the young. Males maintain superiority 

from b irth throughout life as have be en shov.'Il by several 

studie s  that involved bulls and heifers or s te e rs and 

he ifers ( Vors ter , 1 954 , Osman and Rizgalla , 1 968 , Sa cker 

et al , 1 97 1 a ,  Pre ston and \villis , 1 974 , Rudder e t  3. 1 ,  

1 975 , \·l inks e t  al , 1 978 , Thorpe et  a l , 1 980a ) .  Vorster 

( 1 9 5 4 ) observed that differenc es  in we ight be tween 

steers and he ifers t end ed t o wid e n  during the grovring 

season and tha t  at 3 . 5 years of age , the ste ers were 1 1 � 

heavi er than the heifers . C sman and Rizgalla ( 1 9 68 )  

found that males were 9kg heQVier than females at 1 2  

months while Sacker et al ( 1 9 7 1 a )  report ed difference s  o f  

up t o  � Okg ; ;.t 1 8-months and 1 7kg at 24-months in favour of 

males .  Winks et al ( 1 978 ) found that steers out performed 

he ifers in liv evreight c;ains , final live�Veight and weight 

per day of age and were up to ) 1 kg heavi er at 800 days . 

Obviously , any environmental penalties experienc ed 

by the animals up to weaning will carry-over t o  some 

ext ent . Some non-gene t ic factors influencing pre-weaning 

growth traits may thus be responsible for variation in 

pos t-weaning growth trai t s . Also , the fact  that birth 
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we ight and w eaning weight are p o sitively co rrelat e d  ( se e  

nex t  section ) with pos t-weaning we ights would imply tha t  

the lat e r  we ight s d epend , to  s ome ext en t ,  on the level 

o f  weaning w eight . 

C orr e c t ion fac tors are usual ly ne eded to remov e  

hand icaps against pro geny o f  young cows . Jones and 

Hopkins ( 1 980 ) found that ne gle c t ing the age of dam 

e ffe cts , reduc ed gene ti c gains by 1 1  to 71� Hhe n s ele ction 

was at an age of 1 2  to 20 mont hs .  Straw and Jones  ( 1 977 ) 

found tha t age of dam had a s i gnificant effe ct on yearling 

weight and pos t-wean ing daily gain , but that i t  \vas  non­

signific ant on corre cted ye arl ing w e ight . They not ed 

that the ad j us tments mad� to w eaning weight suc c e s s fully 

removed the e ffe c t  of age of dam on yearling weight , 

sugge sting that ye8 rl ing wei @1t  differences  due to age o f  

dam were refle c t ions o f  the d i f ferenc e s  at \ve aning and 

that no s igni fic ant compens ato ry grow th o ccurred be twe en 

weaning and yearling . S imilar findings were r ep orted 

by Sacker et al ( 1 97 1 a ) . Several o the r s tud i e s  have 

shown that age of dam effe c t s  on pos t-weaning grow th trai ts 

are gene rally unimportant ( Rud der et  al , 1 97 5 , Vilakati , 

1 977 , Winks e t  al , 1 978 and Thorpe e t  al , 1 980a ) .  
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Some Bee f  Cattle  Growth Tra i t s  
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Improving t he pe rformance of economic characters in 

beef cattle through breeding depends on effective use of 

genetic  variation.  Pertinent to the effective us e of 

genet ic variabil ity is a knowledge o f  the gene tic and 

environmental relat ionships among the trait s ,  as already 

indicat ed in the introduc tory chapter .  The se relat ionships 

include the her i tability and repeatability of charact e rs , 

as Hell as the gen e t ic , environmental and phenotypic 

correlations among them . Es timates  of such pa rameters for 

traits of economic importance are needed to formulate  

e ffective bre eding plans . 

Numerous estimates of the important gene tic and non­

gene tic  parame t ers for beef pro duct ion have been published 

( Pre ston and Willis , 1 974 , Barlow , 1 978 ) .  This pre s ent 

review is  howeve r ,  res tricted to  the e stimates of gene t ic 

and phenotypic  parame t ers for growth trai t s . The forego ing 

s e c tions will fo cus on the availabl e e stimates from 

tropical and sub-tro pical sourc e s , especially tho s e  bas ed 

on cat tle populations rai sed und er range conditions . 

2 .  2 .  1 The heritabil ity of growth trait s .  

Heritability i s  arguably the most important single 

conc ept in the  application of gene tics  to animal bre eding 

( Hill , 1 974 ) .  The heritability of a t rait has a predi ctive 

role in the m ea surement of the degree of correspondence 
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between :r;heno typic values , whi ch are directly me asured , 

and breeding value s ,  which influenc e  the phenotypic values 

o f  the next gene ration ( Falconer , 1 9 60 ) o  He ritab iliti e s  

are essent ial for planning breeding sys tems and predict ing 

re spons e to s ele c t i on as well as for �ene ti c evaluation 

pro grammes ( Turn er nnd Young,  1 96 9 ,  Dal t on , 1 97 9 , 1 980 ) .  

Vari ous gene ti cs and ru1imal bre eding textbooks have 

defined the tHo conc ep t s of herit ability and have als o  

outlined the vari ous ways in which the heritability of  

a character  can be  determine d ( Lush , 1 945 , Fal c one r , 1 96 0 , 

Turner and Young , 1 9 69 , Ylarvrick e t  al , 1 97 9 ,  Dal t on ,  1 980 ) . 

The he ri tability concept re ferred to in thi s sect ion is 

heritab ility in the narrovl sen se , i . e .  , the pro portion of 

the o b served diffe rences among animals that is transmit ted 
to  their offspring. I t  is  m o re us e ful in most  aspe cts  of 

animal improvement . The rr,os t widely used procedure s  for 

computing heri tab ility in farm animals are the paternal 

half-s ib correlation and the offspring-parent regres s i on 

( Turner and Young , 1 96 9 , Ires ton and \Jilli s ,  1 974 , Warwick 

et al , 1 9 7 9 ) • 

By definiti on heri tab ilitie s are appl icable only t o  the 

data from which t hey were derived and it is thus s trictly 

not ac curate to take e s t imates made in one population for 

gene ral application in another.  However , characters c an be 

generally clas s ifi ed as having high (� 0 . 5 0 ) , medium 

( 0 . 2 5 to 0 . 50 ) or low (� 0 . 2 5 )  heritability (Preston and 

\'/illis ,  1 97  4 ,  \varw ick e t  al , 1 979 ) .  It mus t  also be 
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po inted out that heritability , be ing a function of geneti c 

variance , could change its  valu e with any c hange in gene 

frequency as a c onsequence of s election . The usefulnes s 

of  periodic re-estimation of he ri tability f or t raits of 

economic importance  particularly fo r he rds under artifi c ial 

selection have been s t re s s ed by Turner and Young ( 1 969 )  

and Dalt on ( 1 980 ) .  However , Hill ( 1 974 ) indicated that 

gene effe cts have to be  very large in relat ion to the 

phenotypic s tandard deviation be fore genetic  varianc es are 

likely to change markedly in the firs t  few generations . He 

s tated that t he gene ra l  impre ss ion is that predic tion 

bas ed on pre s ent e s timates are us eful for up to  f�ve 

gene rations . 

Nume rous det erm inat ions of her i tabil i ty have been made 

for economical ly impor t ant t raits  in cattle . The review of 

several rep orts on the es timation of he ri tability of  a 

numbe r of t ra its by Ire ston and ';lillis ( 1 974 ) have 

ind icat ed value s ranging from below zero to over one ,  and 

yet the theoret ical limits for estimates  of he ritability 

are z e ro and one ( Lush ,  1 94 5 , Falconer , 1 960 ) .  Thi s 

indicates the large s ampling e rrors invo lved in the 

calculation of heri tability es timate s . He ritab il i ty e s t ima. tes  

vary according to methods of e s timation ,  s our c e s  o f  

environmental effects  and gene ti c variab il ity o f  the 

p o pulation s tudied ( Fal coner ,  1 960 , Pre ston and Willis , 

1 974 , Warwick et al , 1 97 9 , Dalton , 1 980) . Some e stimates 



of  the herit:J bil i ty o f  ce rt ain pre- and po st-wean ing 

growth traits  are summarise d  in the folloH ing s e c ti ons . 

6 1  

( i ) The Her i t:Jb ility of Fre-v! eaning Growth Tra i t s  

Pre -w eaning grov1 th tra it s hav e  been reported  to  have 

a medi-wn level of he l' i t a b i l ity by vari ous autho rs ( see 

Warwick , 1 968 , Pre s t on and Will i s , 1 974 , Barlow , 1 978 ) .  

�edian value s of 0 . 38 ,  0 . 27 and 0 . 3 0  for the he ri tab i l i ty 

e s timu. t e s  of birth vT ei gh t ,  pre-\'/e3.ning gain and w eaning 

weight , resp e c t ively , w e r e  given by rre ston and W illis 

( 1 974 ) aft er c o l lat ion o f  a la rge number of he ri tab ility 

e s timat es . Tab l e  2 . 4 ,  2 . 5  and 2 . 6  pre s ent some e stimates 

of  the heri trLb ili ty c f  b i r th w eight , pr e-�oi e aning daily 

gain and weaning w e ight re.:port e d  for ea ttle in the tropic s 

and sub-tro�ic s .  The bre e d , me tho d uf es tima t i on , and 

s tandard e rro rs o f  the e s t imat e s  are also ind ic a t e d . 

The her itabili ty e s tiiT!ate s  in mos t  s tud ie s are 

gene rally medium for all the grow th traits . This indic ates 

the s cope of gene t ic  improvement of pre-weaning grow th 

trnit s t hrough s ele c t ion . The mod erate t o  high 

he rit c- 1b i lity e s t ima t e  of birth we ight in rel ation to the 

other t rai ts  is an indicat ion of th e strength of the 

relati onshi p vlh i ch may be  expec ted be tween the reco rded 

birth \'/eight of a s ir e  and the birth \veight of his progeny. 

S elec tion for sire s with high birth we ight would result in 

increased birth vreight of calves and this could be 

undesirable since s electing for birth weight  towards the 

extreme may increase t he inc iden c e  of dystocia (Preston  



62 

and \'/illis , 1 974 ) .  The he ritability e s timate of pre-wean ing 

daily gain is eenerally lower than that of weaning weight , 

indicating that pr e -�veaning gain is less rel iable in mass 

s election than weaning we ight and c ould profi tably be 

exclud ed from a sele ction programme ( Lombard , 1 963 , 

Ber ruecos and Robison , 1 968 , r reston and \Villis ,  1 97 4 ,  

Barlow and O ' Ne ill , 1 980b ) . 

Tab l e s  2 . 4  and 2 .  5 also sho•v consid erable variation 

in heritability estimates reported in the literature . The 

large variations among r e p o r t s  may in part be due to the 

analyse s  of the data or the effectiveness of rem oving 

environmente:.l variation ( BarlOi-1 , 1 978 , Seifert , 1 97 5b ) . 

Pattie e t  al ( 1 970 ) found that the he ri tability e stimate  

of birth w eight was  lower · ( 0 . 1 7 ) when using unad j us ted 

data than when the data were adj us t ed ( 0 . 37 )  for 

variations  due t o  ye ::tr of birth .  Seifert ( 1 975b ) also 

reported c onsis tently smaller estimates of heritab ility on 

unc orrec t e d  data than among corrected data . He obtained 

heritability es timates ranging from 0 . 53  to 0 . 74 for 

birth vl e ight , 0 .  05 to 0 .  64 for weaning weight for age and 

0 .  06 t o  0 .  60 for pre-1-lean ing average dai ly gain , depending 

on the e f fe cts adj usted for in the data . Variation in the 

heritab ility es timates of s ome pre-\veaning grow th trait s  

due t o  o ther fac tors such as s ex ( Pah nish e t  al ,  1 964 , 

Francoise e t  a.l , 1 973 ) ,  s t rain/breed ,, ( Willis e t  al , 1 972 , 

Baharin and Beilharz , 1 97 5  ). and pre-weaning environment 

( Barlow , 1 978 ) , have also been reported.  



TABLE 2 . 4  

Bre ed 

Kenana 

Unspecified 

Hereford and 
Crosses  

Brahman 

Holstein x 
Haryana 

Haryana 

Santa 
Ge rtrud is 

Sahiwal 

Brahman 

Africander 

Hereford 
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Some Es timates of the Heritability of  

Birth We ight 

Heritability 
Estimate ·* 

0 . 1 8  ± 0 . 2 1  

0 . 34 

0 . 56  + 0 . 1 5  

0 . 4 1  + 0 . 1 6  

0 . 26 ± 0 • .07 

0 . 4 0 

0 . 5 5  + 0 . 1 6  

0 . 1 3  ± 0 . 1 0  

0 . 35  ± 0 . 25  

0 . 1 8  ± 0 . 07 

0 . 3 5  

Source and Method of 
Estimat i on 

Alirn ( 1 9 64 ) -Paternal 
half-sib correlation 

Baharin and Beilharz 
( 1 975 ) -Paternal half­
sib correlati on 

Barlow and O ' Neill 
( 1 980b ) -raternal half­
sib correlation 

Berruecos  and Robison 
( 1 968 ) -Paternal half­
sib c orrelati on 

Ghosh et  al. ( 1 978 ) ­
Paternal half-s ib 
correlation 

Govindaiah and S ingh 
( 1 980 ) -Paternal hal f­
sib correlation  

Harricharan e t  aL ( 1 97 6 )  
-Paternal half-s ib 
correlation 

Harricharan et aL ( 1 97 6 )  
-Paternal half-sib 
correlation 

Harricharan et  al. ( 1 97 6 )  
-Paternal half-s ib 
correlation 

Heyns ( 1 977 ) -Paternal 
half-sib correla ti on 

Koch and Clark ( 1 9 5 5a )  
-Paternal half- s ib 
correlation 
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Breed 

Hereford 

He reford 

Crosse s  

Ngada 

Shorthorn x 
Zebu 

Red Dane 

Holstein x 
Sahiwal 

Sudane s e  

Here ford 

Jersey  x 
Haryana 

Hereford 

He ritability 
E s timate * 

0 . 3 5  

0 . 44 

0 . 30 

0 . 33 ± 0 . 1 7  

0 . 23 ± 0 . 1 8  

0 . 75 ± 0 . 27  

0 . 1 5  

0 . 49 

0 . 20 

0 . 1 6  ± 0 . 1 1  

0 . 72 
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S ource and Method o f  
Es timat ion 

Ko ch and Clark ( 1 9 5 5b ) 
-Regres s ion of o ff­
s pring on sire 

Ko ch and Clark ( 1 95 5b ) 
-Regres sion of off­
s pring on dam 

L ombard ( 1 963 ) -Pat ernal 
half-s ib correlati on 

Mahadevan and �arple s 
( 1 9 6 1  ) -Intrasire 
regress ion of offspring 
on d am  

Jvlarples ( 1 9 64 ) ­
Intra-sire regres s i on 
of offspring on dam 

Mehta et  al. ( 1 97 6 ) ­
Paternal half-sib 
correlati on 

Naidu and Desai ( 1 9 6 5 ) ­
Paternal half-sib 
correlati on 

Osman and Rizgalla 
( 1 9 68 ) -Paternal half­
sib correlation 

Pahnish et a� ( 1 9 64 ) ­
raternal half-sib 
corre lation 

Ray e t  a� ( 1 978 ) ­
Paternal half-sib 
correlati on 

Shelby et al ( 1 95 5 ) ­
Paternal half-s ib 
correlati on 
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Table 2 . 4  c ontinued 

Breed He ri tability Source and l·'le thod of 
Estimates ·)(- Estimat ion 

Eas t African 0 . 3 6  .±. 0 . 1 3  Stobbs ( 1 9 66 ) -Intra-
Zebu s ire regr e s s ion of  

offspring on dam 

Cros ses  o.  2 1  + 0 . 09 T rail et  al ( 1 97 1 b )  -
Paternal hal f-sib 
correlati on 

Ongole 0 . 33 ±. o .  1 5 Venkateshwarlu et al 
( 1 97 2 )  -Intra-sire 
regres sion of offspring 
on dam 

Ongole 0. 5 6  + 0 . 2 9  Venkate shwarlu e t  al 
( 1 972 ) -Paternal half-

sib correlati on 

Charolais  0 . 2 5  ±. 0 . 60  �'/illis et al ( 1 972 ) -

1'ate rnal hal f-s ib 
correlation 

Santa 0 . 39 + 0 . 30 \Villis et  al ( 1 972 ) -

Gertrudis Pate rnal hal f-sib 
corre lation 

Brown 0\·li s s  x 0 . 6 2  ±. 0 . 40 'Willis e t  al ( 1 972 ) -

Zebu Paternal hal f- s ib 
correlation  

Hols tein X 0 . 09 + O o 1 0  Willis et  al ( 1 972 ) -

Zebu Pat ernal hal f-sib 
correlation 

Range = 0 . 09 to 0 . 75 

* with standard e rror 
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Breed 

Angus 

He reford and 
C rosses 

Brahman 

Haryana 

Brahman 

Santa 
Gertrudis 

Sahi\ial 

Africander 

Africande r  

Africande r  

6 6  

Some Es t imL:tt e s  o f_!he Heri t':lbility of 

Pre-we�n ing Growt h Rat e  (90 to  270 days ) 

Heri tability 
Estimate * 

0 . 2 1  + 0 . 38 

0 . 47 + 0. 1 5  

0 . 43 + 0 . 1 7 

o .  63 + o .  38 

0 . 70 ± 0 . 1 9  

0 . 86 + 0 . 3 9  

0 . 1 9  + 0 . 07 

0 . 09 ± 0 . 05 

-0 . 05 ± 0 . 03 

Source and Method of 
Estimation 

Barlow and D e ttmann 
( 1 978 ) -Paternal half­
sib correlation 

Barlow and O ' Neill 
( 1 980b ) -I aternal half­
s ib correlati on 

Berruecos and R obison 
( 1 968 ) -Pat ernal half­
s ib correlation 

Govindaiah and Singh 
( 1 980 ) -Pate rnal half­
sib correlation 

Harricharan et al ( 1 97 6 ) 
-Paternal half.-s ib 
corre lation 

Harri charan et  al ( 1 97 6 ) 
-Paternal half-sib 
correlation 

Harricharan et al ( 1 97 6 ) ­
Paternal half-sib 
correlation 

Heyns ( 1 977 ) -Paternal 
half-sib correlation ; 
90-day weight 

Heyns ( 1 977 ) -Iaternal 
half-s ib correlati on ; 
gain from birth t o  
9 0  days 

Heyns ( 1 97 7 ) -Paternal 
half-sib correlation ; 
gain from birth to 
weaning 



Table 2 . 5 continued 

Breed 

Hereford 

Hereford 

Hereford 

Crosses  

Unspe c i fi ed 

Unspe c ified 

Unspe c i fied 

Holst e in x 
Sahiwal 

Herefo:cd 

Zebu 

Zebu 

Heritability 
Es timate * 

0 .  2 1  

0 . 1. 7  

0 . 07 

0 . 2 2  

0 . 1 1  + 0 . 20 

0 . 05 ±. 0 . 23 

0 . 22 + 0 . 2 2 

0 . 44 

0 . 05  

0 . 38 ±. 0 . 42 

0 . 28 ±. 0 . 38 

Source and Method of 
Es t imati on 

67 

Koch and Clark ( 1 9 5 5a ) -
Paternal half-si b  
c orrelation 

Koch and C lark ( 1 9 5 5 b ) -
Regres s ion of o ffspring 
on sire 

Koch and Clark ( 1 9 5 5b ) -
Regres sion of offsprin g  
on dam 

lombard ( 1 9 63 ) -raternal 
half-s ib correlat i on 

Mason e t  al ( 1 970 ) ­
Regres s i on of o ffspring 
on dam 

Mas on e t  a l  ( 1 970 ) ­
Intra-sire r egr e s s ion 
of offspring on dam 

�ason e t  al ( 1 97 0 ) -
Pat ernal hal f-s ib 
c orrelat ion 

Naidu and Desci ( 1 9 65 ) -
Pat ernal half-s ib 
c orrelat ion ; 1 9-week 
Height 

Fahnish e t  al ( 1 9 64 ) -
I'aternal half-s ib 
correlation 

T.orre s  ( 1 962 ) -1 a ternal · 

half-sib correlati on ; 
90-day weight 

Torres ( 1 962 ) -Paternal 
half-sib c orrelation ; 
Average daily gain­
birth to 90 days 



Table 2 . 5 continued 

Breed 

Z ebu 

Zebu 

Crosses 

Heri tability 
Es t imate * 

0 . 3 7  ± 0 . 4 1  

0 . 33 t o  0 . 4 0  

0 . 1 4  + 0 . 07 

Range = 0 . 05 to  0 . 86 

* with stand ard error 

68 

Source and J'!le thod of  
Es timation 

Torres ( 1 9 62 )  -Paternal 
half-sib correlation ; 
Average daily gain­
b irth to 2 1 0 days 

T o rres ( 1 9 62 ) -F at ernal 
half-sib correlat io n ; 
Average daily gain -
90 days to 2 1 0 day s  

T ra il e t  a l  ( 1 97 1 b )  
Paternal half-s ib 
c o rrelation ; 3 month 
we ight . 



TABLE 2 . 6 

Bre ed 

1\ngus 

He re ford and 
Crosses  

Brahman 

He reford 

Angus , 
He re ford and 
Sho rtho rn 

Cros ses 

Angus 

Here fo rd 

Haryana 

Brahman 

6 9  

Some Es timut es o f  the Heri tabili ty o f  

Weaning Weight ( 6  to  9 mont hs ) .  

Heritab ility Source and Me thod of 
Est imate * Estimation 

o .  2 1  ± o .  38 BarloH and Det tmann 
( 1 978 )  -Fa t e rnal half-
s ib correlati on 

0 . 54 + 0 . 1 5  Barlmv and O ' Ne ill 
( 1 980b ) -Paternal half-
sib correl 3 ti on 

0 . 4 7 + 0 . 1 8  Berruec o s  and Hobison 
( 1 968 )  -raternal half-
s ib c o rrel a ti on 

0. 1 7  Bla ckwe ll et  2.1 ( 1 9 62 ) 
-Pa t erna l hal f-sib 
co rrel a ti on 

0 . 67 ;  0 . 1 8  Dunn e t  al ( 1 970 )  -
P ate rnal half-s ib 
c orrelat ion 

0 . 29 ;  0 . 34 Dunn e t  al ( 1 9 70 )  -
Faternal half-sib 
corr e lation 

0 . 72 + 0 . 3 3  Francois e e t  a l  ( 1 973 ) -
rate rnal half-sib 
corre lation 

0 . 82 + 0 . 1 2 Franc o is c e t  G.l ( 1 973) -
Pa t ernal hal f-n ib 
corre lation 

0 . 67 ± 0 . 1 7 Govindaiah and Singh 
( 1 980 ) -Paternal hal f-
s ib correlati on 

0 . 5 2  ± 0 . 34 · Harricharan et  al ( 1 97 6 )  
-Paternal half-sib 
corre lat ion 



Table 2 . 6 c ontinued 

Bre ed 

Santa 
Gt: rtrud is 

:.fri.cande :c 

He r e f o rd 

H e r e f o rd 

He re ford 

C r o s s e s  

Sud ane s e  

Hereford 

He ref ord 

East A fr ican 
Z e bu 

Zebu 

He r i t ab i l i T-y 
.L:;s tim<.:t t e .,(· 

L 3 3 -·- 0 . 50 

0 . 80 + 0 . 2 1  

0 . 0 5 i. 0 . 0 5  

0 . 24 

0. 1 1  

0 . 2 5  

0 . 27 

0 . 1 0 ± 0 . 1 4 

0 . 23 ;  0 . 0 5  

C . 23 

0 . 24 

0 . 28 to 0 . 3 8 
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S ourc e and � e thod o f  
is tim:J. t ion 

.iiarrich2.run e t  al ( 1 97 6 )  
-lu t e rnal hal f-s ib 
c o rre lati on 

Harrj_ chc.ran e t  e:�l ( 1 97 6 )  
-I)a t ernal half- sib 
co rrelati on 

Heyn s  ( 1 97 7 ) -ra t ernal 
hal f- s ib c o rre lation 

Koch and C la rk ( 1 9 5 5a )  -
Paternal half- s ib 
c or re l a t i on 

K o c h  and C l :..trk ( 1 9 5 5b ) -
Regre s sion of offspr ing 
on d um 

K o c h  a nd C la rk ( 1 9 5 5 b ) ­
Regre s s i o n  of of fs :pr ing 
en s i r e  

Lombard ( 1 9 63 ) -I a t e rnal 
ha lf- s ib c orre lati on 

Csman and Hi zgalla ( 1 968 ) 
-Fat ernal half-s ib 
correlut i on 

Pahni sh e t  al ( 1 964 ) ­
Paternal half-s ib 
correlation 

Shelby e t  al ( 1 9 5 5 ) -
Paternal half-sib 
corre la tion 

Stobbs ( 1 96 6 )  -Intra­
sire regress ion of 
offspring on darn 

Torres ( 1 9 62 ) -Pat ernal 
half-s ib correlation 



Tc.ib l e  2 .  6 c on t inued 

Breed 

C l'o s s c: s  

Cha.rol<:d. s 

Sar1 ta 
G e r t rud i s  

� e bu 

Brm..rn S w is s 
x Z e b u  

Hols t e in x 
Z ebu 

H.::: r i  h 1 b i l i  r, y  
Ez t irn:-J.t e ""  

C .  C 8  ,- C . O o  

(; . 1 ) -j 0 . 07 

0 . 4 - �  + 0 . 80 

0 . 2 1 + 0 . 20 

0 . 1 1  -i 0 . 1 0 

0 . 0 5 + 0 . 1 0 

0 . 1 6 ± 0. 20 

Range = 0 . 05 t o  1 . 33 

* H i  th s t andard e rrOl"' 

7 1  

8 ource and M e thod o f  
.E s t i m a t i on 

m - .. l. 1 -� t- · 1 { 1 9 " 1 b ) _ j_  ,_;;, t.: d \ i -
:;::;:, t e rrml l 12. l f  - s ib 
c cr r e L. t i G n ; 6 1-: o n t l1 
1-l;J j_ght 

'l' r3 il e t :: _._ ( 1 97 1 u ) 
r u t e rnal h�l f - s ib 
c o rre l� t i on ; 9 mcnth 
' . .r e i ght 

t il l i s  e t  21 ( 1 972 ) -
F a t e rn al hal f- s ib 
c o rrela t i o n ; 90 d ay 
w e i&;ht 

\ i illis e t  <:! 1 ( 1 972 ) -

I a t e rnal hal f - s i b  
c o rre l a t i on ; 90  day 
we i ght 

\ ! i l l i s  e t  al ( 1 9 7 2 )  -
r a t e rn a l  hal f- s ib 
c o rrel at i on ; 90 d&y 
w e igh t  

�ill i s  e t  a l  ( 1 9 7 2 )  -

P a t e rn a l  hal f-sib 
c orre la t i on ;  90 day 
vl e i ght 

dill i s  e t  al ( 1 97 2 ) -

Fa t e rnal hal f-s ib 
c or r e l ['1 t i o n ; 90 d.s:.y 
I·: e igh t 



7 2  

( ii ) The He r i t a  b i l i  t y  o f  r o s t -w e an ing C rmvth T ra i t s  

Seve ral re p o r t s  o n  the he r i t�b il ity of po s t - w ean ing 

c;r o w th t ra i t s  have b e e n  r ovi eHed by l re s ton and '.hl l i s  

( 1 974 ) .  'l'h�y gave pre f e rr e d  value s of 0 .  52  an d  0 .  70  fo r 

duily gain o n  t e s t  c..nd fina l l iv eim ight on t e s t , re s pt:: c t iv ely . 

H 0 1�·eve r ,  mos t o f  t l1e e s tin:a. t e s  r ev i e H e d  by the s e  aut h o r s  

w e re o b taine d  frorh AILe r i c an s our c e s  and 1.,r e r e  ba s e d  o n  d a t a  

c olle c t e d  o n  c at tl e  ( n:a inly bull s  an.d s t e e rs ) t e s t e d  o n  

high- ene rgy ra t i ons in confined a r e as fo r per i o d s  o f  1 50 

t c  2 50 duy s . The av erage heritabil itie s for He ights  and 

gain s  o f  pa s tu r e -fed animal s up t o  24 mont hs o f  age are 

gen e rc.1 lly l m.; e r  than tho s e  und e r  f e e d -l o t  c ond it ions 

( C a rt e r ,  1 97 1  , Barl o vJ , 1 978 , Hino j os a and S egura , 1 980 ) . 

Tab l e  2 . 7  p r e s e n t s a s ummary of s ome of the 

he ri t abil i ty e s t ima t e s  fo r c e r ta in p os t -weaning gro w t h  t ra it s 

re p orte d  for c a t t le in the t ro p i c s and s ub-tro p i c s . Mo s t  

o f  the s e  e s t ima t e s  were extrac t e d  fr om r e p o r t s  o n  s tud i e s  

involving c a t t l e  gene rally gro;.,rn on pas ture wi t h  l i tt l e  

or  no suppl em en tation . 

E s t ima t e s  of the he r i t a bi l i ty of pos t-we aning 'd e igh t 

and/or gain are ne c e s sary t o  r redic t gene ti c gains and to 

formulate bre eding plan s , \vhi ch are aimed a t  s e l e ct ing 

animals on their own pe rformance . The heritability e stimates 

reported in most stud i es are generally medium to high fo r 

all the grow th traits , indicating that selection for grow th 
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H ou.ld result i n  p ro gre s s  a t  a n  ap:prec iable ra t e  ( vlarHick , 

1 9 68 , l re s t on and \! ill i s , 1 974 , Ba :.cloH , 1 978 ) .  The 

her i ta b i l ity o i' a c tual He ight for age is gene ra lly higher 

than trn t o f  p o s t -,t� e aning d o.ily e;ain ( T able 2 .  7 ) , im_;:1lying 

that it wo uld be more appropria t e  in a gene ti c  improvem en t 

p ro gramme to s e le c t  an imal s on po s t -w eaning fina l  l iv e w e ight 

ra ther than the Iild O.r. da ily g::tin in the same p e r i od . For 

ins tance , n. study of t l:e effe c t ivene s s  of selec tion fo r 

gro wth ra te in Z e bu x Bri t is h cro ssbred cat tle by S e i fert 

( 1 975b ) indic ;:;. ted th:J. t the he ri t :J.b i l i  ty of po s t -w eaning 

dnil;y g;..c in ·.�·a s  t he l o w e s t  of all e s timat e s  and ran ge d  from 

0 . 09  t o  0 . 33 . E c t imu t � s  of the ha r i ta b i l i t y  of ad j us ted 
final \� e :L c;ht _I,e r d ay o f  ng� ( 1 8-m onths ) in t h at s tudy 1-: e r e  

i n  turn la rt;c r th.2n uni ty ( 1  . 42 )  a n d  a r ealis ed h e r i t ab i l i ty 

o f  0 . 5 2  fo r t h i s  t ra i t  \� as o b ta ine d . Af ter c ons id e ration 

of  s eve r �.l o the r gene t i c and phe nc typic parame t e r  e s t irr.a t e s  

for v arious gro·d th t rai t s , Se ifert ( 1 97 5 b )  r emark e d  that 

w eight per d ay o f  age a t  1 8-mont hs appe are d  t o  b e  the mo s t  

e ffic ient single t rait t o  s e le c t  b e e f  c a t t l e  for increased 

CTO\v·th :cc� t c . Hino j o s .':t 8...i:d S c gura ( 1 980 ) , \V O:cking H i  t h  

Brahman c a t t l e  fe d only o n  pas ture , �l s o  found tha t  the 
heritab ility of f in al liveweight a t  4 1 4 days was hi gher 

( 0 . 5 1 ) than that o f pos t-weaning daily gain ( 0 . 08 ) . The s e 

two e xamples confirm the find ines o f  s everal o ther re ports 

whi ch have ind icated tha t und e r  range c ond i t i ons , a c t ual 

vTe igh t  is a more val id prac t i cal measure of grow th than 
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ga in ( s e e  C8.rter , 1 97 '1 and BarlovJ , 1 978 ) . The r ela tiv ely 

h i gh h e r i t ab i l i ty e s t im< .. t e s  o f  actual w e i 5ht ul s o  imply 

that s ele c t i on on i n d iv id"t,;..al p e r forman c e  i . e . , :p e rfo rmanc e  

t e s t i ne; , \'J o ule.. b e  an a d e 1U<::t t e  s e le c "t i o n  me thod in b r e e d ing 

p l ans t o  improve t h i s  t rai t . 

The l im i·t e d f ind i11bs hi the rto r ubl i s ht::: d on t he 

c oru:pu.r-i s on vf h e r i t.s.b ility e s t imu. t e s  o f  s t ra i gh t bl'ed :md 

c r o s s b red �orulu tions a�rear t o  i nd i c a t e that the re �re no 

s i gnificant d i f fe renc e s  be h1 e en ouc h e s t imat e s  for _l..O s t ­

H e aning gro �v th t rai t s . r�Ji quel and Car twright ( 1 963 ) ' 
Dunn e t  a.l ( 1 970 ) and Koger e t  a J  ( 1 97 5 )  have al l rep o r t e d  

that w he r e  s ir e s  o f  t he s ame breed are ma ted t o  d i f f e rent 

bre ed groups of dams , half- s i b  h� r i t ab i l ity e s t ima t e s  

o b tained from within d i f fe re nt groups a r e  gen e rally o f  t h e  

s ame ord e r  o f  oagnitude . Thes e find ings sugge s t  t h u t  

s e le c t ion for gro w th sh ould be roughly as effe c t ive in 

c ro s sbreds as in s tra ightbreds . 

The reported h eri tability e s tima t e s  o f  pos t-\vean ing 

growth tra its als o  s how a wid e variat ion be twe en s tud ie s 

( see Tab le 2 . 7 ) . This mey be far t ly due t o  d if ferenc e s  in 

the pe r i od over whi c h  pos t-Heaning gain and/or the age a t  

whi ch pos t -weaning we ight s a r e  re c o rd e d . The t ime o f  

weaning and t he nutr i t i onal regime ov e r this pe r i od also 

vary c ons id e rably b e tween s tud i es and could thus be 

responsible for the variati on in heri t ability es timate s  

(Pre s t on and Willis , 1 974 , Barl ow ,  1 978 ) .  
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TABLE 2 . 7  The Heritab ility Es timates of s ome rost-

Weaning Growth Traits  

Trait Breed Her itability Source , M ethod and 
Es t imate -.:- Notes  

(a ) 
Yearlinf 
weight 1 2  
to 1 5  months ) 

Haryana o .  81 ± o .  2 1  Govindaiah and S ingh 
( 1 980 ) -Faternal hal f-
s ib correlation -
1 2-month weight 

Brahman 0 . 93 ± 0 . 4 9 Harricharan et  al 
( 1 97 6 )  -Paternal half-
sib  correlation -
1 2-month weight 

Sahiwal 1 . 67 ± 0 . 54 Harricharan et  al 
( 1 97  6 )  -Paternal half-
s ib correlation -
1 2-month weight 

Santa 0 . 74 + 0 . 20 Harricharan e t  al 
Gertrud i s  ( 1 976 )  -Paternal half-

s ib correlati on -
1 2-month weight 

Brahman o .  5 1  ± o .  3 1  Hino j os a  and Segura 
( 1 980 ) -Paternal half-
sib co rrelation -
4 1 4 days 

Hereford 0 . 47 Koch and Clark ( 1 95 5a ) 
-Pat ernal half-sib 
correlati on 

Hereford 0 . 43  Koch and Clark ( 1 9 5 5a ) 
Regres s ion of offspring 
on dam 

Ngada 0 . 27 ± 0 . 26 Mahad evan and Marples 
( 1 9 6 1 ) -Intra-s ire 
regres si on of o ffspring 
on dam . 1 2-month weight 

Holstein 0 . 7 9  ± o .  3 1  Naidu and De sai ( 1 96 5 ) -
x Sahiwal Paternal half-sib 

correlation - 3 65-day s  



Table 2 . 7  continued 

T rait 

( b )  
1 8  to 24 
months we ight 

Breed 

Sudanese 

C ro s se s  

Cro s se s  

Here ford 

Hereford 

Angus , 
Here fo rd 
and 
Shorthorn 

Angus , 
Hereford 
and 
Sho rthorn 

Crosses  

C ro s s e s  

Heritability 
Estimate .,(· 

0 . 26  ± 0 . 26 

0 . 08 ± 0 . 06 

0 . 3 1  ± o .  1 4  

0 . 3 4  

0 . 70 

0 . 7 1 s 

o .  5 1  H 

0 . 5 6  s 

1 . 00 H 

7 6 

Source , r1ethod and 
Notes  

Osman and Rizgalla 
( 1 968 )  -Paternal half-
s ib correlation - 3 6 5 
days 

T rail et  al ( 1 9 7 1  b )  -
Paternal. hal f-sib 
c o rrelat ion - 1 2-mont hs 

Trail et al ( 1 97 1 b )  -

Pat ernal half-s ib 
correlation - 1 5-months 

Blackwell et al ( 1 962 ) -
Paternal half-sib 
correlation - 1 8-months 

Blackwell e t  al ( 1 9 6 2 ) -
Final vTeight 

Dunn e t  al ( 1 970 ) -
raternal half-sib 
correlation . 5 5 0-day 
w eight 

Dunn et al ( 1 970 ) -
Paternal hal f-sib 
c orrelation . 5 50-days 

Dunn et al ( 1 970 ) -
Paternal half-s ib 
c orre lati on. 5 50-days 

Dunn et al ( 1 970 ) -
P aternal half- sib 
c orrelat i on .  5 50-days 
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Table 2 . 7  cont inued 

Trait  Breed Heritability Sourc e ,  Method and 
Estima t e ·x- Notes 

Angus 0 . 1 8  ± 0 . 3 2  Francoise  e t  al ( 1 973 ) -
Paternal half-sib 
correlati on .  1 8-month 
we ight/day of age 

Hereford 0 . 73 ± 0 . 1 3  Francoise  et  al ( 1 9 73 ) -
Pate rnal hal f-sib 
correlati on . 1 8-month 
we ight/day of age 

Haryana 1 .  02H± 0 . 3 5  Govindaiah and S ingh 
( 1 980 ) -Paternal half-
s ib correla t ion • . 1 8-
months 

Haryana 0 . 93 H± 0 . 3 3 1 1  

.Ngada 0 . 34 + 0 . 28 OCahadevan and Marples 
( 1 9 6 1 ) - Intra-s ire 
regres s ion of o ffspring 
on dam- 1 8-mont hs 

Bast o .  3 1  + 0 .  2 1  S t obbs ( 1 966 ) -Intra-
Afri can s ire regre s sion of 
Zebu offspring on dam-

1 to  2 years average 
weight 

East 0 . 57  ± o .  1 7 Stobbs ( 1 9 66 ) - 2 to 
African 3 years average vleight 
Zebu 

Crosses  0 .  1 1  ± 0 . 08 Trail et al ( 1 97 1 b )  -

raternal half-sib 
corre lation - 1 8-months 

Crosses  0 . 06 + 0 . 07 Trail et al ( 1 9 7 1 b )  -
2 1 .  - mont hs 

Crosses  0 . 1 9  ± o .  1 1  Trail et al ( 1 9 7 1 b )  -
24-mont hs 

Range ( 1 2 to 24 months ) = 0. 06 to 1 . 67 



Table 2 . 7  c ontinued 

Trait 

( c )  
Po s t­
weaning 
gain 

Bre ed 

Unspe c ified 

Here ford 

Angus 

Heritability 
E s t imat e *  

0 . 3 6 

0 . 3 2 

0 . 60 ± 0 . 3 9  

He re ford 0 . 4 1  + 0 . 1 1  

Brahman 0 . 08 ± 0 . 1 4  

Herefo rd 0 . 3 9  

He re fo rd 0 . 1 8  

Sudanese 0 . 28 ± 0 . 20 

C rosses  0 . 03 + 0 . 06 

C ros ses 0 . 34 ± 0 . 1 5  

Range = 0 . 03 to Oo 6 0  

* with standard e rror 

S = s te e rs H = he ifers 

Source , Jvle thod and 
Notes  

78 

Baharin and Beilharz 
( 1 97 5 ) -Pat ernal half­
s ib corre lation 

Blackwel l  e t  81 ( 1 962 ) 
- Faternal half-sib 
correlati on 

Francoise  et al ( 1 973 ) -
Paternal half-sib 
correlat ion 

1 1  

Hino j o s a  and Se gural 
( 1 980) -I' a t e rnal half­
sib correlation 

Koch and Clark ( 1 9 5 5a )  -
Iaternal half-sib 
c orrelat ion 

Koch and Clark ( 1 9 5 5b ) -
Intra-s ire regre ss ion of 
o ffspring on dam 

Osman and Rizgalla ( 1 968 ) 
- Pat e rnal hal f- s ib 
correlati on 

Trail e t  al ( 1 97 1 b )  -
Fate rnal half-sib 
c orrelation ( 9  t o  1 8  
mont hs ) 

T rail e t  al ( 1 97 1 b )  -
9 to 24 months . 
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2 . 2 . 2 The ge ne t i c  and pheno typic relat i o n s h ips b e tw e en 

b e e f  cattle grmvth t ra it s .  

T he rela tion s h i p  o f  grmv-th made b y  e a  ttle during 

d iffe rent p e r i o d s  of d eve lo pmen t is o f  gene ral s i gni fi canc e  

t o  the b e e f  c a t t l e  indu s t ry .  Bre e d ing animals mus t o ft e n  

b e  s el e c t e d  a t  a y oung age , an d  the succe s s  o f  s e le c t i on 

d e p en d s  l arge ly on the c a t t l e  r e t a ining the c ha rac t e ri s t i c  

for whi c h  the y w e r e  s e le c t e d . The imp o rtanc e  o f  be ing 

able t o  pre d ic t fu tur e ga in s from e arly growth in the 

produ c t i on of an imals fo r mea t is o bvious ( Pre s t on and 

W illi s , 1 974 , Ba rl ow , 1 978 ) . 

R e l at i onships b e tw e e n  t ra i t s  may be clas s i f i e d  into 

gen e ti c , env ironme n tal , and pheno typ i c  c o r relati ons . 

Howeve r ,  it is n o t  usual ly po s si ble t o  meas ur e  a l l  thr e e 

type s o f  rela t i o n s hip unle s s  the r e  is  a large vo lume o f  

data . 

T h e  gene t i c c or r e la t io n  is the c o rrel a t io n  be tween t he 

addit ive b r e e d ing values for two t rai ts o r  b e tw e e n  the 

sum o f  add itive e f fe c t s  of the ge nes in fluen ci n g  t he s e  

t r a i t s  ( Warwick e t  a l , 1 97 9 ) .  G ene t i c  c o r re l a t i ons are 

mainly an out c ome of plei o t ro p ic e ff e c t s  of gen e s , i . e . , 

the capac it y  o f  a gene ( or gen e s ) t o  affe ct two characters 

s imult ane ously , and to a m inor degre e ,  o f  linkage or 

sele c t i on with varying em phas is on the d ifferent characters 

in many interbreeding groups of a population ( Falcone r ,  1 960 , 

Turner and Young , 1 96 9 ,  Preston and Willis , 1 974 , Dalton , 
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1 980) . The s e  c orrelations are of greatest int ere s t  t o  

breeders becaus e they are us e d  in development of breeding 

plans to : 

( 1 ) Indicate  wha t  other  characteris t i cs are likely t o  

change in future gene rations b e s ides those under s e le c t ion ; 

( 2 )  de cid e  wha t c ounter-sele c tion might be ne eded t o  

prevent such change , and ( 3 )  de cid e  vlhe ther an easily-

measured character can be us ed  as a s e lection c ri t e rion to 

obtain gene t i c  gains in a trait which is mor e  d ifficult 

( or expens iv e ) t o  me asure ( Dalt on , 1 980 ) .  

Gene tic relationships among beef e a  ttle grovrth traits 

have not be en s tud ied nearly as extensively as heri tab il ity 

and e s t imates  of gene t i c  correlations are sub j e c t  t o  

larger samr:ling erro rs than a r e  heri tability e s timates 

based on t h e  same number of animals ( Warwick , 1 968 � l 'res t on 

and Willis et al , 1 979 ) .  Like heritab ility , gen e t i c  

correlat ions may change und e r  s ele c tion ,  not only i n  degree 

( s ize ) , but al so in dir e c t i on ( sign ) , as indi cated by 

Turner and Young ( 1 9 6 9 ) . Gene ti c  c orrelation c o e ffic ient s 

are also sp ecifi c  t o  the population and environment in 

which they were obtaine d . 

' 

Fheno typic c orrelati ons , like the phenotype itsel f ,  

arise from a c ombination of gene tic  and environmental 

effe ct s . The phenotypi c correlations be tween cha racters 

are not as important as the gene ti c  correlations because 

they do  no t give a definite ind ication �bout expected 

changes in future generations in the course of sele ction .  



They are useful ind ic ators of the overall pheno typic 

relat ionships amo ng t rai ts , but o ffer lit tle inf ormation 

8 1  

on the magni tud e  o f  the gen e t i c  and environment al 

correlati ons . I t  is pos sible to have two t raits  whi ch have 

a pos itive pheno typic correlati on even though the gene t i c  

correlation be twe en them i s  ne gative . There i s  the refor e  

an obvious ne e d  t o b e  cautious in interpre ting and uGing 

phen o ty pie co:crele;.tions un t il the s i ze and direction of  

the correspond ing gene tic  correlati ons are knovm . 

Otherwis e , pheno typic correlati cns are easy t o  ob tain 

and the s quare o f  the correlation coefficient ( i . e . , the 

coeffi cient of d e t e rmina t i on ) i s  us ed t o  measure the 

amount of varia tion in one t rai t that is ac count ed for 

by va ria t ion in a corre ls.ted trai t . 

The phenotypic and gene tic r e la tionships ex i s t ing 

be tween various traits us ed as c rit eria fo r s ele ction in 

b e e f  cattle mus t  be kno\m in orde r  to  maximise the rat e  of 

progres s  in a s e le c ti on pr ograffiille and t o  devis e  the mos t 

efficient breeding �lans . 

This s e c t ion summarise s  some o f  the FUbli she d  genet i c  

and phenotypic correlation coeffici ents for gro wth traits 

of cattle raised under t ropical and sub- tropical c ondi t i ons . 

The reported correlation coefficients , especially the 

gene t ic c orrelat i ons , show a wid e  range of variati on , 

re fle cting n o t  only large sampling e rrors , but pre sumably 

als o real gene t ic differences be tween the populat ions 
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s tud i e d  i n  t erms o f  gene ti c an d  environment al c omponents 

( Falconer ,  1 9 60 ) . ho s t  o f  thE: rep orted  correl at ions among 

growth trai t s  are , hm.;eve r ,  positive and they range from 

medium to high . 

( i ) The Gene t i c  an d Iheno typic Rela t i onships 

be twe en I re-we ani ng Growth T ra i t s  

Tab le 2 . 8  and 2 . 1 0  pr e s e nts a summary of  s ome gene ti c 

and pheno ty pi c c o rrela t i on c o e f fic ie nt s be tween pre-weaning 

growth t ra it s . Varia t i o n s  in e s t imate s o f  the s e  c orrela t i ons 

b e tween s tudie s exia t ,  but gene rally medium t o  high le v e l s  

o f  a s s o c ia ti on have been rep or t ed . l art-who l e  ce no t i c and 

phen o typic c orrelati ons ( e . g. , pre-we aning gai n , and 

\veaning w e i ght ) are the highe s t ( s e e  Tab l e  2 . 1 0 ) , a s  Hou ld 

be exp ected . Some o f  t he gene t i c  c o rrelation coe fficien t s 

are abo ve + 1  du e  to s amp ling e rro r . 

T he magni tud e of the phen o typi c corre lations b e tw e e n  

birth H e igh t  and weaning -vr e i cht uould sugge s t  that he avier 

calv e s  at birth are able t o  maintain the ir we i ght 

advantage thro ugh to weaning . The gene t i c  c orrelations 

b e twe en b ir t h  vre i ght and t he o th e r  pre-weaning t ra i t s  are 

positive , implying that many of  the genes re spons ible  fo r 

variation in pre-natal growth are also re s pons ib le for 

post-natal growth to weaning • 

• 
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TABLE 2 . 8  Some E s t imates  of Gene t i c  and Phenotypic 
C o rrela t ion of Birth  Weight wit h fre­
weanine Growth and W ean ing W e ight 

C o rre lated C o rrelat ion 
T rait �ene tic 

( a ) Pre- 0 . 2 5  
we aning 
growth ( gain 
o r  ave rage 
dail.y ga in 
( i �D G ) 

( b )  )ife::tning 
"\ve ight 

0 . 82 

0 . 68 

0 . 3 0  

0 . 1 7  

0 . 4 9 

0 . 84 

Es timate 
Fhenotyp i c  

0. 1 1  

0 . 3 2  

-0 . 09 

0 . 2 1 

0 . 20 

o .  1 2 

Sourc e and 
C omments 

Barlow and O ' Ne ill 
( 1 980b ) -He re ford 
and c rossbreds ; 
I re-•..reaning .ADG . 

Berrue c o s  and 
Rob i so n ( 1 968 ) ­
Brahmans T're -
1-1 eaning :'\.DG 

Heyns ( 1 977 ) -
Africander ; ga in 
to 90 d ays 

Koch and Clark 
( 1 9 5 5 a ) - Hereford 

Pahnish e t  al ( 1 964 ) 
He re ford-He i fer 
data only ; daily 
eai� to 2 3 0  days 

Seife rt ( 1 975b ) -
Zebu x Bri ti s h ; 
I re-Heaning AD G . 

0 . 2 8  Von L a  Chevall e rie 
and Buys ( 1 9 6 5 ) -
Africander ;  daily 
gain to \·reaning 

0 . 3 1  

0 . 42 

Barlow and O ' Neill 
( 1 980b ) -He re ford 

and c ro s s e s  

Berrue c o s  and 
Robis on ( 1 968 ) -
Brahmans 



Table 2 . 8  c on t inuEd 

C orrelc:i ted 
T rait 

C orre h� t i on 
Gene t i c  

0 . 82 

0 . 85 

0 . 82 

0 . 7 9 

0 . 63 

0 . 4 2H 
1 • 1 2 E  

0 . 86 

0 . 4 7 

1 . 00 

0 . 3 6 

0 . 40 

E s t imat e 
Pheno typic 

0 . 57 

0 . 2 5 

0 . 27 

0 • .2 1 

o . 3 9 

Sourc e and 
C orr:rnents 
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Govindaiah and 
S ingh ( 1 980 ) -
Haryana ; 4 mon th 
�v e ight 

Govindaiah and 
S ingh ( 1 980 ) -
IIaryana ; 8 m o � t h  
Height 

Heyn s  ( 1 977 ) ­
Afr icander ; 90-day 
\·Je ight 

IIeyns ( 1 9 7 7 ) -
i'�fr i cand er ; 2 1  0-days 

K o ch and Cla.rk 
( 1 9 5 5 a )  -Hereford 

0 . 4 2 Naud e ( 1 ��5 ) -
Hguni 

0 . 4 2H 
0 . 3 1 B 

0 . 3 5  

0 . 27 

0 . 2 6 

0 . 20 

0 . 1 6  

Fahn i s h  et al 
( 1 9 64 ) - He re ford ; 
H=he ife r  data 
B=bull data 

T ra il e t  a l  ( 1 97 1 b )  
Cross e s ; 6-month 
i.re i G"h t  

·.:.' ::.:-· : ... .2. 2. " t  � ,  �. 'i' I ·c ,  
C ro s s e s ; 9-mon th 
vreight 

Se ifert ( 1 9 7 5 b ) -
Z e bu x Brit ish 

Willis e t  al ( 1 972 ) 
- C harolais ; 90-
day weight 

W illis e t  al ( 1 972 ) 
- Santa Gertrudis ; 
9 0-day weight 
Willis et al ( 1 972 ) 
- Z ebu ;  90-day 
we ight 
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T ABLE 2 . 9 Some E s t imat e s  o f  Gene tic  and F henotypic 

C o rre la tion o f  Birth i·.'e ivht lvi t h  Po st-

wea ning Growt h  Traits  

C o rrelation Es timat e  
Gen e t ic Phenotypic 

-0 . 1 6  0 . 1 8  

0 . 1 2  0 . 0 5  

0 . 67 0 . 07 

0 . 0 6  0. 04 

0 . 40 0 . 34 

0 . 82 0 . 2 1  

0 . 5 9  0 . 3 4 

1 • 1 2 0 . 3 6  

0 . 79 

o .  8 1  0 . 3 6  

0 . 5 8  0 . 3 5  

Source and 
C omment -* 

Govindaiah and Jingh 
( 1 980 ) - Haryana ; with 
1 2-month we ight 

Govindaiah and Singh 
( 1 980 ) -Haryana ; 1vi th 
1 8-month weight ; 
Heifers only . 

Govindaiah and 3 ingh 
( 1 980 )  -lb.ryana ; Hi th 
24-month weight ; 
Heifers only.  

Koch  and Cla rk ( 1 95 5 a ) ­
He reford ; H ith po st­
Heaning ADO 

Ko ch and C la rk ( 1 9 5 5a )  -
He reford ; with yearling 
weight 

3e ifert ( 1 975b ) - Zebu x 
British , Fos t-Heaning 
.. ;.DG. 

Sei fert ( 1 97 5b ) - Z ebu x 
Brit i sh , with 1 8-month 
weight . 

Trail et  al ( 1 97 1 b ) ­
crosses ; with 1 2-month 
w eight 

T rail e t  al ( 1 97 1 b )  -
crosse s ;  wi th 1 5-month 
weight 

T rail e t  al ( 1 97 1 b )  -
with 1 8-month weight 

Trail e t  al ( 1 97 1 b )  -
Crosses ; wit h 2 1 -month 
weight 



Table 2 . 9 cont inu ed 

C o rrela t i on Es t imat e  
Gene t ic Phenotypic 

0 . 64 0 . 3 5  

0 . 2 9  

0 . 1 8  

hD G = Average daily gain . 

S ourc e and 
C omment.;..· 

8 6  

Trail e t  al ( 1 97 1 b )  -
C r o s s e s ; with 2 4 -mon th 
weight 

Vors ter ( 1 9 5 4 ) -
European ; wit h slaughte r  
weieht a t  3 . 5  t o  4 . 5 
years . 

Vor s t er ( 1 9 5 4 ) - Na t ive ; 
\vi t h  slaughte r  Height at 
3 . 5  to 4 . 5 years . 



TABLE 2 . 1 0  

C orrelated 
Trait 

( a )  Pre ­
weanin(; gain 
o r  average 
dail;y g:l in 
( ADG ) . 

( b )  Fast­
weaning gain 
o r  ADG 

87 

Some Es t imates o f  the Gene tic  a� d 

Fhen otypic C orre lati on of �·leani ng V/ e i c;ht 

lli th rre- and ros  t-Heaning Grow·th 

C orrelat ion Es t imate 
Gene tic Phenotypic 

0 . 9 6  

0 . 93 

0 . 92 

1 • 04 

0 . 98 

0 . 90H 
1 .  70B 

0 . 97 

0 .  6 1  

0 . 1 2  

0 . 97 

0 . 9 5  

0 . 9 9  

0. 86 

0 . 98 

1 .  OBH 
0 .  94 B 

0 . 98 

-0 . 1 0  

-0. 07 

Sourc e and 
C omment 

Barlow and De ttmann 
( 1 978 ) -Angus ; ii.DG ; 
female dat a  

Bar low and 0 ' Ne ill 
( 1 980b ) -He reford 
and cros s e s ; ii.D G .  

Berrue c o s  and 
Rob ison ( 1 9 68 ) ­
Brahmans ; ADG . 

Heyns ( 1 9 77 ) -
Africand e r ; ga in t o  
9 0  days . 

Kc c h  and Clark ( 1 9 5 5a )  
- Here ford ; AD G . 

}ahnish e t  a l  ( 1 9 64 )  
-Hereford ; gain t o  
2 3 0  days ;  
H=he ife r ;  B=bull 

Seifert ( 1 975b ) -Zebu 
x British ; ADG . 

Blackwell e t  al ( 1 9 6 2 ) 
- He reford ; gain to 
1 8-months ; he ife r  
data 

Franc oise  e t  al 
( 1 973 ) - Angus and 
Hereford ; ADG . 



Table 2 . 1 0  continued 

C orrelated 
Trait  

C orrelation Estimate 
Gene t ic Phenotypic 

-0 . 03 -0 . 33 

0 . 7 1  0 . 09 

-0 . 1 8  

-0 . 23 

Source and 
Comment 
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Koch and Clark ( 1 9 5 5a ) 
-Hereford ; ADG. 

Seifert ( 1 975b ) -
Zebu x Bri tish ; ADG . 

Trail e t  al ( 1 97 1 b )  
- Cros se s ; gain t o  
1 8  months 

Trail et al ( 1 97 1 b )  
- C ro s s es ; ga in t o  
24 months . 
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There are indicat ions that gene ti c  c o rre lati ons 

b e t\'leen pre-1veaning growth trai ts  are generally higher 

than the c orr es ponding pheno ty p ic correlati ons . Sele ction 

for any o f  the se trai ts \.;ould t hus b e  expec ted t o  r e sul t 

in change in the o ther s .  I're s t on and '.v illis  ( 1 974 ) 

obs erved tha t  the gen e t i c co rre la ti ons between birth lve ight 

and pre-w eaning growt h  are mo s t ly higher than the obs erve d 

pheno typ i c  co rrela ti ons , ind icating tha t  sele c t ion for 

birth w e ight should increas e subsequent gain . Trail e t  al 

( 1 97 1 b )  obtained gene t i c  and pheno typic correlations of 

0 . 8 6 Rnd 0 . 3 5 ,  respe c t ively , be tween birth we ight and 

G - ruon t r. ·. ; e i ght ; the r e spe ct ive e s tima t e s  for birth vre ight 

;::.nd vJ (:; :..:.ning 'ireight ( 9  mont hs ) Here 1 . 04 and 0 . 34 .  Seifert 

( 1 97 5b ) :::tls o  found that the gen e ti c correlat ion beh1e en 

bi:.c th il cic;ht · nd \lean ing we ight \-r as hi gher than the 

pheno tyr i c  correl�tion. 

( i i ) T he ::: cm.e �� i c ;:� nd I he n o tyrJi c 1.�8lr:� t ions hif,G 

betHeen l •re -H er-m in,:'J.· 8 r.d ros t -�-:e�nint; Grc lrth 1�1 r.:l i t s  

T h e  r c l .:...t i on s hiJ'l b e t�-re en rre- ·r eanine erovJth t r�1i t s  and 

� !eight o r  gro;'i th at lu ter st ::!.zes in cat tle have b een s tudied 

by several u o rke rs ( Pre s t on and ':/ ill is , 1 97  4 ,  Barl o ; , 1 978 ) . 

T he c;ene tic  correlat ions be hreer ... b i rth · vTeight and J..lOSt­

\v eaning I·Teights and gains are generally high ( T able 2 .  9 )  

and t he pheno typi c  c o rrel<.ltions be tvTe en these trai ts are 

all positive and relatively l ow . For ins tan c e , Trail et al 

( 1 97 1 b )  found a gene tic  c orrelation of 0 . 81 be tween birth
. 



w e ight and 1 8 -mont h vr eight , ;vh il e Gov indaiah and S ingh 

( 1 980 ) rep ort e d a �cn e t i c  correlation of 0 . 6 7  b e t w e e n  

b irth H a i ght and 24 -m on th we i gh t . 

A s tudy by S e i fe rt ( 1 975b ) ind i c � ted th� t b ir t h  
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we ight -vras mor e gene t i c c.l ly c o rre lat ed to pos t-1-;eaning gains 

t han t o  H e ight s .  The g ene t i c  c o rr e la t i on be tw e en b i rth 

H e ight and p o s t -wean ing ave rage d�i ly gain was 0 . 82 in his 

s tudy , while that between b ir th we i e?;ht and 1 8  mon t h  Height 

Has 0. 5 9 . A high :r o s i tive ge ne t i c  correlation between b irth 

\veight and t o tal gain t o  final \v e ight w;_lS al so reiJ or t e d , 

ind i c a ting . t hat t he same gene s control pre - and po s t-natal 

grow t h .  A ft e r  c it i ng many ot he r vrork e rs Hho have fo und 

positive gene t i c  c or r e l:.t  t i on s  be t v1e en birth w e ight 3.nd po s t­
H e an ing gai ns , S e ife rt ( 1 975b ) s ta t e d  t ha t  b irth w e ight may be 

a us eful ind i ca tor o f  an animal ' s gene t i c po ten tial for 

gr mv th . 

r-1o d e ra t e  t o  high gene t i c  and :r;.henotypic correLJ t ions 

be tween wean i ng lveight and later weights have be en reported 

in s eve ral s tudie s . T he reviews by Pre ston and V/ illis ( 1 974 ) 

and Barlow ( 1 978 ) have ind i ca t ed that the gene t ic 

c orrel�:1. tion be t1·re en wean ing vle ight and pos t -Heaning we ight 

is of the orde r of 0 . 6 to 0 . 7 ,  although value s out s ide thi s 

range are no t rare ( s e e  Table 2 . 1 1  ) .  Pre -weaning gain i s  

als o  pos itively correlated t o  pos t-weaning weights .  

Se ifert ( 1 97 5b ) obtained a gene tic and phenotypic 

co rrelati on of 0 . 84 and 0 . 60 , respecitvely , between pre­

weaning average daily gain and final weight at 1 8  months 
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of ae;e . The genetic and phenotypic c o rrelations be tween 

pre-wean ing ave rage dai ly gain and yearling we ight reported 

by Ko ch and Clark ( 1 9 5 5a )  w e re 0 . 5 1  and 0 . 44 , respectively . 

S ince  pr e-1.;eaning gro·w th is an integral c omponent 

of pos t -w eaning we ight , it is not surpris ing t ha t  the s e  

trait s s hould be highly and positively correlat e d . How eve r ,  

some authors ( Ko ch and Cla rk , 1 9 5 5a . Trail e t  a l , 1 97 1 b ) 
have obs erve d tha t  the gene t i c  c orrelat ions be t1veen birth 

Hei ght and pos t-w ean ing weight s were as high as thos e  

invo lving weaning we ight , even though birth vle i ght s were a 

smal ler port i on o f  the part--vrhole relati onship . 

The moderately high gene tic  correlations amongs t p re­

and p o s t -\veaning grovrth t raits clearly ind icate that the 

gene s which are responsible for early body w e ight are also 

responsible for body w e ight at subse quent age s . A revie w 

by Barlow ( 1 978 ) of the ge ne t ic parame t ers o f  s everal 

e conomi c t raits of beef cattle i-.ri th a view of d e t e rmining 

the l ik e ly c ons e quenc e s  o f  s e le c t i on fo r p re-we aning grmvth 

on the t otal he rd or farm unit indicated t hat s elect ion 

for e it he r  weaning -vre ight or average da.ily gain to 1.;ean ing 

will increase liveweight at all ages from b irth to 

matur it y .  However ,  ave ra ge daily gain · to weaning \vas le s s  

highly c orrelated w ith wei ghts at o the r age s t han w eaning 

weight and appeared ne gatively correlated w ith later gains , 

indicating that w eaning we i ght would be a more e fficie nt 

s e le c t i on crit erion than pr e-weaning gain. 
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The rel a ti onship betHeen vreaning w eight and po st­

Heaning gain is in mo st  cas es l ow , and negative c o rrelations 

are not unc ommon ( Tab le 2 . 1 0 ) . This is explained by the 

fac t  that the re are e ffe c t s  of c ompensat ory grovrth in the 

post-weaning pe riod . Trail e t  al ( 1 97 1 b ) found negative 

gene tic co rrelat ions b e t\oleen weaning we ight and inc reas e 

in we ight to  1 8  months of age ( -0 . 1 8 ) and be tween 

1r1e aning weight and increase in we ight to 24 mon ths ( -0 . 23 ) . 

Franco is e e t  al ( 1 973 ) obtained low  p o sitive gene t i c  

c orrelation s  ( 0 . 1 2 ) and ne gat ive pheno typi c  co rrelations 

( -0 . 07 ) be t\veen \·l eaning we ight pe r day of aee and average 

daily ga in from \veaning to ye arling . They attributed the 

neg�tive phe noty p ic c o rrela t i on s  to compensa t o ry gain 

effects . 

Seifert ( 1 97 5b ) observe d tha t  even though the 

superfi cial re lati onship betwe e n  pre- and pos t-weaning 

growth was small , there was a s t rong positive gene tic 

relationship be tvr e en the two s tages of  growth . The gene tic  

corre lation be tween pre- and post-weaning ave rage daily 

eain was 0 . 6 6  in that study , while the pheno typi c  

c o rrelation w a s  0 . 08 . This a ut ho r  noted that the low 

pheno typ ic c o rrelation was as a result of the exi s tence of 

a fairly s t rong nega t ive environmental correlat ion ( -0 . 40 )  

between pre - and po st -weaning ave rage d aily gain . Calves 

that are nutrit ionally or env ironmentally deprived during 

the pr e-weaning growth p e ri o d  can often c ompensa t e  during 



post -1veaning gr ov1 th with gains gre ater than they might 

otherw ise have achieve d .  

( iii ) The Genetic and } hen o typic Helati onships 

b e tween r os t -"'lveaning GroHth 'l'rai ts . 
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A summa ry o f  the rela t ionship be twe en post-weaning 

growth traits  w ill Give an ind ication of what should be 

exp e c t e d  of changes in one trait whe n sele c t i on i s  bas e d  

o n  ano ther d uring the p o s t-w eaning pe ri od . This is 

parti c ularly impor tant b e caus e bre e ders ne ed to be a ble to 

pre di ct  trends in la ter t rai ts Hhen s el ec t ing earli er , 

so as t o  re d uc e  the generat ion int e rval by as s e s s ing 

an imals for inclus ion in a bre e ding prograrr�e a s  early as 

p o s s ible . Tab le 2 . 1 2  summaris e s  t he gene ti c and phen o typi c 

co rrelat ion e s t imat e s  o f  some p o s t-weaning growth traits 

arrived at in vari ous s tud ies . This tab le ind icate s a 

s trong po s i t ive gen e t i c  and pheno t y p i c  relat ionship among 

p o s t -weaning growth trai t s . The c o rrelati on be tween 

po s t -wean ing gain and pos t-weaning we ieht i s  very high 

as expec ted s inc e pos t-w eaning ga in is an integra l 

c omponent of �os t-w eaning w e ight s . 
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TABLH 2 . 1 1  Some Es timat e s  o f  the Gen e tic and Pheno typic 

C orre lat ion be tvleen \'l e an ing We igh t w i t h  La t e r  

v/e igh t s 

C o rrela tion E s t imate 
Gene ti c  Fheno typ i c  

0 . 1 0 0 . 70 

O . i 8  0 . 57  

c .  6 1  0 . 48 

0 . 6 6  0 .  6 1  

C . 2 2 0 . 6 1  

0 . 2 9 . 0 . 58 

0 . 5 4  0 . 47  

0 . 28 

0 . 89 0 . 5 6  

o .  5 1  0 . 87 

Source and C ooonent 

Bla ckwell e t  u l  ( 1 962 ) -
Here fo rd ;  7 mon th we ight and 
1 8  month vre ight ; s t e e r  data 

Blackw ell et al ( 1 9 6 2 )  -

Here ford ; 7 mon th w e i ght and 
1 8  month w eight ; he i fer data 

Fran c o ise et a l  ( 1 973 ) ­
;�_ntus and Here fc rd ;  2 4 0  day 
Heigh t  and 1 8  month He ight 

Govindaiah and � in�i ( 1 980 ) 
- Haryana ; 8 month H eight 
and 1 2  month Heieht 

Govindaiah and S inch ( 1 980 ) 
- Ha ry ana ; 8 month . H eight 
a.nd 1 8  month H e i gh t ; he i fe r 
data only 

Govindaiah and Singh ( 1 980 ) 
- Haryana ; 8 month '<l eight 
and 24 month H ei ght ; h e i f e r  
da t a  only 

Ko ch and C lark ( 1 9 5 5a ) -

H e r e f o rd ; He aning we ight and 
ye ::1rl ing Height 

Netude ( 1 965 ) - Africand e r ;  
\\-eaning vleight an d  yearling 
vre ight 

Se ifert  ( 1 97 5 b ) - Z ebu x 
Bri t ish;  wean ing Height and 
1 8  month weight 

T rail et  al ( 1 97 1 b )  - Cro ss es ; 
6 month ,.,e ight and 1 2 month 
we ight 



Table 2 . 1 1 cont i nu e d  

C orre la t i on Es t ima t e  
Geneti c Ihen o typic 

0 . 4 2  0. 7 6 

0 . 5 5  0 . 80 

0 . 04 0 . 70 

0 . 87 o .  9 1  

0 . 87 0 . 86 

0 . 95  0 . 84 

0 . 89 0 . 7 9  

0 . 4 4  0 . 7 2  

9 5  

S ource and C omment 

T rail et al ( 1 97 1 b ) - C ro s s e s  
6 month we i ght and 1 5 nonth 
we ight 

T rail e t  al ( 1 9 7 1 b ) - Cr o s s e s  
6 month vle ight and 1 8  month 
1v eight 

T ro.il et a l  ( 1 97 1 b )  - Cro s s e s  
6 month vle ight and 24 month 
w e i ght 

Trail et o.l ( 1 9 7 1 b )  - C ro s s e s 
9 month w e i ght and 1 2 month 
1·1 e ight 

Trail e t  al ( 1 97 1 b )  ; 9 month 
and 1 5  month w e igh t  

T rail et al ( 1 97 1 b )  ; 9 and 
1 8  month weights 

T ro.il e t  a l  ( 1 97 1 b ) ; 9 and 
2 1  month H ei ghts 

T rail et al ( 1 97 1 b )  ; 9 and 
24 �onth w e i ght s . 
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C orrelated 
T rait  

( a )  P o st­
w eaning ga in 
and p o s t­
weaning 
we ight . 

( b )  P o s t ­
weaning 
we ight s at 
various 
ages 
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Some E s t ima t e s  o f  t he Gene tic and 

Pheno typic C o rre lat i on between s ome 

P o s t -wean ing Growth Traits 

C orrelat ion Es timat e  
Gene tic Pheno typ i c  

0 . 74 0 . 58 

0 . 97 0 . 58 

0 . 6 6  0 . 73 

0 . 83 0 . 67 

1 . 05  0 . 7 6 

0 . 67 0 . 6 5  

o .  5 2 .  

Sourc e and C omment * 

Bla ckwell e t  al ( 1 962 ) ­
Here fo rd ; gain and 1 8  
month w e i ght ; s te e r  
da ta 

Bla ckwell et al ( 1 9 62 ) ­
Hereford ; gain and 1 8  
month w e i ght ; he ifer 
data 

Franc ois e e t  al ( 1 973 ) ­
Angus and He re fo rd ; 
gain and 1 8  month vTeight 

Koch and C la rk ( 1 9 5 5 a ) ­
Here fo rd ; ADG and 
yearling 

Seifer t  ( 1 97 5 b )  - Zebu x 
Bri ti s h ; ADG and 1 8  
month w eight 

Govindaiah and Singh 
( 1 980 ) -Haryana ;  1 2  and 
1 8  month weight s ; 
Heifer data 

Govindaiah and S ingh 
( 1 980 ) - Haryana ; 
1 2  and 24 month weight s ; 
He ifer data only 
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Table 2 . 1 2  cont inued 

C orre lat e d  C orrelation Estimate S ource and Comment * Trait Gene t ic Phenotypic 

0 . 96 o .  64 Govindaiah and Singh 
( 1 980 ) - Haryana ; 1 8  
and 24 month weights ; 
he ifer data only 

o .  9 1  0 . 87 Trail e t  al ( 1 97 1 b )  -
Cros s es ; 1 2 and 1 5  month 
we ights 

0 . 89 o .  90 Trail e t  al ( 1 97 1 b )  -

1 2  and 1 8  month weights 

0 . 76 0 . 86 Trail e t  al ( 1 97 1 b )  -

1 2. and 2 1  month we ights 

0 . 3 1 0 . 7 9 Trail et al ( 1 9 7 1 b )  -
1 2  and 2 4  month weight s 

0 . 7 9 0 . 89 Trail e t  a l  ( 1 97 1 b )  -
1 5  and 1 8 month weights 

0 . 88 0 . 84 Trail e t  al ( l 9 7 1 b )  -

1 5 and 2 1  month w eights 

0 . 4 6  0 . 84 Trail e t  al ( 1 97 1 b )  -

1 5  and 24 month w eights 

0 . 87 o .  9 1  T rail e t  a l  ( 1 97 1 b )  -

1 8  and 2 1  month w eights 

0 . 4 0  0 . 87 Trail e t  al ( 1 9 7 1 b ) -
1 8  and 2 4  month w e ights 

0 . 4 2  0 . 88 Trail e t  al ( 1 97 1 b )  
2 1  and 2 4  month weight s 

* ADG = ave rage daily gain .  
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The relat ionships between the po st-weaning vreight s at 

various ages are high and pos i tive ( Table 2 . 1 2 ) ,  ind icat ing 

that selection for wei ght at any age should result in 

c o rrela ted improve.u,en t in weight at o the r age s .  Trail et al 

( 1 97 1 b )  obtained a eenetic  and phenotypic correlation of 

0 . 89 and 0 . 9 0 ,  respe c t ively be tween 1 2  and 1 8  month w e ights .  

T he re spective corre lati ons be tween 1 5  and 1 8  month weights 

in the ir s tudy were 0 . 7 9 and 0 . 89 .  Govindaiah and J ingh 

( 1 980 ) found tha t the geneti c c orre lat ion be twe en 1 2  and 1 8  

month w e ights was 0 . 67 and that between 1 8  and 24 month 

w e ights was 0 . 9 6 .  The c orre spond ing pheno typic correlati ons 

for the s e  t raits were 0 . 6 5  and 0 . 64 .  The e stima t e s  ob taine d 

in the s e  two s tud ies  impl y  that select ion for weight at  

1 2  to 1 5  months of age would be  generally as e ffe c tive as 

s election for weight a t  1 8  to 24 months of age , s ince the 

he ritab ility of the s e  we ight s is also rel a t ive ly high 

( Sect ion 2 .  2 . 1 ) . 

2 . 2 . 3  The repentabil ity o f  pre -weaning performan ce . 

Rereatability is a c onc ept  clo s e ly allied t o  

heritability and i s  useful for tho se traits whi ch are 

expressed  s eve ral t imes during an animal ' s  life time such as 

lactation milk yiel d fo r dairy cows and weight of c al f  

w eaned for be ef c ow s .  I t  me asures the ext ent t o  which 

d ifferences be twe e n  ind ividuals de pend on gene t i c  and 

permanent envi ronmental e ffe c t s  ( Falconer , 1 960 , Turner 

and Young, 1 96 9 ) .  
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The vari ous sta t i s t i cal t echni:1_ues for e s timat ing the 

repen t a bi l i ty o f  pro duc t i on t rait s have been outl ined by 

Taylo r  e t  al ( 1 960 ) and Turn e r  and Young ( 1 96 9 ) . Repea tabil i t y  

can be c omput e d  a s  t he r e gre s s ion o f  future p erformanc e on 

pas t  pe rformanc e and may als o be derived from an analys i s  

o f  variance as an intra-c las s c o rrela t i on among suc c e s s iv e  

re c o rds o r  o b s e rvations on the s ame individual .  Repeatab ility 

e s t imat e s  may differ a c c o rding t o  the gene t i c  properties of 

the p o pulat i on and the e nvi ro nment al c ondi t i ons und e r  which 

the individ uals are kep t .  

The r e p ea tabil i t y  o f  pre -we ani�g trai t s  r eviewed in 

this se c t i on is e s s e n t i ally a measure of pe rformanc e of the 

dam , rather t han o f  the c alf . Cle arly , tra i t s  such as 

birth Height and Heaning 'de ight oc cur only o nc e  in an 

animal ' s  li fe t ime and are repeatable only VThen c on s idered a s  

a character i s t i c  of the c ow .  The princi pal u s e  o f  the 

r e pe a tability e s timate of pre-weaning t ra i t s  in cattle is 

as a pre dic t or of the futu:r·e produc t i on o f  the c o H .  I t  i s  

a l s o  ne c e s sary t o  k n o H  the rep eatabil i ty of such t ra i ts in 

ord e r  to mea sure the effec tivenes s of s e le c t i on for co w 

pr o duc t i on .  Howeve r ,  s ince the repeatabil i ty also contains 

non-he red i tary diffe rence s  be twe en co Hs , it tends t o  over­

e s timate what can be ga ine d in future gene rations by 

selection .  

Several authors have es timated the rep eatab ility of 

pre-weaning traits in c a t tl e  ( Alexande r  et al , 1 960 , Alim , 

1 964 , Cunningham and Hend e rson , 1 96 5 ,  Minyard and D inkel ,  
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1 96 5 , Tra il e t  al , 1 97 1 b ,  Bo s ton e t  nl , 1 97 5 ) .  The 

repeatabil i ty of w eaning \<l e i ght as a trait of the d am has 

b een e s t imated as be ing gene rally gre at er t han that fo r 

birth \v e ight . For ins tanc e ,  T ra il e t  al ( 1 97 1 b )  obtained 

a comb ined ( dam-breed s ) e s tima t e  of 0 . 2 1  for t he 

re peatab il ity of b irth w e ight c ompared with 0 . 4 2 fo r the 

repeatab ility of 6 and 9 month weight . S everal other 

report s w hi c h  have ind i ca t e d  tha t the repeatabili ty 

e s t imat e  of birth w e�ght was much l ow e r  than tha t of 

weaning lv e i ght w e re al s o  c i ted by th e s e  authors . The 

revi ew by And e rs on ( 1 977 ) ind i c a t ed a range o f  reported 

rep eatabil ity value s of -0 . 03 to 0 . 2 9  fo r birth w e ight . 
Reported e s tima t e s  o f  the repea tabili ty of w e aning \veight 

have b een o f  the order of 0 .  3 t o  0 .  5 ,  \-Ti th many value s  

ave raging 0 . 4 ( s e e  al s o  Tab l e  2 . 1 3 ) .  The influe nc e of 

the milk- produ c ing ab il i ty of the dam is probably an 

important fa c t or in the re p e a tab i l i ty of p re -we aning ga in 

and w eaning we i gh t . 

Cull ing o f  female s  on t he ba s is of early p e rformance 

und er the a s sump tion that ma t e rnal performanc e is  a 

highly repeatable charact e ristic ha s be come a c ommon 

pract ice  in mos t comme rc ial beef h e rd s . A survey o f  

weaning vleight r epeatabili ty estimates· by s everal authors 

indica t e s  that gene tic and permanent environmental e ffec t s  

are important c ontributors t o  variation in mat e rnal ability 

although the re la tive magnitude of components has vari ed 
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in diffe rent stud i e s  ( Table 2 . 1 3 ) . M inyard a n d  D i nk e l  

( 1 9 6 5) c on s idered re .r:eatab ility e s t imat e s  reliable enough 

t o  all o \'r s e l e c t i on e a rly in a c o i-.r '  s life . The y s ta t e d  tha t  

v e ry low p ro duc e rs c an be c ul l ed on the bas i s  o f  the fir s t  

r e c o rds with l i ttle risk o f  cull ing go o d  c ows , sinc e c o ws 

at both extremes ( i . e .  , ve ry high and very l ow produc ers ) 
c ont ribute muc h more t o  the repeatabil i ty of \v ean i ng 

w e i ght than t ho s e  near t he average . Other autho r s  who 

obtained results 1vhich have indi ca t ed tha t culling of cow s 

o n  the ba s i s  of the perf ormanc e of thei r  fir s t  calves 

would be e f fe c t ive for increas ing t he average pr oduc t iv i t y  

o f  beef e a  t t le are Cunningham <1.nd Hend e rs on ( 1 9 6 5 ) , 

Selle rs e t  c::.l ( 1 97 0 ) , Trail e t  al ( 1 97 1 b ) , Bailey 81ld Koh 

( 1 9 74 ) , Bos t on et al ( 1 97 5 ) , Vanmiddles\vorth et al ( 1 97 7 ) . 

The r e peatabil ity e s t imat e s  of pr e-Hean ing traits 

are influe nced by various fac t o rs .  Bre ed d i fferenc e s  i n  

weaning w e ight repeatabil i ty e s t ima t e s  have b e e n  repor t e d  

by Sellers e t  a l  ( 1 9 70 ) , Bo s ton et al ( 1 97 5 ) and 

Vanmidd l e sw or t h  et al ( 1 97 7 ) . The se au thors have al l 

ob tained l o He r  repeatabi l i ty va.lue s for Angus com}:ared 

\vi th He re fo rd c ows . For ins tanc e , Bos ton et al ( 1 975 ) 
obtaine d a repea tab i l i  ty va.lue of 0 . 2 9  for Aneus c m; s  

c ompare d  w i t h  0 . 5 9  f o r  that o f  Here ford c ow s . They 

sugge s t e d  t r� t  the wean ing re c ords of a He reford c o vr ' s 

early calv e s are a more ac curat e  ind i cator o f  her future 

produ c t iv i ty t han thos e  of an Angus cow.  They als o  
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TABLE 2 . 1 3  Some Repeatabi l i ty Es timates of 

\'leaning \'ie ight 

Breed Age at Repeatability Source �Jeanin� Estimate 
( days 

Angus 0 . 27 Bos ton et  al ( 1 975 )  

Hereford 0 . 50 Bos ton e t  a l  ( 1 9 7  5 )  

He re ford 2 1 0 0 . 48 Cunningham and and Hend e rson ( 1 9 6 5 ) Angus 

Hereford 1 82 0 . 34 Koch and Clark ( 1 9 5 5a )  

Angus 1 90 0 . 5 2 rllinyard 
( 1 9 6 5 ) 

and Dinkel 

Herefol�d 1 9 0 0 . 4 2 lVlinyard and D inkel 
( 1 9 6 5 ) 

Angus 1 6 5 0 . 2 6  Hohenboken arid Brinks 
0 . 2 5  ( 1 969 ) 

Angus 205  o .  1 9 Selle rs e t  al ( 1 97 0 )  

Hereford 2 0 5  0 . 27 Sell ers et Cll ( 1 970 )  

Z ebu 2 1 0 0 . 1 3  T orres ( 1 962 ) 

Ankol e 27 0 0 . 40 Trail e t  al ( 1 97 1 b ) 

B oran. 270 0 . 5 0 Tre.il e t  al ( 1 97 1 b )  

Z ebu 2 7 0  0 . 3 � Trail et al ( 1 97 1 b )  

Angoni 2 1 0 0 . 63 Thorpe e t  al ( 1 980a ) 

Baro tse 2 1 0 0 . 47 Thorpe et  al ( 1 980� ) 

Boran 2 1  0 0 . 4 6  Thorpe  et a.l ( 1 980a ) 

Angus 205 0 . 24 Vanmiddle sworth 
et al ( 1 977 ) 

Hereford 205 0 . 34 Vanmiddle swor th 
et al ( 1 977 ) 



ou tlined t he po s s ible cau s e s  o f  the d i fferenc e s  in 

repeatability e s t imate s  b e tw e en the s e  two bre ed s . 
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Degree of ad j ac ency o f  r e c ords may also in fluenc e 

intra-dam rel a t i onships . Cunningham and Hend e rs on ( 1 9 6 5 ) 

.:1ave do cUIIi.ent ed the tenden cy for r epeatabili t y  ba s e d on 

likene ss  o f  ad j ac en t records to be higher than 

re pe atab ili ty bas e d  on l ikene s s of no n-ad j ac en t  or 

random cho s e n  re c o rd s .  The s e  au thors remarke d  that the 

pre di c t ive value o f  early r e cords for pro duc t ion in lat e r  

l ife was n o t  a s  great a s  i s  often as sumed . They sugge s t e d  

that l i t t l e  em�ha s is s hou l d  b e  given t o  re p ea t abi l i ty 

e s t ima t e s  made on r e c o rd s  m or e  than t 1w y e a rs apart . 

Stud ie s by S e l l e r s  e t  al ( 1 970 ) , Bo s t on e t  al ( 1 97 5 ) and 

Vanm i d d l e sw or t h  e t  al ( 1 9 77 ) have al so confirmed t.ha t 

early r e c ords may be a po or basis for pre d i c t i on o f  

perfo rmance more .than two y e ars removed . The resul t s  

o b t a iLed b y  Bo s to n  e t  a l  ( 1 97 5 )  ir1d i ca ted that pr ogeny 

weaning we ight s we re go od ind i ca t ors of a c ov1 1 s 

sub s equent productivity through 5 ye ars , and t hat the y 

were o f  l imi te d  predi c t ive value beyond t ha t  t ioe . 

Nutri tio nal c ond itions might also influenc e the 

repeatability o f  calf w e i ght since  progeny that are raised 

in areas of restricted feed suppl ie s are more dependent · 

on the ir dams t han are tho s e  whi c h  are produc ed in a 

more op t imal environment . Bailey and Koh ( 1 974 ) found 
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t ha t  the repeatabil ity of weaning we ight t ended to be 

l ower und e r  mor e favourable feeding c onditions ( 0 . 33 ) 

than unde r  po or condit i ons ( 0 . 44 )  although the diffe renc e 

was non-signific ant . Similar results were obtaine d by 

Rollins and Wagnon ( 1 9 5 6 )  in range herd s  operated under 

o p t imum and s ub-optimum nutri ti onal regimes . 



3 .  1 l\1a te rials 

C H A P T E R T H R E E  

NATERIALS A1TD METHODS 

3 . 1  . 1  The bre eding stations 
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The data was c ollected  at Government-owned breeding 

s ta tions situated in the three main ecologi c al z ones of 

Swaziland . The Mpis i  breeding ranch ( Station 1 )  is 

lo cated in the JVIiddleveld region near Manzin i  whilst 

Station 2 is  in the Lowveld ( Big Bend ) and Station 3 is 

in the Highveld region ( Mahlangatsha ) . Thes e  stations 

are r easonable repres entative of  the ecologi cal c onditions 

of the coun t ry .  Table 3 . 1  presents  some physical feature s 

o f  the three z ones in which the ranches are l o cated .  

TABLB 3 . 1 Some Fhysi cal Features of the Three �·lain 

Ec ologi cal Regions of Swaziland * 

Lowveld Middleveld High veld 

Alt itude (m ) 1 5 0 - 500 3 50 - 1 1  00 1 000-2000 

Annual rainfall (mm ) 5 00 - 900 750 - 1 1  50  1 000-2300 

Mean tempera ture°C 22  1 9 .  5 1 8 . 5  

Grazing Swe etveld Jl1ainly tall Generally 
w ith decid- gras sland poor 
uous bush s ourveld 
and Acac ia 

* After Butterw orth and Pre sswood ( 1 978 ) .  
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In view of the impor tant c o rrelati on be twe �n rainfal l ,  

pastur e gro w th , and live s t o ck produc it ivity , the monthl y 

and annual pre cipi tat ion dur ing the ye ars 1 97 5  t o  1 978 

for each s ta t ion is given in appendix I .  

The Gove rnment breeding s tat ions br eed the bulls 

needed f or the cen e t i c  improvement o f  the nat ional herd . 

The a im i s  t o  supr ly bulls tha t are gene tically supe rior 

for the impor tant pe rforman c e  traits ( mainly growth ) of 

b e e f  ea t t l e t o  t.he Rural Development Ar eas (RDA ' s ) of 

Swaziland . A sele c ti on programme i s  ma intain ed for each 

o f  the currently re c ommended b r e e d  typ es so that a b ove 

average bul l s  can be dis tribut e d .  In add i t i on , t he 

potential o f  the s e  breeds and c r o s s e s i s  evaluat e d  by 

performan c e  re c ord ing. 

On t he Gov e rnmen t ranche s ,  pe rf ormance t e s t s  are 

aut omati cally carried out on all s t o ck of b o t h  s ex e s . 

Evalua t i on s  of young s t o ck are made a t  weaning ( 7 months ) 
and at 1 8  mont hs o f  age , whe n  d e c i si ons on future us e are 

made . 

Hus b andry and management pr o c e dure s  employe d on all 

Governm ent ranc he s have b e en s tandard ised s o  a s  t o  minim is e 

envir onmen t al diffe rence s b e tw e en s tatiuns and al s o  

b e tween he rd s w ithin s t ations . In all ranche s , c alves 

remain w it h  their dams from b irth t o  weaning at 2 1 0 ± 1 5  

days . There is n o  milking of be ef c ows . All c a lve s are 
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w e ane d by s e para t ion from their dams a t  the mon�hly 

w eighing during the month when the calf is 7 mon ths of a ge . 

r.lale and femal e wean ers are se :r.;arc:. te d a s  s o on as c o nven ient 

aft e r  \'l eaning . 1�11 young sto ck of sirr:ilar age and sex 

are run t oge the r irre spe c "tive of he rd/bre ed . ·�l e aned 

c alve s rec eive no spe ci�l f e e d ing be ing de pend ent on 

un ilr.prcved veld 1-as ture s . l�nimals suffe r a severe che ck 

in �ro·ti th a t  all s t a t i ons during the dry wint e r  mont hs , 

achieving the ir gains in w eight during the spring and 

summer s e asons . However , some l imited supplementary 

fe e d ing is o c cas sionall;y used during s evere years , 

part ic u l arly i n  the Highveld ( S tation 3 )  where gra z i ng 

cond i ti ons are 0ene rally po or . 

All mal e s  are l e f t  ent i re l y until the compl e t ion of t he 

growth r ate performance te st at 1 8  months of age . After 

ranking , and field ins pe ction , the bulls not s el e c t e d  for 

br e e ding a r e  c as t ra t e d  and s ent t o  the feedl o t  fo r finishing . 

Bre e d ing c ows of all b re eds and ages are run in one 

group exc e p t  during the 90 day s e rvi c e  per iod . T he r e  is 

only one bre eding s eason each year and more than 90�� 

o f  the c o ws are mat e d  through natural s e rvic e . T he bre e ding 

s eason for na t ural s e rv i c e  in S t a t ions 1 and 2 is be tween 

November and February whils t tha t  for Station 3 is from . 

O c t ober t o  J anuary . Art i fi c ial b reeding and maid e n  he ifer 

mating are n o rmal ly c ommenc e d  thr e e  weeks earl ie r .  
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rregnancy d iagn o s i s  is carrie d  out o n  all cows when th e i r  

calves are vr ean ed and cOvl S  whi ch fail t o  c o n c e ive in two 

c onse cut iv e breeding seasons are usual ly cul l e d .  Heif e rs 

j o in the bre e ding he rds e a c h  ye ar , home-bred he ifers be ing 

s e le c t e d  on the i r  1 8  u:ont h g:coH th rate r::tnking and fie ld 

ins p e c t i ons . 

The cows also graz e veld ras ture s and re c eive no 

s pe c ial f e e d ing exc ept for a �ho sphate sup�lement in the 

form of bone meal and sal t provid ed ad libitum . 

3 . 1 . 2 S ource of dat a - The dnta pro c e s s i ng un i t  

s ,[s t e m .  

The d a t a  w e re obtained from t he Da ta J r o c e s s ing Uni t  

( DPU ) o f  the �ln imal Frodu c t i on D iv i s i on (.; 1.J'D ) in t ne 

hinis t ry o f  .h.gricultur e  ar..d C o -opera t ive s - l'·Ibabane . This 

unit is invo lved in pro c e s s ing data from the Nat ional Be e f  

Cattle Breeding Tro gramme . T he DI-'U s y s t em c omr: ris e s 

a s e t  o f  pro c e dure s for as sembling , val ida t ing , analysing , 

and s t o ring d a ta . The pro c e s s e d  dat a are made available 

by sp ecially d e s i gned rep orts ap rro priate for each · of the 

various leve l s  of ruanaeemen t . A d e tailed out line of the 

DIU inf o rm: 1 t i on sys tem is given by nut tervm rth nnd 

Fre sswood ( 1 978 ) . 

The DPU c o lle c t s  da ta from the participating ranches' 

by us ing thr e e  types of r e cord b o ok s ; the birth , weight 

and t re a tmen t r e c ord b o ok s .  Ent rie s in each b o ok are 

made in tripl i ca t e  by the ranch pe r s onn e l .  The main c opy 
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i s  se nt to the DI U ,  the s e c ond to an officer in charge of 

the ranche s , and the las t copy r emains e n  the ranch f er i t s  

own re co rds . 

�he b irth re cord book i s  c ompleted  �nediate ly aft e r  

e ach b i r th n t  the s ta t ion , whe t h e r  t he c�lf is b orn al ive 

or i s  J s tillbi rt h . The c�lf b irth r e cord c ontains : 

name of s tat ion , herd , c alf iuentif i c a.tion number , da te of 

b ir th , s e x , breed , darr" nwnbe r  c_y-� d  bresd , s ire nwtb er u.r..d 

breed , c al f  birth \i e it:;L.t tind d<...:. t e  \v e ighe d , d�m pu.rturi ti on 

we ight �nd d� t ci  w e i�ht , �nd d e s crip t ion of the c�lf . 
n e wb o rn c<....l f  c:m d i t s  di.iill � r e  normally \·J e ie;hed >·i i tLi n 

2 4  ho�!·s . C o m�l e t ed c�l f b ir th r e c ord she e t s  ars s e n t  t o  

the DI U \·rcekJ y . 

The H e i ght re c o rd book c c, n t � ins �1 1 ,,.- e ic£1t s c o l le ct ed 

on t he s t n t i on . All cut tle  a t  each 3 t a t i on are w e i ghe d 

at a s :;.:r.ilar t im e  and/a :::- Q ;'l. -:; 6  c: · ch m o nt h . The cattlG 

are usually k raa l o d  t he n i ght bc .f o r G  1 1e ighin.:;.  ..:.n iJnal 

identific:t t i on number:..:. 211d the ir l·r e i gh t s  are re corded in 

·.-: eighi:r...::::; orde� ar..cl a t s s t  �rc it;ht L ;  us ed to el im inat e b i u.s 

in the z cale s . Thi s t e ;.. t v.re ight i s  H e iehe d b e fo re the fir s t  

animal :.1-:ad afte r  eve ry 20 aj_1imals . T he label  o f  this 

vle ight and i t s  vl eight are inc luded in the w·e ight re c ord 

she e t s . The DI'U us es the actual vie ight o f  each t e s t  

weight to ad j us t  the weight re co rd s  aut omatically if 

ne c e s sary . The w eight rec ord she e t s  are s ent to the DPU 

aft e r each w eighing. 



The t rea tn:ent re c o rd bo ok is  used to  re port all 

o ther types of re levant infor�ution such as aborti ons , 

d eaths , d iseas e s , and pregng,ncy d iagnos is . 

'vlhen the re cord she e t s  rea ch the DPU , they are 
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che cked for comrl e t eness  befo re b elng copied ont o compute r  

c o ding s he e ts . The c ross-che ck ings are supported by enquiry 

que sti onnail'es  t o  the fie ld and ultimately by validati on 

programmes on the c ompute r . The data from all the s tat i ons 

is pro ces sed  on an ICL 29 03 c omruter and re c ords are s t ored 

on m�cnet ic tape file s . 

The re are thr e e  tyres  of r e c ord fi les created and/ or 

updated by the DIU each ye ar ; a calf re cord file , a cow 

r eproduct ive performance fi l e  and an o thers t ock file 

( for bulls  and cas trates ) . This s tudy i s  c oncerned vri t h  

the firs t  two fil e s  - t he calf re c ord file which c overs 

the h is t ory of each  calf from b irth to  1 8  mon ths of  age 

and includ e s  the bas i c  informRtion of ident i ficuti on numb er , 

d ate of birth , and s ire and dam informat i on ; and the covr 

reproduct ive pe rformance file whi ch c overs the comple te 

calving his tory of each c o w  including the weaning we ights 

and ratings of all its  calves . 

3 . 1 . 3  The data . 

( i ) Data �xt racted from the 8�lf H e cord ?iles  

Rec ords of r re- an d  po st-wean ing gro�Tth Here sele cted 

from record files o f  the three  stations . While a few 

records were available from calves born before 1 975 , it 
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was d e c id e d  t o  l im i t  the s tudy t o  calv e s  b orn in the 

pe riod 1 97 5 to 1 978 ( 4  calf-crops ) in S tn t i ons and 2 ,  

and 1 97 6  t o  1 978 ( 3  �alf-cro ps ) in S ta t ion 3 .  

Only tL.o s e c:,.._lv e s  H i t h  b ir t 1� ,  u e: ;�H i n c; , and 1 8  m on th 

w e i ght re c o rd s  I'>'" e r e  :i.ncl\ld c ci . 'l' he ueanin.; ( 2 1  0 days ) and 
1 3  rr:c n � h  � 540  dLtys ) ue i.:.;h t s  i n  t.:.l<'.:se r t: c o rd s  1ve r e  c::l :c oad y 

a d jus t ei for :1ge by l in e u.r int e rpolation b e t vr e e n  their 
two c l o s e s t  m o n thly H e ight re c ord s . The fo l lo-vrinc 

inf o rmat i on -vm s al s o  ava ilab le on e a c h  calf : year of 
b irth , d a t e  of b irth , s ex , b reed , d am age , dam b r e e d , 

s i re id e n t i f i c a t i on nwn be r , n.nd s i re bre e d . 

Da t a  for 1 , 83 2  ru1 imals were o b ta ined . The t ot a l  nwn b e r  

of  records  ex tract ed from e a c h  s t at i on and the d i s tribut ion 

of data among the calf bre e d s  are s ho 1m in Tab l e 3. 2 .  
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TABLE 3 . 2  Numb er of Calf R e c o rd s o b t a i ned from 

the S ta t i ons 

Bre ed/C ro s s  S t a t i o n  1 S t at i on 2 S t a t ion 3 

Nguni 

Br:-:thm'ln 

t Br<lhm:�n-i- Ngun i 

� Brdrrr..ar.--� Nguni 

-} Br·ahrnan--� Nguni 

Sirnrnental 

1 
-2 

2. 
' 

7 
-il 

S irr..men t u.l-�-

N - t 1 1 ..:; liJ1.men 2. -4 

S imme n t al--& 

T o tal 

Ne;uni 

Nguni 

Nc;uni 

1 08 1 )8 1 5 5  

1 2 1  

4 23 4 6  

1 1 4 3 08 

1 0 1  4 7 

1 82 

4 5  

1 7 

27  

4 44 9 1 6 4 72 

( ii ) D2 ta . :x t ra cted fr om t Le G 0 ',,- n e c o rd ? i  1 es . 

C o w re cords were ex tracted f o r  only two s t ati ons , 

name ly , s ta t i on s  1 and 2 .  The s tudy only cons id ered the 

1vean ing 1'l e i ght records of calves born during t he pe riod 

1 97 5  to 1 978 . Only cows which had weaned at least  one 

calf during t he pe riod cove red were included . The 

follo1ving i nfo rmat ion was available for each cow : 

identi fi cation number ,  bre e d , age , identifi cat ion numbers 

o f  its calve s ,  year of birth of each cal f ,  sex and sire 

bre ed of each calf .  
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Re c ords  of a t otal number of 4 63 c ows were obtained . 

The numbe r  o f  c mvs in clud ed in e ach s tation and the 

d is tribution of weaning weieht records among the cow 

b reeds are s hown in Table 3 . 3 .  

T A BLE 3 .  3 The Distribution of Data ob tained 

from the Cow Re c ord F i l e s  

Bre ed/C ro s s  Stat i on 1 Stat ion 2 

C ows No . of Cows No . of 
Re c ord s Re c o rd s 

Nguni 50 1 1  3 

Brahman 68 1 2 5 

1 Brahman-+ Nguni 4 2  1 1  5 2 

3 Bra11man--4- Nguni 57 1 02 7, 

2 1 7 4 5 5  

3 . 2  S t ati s ti cal M e thods 

3 . 2 . 1  Analys is of growth r e c o rd s  

( i )  Int roduc t ion 

1 53 5 54 

93 3 24 

246  878 

The growth t raits cho sen for the .ma j or part of this 

s tudy were bir t h  we ight , weaning ( 2 1 0 . days ) Height and 
1 8  month ( 540 days ) w ei ght . However , some 1 4  month 

( 4 20 days ) w e ight s were ava ilable and were used t o  s tudy 

the feas ib ility of lowering the pe rformance t e s t ing age in 

the Swaz i Government ranc he s from the current 540 days t o  

4 2 0  day� . · 
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F r e l iminary analy s es were c a rr ie d out t o  che ck the 

r e c ords for c onne c t e dne s s ( s e e  S e arle , 1 97 1 ) . The " bre ed s "  

we re n o t  re pre sented in al l the s tati ons and all analy s e s  

·He re thus carri e d  o ut \v it hin s ta t ions . The analy s e s  

w e re pe rforme d in thre e s tage s . The fir s t  s tage c o mpared 

the ero w t h  ( b irth , \v e an i ng ,  and 1 8  mon t h  vleigh t s ) 
per formance of t h e  va rious bre e d  gro ups and e s t im� t e d  t he 

phenotyp ic c o rr e l a t i o n s  among t h e  t r�i ts in each s tation . 

The s e c ond s t age c on s i d e red t he inf luen c e  o f  s ir e s and dam 

bre e d s  on t h e  b i rth , \'l eaning , and 1 8  m o n tl:  w ei ght 3.nd 

e s tima t i on o i· s om e  gene t i c  param e t e rs of the s e  gro H t h  

t ra i t s . E s t ima t i on o f  the he ri t a b il i t i e s  o f  i:illd ge n e t ic 

and r. he nc t y pi c  c o rrela t i on.::; be twe e n  t he 1 4  month u.nd 

1 8  r:wn t h  H e igh t s w e r e  carri e d out i n  the th ir d s t age of 

the a.nnly..:> e s  i n  rill a t t empt t o e valua t e  t he as s o c ia t i on 

be twe en the s e t w o  } O a t -weaning gro wth trai t s . S i n c e  the 

Nguni s i r e s  �r: e r e  · t o o  few in numbe rs (-:;3 ) and \ver e; only 

ma t ed to Nb'Uni c o H s  ir� all t hre e s t a t i on.s , it wu s d e c ided 

t o  e x c lude t hem from the tHo l at t er s tage s o f  the analys is . 

( ii )  T he Math§.!Q::-.t i c:e:'.l Mode l s  1:-l.nd S o lu t ; ons to the 

Lc; ;·;.8 t �\ mare s  Egu;:t t i ons . 

The s a.m e  gene ral m o d e l  vi a S  u s e d  for the analys is o f  

all tl�e \v e i ght s con s id e re d  in e a ch s tage o f  t he an alys i s . 

The mathematical model fit t ed for the fir s t  s tage of 

t he analys is was : 



Y .  "kl l J r mn 

Hhere ; 

Yi j klmn 

Jl 
ti 

b ·  J 

ei j klrrm 
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- }L+ ti +bj -1 ( tb )  i j +Ck+de + fm+ 

= 

--

-

= 

= 

= 

= 

e i j klmn , ! • • ( 3 • 1 ) 

the Vle i ght recorded on the 

nth ind ividual wi thin the mth  

sex cat egory , 1th dam age group 

and j th bre ed group ; born 

during the kth month and ..: th .... year ; 

a eene rc.l mean ; 

the effe c t  o f  the i th yea r ;  

the effe c t  of the · th J breed 

grou p ; 

the e ffe ct  of the interac tion 

between the i th ye ar and the  j th 

bre ed group ; 

the effect of the kth mont h  of 

birth ; 

the effe c t  of the 1th d am age 

group ; 

the e ffe ct  of the mth sex catego ry ; 

the effe c t  o f  the random e rro r 

peculiar t o  Yi j klwn • Re sidual 

effe c t s  -v:ere as sumed to have 

mean = 0 and a c onstant 
" L2 varlance , ue • 
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T h e  s ubs c r i p t s  and d e s c r i p t i on o f  the fac to rs in this 

m o d e l are sho wn i n  Table ) . 4 . 

-' l l l  e; ffe c t s in the mod e l  were rcc;arded a s  fixed 

( exct:pt  ;: er t he; c; :cror t;c:rr:1 ) . 

F2. c t o r  :J r.d S1 1bs c1· irt Des cript-i  ens 

Fuc t o r  end level 
Sub s c r :.. p t  

Ye<:r i 

Bre ed j 

!·1onth o f  k 
b i rth 

Dam age 1 

Sex r:: 

1 
2 
3 

.I 
2 
3 
4 
5 6 
1 
2 
3 
4 
1 
2 
3 
4 

2 

D e s cr ipt i on o f  Fa c t o r  Level 

S t <l t i on 

1 S7 5 
1 976 
1 977 
1 9 78 

Neun i 
Brahman 
2 Brahrr:un �-+ Br:1 hm2.n 

S e p t emb e r  
O c t o b e r  
N ov embe r  
D e c ember 

2-3 years 
4-6 years 
7+ years 

Female 
T·b.l e  

S tat i on 2 

1 975 
1 97 6  
1 977 
1 978 

Ngt.mi t Brahman 
1" Brahman 
u-+Brahman 

S e p t embe r 
O c t o b e r  
Hov emb e r  
D e c ember 

2 years 
3 years 
4-6 years 
7+ years 

J<'ema.le 
!I'� ale 

Station 3 

1 97 6  
1 9 77 
1 978 

r�guni 
S iramental t S iiilLlent al 
-� ��mme n  t a l  
& + ..; ln:.men t a l  
+ B_:_ .ahman 

Augus t 
S e p t e mb e r  
O c t o b e r  
Novemb e r+ 

2-3 year s 
4 -6 years 
7+ years 

Female 
I�·� ale 

The mathemat ical modeJ applie d for the se cond and 

third stages of the anlysis was : 

Yij klmnp = �+ti+Sj +bk+ ( tb ) ik+ ( jb ) j k+Cl+ 

dm+fn+ei j klmnp • • •  ( 3 . 2 ) 
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where t he terms are as des cri bed in the previ ous model 

ex c ep t the fo ll owi ng : 

Yi j klmnp 

s ·  J 

( sb ) j k  

= 

= 

= 

= 

= 

the we ight re corded on the 

pth ind iv idual w it hin the nth 

s e x  c a t e gory , born duri ng t he 

1 th month and ith year by a dam 

in the mt h  age group an d k t h  

bre e d  group , and \'I as sire d by 

t he · t h J s i re ; 

the e ff e c t  of  the · th J sire , 

j = 1 , 2 , • • •  , 6 in S t a t i on 

j = 1 , 2 ,  • • •  , 1 0  in Station 2 ; 

the e ffe c t  o f  the k t h  b r e e d  o f  

dam , 

k = 1 , 2 , • • •  , 4 in S ta.t i on 

k = 1 , 2 in S ta t io n  2 ;  

the effe c t  of t he int e rac t i on 

b e tween the ith year and the kth 

bre ed o f  dam ;  

the e f fe c t  o f  the int e ra c t i on 

b e twe en the j th s ire and t he kth 

bre ed of dam . 

All effec t s  were regarded as f ixed ( exc ept e rror ) . 

Howeve r ,  the S j  term was lat er regarded as randoiii for t he 

purpose of c omputing the gene t i c  es timates ( s e e  Se c t i on 

3 . 2 . 1 ( IV ) ) .  Data from S tation 3 were exclud e d  from this 

part o f  t he analys is due t o  incomplete s e t s  o f  data . 
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The s e  m od e l s ( 3 . 1 and 3 . 2 )  may b e  writ t e n  in matrix 

no tat ion as f o l lows� 

y = 
•""'-' 

whe re : 

= 

= 

b = ,....-

= 

Xb + e <"V"" ( 3 . 3 )  

a known Nx 1 v e c t or of o b s e rvat i ons ; 

an Nxp in ciden c e  matrix of known 

value s ( p is the num b e r  of fa c t or s  

i n  the mod e l ) ; 

a px 1  vec t or o f  unkno wn fixe d 

e f fe c t s  c omf r i s in& the g ene ral 

me an , fa c t o r  level and in t e rac t i on 

e f fe c t s ; 

an Nx 1 ve c t o r  of rand om e r r o r  e ffe c t s , 

as sumed t o  hav e E (� )  = Q and 

E (..@� '  ) = 6'2 IN Hhere I is an '"" ,....., 

NxN i d en t i ty mat rix . 

The me thod of l e as t s q uare s  was u s e d  t o  e s t imate 

the b ' s . The princ iple s o f  l e a s t  s quar e s  analysis and 

t he d 8tailed s te p s  used in the e s timat ion pro c e s s  have 

b e en d is cu s s e d  by Keruy t h o rne ( 1 9 5 2 ) c.nd IIarvey ( 1 97 5 ) . 

Deriva t i on o f  the leas t s qu ares e s timat or o f  b f o l l o w s  

minim i s a t ion o f  t h e  sums o f  s quares o f  t he o b s e rva t i on s  

from t h e i r  exp e c t e d  valu e s . 

As suming that 

;z = X b + e '"\./ ,..._ ....... 

and 

E (�) 0 
= """ , 



then 

E (l ) 
and 

e ' a - .--

= 

= 

= 

X b .........- ....... 

( Y - .i:, ( J ) ) ' ( y - B ( Y ) )  "VI' ,....., •"'o.J ,_ 

( � - E1) I Cl - X h )  
= .X 'Jt - 2,9 I XI.X+.Q I ����· 

A 
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Cho o s ing as the es timator , £ that valu e o f ]?, Hhi ch 

minimise s  � ·2 involves d i f fe rentiat ing -� ·� wi t h  respe c t t o  

el ement s of � ( Searle , 1 9 6 6  and 1 97 1 ) . �quat ing the 

different ial t o  z e ro and expre s s ing the re sult iLg e �uat i o ns 
A 

in terms of � , the normal e j uu t i oLs are obtained : 

!'� = � ·
.l · 

P rovid ed ( Z.' ,K) is o f  full r::mk , they hav e the uni que 

s o lut i on fo r b o f  

= 

I f  ( � · �) i s  no� of full rank , i t  �a s no inv e r s e  and no 

. l t . 1: l. f ( X I X\ - 1 d t . t unlque so  u l On . nov: ever , � � o e s  no exlG , 

a solut i on can b e  o b tained by usi ng a gene ral i s e d  inve rse 

of ( P 10  ( 8e :.1rle , 1 97 1 ) . i�n alt ernative me thod of 

obtaining a s o l u t i c n  is by imp o s ing re s tri c t i ons on the 

equat i ons . The vari ous ty� es of re s t ric ti ons whic h  may 

be imp o s e d  on the es t imat e s  of parame t e rs t o  ob tain 

a solution have b e en dis cussed by Harvey ( 1 975 ) .  

In this pre sent s tudy , the equati ons we re not of  

full rank . In orde r  t o  ob t a in a s olution , the restrict ion 

that for each fac t or in a model the sum of the c ons tant 
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e s t ima t e s  e � aals z e ro was ap plied . Inve rs i on of the 

redu c ed matrix gave a general i s e d  inve rse from uhi c h  

sums o f  s quar e s  fo r e ac h  fac t o r ( and int e rac t ion ) ·11ere 

c omputed . A generali s e d  l inear �od e l s  pro cr2rr.ne - RE G , 

i·:;::..s ava il2. ble f or invert i:J.g the r::a -'cr2.c es :::.nd c al c ula tir1g 

the re duc t i on in sams of s ;D are s Que to fi t t i�e the 

fac t o rs in t h e  model . J:he ·:'l.nalysis o f  v:::.r  i8.lJ. C e  3.Yld the 

� he pro c e du�e s us e d  for c o �s truc t i ng o f  

va�ianc e  t:::b l e s  :!:' o r  ��bala1-:..c e d  d ;.:.t a  us ing the � e du c t i on 

in sums of s �J u s.re s  prin c i:;::l e  l'l.S.ve b e e YJ.  :·:.::. t :i. i ne d  by 2e ::rl e  

( 1 S7 1 ) . I t  ::J2.:f. be n o t e d.  t � 8. t  -'c�le r e duc -'c i on in sums cf 

s �uar e s  �c c o�penyi�g -'chs fi t � 2.ng c f  a f� : t o r  2.n the 

r::o�e l �s d e f e� d ent u :;:: on t he c r d c r  of fi t t 2.n � .  T �i s  fact 

::-.us t be tc:.l:sn 2.lJ.t o a c c o ur  ... t in the 2.nal :;s e s  o f  v:::..ric.�c e 

:;:.n "�he r.r e s en t  s tudy , 

t e s t s  of s i gni :: i c c..1: ce Y e  re bus e d  e n  rr:e e;.n o � -o.::.r e s  ·v: �1e re 

in cl1:.d e d.  in 

p .. ,..... C" , , ._ .... ._, 
..::- ..: + �  -. !'"� 
- - ..J v c;  ........ 

leas t s ·:;.u.dre s  r:: e811. s 1·1 e r e  c or:l:put e d  for all the 

f t ( d . + .L '  
) 1 • • .C' , • • .c- ·  .L ac o rs an ln �.� e rac -. l ons >Ll:. c n  1-; e �e .J.. O LJ.nc.. S lgl::. J.. l can 1.1 

( I�O . 05 ) in -n ... e fir s t s t:;.ge of the analysi s  ( s ee m od e l  

3 .  1 ) • Jun c an ' s r::ul tiple range t e s t  vms us e d  t o  make 

p airwise comfari sons among the le ast s 1uar e s  ne ans 

( Duncan ,  1 9 5 5 ) .  



In all s tages o f  the analys is , fac t or s  ( and 

int era c t i ons ) wh i c h  v.rere found t o  be non-signifi cant 
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were subs equently d e l e t ed from the model before any fur the r 

analy s e s  w e re ca rri ed out . 

( i i i ) � s t imat i on o f  Fhen o typi c C orrela t i ons . 

Es tirn� t e s  o f  pheno t ypi c c orrelations be tween the 

we i gh t s  taken at the various ages w e r e  o b t a ined within 

s t a ti ons . The c orrelati on c o e ffic ie nt s we re e s tima t e d  

by ut il is ing the variance-covariance ma trix derived from 

t he re s idual ( e rror ) sums of squar e s  and sums -of - cro ss 

products from the aforeme n t i oned 2.nalyses using t h e  

d e fin iti on f o rmula beh.,reen rnndom variubles : 

where , 

and 

Y1 . y2 = 
C ov .  y1 . y2 

� var . y 1 . v ar . y2 

Y 1 and Y2 . are the ran d om varia ble s ( \veight s ) 

Y1 • Y2 is the correlation co efficient be tw e en 

Y1 and Y2 · 

The co rrel at i on co efficients e s t imated from the 

t hree s t u t i ons w e re later averaged by t he Z-trans forma t i on 

me thod . The s tand ard e rrors o f  the poo led c o rr elat ion 

c o e fficients were al s o  e s timat ed ( s e e  Sned e cor and 

C o chran , 1 980 ) . 
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( iv ) E s t imat i cn of Gene t i c  C orre la t i ons and 

He ri tab i ,  i tie s .  

The pat e rnal ha lf- s ib co rrel� t ion t e chni �ue was 

a d o :pt ed to e s t imat e  the gene tic parar:� e t e rs ( Falconer , 1 960 ) .  
E: s t i:mat e s  g�n e t i c  c o r r e lati ons 

( Yg ) we re c. b t a ined fo r t i r th \·: e ight , "\ �e2.1J.ing >·r e i ght , 

� �e s e  e s t iffia t e s  were l a t e r  r c o l e d  ove r s t u t i ons . 

�he herit ab i l � t i e s  w e r e  e s t i2at ed as : 

t-. 2 -1  l� I = 

and the sene ti c c o rre l � t i on s  a s : 

and 

' 2 
.r:. 1 

= 

6s 1 s 2  
= 

the heri t �b i l i ty e s t im a t e  f o r  t rait 1 , 

t ra i t  1 an d t r2it 2 , 

t�s s i re vari�n c e  c orrpcnent f e r  

tre.it 1 ,  

t�J.e s ire V3.ri anc e c o�:r onent fe r 

trait 2 ,  

the e rror ( res idual ) variance 

c omfo nent for t ra i t  1 ,  
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the sire c ovar:. =u1. c e  corr.p onent b e tT,reen 

trait 1 2nd trait 2 .  

The ge�e r2.l the o r;sr in-.rclv e d  in the us e 8 �  l e as t  

the e s  t ir.:.a t i cn c f  variar.c e �d. c cvarianc e c om r o!'lent s  1'ii t l"  ... 

mix ed � o d e l s  has be e n  d i s c�s s e d  by Eend e r s on ( 1 9 53 ) .  

�e re o b t a ined by follo� ing Ee � d e r s on ' s  � e thod 3 .  ':'hi s 

c e thod is bas e d  on t h e  �e t�cd c f  fi t t ing c c�stants . I t  

us e s  r e du c t ions in s�s o f  s -p;_::::..r e s  d.ue to fit ting 

d i fferent S iJ.bgroups of fa c t o rs in the = cd e l . '!'he e s t 2J::a t icn 

cf vari.s.nce co::n_r, cn en ts is d o ne by e -:ua ting e ach c o::.puted 

red� c t i o n  t o  i ts e x pe c t e d  v�lue . 

s :..n c e  the inc lu s i on o f  fa c t ors in the r: oci e l  u s ed 

::or s tudying ge!le t i c  vari:::. tion 2.11d c :nr�ri� -'::ion d e  :;;:,e!'ld 

upon ·Hl"�e the r o r  not the t e :"'!!l s in c lude d  :.n the mociel e.re 

menti oned P..:..e.l ya i s  of var::.::>.nc e •,:ere d e :...e -:; e d  :rom the 

model be::ore the analys e s for e s t im�ting t he gene t i c  

paramet ers l·:rere carri e d out . A f t e r  the e x c lu s i on o f  the 

non-s ignificant ye ar x dam br e ed and s ir e  x d2.m b re ed 

interact i ons , the following ge!'le ral model for e s timat ing 

the gen e t i c  parame t ers was ap plie d : 



Yi j k lmnp = 

vrhere , 

Yi j klmnp = 

= 

S j = 

= 

= 

dm = 

fn = 

e i j klmnp = 
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+ fn + e i j klmnp • • • •  ( 3 . 4 ) 

the weight r ecord e d  on the pth 

ind ividual �v-ithin the nth sex 

category , born duri�g the 1th 

month and i th year by a dc:m in 

the mth ace croup and kth breed 

group , and wn s sired by the j th 

s i re ; 

a cenc ral m� a.n , 

the fix ed effe ct o f  the i th year ; 

th e rand om effe c t  o f  the j th 

sire . S ire effe c t s  are a s s umed 

t o  have mean = 0 and varian ce = 

the fix ed e ffect of t he 1c th 

breed o f  daru ; 

the fix e d  e ffe ct of the 1th 

month of birth ; 

t he fixe d e ffe c t  o f  the rnth 

age o f  d am group ; 

the f ix e d  e ffe ct o f  the nth sex ; 

the random res idual e ffect 

pe cul iar to Yi j klmnp • Residual 

e ffe cts are as sumed t o  have 

mean = 0 and variance = 6�.  
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All the subs cripts are a s  previ ou s ly d e s crib ed .  

Thi s l inear mod e l  ( 3 . 4 )  c �n be repre s ented in matrix 

no t2t i on o.s : 

= 

Hhe re , 

= 

= 

= 

Xb + . � .....- . . . ( 3 . 5 ) 

a l�noun ve c t o r  of obs erva t ions ; 

known inc iden c e  m a t ri c e s ; 

an unknown ve c t o r  of fix ed 

e ffe ct s ; 

an unknov-m ve c t or o f  ran d om 

e f fe c t s , w i t h  mean z e ro and 

vari anc e 
') 6'- I ·  
a ,.,, 

an unknm·m ve ct o r  o f  ran d om 

re s i dual e f f e c t G , w i t h  m e an 

') 
z e ro and v� ri ance 6e 1· 
C ov ( a , e ) i s  a s s um e d  t o  be z e ro .  

A s e t o f  normal e qua t ion s whi c h , when s olved , 

produce le ast-squares s olutions of the unknown vect ors 

f b  " Il' � ' " � r- -r ·• ·  C.t ... l _...,. 1 • •  .- t,; • 

[ X  'X ........ � 

z· •x 
"' ,......, 

T h e  n _ _.: :: pro gramme vms us e d  for the c omputation o f  the 

variance and covariance components according t o  Hend erson ' s  

Method 3 .  In the analysis , the factor for sires was fi t ted 

las t in the mode l to  enable the calculation o f  the 
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reduc t ion in sums -of-s 1uares and sums-of-cros s products  

due t o  this random ( sire ) effe c t , aft e r  adj us t ing for the 

fix ed effect s . 

The error varia nc e and c ovariance c ompon ent s  we re 

e s t ima t e d  by e � uat ing t he error moan s qua r e s  (MSe ) and 

error mean-cro s s -produc ts  (NCi e ) t o  the i r  exp e ctation : 

Error sums of s quares 
= 

Error d egrees of fre ed om 

0 
= d'e . 

The s i re varian ce and covariance components were 

e s timated by e quating the s ire mean squares (MSs ) and 

s ire mean-cross-product s  ( MCPs ) t o  the i r  expe ctQtion : 

E ( r>lSs ) = 

= 

k 6s2 + 62 e 

k 

whe re the k c oefficient was computed using the e1uation : 

vThe re 

and 

k = 
( � trace c�· �) - trace [ C J£'.!) -_z�z ·.i] l / s - 1 ; 

( X ' X ) - is a general ised inverse of ( X ' X) 
,_ <""J ,.-,.J ""-" 

s is the t otal number of sires . 

This procedure is the " indirect method " of  computing k 

c oe ffici ent s as des crib ed by Harvey ( 1 9 75 ) . 
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Es t imates o f  the s tandard erro rs f o r  the 

heritability es timates were ascertained by the me thod 

d i s cus sed  by S1-1ige r et ::1.1 ( 1 964 ) .  The following fo rmula 

was used : 

= 

where , 

= 

s ::::: 

N ::::: 

t ::::: 

k = 

= 

3 2  ( N- 1 ) ( 1 -t ) 2 ( 1 + ( k- 1 ) t ) 2 

k2 ( N-s ) ( s- 1  ) 

the variance o f  the heritability 

estimat e , 

the number of sires , 

the t o tal number of observa t i ons , 

6� I C 6� + 6� ) , 

N - � N 
s - 1  

the number of  observat i ons i n  the 

ith sire group. 

The s tandard errors were then  estimate d  as the s quare 

root of the varian c e of the  her i tabil ity e s t imat e s .  

The limi tati on with thi s approach , howeve r , is that a 

s imple one-1vay random mod e l  is as sumed . 

The he ri tab i l i t y  e s t imates were pooled ove r s ta tions 

by VIeighing t he w ithin s tation es timate by the inve r s e  of 

it s variance  ( 1'1' ) thus : 

( 3 . 6 ) 
= . . . 

I Wi 
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Hhere , 

= the r o o l cd h � r i tub i l i t y  e s t ima t e , 

t h e  he ri tub i l i � y  e s t imate f o r  t he i t h 

s t :J t i o n , :L = 1 , � ;  

':J i t h e  w e i Gh i ng f� c t o r  for t h e  i t h s t n t i o n , 

1 l'r! ·, ..-• ( h 2  · \ \ . •. • . l )  • 

as : 

. . . ( 3 . 7 )  

where , 
= 

uas d e ri v e d  by e ; ·.�:� t in g  t he v�1 r.� : :�1 c e o f  the :p o o l e d  

-') ) h e r i to.b i l i  ty e s t imat e ( vnr ( h"- ( s e e  e '1 ua t i on 3 .  6 ) )  t o  

i t s  exp e c t e d  v�lu e ( Rae , l e rs . C omrn . , 1 98 1  ) . I t w a s  

a s sum e d  t hat c ov ( h2 1 , h22 ) = 0 .  

ThE:. s tand a:cd e rror o f  t he .:.:er.e tic c arrel� .. ti ons \'.'aS 

e stimat ed by u s in c  t h e  me tho d of '!' al l is ( 1 95 9 ) : 

V ( re )  -- [ ( 1  + r� ) ( 1 + r� ) ( 1 + ( k- l ) t 1 ) ( 1 ., ( l :- 1 ) t2 )  
1 2:;:·grt ( t 1 t 2 ( 1 + ( k- 1 ) t 1 ) ( H ( k- 1 ) t2 ) ) 2  

C ( 1 + ( k - 1 ) t 1 It 1 ) + C 1 + ( 1-:: - 1 ) t 2 I t 2 ) ) 
+ ( r� ( t 1 -t2 ) 2l2 t 1 t2 )  ] /d sk2 t 1 t2 

+ [ ( 1 + r� )  ( 1 +r� ) ( 1 -t 1 ) ( 1 -t2 ) 
2rgrw C t 1 t2 ( 1 -t 1 ) ( 1 -t2 ) )t 

( ( ( 1 -t1  / t 1 )  + ( ( 1 -t2 ) /t2 ) )  

+ ( r� C t 1 -t2 ) 2/2t 1 t2 ) J;fiik2 t 1 t 2 , 



where , 

= 

= 

= 

= 

t 1 = 

t 2 = 

rb = 

r·vl = 

V1 2 = 

= 

V1  2 = 

=-

= 

the varia..nce o f  the e s t imate of the 

gene tic c o rre la t i o n , 

the s ire de gre e s o f  freedom , 

the errgr degre e s  o f  fre e dom , 
� nl" 

N - L. 
1T 

s - 1 

') ') c) 

6� 1 / ( 63 1  + 6 � 1 ) ,  
2 2 � 6s2/ ( 6s 2 + 6e 2 ) , 

V 1 2/ � V1 1 +V2 2 

V1 2/ � V1 1 +V22 

the be h1een sire covarian c e ·  f o r  

t rai ts 1 und 2 ,  

the be twe e n  s ir e  m e a n  square for 

tra i t  2 ,  
the e rro r c ovarianc e be tween 

t rai t s  l anJ. 2 ,  

the e rro r m� un s q uare for trait 1 ,  

the error rne ;�n s quare for t rn i  t 2 .  
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The s t �nd nr� e r ro r w n s  t h� n  a s tima t e d  as the S 1Uf1re r o o t  

l o ol ing o f  the es t ima t e s  o f  t h e  genetic co rrel� t i c �s 

and cal cul at ion o f  the s tand ard errors of the po oled 

e s timates were carried out a s  for heritabilitie s .  
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3 . 2 . 2  ��al ys is o f  the cow re c ords 

The c mv re c or d  analys is vlas r estrict e d to evaluating 

the rr.a. te rnal :pe rfo�ar..ce . · of the c ov1 br ee ds based on the 

v1 eaning \ve ight r e c ords of the i r calves .  r:::r_e re :f- e a tab ::..l i  ty 

o f  v.reaning vle i eht \'las als o e s t imat e d .  

( i ) �he Mathem� t i cal Model and Analv s � s Pro c e du�e s 

W it h in e ach s tat i on the foll o�i n g  fixe d e ff e c t s  

�odel was a p ; l i e d :  

y.: . klm ..L J -

vrhe re , 

Yi j klm 

ll 
-'- ·  �, ,  ..... 
aj 
bk 
( t a ) i j  

= 

= 

= 

= 

= 

= 

= 

( tb ) ik = 

( ab ) j k = 

( 3 . 8 )  

t:te -. ... ee.ning �rreieht cf the � th c alf 

in the lth s ex c a t e go ry , b orn by 2. 

de.r:: ·vz 2. t�in the k�h br e e d  g�cup 2.J."l ::l + "  j vh 

!:l ge croup d'.lring t he i th ;/ec:.r ; 

a gen e r2..l �e ::u1 ;  

the e ffe c t  of t he ith ye 2..r ;  

the e ffe c t  of t t e  -' th J age c f  d 21Il  e;rm.A.J.: ; 

the effec t  o f  t�e kth bre ed of cow ; 
the e ffe ct  of the L"l terac tion be tween 

the ith year and j th age of dam grou� ; 

the e ffe c t  o f  t he int e ra c ti o n  be tw een 

th e ith year and the kth bre e d  of c ow ; 

the e ffe c t  of t he int e ra c t ion b e tween 

the j th age of - dam gr oup and the kth 

b r e e d  o f  c ovr ;  



( to.b ) i j k = 

S l  

e i j klm 

the e f f e c t  of the three -\my 

i n t e rac t i o n  o £  t he ith year , j th 

age o f  d am ero uf and kth bre ed  

o f  c o ·vr ; 

the  e f fe c t  o f  t he lth  s ex ; 

the 1·c:m.d om r e s idual e ffe c t  

as s o c i � t e d  w i t h  Yi j kl� · Re s iduul 

1 3 1  

e f fe c t s e.re u.s s un.; e- d  t o  have m e an = 0 
. ') 

and varl a n ce = 6 � . "' 

The subs crip ts  �re as prev i ou s l y  d e s crib ed . 

The analysis o f  vari anc e pro c e dures us ed were as 

already des crib ed in the previ o u s  se c t i ons . All factors 

and in te rac t i ons 1..:hi c h ·were fot;_nd nor�- s ign i fi cant H e re 

sub s e quently dele t ed from th e mo d e l . leas t s quare s means 

Here c om.r:uted for all s igni f icct nt fa c tors and in terac ti ons . 

Dun c an ' s mul ti :r:le range t e s t  was us e d  t o  mak e l,airw i se 

c ompari sons among the l e a s t  s quar e s  means . 

( ii ) Es t imat ion of Repeatabilj ty 

B s t imates  o f  the repeatability ( t )  of wean ing He ight 

were c om:t:ut e d vrit hin s ta t i on a.nd bre e d .  Two t e chni ques o f  

e s t imating r e peatabili ty \v ere adopted : 

( a ) The Variance C omponent Techninue 

In s ta tion 1 ,  the re peatab il i  ty of weaning '1-le ight 

\vas e s timated by t he variance component me thod ( Falconer ,  

1 960 , Becker , 1 96 7 ) .  In terms o f  t he variance component s , 
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repeatab ility is the in traclas s  correlation among rec ords 

of thB same cow.  The in trac lass  correlation rep eatabilit ies 

were calculate d from the varianc e component s as  the rat io : 

') 6 �  t 

where , 

t . = 

= 

c 

the re pe atab il ity e s timate , 

the es timated variance c omponent s 

among average cal f  w eaning w eight 

re cords of different c ows ( between 

c ows  variance component ) ;  
6� = . the es timate d  variance components among 

c alf weaning �ve ight r8 cords \vi thin the 

same · cow ( vri thin C O \-/ or error var iance 

c omponent ) .  
Re cords o f  all c m·lS includ ing thos e Hi th only a s ingle 

weaning r e cord were all included in the intraclas s 

correlat ions . 

'v/i thin each bre ed of  c ow ,  the following 

mathemati cal model was applied : 

Yi j klm 

where ,  

= 

Yij klm = 

• • • ( 3 . 9 )  

the weaning we ight r e c ord of the mth 

individual in the kt h  sex category born 

by the 1th c ow within the j t h  age 

gr oup during t he it h  year ; 



u = 

= 

a ger:.e ral me:1n ; 

th e fix e d  e ffe c t  of t he · th l year ; 

the 

c ow 

the 

f ix e d  effe c t  o f  the j th age 

group ; 

th 
fixed effe c t  o� t�e k s ex ; 

of 

the rar�G. on:. e ffe c t  of the 1 th e o�; . 

C oH e ffe cts  a re ao sumed to :tave 

me an = 0 anj v�rianc e = o� . 
tt.e r::;.n dc:::u r e s icl1J.al e f : e c t  ; e culiar 

t c  Yl· ..; 1 - l ,.... , c:.s sur:1ed t s  lEtVe r:-. e .'3n = G J "·-'-"'" 
2 6 e • 
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::? o r  de t:; ils o f  s e e  7 7 ( - t -'  r• ./ • ..i ;;, 8 0  ..L 1..:ll 

3 . 1  . 3 ) , aJ. l t �e e th e r  suba cri} t s  �re as rr eviously de s crib e d . 

':::he 211� lys is o f  V"'_riar:c e ; ro ca dure s  involving a 

r:.:.r..d orr. ( coi-v ) vari s.'t· l e  vte ::-e c o.rri e d  out in h.To s t e p s . l-.J.1 

�ni t ial 2.n�l ys i s  wc:.s ; e rformed us ing a Jr. o d e l  including 

years , s ex , ar_d age . The m o d e l  f er a se eo nd analys i s  

in c lud e d  y e 2.rs , a,se , o..nd c o� : s  ab s o rb e d  int o t}1 e  

rew2.ining e ;u:1t i ons . The c o�·r S '1;1!1 S  o f  s --: uar e s  i'i' e r e  t�e n 

cc=�ut ed a s  t he d if f e rer.. c e  in error su�s cf s 1u�r e s  c f  

t he t�-r o ::n al;:,r s e s . 

The b e hi e en c ov-1 c o wp c n ent c f  v::-�ri:..:..nce ( 6� ) vi:lS 
deduced by e 1ua t ir:.g the ffiean s ;uare for cows to it s 

the ore t i c al exp ec t a t io n :  

= 6� + k 6� 
:o 6� = M e an SJU ar e b e tvl e en cm.;s-:Error n:.e an s :: uare 

k 
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w h e re , 

k = t he c o e f f i c i e n t  o f  ex:t: e c ted mean s ,·; u are s 

= { tra c e  ()l ' !; )  - trac e  [(!S 'l�TX!!�' ::J Jt-1 
and 

d-1  = c o w  d e gr e e s  o f  fre e d om . 

The s tan dard e rr o rs of the r e f e at ab i l i t y  e s timat e s  

w e r e  cal cul a t e d  u s ing t h e  me tho d o f  Swige r  e t  nl ( 1 9 64 ) : 
�1 ) ( 1 - t ) 2 1 + ( k- 1 ) t 

2 
S • E • ( t ) = � ---;2 ( N- d ) ( d- 1 ) 

whe r e , 

s . B . ( t )  = tLe s tandard error of rep e a t a b il i t y  

e s t im a t e ,  

N = to tal number o f  o t s e rva t i ons , 

d = the num b e r  o f  c m1 s . 

( b ) The Regre s si on Me thod 

In s tation 2 ,  the r e p ea t a bility e s timat e s  f or 

w e an ing w e i ght were com puted by the regre s s i on me thod as 

des cribed by Cunningham and Hend erson ( 1 9 65 ) .  Only 

c ows with at le as t h10 weaning 1ve i &ht r e c ords 1ve re 

included in the analys is . vJ i thin each breed of cow , the 

regres s i on r epeatabilities were obtained us ing pai r s  o f  

mat ernal half-sib weaning r e cords made b y  c ows aged 1 0+ 
years and l e s s .  
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The 2 1 0 ��y s w ean ine w e ight s w e r e  �i r s t  c orre c t ed 

f o r  s ex , y eu r , und age o i  dam � s i n e  l e as t s quare s c ons tan t s  

from rr�vi aus ana lys i s  ( see  S e c t i on 3 . 2 . 2 ( i ) ) . S ince 

s OJ:, c;  a ..:· tue :: ,;ur.. i c c ;,·. s  H e r e r::i.:l. t e d  t o  J i i' fe rent s :.:.. r c  

t 

w he re , 

C ov ( Y2Y 1 ) 
VCJ.r ( y 1 ) 

Y l i s  �ha earlier r a c o r<i o1· �:. r a.ir 2..11 d 

y 2  i s  t he l� t e r  r e c o rd o f  the s CJ.m e  rair . 

S eparate e s t ima t e s  w e re c omput e d  for all r o s s ib l e  

r.; a i r  c c11 b inc:.. t l or..s ·. ri t hin a C O \\' o i' e a c h later , o n  e :1 c h  
.., � 

e:J.rl i e r  c u.  ...... .I re c urd clas s i fi E:: d bu J :..1 (J" "' t.., C o f  da.w in y ee:..ru , 

t h; � t  is , for <:.1 1 pair s o f  '.� e ::.:.n ir.g re: c o rd s  made  by  t he 

s ar;1e C O 'il ::::. t :J..e;e s 2 Lind 3 ,  2 :J.nd 4 , . . . , 9 and 1 0-t- ye ars • 

Jhercas t he in tra c las s c o r rela ti on r e p e u t�b il i t i e s 

c o n s id e re d  �1 1 wean ing r e co rds o f  a c o w  a t  onc e , e a ch 

b e t-v;een a s p e c if i c  1:-a ir of w e aning re c ords of the s a.::1e 

C OH . 

All repea tability e s t imat e s  were l a t e r  po oled 

vJi thin and acros s bre eds by He ighing the e s t ima t e s  by 

the invers e  of the ir variance as pr evi ous ly d e s cri bed for 

heritabil i t y  e s t ima t e s . The s t andard errors of the 

p ooled e s t im&.tes \•Tere al s o  cal culate d  in the s ame manne r o  



C H A P T E R F O U R  

RE SuL T S  AI� :D I SCU2 S I ON 

::he re s-c..2-t s  c f  tl"�e �aly s i s  o :f  vc.:!:':..a�c e fo:!:' b i r th 

in �able 4 . 1 . Table 4 . 2 r r e s e �t s  ��e e��e c t s  o f  the 

v�ricus no� - ge�e �i c  fa o t o r s  on ea�� t r� � t  for eac� 

1 3 6 

s tatio n .  � he s e  e ffe �ts  a:!:'e d � s cus s ed s e rara t e ly f o r  e a c h  

t r::1it . 

4 .  1 • 1 

:::n s t e.  t i c �  2 and 3 ,  ye ar o f  b irth hc...d a h:..gr�y 

s ign�fi c al1t ( I-c::::. 0 . 02 1 ) e f:e c t  on b irth \.re icSht , o.nd vias 

0 -n  '"' " ,r;-..-. l" ""'i n r r: .J.. l." n � t"' .J.. l.· � ..., 1 1 '1' :::: -..., l., .1. 1 .., b c )  11 J. .L - � - 6 .L • - - '- � � � - � ,_.,. Lt ....) _J,. I \ � -- IV  - 1 .  (....._ , ' • � he 

e f fe c t s  o f  ye a rs ( T2ble 4 . 2  b , c ) ind i cat e  signifi cant 

d :..:f.'fe renc e s  (: f<:O . 0 1  ) be tFee:n :=.11 the �rears , -:;-�i t h  ::!. if fere� c e s  

o f  rr b out 6 kg e..r:.d 9 kg b e  ti·: e e:J. the be s t  a�d 1;o r s t  years 

in s t uti �:n 2 and 3 ,  r e s f e c t ive ly . 

: onth o f  b irt� e�f e c t s  on b irth w e i ght we re highly 

s ign:..fi cunt at all s tatio:J.s ( Table  4 . 1 ) .  In s tati o� 1 ,  

the e ffects ( T2.b l e  4 .  2a ) indica t ed a gradual incre as e· in 

birth 1·re ight from S e p temb er t o  De cerr:.ber of abo-;J.t 1 kg r;er 

month. The diffe rences  in birth weight be t1ve en the nonths 

at this s ta tion were all highly s igni fi cant ( P�0 . 0 1 ) .  

In station 2 ,  there ,.;ere no signi fi cant difference s  

between the birth weight o f  calve s born in September and 
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T ABLE 4. 1 Ana lys i s  o f  vari an c e  for Bir th weight , 

\'l ean ing we i p-h t  and 1 8  m on t h  we ight . 

( a )  S ta t i on 1 

S ourc e of D e gre e s  o f  T•!e an  :iquare s  
varia t i on fre e d om Bi rth ':!e aning 1 8  l'·i onth 

';f e  i rrht \'/ e i .aht \} e j  D"ht 
Yea r  3 6 . 3 2 NS 6tJ- 6 7 . 3 K ·x- ·.t 2 1 3 1 1 . O k -A-'1(-

Bre e d  3 2 4 1  • 9 � '1i- ·.f 1 4 5 0 1 . 7 * * * 3 6 587 . 3 * * "* 

r-:on th of 
3 7 5 . 2 " * 43 54 . 6 � * * 5 0 2 1 . 5 * *  birth 

Age o f  d am 1 7 1  • 1 * * * 3 678 . 9 * * 5 07 . 8NS 

Sex 6 04 . 9 k * X· 3 5 2 3 1 • 5 1(- ·Jt- * 2 1  583 . 4 ·..r :.- -.t 

Bre ed X year 9 1 1 • 0 NS 4 3 5 . 0 N3 1 6 2 5 . 7NS 

R e s i dual 4 23 1 5.  7 530 . 4 9 9 0. 1  
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T able 4 . 1 c ont inued 

( b )  Stat i on 2 

S our c e  o f  D e gre e s  o f  M ean Square 

varia t i on fre e d om Bir t h  'v/eaning 1 8  month 
w e i.crht He ight H e ight 

Ye ar 3 27 2 . 2 ",(- 'k k 3 202 . 5 -* * 54 097 . 0 -'" ,.- * 

Bre ed 3 1 81  • 7 *  7 784 . 5 "* "** 1 62 5 6 . 4 ""'* * 

fc�onth o f  3 6 99 . 5 ,<- -,;- )(- 2 94 87 . 4 * * "* 38 63 5 .  3 "* * "* 
b irth 

Age o f  d ru:n  2 274 . 0 * -.>E- 1 4 5 24 . 4 * "* *" 5 9628 . 3 -lt- lt-* 

Sex 1 206 . 7 1'c f.d- 5 2 1  7 9 • 1 lt -k -)I- 1 823 57 . 3 * * *  

Breed X year 9 80 . 9 "* * 24 74 . 8 * *  4383 . 6 ** * 

R e s idual 894 3 1 . 5 657 . 4 94 6 . 4 
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Table 4 . 1  c ont inued 

( c )  Stati on 3 

Sourc e  of D e grees of He an S o uare 

variat ion freedom Birth �'leaning 1 8  month 
vTe ight weight we ight 

Year 2 2744 .  2 * -*"* 1 753 2 .  6 * -** 1 1 605 . 5 *-* * 

Breed 5 1 267 .  O * --<- * 1 6 1 1 2 . 2** "* 2382 1 . 9* * * 

Nonth of  3 8 1 6 . 5 * ·k ·lt 906 5 . 2 * * �' 65 64 . 2* **  
birth 

Age of d am  7 62 . 0* ',..... 1 1 263 . 3 it-ibt 7 1 1 9 . 9* *  

Sex 402 . 6 * ** 7480 . 6 * *  2 1  4 1  • 2 NS 

Breed x year 8 78 . 2 "* 1 3 1 1 • 2a 1 730 . 4  .... 

Re s idual 4 5 1  34 . 9 77 9 .  1 837 - 4 

a. 0 . 0 5 > P > 0 . 1 0  

* = Pc:; O . 0 5  

·1(- -)i- = p� o .  0 1  

-lt -lt- * = P< 0 .  00 1  

NS = non-significant . 
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October ( Table 4 . 2  b ) , and Novemb er born calv e s  Here the 

highes t .  C alve s  born in De c ember were the heavi e s t , b e ing 

about 4kg he avi er ( P� 0.  0 1  ) t han November calves . Effects  

for  month of  birth in  stat ion 3 ( Tabl e  4 . 2  c )  show a similar 

trend to that of s tation 2 in that calves born during the 

third month of  the calving s e ason ( Oc tober ) Here the 

lighte st ; the heavi est  calves were those b orn in Novembe r .  

However ,  t here were no  signifi cant differenc e s  b e tween late­

b orn ( Novembe r )  and early-born ( August )  calves at this 

s tation . 

Age of dam effe c ts on cal f b irth weight Here
. 

highly 

s ignifican t  at all s tations . Calve s from 2- and 3 - year-old 

he i fers He re s ign i fi cant ly l iehter ( 1  to 4kg ) than calves from 

o lder dams in s tations 1 and 3 .  In s tation 2 ,  Hhere i t  was 

po s s ible t o  class ify calves from 2- year-old and tho se 

from 3 - year-old hei fers int o  d ifferent groups ( Table 4 . 2  b ) , 

i t  was found tha t calves from 2- year-old hei fers were 

s ignific antly lighter ( 27 . 8  kg ) than tho se from 3- year-olds 

( 29 . 1 kg ) . Thre e - year-olds produced significantly lighter 

calves t han older co1vs ( 30 . 8  kg) . In a l l  the s tations , 

calves from 4 - ,  5- and 6- ye ar-old dams were not signifi cantly 

d iffere nt in b ir th weight to calves from older d ams . 

The s ex o f  the calf had a highly significant influenc e 

on birth we ight ( Table 4 . 1 ) .  The e ffects for s ex ( Table 4 . 2 )  

indicate that males were about 2 kg ( 6  to 9%) heavier than 

female s  at  bir th in all stations . 



T !, BL.E 4. 2  Bf fec t s 

\-le ight1 

we ight . 

( a )  S ta t i on 

Gen e ral mean 

F·1 c t or s  

1 975  
1 976 

1 97 7  

1 97 8  

r� onth o f  b i r th 

S e p t en�b e r  

O c t o b e r  

Novemb e r  

D e c emb er 

Dam age 

2- and 3 - year olds 

4 t o  6 �'e <Ll' ::.O :1.nJ 
1+ y r:; :1 rs 

Sex 

Femal e 

Nale 

1 

o f  Non-ge n e t i c  

Weaning He ight 

( devia t i o n  

Birth 
w e ight ( kg ) 

0 . 3 2  

-0 . 3 3 

0 . 04 

-0 . 03 

- 1 . 3 6a 

-0 . 3 2b 

from 

1 4 1  

Fac t ors o n  Bir t h 

and 1 8  month 

Stati on M ean s ) 

Weaning 1 8  Month 
weight ( kg ) w e i ght ( kg ) 

6 . o?c 

- 9 . 82a 

9 . 53d 

-5 . 79b 

7 . 57c 

5 . 59c 

-2. 72b 

2 53 . 7±1 . 5 

4 . 4 9c 

- 2 1  . 24a 

- 1 . 9 6b 

1 8 . 6 9d 

1 .  03b 

8 . 62 c 

2 . 59b 0 . 3 2c 

1 • 3 6 d - 1 0 . 46a - 1 2 . 24a 

a - 1  • 22 

1 .  22b 

� - ,. _. t .) . ll l  

- 1 . 46 

1 . 4 6  

-7 . 33 a 

7 . 3 3b 



Table J . 2  continued 

( b )  S tat i on 2 

General mean 

Fnc t o r·s 
Year 
1 975 
1 976 
1 977 
1 978 

:rv: onth of birth 
Septerr: te r  

Oc tobe r 

Nov ember 

De c embe l' 

Age o f  doJU 
2- yec:�.r-olds 

3- year-olds 

4 t o  
r 

and o -

Female 

r'lal e 

7+ years 

Birt h  
He i ght ( k�;) 

29 . 3±1 - 7 _,_ 

3 . 47 c 
-0 . 73b 

-2 . 1 03. 
-0 . 64 b 

-0 . 27b 
-0 . 3 2b 
-1 . 74a 

2 . 34 c 

- 1  • 3 2a 
-0 . 1 6b 

1 .  48c 

·. J e :J.ninr 
\·Ie icht kg ) 

1 70 . 3±1 . 7  

- 1 • 23b 
3 . 73c 
) . 65c 

-6 . 1 7a 

4 . 1 9c 
1 o .  god 

1 .  28b 

- 1 6 . 372. 

-8 . 54a 
-3 . 88 

b 

1 2 . 42c 

1 42 

1 8 l\�onth 
H e ight ( kg ) 

26 1 . 3±1 . 7  

1 7 . 2 5 c  
1 9 . 1 1 c  
-5 . 49b 

-30 . 88a 

-3 . 99 b 
1 3 . 2 1 d  
7 . 3 5 c 

- 1 6 . 57a 

· a  -6 . 1 8  
-2 . 24b 

8 . 42 c 

- 1 4 . 24a 
1 4 . 24b 



Table 4 . 2 continued 

( c ) S t a t i on 3 

G eneral me an 

F:\ctor:.; 
Yc :1r 

1 976 

1 977 

1 978 

IJ1onth o f  b ir t h  

Augu3 t 

September 

October 

November + 

Age of dam 
2- and 3- year-olds 

4 to 6 and 7+ year 
olds 

Sex 

Female 

I·1ale 

Birth 
vr e ight ( kg )  

3 2 . O.:t 1 • 7 _,_ 

1 .  3 6 b 

-5 . 3Ga 

4 . 02c 

2 . 7 1 c 

- 1 . 74b 

-3 . 1  oa 

a - 1 . 76 

1 .  76b 

* s tandard e rror 

1 43 

W eaning 1 8  Month 
1v e i ght ( kg )  u e i ght ( k6 )  

i 6 1 . 5.;,t1 . 7 

1 4 . 6 2c 

- 1 1  . gaa 
-2 . 63b 

6 . 78c 

6 . 1 9c 

1 . 95b 

- 1 4 . 92a 

-4 . 06a 

4 . 06 b 

1 3 . 5 6C 

-4 . 4 2b 

-9 . 1 4a 

o . oob 

4 . 78c 

6 . 7 5 C 
a - 1 1 . 5 3 

2 . 1 7  

-2 . 1 7 

a , b , c , d Effects within the same column vTith different 

superscripts differ s igni ficantly ( P� 0 . 0 1 ) . 
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4 .  1 • 2 ·,,' e-ar.�. ing ·vr e iaht 

In a.l l s t2. t i on s , ye -:;.r , an.d month o f  b irth ha d  a 

highly s ignif ic ant effe c t  on the -v:eaning 1·r e i ght o f  calves 

( T able 4 . 1 ) . In s t a t i ons 1 , 2 and 3 re s?e ct ively , 
d i ffe renc e s  b e twe en the b e s t  and w ors t years w e re ab out 

1 9kg , 1 Okg a.nd 27kg ( 'I' able 4 • 2 � • �he e ff e c t s  £or � onth 

of b ir t h  indic a t e  t ha t  cs.lve s "b orn e 'lYl y in "the calving 

s eason l·rere s i gni f i cant ly ( :?..:::::. C .  0 1  ) he ::..v i e r  at •·• e&n ir.:.g 

th�n tho s e  b orn l�t e r . I n  s t� t i cn : , c�lv e s  8 cyn in 

�-: e ight t har� tho s e  b c rn  in :·:cver:-:"b e::c ( 1 6 2 . 4l:g ) vlhi c h  v.rere in 

turn s ignifi cant ly he e v i e r  ti.10.n L e c er: b e r  c.:l2-v e s  ( 1 54 . 7li:g ) • 

·r.r.�.ere \·: e re , how eve r , n o  s ig1ifi c <:...n t d.if f e r er ... c s s  be tv1een the 

S e :r; t e::; b e r  ( ·1 72 . 7kg ) and C c t o b e y  ( 1 70 . 2�g ) calve :; .  On tne 

o th e r'  l�::.md , C c t : b e r  ( : S 1 .  21-::g )  8 c r!"l c ::.lve .s '.·; e y e  signific2..ntly 

s to,:.t i on .:: . L 1 t e -b o rn c8.lves  ( l�o-v- e.u; u e r  :J.n d. D e c er:.be r ) 1·;ere 

1 C t o  27kg l ig�t e r t ru�n e ar� i e Y -b orn c�lve s  � t  this s t a t i o n  

( T able 4 . 2 b ) . :Garly- b c rn c ::;.lv e s  in s t2. t i c r.. 3 ( _..;.ug-c;.s t 3.nd 

Cpl v e s � t · ·"" '"' nl· .,.. � f r.· "' b l e ' 2 " )  ._....�.... - ........ - ,'t - t....- -16 \ ..1... c.;.. ...:.... � • V • 

�he influ e n c e  o f  age of d.u.:. '•TL:. S  :::ere rr.arke cl :..:;. t 

v;e .:lning than at b ir th ( T2.cle 4 . 2 ) .  In general , 2- ��d 

3 - ye ?..r-old d::.:ms we&n e d.  the lit;h t e s t  (I� O . C 1 ) calve s and 

the re v: e re :1 0  s ign:.f i c an t  d ifferen c e s  te t\v e e:l r:::.at�re 

( 4 , 5 ::u1:i 6 years ) , and old (==:_7 ,;,re&rs ) dams . The 

ci i ffe ren ce be tiv E: en the vie2..ning 1.\re ights of calv e s  fro:;:n 

and 3 - year- o l d s  and t � os e from old e r  d�s in s tati on 



and 3 Here about 7 kg and 1 1  kg , respe c tively . In 
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s tation 2 ,  calve s from 2- year-old dams were ab out 1 3  k g  

l ight e r  ( P<: 0 . 0 1 ) than tho s e  from 3- year-old d ams whi c h  

were i n  turn 8 kg l ight er ( P< 0 . 0 1 ) than calves from olde r  

dams ( � 4 years ) .  The d iffe renc e in w eaning we ight between 

the 2- year age group and the 4- , 5 - and 6- year group was 

about 2 1  kg. 

Sex had a highly significant influence on wean ing 

w eight , male calve s be ing 1 8  kg , 1 5  kg and 8 kg heavi er 

( P<: 0 . 0 1 ) than females in s tation 1 ,  2 and 3 ,  respectively. 

4 . 1 • 3 1 8- month \veight 

Year and month o f  birth d iffe rences in 1 8-month we ight 

w ere significant at all s tations ( P<0 . 0 1 ) and were larger 

than those of  the pre-weaning traits . Differences in 

1 8-month He ight be twe en the best and worst years in · 

s tation 1 ,  2 and 3 ,  res pe ctively were about 40 kg , 50 kg 

and 23 kg. ( Table 4 . 2 ) .  The e ffects for month of birth 

( T able 4 . 2 )  s how that October-born calv e s  performed 

s ignifi cantly be t t er than t he calves b orn during the 

o ther months in all s tati ons . Lat e-born calves were at 

the greate s t  dis advantage , b e ing about 2 1  k g ,  30 kg and 

1 8  kg light er than calv e s  born during the b e s t  month 

( Octob e r )  in stations 1 ,  2 and 3 ,  resp e.ctively . 

Age of dam had no s ignificant e ffe c t  on 1 8- month 

we ight in s tati on 1 ,  but had a highly s ignificant effect 

on this trait in s ta ti on 2 and 3 ( Table 4 . 1 ) .  At the 

latter stations , trends with respect  t o  age of dam were 
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s imilar to weaning ( Table 4 . 2  b , c ) .  In station 2 ,  calve s 

from 2- year-old dams were 1 0kg and 1 5kg lighter than 

calves from 3- year and tho se from old er dams , res pe c tively ; 

c alve s from 3 - year-olds i'lere in turn 4kg light er ( P.C::::. 0 . 0 1 ) 

than calves b orn to old e r  dams ( 4 , 5  and 6 years and 7+ years ) .  

In s tation 3 ,  the d iffe renc e  in 1 8-rnonth we ight be twe en 

progeny of 2- and 3- year-old dams and those  of older 

(2: 4 years ) dams \va s  s imilar to  that for weaning weight 

( 1 1 kg ) .  

S ex had a highly s i b�ific ant effe c t  on 1 8- month w e ight 

in s ta t i ons 1 and 2 ( Table 4 . 1 ) , vri th d ifferenc es o f  1 5  kg 

and 1 8  kg , respe c tively , in favour o f  mal e s . In s tati on 3 ,  

s ex had a non-s ignifi c ant effe c t  on Height at  1 8- months 

o f  age , and t he femal e s  ( 2 1 7 . 8  kg ) were even s l i gh t ly 

heavi e r  t han the male s ( 2 1 3 . 4 kg ) . 

4 . 1 . 4  D i s c ussion 

The re sult s o f  thi s s tudy have ind icat ed t hut year 

of b irth effec ts were highl y signi ficant for birth u e ight , 

weaning weif.ht and 1 8-month we ight in all the s tati ons 

( vli th t he ex c ep tion of birth '. i ci ght in s tat i on 1 ) , 

sugge s t ing the importance of taking year of birth into 

consideration in analys e s  of' we ight re c ords c o l l e c t e d  over 

s everal years . The varia t i cn be tv-; e e n  years in weight at 

b irth , i'leaning and 1 8- months o f  age at the s e  s ta ti ons can 

be largely attribut ed t o  the range in qual i ty and quantity 

of available pastures dur ing the d ifferent years , s ince 

the c a t tle were rais e d  entirely on natural pas ture . The 
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d ifferences of 6 t o  9 kg for b ir th we ight , 1 0  t o  27  kg 

fo r Heaning �v eight , and 23 t o  50 kg for 1 8- month 1 : e ight 

b e h1 e en the be s t  and uorst ye ars obtained he re agre e cl o s e ly 

1vi th t !w se r e p o r t e d  in t he l i t era ture . !'�ennedy and 8hirchir 

( 1 97 1  ) ,  work ing w i t h  Zebu x Br i t i sh crossbred cattle 

reported a s igni ficant effe c t oi' ye o.r of b ir th on �owth ,  

uith d i f fe re nc e s  o f  up t c  5 k5 , 3 4  k g  and 5 3  k g  for b ir t h  

weieht , '.,r e ar� ing weight and 1 8 - mont h vre ight , re spe c tively 

b e tween t he be s t  and "I·Tors t ye e:;.rs . In 'i/estern Ue;and :::t , Sacker 

et al ( 1 9 7 1  a ) re p ort e d highly s i gni fic;mt ye ar of b i rth 

effec ts on body \·r eight of c ros s bre d cu.ttl e  from b i rt h  to 

24 mo��hs of aee . Re sult s by I�rri charan et al ( 1 97 6 ) , 

J oubert  e t  nl ( 1 977 ) and S t ra�·T o_ nd J o n e s  ( 1 977 ) all c onfirm 

the s it:,rn:i. fi c '=Ul c e  o f  year o f  b irth o n  gro w th trai t s .  

The wide variation in b i rth we i ght due to  month of 
b irth io , pre sumab ly , a r efl e c t i on of d i ffe re::1t �:as ture 

c o nd i t i �ns d ur ing the las t third of t he be s t a t i on _per i o d  

when t he foe t u s  m �kes its �re n t e s t  incr ease i n  w e i�ht . 

The re sul ts have ind i C£i t e d  t hat liJ.t e -b orn calves  are 

cene r:1lly he avier at b i rth than are calY e s  born early in 

the calving s e a s o n . This may b e  a fUl:.ction of be t t e r 

nutri tion�l c o nd i t i ons during the las t trime s t er o f  

pregnancy for the late-calvers , as JTe� calving nutrit ion 

has a s ignificant effect  on birth w e ight of calves 

( Tudor ,  1 97 2 ) . Vorster ( 1 95 4 ) ,  Bosman and Harwin ( 1 9 6 6 ) 

and Richard son et  al ( 1 979 ) reported that c alf birth we ight 

increased as the calving s eason advanced.  A s imilar trend 
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Has o b t r:.ine d for t he b ir th u e i ght o f  c <...lves in s ta ti on 1 .  

1/J inks e t  ::tl ( 1 978 ) also shov.: e d  thet. t b irth He ight f'"'lvoured 

la t e-b o rn calves . 

}'Jonth o f  b irth e ff e c t s  on vren.ning v-re ight suppo rt the 

·..ridely he ld be l i e f  th .'l t early cc:.lve s are heavie r a t  vJ eani ne 

than lat e -b o rn cc..lve s .  Bou man :1 nd Harwin ( 1 966 ) , 1.! inks 

e t  al ( 1 978 ) ond RichCJ.rd o cn E: t  :ll ( 1 979 ) all found that 

e arly-bo rn c :..:.lve s greH fas t e r  and were s igni fic;:mtly he av i 2r 

than L-..t e -b o rn ca.lves ?. t v1eaning . S e i fe rt e t  al ( 1 97 4 )  

and S e if e rt ( 1 97 5 a )  al s o  r e c ord e d  s imilar find ings and 

sugge s t ed th'..l. t o l d e r  and , the re fo r8 , he av i e r  c alve s c ould 

us e the fl us h of milk 1·1hic h c o incides  vri th the brec..tk in 

the s e a s on and rapi d _r:,as ture e;roH th . In the pre s ent s tudy , 

e arly-born cu.l ve s 1·1ere 1 8 to  27 ke he avi er t han late -bo rn 

calves at  vrean i ng . Such vnri a t i o ns in Hean ing vle i ght due 

to m o�th of birth may also be a t t ribut ed t o  the fc:. c t  tha t  

c alve s b orn e a rly in the s e2.son have the full advant age of 

the gro�'ling s e a s on and \VOuld nu. turally tend to  grm.., more 

rapidly than calve s born lat e r . The resul ts of r·1entz 

e t  al ( 1 979et ) a r e  s imilar t o  t ho s G  ob ta ine d h e r e  in t hat 

early-b o rn c a.lve s  �-r e re s ignific ::1ntly he avier than t ho s e  born 

in mid-season , which 1-rere in t urn significantly heavi er 

than tho s e  born later in the calv ing s e a s o n .  

Acc ording to the results , we ight a.t 1 8- months of 

age favoured c alve s born in October at  all stations ; 

calve s born v e ry late in the calving season ( De c ember 

( s tat ion 1 and 2 ) , November ( s tation 3 ) ) ,  be ing at the 
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greate s t disadvantage . The fac t  that at each stat ion , 

calve s born during the las t m onth o f  the season were 

strikingly l i ght er ( 1 8  to 30kg ) at 1 8- months than earlier 

calves has important pra ct i cal implications in so  far as t he 

curre nt 4- months breed ing s eason is concerned. These 

findings tend to sugge st re gul a ti on of the breedi ng s eason 

to prevent cows from calving d own after Nov emb er , in orde r 

to �void the unfavourable con sequences of seasonal 

vari� t i on on the calve s  born aft er tha t  t im e .  In Zimbabwe , 

a s tudy by Vorst er ( 1 954 ) involving a 4 - mont hs breeding 

s e a s on ind i c a t ed that  la t e -born calves (March ) we re s till 

s i gnificantly li ghter than c&lv e s  b orn e::::.rly in the season 

( Dec ember to February ) even at 3 . 5  and 4 . 5 years o f age . 

The s igni fi c ant effec t  o f  mont h o f  birth on 1 8- month Height , 

ho�1cve r , ,eene rally highlights the impor tance of' month of 

b irth in making breed and c r o s sbred c o r�parison s  as already 

po inte d  out by s everal auth ors ( Sac k e r  et al , 1 97 1 a ;  St raw 

and Jones , 1 977 and Thorpe e t  al , 1 980b ) .  

The highly significant influence of  age o f  darn on 

b irth and \vean ing we ight s , emphas is e the importan c � of 

takinc dam age into c on s id e r�ti on in evaluating pre -vr e an ing 

gr o-;.; th r e c ord s . Jones and Ho:r:kins ( 1 980 ) found that 'fihen 

w e aning weight rec ords were not co rre cted for age of dam 

effec t s , the c hance  that progeny of 2- year-old dams 

were sele c ted f or this trait was only about one-fifth that 

of progeny of 5- year-old dams ( 0 . 01 5 and 0 . 080 , 

respe c t ively ) . The results from the pres ent exercise 
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indi c a t e d  t ha t  calve s b o rn t o  hei fe rs ( 2 - and 3- year-o ld s ) 
were up t o 1 0  pe rc en t light e r  at b irth than th o s e  b o rn t o  

o ld e r  C O\•T s . 'Phis i s  i n  agre eme nt 1·1i th mos t repo rt s i n  the 

l i t erature ( s e e  Chap ter 2 ) . Hafez ( 1 9 6 3 ) a t tr ibuted t he 

l ighte r \v e ights a t  b irth o f  calv e s  fr om young dams t o  the 

s eve re c ompe t i t i on f or t he availabl e  nut rie nts be tween the 

ero \dnG dam and it s f o e tus . The diffe renc e of 1 3  kg in 

we an ing w ei ght b e t w e e n  c alve s  from 2- year and 3- year- o l d  

dams o b t a ine d in s t a t ion 2 sugge s t  large dif fe renc e s in 

m o t he ring ab ility ( e s pe c ial ly milk produc t i on )  be twe en 

t he s e  age gro ups . The 1ve an i ng vle ight d iffe renc e of 8 kg 

b e twe en C 8 lve s fr om 3 - ye ar- o ld d 2ms and t h o s e of old e r  

dams i n  s ta t i on 2 agre e cl o s e ly 'ITi t h  Bosman and HarHin 

( 1 9 67 ) Hho f ound that 3 - y ea r - o ld dams v1ean e d  co.lv e s  Hhi c h  

Here o n  ave rage 1 0 . 5 kg l ight e r than calves from ma ture 

d ams ( 5  t o  8 years ) . The non- S ib�if i c ant d i f fe renc e s  in 

b irth and wean ing weights be tlTe en ca.lv e s  from mature 

( 4 ,  5 and 6 years ) , and tho s e of aged ( 7  to 1 0+ years ) 
dams ind i c a t e d  he re i s  in agre ement 1-li th findings from 

o ther reports in the l i te rature . \'l inks et al ( 1 978 ) found 

non- s i gn i fi can t  di fferen c e s  L1 J:re -Heaning grO'i'Tth b e tlveen 

calv e s  o f  ma ture ( 5  t o 8 years ) and tho s e o f  aged ( 9+ ye ars ) 

d ams . Heyn s ( 1 960 ) also rep o rted similar f indings . 

Age of d s.m e ff e c t s  v1ere non- s ignificant on 1 8-

month H e i ght in s ta t i on 1 .  Non- s i gn i fi cant age o f  d am 

e ffe c t s  on some p o s t -weaning w eights w e re al s o  re por t ed 

by Franc o i s e  e t  al ( 1 973 ) ,  Rudd e r  e t  al ( 1 97 5 ) , 
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Vilaka t i  ( 1 977 ) ,  \•links e t  a l  ( 1 978 ) and Thorpe e t  al ( 1 980b ) .  

T he s i gnificant age o f  d 8..Ill effe c t s  for 1 8-month \veight in 

s tation 2 and 3 sugge st tha t c o rrec t ion fa c tors are ne eded  

t o  remove handi caps agains t pro geny of you..ng co·.-� s  dur i!lG the 

p o s t -Heaning pe riod . � j_::nil :..l!' find iues H e r e  report e d  by 

DI'U ( 1  978 ) for t he se t1·1o s tat i ons . Sacker et <-Ll ( 1 97 1 a )  

and 0 trmv and Jones ( 1 977 ) o b ta ined re sul t s Hhi ch sugge s t ed 

that ye arling we i ght differenc e s  due t o  ace of dam were 

re fle c t i ons o f  the di ffe renc e s  a t  1:1e aning. In een ernl , 

hov1 eve r , i t;  has been o b s e rv e d  th::t t the e ffe ct  of  age o f  

d rill! 0�1 grov,rth after 1v e an in.:::; i s  small ( St raw and J one s , 

1 977 ) s o  t h� t  smalle r corre c t i on factors are needed as age 

at s e l e c t i on inc re ases  ( J on e s  and S t raw , 1 980 ) . 

L :.:l e  c a lve s ave rage d cons i s t ently h i che r t h�m f emr..:. l e s  

for ;.11 trc";.its  -vr ith t he ex c e r t ion of 1 8- month \;e i,zht in 

s to.t L .n: 3 .  The ·He ight d i ffereaces be tH e e n  the sexes 

increRsed wit h age from a b out 2 kg at b ir th t o  1 5  to 28 kg 

at 1 8- mon ths of  a g e  in s tation 1 and 2 .  The 9 t o  1 1  percent 

and 6 to  1 0 p e r c e nt advant age of m2.les in wean in� ,,reight 

and 1 8- month \-:e ic;ht , respe c t iv ely , are of the s nrr:e order 

:-1 s  thu s e  re _1.; orte d by Bo.Jm:.m �cl H:.rHin ( 1 9 6 6 , 1 96 7 ) , 

Csm:1.r.�. und Rize:::tlla ( 1 9 68 )  , J oub e rt e t  R l  ( 1 97? ) and 

Ho lyroyd � t al ( 1 979 ) . The non-significunt sex effe ct on 

wei&�t at 1 8- months of age iud i c at ed in s tation 3 is 

inexplicable s in ce bull and he ifer calve s at  each s tation 

-vre re rai s e d  under s im ilar management sys tems during t he 

p o s t-we aning peri od . 
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4 .  2 Geneti c Ini'lue n c e s  on "R ;  -rth ···!e ;  ght . \! e ar.. i ng ·v; e ig� t 

and 1 8- E or.. t h  We i.Q:ht . 

Re sul t s  of t he analysi s of var iance ( T able 4 . 1  ) :r:.ave 

ind ic a.t ed that the e f fe c t cf tre.e d  c f  c al f  e r:  al l  the 

t ra i t s  \·Tas hi ghly s i gn if ic 2.n t . The l a:::;. s t s :;_ue�re s !:e8.ns for 

the effe c t  of the bre e ds a...YJ.d c r o s sb re ds on "b il� t h ,  1rean :..r.g 

and 1 8- mor:t� �-�e ight s are pre s en t e d by s t2. t ion in T c. b l e s  

4 . 3  t o  4 . 6 . In vi eK o f  the s i gn i fi can t b :-e e d  z year 

( T �bl e 4 . 1 )  int e rac t i on ir: s tati on 2 �nd 3 ,  t he bre ed �e �� s  

are s ho�n �i thin y e � r s  fo r the se s t a t ions ( T�ble 4 . 5  and 
4 .  6 ) .  Analys i s  of varic:.nc e re sul t s  ..,,-hi c h  c ompr i s e  s ire 

and tr e e d of da� � a c t o r s  are ;re s er. t e d  in Tabl e 4 . 7 ,  
and c:.n out ::.. ine o f  the e f fe c : s  of t�e s e  fa c t or s  on i·:e ig� t 

a t  b:.. rt h ,  w e aning ar:d 1 E- rn ont�s i s  given in Table 4 . 8 . 

Re sul t s on the effe c t s  cf �11 t he above -�en t i c ne d  gen e ti c 

fa c t o r s  on t he t ra:..t s  st1:;.d i a d  :;.re re r o rt e d s e.p c.ra t e ly :er 

each s ta t i on . 

4 .  2 .  1 

Bre ed x ye::.r int e ra c t i c ns -v; ere n o n - s ignifi c ant for 

e.ll t rP..i ts in s t:1 t i on 1 ( T2.bl e  4 .  1 a ) . The l e a s t  s �uare s 

m ear..s in Table 4 . 3  ind i ca t e  t h a t  there v;e r e  s i gn i fi cant 

( .F  < 0 .  01 ) d i ffe r en c e s  be twe en the br e eds and cro s sbreds in 

b irth , i·Teaning and 1 8- month '.·re i gh t s . It is appare nt 

from thi s t abl e that t he Brahmans and Brahman x Ngu.ni 

c ro s sbreds were all . si gni f i cant ly he avi e r  than the 

s traightbre d Ngv�i s  a t  all s tage s . Table 4 . 4  shows the 
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Leas t S]uGres Means and St::>ndr.rd Errors for 
the Effe ct  o f  Bre ed * on Birth we ieh t , 

Weaning we ight and 1 8- month we ight 
Station 1 .  

Birth Weaning 1 8-f.1onth 
vle ight ( kg) weight ( kg )  we ight ( kg) 

General mean 27 .  5 ± 1 • 5 1 6 5 .  1 + 1 . 5 2 53 . 7  .±. 1 . 5 

Bre ed 

Ngu.ni 2 6 . 2 ± 0 . 4a 1 54 . 1 ± 2 . 5a 24 0 . 3 
Brahman 2 7 . 8  + 0 . 4 b 1 6 9 . 2  + 2 . 4b 2 6 1 . 4 
f-Brcdunan 29 . 7  + 0 . 4d 1 83 . 2  ± 2 . 2d 272 . 8  

-ti--Brc.hrnan 28 . 7  ± 0 . 3 c 1 7 6 . 2  ± 1 • se 2 6 7 . 1 

;.;- H a te : T he term " b re e d "  Iu.i S be e n  us ed for 

c onvenienc e , as a cri t e rion for comparis on .  

This us age d o e s  not imply that a t-Brahman­

t-Nguni cro s s bred , f o r  ins tance , is c ons id e red 

a breed in a genetic  s en s e . 

a , b , c , d  

Means wi thin the same column wi th diffe rent 

2Ul' e rs c r::. p t s  differ s igni fi can tly ( I < 0 . 0 1  ) • 

± 3 . 4 a 

± 2 . 9b 

± 3 . 0d 

± 2 . oc 



TABLE 4 . 4  

Bre e d/C r o s s  

Brahman 

i-Brahma.n 

t-Brahrnan 
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The Supe riori ty in Birth we ight , 

1,·J e an ing w e ight and 1 8-JV10nth \veight 

s hmvn by the Br8.hman an d Brahman 

C ro s sbreds ove r t he Nguni - St at i on 1 • 

�/ e ight ab ove Nguni ( kg )  
Birth �l eaning 1 8-I'ionth 
we ight weight Hei,qht 

1 . 6 ( 65� ) ·� 1 5 .  1 ( 9�'� ) 2 1  • 1 ( 8�'� ) 

3 .  4 ( 1 2 �:� ) 2 9 . 1 ( 1 6�� ) 32 . 5 ( 1 2�� ) 

2 . 5 ( 9/v ) 22 . 1 ( 1 3/� ) 26 . 8 ( 1 o�:. ) 

;(- P e r c e ntage s up e r i ority in p arenthe s e s .  
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magnitude o f  the w e i ght di fferenc e s  be tween the se bre e ds . 

I t  is of int e re s t  t o  n o t e t h a t  the d if fere nc e s  in we ight 

be t w e e n  the s traightbred Brarm1ans and the Ngunis ( 1 . 6  t o  

2 1  • 1 kg ) were n o t  a s  large as tho s e  be t\v-een the Ngunis and 

the c rossbreds ( 2 . 5 to 3 2 . 5  kg ) . 

""l.c c o rding t o  Tab le 4 . 3 ,  the Brahman c ro s se s  Here 

s ignl ficar..tly heavier than t he s tra ightbre d Brahmans at 

all stage s . The i-Brahmans u ere 1 . 9 kg , 1 4  kg and 1 1 . 5 kg 

heavie r t han the purebred Brahmans at b ir th ,  weaning and 

1 8-mon t hs , re spe c t ively .  D i fferenc e s  in we i ght be breen 

the i- Bra hmans and the s t rai ght bre d Brahmans were 0 . 9 kg , 

7 kg and 5 . 7  kg f or birth , weaning and 1 8-months , 

res pe c t ively . The s e  d i fferences  were all highly 

s ignific ant (P < 0 . 0 ·1 ) . 

The Maly s i s  of  va ri anc e re s1.� l  t s  in T ab le 4 .  7u. 

ind icute tha t s ir e s  had a n o n- s ignific ant e ffe c t  on b ir th 

and \H ?ani ng weights , and a highly si gn ificant (P  < 0 .  001  ) 

e ffe c t  on 1 8-mont h  I·T e i ght . The leas t s quare s constant s 

( T ab l e  4 . 8a ) show that the effe c t s  due to sires inc reas e d  

from birth t o  1 8 -rnonths . For ins t ance , the e ffe c t s  

a s s o ci;.1 t e d  v-ii th sire 6 He re about +0 . 6 9  kg , + 5 . 4 k g  an d  

+ 1 7 . 4  k g  o n  b irth , H ean ing , and 1 8-month vle ight s ,  

respe c t ively . J'rogeny by s ire 3 at t hi s  station Here 

1 . 2 kg , 1 . 6 kg and 27 . 1  kg below the gene ral mean at birth , 

weaning and 1 8-months , respe c tively. 

Bre ed o f  dam effe c t s  w ere signi fi cant f or birth 

weight (P < 0 . 05 ) , highly s ignificant for wean ing we ight 
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( F· < 0 .  0 1  ) and non-s igni f i c ant for 1 8 -month 1.;e ight 

( T abl e  4 . 7a ) . Bre e d  o f  dam x year and Bre e d  o f  dam x 

s ir e  interac ti ons were all n o n-s ignifican t . The l eas t 

s quar e s  c on s t an t s  f o r  bre e d  cf d um  ( Tab l e  4 . 8a )  ind icat e  

tha t the he avi e s t  calve s a t  b irth \vere t ho s e  by -i--Brahman 

dams ( 29 . 5 kg ) ,  followe d  by �--Brahman dams ( 28 . 7  kg) and 

then pure Brahman dams ( 27 . 9  kg ) . The di ffe renc es in 

b i r th we ight be tvl e e n  calv e s  by the s e  dam breeds H e r e  all 

s igni fi cant ( P <  0 . 0 5 ) . The heavi e s t  calve s at w e an ing 

vr ere tho s e  by -!--Brahman dams ( 3 . 1 8 kg abov e  ave rage ) ,  

follov;ed by .;f-Brahman da.ms ( 1  . 0 1 kg above ave rage ) ,  

pure bre d Brciliman dams pro duc ed calve s whi c h  ha.d the 

l m· w s t  v.r e ight at w ean ing ( 4 . 1 9 leg below average ) . 
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4 . 2 . 2  Dis cuss ion 

The resul t s  have ind icated t hat bre ed x year int e rac tions 

were not important at s tation 1 .  This is in agreement wit h  

Kennedy and C hirchir ( 1 971 ) 1iho rep o rted th;:.:.t such inte rac t i ons 

Here no t s igni fi c ant on weaning and 1 8-mon th i·r eights of 

Z e bu x British cattle . i:-10\vever , a highly s igni f ic un t ( :F < 0 . 0 1 ) 

breed x year int e rac t i on on birth  i·r e icht was obtaine d in 

this latte r study . 

S trnightbre d Brarunans w ere 6 t o  1 0  percent b e t t er than 

the Ng-uni s  in "re ight at all s tage s . This agre e s  c l os e ly 

with the revie w o f  Maule ( 1 973 )  whi c h  ind icat ed tha t the 

grm·;t h  J,;erformance of the I\guni breed was genera lly lower 

thru1 that o f  the  Br<:dur.an br e e d .  One of  the  s tudi e s  

ind icated that Nguni calv e s  1vere about 5 0  kg l ight er than 

Brahmans at  "'e aning ( 20 5  days ) . In Bo tsH;ma , the Al'RU ( 1 978 ) 

als o found that straightbred Brahmans w e re s igni ficantly 

heavi e r  ( 3 05 . 0 kg )  at 1 8-months of age than the local 

T swana ( 300 . 6 kg ) , ano ther Sanga t ype bre e d  01ason and Naule , 

1 9 60 ) .  However , weaning we ight ( 2 1 0 days ) diffe ren c e s  

b e tueen the Tswana ar ... d :Brn hmun w e r e  non-s ignifi cant a.r...d a t  

b irth , the Ts 1trana calve s -vrere s ignificantly heavi er.  

The mos t impor tant results  of  t his pre s ent s tudy are 

tho s e  indicating t he s uperiori ty of the Brahman cro s sbreds 

( 1 0 to 1 9 �� ) ove r  the Ngunis . The s e  findings sugge s t  an 

increase in growth performance due t o  cro s s breeding the 

Ngunis with t he Brahmans . S imilar result s have be en 
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obta in e d  in Bo t m·mna (Trail et  al , 1 97 7 , AFRU , 1 978 ) lvhe re 

Brahman s ires w e re c r o s s e d  1'/ i th the l o cal Tswana c o ws and 

in South Africa (Mentz et nl , 1 97 9a , b ) whe re t he exo t ic 

Brr1hmar ... s we re cr o s s e d vl i th  the locc-.l.l Africanders . I t  is 

nfparen t from th e re sul t s  tha t  the cro s sbre ds w e r e  a l s o  

superior in grow t h t o  t h e  s t ra ight b r e d  Brahmans . 'J:' :ne 

advant age o f  t he c ro s s breds over the s traigh tbreds ( Ncuni 

and Bra.tl.Tf,un ) muy b e  due to ::::.dd itive u..'1.d non-additive gene 

e ffects ( he terosi s ) . Unfortunately , it was not �o s o ible t o  

m e a s ure any he t e ro t i c e ffe c t s  here . How ever , s izeable 

hetero t i c  e ffe cts  w ould be expecte d  in Nguni/Brahman cros s e s  

i n  vi ew o f  the fac t  that the grea t e s t  hetero s i s in beef 

produc t i on t rai t s oc curs  in cro sses  invo lvi ng parent bre eds  

o f  Hid e ly d ivergent sources ( Cund iff , 1 970 , Pre ston and 

'dilli s , 1 97 4 )  • 

iilllong the cros sbreds , the i-Bro.hman grade s had 

signif icantly lower we ights than t he t-Brahmans r;robably 

b e caus e of red�c ed heterotic  effe ct s  a s so ciated w it h  

upgrading ( Ellis e t a l , 1 96 5 ,  Di cke rs on , 1 97 3 ) .  The 

Brahman c ros sbreds , which c o nt ain about 88 percent · of the 

Brahman bre ed genes , Here 3 to 4 percent heavier than the 

purebred Brahmans . The superi ority o f  the se hi gh grade 

Brahmans may be partly due t o  improve� adaptab il ity 

as sociated 1vi th gene s  d e rive d  from t he Ngun i . 

The non- sign i fi c ant s i r e  effe c t s  on b irth and wean ing 

weight s sugges t  t hat the s ire gene t i c  influences on the s e  

pre-weaning trait s  we re ma sked by the high influenc e o f  t he 

mat e rnal environment provided by the t hree bre eds o f  d ams .  
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I t  i s  o f  int e r e s t  t o  n o t e , ho w ev er , �hat al though s ire 

e ff e c t s \·l e r e  n on-s ign if i c ant for \le aning vTe ight , there 

w e re d iffe ren c e s of 1lp t o 1 8  kg be tu e en the b e s t  Ftnd 

p o o re s t  s i r e s  for t hi s  t r o. i t  ( Table 4 . 8a ) . The s e re sult s  

are in agre eme nt vfi t h  O s man and Rizgalla ( 1 9 68 )  vrho 

obt a ined d ifferenc es of up t o  20 kg be twe en s ir e s  for 

r,.reani ng w e i ght , but found non-signi fic ant s ir e  e ffe c t s  on 

tha t  tra it . In Aus tr'.ll ia , Barl ow and O ' He i l l  ( 1 9 78 )  al s o  

found that t he in fluen c e  o f  t h e  s ir e  H 3. S  no t s igni f i c an t  

for r;r 8-Hec:m ing ga.in and Hean ing �'ie ight . i r on-s igni ficant 

s ire e f fe c t s  on bir th v1 e i 5'h t  i•T e r e  r 0 ro rted by Hurri charan 

e t  a l  ( 1 976 ) in SahiHa.l a...'1d P..rahm: .. m he rd s , ivho G.lso rema.rk e d  

thu t t r_c; full p o t en t i al e ffe c t  o f  c. s ire on b ir th 1,,r eight 

may not be mcmi fe s t e d und er poor nut :r i ti. onal cond i t i ons . 

Gho s h  e t  �1 ( i 978 ) found n on- s ibrnific c...nt s ire e ffe c t s  o n  

the l.J :l. r th \·T e ight of Hol s t e in x Ilaryana calv e s . 

Re sults r elat ing to the e f f e ct s of the s i r e  on 1 8-

month l'ieight ind i cate that var i a t i on in pos t-r,.Jean ing groHth 

of calv e s  due to sire s ex ist , sugges t ing tha t i t  1vould be 

pos s:.i.. b l �  t o  s e le c t  surer i o r s ir e s  in t e rm s  o f  in c r e a s e d  

rrogeny �rm; t h  t o  1 8-months o f  age . T he d i f f e ren ce s of U}:: 

t o  44 kg in 1 8-month �reight b e tw e e n  progeny of t he be s t  

( 284 . 9  kg ) and wors t ( 240 . 4  kg)  s ire s obtained he re agree 

c l o s e ly uith r e sul ts by Naidu and Desai ( 1 965 ) in India , 

Osman and Rizgalla ( 1 968 ) in Sudan and many o ther reports 

in the· J. i teratur e . The non-significant bre ed o f  d am  x 

s ire interact i ons indic a t e  that the influence o f  the 



individual s ire s on the vl e i ght s d id n o t  vary �·1i th bre ed 

of d&ill , sugge s t ing t hat pro ge ny t e s ting of the s e  sire s 

1vi thin c r o s sbr e d  po pulat ions ·would b e  as e ffe c t ive as 

evalu� t ing s u· e s on the ba s i s  of s t raight b red progeny . 

S imi lar r e sul t s  w e re o b tained b y  Dunn e t  n l  ( 1 970 )  and 

Koger e t  al ( 1 975 ) .  
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The influenc e o f  bre ed o f  d am  o n  b irth and wean ing 

�"eight s is to be exp e c t e d in vi e w of the large ma t e rnal 

in flue n c e during t h e  pre-wean ing phas e . The re sul t s  have 
. 

indic e;. t e d  that c alv e s  by cro s s bred dams had an advcu1tage in 

b irth und He u.nj ng vre ight s over those  by s t raight b red ddlLS . 

The s e  f iLd ings c an be c ompared with  t h o s e  of E ll is e t  al 

( 1 9 6 5 ) who o b s e rv e d  t ha t  the geno t ype o f  t he dam exe rt ed 

a s ig.a i fi c a.nt influ ence on t h e  b irth vi e ight o f  c ro s s bred 

c alve s , and of Harricharan 2 t  al ( 1 976 ) who found that in 

t he 0 o.hiwal 3l1d Drarllilan he rds , the c alves out of c r o s s bred 

dams he:.d an advaE t age in the ir birth Hei ght ov er the 

purebred c alv e s . T he s i gn i f i canc e in b irth H e ight 

b e tv1 e en c alve s  by J- and i-Br:1hman d cun s  in fav our o f  t he 

-:�-Dr:.,hJr.n.n d�UllS i s  in <lgreen:cn L 1·r i t h  Vors t e r  ( 1 9 54 ) w!10 

re po rted that the birth 1·.· e i gh t s  of calve s  out o f  cro s s b re d  

c o w s  incre ased from the firs t  t o  t he s econd generation of 

gradirJ.g up . The heavi er \v ean ing lve ight o f  calv e s  by t he 

half-b re d dan�s compared t o  t h e  s traight bre d and -f -Brahman 

dams ind i cat e s  t11e superi ority o f  F1 c ow s  in mat e rnal 

ab il i ty and sugge s t s  t he pos si b i l ity of ma t ernal he t eros i s . 
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S ta t i on 2 

The bre e d x year interacti on vlas si gnifi cant for all 

the t ru.its at st at i on 2 ( Table 4 . 1 b ) .  Figure 

i l lus t ra t e s  the int e ra c t i on b e t w e en bre ed and year fo r 

birti1 Height , u e.:m int; H c igln , and 1 8 -month w eight . The 

lec. s t  D <JUG.Lres rne ;.Lns f o r  t he: bre e d s  and c ro s s b r e d s  are 

s hawL w it hin ye ars irr Table 4 . 5 .  

lea.s t S '�U <lre s rr1e arJ.s for b i:c tlJ. •,.:e i ght ( T u b le 4 .  5a)  
ind i c :.l te t ha.t Hgun i c alves ;-: e r e  the light e st in all but 

one y e :u� ( Yen.r 1 ) daring 1.:hich the -}- Brahmans had. t he l e a s t  

b i :r·t?.i. I·:G igh t .  The -d--Brahrnal.l.s i·: er e , ho w eve r ,  the heavi e s t  

in <1ll tG..:: othe r  ye ars 3.11d He re u p  t o  7kg , 2kg and 

3kg heavi e r  t han t he r.Tguni , -:-- <1nd -4 -Br<lhman , r e s  re c t i  v el y .  

There; 1-J e re incons i s t ent c hange s in rank b e h/C en t he 

and t he -i--Dra.hrr.u.n c r o s s e s  ( Ji[S. 1 a ) . The half-br e d s  vr e re 

s i6n ii.:;. can t ly h eav j_ e r  t hs.n the -i-:Jrahmans during ye ar 2 

and j ( 1 976  and 1 9 77 ) a.nd the 4'--Brr1 hmans rr.:.nked higher 

( F <  0 . 0 1  ) t11an t he t-.Brahm<:ms during year 1 and 4 ( 1 9 7 5  

ancl 1 978 ) .  

J:hc 'JC :l.n.ing \·: e i t:;ht w e ans ( T.:.i'Jle 4 . 5b )  sho:1 th::>. t the 

Nguni. ca.lv e s  ·H e r e  the light e s t  ( I < G .  0 1  ) at i·reanirJ.g 

thrcuzhou t t h e  four y eara . Hnl f-bre d Bralunan s w e re 

s igni ficantly lighte r  than the f-Brahmans at all t ime s 

( Fig. 1 b ) and had lo-v; e r  lveaning -vr e ight s  (P  < 0 .  0 1 ) than 

i-Brahmans in years 3 and 4 .  I n  year 1 ,  the half-breds 

were s igni ficantly heavier t han t he t-Brahmans and , 

y ear 2 ind icat ed no s ignificant d iffe renc e s  in weight 
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TA BLE 4 . 5  Lea s t  S 1 ua re s  r-1ean s and Standa rd Errors 

for the Effe c t  of Breed  x Ye ar Int eraction 

on w e ights  at Birth, W eaning, and 1 8-month 

S t a t ion 2 .  

( a ) Birth \'!eight (kg) 

Gen e ral ��ean = 29 . 3  ± 1 .  7 kg . 

Ye ar 
Breed 2 3 4 r.'Ie an  

Ngun i 30 . 4±2 . 8b 24 . 2±1 . oa 23 . 6±0 . 9a 2 6 . 9±0 . 8a 2 6 . 3±0 . 8  

1 B , 2- ranrnan 3 5 . 3±0 . 6c 3 0 . 4j:0 . 6 c 28 . 4±0 . 6 C  28 . 4±0 . 8  b 3 0 . 6±0 . 4  

-t-Brahman 3 6 . 0±0 . 7d 29 . 5±0 . 7b 27 . 3±0 . 7 b 2 9 . 0±0 . 7c 3 0 . 5j:0 . 4 

i-Brar.illlWl 2 9 . 2±2 . 6a 3 1  • 1 ±2 . gd 3 0 . 5±1 . 6d 30 . 8±1 . 1  d 30 . 4±1 . 1  

( b )  Weaning Weight (kg) 

General Mean · = 1 70 . 3  + 1 . 7 kg. 

Breed 1 

Nguni 1 4 2 . 2±1 3 . 0a 

t-Brahman 1 83 . 9±2 . 9c 

t-Brahman 201  . 1  ±3 . 3 d 

i-Brahman 1 50 . 3±1 1 . 7b 

Ye ar 

2 

1 5 9 . 5±4 . 4  a 

1 7 5 . 3±2 . 8  b 

1 86 . 6±3 . 2c 

3 

1 4 5 . 9±4 . 1 a  

1 72 . 9±2 - 7  b 

1 89 . 6±3 . 1 c 

b d 1 77 . 2±1 3 . 0  1 94 . 3±7 . 1  

4 Mean 

1 43 . 4 ±3 . 7 a 1 4 7 . 8±3 . 8  

1 68 . 5±3 · 7 b 1 7 5 0  1 ±2 . 0 

1 7 1 . 4±3 - 1  c 1 87 . 2±1 . 8  

1 78 . 2±5 . 2  d 1 7 5 . 0±4 - 9  



TABLE 4. 5 c ontinued 
( c )  1 8-l\�onth \·:e ight (kg) 
General Mean = 2 6 1 . 3  ± 1 . 7 kg. 

Year 
Breed • 2 

Nguni 2 3 3 o 5±1 5 . 5a a . 2 5 2 . 0±5 . 3  

t-Brahman 3 1 2 . 0±3 . 5 c 2 94 . 9±3 . 3 c 

-t-Brahman 3 23 . 4±4 . 0 d. 2 9 1 . 3±3 . 8  b 

i-Brahman 24 7 . 1 ±1 4 . 0  b 288 . 6±1 5 . 6b 

3 4 l\�ean 

227 . 6±5 . 0a 2 08 . 2±4 · 4a 230 . 3+4 . 6  

6 ' 
b 2 2 . 8:!:.3 . 2  2 3 6 . 0±4 . 4  b 276 . 4±2 . 4  

2 6 7 . 5±3 . 7c 23 8 . 1 .:±:3 ·  8b 280 . 1 ±2 . 2 

2 7 1 . 4±8 . 6  d 244 . 5±6 . 3  c 2 6 2 . 9±5 - 9 

a , b , c , d � eans within the same column with different suferscriFts differ 

s ignifi cantly (P < 0 .  01  ) • 

_.. 

0'\ 
0'\ 
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b e tween the se  cro s s br eds . Wi thin ye ar means for the i­
and i- Brahman cro s s e s  indicate that the t-Brahmans were 

s igni ficantly heavier in years 1 and 2 and the t-Bral�ans 

\-lere h� av i c r  ( P  < 0 .  0 1  ) in years 3 and 4 .  

R s t imated l e as t  s 1 uare s me an s for 1 8-month we i ght 

( Table 4 . 5 c )  indi cate  that t he Ngun i s  vrere the light e s t  

throughout t he y�ars ( P <  0 . 0 1 ) . The c rossbre ds c hanged i n  

rank from y e ar t o  yo a r  fo r this r o u t -we aning trait  as 

d e pi ct ed c le a rly in Fig. 1 c . The half-breds were light e r  

( P <  0 . 0 1 ) than t he i- Brar�ans i n  years 1 and 3 ;  he av ier 

( P < 0 . 0 1 ) in year 2 and the re were no s igni fi cant 

d i ffe renc es in 1 8 -month v:e ight be hreen t he s e cros s breds 

during year 4 .  The +-Brahmans were in turn heavi e r  ( P < 0 . 0 1 ) 

than the t-Brahmans in years and 2 ,  but lighter than 

these c ro s s e s  during ye ars 3 and 4 .  T hree -quart e r-Brahmans 

were s igni ficantly he avier than the t-Brahmans in one 

year only ( Year 1 ) , t he re were no signi f icant differenc es  

in 1 8-month weight be tw een the se  cros ses  in year 2 and 

during year 3 and 4 , the t-Brahmans \vere  3 .  9 kg and 6 .  4 kg 

heavier ( F <  0 . 0 1  ) ,  respe c t ively . 

Tab l e  4 . 7b indicates highly signi ficant s ir e  effe c t s  

on birth He ight , v1eaning we ight and 1 8-month weight . 

The int erac tions of breed of d am x year and breed of dam 

x s i re 'ivere all non-signi fi can t . The leas t s1uares 

constants in Tab le 4 . 8b show that effe c t s  associated with 

sires range d from -2 . 5  t o  3 . 1  kg for bir th weight , 
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- 1 0 . 9 to 9 . 8  kg fo r wean ing vre i ght and -7 . 7  to 1 5 . 9  kg 

for 1 8-mon t h  w eight . Bre e d  o f  dam was non -s i gn if i c an t  on 

b ir t h  11.nd 1 8-rnonth wei ght s and highly s i gni fi c ant for 

"\<Tean i ng we i ght a t thi s s ta tion ( Table 4 . 7 b ) . T able 4 . 8b 

indicate t hat calves by Nguni d am s  were about 6 kg below 

the p o pulat ion me an a t  w e an ing , w hile t ho s e  by 1--Brahman 

dams were a b out 6 kg above ave rage . 

4 . 2 . 4  D i s cus s ion 

The s i gn i ficant br e ed x year interact i on indicates 

that ye:-tr of b irth was an impor tant influe nc e on the 

magni tud e o f  the c ros sbre d diffe renc es for b i rt h  1ve ight , 

w e an ing weight , and 1 8-month we ight . This i n t e rac t i on 

sugge s t s  tha t  bre e d  c ompa ri s on s  f or l iv e w e i ght s h ould be 

condu c t ed over a number of ye ars at th i s  s tat i on .  

S igni fi c ant gen o type x y e a r  int e rac ti ons for live\·r e ight s 

hav e al s o  be e n  r e p o r t e d  by Trail e t  al ( 1 97 1 b )  in Uganda ,  

r-'lent z  et al ( 1 979 a , b )  and I'aterson e t  al ( 1 980 ) i n  

S outh Africa and Thorpe et al ( 1 9 7 9 ,  1 980b ) in Zambia . 

The res ul ts have ind icated tha t  t he Nguni calves 

H e re c o n::; i s t ently l i ght e r  ( 1 < 0 . 0 1 ) th.:=:.n any o f  the Brahman 

cro s s e s  in 'iv e icht at b i r t h ,  He a.ni ng , and 1 8-months o:f age 

dur ine the f o ur years (with t he e x c ep t i on of b irth w e i ght 

in year 1 ) . It i s  mos t s t riking that increas e s  of 1 0  t o  

2 9  pe r c ent i n  weaning ,.re ight and 1 3  to 34 pe rcent in 

1 8-month ,.;eight were obtaine d by c ros s ing the Nguni c o ws 

wit h  the Brahman sir e s . The advantage of the Brahman 

c r o s s e s  when compare d w i th t he Ngunis agre e s  with reports 
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from Bo t svmna ( T ra il e t  al , 1 9 77 , AIRU , 1 978 ) 1·1h:.. �h 

ind ica t ed that Bra!l..man cros sbreds vlere gene rally sup er io r 
to the l o c al br e e d s in gro� th re r�orman c e . In S outh Afr :..c a , 

1\� e:r...t z  e t  al ( 1 979 a ,  b )  al s o  fou.."Yld that und e r  extensive 

cor..:i i  ti ons , Br�-1hman cro s s e s  out -'tre i ghe d the ind igen ous 

;:_fr i c<.ind e rs in r r e- and ; o .s  : - .: e E .. n j  . .:::g t;rO\;t h . 

T !l e  int e ra c -: i on be tvreen bre e d and :ie a r  as illus tr2. t e d  

in  Fig .  1 �av e ind ica t e d  a s triki�g va�ia t i o n  :..n t�a 

rela t iv e  � o s � t i on of the vcri c �s c r o s s e s , e s ; e � i ally t�e 

� -BrarL:nc._'1 ir.. 1 97 5 a.YJ.d � S76 . Th:..s �·r2.s ;;robably due t o  t he 

rel&tively sma l l r.�8 er o f  o b s e rv2.ti or.s f e r  t�i s clas s in 

ye2r 1 and 2 ( s e e  �pr e�dix I ) .  D e s r i t e  th e int e ra c t i on , 

ho�ev e r , b:..rth �re i eht t end e d  t o  fs. vc:..<.r the i--3rc;.l'Jl}!al'lS :u:d 

the t-3r8.tll:1ans -w e re c c'.r i ou s ly su;;er.:. c r -: o  the :-.a:£- breds 

re s r· e � t t o  1 8 -Ir! or.th v,r ei ght . T he bre e d  r::e ans ( disrage.rding 

the -�-Brc;.lur.a."ls were the h eav i e s t  c.. t th:.. s e.ge , � ollcn;e d  

ty the !lalf-b re ds , and the -;-3rai:l::ans 8.f'f eu.re d to have 

the l o>; E: s t  •.\' e i ght . ':Ll:e resu.l ts  of s t at i on 1 ind i cated 

that t h e  f-Brar�ans were he avi e r  than the i-Era�ans 

at 1 8-months ; ·ill1fortunately that · s tati on did not  have 

half-bre d  Brar.nans for compari son 1...-i th the high grade 
Brahmans . 

S i re e ff e c t s  w ere highly significant on birth weight , 

weaning 1vei ght , and 1 8-month weight , ind icating the 
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imp ort�nc e of addi tive gene ti c  vari a ti on on the s e  tr ai t s . 

T he v: e ight diffe .. :: enc e s  be h; e en the be s t and w or s t  s i re s 

inc re a s e d  :fr om 6 kg a t  bj.rtl1 to 2 1  kg at \v eaning . This 

may be c om:r;hred \i i th the r e port of Bo s m an and HarH in ( 1 96 6 )  
whi ch no t ed highly s i cni f ic cm t  s ire e f fe c t s  on b i rth 

and 1-1 e an ing w e i ght and ind i c a te d that weaning vre ight 

diffe renc e s  am o ng sir e s  of the s ame breed w ere even mor e 

marked than b irth He ight diffe rences . Osman and H.i zgal la 

( 1 968 )  reported s ic;n i fi c an t diffe rence s  of u_r, to 5 l{:g 

b e t v1een s ires for b ir th w e ight . The 24 kg differe:1ce in 
1 8-month ·.: e ight bet·�,reen _r.,rogeny of the be s t and tho s e  o f  

the w- o r s t  s lr e  at t h i s s t a t i on is almo s t  half that 

ind icat ed �or sires in s ta t i o n  ( 44 kg) , s ugge s t ing twice  

as  muc h va ri :.1 t i o n  amone s ta t i on 1 s :i,.r e s  v;i t h  r e spe c t  t o  

the 1 8-month w e i ght o f  the i r  fro geny. A s  i n  s ta t i on 1 ,  

the s ir e  x breed of d am  in t e ra c t i on wa s n o n- s i gn if i c u.nt 

he re . Thi s ha s impor tant pra c t i cal impl ic a t i ons in 

pro ge ny t e s t ing whe r e  the bre eding herd c o n s is t of 

s traightbred and cros sbred c ow s  • 

.'� . 2 . 5 Station 3 

The interacti ons between breed and year 1v e r e  

signi fi cant for all t h e  trai t s  at t his s tati on ( T able 4 . 1 c ) �  

T he s e  int e ra c t ions are illustrated in Fig. 2 and Table 4 . 6  

pre sents the estimated least s quares means within years . 

The means fo r birth w eight in Table 4 . 6a indicate 

s ignificant differences be t-v;re en the breeds / cros s breds 
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throughout the ye ars . Nguni calves were the light e s t  

(F  < 0.  01  ) i n  years 1 and 3 and i n  year 2 they were only 

1 • 1 kg heav ie r  ( P <  0 .  01 ) than the t-Brahmans . The 

heavie s t  calv e s  at bir th w e re the Sim.ment al s  and i­
Simrnentals whi c h  ranked hi ghe st throughout the three 

ye ars ( Fig. 2 a ) . The i--Simmentals w ere he avier ( I <  0 .  0 1  ) 

than t he hal f-bred S imment als in years 1 and 2 ,  and 

there were no s ignifi cant differenc e s  be twe en the s e 

cro s s e s  in ye ar 3 .  Hal f-bred Simmentals w e re , in turn , 

heavi e r ( F  < 0 .  0 1  ) than half-bred Brahmans during the 

first two ,years and th e di fferences in birth we ight were 

non-s igni fi c ant during the la st  year . 

Le as t s•1.uares me ans for Hean ing weight pr e s ented in 

Table 4 . 6b ind i ca t e  tha t the Nguni c alv e s  had the lowe s t 

we ieht s in all the years . The t-Brahmans were al so not 

very d i fferent from t h e  N gun i  in 'vore aning we ight during 

the first two years , but wer e up t o  1 7kg heavier (F < 0 . 0 1 ) 

than the Nguni in ye ar 3 ( Fig.  2b ) . The heavie s t  calv e s  

a t  we aning w ere the t - and i-S immentals "\vhich were 

s ignificantly super ior t o  all calves throughout the years 

( exc e pt Simrnen tals in year 3 ) .  This is de pic ted clearly 

in Fig. 2b . T he s traightbre d S immentals were s i gn i fi cant ly 

heavi er than the t-Simmentals ( 7 . 2  - · 1 5 . 5  kg ) in ye ars 1 

and 3 ,  but t he half-breds we re , in turn , 8 . 3  kg heavier 

than these s trai ghtbreds in ye ar 2 .  Half-bred Simmentals 

were heavier ( P< 0. 01 ) than· half-bred Brahmans in years 

1 and 2 ;  in year 3 ,  half-bred Brahmans were heavier 
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TABL.c; 4 . 6 Leas t Sguures Means and Stand ard Erro rs 

f or the Effect  of Br e e d  x Year Interact ion 

on Birth Heip;ht , \'leaning we ight and 

1 8-month \v e ight - Station 3 .  

1 7 5 

( a )  Bir t h  We ight (kg) 

General Mean = 3 2 . 0 ± 1 . 7  kg. 

Bre ed 

Nguni 

Simmen t al 
1 ..... • t 1 2-u lllllilen a 

.;f-Simmental 

-Z- - S imm en tal 

+-Brahman 

28 . 0±0 . 9a 

4 1  · 4±1 . 0  e 

3 2 . 0:t,1 . 6 c 

3 9 . 9:t.3 - 4d 

4 2 . 3±4 . 0  f 

3 0 . 9±1 . 6  b 

Ye ar 
2 

23 . 2±1 . o  b 

3 3 . 3±0 . 8f 

24 . 1 ± 1 • 3 c 

2 9 . 5±1 . 8d 

3 2 . 0±1  . 5  e 

22 . 1 ±1 . 2  a 

3 r1Ie an  

3 2 . 4±0 . 9  a 27 . 9:t,0 . 6 

4 0 . 8:t,0 . 6c 38 . 5±0 . 5 

3 8 . 3±1 . 9  b 3 1 . 5.±,1 . 0  

37 . 9±2 . 0 b 3 5 .  8±1 • 6 

40 . 4±1 . 5  c 38 . 2±1 . 7  

37 . 8±3 - 5b 3 0 . 3±1 . 4 



Table 4. 6 c ontinued 

( b )  �il ean ing VI e igh t (kg) 
General Mean = 1 6 1 . 5±1 . 7  kg . 

Breed 

Nguni 

Simrnental 

t-Simmental 

f-S immental 
7 -, . t 1 e-i::i lmmen a 

-}-Bru.hmu.n 

1 5 9 . 0±4 · 3  a 

1 94 . 4+4 . 6c  

1 87 . 3±7 . 8  b 

2 1 1 . 0±1 6 . 2d 

208 . 7±1 8 . 7d 

1 60 . 9±7 . 5 a 

Year 
2 

1 3 4 . 8±4 . 6a 

1 5 6 . 9±3 . 8 b 

1 6 5 . 2±6 . 4c 

1 9 2 .  4±8 . 6 d 

1 90 . 1 ±7 . 1 d 

1 38 . 2.±5 . 6a 

( c )  1 8 -fvion t h  '>.' e ight (kg) 

General Mean = 2 1 5 . 6.±1 . 7  kg.  

Bre ed 

Nguni 

S immental 

t-Simmental 

�� -S j mruent al .. -

i-3imr ent al 

t-Brahman 

206 . 2±4 . 5 a 

243 . 4±4 . 8  c: 

2 5 2 . 4±8. 0 d 

280 . 0j:1 6 . 8e 

28 1 · 4.±1 9 . 4e 

229 . 5±7 . 7 b 

Year 
2 

1 90.  2±4 . 7 a 

228 . 7±3 · 9  c 

227 . 2±6 . 6 c 

2 5 2 . 8±8 . 9d 

2 54 . 1 ±.7 . 4  d 

208 . 4±5 . 8  b 

1 76 

3 1-'le an  

1 4 5 . 6±4 · 4a 1 46 . 5±2 . 8  

1 7 5 .  5±3 . 0 d 1 7 5 . 6±2 . 3  

1 60 . 0±8 . 9  b 1 70 . 8±4 . 6  

1 77 . 3±9 . 2  e 1 93 . 6±7 . 5  

1 7 5 . 1 ±7 . 3  d 1 9 1  • 3±8 .  1 

1 62 . 6±1 6 . 3c 1 53 . 9±6 . 4  

3 11'1ean 

1 93 .  3.±4 • 6a 1 96 . 5±2 . 9  

2 5 5 . 6±3 . 2e 23 2 . 6±2 . 3  

208 . 8±9 . 3 c 229 . 5±4 . 8  

2 20 . 3±9 . 5d 2 5 1 . 1 ±7 . 8  

2 2 1  • 6±7 . 5 d 252 . 4±.8 . 4  

203 . 9±1 6 . 9 b 2 1 3 . 9±6 . 6  

a , b , c , d , e , f  Means within the s ame column wit h  

d ifferent superscripts differ 

s ignificantly (P< 0 . 0 1  ) .  
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( 2 . 3  kg ) than t he t-S irnmentals .  

The Ngunis had the l owest  weight a t  1 8-months of age 

in all years ( Table 4 . 6 c )  and half-bred Brahmans ranked 

se cond from the bottom ( Fig. 2c ) .  The i - and t-S irnmentals 

were the he avi e s t  in all but one year . (year 3 )  during 

which only the s traightbred Simmen tals were s ign i ficantly 

he avie r  than the se  grad e s . The s imilarity in we igh t at 

l 8-months be tvTeen the i-- and i-Simment als is depicted 

clearly in Fig . 2 c .  The Simmental s  were signi fi cantly 

lighter ( 9  kg ) than the half-bred Simmentals in ye ar 1 

and there were no signi fi cant differenc es between the se 

bre eds in year 2 .  Half-bred Simrnentals were 2 2 . 9  kg , 
1 8 . 8  kg and 4 .  9 kg he::1vier ( P  < 0 .  0 1 ) than the half-bred 

Brahmar.s during years 1 ,  2 and 3 re spectively . 

4 . 2 . 6  Dis cus s ion 

The significan t  b re ed x ye ar int e rac t ion at this 

stati on might be ass oc iated w ith changes in the 

c ompo s ition o f  the bre e d ing he rd sinc e the numbe r  of 

the fuundat ion cows ( e s p e c iall y Simmentals ) were 

incre ased frorr. year to y ear through additi onal pur chas es . 

The interact ion can also be explained by t he fact that a 

ne1v s e t  of S immental sir e s  '.vas us ed each year. Similar 

inte ractions have been reported by Vorster ( 1 9 54 ) and 

Mentz e t  al ( 1 979 a , b ) . 
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I t  i s  apparent from the r e sul t s  t ha t  the s tra ight bre d 

S imment als p e rform e d  s i gn ifi c an tly b e t t e -r  than the Nguni 

in grmv th rate t hroughout the ye ars of s tudy .  At b irt h ,  

the S imrne nt al s ouh;e ighed the Ngunis b y  8.  3 t o  1 3 . 4  kg 

and t h e  vmight differences  in f avour of the S imme nt al s 

at w eo.r�ing and a t  1 8-months o f  a..c;e , respe c t ively were 

2 2 . 1  to 3 5 . 4  kg and 3 6 . 0 to 38 . 5  kg . The advant age o f  the 

S i.ru.Iaa!tal b r e e d , in gro wth pe rfo rmance , c om:t- are d 1; ith 

o t her Sanga t ype bre eds have b e e n  repo r t e d  b y  r.Jaul e ( 1 973 ) 

and J u u.b e r t  e t  al ( 1 977 ) .  One o f  the re p o r t s  revi e 1v e d  

b y  �L� u.le ( ·1 9 73 ) ind icat ed t h a t  und e r int ens ive c ondit i o n s  

t he Simmental s  \'i e re on av e rage 57 kg and 2 00 kg hec..vie r  

than t he }\;uni 9. t �-reaning ( 205  duys ) and 4 7 9 d ays , 

re s r- e c t ivel y .  Ho we v e r , the dif f e ren c e s  o b t a ined he re are 

mu c h  lower in magn i tud e , sugge s t �Lg that the grow th rate 

diffe re�c G s  be t w e en the s e  br e e d s  �re relatively su�l ler 

und e r  exte11s iv e c ondi t i or�s . 

The su:r e riori t y  of the G immen tal x lTguni ( -�-.Ji.J..ufuc;nt u.ls ) 
c ro s s e s  ov e r  the s t raightbred Nguni in w e i ght at b i r th , 

�·re anir.�.e; ar..d 1 0 -mon ths indicu.te  t he adv3.nt age of 

cros sbre edi.ng on the gro w th .r; e rforman c e  of t h e  ind ige nous 

ea t tl e . An in cre as e o f  1 0  to  23 pe rce nt ( 1 4  to 3 0  kg ) in 

VT eaning H e i ght and 8 to 22 _t: e r c ent ( 1 6  to 4 6  kg ) in 1 8-month 

w e i gh t  wa s obtained by cro s s ing the Nguni w i th the 

S immen t al at this stati on. Mos t of t he i n creas e in we ight 

among the cros s breds may b e  at t ribut e d  t o  het e r o s i s  s i nc e  

t he Nguni and the S immental are wid ely d i s s im ilar breeds 
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( Sa.nga and B .  t n.urus ) . The :perfo ma.nce o f  the hul f-bre d 

Brahmans c ompar ed t o  the purebred H2U11i a t  b irt h and 

w e mliLg was n o t  ::ts d i s t in c t  a s  in s t a tion 2 .  IIoH eve r , 

the Brahman half-breds lre re obvi ously bet t e r  than the 

Ngu.n i and 1 3-months o f  nee ( s e e  Fig . 2c ) throughout the 

ye:::.. rs of s tudy . The advan t age t o  the · Bra.hmrul and Sirnmen t al 

c ro ss e s  when c ompared w i t h  S anga type cat t l e agr e e s  with 

re po:c t s  from ne ighbouring c oun t ries ( J oube rt et al , 1 9 77 , 

Trai l e t  a:L , 1 9 77 , AI'RU , 1 978 , I'-1e.rJ. t z  e t  al , 1 97 9  a , b ) . 

Simil�r find ings were also ob t a ined in Uganda ( T rail e t  al 

1 9 7 1 b )  and Z amb i a  ( Thorpe e t  a l , 1 9 79 , 1 9 80b ) when l o c al 

bre e d c  o f  c attl e  were compare d w i t h  c ro s s e s be twe en s u c h  

breeds and BQropean bre e d s o 

Half-br e d  S immen t al s  1v e re .zenerally heavi e r  t han 

Br::tl.unan mlf-bre ds a t  all s t ages ( Table 4 . 6  and F�g. 2 ) .  

At 1 8 -months , the t- S imme nt al s Here , on ave rage , 1 6  kg 

( 7�� ) he av i e r  t han the half-bred Brahmans . The AI' RU ( 1 9 78 ) 

al s o  found tha t  S immen t al-s ire d calves ferformed 

s i gn i fi c antly be tt er in grow th to 1 8 -months than Brahman­

s i red calv e s  v1he n the s e sire bre eds -vrere mat ed t o  Ts-vmna 

co1·J S . r.-: e n t z  et al ( 1 9 7 9  a ,  b )  obta ined s imilar re sul t s  

when us ing Afr i c ande r  cows a s  a basi s for c ompari s ons . 

Table 4 . 6a have indi cat ed that the s traight bre d 

Simmentals were 8 . 3  t o 1 3 . 4  kg ( 26 to 48% ) heavier at 

birth than the Ngunis . The rel atively high birth we ight 

of the S immentals has important practic al implications 

with respe ct to cros sbre eding ( es pe c ially with the small 
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Nguni-) in vie w  of the association between high birth 

vleight and dysto cia ( Laster e t  al , 1 973 , Smith et  al , 1 97 6 ) . 

The t - S imm eilt als  we re also , on ave rage , 7 kg ( 2 1 � )  and 

2 .  4 kg ( 7�: ) heav i e r  trnn the 1-- and t -Simment als ,  

rGSf0 Ct ively , indicat ing an in c r e a s e  in b i rth weight with 

upg-rad ing . 

'rhe fact that �-- and -l--Sirrunent FJ.l s were signific antly 

heavi ;:; r  t hun t he half-b r e d  S imrr:ent als at weaning ind i cat e 

the superiority of the cro s s bred S irnrnental cm;s  in 

mothering ability ( e s pe c iall y milk produc tion ) compared 

t o  the pure bred Ne;uni covl s . Unfortunately , it was not 

p o s s ible t o  evaluate the in fluen ce of breed of dam 

on grow th 2 t  th i s s tation.  The better performance of the 

�- and i- S imment als at 1 8-months c ompared to the +­

S imment als may be large ly at tributed to addit ive gene 

effe ct s s ince the influe nce of hetero t ic effects on 

growth is exp e c t e d  t o  d ecre a se w ith upgrad ing ( Dickers o n ,  

1 973 ) . The se high grade S immentals were als o  gene rally 

heavier at 1 8-months o f  age than the furebred S imme nt al s , 

probably b e caus e of improved adaptability asso ciated wit h  

genes d e rived from the indige.nous Nguni . 
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TABLE 4 . 7  Analys i s  o f  varian ce for Birth Height , 

\!le aning u e ir:ht llild 1 8-month we ight from 

r·1 od e l  2 .  

( a )  S ta t ion I 

Sourc e o f  Degre e s  of r·1e an '3'luare 
varia t ion fre e dom Birth \veanir ... g 1 8-r•:onth 

\ve ight He ight vreight 

Year � 7 2 . g ·:t 4 600 . 8 * "• *  1 5853  o 4 .bHt-./ 

Breed o f  d !lill 2 86 . 1 ·I; 283 7 . 4  " "' * 2377 . 3  NS 

r•Jonth o f 3 82 . 1 -,;. )1- 4482 . 2  -) ht* 3 g 63 . 5 ** b irth 

Age of dCilll 2 2 g . o NS 3 4 2 . 6  NS 1 7 22 . 7NS 

Sex 4 6 1  • 2 7(- * ;" 2443 5 . 5  -K• * *  1 1 2 97 . 9 * * * 

Sire 5 3 1 . 2 NS 1 034 . 6 NS 6 2 5 4 . 8 •* * *  

Residual 247 1 g .  5 540 . 0  g 1 9 . 8  

Bre ed of 6 
dam x year 8 . 4 NS 4 3 1 . 1  NS g 2 1  . 8NS 

Breed of d am 1 0  x s ire 
1 g .  5 NS 76g . 5 NS 1 2 6 1  . 2NS 

Re s idual 23 1 1 g .  8 53 2 . 9  go5 . 0  



TABLE 4 . 7  Con tinue d 

( b )  Stat ion 2 

S ource o f  
varia t ion 

Year 

Bre e d  o f  d am 

Month of 
b irth 

Age of dam 

Sex 

S ire 

Res idual 

Bre ed of 
d am x year 

Bre e d of 
dam x s ire 

Re s idual 

-If- = 

oh(· = 

:t -Ji- ·X- = 

Degrees . of 
fre e d om 

3 

3 

2 

9 ·  

5 97 

3 

9 

584 

p < 0 . 0 5  

p < o.  0 1  

P< O o  001 

Mean Square 

Birth Weaning 
�re ight weight 

1 84 1 • 3 * * * 1 01 7 6 . 8 '*'** 

7 . 7 NS 1 8970 . 5 ** * 

4 98 . 2 )(-* * 2 1 9 1 1 . 4 * * * 

63 . 8  NS 94 6 6 . 8** * 

1 200 • 6 k ·i Ht·  4 7 4 0 5 . 3 ,;. -.( . .  .* 

1 6 1  • 5 ·:.- -:.t--..:- 1 7 5 6 . 6 * *  

2 9 . 0 6 28 . 5  

1 6 .  8 NS 997 . 0  NS 

3 5 . 6  NS 37 1  • 1 NS 

28 . 9 6 2 8 . 7 

NS = Non-significant . 
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• 

1 8-Nonth 
weight 

1 6001 9 • 5 * ·I H 

1 5 1 8 . 2  NS 

27754 . 9 1t·lt- it-

3 509 . 4 '* 

1 732 93 • 3 * ··H· 

3 4 6 3 . 2 * * * 

93 6 .  1 

607 . 6 NS 

728 . 4  NS 

94 2 o  1 
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TABLE �� . 8 Effe c ts of S i r e  �d Br e e d  o f  DBm on Birth 

"!e ight . \veani ng \vei.P-"ht ;=md 18-rnonth wej,-··bt 
( deviation from Stqtion menns in kg) � 

( a )  S tn.tion 1 

General Mean 

llif: 

2 
3 

4 

5 
,. 
0 

Br e e d  o f  d <3...'1l 

Brahma.n 

-t - Brahman 

..2._ Br. , ru� : I ll .t; c... "�-

n 

6 5  

54 

26  

29 
43 
4 7  

96 

1 02 

GC 

Birth 
vle ight 

0 .  1 1  
- 1  • 1 8  

- 1  • 1 6 

0 . 94 
o .  6 1  

0 . 6 9  

-0 . 78 

-0 . 02 

8 . 80 

'deaning 
we ieht 

-0 . 78 

1 • 1 6 

- 1 1 . 6 2  

6 . 22 

-0 . 3 9  

5 . 4 1 

-4 . 1 9  

3 . 1 8  

1 .  0 1  

1 8-month 
vre ight 

-3 . 60 

3 . 6 9 

-27 . 1 4  

7 . 5 4 

2 .  1 6 

1 7 . 3 5 

-2 . 3 5 

3 . 4 2 

- 1 . 07 



T A BL� 4 . 8  c o n t inued 

( b ) 0 ta.t i on 2 

Genc ::.·:-:t l L G:...t.Yl 

�� ir e 

2 
7 

I -

4 
:::; 
6 

7 

8 

9 
1 0  

Breed o f  dom 

-}-Brahman 

n 

6 1 7 

6 1  

6 1  

60 
52 

44 
64 
G1  

63 

68 

83 

3 6 0 

2 57 

Bi rth 
I·Ie ight 

3 0 . 5±2 . 0 

- 0 . 5 9 

- 0 . 54 

1 • 24 
- 1 . 3 2 

- 2 . 50 

o .  2 1  

- ·j . 3 9  

0 . 4 2  

1 . 3 2  

3 . 1 4 

o .  2 1  

-0 . 2 1  

. .  e 8.n ing 
\·I e ight 

1 8 1  • D±2. 0 

-0 . 5 6 

- 1 . 02 

- 1 . 94 

-3 . 1 5 

- 1 0 . 88 

3 . 23 

-0 . 3 1  

0 r -- . o ) 

5 . 4 5 

9 . 80 

- 5 . 57 

5 . 5 7 

1 84 

1 8 -r::on th 
H e ight 

278 . 1 ±2 . 0 

- 0 . 73 

1 . 00 

-0 . 23 

- 6 . 87 

-7 . 73 

2 . 78 

- ) . 0 2 

-7 . 04 

5 . 9 6  

1 5 . 87 

-0 . 60 

0 . 60  

Based  on Least square s cons tants derived from 

Model 2 ( see  section 3 . 2 . 1 ( ii ) ) .  

n =Number of records . 
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4 . 3  r-1 a t e rn::tl F e rforman ce of N.rruni ,  Brar.unan and 

C ro s s bred Cmrs . 

Stnt ion 

The mean s 1uare s  pr e s en t ed in Table 4 . 9a ind ic a t e  that 

s ex , y� c.. r o:l b irth o f  c<..t l f , e O  vi age , and. br e e d  o f  cow al l 

h�d a h ighly s i t:Sn i fi� 2..nt e ffe c t  o n  the \'/e ight o f  calf 

weaned . Trel irr.inary anc.lys e s  sho\r e d  that the int e ra c t i ons 

of ye a r  x bre ed , year x aee , bre ed x age and year x age x 

b re ed vrere al l non-s igni fi c ant . 

T a b l e  4 . 1 0 p re s en t s t he e s timat e d  l eas t s �uar e s  means 

for the ef fe ct o f  bre e d  of c ov.T on vre ight of c a l f  w e ane d . 

Th is table i nd ic a t e s  signi fic ant ( P< 0 . 0 1 ) d i ff e renc es 

b e twe en the pur ebred and cro s sbre d  cows i n  this trait . T he 

w e ight o f  cs.l f 1ve aned by the half-bred covrs  Has 26 . 5 kg and 

1 2 .  0 kg heavi e r ( P<. 0 .  0 1 ) than t hat o f  the Nguni and Brahman 

cows , re spectively ind ic at ing advantage s f o r  F1 cows of 

1 7  and 7 perc ent in we i ght o f  calf w eaned . The t-bred c ows  

w e re 1 5  and 6 perc ent sup eri or to the Nguni and Brahman 

c Ovl S re srl e ct i v ely , i n  vre i ght o f  cal f vre ane d . The re were n o  

s igl'l i fi cant dii'f e r e nc e s  b etHe e n  the +- Brahman ( 1 83 . 1  kg ) 

and the 1-Bra:C.unan ( 1 80 . 5 kg ) c ovJ s . Among the straightbreds , . 

the lveight of  calf weane d by the Nguni ( 1 5 6 . 58 kg ) was 

signi fi cantly light er than tha t of the Brahman ( 1 7 1 . 1  kg ) c ows . 

M ilk yield i s  the ma in component of t he maternal abil ity 

of  the bre eding c ow ( Pres ton and Willis , 1 974 , Bis hop et  al , 

1 975 ) .  The d if fe renc es in ma te rnal perfo rmance bet1veen the 
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s traightbred and c r o s s b re d  cov.r s  indi cated by the s e  re sul ts 

are expecte d to be la rgely due t o  m ilk yi e ld d iffe renc e s . 

The se diffe renc es have been found t o  be a s s o c iat e d  1-T i th 

mat e rnal he t erosis  ( Mas on , 1 96 6 ,  Pre s t on and Willis , 1 974 ) .  

Bis hop e t  al ( 1 97 5 )  s tated t hu t  an increas e in weaning 

�re ight o f  3 to 6 perc ent due to he tero s is can be expe c t e d  

from t he time F1 femal e s  ente r a bre eding h erd , and that 

inc reas e s  of  20 to 30 perc ent can be expected  if the 

c r o s s inB br e ed is a dairy or dual-purpos e ty pe with h igher 

milk r·roduc ti on . The results obtai:..'le d  here also shm1 

marke d inc reas e s  in \vean ing ·we i ght due to us ing cro s sbred 

C O'i·l S . 

The results  ind ic ated tha t the s t raightbre d Brahmans 

had a 9 J:.: e rc ent advant age over t:he pure Nguni s in -v:e i ght 

o f  c alf vT ea.n ed , sugge s ting t ha t  Bra:hmans are sur-eri o r  to 

Ngunis  in mo th e rin g ab i lity . Le s s  e ncouraging thoueh are 

the indicat ions tha t  t he Bra.hman bre ed has a lo\ver 

c alvir.g rat e  tha.n mo s t  ind igenous bre eds of S outhern 

Afr ic a  ( APRU , 1 978 ) . The review by I res ton and �illis 
( 1 974 ) als0 indic Ftt e d that Brahmans have a po o re r  

re produc t ive p e rfo ::cmanc e than m o s t  breeds . Unfortunately 

the re  i s  no published in f(· rmat i on on the repro duc t iv e 

pe rfo r·manc e of the Brahman c ompare d to. the Ngun i in 

Swaz iland , but , report s by Mahad evan ( 1 964 ) and 

Butt e r1vorth and Pre s sw o o d  ( 1 978 ) have indicated that the 

c alving rate of the Nguni is high , espe cially und e r  go od 

management . 



TABLE 4 . 9  Analys i s  o f  Va ri anc e for We ight o f  

C al f  Wean e d . 

( a ) St a t ion 

S ourc e  of D e grees o f  r1 e an Square s  
var i a t ion fre e d om 

Sex 3 3 974 . 6  * •* * 

Year 3 6203 . 1 * ..... * 

C o w-ace 2 2 6 7 1  • 5 * ·.IH(-

C ow-bre ed 3 1 54 03 . 9  * "* *  

Re s idual 4 48 699 . 3 

N o t e : Ye n r  x b re e d , year x age , bre e d  x age and 

year x aee x b re e d inte rac t ion s w ere all 
non-signifj_cant . 

( b )  Stn tion 2 

S o ur c e  o f  Degre es of  
var in t i on fre ed om 

S ex 

Year 

Year x age 

Year x breed 

Residual 

3 

') 

2 

6 

6 

8 6 1  

l\1ean S r"J_ua.re 

48854 . 5  * * *  

23 1 2 9 . 7  ·lHt- *  

1 1  787 . )  * •* *  

60 1 9 6 . 3 -� · .,..- -k 

. 1 5 97 . 6  * � -;.;-

2 6 2 1  • 2 1Hh<· 

7 58 . 3 

Note : Bre e d  x age and ye ar x age x bre ed inte rac t i ons 

were non-s ignificant . 

·* ** = P< 0. 001 • 
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TABLH 4 . 1 0 Lea s t  8 :1uare s  �·� e :=J. n s  c:J.2:ld �J tc:�ndard J; :c r o rs 

Ere t::d 

Ucuni 

Br3.hrnetn 

1 Br·' '  man 2- ' . .  1 1.... J . 

., B , 4 - rc:u1man 

a , b , c , d  

fo r the :Bffe c t  of Bre e d  o f  C m-r on 

�eight o f  Cal f V ea� ed - S ta t i cn 1 

lveight o f  Calf ,\' e aned ( kg) 

'1 72 . 8 � 1 . 4 

1 5 6 . 6  ±. 2 . 5 a 

1 7 1  • 1 2 . 4 
b 

± 

1 83 . 1 ± 2 . 7  c 

1 80 . 5 3 . 0 c 
.::!:. 

:tV;e a ns Hi t :hin the s ame c o lumn w i t h  

d i ff e r e�t suf e r s c ri p t s  di ffe r 

s ignificu.ntly ( P...:::. 0 .  01  ) • 



4 . 3 . 2  S tati on 2 .  

T he analys i s  of variance r e sults (Table  4 . 9b ) 

indi cute tha t  s ex ,  ye ar , cow-age , breed of cow , and the 

interac tions o f  year x age and yeLLr x bre ed all had a 

hic;hly s ic-r. i fi c ant effe c t  on iveiGht of calf w eaned . 

rre l iminary analyses  s hm.; e d  th::;.t bre ed x age u.nd ye.::.r x 

age x breed int e rac t ions were non-sign :;.ficant . The 

es timated l eas t s quares m e nns for the e ffect  of bre e d  x 

year interac tion on i"I'G i ght of calf weaned are pre s en t e d  

in Table 4 • 1 1 • 

1 89 

I t  i s  apparent from Table 4 . 1 1  that the diffe renc e s  

in v.:e i e;ht o f  culf wec..ned between the IJguni and +-Brahman 
cows \vere s ignificant ( P� 0 .  0 1  ) in all but one year 

( year 4 ) , during 1'rhi ch the 'vleight of calf weaned by the 

Nguni cows mat e d  t o  Brahman s ire s ( 1 78 . 1 1 kg )  was not 

s ib'Tiificantly different from tha t of the t-Brahmu.n c ows 

( 1 7 6 . 1 0kg ) . O therwis e ,  the half-breds pe rformed 

significantly b e tter than the Nguni cov1 s  and t he w eight 

of calf weaned by the Nguni c ous nursing s traightbred 

calve:.> was l ow er ' 1'< 0 . 0 1 )  than that o f  the .Nguni co ·lfs 

nurs ing cros sbre d  calves in all years . 

T he weight o f  calf weaned by the· -}-Brahman cows was , 

on average , 1 3 . 8  kg high er than t ha t  of th e Nguni c ow s  

bred t o  the same breed o f  sire ( Brahman ) , indicat ing an 

average advant age of 8 pe rcent f o r  the cro s sbr e d  cows . 

An average advantage of 2 5  per c ent ( 3 9 . 9 kg ) for the 
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a. , o , c  

l e a s t Squ:::tr e s  I :e::m s :tr.d Standard :2rro rs for the Effect  

o f  Br e ed x Ye 3. r  I n t e ra c t i on o n  -;; e igh t of Calf -. ieaned 

- ..., t a t ion 2 

'd e ight of Ca l f  i:i eaned (kg) 
Ger.. e ral Iv:ean = 1 7 9 .  1 + 1 • 5 

Year 
2 3 

� .. 1 8  7 ' 1 4  1 3.  I I • � I  • 1 6 6 . 6±4 . 6a 
1 5 7 . 7±4 . 2a 

1 9 2 . 9±3 . 2 b 1 80 . 7=.,2 . 7b 1 8 1 . 3±2 . 6b 

2 1 0 . 5±4 . 2 c 200 . 0±3 · 3 c 2 0 1  . 5±3 . 1 c  

I:guni c o ·,vs mut e d  t o  tJguni s ir e s . 

�·ie·;uni co ·ds ::::;.a t e d  t o  P.ral:E::!8.11 s ir e s . 

4 

1 "" 5 6 · �  7a 
J • 1:,.) . 

1 78 . 1 ±4 . 0b 

1 7 6 . 1 ±3 . 8b 

r·Tean 

1 57 . 1 ±4 . 0 

1 83 . 2±1 . 6  

1 97 . 0±1 - 7  

�-Ie :lr.. s 1 ri  t h in t he :; ace c o lUJ:m �·: i th d i ff e r e nt s u; er z c ri p t s  diffe r 

s ignifi c an t ly ( .P<  0 .  0 1  ) • 
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crossbred c ow s  c ompared t o  the  Nguni c ows bred t o  Nguni 

bulls is ind i cated by the results  of this s tudy .  Nas on 

( 1 966 ) not ed that the full benefit  of cros s breeding 

was not  reached until t he F1 cow was used for bre eding ,  

when she appeared superior to a s traightbred by 1 0  to 
1 5  pe rcent in weaning we ight of calf.  Cundiff ( 1 970 )  

indi cated advantages for cros sbred cows o f  5 .  6�� in 

calf weaning weight . 

I t  is important t o  note that the weight of calf 

weaned by the Nguni c ovls bred to produc e cro s s bred c alve s 

-vras s ign i ficantly higher than t hat of the Nguni cows 

bred to  produc e s traightbred calv es in all years . The 

differences in Heit;ht of calf wean ed between the se lrguni 

c ows are re flections of bre ed o f  s ire effe c t s  rather 

than maternal genetic e ffe ct s .  These re sults  indi cate 

tho.t cross ing Nguni C C \v S  to Brar.unan sires increased the 

weaning weight of ·  calv e s  by about 1 7  percent . 



4 . 4  Heritability, Gene tic  and fheno typic Corre lations 

and Repeatab i l i ty E s t ima t e s . 

4 . 4 . 1 Haritab il ity estimat es . 

Es tima tes  of the he ritability of birth,  weaning , 

and 1 8-month weight for each s taticn are present ed  in 

Table 4 . 1 2 . Es t imates o f  each trait , pooled acros s 

s tati ons ,  are als o  indicated in the same table . These  

e s tima tes l i e  generally t owards the l ower end o f  the 

range of V3.lues reported by many v1orkers in t he 

literature ( s ee T able 2 . 4  to 2 . 7 ) . 

The her i tability e s t imat e s  of  b irth weight have 

vari ed from 0 . 09 ( W illis et al , 1 97 2 ) to 0 . 7 5  (Mehta 

et al , 1 972 ) in the rep orts of cat tle raised und e r  

tropical and sub-tropical c ond itions . The e s t imat e  o f  

0 . 06 obtaine d in s ta tion 1 falls out s ide thi s range . 

How ever , the valUG o f  0 . 2 9  o bt ained in s tation 2 is  

approximat ely in l ine with o ther estimate s  reporte d  
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by Lombard ( 1 963 ) ,  '.I' rail et al ( 1 97 1  b ) , Baharin and 

Beilharz ( 1 975 ) ,  Harricharan e t  al ( 1 97 6 )  and Gho sh et  al 

( 1 978 ) in o ther Z e bu and crossbred cat tle . I t  is 

also comparable to the me dian value of 0 . 34 obtained 

by Pres t on and ivil li s ( 1 974 ) . This e s timate ( 0 . 2 9 )  

suggests that birth we ight ha s  a medium heritab ility , 

indicating the scope of gene tic change for this t rait . 

However ,  s e le ct ion for high b irth weight is not 

desirable be caus e of its clo s e  ass ociation with dystocia · 
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TABLE 4 . 1 2  LS t imates  and S t andard Erro rs for 

Herit::1.bility of Birth V/e ight.  \·l ean ing 

Weight, and 1 8-�on th We ight . 

Heri tability Es timate 
T r:1 i t  S tation 1 S tat ion 2 Pooled 

Birth v.Teight 0 . 06±0 . 1 0  0 . 2 9±0 . 1 5  0 . 1 3±0 . 08 

Uean i nt5 weight 0 . 09±0 . 1 2  0 . 1 2±0 . 08 o .  1 1 ,:t0 .  07 

1 8-month \·Te ight 0 . 53±0 . 34 0 . 1 8±0 . 1 1  0 . 2 1 ,:t0 . 1 0  
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( Pres t on and Willi s ,  1 974 ) . 

Es t imat e s  of the he ritability of w eaning we ight v1ere 

very l ow in both s tations ( 0 . 09 and 0 . 1 2 ) .  Comparable 

e s tim� t e s  were obtained by O sman and Rizgalla ( 1 968 ) in 

Sudan and T rail e t  al ( 1 97 1 b )  in \1/e s t ern Ugo.nda. O therwis e ,  

most of the rep orted herit abili ty e s t imates  o f  wean ing 

weight are medium in magnitude ( Table 2. 6 ) .  

In · s ta t ion 1 ,  the heritability e s tima t e  of 1 8-month 

weight Has high ( 0 . 53 ) , indicating t hat sele c ti on for thi s  

trait w ould b e  moderately effec t ive in improving it . 

The e s t imat e  of 0 . 53 for the he ri tability o f  1 8-month 

He ight is comparable v.rith mos t values in the literatur e . 

For ins tanc e ,  Dunn e t  al ( 1 970 ) found a value o f  0 . 5 6 for 

the he ri tab ility o f  5 50-day weight in cros sbred cat tle 

and Hino j o s a  and S egura ( 1 980 ) obtained an e s tima te o f  

0 . 5 1  for the he ritability o f  4 1 4 -day weight in Brahman 

cattle rais ed only on na tural pas tures .  Mahad evan and 

Marpl e s  ( 1 9 6 1 ) and Stobbs ( 1 9 6 6 )  also found relat ively 

high e s tima tes f or the heritability of p o s t -weaning 

\veight s in Z ebu c attle . A rela t ively l ow es timate of 

the he ritability of 1 8-month weight was ob tained in 

s tati on 2 ( 0 . 1 8 ) .  In W e s tern Uganda , Trail et al ( 1 97 1 b )  

found a value of 0 . 1 1  for t he her i tab 'ili ty of this 

trait in cros s bred cattl e .  

The general ly low heritability e s tima tes obtained 

in this stud y  may be attribut e d  t o  various factor s .  

According t o  Robertson ( 1 9 59 ) , the accuracy o f  t he 



pat e rnal hal f - s ib me thod is d e� end ent on : 

( a ) The num b e r  o f  d e gre e s  of fre edom for 

s ir e s , 

( b ) the ab s e n c e  o f  envi ro nmental c o rrel 2 t i on 3  

b e twe en h�l f- s ib �  r e l�t ive t o  non-rc l�ted 
indi�ridual s , 

( c ) t�e a bs en c e  o f  s e le c t i on b e t we e n  s ires 

and 

( d ) the number o f  pro geny p e r  s ire ( the l e a s t  

irr p o 1·t2.nt ) . 
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The d e gre e s  of fre e d om for s i r e s  vr e r e  very srnall at 

b o t h  s t � t i ons ( 5  and 9 )  and the s ir e s  us e d  r e p re s ented 

a ra the r s -: le c t  gr ::mp . The u s e  o f  unc orr e c t e d  d a t a  

rni zht hav e  also c ontribu t ed t o  the l o H e r  e s tima t e s  s in c e  

i t  h& s b e en f o"'.l!' .. d tha t tmad j us t e d  data giv e l 0 1v e r  e s  t ima.. t e s  

t han d a ta which hdve b e en c orre c t ed for the ma j o r non­
�en e t i c  fac t o rs ( rat t ie e t  al , 1 97 0 ,  S e i fe rt , 1 97 5b ,  

Barlov: , 1 9 78 ) .  Fu�the rmore , he r i tabil i t y  e s t ima t e s  bas ed 

upon hal f - s i b  c or re l a t i on s  a re sub j e ct to c ons ide rable 

e rr o r  b e cc:..us e an erro r in the c o effi c i e n t  i s  n:ul t i}:l ie d 

f our-f o ld in t he e s t imat es ( Cart e r  and Kincaid , 1 959 ) .  

The relat i vely large s tandard e rrors o f  the her i t ab i l i t y  

e s t ima t e s  obtained i n  this exe r c i s e are a l s o  due t o  

large sampling errors be c aus e of the smal l  numb e r  o f  

animals involved . 

Heritability e s t imat e s  o f  birth and w eaning we ight 

obta ined in s ta t i on 1 were l ow e r  than t ho se calcula ted 



from s ta t i on 2 d a t a .  Lower heritab ility e s tima t e s  at 

early ages sugge s t  tha t  the expre s s ion of gene s  might 
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b e  masked by ma t e rnal enviro nment coupled w ith o the r 

non-gene t i c  fa c t or s .  I t  Hill be n o t e d  that in s ta t i o n  2 ,  

Hhe re tile effe c t  o f  breed o :f  d 3lll. on b irth w e ight 1-.ra s n on­

s ignif icant ( Table 4 . 7b ) , a r e � s onable e s t ima te o f  0 . 2 9  

was obtaine d for thi s  t ra it .  In s tation 1 , t he effe c t s  

o f  br e ed o f  d�un o n  b irth and Ht.:aning He ight v1ere highly 

signific ant and s ir e s  had a non-s igni fi cant e ff e c t  on 

the se :rre-�veaning trai t s .  Trail et al ( 1 971 b )  n o t e d  t hat 

growth t o  �veaning , e s pe cial ly unde r fairly har s h  range 

c ond i t i ons , is very sub j e ct to ma t ernal influences , and 

that calf geno type effe c t s  may be mas lced t o  a great 

degre e .  

T he magnitude of the heritability estimate o f  

1 8-month we ight was l ow e r  i n  s t at i on 2 ( 0 . 1 8 ) t han in 

s t at i on 1 ( 0 . 53 ), s ugge st ing that t he general enviroment al 

cond i t i ons may have be en more s eve re in the former s tation.  

Howeve r ,  since half-s ib e s t imates are greatly influenced 

by the gene t i c  d iffe renc e s  among the sires involved , 

the v�s t  difference be tw e en the s e  values may be due to 

the fact that variation in 1 8-month weight due to  s ires 

was larger in s tation 1 t han in s tation 2 ( see  Table 4 . 8 ) . 

The variance components ( s e e  Append ix III ) also indicated 

relatively larger components for sires in station 1 

( 1 40 . 3 9 )  than s tation 2 ( 43 . 33 ) for 1 8-month weight . 
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4 . 4 . 2  Gene ti c ::�.nd pheno typi c c o rrelnti ons. 

Es t ima t e s  of the gen e ti c  an d r hen o typ i c  co rre l a t i on 

c o e ffi c i e n t s  b e tl'l e en the t ro. i  t s  are pre s en t e d in Table 4 . 1 3 . 

I t  w� s no t ; o s s ib le t o  e s t im� t e  ge ne t i c  c orre l a t i on s  

from s t� t i on 3 da t � . 

I n  s t 8 t ion 1 ,  t h e  cen c t l 8  c o rro l � t i on� b e tw e en b ir th 

H e i s;ht <m d Hc:; niric -.,; e ight , b i r t h  ·. i e icht and 1 3 -month 

H e ight , a:1.d H e:J.!-:! inc:; r; nd 1 8-rr. on t h  u e i ght , uere 0 . 6 9  ± 0 . 5 9 ,  

0 . 7 5  ± 0 . 5 1  and 1 . 2 1 ± 0 . 25 ,  re s p 8 c t ively. Es t imu t e s fo r 

the CGne t i c c o rrel a t i on b e tvre e1: the re spe c t iv e  t ra it s \ve re 

1 . 1 1 i. 0 . 1 2 , 1 . 0 5  ±. 0 . 1 0  and 1 . 02  + 0 . 08 in stati on 2 .  
T h e s e  Vi..!.l·J. e s  i ndi c2. t e a very high p o o i  t i  v e  a s s o cL�. ti on 

b e t�·re en t he ·:r e ight s , sugee s t in.;:; t h::.:.t gene s Hhi c h  are 

re s p o n b ib l e  f or e a r l y b o dy w e i ght are a l s o  r e s p o n s i b l e  fo r 

b o dy \·; e i gh t  ;_ t s ub s e ;uent n.ce s . Ho \·; evc r , mos t o f  the 

e s tir.::..t tes ·Here [:.T e:-::. t e r· thqn 1 and hu.ve laree s tan<lard 

e r ro r s , mak ing them o f  l i t t le value . For ins tan c e , the 

s t andard e rror values of 0 . 2 5  t o  0 . 59 as s o ciat ed w it h 

t he e s t imu t e s  from s tat ion 1 \·!Ould ind i ca t e  caut i o n  in 

putt ing c om p l e t e  t ru3t in t h e s e  e s t imat e s .  I t  has be en 

o b s e rv e d  t ha t e s tima t e s of ecme t ic c o rrela t i ons are 

sub j e ct to large r s ampl ing erro r than are herit ability 

e s t im::.t t e s b3.s ed on the same number o f  an imal s ( B3.rlou , 

1 9 78 , Warw i ck e t  al , 1 979 ) .  



TABLE 4 . 1 3  E s t imat e s  of the Gene t ic and Pheno typic 
C orrelat ion b e h'leen W e ights .qt Birth, 

Weanine. a nd 1 8-month.  

( a )  G t :� t ion 1 

'I' r2. i t  C o r�el<� ti or. 

Bir t h  u eight Gene -t i c : 
I heno typic : 

·,.; e 8.n:..ng He ight G e ne t i c : 
I'hen-:; typi c :  

( b )  S k  .. t i on 2 

Birth �I e ight Gene t i c : 
:i henoty1� i c : 

W ean inc � 0 icht G en e t i c : 
I'heno tyric : 

( c )  ;:_; t : � t i cr ... 3 

Pheno typi c : 

il e ,·m ing -...:e  i�ht Fhe n o ty pie : 

( d )  l o oled £ s t i ma t e s  

Birth i'l eight Ge ne t ic : 
Fhenotypi c :  

vJ ean ing we i cht Gen e t ic : 
J:hen o ty J,;i c : 

I • ' 
'' e ::,:r.. J r.g 
�� e igl1 � 

0 . 69+ 0 . 5 9  
0 . 4 9-

1 .. 1 1  +0 . 1 2 
0 . 2 2-

0 . 08 

1 • 08+0 . 1 2 
0 . 27±0 . 02 

1 8 -m on t h  
w e ight 

O .  7 5-rO . 5 1  
0 . 3 7 -

1 . 2 1 +0 . 2 5 
o . G8-

1 . 02+ 0 . 08 
0 . 6 5-

o . oo 

0 . 74 

1 • 03+0 . 1 0 
0 . 2 1 +0 . 02 

0 . 92+0 . 07 
0 . 67±:0 . 02 
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Othervli se , the fact that the gene ti c c o rrelati on 

c o e ff i c ien t s  o b t a ine d in b o th s t c  ... t i o ns v1e re cl l p o s it ive 

sh ould sufiic e i� inJi c & t in� t h 2 t  s e le c t i on f o r  any o f  

the s e  tr::Ll. t s  shoul.d r e tTu.l t i n  c o rrelat e d  iDI:> rovuue nt in 

the o the rs . :Iigh pos itive gene t i c  c o rrelati onG bet�een 

b od.y ·,: e ight s in cat t l e hav2 b een l'epo :ct ecl by vn. rious 
• '  + l· • ·  ( �: � � c:-- ·1· 1"1 • · ' d ' I ' ll ·' -, ' 0 7 1  1 ) ,, . .. 1 T 1 9r7 Q )  -� L... V lC rs J: :r -.;: ·- v O . .  ...: . .n . .  l l .:,  ' I ..;1 ' 'T , .LU . .J. c ;/ ' . I ...... • Gen e t i c  

c o r-r<,; L:. t i cn. vc..:.lul;)s rn.n5inc; from 0 .  8 2  t o  1 • 0 4  b e h :e en b ir t h  

8.nd \·r eafl ing 1·1eight ha v e  b e en r ep o r t e d by Berrue cos and 

Ho t i ::.: or� ( 1 9 68 ) , Tr�il e t  &1 ( 1 97 1 b ) , Heyns ( 1 9 77 ) and 

Govj_r..d�i�Lh and S i.:ngh ( 1 980 ) . Trail et al ( 1 9 7 1 b )  CLnd 

S e i f e rt ( 1 97 5b ) obta ined high value s of t h e  gene t i c 

ccrre L�ti on b e h1 e e n  b irth and 1 8-month 'VI' eight ( 0 . 8 1  and 

0 .  5 9 , res _f·c c t iv ely ) . T he r e sult s o f  the s e lat ter  u.ut ho rs 

and t llo G e  of £'r<...tn c o i s e  et a l  ( 1 973 ) al s o  indi c:.tt e d a v e ry 

hieh gene t i c  c o r re la t i on b e t v; e e n  1v eaning vr e ight c...nd 

1 8-r:,cn th w a i eht ( 0 .  6 1  t o  0 .  9 5 ) .  

The pheno typic c o rrela t ion between b irth and w e an ing 

weight <�ere 0 . 4 9  and 0 . 22 in s tations 1 and 2 ,  r e s pe c t ively 

and e s Jc im.e:t t e s  c f  0 .  3 7  and 0 . 2 1  b e t w e en birth and 1 8-month 

vre ieLt \v ere o b t a ined for the r e spe ct ive s ta t i ons . The s e  

c orrelati cns ind ic at e that vari at i on in birth w e ight 

ac counted for  24 and 1 4  per c ent o f  t'he variat ion in weaning 

and 1 8-month He ight , r e s pe c t iv ely in s tation 1 .  In 

station 2 ,  the variation .in birth weight ac count ed for 

o nly 5 and 4 p er cent respe ctively , of the variati on in 

weaning and 1 8-mont h  '\-T eight . 
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T he c o rr e lat ion c o e ffic ients obtained in the s e  

two  s tat i ons are more or le s s  s imilar to t h o s e  re port ed 

in t h e  l i te rature . Naud e ( 1 9 6 5 )  found a phenotypic 

c crre lQtion c o e ffici ent o f  0 . 42 between b irth and w eaning 

we ight in Ngui1i cattl e . Value s o f  0 . 34 ( T rail et al , 

1 9 7 1  b ) , 0 .  2 7  ( Seifert , 1 975b ) , 0 .  2 1  (Heyns , 1 977 ) and 

0 . 2 5  ( Govindaiah and S ingh ,  1 980 ) for the phenotypi c 

c orrelati on be tw· e en b irth and H e an ing \v ei ght have been 

o b t a ined in s tud ie s  invo lving other tro pical and 

subt ropical c a t tl e .  The correlati on c o e ff i c i e n t  for 

b i r t h  and 1 8-month wei ght appe ar to be gene rally l o w e r  

than. thos e for birth and \·l eaning we ight , ind icating a 

cl o s e r as s o c i a t i on be tw e en t he pre -weaning grow th trai t s  

d ue t o  c o mmon environment al influenc e s  ( mainly mat e rnal ) . 

Govindaiah and S ingh ( ·1 980 ) no ted that the magnitud e  

o f  the pheno t ypic as s o c iati on betwe en birth wei eht 

and po st -lfeanin'g we ight s \ve re not s igni fican tly d i fferent 

from zero . They found a pheno t;y pic c o rrela t i on 

co e fficient o f  0.  05 between birth and 1 8-month vleight . 

In s tati on 3 ,  the pheno ty pic corre lati on s  between 

birth Height and -v; eanine -vreight ( 0 . 08 )  and b irth we ight 

and 1 8-mon th w eight ( 0 . 00 )  were essent ially zero , 

ind i cat ing t ha t the re -vra s  no as s o ciation between b irth 

weight and lat er weight s .  S inc e genes res pons ible for 

pre-natal growth are al s o  res ponsible f or post-natal 

growth ( C hapt e r  2 ) , t he low co efficients o btained he re 

might be r efl e ctions of a strong negat iv e  enviro nmental 



201  

corre lat i on between pre- and pos t-natal growth at this 

s tation . I··Ios t  of the C O \oiG t rans ferred from the o t her ranc he s 

t o  s tat ion 3 and thos e �ur chased from various source s  were 

in calf w hen the y j o ined the bre ed ing he rd . Thus , the dams 

of the ma j ority o f  calv e s  b orn in s tati on 3 w ere in the 

main expos ed t o  different environmental condit i ons during 

the ge s t at i on period and a ft erward s . This may have 

contribut ed to a s trong negat ive environment al correlati on 

between b irth vre i ght , Hhi c h  i s  a me asure of pre -natal grow t h, 

and lat e r  vl e ight . 

The pheno typic cor relati on c o e ff i c ie n t s  b e t w e en weaning 

and ·1 8-mon th v; e i c:;ht Here fa irly high and. posi tive , sugge s ting 

a clo s e  associ ati on between the H eaning ( 2 1 0 d ays ) we ight 

and 1 8-lllonth 'i¥e ight of calv es . The value s o f  0 . 68 , 0 . 6 5  an d  

0 . 74 o bta ined fo r the pheno t ypic c o rrelat i on b e t w e en weaning 

and 1 8-month lle ight in s tat i ons 1 , 2 and 3 ,  res pe ct ively , 

ind i c at e  tha t  var i a t i on in wean ing H e ight a ccount ed for 

46 , 42  and 5 5  percent o f  the variat ion in 1 8-month vre ight 

at t he re spe ctive stations . 

4 . 4 . 3 Repeatability e s t imat e s . 

The int ra-clas s c orrelation repeat ab il i ty e stimate s  

of \veu.ning we ight o f  calf a s  a trait o f  the dam are 

pre s ent e d  in Table 4 . 1 4  for e ach bre e d  of d am .  

Repeatab ility e s t imate s  were 0. 24+0. 1 2 , 0 . 27±0 . 1 3 , 

0. 25±0 . 1 1  and 0 . 3 9±0 . 1 3  for the Nguni , Brahman , t-Brahman 

and �-Brahman dams , respe c t ively. The se e st ima t e s  fall 
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� s t i�at e s  o f  Weipht of C alf Weaned -

.Stat i on 
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Breed l!o . o f  C m; s  r�e p e at ::t b il i t y  e s t imat e  

Ne;u.ni 5 0  0 . 24 ± 0 . 1 2 

3 rC1.hmu.n 68 0 . 27 :L 0 . 1 3  

1-Br: :..r.Jn< .. t.n 4 2  o .  2 5  + o .  1 1 

f-Brabrr.ml 57 0 . 3 9  + o . . , 3  

FiG�re s  in pare nthe s e s  indic a t e  t o t al 

number of re c ords . 

( 1 1 4 ) -<-

( 1 24 )  

( 1 1 5 )  

( 1 02 ) 
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within the range o f  value s r epo rt ed in the lit erature 

( Table 2 . 1 3 ) . They are , h.ovr ever , low e r  than the e stima t e s  

obtaine d in Ugan da ( 0 . 3 9  - 0 . 47 ) by Trail e t  u. l  ( 1 97 1 b ) 

and z�:u:,bia ( 0 .  46  - 0 . 6 2 ) by Thorpe et  al ( 1 980a ) , us ing 

the sume me thod o f  e s t ima tion . !Jeverthe le s s , they d o  

ind i ca t e thnt t h e  we ight o f  culf wean e d  i s  a mod e ra tely 

rep e a t �ble c harac t 8 r ,  s ugge s t ing t hat a eo� weaning a 

he�vy c<-:..1±' is l ike ly to d o  s e  t hrou[;h out i t c  lif e t ime . 

I n  s t �t�on 2 the rere �tabi l i ty e s t ima tes w e r e  cow�ut ed 

by t he regress ion t e chnique . Tabl e 4 . 1 5  pre sents the s e  

e s tim<:ttes  for e 2 ch bre ed o �  d .:..m . The regre s si on 

coeffic ients on the diagonal refer t o  re cords VThi ch are 

s e parat e d  by one ye a r .  The o ff diagonal e s t imat e s  are 

s e pL ra t e d  by t w o  or more y ears . 

I t  is apparent from Tabl e 4 . 1 5 t hat the re were no 

cons is t e nt diffe renc e s  betw een the e s t imat es obt ained at 

the different d egre e s o f  ad j acencie s . The trend for 

repeatabi lity e st imates t o  d e cr e a s e  a s  the degre e o f  

ad j acency increased no ted by Cunningham and Henders on 

( 1 9 6 5 ) , Boston e t  a l  ( 1 970 ) and Vanmiddle swo rth e t  a l  

( 1 977 ) was  n o t  indicated by the s e  re sult s , pos sibly 

be caus e of the smal l numbe r  of pairs involved .  Also 

some o f  the e s t ima t es were ne gat ive , presumably becaus e  

of t he r el at ively small number o f  pairs involved.  
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TA:D:::..;:; 4 . 1 5  :Lte .c-re s s -i on i1ece8.t�b i l ity �s t lmat •3S o f  ':! e ight o.f G n l f  ".'l e an e d  
co�puted from f a irs o f  �e c o rd s  o f  D i f fe re n� D errr e a s  o f  
1\.djac ency 1nd from =: o w s  of -:: iffe r e n t  �\,p;e s . 

( a )  Nguni cmv- s . 

Age o f  Age of dam ( s e c ond r e c o rd ) 
d ::u:1 ( f ir s t  
re c ord ) 3 4 5 r· 0 7 8 9 1 0+ 

') .?..e p e e1 t ab i l i t y 0 . 3 1  -0 . 1 8  '-
I a i r s  o f  r e c o rd s H 3  1 ·t 

-:<: .1e,-peat3.bility 0 .  1 2 o . 1 2 0 . 07 .I 
� airs o£ r e c o rds 20 1 3 1 2 

t1;- Re p eat nb i l it y 0 .  2 1  0 . 4 6 -0 . 0 1 
P a ir s  o f  r e c o r d s  3 1 3 4  1 2 

5 .:te peat ;;_b i l i  ty 0 . 3 0  . .  o .  23 
Iair::; of re c or d s  3 4  1 5 

6 Re p e 9. t 3.b i l i ty 0 . 52  0 . 38 -0 . 2 0 
Fairs o f  re c ords 3 0  1 0 5 

7 R e p e a tab i l ity 0 . 78 -0 . 1 2  
Fairs o :f  re c o rd s  1 4  9 

8 Re pe atab i l i ty C . 38  0 . 40 
Fairs o f  r e cords 1 5 9 

9 Re _r; a n. t ab il i t y  0 . 33 
lairs of re c o rds 9 
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TABLE 4 . 1 5  C ont inued 

( b ) + - Brahman c oivs . 

Age o f  
dam ( first 

re c o rd )  

2 Repeatability 
Fairs of rec ords 

3 Rep eatability 
F airs of re cords 

4 Repeatab ility 
Fairs of re c ords 

5 Repeatab ility 
Fairs o f  r e c ords 

6 Re peatability 
Fairs of r e c o rd s  

7 Repeatability 
Fairs of r e c ord s  

8 Repeatability 
Pairs of rec ords 

Age 

3 4 

0 . 24 0 . 08 
9 8 

0 . 40 
38  

of dam ( s ec ond r e c o rd ) 
5 6 7 8 9 

1 . 3 6 
5 

0 . 1 9  -0 . 0 5 
40 1 5 

0 . 09 -0 . 1 3  o .  5 1 
3 4 1 8  5 

0 . 1 0  -0. 20 
22 4 

-0 . 22 -0 . 1 2  0 . 5 6 
9 5 4 

0 . 4 9" 0 . 44 
4 3 

0 . 1 8  
4 



TABLE 4 . 1 6  

Bre ed 

�--Dr · thm::::.n 

Bo t h  br e ed s  

/ 

Po o l e d  Regre s s i on Repe a t a b i l ity 

E&t irna t e s  o f  \ ·/ e igh t of · c8.lf 1!lec-:wed -

S t n. t i on 2 

Ho . l.' airs 

3 04 

2 2 7  

5 3 1 

Repeat:.:tbility 

0 . 2 9  ±. 0 . 1 7  

0 . 1 9  ± 0 . 28 

0 . 2 4 ±. 0 . 1 5  

206 
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Be caus e the re were no diffe reilc e s  in e s timates among 

the l evels of separati on ( s ee Table 4 . 1 5 ) ,  all es timat e s  

were t hen pooled within and acro ss breeds . T h e  re sult ing 

po ole d  e s timat e s  ( Table 4 . 1 6 )  sho vr value s of  0 . 2 9  and 0 . 1 9  

for the re peatabil i ty o f  ·we ight of calf weaned for the 

Nguni and -1--Drahman dam s , respe c tively . The pooled es timat e 

fo r the two breeds was 0 . 24 .  The s e  e s timates  are in cl ose 

agre ement with thos e obtained in s tation 1 using the 

intra - c lass corr e lat ion technique and they als o  fall 

wi thin the range o f  values report ed in the li terature . 

The r egr e s s ion e s timates of re peatab ility are said t o  be 

unbias e d  and not affected  by s e l e c t i on based  on earlie r  

re cords ( Curnow , 1 96 1  ) . Howeve r ,  bias due t o  s election 

of dam s  for superior moth ering ab il i ty should be minimal 

even in the int ra -clas s c o rr el�tion es timates be caus e 

virtually all culling c arr ie d out a t  each station was 

fo r po or fertility , di s ease , or old age . The magnitude 

of the r epeatab il i ty estimates obtaine d in thi s s tudy i s  

medium , indic ating that s e le c tion f o r  high-pro ducing 

cows c an  be prac t iced early in the ir produc t iv e life .  

4 . 5 T he Associat ion Be tween 1 4- and 1 8-month we ight . 

Inve stigati on of  the feasib ility of changing the 

perfo rmanc e te s t  age of bre e d ing s to ck from 1 8-months 

t o  1 4-months warrant e d  the e s timat ion of the heritab il i ty 

o f  the se pos t-weaning we ight s and th e gene t i c  and 

pheno typic c o rrelat ion s  be tween the m .  The re sults are 
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pre sented in Table 4 . 1 7 . I t  is impo rtant t o  no te that 

the s e  es timates are ba sed on fewer obs ervati ons than tho se  

o bta ine d in the previ ous se c t ions . Howeve r , the degre e s  

o f  fre edom for s ires were the sawe in all analyse s . 

The her it ab ility of 1 4 - and 1 8-month weight , 

re s p e c t iv e l y , were 0 . 1 9  ± 0 . 1 7  an d 0 . 5 6  ± 0 . 3 0  in 

s tation l .  Es tima te s of 0 . 07 ± 0 . 09 and 0 . 1 9  ± 0 . 1 5  

were obtaine d for the resfe ctiv e traits in s ta t ion 2 .  

The se value s ind icate tha t  1 8-month we ight is more 

her it able than 1 4 -mon th weight . 

Es t imat e s  of the gone tic  co rre lations we re above unity 

and ha d  large s tand.ard erro rs at b o th s ta t ions , due t o  

large s ampling error be caus e of the smal l number o f  

o bs e rvat ions . However , the J:Os itive es tima te s are 

ind ic�tions that , d e s p it e  large sampling e rror s ,  

cro wth at both age s was c on t rolled by many of t he same 

gene s .  High po sit ive gene ti c c orrela t ions be twe en 

va ri ous pos t -wean ing -v;eight s have been report e d  in the 

literature ( s e e  Tab le 2 . 1 2 ) .  

The pheno typ i c  c or rel�t ion c o e ffic ient s b e tween 

1 4 - and 1 8-month H eight \ve re C .  5 9  and 0 .  5 1  in s tati ons 

and 2 ,  r e s pe c tively , indi cating t hat 1 4-month weight 

ac count ed for 3 5  and 26 perc ent of the variation in 

1 8-month wei ght at the respe ctive s tations . The s e  

co rrelations sugges t  that animals ranking high in 

1 4-month wei ght are l ikely t o  rank high in 1 8-month 

-vre ight . 
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T ABLE 4 . 1 7  Es t ima tes  of  the Her i t a b i l i ty and the 

Gene ti c and Pbenotypic C orrelc.�. tions 

be tw e e n  1 4- and 1 8-m onth weights . 

He ritabil itv C orre lat ion 

1 4 -m onth 1 8-month Gene t i c  lheno typic 
-vre ie-ht H e ir;ht 

St::;.t i on 0 . 1 9±0 . 1 7  0 . 5 6±0 . 30 1 . 1 5±0 . 74 0 . 5 9  

Stati on 2 0 . 07±0 . 09 0 . 1 9±0 . 1 5  1 . 30±0 . 43 o .  5 1  

F ooled 0 . 1 0±0 . 08 0 . 27±0 . 1 3  1 . 1 9,:t0 . 3 7 0 . 5 5.±,0 . 0 5 



The feasibil ity o f  using 1 4 -month vle i ght a s  ;ln 

alt e rnativ e  s ele c t ion crit e ri on for 1 8-month weight 

( indirect s e l e c t io n )  in t h is s tudy may b e  as s e s s e d  by 

2 1 0 

c ons id e ring t he gene t i c  c orrelati on be twe en 1 4- and 1 8-

month l'i'e i ght s and the he ri to.b i l i  tie s of the s e  t r::...i t s  

( Falconer , 1 96 0 , Searle , 1 96 5 , Pircm1er , 1 9 6 9 ) .  ,, 
.tl. 

h iE;h g eYJ. e t i c  c o rrelat i on ind i c c.� t e s  t hat , on averLJ.c;e , 

an animal s e le c t ed a s  h�v ing hi gh gene t i c  merit f e r  the 

al t e rn:.1 ti ve t r:-�i t Hill be h iGh in cene ti c rne ri t fo r 

the bas i c  t r�it . The r elative e ffi ciency of the d ir e c t  

and iri.d ir e c t  me thod o f  s ele c t io n  i n  terms of gene t i c  

ga 1.n ,  cu.n b e  comr..ared by Cal cula t ing the ratio o f  the 

whe re , 

Ll C I  
ll GD 

= 
rg 

Ll GI and A GD is the gain by indir e c t and dir e c t  

s e l e c t i on ,  re s p e c t i v e ly , 

rg is the gene t ic c o rreld t i on betw e e n  1 4 - and 1 8-
montn weight s , and 

h4. 4 0-day and h5 4 0-day 
is the s ctuare r o o t  of the 

her i � 8bility of t he al t ernativ e ( 1 4-month w eight ) and 

be:..s i c  ( 1 8-month w e igh t )  t rait , r e s pe c t ively .  

Indire ct s e le c t ion ( d isregarding husbandry and e c onomic 

c ons id e ra t i ons ) ,  Hill only be mor e  effe c t ive than dire ct 

s e l e c tion i f  r g i s  high and h4 4 0-day > h540-day ( Sear l e , 

1 96 5 , Turner and Young, 1 96 9 ) .  It is apparent from 
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Table 4 . 1 7  "tha t t he r3.t i o  o f  ( g2.in in 1 8-Illonth i-·7e igh"'c 

und e r  indir e c t  s el e c tion f o r  1 4 -ra8r:th l·reight ) to ( gain 

in 1 E. -month •re ig:t.t \)_nder d ir e c t  s ele ctie:n ) ;;·;o-c.ld be 

s�b j e c t  to c ons iderable  � n � ertainty s i n c e  e a �h of the 

an d t he gene t i c  cc rr e le:. "t i o n  e s tirr.a t e  is grec: t e r  th:1n 1 .  

The he r i t a b i l � t y  o f  1 8 -�onth w ei ght ( 0 . 27 )  a� � e �� s t o  

t e  r::;J.c :!: t7e :.: t e  r t�:::.n "t£.a t 

us e d  a s  a s el e c t � cn cri� c rio� . 

( I)  A "\ \ \ v o l \..: , , 

t o  1·. o t e  that s el e c t i\.J!'l :or 1 4 -n..onth "t!eight i·rou l d  be 

G. i s r, o s e d  o :f  e arl i c; �  K ::i. t h ou t  c c s � ly ca in t enanc e . 

I :::d.�re c t  s e le c "c i c-r- on 1 4 -ilicnth -,.; e i gl:.: · • .-ot�ld al s o  

l ower th e g s � s �a t ion i :::� e rval , tt�s in�reasinG t�e 

a��ual ra t e  o :f  gene t i c  gain ( Palccner , 1 9 6 0 , r�r� er 
1 C >=:d"\  I ..1 '-' v ) • 
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C H A I T E .R F I V E 

C OIWLUDING DI SCUSSI ON. 

This s "b�G.y 1-;as und e r tC;.ken priru�.�iJ..y t o  coiJpa re the 

growth EtL.d rr.at sr::zl j: er:'orn2.n c e c:f the I:gt;.ni a..11.d cro s sb re d  

c a t tle i n  the 3 w a z il::md ·]cve rnrr.ent t::::- e e ding s ta ti c r..s . 

l. c co rd in g  t o  r evi eHs o f  re s e arcl� en gro�.- t �  o f  c s t tle in 

'1 o r �  � � '" ' l 1 073 '\ � t ; " .: o ll .:;. O J , r. u. �  e ,  o ::;  1 , - _ ...., '.. � 

e s tabl ishe d  that the growt h  abi l i ty o f  the s traight b r e d  

Ng.;ni is relatively lov: . I t  i s  thus r e as om::.tle t o  ex:;::·e c t  

a n  incre 8. s e d grm.; th :r o t ent ic.l i n  tl:e }:;:!:'u ge::;y- of i:-gun i  

cro s s e d  t o  othe r  bre e d s  1-: i th high e;rcw t h  rc::.t e s . :'he 

rre s en t 1·: orl: has s no v:-n rer:P�::::-kab l e  ili:rrove:::- er� t in 

gro·v:tt� r e rf o rr::J anc e due t o  cro s s  breedir:g t:!:J.e ITgun i s  with 

th e exo t ic Bra�ans and Simment als . � he sup e rio ri ty of 

the cro s sb r e d s  ove r the r-;·guni s ranged froill 

1 0  t o  2 9  pe ::.� c en t a t  w eaning and 1 0  to  3 4  r: erc er:t a t  

1 8-cont�s . I n c re a s e s  cf 1 0  t c  23  �e rc er: t  i n  �e aning 

i·: e ight a.nd 8 to 2 2  r er c e :-�t in 1 8 -:::::o�-th 1-.; e i ght i·: e r e  

c b t a.ined t y  cros s ing th e l�guni co�·.-s -(;it:: the ::::: rr.r.:e ntc..l 

s ire s . I t  -was als o  f ound that the s t raight bred Brar.mans 

and S irnmenta.l s are S"t;.peri o r  in livev,reight t o  the 

s traight bred lrgur..i s . The advantage of the cros sbreds 

may be due to addi t ive gene e ffe c t s  as well as 

he tero ti c e f:e ct s . 
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There is  no e v i d e n� c  from J·w·aziland on the V:J.lue o f  

cros s bre e ding f or in c r e a s ing tiw produc t ivi ty of beef 

cat tle , bu t s ev e ral exp erim ent s carried out in some 

o t!:..e .c S ol.At!:J. e rr.. "':.. fr i c an S tn t e s  have s hovm subs tantial 

imp roveme nt in a number of  pr oduc t ive t re::. it s  ( T r::1.il 

et :.:..1 1 977 , AIBU , 1 978 , Thorpe et al , 1 97 9 ,  1 980 a , b ) .  

S inc e e arly s exual ma turi ty , vrh i ch in t urn d epends to 

a lr.:.rge ex -c en t  en body ·\/ e ight , is us e ful in female 

prog8ny r e taine d as he rd r e p la c em ent s , c ros s bre eding 

s houlJ helf to impro v e  r e pr oduc tiv e effi c iency by 

rGJi..lcincZ the t ime fo r the fer:;al e s  to reach pub e rty . 
In tho c�se  of mal e s , the �dvaLt age of supe ri o r  growth 

to 1 2 -;.uon t hs rr:eans th.:1. t the 2.nimal s Hill re :..:.ch 

ac c c :�:- t ::::.ble w e ight f o r  slaught e r  at a younge r age vihen 

t he c, .. r c a s s  ha s a gre :1t c r pro :portion of the de s ire d 

1 e �n HJ eat re la t iv e  t o  fat ( Pre s t or ... and 11 illis , 1 Y74 ) . 

The l ive-vl e i ght advantages for Br::..hman and S imment al 

c ro s s e s  vi i t h  the Hg-uni also sugge s t  that carcass 

w e ight advantages will o c cur with cro ss e s  sired by 

the s e  exo t i c  bre eds . I n  Zamb i a , Thorp e  e t a l  ( 1 9 7 9 ) 

follild t hat the us e o f  exo t i c  bre e d s  for crossbre eding 

11as cle arly advant ageous in gro w th and carcass 

:productior.. . The cro s s b red progeny "'>>'"ere supe ri or t o  the 

Angoni , Bar ot se , and Boran s t raightbreds in the i r  s tudy , 

giving on ave rage + 1 9 ,  + 1 6 ,  and + 1 4 percent more 

carcass , re spe ct ively . 



I t  has be en es t�blis hed that cross breeding offers a 

rapid means of imrroving ms.t e rnal abili ty and t ha t  t hi s  

w ill apply even t o  bre e d s  which d iffe r l i tt l e  in this 

t rai-c ( Cund::i..ff , 1 970 , I re s t o n  and. .. il l i s , 1 974 , Bis ho p , 

1 975 ) . T he ; re s en t  s tud�r h<;..s found thc.t cro s s br ed c o·t: s 

have u su; 0 :c i. o r  �a t e rnal 1: e r fonr.;:;.n c e t o  s t retight br e d s . 

Eulf-b re d  c ow s  w e re 8 to 25 r e rc eL t  be tt e r t h tn 

s t ru.ie;r. t bre d �T;-u.n i c c \I s  il1 ·.v e i gnt of c al f  ,,r e an e d  in t he 

1n·es 8 n t  s tu<ly . S tud i e s  in Bo t swanu. ( AIRU , 1 978 ) ,  
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Ucan<l;:.� ( So.cb;r e t  c:.l , 1 97 1 b , c )  <J.nd Zambia ( Thorpe e t  nl , 

1 960 u , b )  h�ve all cle a rly indi cat ed the superi ori ty 

o f  c r o s sbred dam s  t o  s t ra ight b reds in reproduc tive 

p erfcrwanc e  �nd ma t e rnal ab i l i t y . 

Inve s ti g�t i ons o n  t he p o t en t i a l  ro le of the current ly 

r e c ouur. e nd e d  bre e d s  and the r esu.l t unt c ro s s br e ds in b e e f  

c a t t l a  produc t i on improveme L t  in Swaz i l and are s till 

c ont inuing , and f ind ings pr e s en t e d here are d efini t ely 

prov i s i c.nal . Fur th e r  c omparis ons R.re ne eded t o  

s ubsta.nt iate the r e sul ts o f  the rres ent s tudy . There 

are indi ca t i ons that a cris s-c ro s s sys tem involving 

BrahmCll1 8.nd Nguni cat tl e might be valuab le . I nve s t igati ons 

on a thre e-uay cros s sys tem 1v-hereby S immental bull s are 

mated to Brahman x Nguni F1 CO viS are und e rway in 

s tation 2 and it is hoped that preliminary re sult s on 

the growth pe rformanc e of the three-bre ed progeny will 

s o on be available . The us e o f  first-cro s s , small-size d  
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dat1s m a t e d  t o  l arge s ire br eeds could incre a s e  cow 

slaught e r  pro duc t ivity and e ffi c i e ncy , through he t e ro si s 

for daru re produc t ive and ma t e rnal ab il i tie s , c;.nd for 

c alf SQ.cvival and grov; th ( D i c k e r s on , 1 973 , C und i f f , 

1 980 ) . 

I t  may be ro int ed out , ho w ev e r , that growth pe rformance 

o f  anh1als is by no m e ans the only criterion by \vh i c h  the 

?O t en t i&l of vari ous br e e d s  for c r o s sbre e d ing wi t h  the 

I\;-uni , :i S  H 8 ll ::w the ir ul t irnate us age in cros sbre eding 

s y;:;; t e1:.s , c<-[l be &valu.J t e d .  Jhil e t he re su.l t s  o f  this 

s tudy l.Lj., ve ;:;l1 u.\ ::: large adv2.n tQ.ges in gro //th pe rformu.nce 

l' e sul t inc; frulll cros sbre e dinG' , final recommendations on 

i n t e r -bre e d  s e le c t i o n  and c r o a s bre ed ing mus t c o n s id er 

all lJh�-�s e s  o f  the p ro duc t i on cyc le . r{enn i e  e t  al ( 1 977 ) 

huve s � c-;m thu t low reproduc t ive r;e r forman c e and IT.i.l. t ernal 

abili ty �re the main fa c tor s that d e pre s s  productivi ty 

of cu. t t l e  in Botsvrc..na . 'l' he r el<-�.t ively s up e rior mat e rnal 

perio rwan.c e of t ilE. (!ros sbred c m...- s to the s traightbre d  

Fguni , llralUIJan , and S immr:m tal , ind ic a t ed b y  the pr e s ent 

fihdi n�s should be ver ified in sub s e quent s tudi e s . 

C omparat ive mo r tali ty ra t e s , r el a t ive re produc tive 

e f f i c iEmcie s , and l ife t ime rro duc t ivi ties o f  s traightbre d 

and c ro s s bre d pro geny mus t al l be c ons idere d . 

There are indicat ions tha t  S immental-sired pro geny 

are b e t t er than Brahman- s i re d pro geny in growth t o  
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1 8-months o f  age . S imilar find irJ.gs were repo rt e d by the 

AJJRU ( 1 978 ) in Bo t sHan a . Le s s  enc ouraging though is the 

fa c t  thu t l arge s ire bre e d s  t end t o  caus e more calving 

difficulties  than small er b� e e d s , mainly becaus s t he 

calves are he avi e r  at b i:c th ( l're s t on and ', iil l i s , 1 974 , 

Smith e t  <.: l , 1 976 ) . In the }:·r e s ent s tudy , S iln.raen t c.l­

s ire d calvei3  �i a re on ave rag-a 27 and 38 pe rc en t he ::1v i e r  

at b irth t han t ho s e  s ired by t h e  Bro.hman and :Jguni , 

respe c t ive ly . I t  may thus be n e c e s s ary t o  inve s t i ga t e  

the in.:: idenc e of dys t o cia e s r e c ially in s tation 3 Hhe r e  

the r e  la t iv cly small lJguni c o 1-.r s c.t. re m& t e d  t o  the large 

S irn.rnE:nt al s ire s .  The fert ility o f  cows i s  d e trimen tally 

affe c "t e d  by· dy s t oc i a and t he pl�o duc t i on of heavy calve s 

( Las ter  e t  al , 1 97 3 , Smith e t  o.l , 1 97 6 ,  Barlow , 1 978 ) . 

In S outh Africa , howeve r ,  J o�bert  e t  al ( 1 977 ) o b s e rved 

thei t the inc id enc e  of dys t o ci a  i·ra s  no t ve ry high w t.e n  

Sinur; en tal s  "•rere mat e d  t o  t he ind ieenous b.fri c and e r mainly 

be caus e A fri cander c ows are e a s y  c alvers . 

It has be en found in the pr e s ent s tudy that the 

intera c t i on be tH e e n  br e ed and ye ar was impo rtant in 

s tat ions 2 an d 3 ,  sugges ting that comparison of the 

bre e ds and cros ses  for grow th •vould be more dependable 

i f  ba s e d on d ata c ollected over many years . Some reasons 

for the d ifferent ial respons e s  of the bre eds and crosses  

to year e ffects in s tation 3 were dis cus sed in 

Chapte r 4 .  However , there i s  a need for more de tailed 

inve s t igat ions as t o  the cause o f  the int erac tions at 

• 



b o th s tations . 

The pre s ent inves t ig� t iun r� s al so reveale d that 

s ire x bre e d of dam interac tions 1v-ere non-s igni fi c ant , 

sugge s ting thu t progeny t e s ting of sires 1i i t hin 
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cro s sbred po�ulat i o�s w ould be us effec t ive as evulu�t ing 

s ir e s  on the ba s i s of � t ru i gh t b r e cl pro geny . The s e  

find ir:gs ha.vc iulr-o:ctunt prac t i cal implica ti ons in progeny 

t e s t ing of D ir e s  where the br e e ding herd involve s 

s traightbred and crossbred cow s . 

The r e sul t s  on the b1flue n c e  o f  environmental 

fac t ors on the growth t r n i t s  showe d tha t weight re c o rds 

need to be c o rre c t e d  f or e ff e c t s  d ue t o  ye ar , s ex ,  

month o f  b ir th , and age of claw , t o  enDure an ac cura t e  

cor:::par i s o n  b e h;e e n and 'within bre e d s . The mos t important 

fac t or which effie rged �nd may b e  c ontrolled  to a c er tain 

ex tent by manager:q.ent 1·1ns t he influen ce of month of b irth 

on calf growth from b irth t o  1 8  months of age . Calves 

b o rn during the las t mont h  of the 4 -month calv ing 

season were 1 2  to 1 8  perc ent and 8 to 1 2  percent light e r  

t har.�. earl i er-b o rn calves a t  Heaning and 1 8-months , 

re spe ctively . The he avi e s t  animals at 1 8-months o f  

age w ere tho s e b orn in October and November i n  s ta tions 

1 and 2 ,  and S e p tember and October in s tat ion 3 . A 

need t o  have a more c ompact calving season i s  ind i cated 

by these re sult s ,  and , regulati on o f  the bre eding 

seas on t o  preven t  cows from calving after November 
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would avo i d the unfavourable c ons e quenc i e s  o f  s e as onal 

variation on calves b orn after that time . 

An impo rtan t o b j e c t iv e of be e f  cattl e bre e d ing 

r e u e ar ch is the e s timat i on o f  gene tic int e rrel a ti onships 

of imr o rtant trai t s in o rd e r  that s el e c tion indic e s 

:p e rr:J.i t t ing max imum rrogr e s s  may be c on s tru c t e d .  

Eeri tab ili ty , in add i t i on to be ing an im_r or te.nt :f2. c t or 

in the }: redic t ic n  o:f gene t i c  ; re gr e s s ,  d. e t e rr;.ine s the 

rel i ability of the rhen otyp i c  v:.::.lu.e as an irJ.d i ca t o :::· of 

t:O.e individual ' s  b r e e d ing va.lue ( .?c.lcone r ,  1 9 60 ) .  :::. inc e 

r::ass s e le c t i on -; '11 b e e f  c;;. -c t.:Le ba s  rec ent ly be en la1.:.n ched 

on a n.c::t t i c nc::tl ba s is in S1·mz iland , a d e fin i t e  ne e d  e x i s t s  

:for e s t icate s o f  gene t i c  para�e t er s  �p� l i cable to l o c al 

In t h e  1: re s ent '.�ork ::ws t c f  the gen e t i c  

c c rrela t ion e s  t :..ma. "c e s  e.xc e e d e d  ·u.ni t y  s.:nd had r e  le. ti v e l y  

high s tandard e rrors . �he r o ol e d  i� r i t ati�ity e s ti�at e s  

c f  0 .  1 3 '  0 .  1 1  sn d  0 .  2 1  f e r  c :..r t£. , · . ..-e c.n2.ng ' 2-nd 1 S -wO!lth 

re po rt ed in t r�e l i t e ratur e , �·:ar t ly b e c::l:.:.s s �:.:i::..s r c  vi c :r· s  

:ew sir e s inv o lve d and r c s s ib2.,y ce cc.us e they are b a s e d  

on a rela tively s�all set of da ta . The he r i t ab ili ty 

e s timat e  o f  0 .  5 3  for 1 8-:r::o!lti:'l i·Ieic;�t o b t c-:.ir...:d in 

s tat ion 1 i s , howeve r , com ;arable w it:O. m o s t re po rt ed 

value s and it sugge s t s  t ha t  c on s id e rable ;rogre s s  c an  

be mad e  f o r  t �i s  e c on om i c ally irr.portant trait through 

mass s ele c tion. The re are indications that the 
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he r it ab i li ty o f  -r; e an ing weieht is much l ovre r  than _ that 

of 1 8-month 'lfe ight , sue;ge s t i ng tha t  in order t o  achieve a 

reas onable 2ili1 0unt o f  gen et ic p rogre s s , the s e le c t i on 

p :r·o �r:J.Jilll1.e shoul d giv e  mo re emrhrr s i s  on 1 8-mont h  \·r e i ght . 

Fur therino:r·c , de s ir e d imp r ov ement in weaning ·He ight is t o  be 

ex r; e c t e d whe n s e le c ting for 1 8-rr.onth \v ei gh t  be cause of the 

high een e ti c c orre lations be twe en these t ra i t s . The 

p heno typ i c c o rr e l a ti on e s timd t e s  b etwe en weaning and 1 8-month 

\.ve i c;ht o b t a i ne d  in thi s  study ind ica te tha t  vl eaning weight 

a c c oun t e d  fo r 4 2  to 5 5  pe r c ent of t he va ria ti on in 1 8-month 

'iiei6ht . l\'l o re 1:J U :ck is r e •1 ui r e d  t o  d e t ermine I<The ther vr ean ing 

wei ght mny b e  a us e ful c r i t e rion fo r r r e l iminary culling 

durinc s eve r·e years . 

I t  is w ell known th� t the e con omi c wo � t h  o f  a be e f  

c o w  i s  d e t e rffiina d b y  he r a b i l i t y  t o  con sis t en tly w e an 

he2.vy c<:Llves . S eve rc-;.1 imp o r tnnt pra c t i cul ·�ue s ti ons 

are inv o lve d in conside ring the rep e a t �bi l i t y o f  c o 11 

r e r fo r��nc e w i t h  re s pe c t t o  grow th rate o f  c alve s t o  

1-rea.r1ing . Arnone the se are t he ex t ent to \vh ich the 

growth rate of t h e  fir s t  cal f is a p ermanen t chara c t eri s t i c  

o f  t h e  c mv ,  and the amount o f  cull int; tha t  c a n  safe ly 

be done on t he ba.sis o f  the fir s t  calf pro duc e d . The 

pre s e n t s t udy j_nd icn t e s tha t c o '..r s weaning heavy c alv e s  :1re 

l ikely t G  do s o  in futur e crops and vice ve rs a , s ugge s t ing 

that s e l e c t i on for high-pr oduc ing c ow s  can be pract i c e d  
' 

e arly in the ir product ive l if e . The re p ea t abil i ty 

es tima t e s  of -..·r e ight of calf w eane d obta in e d  in t his 

inves t igation ar e  me dium in magn itude ( 0 . 24 to 0 . 39 ) .  
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The pre s ent study also  inves tigated the feas ibility 

of  changing the current age at \-rhic h  animals are 

pc:rforoance  tested  for e;ro1tJth in the Gove rnmen t 

b re ed ing s t n ti ons ( 54 0  days ) t o  1 4  months of age ( 440 days ) .  

S e l e c t ing bul ls anJ he ife rs on the ir ad j us t ed 5 4 0-day 

HC iL:ht hu.::.; _t:re s en t;e;d s ome n.:t.:r: :lcc r i al problems in th· ::.t i t  

has n o t  b e en fe as ibl e  f o r  the DI U t o  c;enerate an d  distribute 

the s e l a c t ion li s t ings ( s ee S e ction 3 . 1  . 1 ) t o  the 

bre eding s t a t i ons e :.:.rl y enot1 Gh t o  enal.Jle the r::;.nch rr.u.n az;e rs 

to cv.ll Ul".tde s irable animal s b e fo re the dry 1dnt er s e a so n .  

Se l a c t i or� for 1 4 -month vreight , on the o the r hand , uoul d 
muke i t  �o� s ibl o for s e le c t ion d e cisi ons t o  be made 

b e fore t h e  be �inn inc o f  f-'..Utumn e a c h  year instead o f  in 

July or 1�ugus t and b e l 0 1v average an imals would , the refore , 

be  d i�posed  of b e fo r e  the H i n t e r  fe e d  sho r tage . The 

find iae;s presented he re , ind i c a t e  that an i mals sup e rio r 

f o r  1 4 -month H e i ght are l ike ly t o  b e  sup e rio r for 1 8-

rnonth H e ight and · vi c e  ve r s a , sugge s ting t hat the re vroul d  

b e  negligibl e d ifferences in t he rating of  animals at 

tho s e  t\-TO age s . Selec tion fo r 1 4 -month weight would also  

be expected t o  result in correlat ed improveme nt in 

1 8-month v:e ight be cau s e  o f  t he p o s i tive gene t i c C O.!'re la t i on 

b e twe en the s e  Heights . The he ritability of 1 4 -month weight 

( 0 . 1 0 ) appears to be much lower than · that of 1 8-month 

weight ( 0 .  27 ) .  However ,  i t  w·as not pos sible to as sess  

the relative e ffi ciency o f  indirec t  sele ction fo r 1 4-month 

weight t o  d ir ect selec tion for 1 8-month weight be cause 

the gene ti c parameter es timat es were unreliable . 
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Additi onal inve s ti gati ons are n e e d e d  t o  subs tant i a t e  

the r e sul ts obtained b efore any d e ci s ions may b e  rnad e g 
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Year 

1 97 4/7 5  

1 975/76 

AJ?PENDIX I 

�,: ont hly ::l nd 3.rLllU8. l  rai nfall 

data (rr.m )  f o r  the thre e 

bre ed ing s t at i on s during the 

pe r� od 1 974 - 1 978 .  

I1'I onth T-1 p i s i  LovNeld 

Oc t o be r  34 . 4  24 . 3  

I�ov . 

De c �  

Jan . 
Feb . 

L:;.r . 

.I :.pr . 
I'·: ay 
June 

July 
1�ug . 
N ..L-.::> e :r  v .  

T ot al 

Oct . 

Nov . 

De c .  

Jan . 
Feb . 

I·,Iar . 

Apr. 

r�ay 

June 

July 

Aug . 

S ept . 

Total 

1 22 . 9  

2 5 1 . 5  
1 8 1 . 0 

23 1 . 0 

1 6 7 . 5 
6 6 . 5 

5 5 . 5  

2 . 0  
I\il 

5 . 0  

J':Til 

1 1 1 7 . 3  

6 2 . 5 

1 63 . 5 
93 . 5  
52 . 5  

1 5 5 . 0  
7 5 . 5 

9 . 0 

2 . 0  

Nil 

Nil 
1 2 . 0  

34 . 0  

659 . 5 

53 . 5 
1 3 9 . 0 
1 1  6 . 0 

62 . 4 

3 7 . 6  

Z. 7 . 2 

1 2 . 8 

l�il 

lTil 
3 . 0 

2 . 4 

478 . 2 

89 . 0 

1 2 1  • 5 
7 5 . 5 

82 . 9 

1 70 . 3 

78 . 1  

1 3 . 6  

1 5 .  5 

4 . 5  

Nil 

6 . 5 

5 6 . 9  

7 1 4 . 3  

24 6 

liighveld 

53 . 5  

1 53 . 5 
1 7 9 . 0 

94 . 0  

2 1 5 . 5 
94 . 5  
87 . 5 

4 5 . 5  

l(i l 
5 . 5 

I�il 
Hil 

9 2 8 . 5 

1 00 . 0 

83 . 5  

58 . 5  

72 . 0  

1 6 1  • 5 

98 . 0 

3 0 . 5 

4 . 0  

l'Til 

Nil 

Nil 

1 07 . 5 

7 1 5 . 5 
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App endix I ( c on tinue d ) 

Year r-J. or.. th r�pi s i  low-veld High veld 

O c t .  40 . 5  Nil 1 1  • 0 

�\Yov .  7 5 . 5 38 . 0  1 68 . 5 
De c .  1 5 9 .  5 26 . 4  4 1 . 5  

J an .  79 - 4 9 9 . 9 273• 5 

?eb . 3 9 . 2  60 . 0  1 24 . 5 

:f-Iar . 1 1  5 .  0 1 73 . 7  9 6 . 5  
1 9 7 6/ 7 7  �·ipril 3 1 • 0 4 2 . 5 84 . • 0 

I( ay 54 . 9 26 . 7  1 7 .  5 

June ril 1 . 5 ::il 

July 2 1  • 0 20 . 6  22 . 5  
Aug. 6 . 5  !�il 1 4 . 0  

S e pt . 24 . 5  22 . 5  60 . 5 

T o tal 64 6 . 5  5 1 1 • 8 9 1 4- . 0 

C·c t .  1 � E . 0 CE . 0 1 07 . 5 
,� 1·. 0V . -1- 9 . 5  1 4� . 3 1 8 5 . 5  

De c .  4 9 . 1 8 6 .  1 56 . 0  

J :;�n . " ("\ L. o V  74 . 3  1 24 . 0  
?et . "" 2 . 7  78 . 0  c:. . v  

1 977/78 ,. .: ,-... """ 7 6 . 0  1 03 . 0  l' ... �..L. . 

Ap r .  
E2y 1 6 .  0 

June 

July 

i-.ug. 6 5 . 0 1 6 .  0 

Sept . 3 4 . 0  3 6 . 0  47 . 0  

T o t al 3 93 . 6  4 1 1 • 4 73 3 . 0 



APPENDIX I I  

T able 1 : T he d i s tributi o n  of numbe rs o f  o b s erva ti ons 

in e a ch s ub c las s f o r  S t a t i on 1 .  

Ye ars 

Br ee d  2 3 4 ·T o tal 

1Te;uni 1 6 3 1  2 6  3 5 1 08 

.br8 . .C.Jr..:?Jl 1 8  3 5 1 8  C:: l"\ _., v  1 2 1  
-, 

Brar.J!la.n 24 3 1  ':' 0  3 0  1 1 4 4 '- -'  

i+ :Srarillan 1 3 28 1 0 50 1 0 1  

T ot c..l 7 1  1 2 5 83 1 65 444 
r-1 onth b c rn 

U p  t o  S ert . 9 5 8  2 9  4 1 00 

O c t o b e r  24 ' ,.. 2 1  64 1 5 5 !} G  

Novemb e r  29 1 3 26 6 7 1 3 5 

De c e:rr.b e r + 9 8 7 ) 0  54 

D e.m .Age 

2-3 year- o 1 d s  27 34 ') <:  '-- -' 58 1 4 2 

4 - 6  year-olds 27 6 6  4 2  67 20 2 

7+ :leFi. r Z.  1 7 2 5  i S  frO 1 00 

S ex 
:?e:r:.ale 3 2  64 3 8  58 2 2 2  

Eale 3 9 6 1  4 5 7 7  2 2 2  

T ot al 71  1 2 5  8 3  1 65 444 
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'T' able 2 :  The distribution of numbers o f  obs e rvat i ons 

in e 2 ch sub clas s for Station 2 o  

Bre ed Ye a""'s 
2 3 4 T o tal 

Nguni 4 3 6  4 2  5 6  1 38 
1 Brahman 1 3 1 1 1 t1 1 1  9 5 9  4 2 3  2 1 -r  

.. 2 B:rnr..m8.11 68 7 7  8 5  78 3 08 4 

..l .._  Brahman 5 -� 1 3 2 5  47 b . -r 

Total 208 23 1 2 5 9  2 1 8 9 1 6 

r·'l o�th Born 
Up t o  Sept . 5 24 68 1 8 1 1  5 

Oct ob e r 4 6  88 64 64 2 62 

ITov err.b e r  1 C7 5 5 7 9  7 6  3 1 7  

:::le c2n1be r  + 50 6 4  4 8  60 2 2 2  

� a -t al ? f"\ 0  - '-' ---' 2 3 1  2 5 9  2 1 8 9 1  6 

Darn Age 

2 year- o l ds 1 3  2 2  37 4 2  1 1 4 

3 ye ar-olds 3 8  5 5  5 1  3 0  1 74 

4 - 6  years 1 06 77 99 85  3 67 

7+ yea:rs 5 1  77 7 2  �" 1  0 .  2 6 1  

T o t al 208 23 1 2 5 9  2 1 8 9 1  6 

Sex 
Female 1 09 1 1  8 1 27 1 04 4 58 

I(ale 9 9 1 1  3 1 3 2 1 1  4 4 58 

Total 208 23 1 259 2 1 8 91 6 



Table 3 :  The dis tribut i on of numb e rs o f  o b s e rvat i ons 

in each sub cla s s  for S t a t i on 3 . 

Bre e d  

Nguni 

S imment al 
, 3 immen t al 2 

.2 � ·  -'- .,  u liniil en v a...L 4 

-t+ S i� ent al 
1 Bral-u::a.."l 2 

T o t al 

r·1onth Bo .,...n 
t;:p t o  Augus t 
Ser-t er:.b e r  

Cct cbc r 

r:oveffib e r  + 

T o �al 

:9am ,, - �  "o<::: 

2 & 3 �re ar- : l :i s 
A - 6 ,. r -. ,... � C" '"1" • ./ � � � u 

7 + ;:y-e ars 

T o t al 

Sex 
Female 

Eale 

T o t al 

Ye ars 

2 3 

58 50 4 7  

38 5 5  8 9  

1 4  2 1  1 0 

3 8 6 
0 1 4  1 3 

1 5 28 3 

1 28 1 76 1 6 8 

70 57 1 6 

2 5  46  3 5 
I 2 48  62  
2 1  25 5 5  

1 28 1 7 6 1 6 8  

7 1'  :? 6  � 0  ..- v  

68 1 1  3 1 0 6 

30 7. '7  ': ?  ..- I  ..... -

1 28 1 76  1 68 

64 8 5  84 

64  9 1  84 

1 28 1 76 1 6 8 

T o tal 

1 5 5  
1 82 

4 5  
I 7 
2 7  
4 6  

472 

1 43 

1 06 

1 2 2 

1 0 1  

4 '"' ? , ._  

9 6  
287 

8 9  

47 2 

23 3 

23 9 

472 

2 5 0  



( a )  8 -t G!.t icn 1 .  

':-rs.it 

� ·  ; .0 ( " l '. 
� . . ... \ . , 0 . 3 1  

6� e 

H3-r=n= 1 4 0 . 3 9  s : s . s2 
I �  \ 
\ ) )  

( ' ) \ 0 3 t�t i Ci1 2 .  

�re.i t 62 s 6� 
J . : :'  ( 1 \ :. . 27 2 S . C3 ) 

i ;·. · n  { I""\ '\ 1 0 -:<; I c ze o ;4 t/ •• .L , � )  J • ../ 'T  

43 . 33 9 3 6 . 08 
( 3 ) 

APPENDIX III 

( - - ·  - � \ \ .· , , ' .  I lt .. - ( 

6- � 

· � S  

; . ) 8 5 4 . 5 1  

01 2s 6. 2 e I 

{ . ) 9  27 . 6 0  

6j 3's 

1 0 . � 2 

2 51 

s ·: . 6 1  4ss . 0 1  

61 3 e o2 3 s 62 3 e 

3C . 63 

29 . 4 1 48 8 . 04 
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