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m; A l'lE\'1 SlRE I~DEX FGR HILK FRODUC'!'ION 
(K. S. Krishnan, ICAR) 

1. Introduction 

In any scientific programme for improvement of 

dairy cattle greatest attention should be paid to the selection 

of breeding bulls in view of the large number of progenies that 

can be raised by a bull in his life time as eomr:ared to a cow. 

l<ith the adoption of the artificia 1 insemination technique the 

Problem has received added importance as the number of progenies 
\ . 

that can be obtained from a bull by following this technique 

is increased manifold. 

Milk yield being a sex limited character the 

phenotypic expression of vrhich is confined to female sex only, 

selection of bulls on ~t s pa rformance is ruled out. One 

alternative possible is to take as the criterion for selection 

a C'haracter which is highly correlated with milk yield but not 

sex limited. Available evidence seems to indicate little 

possibility of such a character being found. Selection based 

on body conformation is an attempt in this direction and this 

has rarely resulted in bringing about the desired improvement. 

An alternative and more promising method is to base 

tr.e selection of bulls on the performance of his female relatives, 

The performance of the daughters of a bull will be more useful 

in judging its breeding v.orth than that of other female 

relatives since the information provided by the latter are 

limited (Lush 1949). 

An estimate of the breeding worth of a sire is 

termed sire index. Different sire indices have been proposed 

in the past. In the course of extensive ana lysis of breeding 

data undertaken in the Council it has been observed that the 

indices in common use are subject to certain limitations. In 

the present thesis these limitations have been examined an:i a 

sire irdex relatively free from them has been proposed. The 
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relative merits of the new index vis a vis the common ones 

has been empirically demonstrated on the data pertaining to 

helJ. a dozen different herds. 

2. Review of literature 

Ways of estimating a sire's breeding 'WOrth from the 

performance of his progeny have been studied extensively for 

dairy characters. Perhaps the earliest attempt to formulate 

an index expressing the breeding value of a sire was perhap.a 

that of Hansson (1913). The 'Intenre dia te' or 'Equal-Parent' 

index was suggested by Yapp (1925) which r-ests on the assump-
' 

tion that the genetic value of the daugpter is mid-way between 

the average proauction_of dam's and sire's potential transmi­

tting ability. Wright (1931) suggested a modification /over 

the intermediate index, combining information about a bull's 

dam and (m-1) of his full sisters into a single index. 

In order to compare the sires used. in different herds 

Von Patow (1930) and KrUger (1938) have advocated the use of 
el<.l>ressed 

&Xfll'Sseing records~as deviations from the contemporary herd 

average
1 

in order to correct for general environmental conditions 

app~ying for rome herds but not to a~~. This in effect aseum.es 

that all differences between herd averages are environmental. 

This assumption is avoided i-n the 'Regression index' proposed 

by Rice (1944) for the inter-herd com}:ariso ns • The Regression 

index simply regresses the intermediate index halfway back to 

the breed average which is the simple average of all the cows 

of the particular breed under consideration maintained in 

different herds. Berge (1944) suggested a modified index on the 

assumption that the regression coefficient of daugpter on dam 

is of the order of J/8. A method of correcting the individual 

lactation records for the inequality in lactation period was 

suggested and the procedure for calculating the intermediate 

index and its standard error from these records indicated by 

Sukha tme (1944). 
-I-
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3. Intij,_ges in common use and their shortcomings. 

Nearly all the indices proposed for sire evaluation 

are based on simple daughter average or daughter-dam differences 

or a combination of the two. The simple daughter average index 

which lays the emphasis entirely on the former and the interme-

diate index which is simply the daughter average plus the amount 

by which the daughters exceed their dams are the two common 

indices widely in use for sire testing in breeding he-r~ds. 

The simple daughter average index D of a sire is 

defined as 

D = y (1) 

where y is the simple average of its daughters with records. 

The intermediate index I of a sire is defined as 

I = 2 y X ( l.) 

~There y and x are respectively the average of all its 

daughters with records and the average of the dams of these 

daughters. 

Any method of sire evaluation is likely to be affected 

by the culling of female calves and heifers. No satisfactory 

procedure is available for overcoming this defect in the estima­

tion of the sire index. Retention of all female progeny till 

the completion of tbeir first lactation, except for reasons 

of disease or confirmed infertility, is therefore, essential 

for sire evaluation. 

Apart from this common limitation, the simple daughter ave­

rage index does not take into account possible assorf.ive matings 

resulting in unequal average production levels of tbe dams sired 

by different bulls. One limitation of the Inte:nnedia te index is 

that it overcorrects for the differential level of production 

of dams mated to different sires; that is if the set of cows 

mated to a sire is inferior to the average, the index over-estima­

tes the sire 1 s breeding wortb whe r.eas if the dams are above 
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Then ~ .. 
- ·~ = 1\+ ~i. + 'h~ e. .. 

2. + ~a (6) 

If the differences in the milk yield of two daughters which 

is attributable to non-heritable causes are purely of a random 

nature, then ei~ and ei:t' , the env:ironment al deviations 

in the yields of two daughters of the same bull, are uncorrelated 

and the expected value of Q.~a will be the sa~re for the daughters 

of every sire. may be so,defined that this expectation 

E ( e.;.a J is zero • 

With the set up so defined the expected values of the three 

indices may next be examined. 

~·,t-6". Simple daughter average index. 

The simple daughter average index Di of a sire can easily 

be seen to be 

E(eiJ = o 
chance of 

satisfied 

I -

J). = "A· ': f\ ... ~.: + ~ ~ +e._ 
~ .. 

.2.. 

~· - ( 7) 
:: p.,_ + =i + ~.: e..t, 

~ 2: + 

but E ( gi) -:{::- 0 unless every cow has an equal 

being mated to any bull. If this condition is 
cl.e.viaHo'n 

, then the~ introduced by 1~. in 

estimate of 
.2-

the breeding worth of the sire~ is of th e nature of 

a sampling error similar to ei and only lowers the pn;~ cision 

of the estimate. 

In practice these conditions may not be fulfilled on 

account of (i) possible phenotypic assortive mating based on 

milk yield or related characters and (ii) inbreeding which is 

nothing but genotypic assortive mating. Hence in the .further 

development of the theory E(gi) has not been assumed. to be 

necessarily zero but to have a value yi which may or may not be 

equal to zero. The elaugbtel" average i!'ldex is alsQ eeFrelated 

witfi the a-:erage ef theiF dam~ uitA x as is she~a1 'Gel9ll u'llere 
i 
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The daughter average index D1 i_s also correlated 

the average of their 
"' - ~ ;q· 

xi : '~~'' 3 n, 
E(x

1
) : A -\- ""(. • 

E(Di) :: E ( ~~) 

:. E. 1 A+ 

as is shown below 

(~) 

I -

~· +~. - } • ... + e. 
2.. ... 

- A+ E (~o + -(. _ .. 

.... 

- l. 2.. 

:: ~l { <"+ w:_ + ~.:1 -~ +""~{tA+ 3~1.+ e~-c~~~ "-<~£~ ~~· 

= E. L\~~cY~)+~.:.)\t.<i._-"Y;.)+ ~ ~~-E(~~Y+i.:] 

+ ~ v ( ~ t. ' e ~) + c~ v ( & i. " e.) (tJt) 

l 

'l. 'Y\ . ... 

where 6""" '} is the genetic variance in dams, The term in 
- I 

cov ( ~ Q. ) is non-zero :if there is association between ,,o.., 
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the average genotype of the cows mated to a sire and the 

genotype of the ~Zire itself. This term will be positive 

if there is inbreeding or mating of like to like and negative 

if mating of unlike individuals is preferred. Under a system 

of ramdom mating or out-crossing the term will' vanish. 
I -

Cov ( ~ t. , 0 ;. ) is the covariance between the genotyp;le 

of a sire and the deviation in the average production of the dams 

due to environment. When, however, no preferential environment 

is given to the mates of any particular bul-l, this term will 

vanish. 

The term cav ( 'h ,~.) ::1:- 0 if (i) groups of cows of 

different production capa'cities are assigned to different bulls 

and (ii) these groups are given different treatments as regards 

feeding and managen:ent. Similarly the term cov {a.. e..) will be 
(J ~, ' 

non-zero if (i) cows of different production capacities are 

mated to different bulls and (ii) the daughters of the different 

groups are reared differently. Both the above terms will 

vanish under random allotment of cows to different bulls. Even 

if this is not ro the first will vanieh if the condi tiona of 

management of the mates of different bulls is not related to their 

production capacities and the second if all the daughters born 

are reared under uniform conditions. 

The last term in (9), viz cov( b;. ,ei.) is attributable 

to environmental correlation between the daughters of a bull 

and their dams and will not vanish if the daughters of better 

DB naged cows are reared better. 

Each one of the variance and the covariances in the right 

hand side of equation (9) will contribute for the correlation 

of Di and xi. If inbreeding or phenotypic assertive mating is 

not deliberately practised and environmental deviations for 

daughters and dams are uncorrelated, correlation between Di 

can readily be seen to be 
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(10) 

.,_ .,_ 
where ~~ and ~ are the variances between the mates 

of a bull and its daughters respectively-averaged over all 
'\.. 

the bulls. Since ~, is the peritability coefficient h2 

o-::"-
"1<. 

among the dams, correlation between and may be 

written as th2 ..J(): /~'1. 
The daughter average index is thus seen to be positively 

correlated with tlle average level of production of the cows 

mated to the sire. This implies that the breeding worth of the 

sire is over-estimated if the cows allotted to a 1sire happen 

to be superior on the whole and is under-estimated if a~~ 
.t,..: ~ e.rw\ iA 

e-f inferior ~ee· ... s aPe given to the bull. 

When it is desired to compare two sires \ mil ~ 

in respect of their transmitting abilities,and if the simple 

daughter average index is used for this purpose,then 

( €. I - e ~ ) is the difference attributable to environmental 

causes. This difference will be in the nature of an error 

if the deviations ascribable to non-heritable causes are of a 

random nature but a source of bias otherwise. Similarly if 
~ire I 

the chance of mating a cow to t _is the same as that of 
Sjrel. 

mating the same oow to 2l.' then ( i.- ~~ ) will be of the 
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nature of an error and hence ( '!>, - .D 2. ) can be taken 
I I 

as a valid estimate of ( Ci) 1 -'it:.. ) which is half the diffe-
:L. 

renee between the genotypic values of the two bulls. When 

phenotypic asfti ve mating or inbreeding is practised ( !, - ~'3-
may not vanish and hence ( 1> 1 - J> 2..) is a biassed estimate of 

~.·- ~ ~ 
7-

~·3 ~. ~rmedia te ind§.2& 

The intermediate index_ Ii 

..._ 

i 
for the sireL)s 

I -,.,+'h ,_ ...; e .. 1- t 11+ ~~. + s.s} 

(l 'l.) 

E(Bi) = 0 but E. (S Jmay not vanish unless the conditions 

of feeding and management under which the records of dams are 

made can be taken to be randomly distributed in so far as the 

different groups of cows are concerned 

Co·v(I,,i~: Covl(11+ ,: + 2.ei.-&i.)_, (~,, ~<)J 

, ::-V(S;.)+Cav\ii.'~~)+ Cov(~{,8,:) 

- Cov Cf.: ,·S.:) + l C:>v C~.::ec.) -l.C'ov {jc:,~.:) (• !>J 

The implications of the different covariance terms in (13) 

are the same as in (9 r discussed in the previous section. 

Even if the assumptions needed for these covariances to vanish 

hold
1 

the term-V( ~i.) will remain and Ii and xi will 

therefore be correlated. 

The intermediate index is therefore negatively correlated 

with the average level of production of the cows mated to the 

sire with the consequence that the breeding worth of the sire 

is overestimated if the cows allotted to a sire are high yieldQr$ 

and is under-estimated if poor yielders are mated to the bull. 
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When the breeding values of two sires~ve aaa 

compared by using the intermediate index, then 

. --
1 - - -I -1 

I 1 :. ( Pt -+ ~, -+ 2. e, + f,,) - c R + ~ ~-+ '2.. e:a..- S 2.) 

-The expectation of the term ( e., e 2- ) will vanish 

and the term will contribute to error if the environmental 

conditions under which the records of daughters are made can be 

taken to be random. If however prei'er.e'ntial treatment is given to 

the daughters of one bull as against those of th~ other, the 

term will introduce bias in the comparison of the two bulls. 
- -

The situation with regard to the term ( 6 1 - ~ l. ) 1 which 

refers to the environment of the dams, is precisely similar 

to that of ( e. 1 - e. 2- ) • 

~4~. Corrected ind~ 

The corrected index Si for the sire i is given 

by (t S') 

where b is the intrasire regression of daughter's yield 

on that of its dams. 

The corrected index Si makes an allowance for the 

bias present in the daughter average index due to the differen­

tial level ofjProduction of the dams mated to different sires, 

The appropriateness of the adjustment can be seen from the 

follo~1ing argument. 

It can easily be shown that the linear regression 

coefficient of genotypic value on the phenotype~value is 
2 

equal to the heritability coefficient, h • Hence 

ca ia = h"~-(x.:- -A) 
l . 

.. ~\. ::. h.'l.. (i i. - ~ ) . 



-12-

As shown in (~, E(Di) 

and its effect will be in the 

contains the term :f;,_ 
2... 

nature of a bias unless 

every cow has an equal chance of being mated to a bull. Where 

this condition is not satisfied, the addition of the term 

- ~ h'(i"L -i')made to Di i,e,tb Yi adjusts for the effect 

of the deviation due to 'ti- and renders the resulting estimate 
2. 

unbiassed. It is known that twice the intrasire regression 

of daughter 
2 

bility (h ) • 

on dam is the most efficient estimate of herita­
' Hence si will be an estimate g.! .A + %f free 

from the bias due to unequal production levels of dams. 

Unlike 'D;, OMcl I i.' the index Si is not correlated 

with the dams1 average, This can be seen as follows: 

Cov(s,,x;,):: C..ovtl ~.:- (.( ~.-fi)J ~;. J 
Cov ( j~ 7 X,;) - Cov( t.:X;., X~)+ C:ov( A.(,.~ i .:) (14.> 

+_ Cov Ci.:Jii.)+ C.ov($" ... e.:) 

Ccv(.e.~,x~= 't c txi.2
) - E ( t.?e~). E: CiitJ 

~ E. ( A.r) E ( ;ct)- E ( Q..) { E t~.:J}2. 

: E ( t-) . v ( X;.) 

h,_ ,_ 
Ox. - . 

'1. -n· c. 
..J_ .. --~~-
'1-Y\~ ~it} -e-
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cov(bA1 x) = A cov( b, X,;).= 0 since b is orthogonal to Xi• 

Substituting these values in (16) 

It may be noted fro~ (17) that cov( S;. , 'X.:) m does 

not contain a term involving ~2-as is the case with cov(:O i. ;x.,); 

neither is there a term involving ~,_,as is in cov (1.;. 1 -i";.). 

The correlation of Si with xi will therefore be expected 

to be appreciably lower than-t~e ~orrelation of either Di 

or Ii with xi. If the conditions necessary for the covariance 

in (17) to vanish are satisfied Si will not be correlated 

with xi • These conditions have already been discussed in 

Section !fo:z.. From these it emerges that random allotment of 

cows to different aires and simil~ conditions of feeding 

and management for all the daughters born are two essential 

prerequisites of a sound progeny testing programme. 

~2L It will be seen from the foregoing sections that the 

corrected index S as also the simple daughter average index 
Cl' for a si~e, is an estimate of A + ~ as against the inter-

mediate ·irrl ex I which attempts to 
a_ I this need cause no concern as ~ 
2:" 

multiple of the genotypic deviation 

2.. 
estimate A + ~1 • But 

which is a constant 

is as Ji good a measure 
I 

as g, ., 
~ 

The former is in fact the direct measure of the 

sire's influence on that of his daughter while the latter 

is a measure of the postulated genotypic value of the sire. 

It follows that the difference between the indices of two 

sires as measured by the simple daughter average index or 

the corrected ird ex • J J 
est1mates t( ~.- ~.,_) as against the 

differenc~ between their intermediate indices which attempt/8 

to measure ( CJ / - ca; ) . One consequence of this diffe-

rence is that the intermediate index of a bull having 

superior genes is likely to show a greater deviationfrom the 

y 
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herd average than that of its simple dru ghter average 

or the corrected index. Simiiar wil~be the case for a bull 

having inferior transmitti~ ability. Hence the difference 

between the best and the worst bull used on a herd is likely 

f to be larger when measured by intermediate index than by the 

other two indices. This advantage of the former is, however, 

offset by the likelihood of the larger bias being present. 

It will also be shmm in the next section that the variance 

of the intermediate index is substantiqlly higher than 

that of the other twoQ 

'' Another term which occuxs in the expected vaLues of 

all the three indices is the herd average A. For all intra-
/ 

herd comparisons this will vanish and hence no-comment is 

required iB such cases. ~/hen, however, two bulls used on 

t1~0 diffl§rent herds are compared 
1 
the herd constants A1 and A2 

may differ partly due to differences in management and other 

non-heritable causes and partly to differences in the overall 

genic composition of the two herds. The differences attri­

butable to non-heritable causes should be corrected forJbut 

no allowance need be made for the differences attributable to 

genetic oomposi tions, if the correction ini ex is used and it 

is assumed that there is no interaction between heridity 

and environment. Evidence in other countries seems to 

indicate that the differences in herd averages for the samel 

breed is attributable largely to managemen~ and other· en'<ll. _i 
ronmental causes. To the extent this is true, the deviations 

of the indices of two sires from the respective herd averages 

~Till provide appropriate inter-herd comparisons. 

Interaction between genotype and environment may vitiate 
n 

comparisons, both intraherd and between herds. The possible 

safeguard against this in the «•••wmicii case of intraherd 
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comparisons would be to allot representative lots of CO\vS to 
o-ne 

the different bulls whereas in case of more thanJherd, the bulls 

wiljhave to be tested on representative lots of cows in each 

of the herds. 

,.6 Variance of the DaughteF Average Index 

The sampling variance of the simple daughter average 

index Di for the sire i, calculated from the records of his 

ni daughters with records1 is obtained as 

- ~~ v ( .D.:) = v ( d .J ':::. ~ 
yt, 

(I '6) 

will contain, in addition to The mean square error of Di 

V(Di)' a variance component 
, production 

due to the differentia~Lcapacity 

of the dams whose daughters' records are used to test the 

sire. The additional term will be equal to the square of the 
2.. 

bias term i.e. (Xi,). This term will be in the nature of' an 
:2. 

error variance if the bulls are allotted lilt random to groups 

of cows differing in levels of. production. 

The phenotypic 
';I. 

variance c:r(f between the daughters of' a sire 

will consist of a genotypic component and an environmental 
';I. 

component. The genotypie component of c:J <t 1Vill be lower than 
2.. 

6""~ the genotypic variance in their dams on account of the 

correlation between the different daughters due to their 

common sire. As the correlation between half' sibs (members 

of a family having one common parent the other parent varying} 

will on an average be 1/4, the genotypic variance between the 
11 ). .1.. ) ,_ ... 'I.-daughters of a bull wil
1

be only (1-f) 15'"'3 : (1-" cr; : 4= ~ 
). 2. 

The environmental component in <r'cJ is E( e:. a ) 
= say ~ 2. 

Hence 

{l!) 

I 
I When the daug~ter average index is used to compare the 

transmitting abili~es of two sires, the comparison will be 
I 



-lb-

rendered less precise or vitiated by the differences in the 

· production capacities of the groups of cows allotted to the 

two bulls, according as the allotment is random or otherwise • 

. Jiit!ce the expected mean square error of (D1 - D2 ) is given by 
}1;.",-

. "'! 

l.. 

V (.D,) + 'v (.1>._) + \,Yr-:'2..) 
:; ( ~.-\- ~) ( "t ~'-.,. ~'") + tr.-;:-a-)1.. ('2.0) 

~Z Variance of the Inte&mediate Index 

The sampling variance of the intermediate index Ii 

of the sire i is given by 

\/(I,)= V (?.. ~~ - ?lc:-) ", 

l :: 4V ( ~~) + V ('i~)- '"'- Cov.( ~;.,ii) 

:; 4- V ( ~t) + \1 ( i.:) t I- l. "J 
= ~i[4<>'t..,_+ <5"'.::(\-?...\.,'\.)J 

:: ~ ~ L 4- ( i ~;-... r:r-P.-a.) + ( ~~"\... ... <r~)( I -'2. ""~1 

A reference to equation (9) in section ~2 will show that in 

deriving the above expression it is tacitly assumed that the 

conditions under which the cfariance terms in the eqation (9) 

will vanish are satisfied. 

If it is assumed that the environmental variation in 

dams is of the~~ame order as in their daughters, the eqation 
21 

(~) simplifies to 

~i'~~e.e 



From this it is seen that the standard error of the 

intermediate index, expressed as a percentage of the overall 

average, is of the order ~ J s- 3 1-. ..._ , where e is 

.Ple coefficient of variation and n is the number of daughters. 

When two sires are compared 

v ("I I- Is.) : l~ I-+ ~) [ '2. {'1.- "'~-)cr,'l. ... '+ ~Q.'I..+ (H .. '-\.%&1 

-::: ( ~ ,"" t-..) {~ -~ h "-) (): (:n.) 

~~ yariance of the Corr~cted Index 

Sampling variance of the corrected index is given by 

:: \J ( i6 {.) + v c ~ "ii.) ~-" ( ~ t.) 

- 'l.. Co" C ii \.• .lr?C:.:) + 2. Cov ( ii~ .~t.) 

_ '2. C.o'l (t.i~ ~ 1\k) 

V(i.:):: 

Cov(f.:. 1 1\ t) = ~ Cov ( i(., .t.) : o 

~"(lri, )1\fr). A Cov tt- "'it,~):. P. E(ii.) V ( t) 



ar 
Substituting the valu::Js of the variances and cov;ances 

in eqs~ion (24) 
'I.. 

~ (}-"") '1.. "l. 
, V(S.;.'J -:;;, o~ -t l;"'\'1, <r?l. -+ l t (-i<:.: )J V(~) 

'I.. 

+ ~"l.v (4)- ~~. cr: -'1.~ 1 E (i;,)~ v(.t,.) 
' 

-~~ l (J~'I.. .- (~t ~'ll.'l..} 
+V(4) L { Etid}"l.-t f\"'-_ '1.~·E(~c.fl 

: ~~ to-~-(~~>"" a-;} +-t 't: ('<.)- ~ f' v (..l-) ('l."-) 

:·!hen b is estimated from data pertaining to k bulls, 

the 

~,.bsHh.H"g- iV\ ('l.!J S '\.. 
V(St): \ ~ 'L. ®'1.. .,-: '~-l f ..L "" l. E <i:t) -~1.] 

L <a - tt 'M. J \..,... Cl"- k) G"'~ . 

"' ()'I..[ ~ - (h")'~-] t .1. + t ~ Cil.) -"-} ~ 1 
'if. .r,... I+ l V\..( (!\- 1..) a-,.,... ( 'l.(.) 

If the environm~ntal variation for the daughters and 

the dams may be taken to be of the same or~er, 

to .l.... 
1\• 

~ 

The term ~ ~ may be neglected compared 
'-"'(\ - k) c:s-'ll. 

if ~ { x~) is quite close to the herd average A 



this ease 

(_'2.(, Q,.) 

this it is seen th~t the standard error of the corrected 

express3d as a percentage of the herd average, is of 

·order 

where e and N are respectively the coefficient of variation 

and the number of daughter-dar.! pairs. 

'llhen two sire~ are,~ompared \1 ( S 1 - S :a.) 
can be shown to be 

l., 

= r 6"" ,1. _ c~-.1.)~0'":'~ r .L ... J.. -t ~- ~ (i,) -e(i"J} 1 l -a 4- x..J L,.. • Y\a. (..,..- k > -s-.: J ('-1) 

~9 Relative efficiencies of the indi~ 

The relative efficiency of the corrected inded 

compared to the simple daughter average index from eqations 

(ut) and (26) is 

5 ( ~ 6""Q,_-+ c- ... )- <b~l( o-;.2--+ cr~~[.L + C-r.t- '> l 
1 4 o ,_ e 4 2- a e j -n.: ("0 _ 1o;) ( cr;--t6:jJ 

Assuming that oe, -:. ~ and that the term \f._a) 
("'f 4. - A),_ is negligible compared to -'-
( "Y\- k) 6"" "JC :I. 'V\ .: 

(1- 't) 

I 

' 



V(!.~) 

V(S;_) 

-a 20 a-

: (l-~~)('+{{"-tC~tJ + i ~~~ .. f~---·J 
u· '" [ h'" ~ hu... J : (l - ~) I -t 4- 'T TI. 1."' -J -t • ... • • 

' 

Relative efi'icienoy oi' the Corrected index compared to 

intermediate index is 

-
I t '1. '- ~J J ;-., 4- a-'f'--.. ~ cr ')(. C ' - ~ \.. 

. • 

"' 
~ ~~'L.- (._~~ ~: J [~. ~ t E Ci.:)-1=1 f] ("l..., ) 

.. 
( ~-lc) G""~ 

"";!'"..;.~ [ ~ ( l- ~) -+ c l- l.. h'-) 1 
"' 

{ 'n'" 1-t;.- Cb¢'" 1 
( s- 3 "-'") 

= t ,_... ~~- 1 (_'l.. "\ ~) l---
4- 4 

. '\. 

:. (S-3\..'-) { 1- ~- ~ }-1 

:;. c ~- -5 h ... ) L, +l~ ... ~ '"r-+ 1 ~ + ~,_~~---] 

;; 

S _ J.. I"-+ 1'"3 fl \.. 
/, " - \.\.-'-) + • • • • ..... \b 

Hence gain in ei'ficienoy = 
2 

order of (h2) 0 

to 1;he 1 



''·· 

-t 21 ,_ 

1'he gain in ei'ficiency of the corrected index relative 

t. the si19J.e daughter averMe index BIId to the intermediate 

:Lndex fer valUe!! of the heritebility ooei"i'icien!; rengillg from 

.J. to 1.0 sre indicated in the table belcv. 

Percentage ge1 n in etficiengy of the corrected indexo 

--------·----------------·-, 
H2 Over simple daughter Over Interme~ate 

average index . Index 

-- - ---- ----
.l Ltli)S 1;han .s 383 

.2 ,, 
368 

.3 2 355 
' 

.4 4 343 

.s 6 332 

.6 9 324 

·o7 12 317 

.s 16 31.2 

.9 20 308 

loO 25 306 

---·-----------------------------
The gain in efficiency of' the corrected index over the 

intel'lllediate index: is over 33~ lor a herihbility ooei'ficient 

of 0.5 or lees. 'l'he gain ei' the fOrmer index over the dllllghter 

average inde.X ie Vt)l"y small ( 6% or 'less) for h 
2 

less the!l 0.5 

when representative seta of oowe are allotted to the different 

bulls un<l,er teat. It mu.st be remembered, however, that the 

utility of the corrected index lies in eJ im:lnating the bias dne 

to the unequal production level of dems from which the simple 

daughter average index suffers. 

I 



' Smpirical verification 

In order to see hO\v far the expe eta tion of the 

superiority of the corrected index over the other two 

indices is realised in practice, data relating to six 

Indian dairy herds were analysed. The data studied consisted 

of 990 daughter-dam pairs from 69 sires. Details of the 

computational procedure adopted for calcuating the estimate 

and the standard error of the corrected index, illustrated 

on one of the herds, is given in the Appendix. 

The three indmces for each of the bulls tested in the 

' different herds is giy~n in Tables 1 to 6. It will be seen 

from columns 7 and 9 of the tables that the standard errors 

for the corrected and the intermediate indices are, generally 

speaking, in the ratio of 1:2 as was expected, A comparison 

of the standard errors for the corrected and the simple 

average indices indicates that the gain achieved due to the 

reduction in the standard errors is mgligible. 

A comparison of the efficiencies of the estimation 

can be made directly by a comparison of the mean square 

errors for the three indices. It will be seen from Table 7 

that the mean squares for the interrrediate and the simple 

average indices, when averaged over all the Xhex herds, were 

about 437 and 103 per cent respectively of the mean square 

for the corrected index. The standard error of the corrected 

index, when averaged over all sires, was only 45.4 per cent 

of the standard error for the intermediate index and 97.8 

per cent of the error for the simple daughter average index. 

.1 

' 'I 
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Ran yu.L ul.ll..L.s, ..... iv(-:t.oc 1 esc c·~~ 
st._.t..;Orl, "'OSUJ.. 

10 1~1------~ 

-.- .- .,- .- .- .-.- .-.-.-.-.- .-.-.-.-.- ... -.-.-.--.-.- ... -.-.-.-.1.-.-.-.-.-.-.-.-.-.-.-.-
Bull D .. llvh- Daws 1 S iqJle Inton,._,d ia te Culi ct Jci. 
,.:o. ter dar" Aver au e .Jc~ubhter Average Dauc,atcr "'vcrctt,eJ 

vo.i1 s. 
-.- .- .r .- .- .- ·-\·- .- .- .- .- .- .- .-,.- .- .- .- .- .- .- .- .- •""t .- .- .- .- .- .. - .- .- .- .- .- .- .- .- .- .- .-. 

Index s.;.;;, Index S.i!:. I Index t;,.], 

------r------------------ -----~------------ ----------------------------------------~-
1 2 3 4 5 6 7 8 9 

.- .- ~- .- .. - .. - .. - -- .-.- .- .- .-. .. - . - . 
.i.~U. ·:- aCLO.i.'Uin to 

-.- .- .- .- .- .- .- .- .- .- .- .- .- .- .- .-
(4) (6; (8) 

---------------------------------
'2 

I 
307 54 1673 1176 1U1 679 168 1098 90 1u 15 16 
3<J6 45 1818 1245 94 672 170 1155 88 12 16 13 

J 7 
3 5 

11 12 
15 13 

6 3 
14 10 

35 34 . 1L2 1 :;46 'J1 1650 207 I 1534 96 
91) 30 1661 174& 123 1835 217 1675 1 ~ 1' 

269 28 1645 124-0 .J? 853 1'J() I 1179 Y.1 
231 26 1518 1182 77 846 164 1148 76 

85 20 ' 129n 1654 9U I 2v16 212 I 1685 ')6 

391 1 -· I 14QE, 1185 [;9 I 962 161 I 1183 66 

7 
4 

I 12 
~ 14 

3 I 

11 
5 9 
4 6 6 
7 4 5 
8 8 8 

10 11 10 
17 17 17 

1 1 1 

104 11 2421 
I 

1706 18v I 9)1 !;71 
' 1414 225 I 50 9 1673 171 7 212 1761 362 1639 193 

33 9 
1 

12v3 I 1608 11 5 2013 17<1 I 1665 89 I 
34 I 8 18u6 15GE 11 5 1364 347 1468 1"~9 I 

132 8 j 17°'9 1340 148 951 304 124.6 166 
5f-4 I 7 118}4 1u73 170 ;>52 391 931 172 I 3) 7 2u45 . 2360 482 8674 89') 2174 466 

9 

47 I '7 I 1614 1186 1 1 5 ' 758 320 1124 136 ., 1::' 14 15 
119 6 1873 ; 2135 28) 

1

2397 547 I 1999 27? 2 2 2 

-.-.-.~.-.-.-.-.~.-.-.-.-~-.-.-.-.-.-.-.-.-J-,-.-.-.-.-.-.-.-.~.-.-.-.-.-.-.-.-.-.-.J.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
@ Gorrespondin, to the herd avera~e of 1400 lbs. 

J!l N"o .. ot' 



-.,-.-o 
J3ul-
No. 

"'""""~<':'"!:""""""' 
~Ol.l_p iSOn 

rh,__.r.t .... l ...._~ 

;~~~~-r n~~; ~- ·-r·-si~~i~ .- ·- .- .- .- · 
e~· dum •• verage I Dau~htcr Averctge 

·..~u.i.l. s. 

Oi ~,_; ]_( C.J.'Gtlt ~il '3: ·ind 1.C8S ··=--·,...,­
bUl.J...S, C.ovc1 UttiC·r.~.c '],:,.~.t Ll"-'" 
Farr.1, .1. atna. . -.-. -. -. -. -. -. -. -·r·-. -. ~ . -. -. -. -. -. -. -.,- . -. -. -. -. -. -. -.-::. -.p • ,-, • --- • - .. - .. ~ --~ • -.-

Intor~,edi~te vOT <'C:Gc.cl . 

.i.Jb..Ubh!;el~ .u.v~ra cG I~anlr accc 1u.in to 
I I 

I 

-.- ,- .r- .- .- .- ·- .- .- .- ·-J·-i~ci~~- .- ·-s:E:: ·- .. -i~ct~~- .- .- '8 :8:- ·~- ·-i;ct~~- ·- ·-s:i: .- ·-T '(4) ·- .- .- (6)- .- ·- .- .- ~8)-.- .- .- ·-
-1.- .- ·r. 2 .-.- ~.- :3- .-. -j·- '4. --·~_.~ .- '5.-.- . .- ,-6- .- .- .- .-7-.-+ .- .-8-.-.- . -. ~.- .-.-r. -10 .- .- .- ·;1·-.- .-.- .-12.- . - .- . - . -

39 45 3340 2704 1n 2068 416 I 2679 176 . 10 11 10 
26 29 3297 3128 193 2359 423 i 3110 193 I 4 5 4 

599 26 3441 3160 261 2879 542 3128 263 3 6 3 
24 24 3948 3020 277 2092 511 I 2951 283 5 10 6 

1461 21 3594 I 3345 315 3096 648 3342 319 2 3 2 
77 20 3310 I 2780 268 2250 438 • 2758 261 'j 8 9 
20 14 3272 2876 211 2480 361 2856 206 £, 7 8 
16/d 14 3783 3639 374 3495 864 ! 3582 385 1 1 1 $. 

885 13 3484 2160 1b1 1 836 541 ,
1 

2125 100 10 10 10 
18 • 10 3101 2673 172 I 2245 351 2666 1(18 11 9 11 
16 ' 8 I 2694 2891 256 308& 649 I 2913 2'58 7 4 7 
27 I 6 3700 I 260:'. 565 1 1510 1550 I 85o4 539 12 12 12 
1/0 6 I 2625 ' 3002 721 I 3379 1394 I 3029 654 6 2 5 

I ' I I 
' ' -.-.-.-.-.-,-~-,-.,-,-,-o-,-.-,-,-.-.-,-.-.-.,-.-.-,-.-,-,-.-.-.-.-.- ---o-.-,-,-.-.- -.-o-o-.-.-.-,-.-.-,-.-.-.-·-•-o-•-

@ Correspondin~ to the herd avora~e of 3000 lbs • 
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du.u.1 .~.Jo. il S • 

vu •.t-- L 1 -' ~ ' - o- H.-..±- -:::!::""± 
s.l~h\ Bul\ s J ..wiv .-::;,Lou C. ..u:-.. .:: ..... .L c . .~. .J ..... .; 

' J.V .._ . .L • 

J)a11.1S I 

.ttVai:s.....,e 
u i! ~.~.~ .J..8 

De<. u~ .11.t ar .t"J.Vt;,.,_ ct.. ~ 

Index b .6. 

Iut...;.J.. ~u.i ..-. ld 

Inu.ex u.E. 

.... O.L.Cb.:!v 1.1. 

.Ja ..1.., 1t ~;...;.[' .r.~. 1/ ~J. u. ~\.:' 

Inde.l>. . ~ 

U • l.!le 

- - - -
.I.LU.Lt ·L 

( 4) (6) ~ ) ------------------------------------------------------------------------------------------------------------------

255 
8 

144 
236 

38 
65 

139 

1 

2G2 
124(0) 

96 
E6 

235 
136(0) 

2 

27 
25 
23 
18 
1'7 
p 
11 
1 1 
1 1 
1v 

9 
7 
6 

~ 

4019 
3651 
4115 
3G6G 
3664 
4v".9 
46Z7 
4320 
3304 
4499 
4296 
4546 
2 J -"0 

4 5 
,---~----

2974 
4363 
3192 
392·3 
4023 
326:: 
4261 
3 75 
3Z83 
3813 
5V53 
447v 
4163 

03£1 
~72 
31 5 
4?5 
226 
':'6i) 

362 
481 
495 
360 
85u 
426 
318 

6 

1 "129 
5v,..,5 
2r"6jj 
3986 
4382 
2495 
3695 
2236 
3202 
3127 
o868 
4294 
5328 

7 

497 
5v6 
71'3 
995 
396 
641 
509 

1 V76 
953 
557 

1698 
1096 

644 

8 

'291 7 
43'72 
3117 
3895 
4v29 
3203 
4060 
3167 
3?~43 

3o7u 
4;)76 
43v1 
4Z8b 

9 

236 
25E' 
323 
477 
212 
282 
303 
490 
481 
31 v 
641 
4:..>1 
317 

1'.) 

13 
3 

1~ 
7 
6 

11 
4 

10 
;J 

8 
1 
2 
5 

11 

13 
3 

11 
6 
4 

10 
7 

12 
8 
9 
1 
5 
2 

10 

1 :" 
2 

1'C 
7 
6 

10 
5 

11 
9 
8 
1 
3 
4 

-.-.-.-.-\-.-.-o-o~•-•-•-.-.~.-.-·-•-•-•-•-•-•1•-•-•-•-•-•-•-•-~-•-•-•-•-o-•-•-•-o~•-o-•-·-•-•-•-•-•-•-o-•-•-•-·-• 
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@ Go:rr<JS,tJondinb to the .• erd averc....,e of 370u los. 

• 

( 

!" 
\1'\ 

I 
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.:>ina, i JJI _ _,__,_s , Inu i«r" Ji .. ry 
Iastit ,t,, .1.1~11 .. a.LO" e. 

• • r 
...1.. •• 1.. o.J 

.Lltj513al'Ch 

-. -. - .- . - . - . - .- . - .- .- .- . - . - . - . - . - . - . - . - . - . - . - . - . - . - . - , - .- . - .- . -. - . - . - . - .- . - . - . - . - . - . - .- . - .-.. -. - . - . - . - . - . - . - .- .- . - . - .-
l~d.U.!.E: vi nu..~-1 BctUu~·.:.t3r- J&i..i.SI ._,iml.-le l!J.v .l'.ut'Uic..te Corl'eCtE:ld .Llcl.fJl.. ct~-:!U.LU.in(; tV 

d..J,L .t.-....irs 1.v~.....~.·..tt t1 l.Jau_s:J.ter.ti.V8ru._.e Do..u"':.~.ter .rlvc:ru ~@ 

lfiL< c. &.E. Index 5 .,~. Index C' , 
u • .u. (4) (6) (8) 

- • - • - • -.- • - • - • - .- .- .- • - • - • - • - .- • - ·- • - • - • - • - • - .- • - • - • - ·- • - • - ·- • - .- .- • - • - • - • - • - • - • - • - • - .- .- 0- .- • -.- • -!.- .- .- ·- • - • - • - • - .- • - • 

1 ~ 2 4 5 6 7 8 9 10 11 1'2 
---------------- -------------------------------------------------------------------------------------------------------

I 

Ero.b I 13 I 7 uZ I lJ ~ l 308 I 2035 617 I 2577 302 I 8 10 9 
' Ziman I 1 I ..._ :. ;: . I •r 29S I ~ 3':6 J75 I 2587 279 I 10 8 e .... v~ ... 

Unique I 1 I .~ 41 I ., 7 31 & 
' ' 

I 4025 ?29 I 3312 324 I 3 2 2 
Erio I 1 ., I 411 7 I ""1 "30 I 1445 £,53 I 2519 424 I 7 11 1 .) 
TT. G u kffi I 1:::. I ':, 1 31 I ' (7 .. 368 I $365 767 I 2798 362 I 9 5 ·6 
Sulai,,an I 1v I ~s I r 4;: 5t: '7! I 24u3 723 2735 452 I 6 7 ':/ I 

~' 

ro.znw.n I 1v I I 21 ... ,.., 266 I 3496 5u7 I 3160 242 I 4 4 4 "' •L .. u ..,..., 
.:> ilc"'r,der I 9 I <J ·- 4. I 16 457 I 

~ 
2':' 5v 1152 I 2425 492 I 11 g 1 1 I 

Lavhlr I ;:J I 47. " ~ :.;75 I :"647 1499 3104 628 I 5 3 5 
B. l\aj I 7 I '2 77 7 1G1.) !'.73 847 973 I 1797 525 I 12 1.::. 12 
•Jar ior I 7 I 38, 7 .._ )6u 442 I 2 •29 1061 I 3163 ·~6:; I 2 6 3 
Victory I 6 I '::-67~ 3u1" ".; 1 4959 651 I 3823 .. 36 I 1 1 1 

- •- •- •- •- o- o • J. •- •- •- •- o- • ~ •- o- •- •- • .1. o- .- .- o- o- •- .- •- • ~ •- •- •- •- o- •- •- o- •- \.- •- .- •- •- •- •- •- •- •l- •- •- •- •- •- •- •- ··- •- •- • ._ •- •- o-

\:!' Cvrres~onciin.; to the 1e.'d c.ve: «,e of 270v los. 
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Bu ... -'- ... io. ~ .J, u ,t .r l Da.. s• ~ .:. i m,. 1 e ~ Inten '-'dio.te Q Co.rrecteo. ~ rtc<nk acco:cu_cu to 
~ uc .,;ci•!::k .n.Vc;.c.. e x .Du.J~-:tt..Jr~.~v...,r&;;e ~ Index S • .S. Q Dau6hterQavera._,~ Q 
~ 0 QXpnX-n 0 l 0 0 l 
y ' ~ Index Q & .~.. ~ Index & •"'• , Index ~ o .~. l (4) 0 -(6) ~ (u; 

-.- o- o- .- ~- •- .- .- .- .i .- .- •-" .- .i .- •- •- .- .- .- •- •- •- •- .- •- .- •- •- ·- •- •- .- •- •- •- .- ·- .- .- .- •- .- •- o- •- •- •-~~ o- e- •- A- •- •- •- •- o-

1 - _j. ______ _L_ ___ 4 b 6 7 - 8 9___ 10 -- 11 12 

T 12'"'..1 132S 1"' 1324 222 1319 1Li1 8 9 9 '-
T 

1'-~-' 1~f~ 1 t 1 91v 274 1167 13J ~0 10 10 .1.. 

I .. I 1v 1u13 1 J7Z r 1533 44v 1523 21v 2 7 3 c.v 
IV " 11 E u 1 ,__ 135 1542 344 13' 1 153 7 6 7 

~ --v t 114 1 'zr 1e. z 1731 21 3 1403 101 r- 2 4 v 
VI 7 1 < ~j 1717 "v1 2241 385 J144D 182 1 1 1 VII 6 11"7r 1 ,c 24"' 1632 84 1539 1S '= 6 .) 6 VIII 7 1"37 1 ~ 7 2Zv H97 371 1470 2vv 3 6 2 I A. 1 1 1 3'7 ., 1 ~J~ 1C:5 1607 364 1340 16 7 4 4 6 

X. 5 11 ~~ 1~c 5 1c.:> 1454 378 _/1"748 182 9 f 8 
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COL._tJu..riaon o.f LL.J...f.f'crc.TG aiJ.t.; .LdLiC:=.~ 
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1Juu.;h t .... l'- .Ju.ll1S • 
ddm p~i.r~ • .-~.varaLe 

"'i.1.,le 
Dc..u~ ter .~vv.~.-..a.Ge 

!ilt .... .r,,,eui~c e vOI .1. 8C v3u. 

UclUuutb .... v"ru e.[!! 
J..c~.."L ... s.\... .... u U..!..li; tv 

Index S • .t!.le In ... ex J • .;,. Inc t::JI. s. ~- ( 4) ( 6) (.e) -.-.-.-·-·-·-o-o-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- ...... -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-
1 2 3 4 5 6 7 8 9 1C 1 1 12 
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i/indfall 10 3368 3123 222 2878 ~Su 3L,v9 162 1 2 2 

Y"-. u.b ,(h~n 8 21'J2 2162 393 2134 631 2414 :"83 4- 3 :< 

I\u.nj i 5 2f::JE 3•JE7 44C, 3516 h.63 31 ~-o 4-?9 2 1 1 
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- ·- •- o- o- •- .- •- - •- o- •- •- •- •- o- •- •- •- •- •- •- •- •- •- .- •- •- •- •- •- •- •- •- •- •- •- •- •- •- .- •- .- •- ·- ·- •- •- .- •- .- •- •- •- •- •- •- •-
0

-

J Co,•rt::S!JOndiu[, to tr,e '1erd G.v,.. E E: of 3v0U lbs. 
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Pooled ~~ares err~_!Qr_!he different indices (10 lb. units), 

-=-=-=-=-=-=-=-=-=-=-~-=-=-~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-~=-=-=-=-=-=-~=-=-=-=-=-=-=-=-=-= 0 Degrees of 0 Me an Square fo-r' 
H e r d U freedom ~-----------------------------------------------------------------------· 0 0 Simple daughter ~ 0 Intermediate U Corrected 

~" er ag'e 0 

1. Kangayam ( Hosur) 304 3536 12166 3173 
I 

2. Tharparkar (Patna) 223 13936 / 63850 13938 

3, Sindhi (Hosur) 174 21177 88410 20855 
I 

4, Sindhi (Bangalore) 127 18467 80645 17716 ll' 
-9 

5, Hariana (Hissar) 69 2558 9425 2189 I 
\ 

6. Gir (Bangalore) 24 10248 
' 

38857 9806 
I 

----· 
Pooled. 921 11547 48998 11219 

I -



Table 8 

Correlation of the different indices with the average of the dams 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 
~ Number of ~ Simp~e daughter ~ Intermediate index 0 

H e r d 

Kangayam, Hosur 

Tharparkar, Patna 

Sindhi , Ho sur 

Sindhi, Bangalore 

Hariana, Hissar 

0 
Q 
Q 
0 

sires 
tested 

17 

13 

13 

12 

10 

- - - - - - - - - - - -
Combined 65 

Q average index ' ·-------------------- 0 Corrected index 
0------·--------------QDirectly 0 Expected ~-----------------------
Q Directly OExpected~estimated U ~Directly Q Expected 
~ estimated_l__ L l§.stimated__l__ 

0.30 . 0.32 - 0.10 - 0.26 0.08 Zero 
' 

0.18 0.06 - 0.35 - 0.36 o.n " 
0.15 I 0.14 - 0.26 - 0.24 0.005 " (JJ 

0 

a.o? 0.22 - 0.44 - 0.36 - 0.16 " f 

0.42 0.41 - 0.36 - 0.29 - o ... o4 " 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - -
* I 

0.22 0.23 - 0.28 - 0.30 - 0.04 Jl 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* Significant at 5 per cent level. 
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It was shown in section 4 that under the asrumptions 
\ 

required for the covariance terms in equation (9) to vanish, 

the daughter average index of a bull and its intermedaate 

index will respectively be positively and negatively 

correlated with the average yield of dams. Under the same 

assUl!lptions it was concluded that correlation between 

oorrected index and dams' average is absent • An empirical 

verification of these results was undertaken by working 

out correlation between each of the thre? indices and the 

average yield of th~ dams. which were the mates of the 

different sires. The values of the correlations obtained 

for the different herds studied are presented in Table 8, The 

correlation between the simple daughter average index and the 

dams' average was pos'itive in all the herds. Similarly the 

intermediate index was uniformly negatively correlated with 

the average yield of the dams. (Similar results were also 

observed to hold for the Gir herd studied, the actual values 

of the cor~elation for which herd is not presented in the 

table as the number of bulls tested were only four). The 

correlation between the corrected index and the dams average 

was positive for three herds and negative for the other two. 

The expected values of these correlation coefficients 

using the Qeritability and 
'I- 2. ... 

the variance estimates (viz\-i,<r,.._,crll1 

presented in the same table for I were also obtained and are 

comparison. The xxgamwEt agreement appears to be satisfac­

tory on the whole, the pooled values almost coincid~ng 

with their expectations. The few discrepancies noted in 

the comparisons within herds are to be ascribed to the small 

number of the bulls tested. 
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Rank correlation between different sire indices 

-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-:-=-=-=-=-=-=-=-=-=-=-=-= 
0 Number of 0Simple 0 Corrected and 0 Corrected and 
0 sire~' §daughter 0 simple dqughterO intermediate 
0 Oaverage and 0 average 0 

R e r d 

-------------------A·-- Ointermediatei___ _!__ _______________ ___ 

Kangayam (Rosur) 

Tharparkar(Patna) 

Sindhi (Rosur) 

Sindhi (Bangalore) 

Rar iana ( His sar ) 

! 

I 

I 

17 

13 

13 

12 

10 

0.87 

0.81 

0.89 

0.70 

0.70 

0.92 0.98 

0.997 0.86 

0.98# 0.94 

0.91 0.93 

0.96 0.78 

~~-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=~=-=-=-=-=-=-=-=-= 

I 

II' 

S> 
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The relative rankings of the bulls in each 

breed according t9 the three indices are given in 
~~~ 

columns (10), (11) and (12) 03 tables III tB VIII. 

It may be seen that for all the herds studied, the bull 

ranked first according to the corrected index retains 

the same rank according to the intermediate index or 

to the ordinary daughter average index. The only excep­

tion was the Gir herd, where the best bull would have 

been rated as the second best if the ordinary daughter 
~erds 

average index has been used. For all the six BFeea~, 

the worst bull would have been rated as sucb- according 

to any of the three indices. The rankings for o~her 

bulls also are in close agreemen , The values of the 

rank correlation of the corrected index with the 

intermediate index and the simple daughter average index 

are given in Table 9. The rank correlations are uniformly 

high for all the herds showing thereby that the use of 

the simple daughter average index will seldom lead to 

materially different conclusions, if the object is merely 

to order the bulls according to their relative merits, 

provided that the average production levels of the dams 

mated to different bulls do not differ to a great extent. 

Whenever su<h variations are present, orwhen the estimates 

of the sire indices are desired with a greater precision, 

the corrected index is to be preferred. 
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~>· Dtsc~.tssion 

In the model discussed in Section S, it \-.ras assumed 

that each cow had only one daughter with records. This 

simplifying assumption will not generally hold for actual 

data collected from breeding farms. In almost every farm 

it is a commpn practice to retain high yielding cows for a 

larger number of lactations with the consequence that these 

cows will have more daughters than the poor yielders. 

If the mating system followed is such that each 

daughter from a cow is raised through a different sire, the 

procedure for the calculation of any of the three indices 

considered,needs little alteration. The average level of 

production of the mates wil~owever1 be increased by the 

selection exercised on them from lactation to lactation. 

This will raise the herd average; but will not vitiate the 

comparison of two sires if they are used on cows with contem­

porary records and the cows allotted to each sire is a 

representative sample of the herd. In case the groups of 

CO\-.rs assigned to each bull are different 
1 
the situation will 

remain essentially the same as has been discussed earlier. 

The worth of a sire used on cows J:i.aving relatively higher 

average is likely to be over-estimated if the simple daughter 

average index is used and under-estimated if the intermediate 

index is employed,owing to the positive and the regative 

correlation respectively of these indices \-lith the dam's 

yield. The corrected index being uncorrelated with the dam's 
I 

---yield, is not likely~o introduce such a bias. 

When a number of CO\Y'S are retained for a large number 

of cal ving.s a procedure that can be followed to eliminate 

the influence of the unequal production capacity of the dams 

is to obtain a daughter through the mating of each cow with 

each sire. The scope of this method of sire testing
1
called 

diallel crossing 1 is limited in practice by the undeterminable 

nature of the sex of the calf born and the relatively few 

i 



/ 

calves that can be raised from a cow. Further this method 

also requires that every cow used for test should be retai~ed 

for a large number of lactations. This method may seem to be 

useful when only a few sires, say two or three, are required 

to be tested on a l~rge herd. Even in this case its value 

is affected by the longer time interval required for the 

completion of the tests. 

In situations where selection is practised on cows in 

successive lactations and a C0\>1 is allotted .:t.c:r more than once 

to the same bull, bias in the estimation of the sire index 

is likely to arise from two sources. One source,i is that 

cows retained for more laEtations are likely to contribute a 

larger proportion of the mates of ~ bull, the effect of which 

is apalogoufs to the case where the dams level of production 

I 

is higher than the herd average. Allotment of such cows to 

different bulls is a second source of bias which may be elimi­

nated if the bull to be used for serv:l. ce is determined indeJ!en­

dently for each mating, 

With two or more daughters of a CO\v sired by the same 

bull, two practices have been widely used in sire testing. 

One is to repeat the dam's record with each daughters record. 

The other is to average the records of all the daughters forming 

a full-sib family and consider this average along with the 

dam's record as constituting a daughterTdam pair. The former 

practice would be valid if the correlation between the 

daughters constituting a full sib family were zero while the 

latter would be appropriate if this correlation is perfect. 

Obviously the actual situation in most of the breeding material 

is intermediate to these two extreme conditions, although usually 

nearer to the former. The \>roced.u.re. o£ re.,e.a.~i"t' K-11. clam'• 
yec:ord wiH• each 4au.g:hte.l'"3 reeo.-cl ~S,I::k<aYe•o'~ .. ~':- ~~~~t\P'ed. 

As has been stated earlier, the most efficient estimate 

of the heritability coefficient is obtained by doubling the 

intrasire regression of the daughter's performance on that of 

its dam. The influence of the varying number of offspring 
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per parent on the regression of the offspring value on that 

of its parent, was considered by Kempthorne and Tandon (1953) 1 

The procedure recommended by them was a system of weighting 

which will give an unbiassed estimate of the regression with 

minimum sampling variance. It may be briefly summarised as 

follows: 

I 
~ 

Guess T = where ;o is the correlation between 
(1-P) 

the full sibs and call the guessijd value ~ 

II The estimate of. heritability ~ is given by 

"' ~ ""'a·(x ·-?C.)'-~ . ..,. a o? .fo !! _]!.,:....,_____:-~,:,; 

L.w~(-x.~-X:) 

\.u I I 

III Esti~ate~ by using the intra-sire mean squares between 
I 

daughters, within and between cows. The expectation of the 

"" mean square within cows is 6j;(1-f.Jand of the mean square 

between cows is 

[ ~"''"<, -,0.) -+ ~ _, c r "'-a 
1 

where ol" is the phenotypic variance :ltlcl 

\<. is the numb~ of cows, so that one can estimate~ 
I 

by equating observed to expected mean squares. 

A 
IV. Using the estimates 

" " .. .P, 
,.., 

andJ obtain 

" 
T = 

t:-P. 
1-~ ,.., 

v The estimated variance of j3 is then 

[ 

1 ~-n~~ (X~ -x>"" ~ - '1. -n. 'l. · .._. 2.. ... M.S. between 
- ~ l (.1+1\i 't) 2 1.)~ ('JC.- x) 4 au.~Mers . a . L. 

, ~t·~~ws 
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The success of the use of such a procedure 

obviously depends on the closeness of the va],ue of Tf bo ~ 

it is also somewhat combursome. Ib most situations dealing 

with quantitative character, the h
2 

being rather small, 

the simple procedure of repeating the dam's record with each 
• 

daughter's record may provide a satisfactory approximation 

and is to be preferred to unweighted regression of means of 

daughters on dams. 
• 

For sire evaluation and other breeding studies, it is 

generally the practice in foreign countries and also in some 

farms in India, to take the yield in the first 300 (or ·305) 

days or the ID mplete lactation yield when the period is less 

than 300 days. When such data are not available (as was the 

case in respect of the herds taken for illustration excepting 

the Hariana), Sukhatme (1944) suggested that correction for 

the inequality in lactation period may be made by using the 

regression technique with lactation period as the concomitant 

variate. This method, however, inflates the indices of those 

sires whose daughters have shown poor performances since 

poor performers generally have shorter lactation periods. 

Raising the yield of daughters which have ceased to give milk 

much earlier than 300 days
1

does not appear to be justified as 

the shorter lactation length cannot. be aszribed wholly to 

random environmental causes. The lo,ver lactation lengths are 

at least in part due to poorer genotypes. The actual lacta­

tion yield rather than the yield adjusted for 300 d8fs 

shouilld, therefore be considered as reflecting the milk poten­

tiality of the progeny. Cases where shorter lactation periods 

are due to the result of known abnormalities such as death of p, 
calf or diseased condition of the cow, should be omitted 

rathen than corrected. For cows having a lactation period 

longe13 than 300 d<U s also the yield corrected to 300 dey s 

by using regression technique does not appear to be a suitable 

'' ' 
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substitute to the actual yield obtained during that period, 

as the regression results generally in an over-correction. 

This is on account of the fact that the yield in the tail 

end of a lactation is generally lmver than the average yield 

per day over the entire lactation period. It seems, therefore 

desirable that the yield in the first 300 (or 305) days of a 

lactation should be taken for the lactations longer than this 

period. A good reason 

it is desirable to aim 

for this practice is that in dal. ry farms, 
to p\"0'1 ic\ e to'" ~ 

at annual calvings and~dry period of 

about two months to help the cow maintainner health. For lacta­

tions completed in less than 300 days, the complete lactation 

record seems to be the appropriate one. Wherever data on the 

yield in the first 300 days are not available, it is preferable 

to carry out the studies on the unadjusted yield rather than 

on the yield corrected to 300 days using the regression technique 

Another factor influencing the lactation yield of a cow 

is the order of lactation. The effect of this factor can be 

eliminated by confining the study to the first lactation records 

only. The first lactation records are preferable to the 

later ones as they will be available earlier and wilyte influ_ 

enced to a less~extent by selection. The extent of gain that 

can be achieved by using the later lactation records in 

addition, requires further ±mxBxxtgg&t«e~ investigation. 

An important consideration in planning a systematic 

breeding programme providing for sire evaluation is the number 

of daughter~dam pairs required to prove a sire. An answer to 

this question depends on how sure of his proof one wants to be 

and on the order of variability among the daughters 1 yields after 

correcting for the inequalities in the dams' performances. With 

the conventional five per cent level of significance and a 

coefficient of variation of the order of forty per cent for 

lactation record observed in the case of the six herds already 

referred to, the superiority of a bull whose corrected index 
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is twenty per cent higher than the herd. average em be 

detected with twelve daughter-dam pairs. With the same 

number of pairs, it will be possible to distinguish between 

bulls whose corrected indices differ by more than 32 per cent 

at tqe saree level of significance. Sukhatme (1944) suggested 

that in dealing with breeding studies the XRXM ten per cent 

level of significance may be used as an aid to possible reten­

tion of superior breeding material which is difficult to select 

with greater certainty. If this level of significance is 

adopted, a difference of the orde~ of about 28 per cent or 

higher wil~be revealed as significant. The corrected index 

for a sire calculated on twelve pa~rs of records is expected 

to be determined with a standard error of the order of eleven 

per cent. 

The results indicate that, while there is no harm in 

using as lo1v a number of pairs as five or s ix_,for getti:Q5 the 

first indication of the bre<?dirg worth of a: s:lre, and 

discarding inferior bulls having lower indices than the 

herd average, the final selection of a bull as proven for exten­

sive use, and for selection of male breeding stock for further 

propagation shouJ!i be based on a test carried out on the 

records of twelve or more daughter-dam pairs. In order to 

provide records of twelve daughters, about thirty daLl.S my have 

to be mated to a sire so as to ma~allowance for sex ratio, 

mortality of calves etc. 
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S.Summau 

In any scientific breeding programme for improvement of dairy 

cattle greater importance is &ttached to sire selection on account 

of the larger number of progenies that can be raised by a bull in 

his life time compared to a cotv. 

As milk yield is a sex limited character, sire testing has to 

be based on the yields of the relatives of the bull. Indices 

based on such records proposed by different authors have been 

briefly reviewed and the merits and limitations of the t1110 common 

indices widely in use, namel~ the Simple daughter average index 

and the Intermediate index are ex~m:tred and a r:e w index called 

the corrected index,comparatively free from some of these 

limitations,is developed. 

The proposed index is obtained from the formula 

S = y - b(x - A) where y is the simple average of all the 

daughters of the given sire, i the average of the dams of these 

daughters, A the herd average and b the intrasire regression 
.. 

of daughter's performance on that of its dam. 
"-\> 

By setting~a simple genetic model, the expectations and the 

variances of the two common indices mentioned earlier, along with 

thcit of the propo·sed index, are derived, The nature of ·the 

bias involved in their use is examined and the relative efficien-

cies of the three indices assessed. It is sho'm that the gain 

in efficiency of the Eka corrected index over the intermediate 

index is 3!0 per cent or more for a heritability of 0.5 or less. 
w 

Even then the value of the heritability is more thano.5 the 

corrected index proved to be more efficient although to a lesser 

degree. In so far as the simple daughter average index is 

concerned, it is subject to bias on account of the unequal 

levels of dams• production, whereas the corrected index which is 

free from the bias has an efficiency in no case lower than that of 

former. 



The superiority of the corrected index over the other two 

is also empirically verified with the help of data pertaining 

to sixty nine bulls from six herds. 

Situations arising due to more than one daughter 

with records available for each cow is discussed. Methods 

for adjusting for the inequality of lactation length and 

the order of lactation have also been discussed. The minimum 

number of daughter-dam pairs required to test a sire by the u~e 

of the proposed index has been examined. 



I am greatly indebted to Shri V.N. lmble, Statistician 
to 

(Animal Husbandry), I.C • .tl.R. andw. V.G. Panae, Statistical 

A.dviaer to the Oounoil for their guidance and help in the 

preparation o! this thea is. 

With e. view to obt&j,ning the empirical verification on the 
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' 
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Table I 
cows 

?irst .u~ct;ut;io1 Jil'ielas (in 1v l0s ia 3Gv a~~s o.f less) of 
(~-!. ri"n' he:rd, 

ths c:i-tttl!s r u 0'-u tv d. ii' e1 en t 
GovernL,e.nt Cu.cvle F·"r;.,, ·us 

S il'0S 
ctr) 

cmd t;ht:L duu..,hters 

--,------------------.-----------------,------------------.-----------------.------------------.,----------------,-----------------, 
3ire I I Sire II I Sire III I Sire IV ' Sire V I Sire VI I Sire VII I Si.e VIII' Sire I.t~. I o i.e :ll.. 

I I I I I 
I I I I I I I I I I I ,-

lJC.!L I s I Daugh I Dcu Is I Daugh I Da,n Is ··Daut;h .Ja,n I s I vau.:;h I D"'m Is I Dau..;h I Da!U I sIDe. ugh I Da.n·l s I DaUE'h I Dc.r_,l s I VaQgh I Du.m I s I .Jau,;h I JJailll s I lJaUb'' 

li-ld'ters 'Yie.Ld'ters 'Yield'ters Y~eld'ters {Yield•-ters'Yie.Ld'ters Yield't<OI's 'Yield 1 tc.rs 'Yield 1 ters 1 Yielo.'c.rs 
'YiiHd• 'Yie.~.d' 'Yield 'Yield' 'Yield' 'Yield' 'Yield 'Yielo. 'Yie.~.a' 1'Yiv.Lll 

176 I' 1 34 I 1.2 7 121 I 1v8 261 I 20G 141 I 68 9 3 II 186 129 ,, 235 202 I 43 128 I 47 123 I 94 I 114 
·• 

'<22 I 118 I 231 142 I 177 219 I 1 v8 ,82 I 74 99 I 67 158 I 28 77 I 168 1 61 I 152 92 I 18C 11 6 
I I I I I I I 

II • 174 I 207 196 I II 135 91 .'156 87 151 208 283 I 73 117 I II 107 I 229 2:;0 I 1Z8 177 
I 

• I I I 
82 I 13€1 .I 109 1 39 • 228 211 I 1 07' 158 I 232 153 I II 160 I II 125 I 219 230 I 62 60 I 8'7 166 

• 
32 I 66 I 154 8S I 105 119 179 86 141 164 I 68 190. 268 2r7 It 1 39 • 6? 172 I 54 "1 

I 

65 I 110 I It 162 I 204 19v 57 152 It 1 71 ' 73 151 26 93 238 272 187 St.P 
I 

66 I 1 31 I It 84 I II 199 • 56 176 123 1S1 • 25 1 31 1 61 130 II t"\r~.., 

"-< .:> 
I 

2v1 I 194 142 74 It 12U I 164 1 u4 50 168 ' 19 172 I 

203 1 76 78 79 9v9 d4 I 

I I I I 
II 43 I I 8& 135 I 

I 273 14 
I I I I ' i I 

::!;-t No ..... * 
28/3/G?. 

Note: :r;1e synwol 11 inaicc.cas Ghut t;le <1-.u i" c l< ::: , e ::1.6 I'C·.l." t...,·. · 



APPENDIX 

Computational Procedure 

I 
The computation of the new index from actual data will be 

illustrated with the help of the records pertaining to the 

Hariana herd maintained at the Government cattle Farm, Hissar. 

The first lactation yield over 300 days or less, measured in 

units of ten pounds, are analysed. These yields in respect of 

each of the ten sires tested are given in Table I. 

The quantities that are required to be calculated are 

(a) the herd average (b) the intra-sire regression coefficient' 

(c) the corrected index and (d) -the standard error of the index. 

The herd average requi~ed for the calculation of the 

corrected index is obtained as the,average of the dam's yields 

without repeating the dams having more than one daughter. This 

average worked out. to 130.8 units in the present case. The 

average for the herd will be taken as 1300 lbs in the nearest 

round figure. 

The steps in the calculation of intra-sire regression 

are shown in columns (3) to (13) in Table II. As an i~lustra-

tion the procedure f9r obtaining these figures for one bull, 

viz-. si;-e_ I, is eXplained, below:-

Total for dams mated, repeating each dam'brecords as 

many_times as the number of daug~ters from the same sire 

= 176 +222+222+82 + 32 + 66 +66 + 201 

= 1067 ••• • • • • •• (Col. 3) 

Total for daughters 

= 134 + 118 + 174 + 136 + 66 +110 +131 + 194 

= 1063 • 0 • (Col. 4) 

-1-



~c1.b le II 

Calculation of Co" ecc; 'd Dau,:;htel ..,.v"rc.. 3 l!1ueciE.f "'nd ubeL Sv<>nda.cd EllOl'S (1v _,_(,.,. LllliC) 
(IIc.rian< hc:ru, Gov..,.cnrr.ent Cc.t tle Fu.r.n, "Iissar). 

1Dau.;h··-Total 1 Tota!> Sum of sguares fo~ dams I Sum of sguc.res for dau~<hters I Sum of wroducts _ 
Sire 1 ter I for I for I I I 

No. •dam • dams 1 dc<Ubh 1 Crude C.T. Cor" ec'ted • Crude C.T. Co~rected I Crude C.T. Cor''ected 
•pairs' ' te ... ·s ' _,___ ---'-

1 2 3 4 5 6 7 8 9 10 1 1 12 1 :: 

I 8 1067 
I 
,1 063 ' 

' 
186405 142311 ' I 

44094 151905 141246 10659 ' 1 56572 141778 14794 

' 
., 

138543 II ' 8 . 12 '78 ,1Dl_3 I 215532 ':>.04160 11372 I 125751 1279:? 1 165374 16U2"9 5145 

' III 1 10 1 1813 ,1673 344597 325697 1 59()0 31 5915 279893 360:?.2 ' 299742 303315 -3573 

IV 9 1040 
I 

,1214 1 142800 1'%178 2.::!622 
' 

177478 163755 13723 1 1 38410 140284 -1874 -t' 
' ' I 11'1 v 8 916 ,11 50 I 128884 104852 '240v2 173742_ 165312 843() 1 13,761 1 31 675 8V56 
I 

VI 7 835 11 zv:; 1 36191 996()4 36587 ' 2:G3356 206401 16955 ,, 153942 143381 1 v561 

' VII 6 703 .I 841 1 39167 8:G368 56799 1 36225 117880 18345 1 130546 98537 32vv.1 

VIII 
' 

7 1216 
I 
,1167 1 236784 211236 25548 216859 1 :145G6 22303 1 2170-.,5 2U2725 14280 

L{ 11 11 
I 

I 1515 ,1 641 I 281695 2v8657 73038 974619 244807 29812 1 237678 2 6010 11668 
I I 

£.. 
I I I 5 I 561 I 644 I 73709 62944 1076b I 90378 82947 7431 I 752:;'5 72257 2969 

I I I I I I -I I I I I I 

Totu 1 79 '1 0944 111598 I 1885764 1565037 320727 I 1899020 1722548 176472 11714256 1620191 94065 
I I I I I I 

* N •··•* 
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Crude sum of squares for dams, repeating each dam's record 
2 2 2 2 2 2 = (176) + (222) + (222) + (82) + (32) + (66) 

2 2 
+ (66) + (20) = 186405 ••••••• ,(Col. 5) 

Correction term for sum of squares for dams -

= 
2 

(To tal for dams) 
-------------- = (1067)

2 

Number of pairs 8 

= 142311 ---------------------- (Col. 6) 

Corrected sum of squares for dams 

=Crude s.s. - Correction term 

= 186405 - 142311 

= 44094 ---------------------------(Col. 7) 

The corrected sum of squares for daughters is obtained in 
, 

the same manner· 

Crude sum of squares for daughters 

= (134) 2 + (118)
2

+ (174)
2 

+ (136)
2 

2 

2 
+ (66) + 

2 1 ~ 
(110) +(131) 

+ (194) = 151905 •••••••••••• 

Correction term 

~ 

= (1063)
2 

8 -

= 141246 •••. .•••••••....•.•.•••• 

Corrected sum of squares for daughters 

= 151905 - 141246 

(Col. 8) 

(Col. 9) 

= 10659 •••••••••.•.•.•.••••••••..• (Col.lO) 

The corrected sum of product is calculated next using the 

product of the yields for each pair. 

Crude sum of products 

= (176 X 134) + (222 Xll8) + (222 X 174) + (82 X 136) 

+(32 X 66) + (66 X 110) + (66 X 131) + (201 X 194) 

= 156572 ••••••••••••••••••••••••••(Col.ll) 



• 

Correction term for the sum of products 

(Total for dam) (Total for daughter) 
Number of pairs 

= (1067) X (1063) 
8 

= 141778 •.•.•..•...•............ - ..•••••• (Col. 12) 

Corrected sum of products 

= 156572 - 141778 

= 14 794 •••••• " .•• -. ..•....•.••.•....•...•. ' Col • 13) 

If the records are available for only one sire and the number 

of daughter-dam pairs is large, say 50 or more, the intra-sire 

regression may be estimated as the quotient obtained by divi­

ding the corrected sum or products by the corrected sum of 

squares for dams. But such a large number of pairs from a 

single sire is hardly likely to be available, the comma~ 
situation being a number of sires from the same herd with much 

fewer daughter-dam pairs each. In such cases the corrected 

sums of products and the sums of squares for dams may be 

pooled over all sires. The intra-sire regression coefficient 

may then be obtained as ratio of the pooled sums of products 

to that for the pooled sums of squares for the dams. For the 

Hariana herd taken for illustration, here, data in respect of 

ten sires were available. Computations made for these sires in 

the manner explained above are presented in Table II. The esti­

mate of the intra-sire regression coefficient (b) obtained 

from the pooled data is 

= 94065 
320726 

= 0.2933 

The corrected daughter average index for Sire I is now 

~tained as below;-

Average for dams = lQ67 
8 

= 133.4 • • • • 0 • • • • • • • • (Col. 14) 



I 
I 

/ 

-4:-S-

Deviation of the average for dams from the herd average 

= 133.4- 130 

~ + 3.4 ••••••.•••• (Col. 15) 

Correction for the effect of dams 

= (Dams av. - herd av.) X regression coefficient 

= + 3,4 X 0.2933 

::: + 1.0 • • • • • • • • • • • • • • • • • • • • • • • • • (Col. 16) 

~verage for daughters = 1063 -g-

= 132.9 •••••••••• (Col, 17) 

Corrected I:r.d e.x 

= Daughter av. - correction 

= 132,9 - 1.0 

= 131.9 • • • • • • • • 0 • • • • • • • • • • • • • • • • 0 • • • • • (Col.l8) 

The following are the. steps for computing the standard error 

of the index. 

Residual sum of squares 

= (Corrected s.s. for daughters) + (corrected s.s. 
for dams) X (b)

2 
- (Corrected S.P) X 2b 

where s.s. and S,P denote the sum of squares and products 

respectively, 

= 10659 + (44094) X (0.2933)
2

- 14794 X a X 0.2933 

= 5774 0 • 0 ••••••••••• 0 ••••••••••••••• (Col. 21) 

The deviser for the residual sum of squares 

= n X (n - 1 ) 

=8X7 

= 56 • • • • • • • • • • • • 

Variance of the Sire Index 

' 

= Residual sum of s~~ 
Diviser in Col.(22) 

= 5774 -56 

0 •••• 0 (Col. 22). 

= 103 0 ••••• 0 • 0 • ••• 0. 0 •••••• 0 ... 0 • •••• 0 (Col 0 23) 
Standard error of the index 

= /VarTa!iCe' 
= = /103- = 10.1 •••••• ( Co1.24) 



-so-

The method given for the calculation of the standard 

errors of the indices is a simplified approximation to the exact 

procedure, as the component term in the sampling variance due 

tot he sampling nature of the regression estimate is m glected. 

The extent of under-estimation in the standard errors of the 

indices will, however, decrease with an increase in the volume 

of data on which the regression coefficien is based. Experience 

in the analysis of breeding data at the Indian Council of Agri­

cultural Research suggests that the bias involved in using the 

simplified method is negligible, being of an order less than 

one pen cent, unless the data &Vailable for estimating the 

intra-sire regression is very scanty. The component of the 

sampling variance of the regression coefficient 

is 

Residual s.s. X 
n-1 

2 
(Dam's Av. - Herds' ~ 
Corrected S.S. for dams from total line 

and should be added to column (23) in order to obtain the exact 

variance of the regression coefficient. For example, the 

correction needea for the estimate of variance, 103, correspon-

ding to Sire I 

5774 
7 

·X 

in column (23), Table II is 

( + 3,4)2 
which is less than o.S 

3'20727 


