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ROBUSTNESS OF SELECTION INDEX AND IT’S
PREDICTABILITY FOR LIFE TIME
PRODUCTION IN THARPARKAR CATTLE

are respectively relative economic value, genotypic valus,
phenotypic value and selection index coefficient valus for the
ith trait. Its use as a basis of selection of couws 18
considered to be the best in maximizing genstic gain in
aggregate value of their genotypes. Improvement in overall
economic value of COWS is sxpected to simultaneously lead to
improvement in their milk pdeUCtiDn,rbBCaUSE normally higher
milk producing snimale are expected to be more economical.

The use of & selecticn index constructed on the
besis of information for a given herd would be applicable to
ttet herd for some time, Changes in eccnomic vslues of the
traits 88 aslee changes in oenetic parameters 1ike_heritability
and genetic correlations would be expected to bring about soms
changes in selection index coefficients and expected genstic
gains fﬁr the individual traitec. Investigations on effect of
variation in genetic parameters and economic values in
selection index would throuw some light on reliability of wider

and prolonged use of selection index once devsloped.
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The oriterion for judeing sultability of 8
selaction index is the measurs of accuracy astlmatsd as
correlation betueen net hercditary valus (H) and total phenotypic
scors (I) or in temms of the expected genstic galn in H by
use of selection jndex ea basis of selection, Sincs, H, the
total hereditary value, indicetss the total economic value
of the genoctypes of the traits, which are generally feu and
mani fested early in the 1ifs of an animal, 8.0s, age at first
celving, first jactation production and first calving intarval,
included in H, the expected genetic gain (A H) in H would be
relevant to such traite as are included in H. The implicit
essumptioh ijs that gain in H would, also, bring about
improvement in economic value for the whole herd 1ife of
animgls. Therefors, this study was taken to investigsate the
.predictability of geiection index based on garlier traits for
1ifetine milk produétion and compare it with predictability
of lifetime production by its multiple linear regression on

such early treits.
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REVIEW OF LITERATURE

Thse litaratura i{s ravieued under thres

gectionss
- §) Selection Index - M et hodology

31) Applications of Selaction Index

. 411) Prediction of 11 fetime production

2.1, SELECTION INDEX = METHODDLOGY

Fisher (1536) developed 'Discriminéntlfunction'

with a8 purpose to discriminate the tndividuals belonging to

tuo different populations. It was Smith (1936), who first
making sslection on

made use of this function as @& basis for

several chzracters simultaneously in whest. Hazel (1943)

put forth the genetic basis of constructing cglection indexes

with an fllustration on swine, Harris (1964) developed the

equations involving the variance and covariance emong the

,estimatas used for index construction,
Szles and Hill (1976) reporﬁed that when there

yas error in paremeter gstimates, the sxtra response

obtsined by including sscond trait, would be overpredicted.

They found the loss in efficiency from pooT estimation of

paramatars as roughly 25% of the squared coefficients of

varlation of & heritability estimate of the First trait.

Nigbel gt gl. (1977) discussed the effects of the revised

economic ueightings'on‘purebreeding in pigs and found that
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the errors, in estimating price and éut gomponent upto 40%,
to h§v6 14ttls effest on sslection index, |
* Vandepite and Hezel (1977) investigated the
~gffects of errors in the sconomic weights on t he accuracy of
sglection indexes 1n pigs. Errors in single economic weighting
of #50% reduced the relative afficiency of the index by less
than 1% end negative erroré wers found, in genersl, to be ‘
more criticsl than positive errore. For small sampling
errors in the economic welghting vector, when the coeffic;ent ‘
of varisbility (CV) was less then sp%, the loss in relative
efficisncy was less than 2.6%; but increased to roughly 15%
when CV was 100%.-'Gurnani,g§,§1. (1978) assessed the
robustness of the selgction index coefficients with regard to
varietion in sconomic values for first la_r_.‘tation production (FLrP),
gpcond lactation production (sLp), age at first calving (AFC)
and first calving interwl (FCI) in Tharparker cattle. The
expectsd genetic advance was affected by 3.3 to 10.7% for-an
increase of 30% in relative econt;mic values of AFC and FCI,
phereas the decrease in economic values of these traits upto
20% aftected the sxpected genetic edvance by -8.1% to ~3.0%
They suggested that the old selection index could be used
when the relative economic values did not undergo 8 serious
change. Using selection index theory, Danel (5979) combined
the tndividual test-daye® results in a lectation to estimate
the breeding velue for &airy_bulls. The accuracy of the
index (r,;) wes found not to be affected uhen the genstic

correlations gmong the test-days were altered or when the
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phenotypic variancss dipfered. Individual b-values shoued

e wide variation and wers aspacially affactad by changes

in the pattern of heritabilittas for the individual tgst-déys.
He .concludad that the correlation batwaen tha index (I) and |

aggregate genotype (H) wae not efficient for maasuzing the

2.2, APPLICATIUNS'OF SELECTION INDEX

fablar and Touchberry (1959) constructed salection

indices for milk and fat yield in Holstein fFriesien cattle.
Sglection indiéae based on milk yield, fat yiald/percentage
and protein content were sxtended from time to time by a
number of research warkets (Teinberg, 1968, Tainberg, 18713
Herrendorfer and Shuler, 1872; Panicke and Zelfel, 1975;
Smopova and Effimenko, 4977). Maijale (1978) ciscussed ths
use of selecticn indices to improve the'profitgbility in dairy
1ndustry.

Thare arec & number of reports conceming
applications‘of selection indexes based on productive gnd
reproductive traits in dairy cattle. Singh gt al. (1969)
extended selection indices, based on age at first calving (AFC),
birth weight (BU), welght st first calving (urc), Pirst
jactation milk yield (FLY), first service period (FSP) and
first dry period (foP), f;or genetic improvement in Hariana

" cattle. They concluded that the selection incorporating.
only AFC and FLY, uith correlation betuwesn net hereditary
value (H) and selection index (1) as D.5402, could lead to

maximum genetic improvement for AFC, FLY, FSP and a considserable
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‘gain in FOP, - Prasad and prasad (1972) reported the hext ta=

‘pilities for traits iz, overall milk yleld (1Y), age at first

calving {AFC) and flret calving interval (FCI1) as D,05, 0.08
and D.01. Prasad and Prasad (1973a) rep’orﬁed the relative

gconomic values of the thres traits as Re. D.25 per 1b,

fse 32,39 per month and fs, 42,50 per monthe Using these estimates,

Prasad and Prasad (1973b) davalapad a salaction index

" $ncorporating AY and AFC, ‘with ryp 28 0,540 and reported

en overall expscted genstic gain per jactation per cow of

Rs. 6069 per generation of.salgction. Gurnani gt al. (1977)
snalysed the data on first jactation milk yield (FLP),

ags at first calving (AFC), second lactation milk yleld (sLP)
and first calving intervel (FCI) in Tharparker cattle and
developed selection indices with and'mithnut restrictions.
They found that with ths genotypes of all the four traits in
the total genotypic score (H), the index 1 = 0.078(FLP) -
2.148(AFC) + 0.661(FCI) was optimum, As compared to the
weightagse on fLP, this index gave about 28 times ueightege
to AFC end B times weightage to FCI, Selection based on this
index was expected to give overall genetic advance Of Rse 3050

per genarstion of selection.

There are, also, reports of applications of
salection index in cattls for the purpose othér than milk
production. Nowicki and Zuk (1972) constructed selsction
indices incorporating body measurements to improve the
musculature of Polish Black and Uhite Lowland cattle. Vessely

and Robison (1972) obtained empiricel selection indexes for
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beef cattle by muitiplo regression techniqua'ahd extended three
indices for haifers end three for sowss | ‘

Johari end Bhat (1978) computed aelaction indices
for Indian buffsloss, The tralts incorporated weret birth weight,
g-month body weight, 12-month body weight, body weight at
fres hening, age st first calving, first.servica éariod, firet
calving interval, first jactetion milk ylield and first lactation
length., The accuracy velue of the indices ranged from D.41 to

0.47.  Total advence in the most efficient index wes Fs.57.07

per generation of salection.

2.3, PREDICTIOR OF LIFETIME PRODUCTION

The literature concerning prediction of 1lifetime
producticn i1s reviewed under various sub ssctions as follows?
2361 Relationshzg of age at first celuving

with lifetime production of milk
and/or fat production

Hansson (1941) raporte-d total fat production (upto
8 years of ags) to be decreasing greatly with increase in age
at first celuing (AFC) in purebred Suedish Red and White cattle.
Luthman (1941) found that the animals vhich calved first at
31-36 months of ags, showed higher performance for milk and fat
yiald than the sarlier calvers in Lowland and Mountein Spotted
cows. Gethin (1950) reported that the 1ifstime production,
determined on thé basis of herd 1ife of e given length (say 7
or B yaarS) was higher.for garlier calvers than for later ones,
Sundaresan gt 2l (1954) reported negatively significant

correlations of AFC with lifetime production in Red Sindhi cattle
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and Murreh buffaloes. The currelafiona of kfﬁlwit,h 1ifetime
prnductiun wore =De 425, ~0, 544, =0.662 for milk pmduct.tt'm‘
upto 6 years, 7 years and upto 10 years of agse raspgctivaly
in Red Sindhi cousj 40, 393, =0.790 and ~=D4350 for miik
production upto 5 ysars, 7 years and 10 years of age
respectively in Murrah buf f el 088, Venkayya and Anantekrishnan
(195?) reported longer productive 1ife for earlier caglvers
than late calvers 1n Red §indh1 and Ayrshire X sindhi couws.
Inc reassd lifetime milk yield with decreasing AFC wers

reported by Wahab (1964) in Dazel cattle and Dutt gt Bl.

(1965) in Furrah buffaloes. High nagati.ualy significant
correlations of AFC with lifetime pmduction of milk were r
reported by Singh at 2. (1964) in Harianz cattle ranging

from -=0.758 to =0.640 for ferm bred cous and from ~0.601 to

~0,340 for foundation ctock. Singh (196€) found the
correlation of AFC with lifetime production upto 10 years ' |
of age to be =043728 in buffaloesSe Negatively significant |
correlations of . AFC with lifetime production ranging from

-0,708 to =0,150 wers raported by Bhasin and Desai (1967)

{n Hariena cattle, Gopal and Bhatnagar (1972) for Sahiwal

, cattle, for Holstein Friesian and Gupta .and B8hatnagar (1979)

for Tharpatkar cowe Increased 1ifetime milk yield with

the decrease in AFC were also reported by K remarenko and

Shesterin (1970) foxr Russian breeds of cattle; Atmad 8t 2l.

(1971) for Sahivwal cows in Pakistan end Yanchilin and ,

Kendratera (1977) for Ruesian breeds of cattle.
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" No significent ePfect of AFC on 1ifetine milk
yield was reported by Singhland Sinha (1960) in Tharparker
oﬁttla. The revieuw, thus, indicated that mostly age at first
calving had aig‘zifiomtl‘y. negative association with lvifati.ma

ailk production.

2.3.2. Relationship of first 1actation production
ulth lifetime production of milks

Sundarssan st al. (1954) reported the correlation
of first lactai:;ion p roduction (FLP) uwith lifetime p reduction
upto 5 years, 7 years and 10 'years of age in Red Sindhi as
0.799, b.773 and 0.855 respectively. ' The correlation of FLP
yith 1ifetime production of milk upto 6 years, B years and
10 years of age in Piurrah buffsloes wes 0.507, 0.415 and
0.300 respectively. Puri and Shzrma (1955) fitted the
regression equations on the basis of 4 observetions on
Tharparkar cows to predict total yield upto 10 years of age
on the basis of FLP, The fitted model explained 48% of the
variation in Tharparkar, 55¢ of the variation in Sahiwal breed
and 37% in Red Sindhi. Sifgh gt al. (1964) reported tha
correlations of FLP ulth 1ifetime pmduct.ion upto 6 ysears,

8 years and 10 years of age as 0.861, 0.626 and 0,765
reSpectively in farm bred end 0.700, 0.670 and 0543 raspectively
in foundation stock of Harisna cattle. Singh (1966) reported
the correlation of FLP (300-day) with milk production upto

10 years of age 28 0.3128 in buffaloes. Bhasin and Desai

(1967) reported the correlation of FLP (1bg) with total milk
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yield upto 6 years, 8 years and 10 years of &ge respeotivaly
<o 0,445, 0.499 and 0,667 in Harisna oattle. paller (1972)
studied Slovakien Pied cous and reported that total milk
production upto 6 years of age was highly signi ficently
correlated with milk yield in first lactation with ﬁurralatinn
coefficient as 0.561, Gopal and Bhgtnagar {(1972) calculated
the correlation of FLP yith total milk yield upto 6 yesrs of
age, B years and 10 years &s 0. 470, 0.55 and D, 39 respectively
in Sghiwal cattle., Lin and allaire (1978) found the correla-
tion of FLP with total milk yleld upto 4 ysars of age &nd
& years of age &5 0,56 and D652 respectivelys Gupta and
Bhatnagar (1579) estimated the correlations of FLP with total
milk yileld upto & years of age, B years of age end 10 yesTs
of age respectively 28 0.633, 0.657 and 0,499 in Tharparkar
cows. Increases in 1ifetime milk yield with increases in FLP
were reported by Cutt gt 2l. {4965) in fiurrah buffalose, aid
Hooque and Hodges (1979) in Holstein cowSe

Thus most of theAreports from tropical @s vell as
temperate countries indicate that lifetine productd on cf milk

was positively associated with pirst lactation milk yield (FLP).

Ze 3630 Relationship of first calving interval (FCI)
with lifetime production of milks

Wghab (1964) reported that the lifetime milk yield

was higher for calving intervals of 350-399 days than for
shorter or longer ¢ntervals in Dezel cattle. Lin and Allaire
(1978) reported thg correlation of calving interval (in months)

with total milk yield upto 41 months of age, 48 months and
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72 monthe ae De28, Os 42 and De29 respactively. No gig’nif"icant
‘relationship was reported between FCI1 and 10 ..yaare of age in
Zebu and crossbred cows by Sundaresen 8t ale (1954). Thse
published literature on affsct of FCI on 1ifetime milk yield
is rather scanty,

2.3.4. Predictability of lifetime production
on the basis of age ab first calving
TATC) ard first lactation milk yield
(FLP) taken togethsri :

A Sundaresan gt al. (1954) developed &n equation
for predicting production upt6 10 years of 2ge for Red Sindhi

and Y4 Jersey-3/4 Sindhi, as & c anbined group, as follouws?
Red Sindhi and ¥4 Jereey-3/4 Sindhi groups?

Y = 20 - 30,24%, + 2.76X3 R = B.B4

Uhefe,

Y = Predicted 10 year production in 100 1bg of milk.
X, = Age at first Calving in months.

X = Fipst lactation 305-day production in 100 1lbs

of nilke.

Outt gt al. (1965) studied milk yleld upto 6 years, B years
and 10 yeasrs of age in Murrah buffaloes end stressed tﬁat
in addition to the production of first lactation, 8ge at
first calsﬁ.ng should also be given due'ueightage in predicting
1ifetime milk yield. Puri and Shamme (1965) extended multiple
regreseion equations to predict milk yield upto 10 years of age.
Multiple regression aquatiod pased on AFC and FLP sxplained

more than 75% of the variatien in purebred cous and only 40%




in crossbred cous. Singh gt &l. (1964) studied the sffect of
AFC (x1) and FLP (xz) on 1ifetime production in Hariana cattle
and estimated three prediction equations for 1ifetime

production (in 1be) fitted as belows

Y (6 ysars) = 10386 - 193.06X, + 1,595%, RZ = D.B29
Y (8 years) = 14600 = 191.04X, + 1.740%, R? = 0,577
Y (10 years) = 18925 = 205.09%, + 4,039X, R? = 0,763

Bheein and Desel (1967) devsloped multipls
regreseion equations bacsed on AFC (J’\1) and FLP (Xz) for
prediction of 1ifetime production (1bs) in Hariana cattle
as follow?

Y (6 years) = 5211.563 - 98.617%¢ + 1.413X,

Y (8 yeere) = 2577.698 - 5,812X1 + 2.074X%,
Y (10 ysarc) = 6725.106 = 105,791X, + 3.863%,

The estimation of accuraCy (Rz) of these fitted regression
model was not reported.

Gopal and Bhatnagar (1972) reported thet multiple
regression equations based on LFC and FLP explained 51%,
51% and 40% of the total variaticns in 1ifetime production
of milk upto 6 years, B years and 10 years of &gs recpectively
in Sghiwal cattle. Multiple regression equations based on

AFC(x1) and er(xz) for prediction of 1ifetime milk yleld (v)
were fitted as follous

Y (6 years) = D4B4 — 148.23% + 0.92X%,

Y (8 years) 10347 ~ 138,18X, + 2.07X%,

Y (10 years)

]

14645 - 190.19)(1 et 2.62)(2
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The published 1iterature indicates that quite @
good amount of variation in 1ifetims milk production could be

explained by the variation in AFC and FLP,

24 3e 5e f_iedictability of 1ifetime production on
the basis of AFC, FLP and FCI Jointly:

Gupta (1977) reported that the prediction
equations on the basis of RFC (3‘(1). FLP (Xz) and Breeding
efficiency (xz) sxplained 777, 79% and 47% of the total
variations in 1ifetime milk production upto 6 years, 8 years
and 10 years of 208 respectively in Tharparkar COWS, Multiple
regrecsion equeticns for predicting lifetime milk yield (Y)

were fitted &8s fellows -

Y (6 years) = 16793.16 - 257.56X, + 0. 386X, + 3. 47X,
Y (8 years) = 2154B.70 = 242,64%; + 1.330X_ + 13.96%,
V4

Y (10 years) = 2136261 — 218.36% + 2.440X, + 85.43%;

000




MTERI AL AND ‘METHODS

Data for the present investigation were taken
from the svailable records of Tharparkar herd maintained at
National Dalry Regsearch Institute, Kamals. The herd was
established in 1921=-31. Histary of the herd has bseen dealt
in details by Kumaran (1956), Sundaresan gt gl. (1965) and
Bhatnagar gt 8ls '(1976). Rew data were coliected on 1223
enimals born to g4 sires. Howevsr, the number of animals
with records on 88€ at first calving, gt rst lactation
production end first calving interval were available on 1019
animals born to 88 eires, Data on 557 cows born to 61 sires,
which had milk yield upto six years of 806, were censidereds
The number of cous which had nomel records upto 10 years
of age was 238. These couws had milk-records jnitisted from
1939 to 1977=78. Infomation on the parentage, 886 at first
calving (AFC) (months), first 205-day lactaticn production
(FLP) (kg), first calving interval (FcI){days) and 1ifetime
production (LTP) (meessured in three ways — total milk yield
upto 6 years of age, milk .pmductiun upto B years of age

and total milk production upto 10 years of age), werse obtained

fron the availeble records. The records with less than 100 days

lactation wers considered abnormel and ignored. The animale
were fed 88 per feeding standards, approved by the experise
The deteils of feeding echedules and breeding practices have

been detailed by Bhatnagarl et al. (1976).



310 CONSTRUCTION DEASQIJQC]LON' INDEX

Totel phenotype ecere oF eelection index (1) is
expressed 88} | '
I'= b X + l:nzx2 4eoat b
Uhere,‘
1 = Totel sCOT

X = Phen
n

e or index value.

) X, ssees otypic velues of trait 1,
tralt 2jecesesner and so ONe

b, are the weightages to be sssigned to

b2' sevy
het the correlation (ryp)

by
different traits in such & way ¢
ex value (I) and total genot

The total genotypic merit or

petween the ind ypic score (H) is

meximized (Hazely 1 943).

score (H) is defined ast

H=aq6, + a6y teeost & Cp

Uhere,
G

1 Gz. eeses and Gn are the genotypic values of

the traits 19 2y ee°° and nj

and a, are the relative aconomic

84,y 32| eesee
yesee 8NA N respectivelys

valugs of the traits 1,2
in terms of matrices,
ist

prassi.ng the set of

nommal equations obtained by maximizing Typ
pPp=52

Therefors, the solution for bi 8 uould bes

n=£‘.’1£9.

Where,
pic vari.mca-cavadancematrix of the

_P = Phenoty

traits under con sideration.
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G = Genotypic variance-covariance matrix of
the traits. '

a = Column vector of relative gconomic values.

b = Column vector of caefficimts in selection
Index (I).

Ectimates of heritabilities, genetic correlations

and phenotypic coprelations required for P and G vere estimated

py Gurnani (personal communication) &s shouwn in the following

tablB 1.

Table 1
Traits nrc(x1) FLP(Xz) FCI(xz)
fLP D.036 0,189 0.374
FCI D.116 Do 255 0a.254

Where, underlin ed slements on principal diagonal are
heritability estimates of the three traits, elements

above principal dia gonal are genetic correlations and

elements below the principal diagonal 8rs phenotypic

corrglations. Therefore, the estimates of P and G were

as followss

48, 366 170,910 90,090

E )
p = (170,910 465,998,000 19439.0003
- ( )

( 90,080 19439.000 12471.000 )

4
b
:
ik
i
|
i
"
1

i

¢

= & =4 b e e Tl i
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E 5,078 438,88 45.91;
[ E-m.aa 76764,0 . 5907.0 )
(  45.91 55070 3168.0 )

The rglative economic velues (ai's) were sstimated in the

follouwing mannexr’ , _ A o
The studies of Kuber Ram}qu! Kulwant SinghL(‘IB?ﬁ)

on hard of Tharparkar cattlie at NeDeRule suggested the fallowing

figures?’

Cost of milk production = Re.1s 47 per kg = Rse1.50 per
litre spproXe.

Cost of rearing & calf :
to meturity = Rse 3974.20 = ps. 100,00 per month approX.

Cost of maintaining an.
sdult dry couw = R.5.0 per days

The relative economic valug of a trait is
defined as the net return for unit increase in the trait.

Taking sale price of milk as approximafaly Pse 2400
per Kg, the net return per kg of milk is eXpact'ed to be
epproximately Re.0.50 per ng for first lactation production (FLP')./'
The ralgﬁve economic u;ight for AFC would bs &.:‘—IEEI_._[JE.

As lsctation production at N.D,R.I. famm ig taken
for 305 days or less, .the increase in FCI is expectad to be
mainly dus to increass in dry period. Sp, the relative gconomic
welght for FCI wes taken 2s Rse=5¢00. 7~

Tﬁua, the rou vector of relative economic values

for AFC, FLP end FCI wast
a' = (2., 2, a,) = (~100.00, 0.50, =5.00)
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1 P Accuzacy of Sslection Indax:

It Ls the oor relation between total genotype
value (H). and total phenotype score (1)s -

r . = Cov. (H,1)

3,4.2. Genetic gein for individual traitss

The row vector for genetic gains in AFC, FLP

and FCI individuzlly w2s calculated as follouws?

A ip G
(Ac1, Gz'Acs) =

Where,

{ = Intensity of selection, assumed to be 0435
corresponding to 2 percent culling,
Ay = Genatic gain in gt trait (for § = 1,2 and 3)

when selection is based on 1.
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e value (H):

fo\:a ghot
alue (H) was caloulated

501.30 “d
in net hereditary v

Total gain

3 ¢q 4G
Al = j=1£j J

a8 3 = Ralative eumomic value for jth trait.’

ysauad to 4/ T EE

A H ie identicell

3.2 ROBUS TNESS OF SELECTION IN DEX

t of variation in economic and

Studies on effec
glection index-coeffi
ts and advance in total

(1) is the basis

genetic velues on 8 cients, accuracy (rHl)'

gain in indi vidual trel
AH) (when selection 1ndex

following manne -

genetic
genotypic value (
yere mads in the

of selection),
riation in relative ec

Effect of ve onomic
1g) woe studied for follo
0%, =10%, 0F (no change),

mbinations.

wing seven levels of

values (ai
+10%, +20% and +30%

c hanges: —30%
economic traits and in co

in sach of
ation &in the heritabil

E¢fect of vari {ties was

0% (no change) , +10%, +20%

gtudied for four 1gvels of changes:

ard +30% in each of econom
e variation in the herit

jc tralits and in combinations. It was

assumed that th gbility velues did not
jc covariancese

affect genestic and phenotyp

Vapiations in genatic correl
els of chengess p% {(no chan

c traits. It was

atione were considered
ge), +10%,

for the follosing foUur lev

+20% and +30% in each pair of the sconomi
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.agssumed that the vﬁr;ationa in genetic correlations did not
alter genetic and phenotypic variances, '

3,3, PREDICTABILITY OF LIFETIME PRODUCTION

Procedure for prediction of lifetime milk
production {LTP) on the basis of three sarly scmomic'traita
and total phenotypic score (I) use followed using regression
analysis. The simple linear regrsssion of LTP on three early
traits, viz., ege at first calving (AFC), first lactation
production (FLP) and Pirst calving interval (FCI), wae fitted
by cons:ldariﬁg the ihdapandant variates one at a tims, two
at a time and three a2t a time, The simple ‘linsar regression
of 1ifetime production (LTP) on selection index (I) construc ted
on the basis of considering all poesible combinations (352 = 3)
of two tralts at a time and three sarly economic traits, was
fitted. The sets of calculations were done separately for
1ifetime production upto 6, B and 10 years of age. The
procadure for fitting simple linear regression and multiple

linear regression were @s briefly described belows

3.3.1. Simple linear regression analysis!
The linear regression modsl wass

Y=80+BX+E

Uhe re,

Y and X ars dependent and independent variates respectively.

B 4s the slope of the regression line fitted;
Bo is the intercept on the Y-axis and E is ths residual
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epror distributed as N(D, " 2) (Snedesor and Cochran, 1967)
Where, b, the estimate of B, ist '
IRy

b
”ﬁif
taking x = (X~ X), and

Then, bo, the pestimate of Bo, would be squal tol Y - b('i-)

Stgndard Error (s.E,) of regression coefficient

N

is calculated es3
/zf-iw

(0] = / (N=2) x2)

Uhsere,

N denotes total number of obssrvations.
Coefficient of determination (Rz) was estimated as?
{b)Zxy
Z >

y
Correlation coefficient (r) was calculeted ass
Z Xy

R _

b o =

. o // sz ZYZ

3,3.2 fultiple linear regression enalysl s

multipls linsar regression equation aims at
predicting the valus of Y veriable {dependent) on the basie

of two or mors then tuwo independent variable (Parson, 1978).

N
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flodel ¢ ¥ = Bo + ByXy ¥ éz"z 4eret B X +E
Whers,

Bys Bgreese and B are 1enear partisl regreasion
of Y on x1y ngg'.oo and xﬂ rGSPBCﬂVGly*
£ 4g ths residusl error distributed 88 n(o, T 2).
8o = Intsrcept for the regression line.
Teking X, = (x1-x1)

x, = (Xz=%))

xn = (Xn-xn)

The set of lsast square normal equations isi

2
(((Z’:‘\ ZXq%g i"z"n g) é by g) %2"17 )g
( . 'y (b)) ¢ )
( ) ] ) ( 02 ) = (Zx?y )
i R
(o a2 ) th ) (exr)
(Z*4*n n) ") )
or
(b, ) (Z_xz S Xy X )"1 (sx,y)
(' 1 ) ( i1 3 " ) ( 11
éb 3 2 ! . ; 2 ' ;
2 ' ! '
(! )ﬁs . ] 2 ] % :
(l ) ( (] (] ( 1] )
(v ) ( ] ] ) ( ] )
(0 ) ( (] |2 ) ( s )
Ebng ( 3%1%n Z¥n ) (%Y )
( ) ( )
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= ( : ( : ,
(1 ) z
I Cnd (B
Where, ‘
,ovooo and B

b, by eseeee and b, are estimates of By, 82

bo, the estimate of Bo, 1s

bo = ¥ = (b“x1 + b2X2 4 enes * bnxn)

Standard Errors(S.E.) of pertial regression

coeffici ents wers cealculated as followst—

.

‘ / 2
5,E,(bi) =/ cu s
Where, Cii is the element of the inverse matrix belonging to

M rouw nd 1% column,

2
I Al LA b3,y Fereet bind)
' ne-k=1

52

Where,
n = Total number ‘of observations.

ndent variablese.

k = Number of indepe
tion (R%) was

The coefficient of determina

calculated.m the basis of formul ad
—tbix1y +.b2§_x2y + o0s bnixny

Zy?

R2

000
/

*




RESULTS AND_DIS CUSSION -

4.4, CONSTRUCTION OF SELECTION INDEX

Considering the phenotypic and genotypic
verishce-covariance matrices and vestor of relative economic
values given in Flétarial end Methods, the aélaction indsx was
constructed, These gsglection index coafficients (t*s) are |
given in Table 2, Index ND.MI‘). In this index the
ysightages assignad to29e at first calving (AFC) (months)
and first calving interval (fc1){(days) were found to be
-94 times and -8 timss the weightage given to first laectation
production (FLP) (kg). The maximum weightage in the gelection
index is received by the trait which has maximum relative
economic value viz. 8gse at first calving {aFC), since
differences in heritability estimates of the three traits are
conperatively small as compered to di pferences in relative
economic values. Singh gt al. (1969) reported the weight2ges
for AFC (month), fLP _(lbs) and first dry peried (foP)(days) as
-60, 1.0 and =05, whexeas Gurneni gt =2l. {(4977) reported the
relative weightages for aFC (month) and FCI (days) as =28 and
-8 times the weight given to FLP (kg) in Tharpe rkar COWB.
These differences in the coefficisnts of selection index for

three traits can be accounted for by differences in relative

econcmic values and dif ferences in genotypic and phanotypic

parameterse



The sccuracy (rm) of sslection indax, as moasured

by the correlation between total ge,nbtyﬁic score (H) end total

was fodnd to bs 0.5080 as shoun in 14,
n Hariena

phenotypic score (1),
Table 2. The Ty pstimates were repu:tad to ‘be 0.6230 %
Singh gt al. (1969), 0,6570 by Prasad and Prasad (1973b)
rporating AFC,

cous by
in Therperkar cows for sslsction index inco

average wilk yisld, fCI and lactation period and D.,4700 for the

most efficisnt index incorporating AfFC, FLP and FCI in Indian

buffaloes (Johari and Bhat, 1978).

Expscted genetic gain per genaration, when sslection !

is based on selsction index, 8S studied hsre, would be =0365

months in AFC, 19,80 kg increase in FLP end =7.01 days in FCI, ,

Use of this selection index is very desirsble becsuse milk yleld

would increase and AFC and FCI would decreass. Singh et al.

(1965) reported the corresponding Pigures to bs —4,44 months

for AFC, 325,55 1b in FLP and 27.03 days increase in first dry

period in Hariana cows, Gurnanl gt al. (1977) estimated such

figures to be =0.12 months for AFC, 31,52 kg in FLP and 5,63

days increase in FCI,
Expected genstic advance {@H) in net hereditary

merit (H) based on selection index, was sstimated to be Rs,81¢5

per generation asgainst fs,30.50 reported by Gurnani ot al. (1977)

in Tharparkar cettle and Rs,57.07 per generetion of se
eported by Johari end Bhat (1978).

lection

in Ind.lan buffaloes a8 T
The differences in these asumatas ars dus to

di fferences in relative economic valuss end estimates of gsnetic

and phenotypic parameters of the various breeds/herds located at




Aam -
—h re———
- ————— e e .

w26
dipferent places and times. In order to judge the reliability
of the index obtained presently for future uss, the uar:l.atian

in selection index cosfficients Wl th respect to variation in

relative sconomic valuaes and genstic parameters was investigated.

402, ADBUSTNESS OF SELECTION INDEX

Robustness of salecﬁon index may be daf’ine‘d as
the effect of waristion in genstic and phenotypic parameters
and relative economic values on index coefficients, This gives
a measurs of stability of selection index. It wuas studied uith

respect to variation in relatlve economic values and variation

-

in genetic parameters.

4, 2,108, Effect of variation in rela'tiva economic

valus of age at first celving {AFT) on

robustnese of selection indext

As the cost of rearing of heifers decreases

from Ps.100.00 per month to R.70.00 per month (.. 30% decrease),
the relative sconomic walue (81) of age at first calving {AFC)
111 ihorease from 100,00 to -70.00. Similarly if the cost
of rezring of the heifer increases from Rs. 100,00 per month to
ps, 130,00 per month, the relative sconcaic value (31) of AFC
would decreass fram =100,00 to =130.00. Effect of such
varistion in ths cost of resring upto 30% increase end decraease,
at interwals of 10 percent, on index coefficients, accuracy of‘
selection index (rH.I) and expected genetic gain (BH) in nat
hereditary mexit was studied. The results are presehtsd in
table 2, 1t is seen from this teble thet as ths relative

economic value of AFC is tncreassd from ~100,00 to -70.00,

there is gensral increasse in coefficients of selection index
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for AFC and "FCI, ‘.wha:eas there ie decrease in cnefﬁci ent

for AP, Similar grend in variation of bi'e is obtainsd when
the relative economic valus (2,) of AFC 15 decreased (by S0%)
from ~100 to =130 (Table 2). These trends are mors clearly
visible when index co8 ¢eicients ars taken relative to thse
index coefficient for fLP (column 4, table 2). Further the
increase in relative econenic value-(a,‘) of AFC (corresponding
to decreasse in the cost of rearing) resultad in practically |

no significent changs in accuracy (zyp) of selection index '

(column 5, table 2).

Increase in relative econonic value of AFC resul ted
in increase in expscted genetic gain (4G,) of AFC and FLP (AGZ)
but expected advance in net hersditary perit would be decreaseds

These rasulté. therefcrs, indicate that W th the
decrezse in cst of rearing, sccnomic values of other traits
and gat;cati.c and phenotypic parasstars ranaining sams, there
would be expected decrease sn&H, 1t is seen that for 30%
increase in a,, the decrease inAH is to the extent of 13, 3%
This result at first appsars to be stranga. However, if the
dynamic economic gituation is considered, the reduction in cost
of rearing is likaly_ to lead to Jowering of cost of maintsnance
during dry period and the cost of milk production, Reduction in
cost of rearing uould'also inply reduction in price index so

that the purchese valus of 2 unit of currency would bs highere

4,2,1.b. Effect of variation in relative economic
value of first lactation produ ction (FP)
on sglection 4ndex:

Effect of variation in cost of milk production

upto 30% increase end decreass, at intervals of 10%, an index
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cosfficients {bi's), accuracy (’ax) of selection index,
axpactad genatic gain in thres camponent traits and expected
genetic gain (AH) in net hereditery merit was studied, The
results are given in table s, It is seen from this tabla
that as the r'elative'ecﬁnomis value (82) of first lactation
praduction.(FLP) is increased from 0,50 to 0,65, thera is
genaral increase in cos geicients of selection index for FLP
and FCI and a dscrease in coefficient for AFC, A similar
trend in variation of bi's is nbtained when the relsative
economic walue (a ) of FLP is decreased (by 20%) from 0.50
to 0,35 (Tabls 3). These trends are more clearly visible
when index cosfficients &re taken relative to index

coefficient (b)) for FLP (column 4, table 3).

Further the change in rslative economic value (a )
of FLP uptc 30% resulted in practically no signi ficant change
in accuracy (ryy) of eclection index (colunn 5, table 3).
Further incresse in relative economic value of FLP resul ted in
{ncreased genestic advance for FLP and FCI and a slightly
decreased genstic advancs for AFC, This can be accounted Bor
by negative genetic association between the two traits viz.
FLP and AFC (column 6, table 3). The expected genstic gain
in net héreditary merit decreased uith increase in relative
economic velus of FLP (column 7, table 3).

These results, hence, indicate that with the .
incréase in profit per unit (kg) of FLP, othsr things (3.8

relative econcmic value of other traits and genetic and

phenotypic parameters) remaining same, there would expected

i ,4__
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to be inorease 1n AR, - 1% is seen tat for 30% inprease in &,

the increase in AH ig to the extont of +3.9% (en_i'umn g, table 3.

Hence, the incrsase in profit made per kg of fLP

would obviously lead to inoreasad gein 4n H or inoreased profit

YOO

per generation of selaction.

On comparing table 2 and teble 3, 1t ie evident

ghat though selection gndex is reasonably robust to the

varietion in relative economic values of the component treits

upto 0%, yet the effect, in temrms of changes in AH, is more

pronounced 4n case of change in sconomic value of AFC as

compared to thet of FLP.

4e 20 1eCe Efpfect cf varietion in relative
economic value of first calving
jnterval on robus tness of selec--

ton indexd

gpfect of veriation in cost of maintaining an
adult dry cou foT 20 extra day (83) upto % increass end
decresss, at intervals of 10%, on index coefricients (bi's),

accuracy (ryy) of selection index, expected genetlc gain in

three component tralts and expected genetic advence (4 H) in

net hereditary merit was studied, Ths results are p resanted

in table 4,
It is evident from ¢his tatle that as the

relative sconomic value (33) of FCI is jncreassd from =5.00

to =3.50, there i8 genersl inorease in index coefficients for

AFC, FLP and fcl, Similar trend in variation of bi's le

obtained when the relative economic value (as) of FCI is

decreased (by %) from =50 @ 6.5. These trends ers more

ey m—— g Y O
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clearly dsible when index coefficisnts are teken relative o

index coafficient for P (column 4; table 4).

further the j_.ncraaaa in ths relative economic value

of FCI resulted in practically no significant changs in

ecourscy (ryy) ©f salection index (column S table 4), The

{ncreass in relative economic value, Bay iead to 8 gubstantial

{ncrease in expected genstic gain for FLP and FCI and decreass

in expected genstic gein in AFC (column 6, table 4). The

expected genstic gain in net haraditary merit decreased uith

the incresse in relative economic value of FCl,

These results, therefore, jndicate that wth the !
{3

decrease in cost of maintaing a dry cov por an extre day

other things (1., relative economic values of other traits

and genstic and phanotypi.c parametets) remzining same, thers

gould expected to be decrease inAH, It 1s sesn that for 30%

increase in 84y the decreass inAH is to the axtent of 11.9%

(column B, table 4).

The effect of variation in relative economic

valuse on Tyy ‘and 4H is more ptonouncad hare then 1n case of

fFLP end less marked then that in case of AFC,

values of the component traits \in combi-

4.20%1490 Effect of variation' in relative economic
. action indexd

nation) on robustness of sel

Epfect of variation in reletive economic values

of AFC, FLP and FC1 (taking at least tuo at & tims) upto 7 %i

increase or decTeass at intervals of 10%, on index i
, i

ex, expected gens tic

coafficients, accuracy of selection ind

gain in thrse gcomponent traits and expected genetio advance in
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net hereditary merit was studied. " The results are pfaswtad

. in table 5.

The results indicats that if there is simultaneous

ghange in the relative economic valuss of the three traits,

that is, 4if ths cost of rearing, cost of meintenance and the
net retum from ssle of milk, changs by 30 percmt (Index 144
and 111, table 5), there is no change in selection index

cosfficients, acouracy of solection index (zy ) and the expec ted

genetic gains in the component traits but the change indH

( expectsd genetic gain in H) changes to the same extent (3.8

approximately 30%) «

However, if ths relative economic value of a trait

3¢ increased, the greater weight has to be given in thse

selection index to that tralt and thers is some incrsase in A H,

As an exampls, if the cost of raaring is increased 1.5. relative

economic value (81) of AFC is decreased, slightly lesseT velght

ig to be givsn to AFC in sslection indeXx but there would be

greater decreasB (incresse in the negative direction) in

sxpected genatic gain of AFC and consequently greater increase

inA H, Among the three tralts considered in this study, 2 given

percent change in relative economic valus of age at first

cal ving (AFC) had more impact on change in 4 H, follouwed by

FCI and thers wes jeast effect of & given proportionate change

in relative economic velug of FLP onA H. This scems to be due

to initiel higher economic value for Bgy followed by that of 8,

and being jeast for az.
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Vandspits and Hazel (1977) repertsd that the srrors

n single sconomic walghting of 1507 reduced the relative

efficiency of the index by lsss than 1% Gurnani gf ale (1978)

reported the expsc ted genetic advance to be affacted to the

gxtent of 3.3 %o 10.7% for an increass of 30% in relative

aaen'omﬁ.c value of AFC and FCl, wvhereas thse 'dacreaaa'in rolative

economic values upte a0 of these traits affected the expected

genetic advance by -B.1% to =3.0%

4.2.2. Effact of yariation in heritability gstimats
ralts on robustnass of

of indi vidugl ¢t

gelection index?

Uhen the tralts considered in &8 selection indeXx

are genetically and phenotypically independent, increase in

heri tebility of & trait would be expected to result in increasg

in the uweight for that trelt in the selection index ahd the

genetlc gain in that trait would pe expectsd to increase.

when the traits are not indepandent, 4t will be of

ritability of 8 treit

However,

interest to know as to how the change in he

would affect the relative weight of that trait es 'compared'to

other traits in index, accuracy of selection indax, genetlic

gain in the individual traits and the total gain 1n net

hereditary merit (H), Variation in heritability estimates of

three treits upto % was affected end the values of index

coefficlents, accuracy of index, gehetic geln axpected in

individusl traits and total gain in net hareditary merit are
gl ven in table 6.'

it is seen from this teble that with the {ncrease

in heritability of AFC, the absolute value of the relative
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uaight (b ) of AFC incraased and the relative weight (b of
FCI was unaffactad. The accuracy of the. index increasad to 8

emall extent. There was jncrease in 8bsolute velue of genetic

gain for AFC and increass in genetic gain for FLP but decraass

in absoluts walue of genetic gain for fCI, Totel gsnetic galn

(A H) 1nc:_eaaaad upto 5,24% for 30% increase in herit‘gbility

eatimate cof AFC,
With the increage in the heritability estimats of

FLP, the absoluta velue of ralative wetght (b)) for AFC

i -
decreassd but the' ralative weight (bs) of FCI remained

unaffected (column 4, table 6). The accuracy (rm) of the
i{ndex increased to @ small axtent. Genetic gain for AFC uas
affected siightly, whe reas there wes {ncreasa in genstic gain
for FLP and FCI, Total genetic galn (A H) increased upto 4. 27%

for 30% increase in heritability estimate of FLF.

furthsr it is seen fro@ this table (indexes Ia to

1) thet with the increasa in heritebility estimate of FCI,

there w8s decreass in absoluts value of relative weight for

AFC and the absolute value of relative weight of FCI (be )

also increased. The accuracy (ryy) of the index increassed to

a small extent,. There was decreass in absolute valus of

genetic gain for AFC and in genetic gain for FLP and an

increase in gbsoclute velue of genstic gain for fFcl, Total

advance in aggregata.genotypa (H) increased upto 14, 49% for
%% increese in herit ability estimate of FCI.

Uhen the heritability sstimates of both, AFC and

FLP were increased by 3%, there was increase in absolute




-30m
valus of talatiVe weight for AFC end a slight decresse in the
absolute value of relative weight for FCI (Index11, table 6).
The sccuraCy of the index wee affscted to a small extent,
Thare was increase in absolute value of.genatié Qain for AFC,
sase in genstic gain for FLP and & slight decrease in

inor
ebsolute value of genstic gain for FCI, Gain in aggregaté

genaotype (H) increased by % 34%,

When the hsritaebility estimates of both AFC and
fCI 4increased by '30%, simultensously, thsre was increass in
absolute values of re].ativa‘weight for AFC as well as FCI
(11 , table 6). The accuracy of the index was again affected

to & esmall sxtent. There was {ncrease in absolute value of

genetic gain for AFC and FCI but decrease in genetic gain

for AP, Expected genetic gain in gotal genotypic score (H)

increased by 18,96%.

B Lol TR LR o

Again when there was affected an increase of 307
in the heritability estimates of FLP and FCI, simultansously,

the absolute value of reiatiua wveight for AFC was decreased

TR ortTa g, -

while the absolute value of relative wsight for fCI wes

increased slightly. The accuracy (rm) of the index was

slightly increased. There was decrease in absolute value of

genetlo' gain for AFC and FCI and an increase in genetic gain

for FLP. Total gain in net hereditary merit increased by

18.56% | . F:
When the heritability estimates of all the three “
|

comPonant traits were increased by 0% simultaneously, thare

was decrease in absolute value of relative ueight far AFC and an
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sncreese in that for FCI, Accuracy of the index was, Al59,
slightly incréasad. anrasppndinglyntha:a wag incroase in
genetic gain for FLP with an incresse in'-absoluvte value‘ of
genetic gein for AFC as well as FCI, Gain in total- gan.otypi.c
score increassd by 22,877, '

The general concluglions from 't'he sbove results
ars that with the increase i{n heritability of any trait in
the index, the ashsolute value ;:’f welght &n the index for that
treit is increased, the ebsolute value of expected genetlc
gain for that trelt increasss and the expactad genetic gain
in total genotypic BCOTE (H) {g increased, The gain in H yes
highest when the heritability of FCI wae increassd followsd
by thet for FLF end AFC, Ffurther 1t was s8en that expected
genatic gain for FLP incressed when heritability of elther

fC or fLP orx both was increased but it cacreased when heri-
tability of FCI ues increased,

4,2.3. Effect of varistion in genstic cor relation
values on robustness of selection indexi

As has been given under Material and fisthods,

genetic correlation between AFC and FLP uwas negative and

high, wherese thet between FLP and FCI as well as betwesn

AFC and FCI was positive but low in magnitude. Increase in

genetic correlation Fgqo petueen AFC end FLP resulted in

decrease in absoluie velue of relative welght for RFC as well

as that of FCI (Table 7). The sccuracy (r,g) was slightly

increaseds 1h8 abeplute values of genetic gain for AFC and

FLP imraaéad, whereas abodlute value of genetic gain fer

FC1 decreased.
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- Increase in penetic cﬁf‘ralatibn of AFC and FCl
resul ted in increass in absolute value of relative weights
fox AFC and FCI and a slight dau:eaeﬁ in genstic gain for P,
The genstic gain in H increassd, h

~ When the genatic correlation, Xgoqe botuwesn
FLP -and FCI was 1ncreased, there was increese iR absolute
value of relative weights for AFC and FCI, slight decreasse in
value of accuracy, a slight decreaee in abgolute values of
ganstic gain for AFC and FCI and expectsd genstic gain for
fLp, Ths expected gain in H was, 8ls0, decrsased.

 From this it could be concluded that milk
production 88 al so, the total gain in H increased to the
greatest extent when there wads increasse in geane tic correlation
petusen AFC and FLP, whereas increase in genetic correlation
petween FLP and FCI would dectaasa the genetic gein in FLP
and expected gain in totzal genotyplc score (H).

4,3, PREDICTION oF LIFETINE pRODUCTION OF RILK
ON THE BASIS OF GE AT FIRSY CALVIHG{AFC),

The purpose of any selsction and bresding programme
1nvolving dairy cattle is to maximize the gens tic improvement in
milk producing ability uithout increasing the cost of milk

production. Kgeping thess objectives in \dew it appears

appmpriate to Jjudgs the improvement, that would pccur in any
selection progranme, in total milk production upto a certsin .
fixed age of the animal say upto 6 yearS, g or 10 years of

age. Waiting for such a long time to get cou's oun racord
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uouid~obu1au61y not ba @ feaaibloApxopnsltioh pnth from genetic
and econcmic point of views Thus salection for smprovenent of
such treits hes 0 pe affected on the pasis of early traits,

. The early tralte taken were age at girat calving (Afci(months),
tirst 1actation pmdlwtion (FLP) (kg)vand first calving interval
(FC1) (days)s TH® w gpatine milk production (kg) "(LTP) has
pesn defined 28 milk production of cous upto 6 years, 8 yeayt
and 10 years. The pradictability of LTP has baen judged by
octimating the regression of LTP separately on three jndependent
traite end bY fpitting multiple linear regression of LTP on all
possible combinations of the three indapeﬁdent traits taken
tyo at 8 tims and all threee

1§ we wish o maxinize imprnvanent in LTP, a8
defined hers then we nesed to evalugta as to what extent LTP
i1l be predictable on the basis of gelection indeXe This hee
peen done by estimating the regression of LTP on selection

{ndex value of each cou and comparing jts accuracty with multipl®

tegréssion approach as mentionad above.

4.3.1. Average 29° at first calving (aFC), first
jactation milk proguction (fp), first
cal\ving interval (Fc1) and 1ifetime milk

groducti.on (LTP)s

: In table 8 are given the eotimates of averagse 299

at first celving (afc), first jactation milk production (FLP) o
fi.'ret cal ving interval (Fc1) and 11 Petime milk production (L'"‘)
aeparately for the three groups of cous classified on the

pasis of gvailable records upto 6 years, B yaar# and 1‘0 yea r*®
of age raspectiVely; 1t is observed from this teble that ghet®

48 practi.cally no differsnce in averags and coefficient of
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variation of M’G end FCI in threa groups of oou}e but there 1s

slight incresse in average pirst lactation produstion (rLp) -

from group-1 {(cous with milk records upto 6 yeers of age) to

group-111 (oous having records upto 10 years of aga). The

cos fficient of vagtation of fLP sll.ghtly inoreassd f:om group=1 dec

to group-11l,
Those Tesults {ndicate that affer cows had

ettained six years of age, there has been no selection for F
1]

AFC end FCI and mild gelection for FLP. Thus the calculationa.

of predictebility. of LTP would not be expected to be seriously 3

affected by selections

443020 Prediction of 1ifetime milk production
upto six ysars of ege (Group-1)3

L

The regression of 14 fetime production (6 years)

on age at first calving (AFC) was =211493214,081 kg/month

(¢able 9). Corrslation of lifetime milk production with AFC

was =0,6998 in contrast wlth-=0.782 in Hariana cattle reported

by Singh gt &l (1964), —0.697 reported by Dutt gt &l. (1965)

in Murrsh buffeloas, -0.617 by Bhasin and Desai (1967) in

Hariana cattle, -0,62 by Gopal and Bhatnagar (1972) in Sghiwel

cows, =0.15 4in Holetein Friesian cettle by Lin and Allaire :

(1978) and =0.708 in Thamparkar cous by Gupte and Bhatnager

(1978). Variation in AFG would explain 48,97% of the variation .

in 1ifetime milk production.

The regression of 14 fetime production on fLP was

2.11140.168 ko/kg (Table g). The correlation of 1ifetime l
i

production wth FLP was 0.6342 which is more than the values




reportsd by Dutt et al, (1965) in Rurrah buffeloes, Bhasin

end Dasal (1967) in Hariana cattle, Gopal and Bhetnagar (1972) ‘
in Sahiwal cows, Lin and Allaire {1978) in Holsteln Friesien
cows and Gupta and Bhatnagar (1p79) in Tharperkar couSs The
velue is less than that reported by Singh gt al. (1964) in
Hariena cattle. In this study, FLP, alons, would GXplain

&0.22% of the variation in 11 fetime pmduction.

Regression of lifetims production on first calving
interval /{FC1) was =3,79341.283 kg/day and the corralation V
coefficient betwaen 14 fotime production and fC1 was ..0.1399,
This value i& in contrast with 0,181 reported by Gupta and
Bhatnagar (1979) in Tharpatkar breed end D.29 reperted in
Holstein Friesian by Lin and prleire (1978). 1t is ssen
thet variation in FCI, slone would explain only about 3.57%
of the variation in lifetime pro duction.

Multiple regression equation based on AFC and

FLP was, as has baen shown in 4th row of gable 9, Multiple

regression equaticn would explain 72.86% of the variation in

14 fotine milk prudicticn, This ie in contrast with R? valuss

reported by Singh at al. (4964) as 0.8290 in Hariana cous,

Dutt gt al. (4965) as 0.7190 in Murrah buffaloes and Gopal

end Bhatnagar {1972) as 0.5100 in Schiwal couwse

Multiple regression gquation based on AFC and

FCl wes, as has been glven in 5th rouw of table 9. This

prodiction cquation would expiﬂin 50.02% of the variation in

14 fetims production of milk, fultiple regression equation

pased on FLP épd FCl was as has beén shoun in 6th rou of
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table 9, This prediction equation would axplain 45, 231% of
the variation in 1ifetime milk production. Multiple regression

equation based on AFC, FLP end FC1, as shown in jast row of

gable 9, would explain 74.99% of the variation in 1ifetime

milk production, in contrast with R2 yalue reported by Gupta
L i

and Bhatnagar (1979) es 0,77 in Thamparkar cowSe

4,3.3, Prediction of 1ifetime production of
milk upto B years of age (Gmup—ll)i

.Regression of 1ifetime milk production (upto

g ysars) on 208 at first calving (AFC) was =244,35321.39 ka/
month as shoun in table 10. The correlaticn of lifetime milk
production upto B ysars with age at eipst calving wae =0.5966
uhich is high negative and statietically significant (P/D.01)s
This value is in contrast with values reported by Singh gt &8l.
(1964) 2s =0.637 in Hariana cattle, Dutt gt 21, (1985) as

_0. 447 in Murrah buffaloes, Brasin and Dasal (1867) as =0.510

in Hariana cous, Gopal and Bhatnagar &8 -0.540 in Szhiwal breed
and Gupte and Bhatnagar (1979) as =0.675 in Tharparkar breed.

Variation in AFC would explain 55.60% of the variation in

milk production upto B years.
The regression of B-yeel production on FLP was

2, 90540, 224 ko/kg and tha correlaticn coe Pficient was 0,6454

(Table 10)., This valus is more than the values reported by

Dutt gt 2le (1965) as D.375 in Murrah buffaloes, Bhasin and

Dgsai (1967) as 0,499 {n Hariana breed and Gopal and Bhatnagar

(1572 =s D0.55 in Sghiwal bresd. However, this value is less
than those reported bY Singh gt 2l. (1964) &s D.763 in Hariana

breed end Gupta and Bhatnegar (1579) as 04657 in Tharparkar
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preed. Variation in FLP, along, yould sxplain 41.65% of the ’

\;airi.atj.bn in @ ysars production of milke

The ragrsssiun of B—year milk pmduction on first

calving interval (FCI) was -5.16.-::1.73 kg/day and tha correlation

coa fficient was g.1500 as shouwn in second IOUy table 10, This

vyalue is loss than that reported by Gupta end shatnagar (1979)
as 02450 in Tharpa rkar bread. Larger yalus obtainad by them

d for by the differcnce in number of ghserve~

might be accounte

tions taken by theme " Yariation in FCI alone, would RO% gxplain
1ifstime milk production

more than 3,61% of ths yariation in

upto 8 yearSs

Multiple regression squation based on AFC and FLP,

to predict lifetim p rodu cticn was as shown in 4th TOW tabla 10.

fuliiple ragtBSsion equation would axplaln §3.06% of the

variation in 8 ysars milk production. This f%2 yalus is largaT

Singh ab 2ke (1564) as 57.70% in’

as 51,003 1n Sahiual

than r2 yaluea rsportad by
Hariana cous and Gopal and BiBtnaga® (4972)
ed on AFC

breecde HoweveTy R valus of prediction equation bas

and FLP is less than that rsported DY Dutt ot ale (1965) as

71,902 &n Murcrah buf faloesSe

Multiple regression gquation pased on AFC and FCI

to pmdict 1ifetins prach.\ction

Sth‘rw, table 10 This multipls regr

explain 36,95% of the variation in 1ifetime milk productions

(upto B years) was as shown in

gssion aquation would

n based on FLP and FCI, as shown in 6th Tou,

muitiple regressic
anZ ag tha waxiation in lifetime _ __

tabls 10, would gxplain Af—-

!

milk pruduction. i

o
!
o
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Fultiple regression aquat&nn}-b&éau on AFC, fLP and

FCI ms shoun in last Tou, table 10, would explein the varistion

in Byoar milk production by 65.73%%, Addition of FCI to multiple

regression squation based on pnly AFC and fLP, does not bring

about significant increase in predictebility for 1ifetime
production upto 8 yearse Howsvar, present R2 value ig fairly

higher than that Teported by Gupte end Bhatnagar (1979) es 32.00%

in Tharparkar breeds -

4,304. Pradictlonl of lifetims milk production
Upto 10 ysars of age (Group-111)3

Ragression of 1ifetime milk production (upto 16

years) on AFC was =244.11126,685 kg/month and the correlation

coefficient wes ~0¢ 5140 (Table 11). The gstimate of correlation

value was higher than those reported by Dutt gt al. (1965) as

0. 206 in Murmeh buffaloss, Singh (1966) 8s =0.3729 in

buffaloes, Bhasin and Desal (1967) as =0.477 in Hariana breed

and Gupta end Bhatnaoar (1972) as =051 in Sghiuwal breed of

cattis., Howsver the correlation value of this study is v
emeller than that reported by Sundarssan gt Bl (1954) as

—0.662 in Red Sindhi, Singh gt al. (1964) as -0.534 in Hariana

cows, Puri and Sharma (1965) as =0.756 4n Tharparkar breed end

Gupta end Bhatnagar (1979) &8s =D.634 in Tharparkar breed of

cattle. Age at first calving alone would explain 26,42% of

the variation in lifetims milk production upto 10 ysars.

‘Regrassion of 1ifetime milk production on FLP wes

5. 104400279 ka/kg end the correlation coefficisnt was 0.5887

(Table 11). The correletion value was higher than that

g s
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 reported by Dutt gk &l (1965) as 0,500 in Murrah buffsloes,
Singh (19586) as De3128 in burfaloes, Gopal and Bhatnagér (1972)
as 0.39 in Sghiual breed and Gupta end Bhatnagax (4979) as |
0,499 in Tharparkar bresd of cattle. Housver, the cor relation
coefficient batuween 10 years production end fLP is lass than
the figures reported by-Sundaresan &t al. (1954) as 0,855 4n
Red Sindhi, Singh ot &l (1964) as D.788 in Hariena tattls,
Puri end Shama (1965) as 0.696 in Tharparker end Bhesin end
Desai (1967) a8 0.667 in Hariana breed of cattle. Variation
{n FLP, alone, would explain 34.65% of tha veriation in
14 fetime milk production (upto 10 yeafs).

Regression of 1ifetims production on FCI was
-4, 43542,081 ko/day (Tsble 11). The estimate of cor reletion
cosfficient was =0.1399 which is gtatietically significant
(ij.01). The corraSponding value reported by Puri and Sharma
(1965) was as ~0.,050 in Therparkar breed of cattle, Houwsver,
correlation betusen FCI end lifetime procuction (upto 10 years)
was found to be non-significant by Sundaresan gt Bl (1954).

Multiple regression equation based on AFC gnd FLP
would explain 46 ,98% of the Va;~1ation in lifetime milk
production upto 10 years, the R2 yalue was larger than that
repbrted by Gopal and BhatnagaT (1972) as %% in Sghival breed
‘of cattls, Howsver, i1t is smaller then that reported by
Sundaresan gt ale (1954) as 70. 56% in Rad Sindhi, Singh gt al.
(1964) as 76, 0% in Hariana couS, Dutt,g&,gl.‘(1965) as 57.60%
in Nurrah buffgloss and puri and Sharma (1965) as 86. 40% &n

Tharparkar breed of cattie. fultiple regression equation,
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pased on AFC and FCI, to pradict 1ifetime milk production

(upte ten yearﬂ) would éxplain 26.83% of the variation in

14 fetime milk prnduction. prediction basad on FLP and FCI

ghown in table 9, would pxplain the variation in 4p years

milk production by 3753%.
flultiple regression gquation pased on 211 the

three traits vize AFCs AP and FCI, to predict 11 fetine

milk productien would explain the varistion in 1ifetine milk

production by 52,05% as shown in the table, Additional

gncrease in predictability of regrescion quatiah on addition

of FCI to multiple regression based on AFC and FLP only, was

not of much significance.

bodole Precﬂ.ctability of lifetime milk
production (upto 6 ysars of age)
on ths basis of selection index

(Group_:l ) 3
Regression of six
ting AFE and FLP) w@s 42, 547200940 kg/Tupee

years' milk produwc tion on 14

(Ingex incorpors

(Teble $2)5% Correlation coe fficient betuween 1i fetime milk

preduction and total phanntypic score (I) was 0.B42. Tbusg
thig index sncorperating AFC and fLB would explain the
This welue

variation in 6-year milk production by 700 93%s

of RZ §s slightly 1ess than r2 yalue obtained for mul tiple

rsgraSsiDn equation (72.86%), as shown in the tablé.

The regression of 6 years milk production on

lndex—lz, tased on AFC and FCl, would gxplaln 21.38% of the

variation in 15 fetime milk production (6 years). This valus

4g much 1less than that gbtained from multiple regression

corresponding to same independent traits given in table S.



B

“'A‘Rlatg:eseiqn' of 1ifatime mi.lﬁ. production (6 ysexs) on
1, wes found to be 5.557;!_-1.539 kg/mpeé. as ghoun 4n tabls 12,
The index based on FLP and FCI uouid thug explain 8.8%% of the
wvariation in lifetime milk prodmtiob {upto 6 yoars), This
f2 yalue w@s very lov &s compared to that (45.31%) obtained for
corresponding multiple regression (Table 8).

Regression of lifetims milk production (upto
5_year§) on I, index incorpnt_ating'nrl‘-, FLP end FCI w2s
7.2930, 472 ko/rupee (Table 12). Varistion in 1, would, thus,
explain 47,527 of the variation in 1ifstime milk production.
This value is guite los as comparsd %0 f2 yalue obtained &8
74,99% for multiple regression car responding to the same
indspendent tralts (Table 9).

' 1t was, thus, seen that the pradictability of
selection index for lifstime milk preduction (upto 6 years)
was generally low &S compared to that for multiple regrassionse
The surprising result was the‘ very lou predic tability of
index (14), incorporating all the three traits, 8&s compared to
thet incomporeting AFC and FLP only (11).
st 2. Proictaniisty et 1ATetRR WS

W
on the basis of selection index
e
| Regression of 11fetime milk production (8 ysars)

on 1, was 15,9541+ 312 kg/rupee (Table 1;). Tha corrslation

between LTP (8 years) and 1, vas high, positive and statistically

significant (p/p.01). The predic tability of 1, for 1ifetime

milk production (8 years) was 62.70%, uhich is almost equal to
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ghat for cooresponding nultiple tagresaion model (Table 10).
Predictability of I, (AFG and FC1 unly) ues 17.53% (Table 13)
. which is much less than “the valua of ﬂ (36.95%) for multiple
regression model corresponds.ng to the seme treits (Table 10).
Regressions of lifetime milk pmduct!.on (8 ysars)
on I 1, end 1, (Table 13) 8leo gave lousr velues of RZ for
prediction of 1ifetime production (Blyaa:s) as conparsd to
cor responding multipie regression modele (Table 18).
Thus, At is evident that the predictability of
15 Fetime milk production (e years) on the basis of selection

f{ndex would be quité lou as compared to multiple regression

incorporating the geme traits.

4,6,3 ngdicgbiligx of lifetime milk

production (upto 10 years of 8ge
on the basis of selection index
{Croup=111)3

The regression of lifetime milk procuction (upto
10 years of age) on I, was 16.7541.528 ko/rupee (Tzble 14).
Varietion in I, would explain 51,2%3% of the variation. in

11 fetime milk production (upto 10 years).

Regressions of 1ifetims milk production (upto 10
years of ags) on 12, 13 and 14 alonguith gtandard errors were
as given in table 14, Predic tability of 1ifetime production
(10 ysars) was 12.04% for 1, and 5,93% for 13..

Regression of lifetime production (upto 10 years
of ags) on I, uas Je 2441177 ka/rupee (Table 14). Variation
in 1, would explain 2,747 of the variation in 1ifetime milk

production (10 years).
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On camparieon of' tabis 11 and table 14, it e
ovident that pradiotability of lifetime milk production
{upto 10 years) on theAbas:ls of ssleét.iun index with tha
exoeption of I,, was fairly low as comparsd to that obtainsd
by fitting multiple ragtession equations on the same indepen=—

dent tralts,

ool




Table 4. Effect of varistion in rolative nGonamic valu® of
first calving intorval(FCI) on selection ..:amxil.

Index Vector of Relative Vector of Inded Relative Acouracy Vector of genstic Total n:n_nm.o
No. economic valuss coefficients  wsightage to gain in individual genetic 1inOH
. AFC and FC1 tralts umw: H (%)
L L1 r . E
a, a8, a, b, b, bs b, b, W AG, bnn Pnu ; o
) (2) (3) () (5) (6) ) (8) p
14 =100,00 0,50 =350 216,80 0,190 =14196 =88 -6 0. 5053 ~0.382 26012 _5.86 .8 =119
ﬁN IaDDoOO Ooma ‘&QOO I.Adocb Oo.— ma |aouao .IQD I..w Domomﬂ I-O.M.Nd NG-OO -G.QNW .ﬂbom L&oN . a ,
I, ~100.00 050 =450 217.28 0,188 =15 443 -92 -8 0,5072 <0371 21,78 ~6.67 78.1 wle? _
1, =-100.00 0.5 -5,00 =17.52 0,187 -1,566 =94 -8 05080 =0,365 19,80 <7.01 81,5 0.0
I <100.00 0,50 =550 =17.77 a..,_mm 1,689 =96 -9 0.5084 lo.umu 17.95 la..u._. 85,0 .».u
1, ~100.00 0450 =6:00 -18.00 0,185 =1.813 =97 ~11 0.5092 0,353 16,21 =7.56  B8.8 8.9 )
1, =100.00 0.50 =65 ~18.25 0.184 =1,037 =99 -11 0,5097 =0 347 14,59 =779 9246 13,7
R 5" = byt

B et =y lllnlla‘.lwm\h»harlﬁ.%hp% Al
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Table 7. Effect of changes in the gstimates of genetic correlations on selection index
(assuming that relative sconomic val ues ,genetic varlences end phenotypic
varlance and covariaonces are unaffactad) ,

Tndex Change in valus Index coafficients  Relative Feoun Ganetic gain in individual Total
No, of genetic welghtage for racy tralts gain
correlations . AFC and ﬁmw in K
by b, by by* Dby ry A8 26, AG,
™ T2) (3) _ (4) (s5) (6) . $))
Ha No change «~17.52 0.187 1,566 -94 -8 0.5080 =0,365 19,80 -7.0% B1.S 08,00
1, 0% g4, 217,99 0,197 =1.579 -0 =B 0.5142 «0,381 21,89 =686 833 2,3
1, +20% 15, 18,46 00207 =1,591 =89 -8 0.5204 =0,397 23,94 =6.T 85,2 4.6
I, +30% rgqp 18.92 0.217 =1,603 =87 =7 0.5268 =0e413 25,95 =656 87,1 6.9
um +10% Y1 -17.94 0,189 «1,603 =95 -8 0.5094 =0,378 19,68 =Te22 82,6 1.4
Hm +N°m ﬂﬂ.—ﬂ |amoum Ooag l\_ omum lom IO Qomaﬂo |Doumm AWONO ,.lﬂouu go@ ' 5.”
I, +30% a1 18,77 0,192 =1,676 =98 =9 0.5228 =0,396 19,05 =7+49 " 8646 Ge2
Ia +10% rgoq <17.56 0,179 =1,530 =98 -9 0.5022 =0,365 18,20 =6.88 79.9 wie9.
Ig  +20% Tgoy 17.60 0.171 =1,494 =103 <9 0,4963 =00364 16,59 =6e76 7845 -7
1,, +3% rgoq 17.64 0.184 =1,452 =108 =9  0,4906 =04363 14,99 =6.64 76,8 =545
by*m .:\un cu.:. " cu\a»

rgyp = Genetic correlation Toyg ™ Genstic correlation Toos = Genstic correlation

between AFC and FLP betwaen AFC and FCI betwaen FLP and FCI

N
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aga at first calvin
first calving intorval

Numbar of animale taken = 238

— . 3
taken .  Ragression coafficients Constent of fultiple R<
Tralls ReXe by . b, b, Reqressions correlation (%)
mv& coafficient
(R) -
AFC -244, 354214395 19820,613 ©  =0.5966 ' 35,597
P 2,90540,224 3381.834 D.6454 - 41,654
pet «5e15941,735 12404,862 041500 3,690
AFC and FLP  =194.54216,669 2042210.103 12300,847  0.7941 63,062
AFC and FCI  =238.35+21, 381 -3.18541.417 2063,507 006078 36,951
FLP and FCI 2.96340,214 ~6,18041, 294 6127.762 0.6842 46,817
AFC,FLP end : e
FCI -184.71416,254  2,48910.178 -4, 48711, 051 13843,794 0.8107 65,731
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Table 11. Prodiction of 1ifotime production (upto 10 yeaxs of aga) on the basis of
age at first calving(AFC), firat lactation p roduction (FLP)and first
calving interval (FC1) |

Npe of animals taken = num

Traits taken ' Regression coefficients Constant of Multiple R4
b b b Regressions correlation (%) , ©}
1 2 3 (bo) coefficient |
AFC «244,11426.685 23789, 261 . =0 5140 264 424
FCl . ~A,43542,081 16055.969 +»0e1399 14957
AFC and FLP  =180,38+22,258 2. 45810, 247 15617417 ~ 0.6860 46,976
AFC and FCI  =239,52+26,969 | w2,05341.800 2456 3, 459 0.5180 26,834
FLP and FCI 1.,14910,274 ~S. 38711647 YT, 754 046126 37,531
AFC,FLP and

i 187, 25422,526 2.713300246 =3 39341, 457 16892, 542, 0.7215 52,053




Table 12. Prediction of lifetime nnoacanpo: ncmao 6 years of ege) on the basis
of selaction index Lncorporeting AFC, FLP and FCI

Numbar of animals taken = 238

R ion of 1ifatime Constant of Correlation " a2 walu® S
Indax Tralte taken nmw.ummnwm:? v.nmnmv on ~ Ragression coafficient ¢ 5 v ”.
Hoe . Index .
o , 70,8287
940 7188.2110 0.8422 .
1, AFC and FLP 12,5470, ‘.
4623 21, 3765 S
. 340,707 12008,7204 Oe
AFC and FCI 5,033 )
nN |
: 02084, 3276 0. 2971 B8.8272
.~ PP end FCI 5,657+, 530
Hu an .
FC,FLP and 41,5197
T4 wnu. 7.297404 472 13125,7236 0,6893 ,
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Table 13. Prediction of lifetime production (upto B ysars of ags) on the

basin of sclection index incorporating AFC, FLP and fC1 ;

Numbor of onimals taken = 238

Index No Troite taken Regression of 1ifetime Constant aof Correlatlon 2
. production (8 years) on Regression coafficient anH:n
Indaex
1, AFC and FLP 15, 95541, 3127 11620.7504 0.7918 62,7022
1, AFC ond FCI 1641641049582 17464 ..8165 0.4187 17,5301
1, AP and FCI 7.72041.6786 13238.6366 043001 9,0062
1 AFC, FLP and " T
4 FCI 9.17440,8678 19067, 8622 0.6409 - 41,0708

\
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Table 14. Frediction of lifatime productlcon (upto 10 years of ags) on tha basis
of solactinon index incorporating AFC, FLP and FCI

Numbar of animals takon & 238

Index No. Traits teken Rogression of lifetime Congtant of Correlation R2-value
procuction(10 years)an Negresseion coefficient (%)
Indax

1, AFC and FLP 16,70041.5287 15733.8219 0.7157 51.2334
1, AFC and FCI 5, 94641.1161 21229,1556 0o 3469 12.0362 A
Ig FLP and FCI 730241, 9545 17088, 3167 De2436 5,8330
AFC, fLP and

FCI 9,239+1.1775 23160 . 5486 0.5544 L7371




SUNMNARY AND CONCLUSIONS

The availahle data on milk production of
Tharparkar'cows at National Dgiry Research Institute, Karpal
since 193 uptodate, which had records on milk yield upte ten
years of age, WEE compiled alonguith the information on age
at first celving (AFC), first lactation milk production (FLR),
eipst calving interval (FCI) and 1lifetims production of milk
(LTP) upto production of six, elght and ten years of ape.

Effect of variation in relative economic values,
heritability and genetic correlations, on selection indsx
coefficients, accuracy of selection index, genetic pain in
{ndividual traits and expected genetic gain in net hersditary
merit due to selection bsing based on selection index was
studied. The predictebility of lifetime production (LTP)
was judged by estimating the regression of LTP saparately
on three eerly econcmic traits vize AFC, FLP and FCI and
by fitting multiple linsar regression of LTP on 8ll possible
combi;ations of the three traits taken two at 2 time and
21l the three at & time. The predictability of selection
index for LTP wae caelculated by estimating the simple linear
regression of LTP on seslection index, constructed on the basis
of considering all poseible cembinations of two traits taken

at a time and three taken at a time, Prsdictability of

eelection index for LTP was compared pith that for multiple

regression model incorporating ‘the samec trafte.

P

by




i D »
In the index constructed pn the basis of all the

‘three traits, the ueightages assigned to AFC and FCI were found -

to bs =84 and -8B times the weightape given to FLP, Thdaccuiacy
of selection index wes sstimated to bs 0.5080. Expiacted
genstic gain per genesration of selsction uwas estimated to be
~0,365 months in AFC, 19,80 kg in FLP and ~7.01 days in FCI,
Expected penestic advance in net hersditary merit was galculated
to be m.aé.m per ganération of selection.

The results indicated thet when the reletive.

economic value of @ trait was increased, the greater weight

was found to be given in the index to that trait and en expected

increase in totzl advance made in net hersditary merit., Among
the thres traits considered @& given percent change in rslative
sconomic valus of AFC ted more impact on totel genstic gain in
net hereditary merit, followsd by FCI and fLP, Also, whan
thsre ;uas simul tansous change in the relative economic value

of the thrée traits, by %, there was a2lmost no change 1in
index cos fficionts, the accuracy and the expected genetlic gain
in the cumponeht traits but the change in expected genetic gain
in net hereditary merit was affected to the same sxtent.

With the increase in heritability estimate of any trait in

the ingsx, the ebsolute value of weight in the index for that
trait 'uas increased, the absolute value of expected genetic gain
for that trait increased with incraased expected genetic gain
in aggregate genotypic score (H). Gain in net hereditary merit
was highest when the heritability of FCI was increassd followsd
by that for FLP/and§AFC. Total gain in net,ﬁeraditary merit

/
rno_ .
was found to be maximum when there was increase in genetic
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correletion betwsen FLP end FCI lowersd the expected genetic gain
in FLP and expected genetic pain in net hereditary merit.
Correlations of lifetime production {upto 6, 8 and
10 years of age) with AFC and FCI wsre negatively significant in
all the three groups of cows., Correlations of lifetime
production with FLP were positively éignificant 1n-a11 the three
groups, Additional increase in the predictability for 1ifetime
production, while adding FCI to multiple regression equation
based on AFC and FLP only, was sionificant in none of the three
groups. Predictability of selection index for lifetime milk
production was gensrally low as compared to that obtzined by
fitting multiple linear regression equations on the three traits.
Howsvar, when selection index was constructed on the basis of
AFC and FLP, the predictability of selaction index for lifstime
production wae almost of the same order as was cbtained by

fitting multiple linear regression.
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