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CHAFTER I

INT RO DUCTION



Fredeen (1987) in an erticle entitled, "Where should we be going
in aningl breeding reseaych ™ has mentloned that, "The lmprovement of eny
breed or species of livestook im, in the simplest possible tewms, a process
of roplecing an sxlsting population of genotypes with another whieh ls superior
in some particular festure or features of nst producstive merit®, The nethods
undertaken to improwe the net productive merit of the dalry animels can be,
the mpftéwggent of genwvs from animals of the game breed by rigorous selestion.
The goal mMay also be ashieved by the lntrodustion of new genes from the snimels
of somo other breed. poth the methods can result In meking daaired'improvemaut.
Selestlon within indigenous breeds of dsiry §&tﬁ1@ in India, vhich
are very poor mllkers, has not been suocesaful in increasing thelr produative
marity as compared to those in ercasbreds. And it sesms slmost jmpassible to
import large nunber of d airy andmals of improved European breeds. The
posalbility of thelr sdapbation to Tndien environmental conditlons is & matter
of some comeern. Heplacement of pregent gomes in Indiap cattle by bettexr ones
seens 10 be the only sclutlon for increasing thelr milk yilelding capacity. In
this context, we have to go in gearch of @ superior source of germ-~plasm
beyond our shores. It ls exeetly in concordanse with the suggestlons of
Mohadevan (1966) who has brought oub - the current thinking on breeding for
nilk produetion in the Intensive areas of iropics.
Croasbreeding of Indian cabtle with imprevad'ﬁurapean.breeds of
dalry cattle has been afopted as a splution for awgmenting mllk produstion.
It 1s an attempt to svolve a new breed of dairy cattle whiah amn wall edept
to Indian conditions and yleld conslderably greaster smount of milk as eompared
to the indigenous breeds. A number of methods have been suggested to achieve

the aspired gosal.



1. Crossbrecding based on ubtilising the first gegaération
progeny for production but not for further bmedi_nge

2. Backerossing with Nuropson breeds to get purabreds
by grading up.

. Backorogsing with Indian cattle till such time that
a sultable level of exotlo luheritance has bewn fixed
which should suit Indian condibions and has good
producing ability.

4, Inter-=ge mating of Fl'a followed by selectlon,

Befove any of these methods ls decided upon a large number
of bresdling experiments ought to be conducted. A thorough investigation
of the Fi gencration and all possible backorosseg made on a comparatlve
basls $0 search out the superlority in any one of them. The genetlo
architecture of eooch ons of these crosses should be studied carefully.
The studies will explore thae possiblllty of a gene pool which cam form
the basis for the evolution of tho future breed.

Indlian Mildtery parms have been erossbrecding Sahiwal with
Holstein-Friagion in a somevhal planned weay, for the lagt six decades.
Thege deta are veluable and can probably answer many of the questilons
with vepard to the leval of inheritance vhich is best sulbted under
our conditions of climnte, hyglene aml management.

A thorough study of the genetic architesture of the populabion
vith regard to milk yilalding capmelty 1s necessitated. The lestation
characters are msnlfested very late in life. In oxder to bulld a
good ylelding hexd the study of characters menifested earlier iIn 1life
and thelr pelationship with milk yield may be undertcken, The studies
ney leail to development of a oerdterion for early selectlion and thus
in establishment of a good herd. Various chaeracters manifested

befora the lactation are, birth weight, welphte at various subsequent
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ages upbo First ealving, age ab puberty, ege at first oslving eto.
To saswer some of the questions belng ralsed currently,

Military vam data were used to inveatlgate the followling s

L,

Re

3,

4o

To study the effect of gemetlo groups (grades),
farms, perlods, seasan of birth, breed of the
sire and the mumber of lactation on 300-day
milk production and welght at calving.

Te gtudy the genetic architecturo of J00-Ray lLeatntlion
vield,1ife tiwe production and body welghts at fivst,
second and thimd calvings in pure bred snhilval and
Sehival-Frieglon crosseg.

To study the rhenotypic and genetic relationships

of welghts st birth, first, second and third eclvings
with 500-dgy lactation ylelds In cow.eaponding lLastations
and life tiww produstion in pure bred Sahdwgl and
Sahiwal=l'rioginn orosoed.

To ptudy the relaldlve efficilency of milk productlon
and its genetlc awchitecture in Sshiwdl and varlous
peneble groups of Sehiwsl Frlesian cross.



CHAPTER IX
REVIEW OF LITERATURE



EUKUPEAN BHREEDS

Hilk Production
Herltebility z Gowen (1934) was £irst to report the heritability of

milk yield by daughter-dem comparison and.i‘ull«-:aib sorrolation. The
estinmates of herltgbility for £irst lactation production reported by

a number of worl;ers have becn summarised in Table I. The herdtability
estimates ranze from 0,12 to 0.58., ° The heritabllity has been estimated
differently by various workers.

Miller and Mo Gilllevd (1959) and Hemderson (1964) reported the
heritablility of milk yield by half sib correlation in Holstein-Friegian
cowg. The estimptes roported wers 0.50 and 0.37 respectively. The
heritability estimated by regresnlion of dawhter records on dem have been
reported by O'Hlenems et gl. (1960), Freoman (1980), Doaton and Ho Gilllard
(1964, 65), Bereskin and Frecman (1965) and Van Vleok and Hart (1935)« The
ensbimates of heritnbility of milk production in Friesian cattle ranged
botween 0.22 40 0.52. Deaton and Me Gilliard (19¢5) have estinated the
heritpbility of milk production by assuning first an edditlve model including
intaraetion and then excluding the internction. The estimate of heritabllity
wiien model with Interaction was agsumed was Q.12 as comporved to 0.35 the
estimate ylelded by the no Interactlon nodel.

The herltablllty hag becn estinated for later lactation racords by
e number of workers. Johansson (1955) reported that the later laotabion
reoords had small heritabllity ac compared to the emrlier lastotions. The
results of Mendel et al. (1957), Freemen (1960), Clark gt al. (1962), Barr
and Van Vleok (1983) and Molinuevo and ILush (1964) are in sgreement with
his statement and confirmed the findings of Johansmon (1955).



&
Table 1. Heritability of First Lactat.on Milk Yield

ynsey

Breed - Data Method Fatimate Reference
Jersey = b(D3)& CovFS 0.50  Gowen (1934)
Jorsey 50 (Cows) nsg (m) 0,50  Miller & Mo Gilliard (1959,
Jersey 1056 (rec) HsC () 0.00  Henderson {1964)
Guernsey 1001 (Cows) Hes () 0.8  Miller end Mo Gilllard (198
Guernsey 2174 érecg HSC gm) 0.28  Hendcrson (1984) 1
Guernsey 904 (res b(md U.32  Teaton & Me Gilliawt (164,
Holstein
Frieaion = - 0,86  Touchherry (1951)
f 4697 (Cows ) HE0 0.50  Miller & Mo Gilliard (1959)
. 14727 ISDR 0.20  Mitohell ot gl. (1961)
" 842 b{Dd) g.gg7¢ O'Kleness gt gl.» (1960)
u 876 " 0857  Freeman (1930)
" 2787 (veo) Hso (1) 087  Henderson (1964)
" 1592 (rec) b{pd) 0,52  Deaton & Me Gi1liard (1964)
" 7638 (Coun) b(ba) 0.38 Tleston & Mc Gilllard é.wasg
n 7638 (Cowa) b}ls (Coya) 0.85 Deaton & Mo (illiaxd (1385
"o 7638 (Cows) Ifbya dad Cour 0.44  Deaton & Me Gilliard 51965)
" 7638 (Cows ) Intra Sire 0.33  Deaton & Mo Gilliard (1965)
(Ho Inb. model)
" 7638 {Cowe) Intra Sire 0,12  Deaton & Mo gilldiard (1985)
( nt. mmlﬂl)
" 39000 érea) b{na) 0.22  Bezeskin & Freeman (1065)
W 38440 (ree) b(Da) 0,42  Van Vieosk & Hart (19¢5)
- (Dagv. for Herd mate fv.)
Red
Danish 13000 (rec) HSG 0,57 + Mason gt gl. (1957)
0.08
L Hss 0.75 Robextson & Masn (1958 )

1L S MRS R SR AR g W e W N @ oD SRt IaR L SHE(NS SRR (o S T

LR = Intra<lire Daughbor~dnm Hegroonion
b(Dl) = Regression of daughter on dmm

HSC = Half Sib correlation

TE % Intyaherd

Yes = liecornlg

nt. = Ihteraction



In general the estimates of herltability in the first lactatlon
resords ranged from 0,12 to 0.52. Those in the second lactatlion varled
from 0.27 to 0.37. The results of Molinuevo and Lush (1964) in Holgteine
Friesian ghowed a remarksble decrease in the horltability. The herltability
of 0,18 in £irst lactation declined to 0.04 in the second lactstion while
in the third laotation the heritability estimnted vas negative. Gimllar
findings have been observed by the ssme authors in another herd having
higher herltability than the first herd. The ostimate of heritability of
first lactotion in the latber herd was 0,30 which declined to 0.09 for the
second and 0.08 for the third lgetation records. Similar dacline has also
been observed by many authors. Heports of these {Jorkars have boen sunmarised
in Table II,

The results of El-Shimy (1956) did not agree with those reported above.
The heritability of first lastatlon produetion reporxted by the author was
0,34 vhich inoreased to 0.56 in the second and 0,38 in the third laoctation
records. The results yeported by Martojo ot al. (1963) also showed high
heritablility eatlimate in the seoond lsctntilon as compared to that of the
firat. The hoaritabiliby of first laotatlon reported by these workers was
0,31 which inoreased to 0.38 for the second 1a§tzztim resordds. The report
of Johngson and Gorley (1981) in Brown Swiss cebttle was not iIn ngrecment
with elthor group of workers. The horitability of firet lactation was 0.42
and that of the fouyth lactation as 0.858. The estimate of heritability of
the gsecond lastation production was - 0,10 and that of the third lagctation
0011,

A oritical examination of these estlimates reveals that the first
Jaotation records have higher heritability. It would be reasonable to
believe that the horitabllity estimate of later lastatlons should be smaller
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due primarily to an incroape of tho nonegenotic varlabllity in the lLater
lactations. |

Van Vleck and Bradford (1965) have reported that the heritability
pstinated by doughter-usm comparison vas larger than that ostimated by
half-slb corvelation. The estimnbes from the fomer method did not
differ from those estinated by grand davghter-grand dom conparison. The
authors sup eshed that these estlantes are higher due to genetic maternal
of focts, The genetlc maternsl offects gradually vanleh away and by the
time enimal peached tho thixd lachnblon the esblmabes of herltabllity from

both methads were reported to be sinilar.

Belationsghip betueen wvarlous Loetablong s ‘fwocman (1960) reported a declining

trond in the genetic corrolabtions as the animals abtained natwity. le
roported a geneblc correlation of 0.60 botweon first and sceond lagtabions
vhich decroased to 0,40 botusen first and third and second and thizd
lactations. Van Viack & Dradford (1960) hed also reported that mognitudes
of genetle inbor-rolationshipn batweon Lirst and second lachation
(rg =2 0,97 wap more than that bebueen £lrot and thivd last tion (I’g = 081 )
Borkor and Robertson {(1963) working on lolotoin=P'eiesian (Van Vleck's,
1964 dobea), Dritish-Fricoian and Holstein«Fricsion anlnnls inmported to
Brlitadn have yoporbed that the gonetlc coreelatlons ineroased as tho aniuolg
progrosged tovards naturlty. ‘ihe penetie covrelatlons reported by theso
vorkers ave sumarlsed ln Pable I1X.

On the basls of higher heridtability estinatos of fiwat lactabion
as compored to later lactntlon records and highe: gemetle corrclation
of £irst lastation yecord wlth later vesords, Van Vleck ard Bradford (1966)

have concluded that the selectlon made on tho basis of first lastabion



performance would resull in nearly as great genstio progress ag 1f the
selection had baon based on later records. They have supported the
earlier findinga of Johansson and Hensson (1940), Putmen gf gl. (1943),
Johensson (1955), nendel eb gl. (1957), and Holinuevo and Lush (1984).

Milk Yield : Deaton and Mo Gilliard (1964) have reported

the repeatability estlmates of 0,52 in I'riesian snd 0,53 in the Guernsey
« (196G) for

covs. Simllar sstimates have been reported by Shrode af el
Frieslan (0.44) and Jersey (0«44) cattle. Bub the resulis of Stehl et gl.
(1966) in Black Pied Lowland aabtle indicate the chaeracter %o ba

non-repoatable. The estimnbes were 0.08 for first two lachations and 0.8
for second and third laatniions. The estimates of repeatabllity have been

gummarised in Table IV.

Herdtabllity & The heritabillty estimates of body welpht at £ixret calving
have been repoxted in the ranpe from 0.18 to 0.79. The cobtimate reported
by Maroon gt al. (196G) was 0.091 in Frieslan oattle. In the same breed
Hendergon (1964) reported the heritobility of the order of 0.16. Higher
aatlnates of heritabllity of body weipght have boen reported by illller and
Me Gllliard (1959) and Mo Danlel and Legabes (1968) of the order of 0.67
and Oe44 regpeetively. The herdtability estimates of body weight at

later calvings do not show any speoific trend relative to the woight ab
firat oolving. The remults of Clark ef al. (1962) and Morcon gb al. (1965)
showed a decline in heritability of later calving welghts while Me Danilel
and Legates (1965) nobed en intrease in heritsbility oatimeates uhan ocmparad
to the weight st first onlving.



Table No. IIT Correlsiions betwern Milk Yleld at Various Lactatilong
(Baxrker snd ibertson, 1966)

BN S N FURE X ]

Laotation No. 2 5 4 8 “freea 7
1 0.85 0,79 0.79  0.81
( Holetedn Fricsian
2 0,98 0.92  0.89 E (Van Vieck's 1964 data)
3 096 094 (
. 0ws
1 0.75 0,81 { British Brlesian
(0.40)  (0.40) (
2 0,85 (
(0.3 (
1 0.86 i
{Oa05 (Oaa8} dnported Frieaiam
2 . 087 (
(0.39) (
Figures in porentheses sro phenotyple correlations
Teble IV Ropeatability of Milk Yield in Muropesn Brecds
Breed T Fatimate . Haberenos T e e
Jersey 0,44 Shrode gt al. (1968)
Guernsey 0.53 Deaton and Mr Gilliavad (1964)
Blaok Pled Lowland Cattle 0.09 ekl . {1968)
(Pirst two Lectatlons) 2.l
Black Pled Lowland Qattle 0,21 ] G
(second and third laobabions)
Native cattle (Bgypt) 0,34 El-Itriby and Asker (1956)
European cattle (Egypt) 0.89 wflOe
Holsteln 0.2 . Denton and Mo gfylerd (1964)
Holstein L O  Shrode ot al. (1266)




oht ¢ Studles pertalning to the

body pize, measursd in texms of welght, .and its relationship with milk
production In dailry cattle have beon rigorously underiaken. 4’1’11@ body slze
hag been used as an index of feed convorslon for grouth, Lab dapmsit.ion and
milk production. It vas theorised that it would be more econcnical if the
heifers matured earlier, The cost of rearing the helfcrs to caxly maturity
being conpenvated by the mnount of totel milk produced. Lactation-vwise
acupariaon hea also been studled in both types of helfers. Herman and
Rogadale (1946) , Hermen gt _al. (1948), and purt (1958) have shown that the
eorly maturing helifers produed less. amount of milk in first, gecond and
thivd laotat .ongs Sinse, the early maturlty incresses the total productive
life of the cow the life tlme production in sucsh cows should be expescted to
be greater than their later maturing counterparts. Swamaon (1957, 1960)
arpued that excess ration given o dalry helflera for carly maturity would
interfere with mill production in their later life. The author has opined
the deposition of fat in the mamary tissue to Lo the primary cauge for
such reduction in nlllk production.
Rold ot al. (1957) folled to support the conclusions of Swansen
(1957) from thely experiments and wera of tho vier thot heifcrs should
mature early to be of seconomic value. Froaa these studics it ocan be safaly
concluded that heife:c"s ought to be given such rations as would reduse the
age at maturity and at the some time avoid sxcessive deposition of fat.
Trowbridge gb_gl. (1915) working with cattle and Mitchell gh el .
(1926) with sheep had reported that 14.2 per oent amd 15.8 per sent of the
live welght in centtle and sheep respectively was protein. Singe the milk
energy yield 1s representative of the work done by the laotating cow
(Geines, 1940) the milk produded by the animal is a funotion of the amount

LY
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Table V Heritabllity estimate of BDody Weight

PED g S L BN gt g RS BN 5 RN 5 T o B LN o ON § EIF Qan G LTS A GWER g N, BB o P GV o v GIF QY QN0 GRS o BN ok @ QIR B pinE AT o T o R g KA g S QT

Breed d.f, Method Estimate heference

o . e g g8 M g WO IS G R Gete G G e AND g g b G it A o IR o S 4 B g W Qi g o N g g TN G g 8 B gum g e O @
Red Iame = - 034 Johan gon (1964)

Jeracy - ISUR 0.29 Turner (1929)

Jersay 501 Hs0 0.79 Miller and Mo dlliard (1959)
Jerasy 10586 - 0.24 Henderson (1984)

Guernsegy 1001 HsC 0,37 Miller and Mc uiliiard (1959)
Guemsey 2174 0,40 Hendergon (19064) ‘
Holstein 187 Dd peirs b(Dd) 0.37 Touchberry (1951)

Holstein 4877 HSE 0.87 Miller & Me Gilliard (1959)

Holstein 385 DA pairs b{bd) 0.29 (8% Gelv)  Clark gg__g;_'. (1862)
Holstein 385 Dd seirs b(Dd) 0.05 (II Galv) CLark et _al. (1982)
Holetein %B5 DA pairs b(Dd) 0.19 (A1l Cdv Clark et al. (1962)

comb. )
Holsbeln 22787 et 0.18 Henderason (1964 )
Holsteln = {30 D.44 + 0.11 Me Daniel & Legates (1985)
= (ist Calv)
Holstein = HS( 0.58 + 0.12 Me | anlel & Legates (1965)
“(Late Calv
upto & years)
Holsteln e HSE 0,57 + 0.11 Mo Daniel & Legates (1265)
“(Late calv
510 yenre)
Holstein - A80 0.51 + 0.07 Mo Daniel & Legates (1965)
- (All Gﬂlu.
agob. )
Holstein o 160 0.00. (Iot Calv) Marcon eb al. (1260)

Holstein = HSC 04,036 (IIT calv) Marcon gt si. (1965)

e ay ey

- o x " Ol TP Saepeaeh “ViaEy
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of protoplazm present in the udder. The smount of protoplamm oF
"lork-atuff" being proportiondl to body welght (Gaines, 1948), the body
welght tends to be related to the milk production. Turner e al. (1824),
Godnes (1940}, Davis et gl. (1943), Beck and Turk (1943), Plum et _sl. (1952),
Pfau and Bartlett (1954), Menge gt al. (1960), and Reid ei gl. (1964) have
sotablished a positlve ralationship between body welight and milk production.
Daviz and Willet (1933), Touohberry (1951), and Holtz et al. (1961) did not
support these findings. The phenotyplo correlation betueen body welght
and milk production range fyom mero in Red Denlsh cattle (intle, 1064) %o
as high as 0,71 in Jewrsey breed (Millexr Mo Gillimrd, 1959}, Table VI
sumnardses the findings reported by varlious workerg on the phenotypia and
genstia correlatlons between laatations and thely corresponding weights.
There doss nhot ssam to be any dei‘initvt‘reﬁd vith time. Touchberry (1951)
reported a genetlc correlation of = 0.528 epstlmated by daughter dam comporisgon
of 187 pairs in Triegian cabtle. The aconcluslong of later authors have
established the tralts as beling pogitively geneticully corvelated. IHiller
and Me Gilliard (19592) have reported the estimate as 0,19 in Guernsey
end 0,83 in Jersoy Cattle. Harville and Henderson (1966) have reported
highexr estimates of 0,40 and 0,45 in Guernsey and Friesian breeds respestively.
Hlan (1950) working on Simmentel, Finzgau end Berno cows of
Czechoslovakila found an lnorease in ;i;he milk yleld with increasing body
weolght of the animgl. Similar results on cne sSet of Simmental cove
confirmed the above finding (Potemkin, 1964). In another sect of data the
author got contradictory resulis. The author has explained the deviation
in results to be due to a mmall sample size. Varlicus other breeds of aattle
viz. Suskun (Savenko g _sl.,1964), Iskur (Eftimov ek al., 1964), Bulgarisn
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Table VI Correlations betueen Body Welght and iMilk Froduction

N N D g St G QW AT QRT e g BN Y TR QUN GEN A ND 5 MR G 6T AR QWY ANE QW LN o e BTN R o M L an G OR L RR G LR N P LIEE g AR AN e g

Breed Eastinate Referance
IR K g W [ g U QT G R QU o W e IR [T g W QRO QNS R g MT ey gt QI R T T T L o A o T W R B g TR U QUG gy u0n Y ATD g G643 g
EHMOTYEIC GOMELAT TON
Blask Pled Lowlond 0.18 - 0,29 Lauprecht and Moring (1950)
Grey Iakur 038 ftimov et .al. (1964)
Hungarian Spotted I 0.43 Caomos (19685
II 0 .59 &somos (1965 )
TII 0.41 Coomos (1965)
i 0 .41 Caomog (1965 )
v 0440 Csonog (1965)
VI  0.32 Csoaos 51965)
Hungarian bHpotted I 0.29 Balika (1983)
I 0.37 Balika (1965)
Czechlovakian lied Spotted I Q.14 Suchank (1.963)
11T 0.08 Suohanek (1963 )
Slovakian spotted 0.26 Gabrie and Kewek (19865)
Metohlja Rred cattle 0.50 Antiak (1961)
Hed Dana 0.00 Antic (1964)
Holateln-Fricglan 0 .56 Davic gt al. (1943)
Jolstein-Friesisn 0,1240.008 Ferrer and Valle (1951)
Holstein-rriesian -0 0473 Touchberry (1951)
Holatelin-Friesian 0,24 Balley and Proster (1954)
Holatein~Friosian 0.51 Miller and Me Gilliard (1059)
Holstein-iriesian (.26 Gerruttl gt al. (1965)
Hol stelin-Friesian 0,08 = 017 Harville and Hendergon (1963)
Guerneey 0.18 Davis et gl. (104%)
Guernsey 0,42 Mller and Mo Gillinzd (1959 )
Jersey 0.5% Davis ot al. (1943)
Jersey 0.71 Miller and Me GIllinrd (1959)
Yrehire 0.40 Davis gt al. (1943)
All Breeds 0.81, Davig ¢t al. (1943)
GEUKEI0 UL AT TON
Holstein () 055 Touchborry (1951.)
Holetein I 0,02+ 0,834 Clark ef al. (1062)
X () o 58 i 0,79 Clark et go (1962)
Overall 0.12 Glark et _al. (1962)
Holstein 0.45 Haxville and Henderson (1966)
Guernsey 0,40 Harville end Henderson (1966)
Guernsey 0,19 Miller and Mo Gillderd 21959)
Jorsey 0.33 Miller and Me pdlliard {1959)

w L, T a BT sy

I, 11, I1%, IV, V, & VI indicates the lactation mmber of the milk yield and
corresponding wolght at cadlving.



Red oabtle (Conev et al., 1985), Slovakian spotied cows (Cabris and Kewek,
1985) have shown similar terdency to increase the yleld with lncresse in
the weight. MNusov (1964) reported an increase in nmillk yield of Red Steppe
cows welghing upto 550 kg. As the cows welghed above this 1evell no further
incresse in yield was founds Lauprecht snd Doring (1850) and Witt (4963)
obagarved an increase of JH00-500 kg. and 200-400 kg. respectlvel y of milk
viald for svery increase of 100 kg. in body weight in Black Pled Lowland
sattle of Germany. In Hungarian apotted cows Csamos (1965) has reported
an Increase of 351 kge, 548 kg., GR7 kg., 8565 kgey 550 kgo., and 425 kg.,
per 100 kg. increase in body weight in first, second, third, fourth, flifth
and slixth lacbations r&aspeeti‘aely«l

Working with rolstoin Fricsian, Jeraey and Guernsey breeds, Erb
and Achwoxth {1861) found an increase of yield by 570 kg./100 kg. increase
in body welght on an intrebresd basis. lthen the studlies were aonduched
independent of apge effects the ineremse Iin yield was only 236 kg. On 180-dgy
produstion records of 1344 records of Frlesien cows Clark gh al. (1962)
have esbtimnted an Incresse of 134 kg. in yield for every 100 kp. of body
velght. The resulbs wvere simllar from first through oighth lactation-
On gombining o1l the Lactations (irvrespective of lastation number) the
authors concluded an iIncrease of 400 kg. of yleld for 100 kg. inorease in
body weight. Mc Danlel and legetes (1068) worked by grouping tho doba on
age and lectation basia. Partial linear regression coefficients independent
of ape were estimated for first lactation (181 1bs.), for later lactations
upto five years of age (157 lbas.)}, for later laptations after five years of
age (143 1bs.) and for all lactations combined (101 lbs.) for ewvery 100 lb.
of live welght. The results of the authors showed that as the animals
progressed towards maturitj there was a mradual decline in the rate of
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inoreass of milk with increasing size of the animal.

Balley and Broster (1954), Mason eh gl. (1957) and Ridler eb al.
(1965) on the basis of these results have concluded that as fexr as the
hexd improvement on the basis of body weight was conacrned, the seleotion
should not ba operated with body weight as the only orltexion. The
potential of the sglre wlth respeot of milk productlon should also be
consideored., Miller and Mc Gilliard (1959) stated, Mf welght is imporiant
in debermining the milk production and genetype is important to the
asgoclation, size should recelve atientlon in evaluating the genetlc abllilty
of the animals for milk production.”
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EUHOPEAN BHEED CHOSSES

Brandt gt sl. (1266) has roported the results of crosuing
Guernsey (G), with Frlesian (F') and Brown Swiss (BS). With a view to
produce three breed orees F X G and G X Il erosses were mated to BS, and
then a rotabtlonal gystem using Guernsey or Friesian bulls was followed.
The repults have shown that crosaes with Guernsey irheritance Improved
in thelr milk producing capacibty when compared to Guernsey herd mstes,
vhereas the Friesian eorosses did not exceal thelr pure Frilesian conteaporaries.
66 por sent of %he orosses with Brown~Siulss irheritance happened to excel
the purebred Brown Ywiss Cows. In these breed crosses, n negative
heterosis has been reported for milk fab test in(G X F X G) groups vhile
(F XGXBS XF ¥G) group had shown positive heterosis for milk yield
(Fat~gorrested) and milk fat. Toushberry and Beregkin (1966) 1n Iriesian
X Guernsey arosses have reporsed that (1) Hon-additive gonetic effects were
of no svonsequence. The obscrvabtion has been confirmed by DBrandt eb sl .
(1983) (41) Some evidence of gpseific combining abillity in some bulls and
coy breed-groupa. (1i1) General breeding value of various bulls differed
dmportantly providing an evidence of adiitive genebic varilaance. I'or moat
of growth tralts it was obgerved that orosobreds verce supeirlor o purebreds

at bii'bhg as the animals attalned maturity thls effect was consldervably

dininished.

ody Val ¢ Fron the data of crossbraeiing

of Frieslan-Guernsey at Ilinoie, Bereskin and Touchbarry (1086) have
reported sigiflocant correlation betwecen body welght at first calving and



18

Lirst lamctation milk production. An inorease of 395 Ig. of mllk yleld for
every 100 kg. body welght has boeen reported. The body welght rotained its
Juportance indspendent of age whereas the age had very little effest on
yield, Independent of the body welght. From these obserwvationa the authoras
have suggested that the body welght should be taken as an Index of milk

produstion during first lastation.

INDIAN BREEDS

MLk Yield
The infoxrmation regarding the genetlc make up of Indlan dbrecds

of ocattle is in pgeneral scanbty and vhersver 1t is availsble the limlted

nunbor of cobsereations meke the estimabtes largely meaningless. The need

for detalled genetic investigation of thege brgeds can hardly be emphasiged

vhen we are In the mldest of a mllk famine. The estimantes of gencatle

parmmeters for variloug production tralts of important breeds have heen

roported by a number of workers.

Y, 8§ A numbar of workers have reported heritnbll ity eatimates

using various methods in Indian brocds of onttle. The results have becn
sunnardgsed in the Table VII. In the Hariena breed Singh and Desal (1961),
Acharya (19668), Singh and Prasad (1967), Tivana (1967), and othoxs have
reported estimates ranging from 0.13 to 0.44 for various herds. The ISDR
estimates reported by Singh and Desal (1961), Singh and Prassd (1967) were
very mmall when sompared to the estimates reported by Acharya {1966) and
Tiwana (1967) vhich were of the order of 0.40. The half sib eatimntes
averaged around 0.37 while the ISDR estimates averaged arcund 0,28. The
aversge of these estimates was around 0.38. It seens In general, the milk
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Table VII Herlitabllity of Milk Productiun in Indian Breecda

Freod | Def.  Mothod of

- BBGinate..

Harisma 81 I8DR

" 178 I4DR

" 178 H30

# 322 HSG

" 288 LR

" 419 HS0

" 504 JiSTH

" s ISR

" o ISLR

n 390 IsDH
Kongayeam -
Malvi 44 bﬁd
Tharparker 335 Dd ISDR

prirs

H " HS&G

1] n -

n 18 hm

) " [

i i

i? H 9
hed Sindhi 841 "

" 182 I8DH

] 143 1
Sehivwal = -

" 127 patrs XSDR

B i HSG

"
]
"

Vot P TTMAETILAD KR i ST SN RTR wd L -

aide il Rl PRSI IR YDy

ROl A IRE A8 AR el R W ey wad O L

Estinabe Belie Reference
0,18 0.22 Annual lieport IWRI {1955=58)
0,18 0.04 Singh and Desal (1981)
0020 0001. "'dO*’N
0013 .12 '“‘dQ""
0,42 012 Achneya (198G)
0.38 0.11 Tiwana{1967)
0.40 0.18 i .
0,30 0,13  Singh and Prasad (1967)
0,80 0,30 ;-
0.44 0.10 Tiwsna (1907)
0.87 0.40  Murty (1983)
0658 0.10 ”“‘d@"
0».1.3 0::4(2 ""‘do"‘
0,43 0.20 Taneja snd Thatnagar (1959)
0.22 (.02 Kooner (1963 )
Un&? 0@54 "“dO"’
0.48 0.16 Hurty (1965)
0.017 (Ist) = Mishra gi el. (1964)
) 57 éII) o e
018 (111) - w10
W‘D#l{)( All lm« hid "‘d(}“
aombe )
0420 - Mehadevan (1055 )
0.4 0.18 Muble gh al. (1953)
037 0ald "
0.28 - Patel (10456)
(Jo44 (0,32 Hoonor (1965)
D57 037 L
O.14 (1)

0.34(Highest Tiold)
0.24(M1 Llaot.)

Ol MMPLY PO Y @ r 2

" wER omre ¥ Y md

Tr b S e Wy

Mohaderan et al. (1958)
ol O




producstion i1n this breed has a high heritabil ity than has bsen reported
for the improved dairy herds of the Western oripgin.

For Tharparker breed Kooner (1963), Hurty (1868) reported
estimates ranglng from 0.22 to 0.47. For Hed iindhi breed Mshadevan (1955)
and Amble et al. (1958) reported the estimates wvarying from 0.20 to 0.37.
Foxr Sshlwal cattle the’ estinptes in the range of 0.868 to 0.44 have boen
reported by Mahadevangj}_v__g},_.;,(l‘sfi?.), Patel (19568} and Koonen  (1963).

Murty (1963) reported estimates of heritability of the order of
Q.87 * 0.40 for Gir, 0.58 * 0:10 for Kangayam nnd Q.13 3 010 for Kankre]
treeds. Tanoja nnd Dhatnager (1959) reported estinate of 0,43 + 0,20 by
regresgion of daughter on daun of Malvi breed of Rsjasthan.

A criticnl study of Lhege estimates revealed that In generdl; a
large complement of geneble varlabiliby for milk producti.n was proment
in nost Indian brecdm. Estimates reported by Acharya (19686} and Tiwana
(1967) are from a heord seleated for high milk produstion. It reflects
that even after bolng subjected to aeleotion, the heritebility was highaer
both from ISDR and Half sib corveolabtion method. &ince ISONU 1s very effestive
to detect genetic variablility al low herdiabllity, it secms a large
varlabll ity uas present in this hord for milk production.

Mohedevan gb nl. {1952) have reported tho horitability of 0.14
for first lacbation yileld of Sehiwal cabtle of Kenya. The herliability
for a later lackation having hilghest yileld was higher when compared to the
first lactation. The magnitude of the heritabllity of lactation with
highest milk yleld was of the order of 0.34. The estimates reported by
Patel (1958) and Xooner (1965) in Sghiwal broed of cabile was larger by
ISDR method when compared to those by Hzﬁf glb analysis. Theme eatinates
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reflect a higher genotio varisbility for milk production in Sahiwal breed.

t The repeatability estimates of milk production records

in various breeds have bsen worked out by many vorkers. The estimates
range from 0,87 to 0.08 in various breeds and are sumnmarised in Table VIIi.
In Hariana brecd Singh end Desai (1961), Acharya (1968), Singh and Prasad
(1967) and Tiwana (1967) have reported the eatimates vhich range from
0.87 to 0.68. Tiwena (1987) reported a pooled estimate of ropeatabllity
of 0,61 ¥ 0,18 in Harlana asttle. Murty (1966) reported repeatabllity estimabes
of 0,68 for Kangayen, 0.63 for Kankrej, 0.66 for Gir and 0,47 + 0.52 for
Tharparkers In the labter bree Kooner (1968) reported an eafimate of
0a49 + 0.08.
For Hed uindhi cows Mshadevan (1955), Amble gt al. (1958) and
others have reported the estimates of repeatablility between 0.37 and 0.61.
The repaatabiliby of milk production for Sahiwal cattle has buocn reported
as 0.48 (Leckey, 1961), 0.40 (Patel, 1956) and 0,52 + 0.06 (Kooner, 1963 ).
A study of these estimates ghowed that the milk production recoxds
In Indlan breeds of cabtle are highly repeatable. Therefore the fivst
lactation records can be sofely relled upon for warious seleection programme

and predleting the later records of the animeals.

Produchion ylth Body Yelht 3 Very 1Little work has
beer. yaported on welghts at cnlving and thelr relationship with milk

production in Indian breeds of cabtle. hajgopalan (1952) reported the
results of the linvestigation on 81 Red Sindhl and 31 Kangayem cows between
welght at first oalving and fiyat lastnbtlon produstion. The phenotypic

sorrelation was of the order of 0,22 and 0,85 in the two breeds respesctively.
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Table VIIX Repeatnbility of Milk Yield in Tndian Nreeds

Broed Gofe Eatimate  S.B.  Reference
Harianns 188 oows 037 0.05 Singh and Desal (1961.)
(% 1aot. each)
" 1864 0,08 0,02 Acharya {1965)
n 282 sowg 0,49 0.04 Singh awd Prasad (3057)
(3 Laot. ench)
" 846 0.59 0,03 Tiwana (1967)
Kangayamn s 0. 62 - Hurty (19Gs)
Kankre} . 058 o= w
Gir - (.60 - "
Tharparker - 0,48 0,08 Kooner (1965)
" - 047 0.82 Murty (1963)
hed Sindhi - 0,41, - Hehadoven (1955)
" 9% 0, 6J. - meble ef pl. (1958)
H - 0.37 0,12 Kooner (1963)
,, - 054 - Murty (1963)
Sahival - Go 48 - Leckey (1951)
" - 0,40 - Pabel (1958)

1]

o 0,52 0,00 Kowmer (1003)
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He reported the corrslation of 0.20 nnd 0.29 betueen the two traites in
Red Sindhl and Kangayam cows respectively vhere age at f£irst eqlving was
kept constent. The author concluded that the 1ive weight was important
than the age at f£irst calving as an index of better produehion. His
conclugions are based on amall correlation between amge at first calving

ard firat lactation milk production.

Relatlve Efficlency

Singh and Vesal (1964) reported the result of their studies on
relative efficloncy of Sohiwsl satble stationed at military dalry forms.
The partial regression coefficionts of firat lactabion milk yleld on body
welght, when age vas kept constenbt, were reported. The magnitude of
coefficients was 5.5 Lbey = 0,5 1bse and « 9.5 1be per 1b. of body welght
for the welght groups 751-850 1b., 851-950 1b. and 9511050 1b. respestively.
The relative efficlency of Sahlwal eattlo reported by thess asuthors vas
4¢4 1b./1b. body wolghb,

The horitability of relative efficlency has bsen raported as

OQ51 3; 05390
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INDIAN BREED CROSSES

Milk Production

ARCroi .y v

the Veberinary Departuent, Kenyn (1961) have reported pure
Sehiwel aows to be better milk yielders when compared to the animals
with 1/2, 1/4, and 1/8 Guerngey inheritance produced by cros:ing Zebu
Guornsey cows with Sehiwal bulls. However, animals with 1/16 Guernsey
irheritance (15/18 Sahiwal) proved better than their pure Sahiwal
contemporaries. Ib e¢an be eoncluded from thls report that the Guernsey
cows should not be bred to Sahiwal bulls but the Sshiwal animals should
be maintained as pure. Mac Owen and Black (1963) have worked on eross
breeding Zebu Shork horn with Hphiwal gattle In Kenya for lamprovement of
thelr gattle. The T 1 progeny of the cxfoas had shown 85 per cent lncrease
In milk yield then thelr Renyan herd mates. Further increase of Sahiual
inheritance repulted din proportionnte ineroagse in millk yield.

Grading of Ganpgatiri herd to Hariana has becn reported by Dutb
and Desal (1965) vhoerein the lastatlon yield improved to 1256 kg.
(exclusive of the mill sucked by calf). The repeatability of milk yileld
has becn reported by the;m as 0,584 which hag high mognitude and is in
agreement with the results reported in the lliterature for other Indian
breeds aforementioned.

To increase mlllk production in Indis, Intemsive aattle Development
Projects were set up in various stateg. The nunber of projects for each
state were Andhra Pradesh (R), Bihar (2), Guirat (2), Modhya Pradesh (1),
Madras (3), Mysore (L), Moharashtra (3), orissa (1), U.P. (3), West Bengal

(1). It was declded to grade up the non-desoript and other poor milk



yielding animals of the states to bulla of Tharparker, ahiwal, Hed
8indhi, Hariana and Gir breeds. Each scheme covers aboub o;m 1 akh
breedsble cows. The results of these projects nre being processed.
Bhagin and Uesal (1967) have reported the results of orosgsilng
Hordiana with Zahival and sed Ddndhil. Hariana-Sahdiwal Fl's have ylelded
4238 + 96 1b. milk against 3814 _i: 186 1lb. of milk produced by Harilana
cows and 4018 + RR7 1b. of milk prodused by Uahlual cows. The yleld of
7 1'8 is higher than both theo pavents, thereby indicating the posaible
presence of hybrid vigour. Thae F l'a of Hariana-led Sindhi gross proved
better than thelr Red Sindhl parents but dild not excel the othexr parent.

The Fl‘ﬁ yielded 3014 + 337 lb. wversus 2897 1 207 Lb. of Red Sindhi cows.
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EXUrIC INDIAR BREED ClOSHUES

With a view to improve the produstive economy of Indlan cattle,
Sikka (1931) and Maoguckin (1937) eugpested the importation of Furopesn
breeds for the purpose of orossbrecding. len gb sl. (1953) reported the
results of crossing Ayrshire (A) with tahiwal (), Red uindhi (k) and
Hariana (H); ond HolstelneFrieslan (') with ked oindhi cabtle. 3/4 A
(1/4 8), 1/2 A (/2 3), 5/8 A (3/8 1) and 1/2 F (1/2 &) were the best
milk producers, Hed Anchl have also been crossed with le'own wiss (B)
and Jersey (7). 1/2 B (1/2 H) produced 53 pexr cent more millk than led .indhi
cows {(:itonaker, 1853}, Agorwala (1966) hao reported that 1/2 Jersey
ipherltonce resulted in more than fwlce the milk produced by Red Sindhi
contemporaries. A3 the level of Jorsey lrheribtanes wvas increansed ambove
50 per cent a gradual decline in milk production was observed, ‘The author
hau reported that syntheuda of YJersind'! bresd = a triple oross having
(1/2 B, /4 J end 1/4 k) ipvheritance. This new ovolved breed vaa
vignificantly Inferior to various orogaes with 50 per cent Jersey inhoritance.
&5 per cenb Brown Sulse wnse significently superior to the srossss with 50
per cent Aroun Suisg inheriionse and 25 per cont Jeovsey. Horover, no
signlificent difference was found betvesn Fy's with 50 per sent Jerasy or
Brown Svigs ilnherivanvé. From erossbreeding ewperiments abt varlous
exporinentel stablons In United States, Branton gh sl. (1981, G0) have
reported 1/2 and 5/4 Red Uindbi %o be phymiolopically adspteble but they were
poor performers when conpared to thelr Fricsien, Broun Svles and Jewvaey
sontemporsries. 7/8 and 3/4 exotic inherltance with Browm Suisp equalled
their European contemporaries.

Punganmy estile of Chittor distrlet have been orcssed with bulls
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inported from Kerry gounty of Irelend for Increasiog milk produstion in
the shori-statured cattle. The resulits reported by Venkatratnam snd
Venkayya (18064) have indicated sn imorease of milk produstion in F, mrogeny
by 278 poer cent in comparlson o the Punganur oowti.

Orossbreeding of Harlang, Red Sindhi am:fi Sehiwal with Holsteine
Friesian uas taken up st Birla Paigpy parm, Pilenl (Rejasthan). Bhasgin
and Dosel (1987) reported the resulte of this investigntion summardised
as followa.

Among vorious gradea of Harimna (H) Friesien (F) ovross the half
breds had shoun an Improvement by 188 per cont in milk yicld. Dackerossing
to oithex of the brecds was detrimental. A sharp decline was nobed by
backerosoing to Harisnae. 1/2 F (1/2 i) demonstrated a remarkable increase
by £13 per cent than thelyr pure Red Hindhiherdmates. Triple braed orcoss
having (1/4 P, 1/4 Hy 1/2 R) and (1/2 F, 1/4 H, 1/4 ) wore ovolved. The
former one proved to be inferlor to Its halfbred contemporarias, uhereas
the latter eross excelled all other crosses and pure Iindigenous contemporaries,
This ¢ross shoved en improvement by 216 per cent and 222 per gent over its
cahivel and Hardlsne hexdmates respectively. The F:!. progeny of Sohiwale
Tricalan crosg shoved an improvemont by 182 per cont over its Salilwal
hermateg. Thls study also estmblishes that the grosshreds do nof require
any apscinl environmonta as they werg able to ralse the herd under exbtreme
Rajasthan degert conditionse

An Ingraease of 14-2l per cont in £fipst lactation milk yield has
been obsexved by Decal (1966) in varilous grades of Sshival«Frieaisn crosses
vhen compared to pure Sshival contemporaries. Among theae grades highesd

milk produsers suited to Northem region were 3/9, 1/2 and 5/8 and for
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Southem region 3/4 Vriesian (Naldu and Decal, 196G).

Padmanathan (1966) snd Amble and Jaln (1967) reported that for
gll types of exotic Indian orosses 1/2 and 5/8 exotles performed the besh.
They have reported a decline in the aversge merlt of the animals with milk
production with a deviation of exotle inheritance on elther side of 1/2

and 5/8 Frieslans.

Horitability s Mohadeven (1954) reported the heritability of first

lactation yield irrespesctive of exotic inheritonce as 0,19. The estimnte

vaa found ly repressing 1102 daughter records on thelr demio records. UNaidu
and Desail (1965) have reported the heritability of first Lactation total

nilk yleld as 0.18 + 0,19 for northern region and 0,50 + 0,27 for Scuthern
roglon crossbreds having 4=-15/32 Fricsian inherilbance. The authors suvggested
the reason for such a difference in esbimutes to be due to the wider

difierences between dams mabtos to olres in northern repion.

Repeatabllity : Estimates of repeatability for the nilk has boen cgtimabted
by Mohedeven (1954) and Naildu and Desail (19066 ) for various prades ol
Furopean~Indian erosses (reble IX). Variation botwesn the cstimates does
not seem to follow the lovel of exotic inheritance. Bazed on 30U records
of exoblo~Indian crosoes irrospeetive of the level of exotic inhexritance,
Mahndeven{1954) has reported an avevape rapeatabllity estimate for milk
viold as 0,5%, Similor estimato §0.472) has slso beon obtained by Fl-Isviby
and Asker (1958) from the data of Feyptian-luropoan crosses. The cstimntes
are hlgh to provide the first lactation as basis of geleet on for future
performance. The high magnitude of the ostimates mipght have been due to
epistatlo and/or dominance components in additilon to the contribution of

pemanent enviromments .
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Table IX UTstimntes of Repeatability in Indian Puropean Crognes

Level of Wo. of  No. of . Ratimste ___ Heferemas
Bxotdo aninels Records Totel yleld H.k.
Anherdtenca. . . B - Yleld e
HORTHEWS HBEGIOD
4-T/32 Fries, 24 77 0.54 0.49 Waldu and I'esal (196¢)
g-11/32 " 45 175 0.58 0.61 "
12-15/38 118 482 0.58 0,53, "
20-23 /32 53 194 047 0.49 n
24-27/58 182 754 0.54 0, 54 n
Southern Reslon
g=-11/52 ¥ 4l 165 - 0.47 Naldu ad Desai (1966)
1im15/38 o 0g 307 - 0,55 "
R0~23/32 28 158 - 037 f
24=R7/52 30 168 - 0,51 ,,
1/4 £09 e 0,58 - Mohodevan (1954)
1/2 630 = U85 - "
5/8 260 o 0eGi6 - "

8/4 uen o 0,40 - 0
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Table X Correlation betuoen Millk Yield at varions Laotations
(Mehadevan, 1954)

Earopean Toctation Tind 111 v
lilood level Hoe
1/4 1 0,65 037 0444
11 0.68 0,67
113 - o 0.70
1/2 1 0. 60 0.52 Uod1
1 - 0.59 0,53
11X - - On i,
5/8 X 0,75 0.78 0,40
11 - 074 0,850
11X - o 0,40
5/4 X 0,48 0,38 0,34
X1 - 0,48 0,49
TLI - - 0,30

WY NS AL PR
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patiations 1 Mehadeven (1954)

has found the correlations betwesn milk ylelds at various lactations in
Exotic~Indian orossbreds (Table X). In 1/4 exotic animals there was an
increase in the magnitude of corrvelations from helfer lastatlion townrds

maturity. fThers was a decrease in the magnitude of the sorrelations in

all other grades.

ight ¢ Neldu (1982) working with

Sahlwal Frieslen orosses estimated the correlation bebvesn milk yield at

first laotation and body welght at first celving in Helf sibs (4/82 to

15/82 Priesien). The intrsherd uomalaﬁian vas 0,24 snd the genetic
correlntion G.19. Singh and Desal {1984) have estimated partial represcion

of £irst lactation ailk production on body weight at flrst calving indopendent
of the ago at first celving (12/52 %o 15/532 Iriesisn). The resression
coefiiclents for touthern ond Jdorthern rerlon crogsbrods are 14.9 and 8.4 for
apimale welghing betwscn THi=880 1baj « 1l.4 and 0.9 for snlmale welghing
betveen 851-950 1lb. and $1.7 and - 8.7 for those wel hing between 953-1V50 1b.,

reapeotively,

Holative offTlclency = a berm identlaal to "CGrosa Wifficlency® of milk
yleld in Jabival-Friesian orouses has becn reporsed by Simgh snd Deosal (1984),
The average relative efficiency in Northern veplon grosshreds and outhorn
region erosshreds has been reported as 4.9 1b./1b. body velfht and 4.8 1lbs/1b.
body weight respectively. According to the level of Friesian ipheritance the
relative efficioncy is said to have increased upto 3/4 Friesian in Northern
orosgbreds and 5/8 Friesian in fouthern Crossbreds snd thereafter it gradually



82
declined. The authora have mentloned that the relitive cfflciency of

the crossbreds having more than %/4 or 5/8 Fricsim: ichevitance in the two
repiong dild not fall below the level of halfbreds. Howaver, the wdatlve
offlciengy of crogsubreds in both repglons way higher than that of the
pure HSahiwal..

Heritaldlity cotimate of the relative efflclency has becn veopx ted
as 0,51 1 0.25 for animaly of lorthern roglon and C.77 ¥ D.31 for mniaalg

L]

of Southern repine.
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The data for sarrylng out the inveastigition were asollected
from Indian Mildtary deiry parmg st Ambala, Dehradun, Jabalpur, Jullundux,
Luoknow, Meexut and Mhod, -

iry Farmg

A

The most extensive crose breading work in India has beon
aonducted at military dairy farms since 1800 (Maoguoldn, 1937). A number
of Maropesn brecds viz. Jersey, Ayrchire, Shorthorn and Holsteln-Friesian
ware tried with Hed Sdndhl, Sshiwel Tharparker and Haxrdena. Forman
(1927) contended Friesian to ba superior to Ayrshire for orcss bracding
with Indien cattle. And with experlence the Holsbeln<Friesian has been
found to be more adaptable o ndlan enviromentel conditions so this is

in use extensively.

The data were clagulflied gecording to genetic groups, poriods,
poasons ond brecd of sirc as {ollovwg @

(1) Gemetic Groups (Grsdesls The pure sSahiwals were rccorded gopsrately

and the oross breds were c¢laugified inbo eight groups based on the level
of YFriesgian inheritance. Tho animals having lesa than 4/64 Friosian
inheritonce were discarded and reat were clasgified into fallowing
gonotic groups 3
18 ( 4-11/84 Friesian)

/4 (12-19/64 Friealan)

8/8 %20»27/64 Frieaian;

1/2 (28-35/64 Frieplan
5/8 (36-43/84 Friesian)
8/4 (44-81/84 Friesien)
7/8 (82-59/64 Friesian)
and the animals having more than 60/64 levsl of friesisn inheritsnce were

included in the pure exotie breed group. ALl these genetls groups have
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been conpidered as saparate populations.

Some of the Frilesian-Sahlwel crosoes were ohserved to have scue
level of Ayrshirve, Red Sindhl, Harians and non-descript ivheritence.
Those having more than 5/84 level of blood from any of these breeds were
considered az triple orosses and therefore digoarded,

(41) Periods 3+ Tho data collested for anslysis covered a perdod of 30 years
(1637 to 1860)0. It ia not uncomaion to thimk that one year would 'difi‘er

from the other year. Iut the variation emused by two consequtive years
would not be too much to warremt the studylng of each yesar soparatoly.
Howevor, s subsbtontial difference san be expeoted betwetn two ycara

which are flve yeara gpart fran ocach other. It was on this basis that

the data were classified into six pexrioda of five years duration esch.

The six porleds were 3

1. 310571041

2. 1942-1248

3. 10471051

4o 10BE~1933

B 10571961
g, 1DB62-19468

mi 2 A nonth-wise frequency distribubion asssording Go the

birth of the aningle was made from the date. It wan observed thab maxdiam
birth ocourred during the monthe of Hoveusbar to Apxil vhile frxom May to
October there was lesser golvings. The eriterion led to the definition

of ‘most aaiving seagon’ in former assc and ‘lesst calving scnmon' in

the latter case.

ire ¢ The helf-brods wexo divided into btwo groups ssocrding

to vhether they Were sired by a Frlesian bull or a Sahiwal bull, Animels
having more then BOY Friesiemm hlood wewe sll eirved by Friealan bulls and



those having loss than 50 per cent Friesien inheritanse were Seiilval-
gired, The animale having a crous bred aire weore not ingluded in the

pregent Iavestlipntlon.

G- ghendardigation of Dats
The animels completing at least one lLactablion were recorded for

present investigation. The animels ylelding lens than 400 kg. dn a
lagstatlion, in oy view, should not be consldered as dalry animals.
Therefore, such animals were ercluded from the data fov the studies
pertaining to milk yleld. GCulling in the middle of lectati n, abortions,
and other pathologieal oauvses which offected the lactation data were
considered ss abmormalities. Therafore, such rezords have bocn ddscarded.
Howover, the lactations in whileh still hirths or premature births werse
reported have been included, brnmed om tho fact that animals ratain thelr
physioclogieal adeptability without anlvess

To nake the data uniformn, all the records in poundo have beck
gonvorted to kilojrans Wy dlviding thom with 2.2,

Tha leotntion yield la defined ag the milk yielded by the cou,
in 300 or leus number of days. Those ylelding for moxe than the spoesifiled
period have besn briught ab levedl ly the fommuls which is in uge at the
military farms. The formuls is

AV
SLP = LY -[("D"mg:)" AV, Em.,] (LD-500 )

vhere OLP ig atendeard lactatlon produstion for 3509 days,
AV 18 average dally yleld during lestation,
LD 18 lmotation perlod in days,
aud LY 1s the total leptation yield.
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At the initiation of croasbreeding at Indlan Military Fawm,
forvard erossing to the bulls of exotic breeds was considered best to
inereane the milk produotion. As the higher arogses becsme avallable
the faim anthorities, on the basls of scme preliminary obaervations
decided that higher lLevels of Friesian over 3/4 wers not sultable to
Indian envivomaonts. Sinee these the Military Lfarm awthorities have ledd
downn & set plan of breeding Iwiian gows to the improved Europesn hareeds.
It has been dletated to keop the ratio of Hrotlo=lndlan inheritence
arcund 50 per gent. To malnbtsln i}, altemele erogeing with Friesglan
and Sahival bulls has been praotised. This continuous altornste
erogssing gencrated in all sbout 64 different levels of oxobie inherdtance.

A unifomm patbern of feeding was practised at Indian Military
Farms. The experds have lald down the foeding stondaxde ascording o
the age growp considering the maintenance, grouth and production
reauirvencnts. The animals were stall fed., PFolloving are the rabion
schedulen 3

1. (alves from Pilxth to six Honths i

g TR WD WEHIY 1wl LIRS i w S M Ls u LR e b Y AT Sy MR 4T ) LB TR AW

Ape Colcatmm hele M11k Separated Milk (alfl Stavter Cong « Mixture

melwwéﬁa&lww 41708 I £:7:29 I ..w(&%s ) IR § .9
B N S . DR S
(=8 Be6 - - - s
87 - B .5 - - -
B14 = 8.5 0.9 0.08 -

15-21 o R8 1.8 010 -
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- B e 4 S - . 8.
[Ae s o 2.0 3.1 .18 -
Ri2=B0 = 1.8 8.5 0.50 -
31=-08 - 18 85 (.45 =
503-49 - 1.8 B.1 070 -
50530 = 1.5 3.1 (3,80 -
5783 - 143 Jel 045 Ou4B
04=-70 v 0.8 R.6 O3 0.20
11=04 - 0.2 R o0 “ 1.55
38112 = o Rk " 1.35

113148 o w 1.8 - 135

141168 = o L8 - 1.35

162182 - e 0.8 < 1.35

=gy igd Lo ] Ty AN iy " o 1LIARE ~APID D

Por the first three days the c¢alven were glven 2.8 kg. of
coloatrun three times a doy. The calves too weak to suckle were
bottle fod 111 they wers ahle to use the paill. Later they were remred
on cdow!a milk ond sepavated mllk contnlning llue water. The quantity
of sepnrated millk wan grodually inoreaced to replasce whole milk. The
colf storter miwxture was glven along vuith the sgparabted millr 4111 the
whole mllk was completely etopped. Tho ecalves wore plven congentrate
mixture from the 9th wack md its anount graduslly incpreased to conpensate
the decreasing quantity of geparated milk. Thoe conpogitions of aalf

gharter mixture and concentrate mixture are ¢



Malze 10 parts

Barl.ey 10 parts

Bran 10 parts

Ground nut cake 54 parts

Gram 15 parts

thent 10 parts
(Lime-water was prepaxved

Slaked lime 5 parts from slaked lime and
given to calves dlong

Molasces 5 parts with milk.)

Mineral mixture 3 paxrte

Congentrate Mixture

Gxram & parts

Bran 2 parts

Ground nut cske 1. pard

The separnted nilk waps wsuadly not fed after the calves were
aix wontha old. However, when the separated milk was surplus, it was
fed to the herd. Ior évery 4 kpgo of separated milk a cubt of 1 kp.
in concentrate mixture was prgotised. The milk was fed in the
following oxder of prloriby 3

. Young stock over six months to one year

b. Young stock over one year

6. Dy stock

d. Milking stoek

The milk wag converted to curd to feed to the animals which
digl iked separated milk. The curd was prepaved by asdding sulphuric
acld to the milk. The ocurd wag thorovghly rubbed with concentrate
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miztuwre In a ratio of 13l for young stosk and 132 for dry stock and

gowg-in-milk. 0,5 per cent salt was added to this mixture and fed to

animals .

Roughage for the aalves varled with the season. It contained :
1. Fhusa

2. Hay (0at, Jowar, Derseem, lMonsoon grass)

3. 4ilage (Vat, Jowar, Luerne)

4. Green fodders (Berseon, Lucerne, lalme, Jowar, Oat)
The smount of rouphage fed to oalves upto six monthse
Age Grecn Yodder Dry Foddex
{paya) (Jesrs ) - Leg.)
16-28 4od -

2950 7.0 0.83
506=-84 2.0 0,49
85-112 11.5 0.70
118140 13 .5 0.20
143~161 16,0 0.80
10R2-182 82«5 1,15

The cglves were not allowed any roughage until 15 doys of age

and dry fodder wasm allowed after one month,

2o Animalp sbove six monthe

The herd sbove six months age was fed according o the body
velght. Tho follouving table detalls the rxation schedvle for various
categories of animale. The catepories were formed according to the
amount of Frlesian inherltance s

Group 1 = Pure Frlegian and animels with more them
80 par cent ¥Frieglen inheritancs
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Croup 2 - High ylelding Sahiual cows and those with
leas than 50 per cent Frilesian inheribance

Group 8§ - Indlgenous cattle

Depending on the availability of grecn and concentrate three
classen of ratlon schedules have burn laid =
A olass - Hore comcentrnte, loss yreon

D olass -~ een fodder available with nomal
aaount of conaentrates

C clngs -~ Ixcegnive anounts of green fodder which
conpenuated for leas congentrates mixture

e -y AR Y ry

Welght E@%ign A Rakdon B Jation G
(kg.) 0 Foup (roup Group Group Group  Group Group Group
_ 1 a2 & 1 2 5] 1 .2 B

N T R .

Upto 180 1.8 1.8 1.5 1.5 1.3 1.3 1.5 13 1.3
181-225 1.8 1.8 1.3 1.8 1.3 1.3 1.5 1.3 1.3
200270 2.2 1.8 1.3 1.8 1.3 1.3 1.3 1.3 1.3
871-3156 2.7 1.8 1,5 1.8 1.3 0.9 1.3 1.3 0.9
B16-~860 2.7 1.8 L3 1.8 1.5 09 1.3 1.3 0.9
361-450 2.7 1.8 1.3 1.8 1.5 0.0 1.3 1.3 0.9
451540 8,2 2.2 1.3 1.8 1.3 0.9 1.3 1.3 0.9
541680 5.2 2.7 1.8 2.2 1.8 0.9 2.3 1.3 0.9
Over 631 3.2 2.7 1.8 2.2 1.8 0.9 1.8 1.3 0.9

b ol B ARy i

In edddibion to these anounts the animals were also glven
allowanses for milk production, amd pregnancy. The adult dowm=cnlvers
(3 monthe before pregnancy) were given 0.9 kg. vhile the heifer down
calvers were given 1.8 kg. of goncentrate ratlion 1n addition to thele
baslg daily requlrements.
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To compensate for the seasonal vardabtions the animale were

fed extra smount of concentrate @ 0.5 kg. when atmospheric tenperature

vag 45 to 50°F, and 0.9 kg vhen the teuperature fell below 486% .

To enaure good oare, management and feeding the hoerd was
@ gl agoified into followlng stooks on the basis of thelr age as under s
1. Young calves : Birth to six months
Re Galves s Six monthe to one yeax
3. Young stosk & ¢ Ons year to two ycars

4. Young stock 1 ¢ Two yenrs to puberty. The puborty was
neasuwred in terms of gge at firast calving

%. Dry sboek and pregnant cows
8. DTown calverg : The aninals vhich were dus to ealve in

10-15 days were scparated fyom the dry
gtosk and kept in oulving lines

7. Uowe=-ln-nilk

The oslves vere wveamed thyeo days afbexr biyth and kept on miik
and golf starber mixbtura. AL the nge of 15 daye the male calvos wero
separated fron females, casbrated and sold fox draughit purpese. The
females having good pedigrec recoxds, growing nomelly snd atteining
sexual maturity in nommal time were selected for the flrgt lactation
pexfoymence on which the final selection was based.

Hesording of weights was regularly conducted from within three
degys after birth to one year of age at weekly iIntervals. The velghing
waa done at monthly intervels till the flrst cdlving. Theresfter the
enimals were welghed within 15 deays of calving. The milk recording wase
started from fourth day onvards after onlving. Cows were milked twice a
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day In early hours of morning smd evenlng. The cows which conceived

were dried two months prilor to calving and transferred to the drxy stock.
All the stocks were kept ‘iu separate barns. AllL the

enclosures were constructed such as to ensurs the protection of animaels

fran severe climntic conditions. These were provided with good

ventilatlon and lighting arrangemonts. During hot weather the animels

were probected by contimious sprinkling of wabter. Yure Frieslan and

ocrodsbred animals with high Frlesian blood were kept in fan=cooled

bams. »Deily sweeping snd washing of barns maintained thorough cleanliness

throuchout the day.



CHAPTER IV

METHODOLOGY



To study the main tangible causes of wariation, and to

overcome the difticulty of disporportionate subwclass nunbers and

non-orthogonality, the data were snalysed by least square technique

(Harvoy, 1968) as described below s
Model, 3

A six-way, eross-—clasgification, no-inteoraction, fixed-cffects

The

model ((fodel 1 of Elpserhart, 1947) was constructed for the anal ysisg.

model 18 s

Yijklmnp

B EPRGL

whers 3 3klanp

and 84411 anp

i

1 I 1

e
w

U R U U

C]_+G1+Fj +Pk+ Sl*‘nm"'x’n*'@i.jld.mnp

:L RoBvOQE 9
1gneuww¢ ?
1. fsAannens 3]
i, 2
i, 2
:L A NN NN s

pth obgervation of it'h grade, jth farn, kt'h

period and n®® lactation, and its sire belonging

o mt'h braeeds

Overall mean vwhen equal sub-clase mumbers exlst,
offect of 1" grade,

effect of 32 famm,

effeot of KO0 pariod,

efiect of 1 season ’

efi'eat of mth breed of girve,

effect of n™ lactaticon (ealving)

18 the effest of p®? observation in 1jklmabl
sub-clgss, uhich is NID (0, o ).

is an overall mean and (;l ’Fj ,gc ,i 9 Bm
and Iﬁ arae deviabions frem , it 1g assuned that

X =ZFj=ZPk =78 =§Lx;n =th = Q,
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ALl posgeible interactions are also assumed a8 zerde

Analysin
A. Generabion of ILeagt Square Equationg
Frequencles of the 300-day lactntlon yileld for flve

lactations and welght at calving from first through fifth calving were
celenlabed and arranged in the form of & 32382 square mabtrix. Values
of the frequencies at ench level of the maln effeat were added to get
the right hand mesbers (104). Sinoce there were six lndependent
equations, the raatrietim% g = }j‘. fj =Epk =§ 8 =§bm =2r;— 1, =0
was dmposed. The laah equation of each effect 1.e., Gge Fg 5 Pg » S »
B, and ‘[’5 were geob equal to gero. The equations were deleted by
sublraoting the coefficlents of these equatlons from other coluans

and rows corresponding Lo them. A corresponding reduction in the right

hand members was also done in the same fashion.

e Constants
The least squore matrix having 26 aquations was laverted.
the inverse elements were multiplied with the right hand members which
gave 26 values. The firet value wap (-~ the ovorall mean; end among
others 8 constants for grades, 6 constanta for farma, 5 constants for
periods, one congtant each for season and brecd and the last four

congtants fox the lactation number (odlving number ). Other constante
were vhlbalned as follous s

gg“”%gi » f-;"""“‘”%_fj > szmgpk )
» by = ~b, andl, = '"%-ln“

By = — 8y 2
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Co Sum of Squares
(1) The total sum of gquares weres eshimated by the fomula
A
Zj Z Z xijklmnp - Yoeoeeo/'n
(11) Grade sum of squares 3 Sub matrix of grades from the

inverted matrix (Z) was taken out and re-inverted (Z)“l. The transpose
{(B') of the corresponding constents was multiplied with (Zu;l and the
vesull so ovbbained was multiplled again with the column vector (B) of
the constants., So that result of [(B‘) ( Zﬂ)'i(B)—] was the sum of squares
due to grades.

The sum of squares for farms, periods, semsons, breed of

sive and lactablon nunber were obtained exectly ln the same faghlone.

(141) Sum of Squares due to Frror was obtained as showm under s
Yf w B, £ b 1
é%%%%%% 3.3¥1mup (L, Bg » g 2P 0 8 5 By n)

Maelysis of Vardance

P2 -

Source defo  SoSo MeSo Variorce
L SR (%)

Total N1, S8 100

Grades Ge1. 58¢ $9g /G-1 = MS;  MSg /MSy 88g /88y x 100

Fearmns P, 88 88p /-8 = M8  MSy /MSp S8p /S8p x 1200

Periods  P-L S5p S5 p/P-d = MSp  MSp /Sy 8Sp /SYqp x 100

Seasons Sl S8g S8g /8- = Msg M8y /MSy 88y /8y x 100

Broed of Bl 85 SSp /B-1 = W8y  M8p /M8; 8Sp /88p x 100

%:igation L-1 S8y, 88y /l-l = M8,  MS; MSp SS8p /S8p x 100

Munex

Error By Subt.
=L  88g S8 /B = MSp - SSg /98y = 100

sy - LI | P v AR Pt




II. Eetimation of Heritobility

Lush (1940, 1948, 1949 ) has discuased advantages,
dlsadvantages and method of estimation of fimding out the heritability .
“/'The heritnbility is defined as, the portion of the toltsl observed
variange which can be attributable to the asdditive affect of genes
(Lush, 1948). Xt is expres-ed as 3

v h oo 4k +ok +dy

s
o L+ )
e T = A

Holf=gib Corralation 3 In the present investigntion the herdtabllity
was estimated by paternal half-slb correlation. It is relisble method
since exaept for a small frection of the eplstatic woriance the sive
gomponent has of no other vavianse but the additive genetic virisnce.
Howovery 1% has a limitation that errvor due to sampling or incorvect
eatimablon of environmental copoments ore multiplied by fouxr and
thercfore increase the horitabllity estimate. The error due to sampling
to a large extent also depend:upon the degree of freedom foxr ostimation
of sire component. Largsr the dogree of freedom for nive, preclgcr
the estimate of heritnability.

For compubing heritabllity estimtes the following model was

used
Ly =A+F + S0) *e (1)
i = 1 GQascdsvsoaa f
j = 1 ooaooo:ofﬂi
k = 1 cecssens nij

E_nija 21 n, =N,



a7

vhere Yﬂ.jk 1a the ﬁb daughtier borm to the jth alre in the gth farmj

A is the oversll mean comuon to all observations and is
a fixed constant 3

Fi is the effect of 1th fam peculiar o, indlviduala of
particular farm, whish 15 NID (0, 0% ) ;

Sj (1) lg the effect of jm sirve comion to all, its daughters
in the ith faym, which ig NI (0, o° ) 3

is the ranc‘tcen eyror pecullar to each observalions, which
“R(13) 7 Ig NID ( cJﬁ ()) ’

Mealysis of Varlance

e e P R 7o S N o e T ]

JQUTAN.., Laflo _Sup_of _cquares_.__ . Mean square Ee{.8
& A
Total N=1 Z Y w Yo S
i ik e M3
& :
Forms Pl Zl’.’?e - %’ R M5 O‘Z’HEZGZBH%O%
{ B, o .
2 Y &~ &
Sires/Faxms (8«1) Xiiﬂ, -3 - P M o 1T g
2ot Leng
</ P4 42 o
EPI‘DI' (nij‘“l) Z. Yijk - mm_i',l?__. MSE 6‘;
1 ;H (} ny 1
" o] o gy i Mgﬁﬂm—mm- mmmmmmmmm P TE STY
K=vdlues 3 - % 831
k 1 = < g 1*!*2«
) (siml) i ng,
5 8 2
P et 5 3 "1 aj " 13
2 - L WLy R TN M-S A ST ST
Yo N
1 P4,
i > R
i 1 ng_,
k A SN S AT e e N——._. o -
Estimation of components 13
5 MS =~ MS
a kl

B om oy - [ S s, -y ) s



Totael variawe = o
4 ‘3'2

2 8

h = A

ap

Bapected value of various components of Analysis of Varlance in btewms of

Genetic somponents ¢

o': - the varlance within individuals inzlwles vwhole of the randem
environmental varlancs, 3/4 of the sdditive genetlc variation, whole of the
deminance varisnce, nost of the part of epistatiq varianco.

o’i -~ the variance between sires equels only 1/4 of the additive
genetic varliance and part of the non-astive inbersotlion varlamse, 1.e.

a ,
1. O‘AA + 3 GiAA + sesee L will alpo include a varlance vwhieh is caused
16 84

by correletion boltueen the gires.

Standard errox of heritabllity was caloulated by the formulae given

' 2
9 < HSg +MSE)
4 k;‘g
SEdh® = o0 SR - S

by iMokerson {(1960) 3

~Hepitahility of kelative Efficlency s

The varianae of a yablo hag bern cstimated dn o way as would take
caxe of the baglg digtribution of the ratio. This can be dons by nomaligzing
the distribution by transforming the ratio on a logarithmic meanle.

To. avold any such trensformation Pearson (1897} had dezived a
formula for estimabing the variance of a ratio. Tanner (1949) surgested that
plots of ratio of means of tho two warlsbles and the regresslon of one on
the other would run parallel with a vertlesl distance of &. (a constent)
between them. If the velue of the constent was reduced to sero, the two lines

would be identlasl., It 1e from these aoncepts that the formula for the
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heritability of a ratlo has been derived by modifying Pearsonts (1897)
formula. Suthexrland (19685) has reported the fowmmule for aaloulating the
heritsbility estimates of ratlo of the two variables. Tho formula i1g 2

2
hg - hl 081_ ‘*'ﬁa v02 wr&g ; oh __L 2
("1. /Xg)

01 g ~Tyne O1 o8 o

vhere hz(:,,l /xa) is theo heritabllity of the rablo of two wvariables,
¢y 1s cosfificient of variation of {ixst variable,
2 is coef{icient of variation of second varintle,
f, 16 heritability of first varisble,
h?z i8 herl%ability of seczond variable,
¥ is penetlc correlation between two varisbles,

818

end 3“12‘1(3 phenotypie corielation beltween two variahles.

To facilitate caleulationa the fomula has been reduced as under :

P 2.2
132 (1 + k l o k& o kh.)

. ] - f
(:ﬁ_/ﬂg) *i';é 1"12:341

where k = ¢ / e,

ky = hy/h,
other symbols have the usval msaning.

Since the relative efficiency of milk preduction ig the ratio of
milk produced by the animal to her live welght at oalving it was necessary
to either transfom the rxelabtive efficiency or that heritability should be
eatinated from the rablo of the herdtabilities of 300-day milk produstion 4n
Tirat lactation and the weight at first calving. The formula gilven above has
been wsed to oslowvlabte the heritability of relative officlency.
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III. oL tio

A phenotypic oorrelation between two characters in the pame andimal

resulte from two causes (Harvey and Lueh, 1952).

1. One or more of the voriations In the environments which happened

to the individual may have affestsd hoth characters.

2. ne or more of the penes may have affcetad both characters allke or
opPositily.

The formor cense of the phonotypls corralation is due to
enviromments and ls called the environmental correlation and the latterw
part is due to genes 1s the genetic correlation. The genetic correlation
is a result of variety of clrcumstances vhilch are 3
(1) Pleiotropic offcet of genesn 3

The reason ag to why the pleilotroplism ocscurrs as hypothesined

by Griinberg (1988) is = nunber of observable charasteristiss in an

organlsn ave infinite, while the nuaber of genes ls limited.

Thexrefore, dlverslty of setion of single gene is meesslbated.

The ways in whieh a single gene produces manifald effeot, as

proposed by Grimberg are

(n) A gene may affect tuwo charscterictics direstly but in

independent, ways.

(b) A gene may affect two characteristics eswentially in the aane

vay § 1ts primary produst may affeot them alike.

(6) A gove may afiect one characteristic directly and thig

characteristic will afleot ; zp.mi;l‘hex characteristic.

Grunberg oalled the first m'iaiih‘éa\ias' "genuine pleiotropy and the

other two methods a8 "Spurious '131?310@0;)5»".
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Dobghansky (1926), Dobshansky and fols {1945 ) working on
tor end kussel (1949) on mouse have glven

evidemess In support of the plelotroplam.

(11) Linkage betucen penes afveoting two charsaterilstios which 1o a cause
only when the coupling double hoterozygotes are more abundant
than the repulsion ongs or vice versa.

M411) Hetorogenolty in previous breeding practices in the population.
Genotle sorrelotion io eotlmmted from Half sib anslysis by

rurming muelysis of vardance and co-variance as follove @

Analvals of Co~voriance

Souxae  DeFe dquares of  Lquares of  Owl of erosg produots
L - i Tk YR Nﬂx L L o R R, LR TN ) er( . vy -l mmm‘v-nn
Tobal JAY R SYT SXQ' SXYT
\ 7 z L. (X X\
Sires/Narns T (8,= 1) Y, 9X, BXY,
Prroy %% (nijml:} S'{E SXE SXYE
Expoated Hean Hguareg
Source mis (o TTTThMas ()T T T s oo (R T
€} [ .
Faxm £y + # 4 + k0 +
a o k‘f:.! o 1‘3"§ ﬂa ka GR ki"i £ O 1".:30* * kﬁ%
¥ J J X X Xy
Sirep/Parnm 63 + : +
offerns of  + ky "g o iy "ﬁ 9, V¥
y ¥ X b4 xy b A'S
)
[¥]
% (+}
keror aﬁ dfe o
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Veluss of ki. ? ka and lt:3 are given under the heritnability estimation.

Og
Xy
rG %2 e aat e oo e
Genetic correlation s “yy 52"" g
VAT
rp

Fhenotyplae correlstion 3 Yy & ==

¥ o= -
¥rvironnontal Correlation s X orssommem o et ——m

wiere h% and hY are beritabilitics of x and y tralte
reospectively.
2
e, = (l«»hﬁ' )

g
$rs
&
-~
X
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The data were aolleabed from ilitary deiry Farma in DIixlia on
pure Sehiwal and oroscbred cows of Sehlvwepl-Frilesglan oross. The croscsbred
an:!malazz&gisaified into eight genetic groups (grades) as detailed wnder
materials., The pure .ahiwal cattle were present only at Ambala, Lucknow
ardd Maorut, A frequency distribubion of animala over farms vas made.
Meerut had the largest number of animals both pure Lahiwal and corossbreds
aombined. Jabalpur had largest nunber of crossbreds only. A sinilaer
dlatxribution ov-.r warilouns gemptlc groups shawed that resords were avallable
on 400 animals each of pure Smhiwal, 3/8 and 1/4 Frieslan animals. The
records for 1/8, 1/2,5/8 and 8/4 Friesian anlmals were available only on
240~180 individusls. Lowest number of animals were in 7/8 Friesian group
(35) ond the Friepian group (60).

The Lrequensy distrlbution Lor 300=day millngpyield and body waight
at calving were plotted for each genetic group. The digtributions were
approximately normal. The data were snalysed to agness the central
tendengy and disporsion of eanch tralt. The averages and thelr standaxd

errors wero galoulated foxr coch charaster at each feaxm within A grade.

300-day MIlk Yield
Table 1 (aw0) dotalls tho averages for 300-day lactation yields

(FPirst through I'ifth) with their standard errors and porcentays
coefficlonts of warlanbion, within genebtilc group for ench fam.

Sahilwel 3  Sahiwal cows abt Ambale were high milk ylelders for all the
five lactations. The cows ab Moerut were the lowest produscrs upto foux
lactations. The average of £ifth lachtation at Meermt exceeded thab of

Lunknow. A comparative study of the flve lacohations for cach farm was made
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and 1s dotalled du Figure 1.1. A continuous inorease in milk yield in

the five leptatlons vas observed at mbsla and Meerut. At Lucknow the

fourth leetation had the higiest produstion, followed by a sharp decl.ine

in the £fif'th lactnatlon. Coefflclent of varlabllity vas of the same

magritude in gll the lactations at Ambala. At other two farms the
caefi'iaient of variation shawed wider range of differences. At Luoknow
coeffielent of variabllity of second lactatlon was higher (32.7%) than

that of the first lastotion (23.94) end the third lactabion (235.9%).

The highest firot leststion and fifth lactation averages of milk yield

of Sahiwal cows were 1878 .32 + 40.02 kg. tmd 217L.75 + 85.86 kg. reapectively.

Croggbreds s Comprrdlson of each lastation of 1/8 genetle group over
all farmas Indicated that the snimals abt Mhow hnd the highest firet and
second laototion aversges. The third, fourth and fifth lactoblion ylelds
vere highest abt Jullundur, Lucknow and Anbala zeapectively. The third
lactation averages of anlmals st Jullundur and Lucknow were 2349.75 + 610.71kg.
and 2341.11 + 171903 fxiametivelyq Their coefflclents of vardability were
51.98 per cent and 82.03 per cont. The third lactatlon average of 1/8
Priosian animals ad lacknow vyas highest vhen compared to other fomms.
Figaro 1.2 shows the comparigon of five lactations over the seven loeationa.
Inorsnse in milk yield upto thixd last tim was observed at Jullundur,
Jabolpur, Lucknow and Meerub. A shorp decline was obgerved in the milk
yield of the third lactatlon ab Mhow and conslderably smaller decline at
Inbala and Denrndun.

The snimale with 1/4 Frlesian inheritance at Maow had the highest
first, second and third laoct tion averages. The animsls ab Lucknow and

Meerut had the highest fourth and £ifth lastation avorages. A laotnbion
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wise conparison shoved third lactation to be high at Dehradun and Maow.

The £ifth lactation average was highoat in snimals stationed at Meerub.
At 2ll other farms the Lowrth lactation aversge vas highest.

The highest first laotation average in the aninmals with 3/8
Friesian inherdtance was R0Z5.96 + 50.48 kg. recorded at Jabalpur.

Animals at Maow had tho highest second lactation average (2585.02 + 115.48 kg.)
The highest third lsctabion was recorded st fmbela (2614,88 + 117.59 kg.).

At Luczknow the fourth and fifth lactations were highest. The méz.gnitml‘e

of these lactatlions vas 2859.83 + 585.22 kg. and 2696.53 * 821.28 respectively.
A decline from second to third lemstation was observed (Fig. 1.3) 3in

animals abt Imcknow but they shoved the maximum yield dn the fourth

lactablon. PFifth Lactatlon vas the highest Lactatlnn at Dohradun and

Jabalpur farms. The soefficionto of varisbion at differcnt faras were

of different magnituies.

Mmong various farms Lusknow had minimum numbexr of halfbreds and
none wlth compleote vesords of more tham two lactatlons. AL Mhow five
animals had completed firet lgotation and three the subsequent lasbations.
Hiphceot second, third and fifth lestation averages were obgoerved ln andnmals
at Mhow. Jabdlpur had the lavgest nunber of anlmals with complete five
lactabiong. The overages of lactation ylelds of anlmals at Jabalpur wcere
R375.77 + 107.00 kg. (First), 2595.86 * 167.4% kg. (Sccond), 2097.72 %
192,82 kgo (Thind), 2B15.05 + 168.99 kg. (Fourth) and 2670.05 + 221.59 kg.
(Figth). A lectantion wise compnirison of 1/2 Friesian animals revenlod that
fourth was the model lactatlon at which the peak was atbained. Ab
Dehradun and Meerut third lectatlion had attalned the higheat averapo.
Animals at Mbhow attoined peak at the fifth lastation. The third snd the
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There was a small number of animaels of 7/8 Frieslan ipheritance,
orly one animal each at Mubala, Incknow and Mhow. Among the four eniumals
at Jullundur, only one had completed all the five lactations. The sverages
of first two lactations were highest at Dehradun whlle yield of other
lactations wna highest ab Jabalpur. The higheat average milk rvield of iive
laoctntions in order are 2088.87 + 185.07 kg. (Dehradun), 3097.00 + 18L.71 kg.
(Dehradun), 2820.50 1 293,70 kg« (Fabalpur), 2786.00 + 264.82 kg. (Jabslpur),
3582.00 + 346,37 kg. {JTabalpur). The third lectation had the lmrgest strndard
srror and coefficlent of vnriation ab all farma. Figure 1.8 showed the plob
of five lactotions sgalnel yleid for #ach farm. It showed that third lactntion
yield atbadned peak at Nehrediun, fourth st Meeorut, and £ifth at Jabalpor. From
these results Jabalpwr may be aconsidered es better suited for animals with 7/8
Fricsian inheritonce, as compared to obher Lirum.

The Friesian group of animals at HMoorut had the highest first, second
and third lactntion sverages, fourth and £fifth laotnbion averagea of Triesian
animals ob Jullundur sheuld be consldered as highest vhen compared to those at
othey £avmp. Highest averapges of five lasiations in ovder of lactablon were
2860,65 + 152,08 kg. (Meerut), 335L.57 + 290.78 kg. (Mesrut), 39569.58 + £14.02
kg, (Meorut), 4118.50 + 748,47 kg. (Jullundur), 4983.00 + 835.83 kg (Tullunivr),
Figure 1.9 shows the comparison of lactntion for each farm. Fifth laotation

had the highest ysield at Debradun, Jullundur and Meerut. The fourth lactatlon

vag highest at fmbala and Jabslpur.

A sbudy of various welghte at calving was made in order %o

adjudge the growth of the animals. The table 1 (£=§ ) pives the averages
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of weights abt calving from firet through £ifth calwing, their standard

errors and coefflcients of varlability.

Sgniugl s Sehiwval helfers at Ambale were heavior than thoir counterparts
at Lucknow and Mcerut. Bub they did nobt grow at the smme rate as the
hoifers at Luclmow. Animels atationed at Lucknow attained more weight

at gubseguent calwings than the animels at tmbala.

rogsbreds s The animals with 1/8 Frilesian inheritaonce wore hoaviest

at Jullundur and grew abt a faster rate from second calving onwards while
thooe ab Lucknow grew at a faster rate from first calving. The rate of
growth declined in the later galvings. Animgls gt Dehradun farn showed
a decllne in wolght at second ¢alving which was gradually reaovered in
later gelvings.

The animals with 1/4 Friesian irheritence at lhow had a faster
rate of growth. The animals at Lucknow and Meerut were heavier at Lirst
colving than those st other farms. 4 decline in weipght was observed
between sccond and thind eolvings in onimels of Dehradun farm and bebwern
flrat and second calvings in animale of Luoknow farm.

The animele with 3/8 Frlesian irherdtance were heaviest at
Ambela and Mhow. The welght of mnimals at Anbale incressed from
402:41 + 7.57 kg. at £irst calving to 437.77 + 9.40 kg. at fifth oslving.
Those ab Mhow welghed 400.80 + 7.19 kg. at fiysat calving and were heaviest
at the fourth aolving welghing 434.50 + 10.83 kg. Andmals ot Dehradun had
the lowest body welghtb.

The, heaviest animala with 1/2 Friesisn inheritance were at
Mhow weighing betwern 418.25 + 7.57 kg. ot Lfirsh calving and 444.50
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+ 16,11 kg« at fourth calving.

The anlmels with §/8 Friesian inheritence wero heaviest nt Mecrut.
Their weight incressed from %94.12 + 6.01 kg. at fivrst salving to 430,88 +
16.97 kg« in the fourth calving. Animals at Dehradun farm grev faster than
the animnla st other ferms.

The animalp with 5/4 Friesion irheritence at Meorut were the
heaviest among the group. They weighed 404.00 1 9.89 kg. et firet calving
and 448.57 F 9.93 kg in the £ifth calving. Animple at Dehradun grew et a
fastrx rate,

There was a small nunber of snimals with 7/8 Friesian inheritance.
The heaviest weight at first cnlving vas 393,08 + 12.59 kg. (Meerut), at
seaond calving 414,00 %t 9.96 kg. (Meerut), at third calving 417.75 + 18.71L kg,
(Jabalpur ), st fourth ealving 410.50 + B.84 kg. (Jabalpur) and at fifth calving
418.87 1 677 kgo (Jabalpur).

Largest nunber of animsls of Friesian gr up attalned neximum weight

at Meorut. Heaviest average wedght was recorded as 481.50 + 12,37 kg. in

fouyth colving in Frieslan nnimals at Jullundur.

lelative efiloiensy is the smount of milk produced per unlt of
body welpht of the spimel. The welght of the animals wan Lalken within
13 days of calving. 4 conparative study of relative effleiency of milk
production for cach grade over all ferms was made. Table 1k glves the
average of relasbiwe officiency with its standard error, and coefileients of

veriation (%) for varlcus farms within each gemetie group.

9ehivgl 3 The relative efficiensy of milk production of Sahiwal cattle
veg maxinum gt Luckmow. The animals abt Aubala wers heaviest as Well asp
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hiphest milk producera. The relative efficiency of animals at Aubel.a
did not differ significantly from those at Lucknow. The relative

ef{iciency of milk produotion of Sghiwels ab Lucknow was 4.54 + 0,12 kge/kge
body volghte

The animals with 1/8 Prieslan irheritaonce had a relative

efflciency of 5.85 + 0,29 kg./kg. body welght at Lucknow and 5.36 + 0.48 ke.
/kge body welght at Mhow. The animals at Mhow were heavler than those

at other farms, they were also high milk ylelders. The animals at Jabalpur
were oven hcavier than those at Miow but they were not good milk yilelders.

The snimals with 1/4 FPriesian irvheritance at Mhow hed s relative
efficlency of 5.38 + 0.21 kgs/kg. body weight. In this group the animals
at Lusknow were least economlcal having a relative efficiency of 4.43
+ 0,19 kge/kg. bodyieight.

the animels with 3/8 Friesian inheritance at Jebalpur had a
relative efficlonoy of 5.32 + 0.18 kg./kg. body weight. The relative
efficiency of thim group ab Dehradun was 5.32 + 0,32 ky./kg. body veight
not significantly different from that at Jobalpur. The enimnls at
Jabalpur wore highept nilk ylelders. The animals at Dehradun wers
heaviest among the group.

Half Friogian animals had a high relatlve efficlancy of 8.07 + 0.27
kg./ ke« body welght at Jabalpur vhich were tho highest milk ylelders as
walls Nexb eagononical herd of halfbred animels was a'i; Luckaow having
rolative efficloncy of 5.70 + 0.56 kg./kg. body weight.

The enimals with 5/8 Friesian ipheritance had a relotive
efficlency of 6,51 + 0.38 kg./kg. body welght at Dehradun, 8.08 + 0.38 kg.
figs body welght ab Jullundur and 6.08 + 0,52 kg./kge body welght at
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Jobalpur- The anlmals et Ushradun were lighter (863.31 + 13.57 kg.) as
well as highest nilk yieldors (2350.62 + 157.82 kg. ) in the group. The
animals at Jabelpur aod Jullundur vero next in onmler of nilk produshlons

The animals with 3/4 ¥riesian ivheritance had highest relative
efficlency of .58 : 061 kgo/kg. body welght at Ambala which was high as
conpared to that of othey £rrms. The relative efficiency ab other famme
varied from 5,00 + 047 keo/Kge body woight ot Luckaow o 5.33— + 0,30 kga/
kgs body welpht ot Dehradop. Anlmale at Ambala were heaviest In the group
welghing 558.43 + 10.39 kg. They were also highest milk producers.

The animals with 7/8 g@'uet.iu group vwere nob xelativoly efficz?.en'b
in nilk production. Animgls at Jullundur besldes having large body
welght (355,25 _!_f 2181 e ) had a‘x*elativa efficlency of 8.05 + 0.71 kg./
kg. body welght. They were the highest milk producers mmong all the farms.
()thm; faxrms hzxﬁing; aninalo with highor relative effleciency wore Dehradun
and Jabalpugs

The riesian gows had ﬁ’iw highast relative efflelioncy of mille
production. 'Ihc;zse ah Meerut yielied .98 + 0,84 kg milk per kge. body
weight. Friesion at Jabalpur had the nexbt economic performanse.

The hest velative perforumors giong varions genobie groups wore
1/8 abt Luckaow, 1/4; ab Mhow, 5/8 ab Jabalpur and Dehwradun, 1/23 nb
Jabalpur, 5/8 at Dehradm, 3/4 at fubala, 7/8 at Jullundur and Frioslons
at Meerub. Among Pfaims Jabalpur and Dehyedun had most economic producers.
Jabalpur had best 3/8, 1/2, good 5/8 and Frleslans; while Dehradun had

best 8/8, 5/8 and good 3/4 and 7/8 genctie groups.
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Somparison of Genetis Poung

§00-day 41k [eld : Table 2a details the averages of 50U-day lactation
yield (first through £ifth) for various genetic groups with their standard
errors snd coefficients of variation (£). The aversge first lactation
yield in Sehiwel was 1620.77 ¢ 21.47 kg. and in Friesian 2306.87 & O7.60 kg.
There vas a range of 778 kg. between the two lastations. Krmmer's
modifiontion of Punoan'e multiple renge test was employed to compare the
milk yield of wvarious genetic groups. The yield of Sahlwel aninals did
not differ significamtly from 1/8 end 1/4 Friesien snimals. There was

no si nifiesnt difference betwoen the milk produstion of 3/86 and 1/2
Friesisn animals and 53/8 and 3/4 Friesien animals. However, there was
signifisent ( p 0.05) difference between 1/4, 5/8, 5/8 Frieslsns and
Friesisn enimals. The animale with 1/2 friesian inheritance ylelded
gimificently less milk than Friesisn and more milk thsn Sahival. Sehival,
1/8 and 1/4 genotic groups formed ome group, animals with 3/8 and 1/2
Frieslan inmheritance could be put together, and the animals with §/8

and 3/4 Friesien ivheritamce constituted the third group.

In the second lactation, Sahival produced 1867.11 { 52.45 kg.
the lovest lactation yield as conpared to other ecrossbred animals. ‘!h-
roductlon was significantly lesser than Friesian animals(2855.90 %
150.85 kge)s Aninals vith 5/4 Friesisn inheritance were the next high
vislders (2550.95 ¢ 71.70 kg.). The multiple range test applied to the
various genetic groups in thig lactation also showed the same results as
for the first lsctation ailk production. In sddition, it weas observed
that 5/4, 5/8 and Friesian did not differ signifisuntly in milk yield.

In the third lactatim the S-hivel aninsls vere producing lowest
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vhen compared %o other genetic groups. They ylelded on en aversge only
1980.84 ;?: 35.81 kg. as compared to 3017.78 : 133 .92 kge prodused ~b;\r
Frilesisn animals. In this lactation the yileld of Frieslan animgls weo uob
significantly diffevent from 5/8 and 3/4 but was signifioantly higher than
Sahival and 1/2 Friesian anlmalg.

Sinilar reslts vere obtalned for varicus genetie groups foxr fourth
lagtation yleld. The milk yield in this lactation for Frieslmn animals was
3013.68 + 18R.35 lg. and that of Sshiwal wae 2050,79 + 44.89 kg.

In the £ifth lac“catibn 1t was obperved ;éhat 3/8 Frieslan cows
yielded much higher milk than all other groups. It was significantly
higher (447,67 Xg.) vhen compared to 5/4 Friesian snimalo. The Frieslan
enimals did not dlffer significantly in milk yleld fran 5/8 Friesian
aninals. The £ifth lastatlon production in two genetie groups was
B015,54 + 234,065 kg, and 3097.48 + 158,17 kg, ,respectively.

It was obgorved that with an Insresse in Frlegian inheritance
there was a progroussive increase in milk produstion upto 3/4 levdl of
FPricsian inheritonse. Thero was a decllne in tho 7/8 Friesisn group.

Pure Friocpian animals had the hlighest milk yiald in all lactatlons except
£1fth lactation. Vlgure 2.1 details lactabion yleld in kg. oagainst
lactation nusber fox alléhe gradeg. It was observed that curve of 5/8
ng'iosian anlunls closely followed tho 3/4. These two gonetic pgrowps vere
the only gcneblo groups vhich pave nighest nilk yleld nexb to pure
Frionian snimels under the conditions of mamgement and health prevalent
in military deiry fams. Figure 2.2 shous lactatlon yield against genetic
groups for five lactations. There was definite increase in the wilk yleld
fron first to fourth lectation. The §/8 Friesien snimels had the highest

+
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£ifth lactation yield as compaved to sl other geneble groups. Thus

the peak dn all genetic groups wes fourth lastation except for 5/8
Friesion animals vhere the fifth Lg:tation was algnifican tly diffevent
fron fourth lactation.  The sverage lactation produstlion of the halfbred
animals wao signifieantly difforent from Sshiwal and Frioceian sninala,
The welghted average of the two pavents (Average of Sahiwal and Fricsian
groups) was osl.culated anl tested ngainst the 30U-doy lastation average

of the holfbreds. It was obsesved that in all the lastatlom hal fbred
anindls produced simiflcantly higher amount of milk ag ccnpared to the
mid parcot value (Average of two grouwps). There wsa an increuse of 269 Kge,
320 kfe, BRL kgo, RBG k., and 190 kg. in £irst, sccond, third, fourth and
£i0th lactablons respeetivaly.

Likz g Lreduotion

‘the £lrat three op five laotation ylelds of each animal were
odded to study the 1lfe time produstion. Table 28 details tho averages of
1life timn produablon upto thres lastations and wpto £ive lectablons,
thelr stnndard orcors and percentage coeffioiont of varilstion. ihe
Fricslan animale had the higheet life time production differing
slgnificantly from @1l other genstic groups. Schivael covs had tho lowest
life time produstion. Mapgniludes of life tLime produection upto threo
lactationg of Schiwel and Friesian cows were 5077.94 + 94.15 kg. and
8145.89 + 351.87 kg, Thers wam an Inorease in 1ife time productlon upto
three lactations with increasing lovel of exotic lvherltance. In life time
produotion upto five lastations the 1/8 genmetlo group hed the lowsst average
of 698,82 + 675,28 kg. Sshiwal animals prodused 10008.87 + 2R1.20 kg.
Tere was no slgnificant difference between the yields of Sehiwal, 1/8 mnd
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1/4 Friesian animals. 3/8 Fricsian animals produced more milk then 1/2
Frieslan upto five laotations bubt the differemnce was not signifleant.
Animals with 5/8 Prieslan irheritamse though not slgnifiocantly dlffexrent
from 3/4 prodused more milk by 569.10 kg. 7/8 aninalp produced
significantly less milk than 5/8 and Friesisn animals. The Frlesian
cows were the highest produgera of milk upto five lastation (14632.61

+ T5L.21 kgo)s

Yeight b Oslving

The results of welghts st flrst, second, third, fowrth and £ifth
salving of warlous groups of Friocslan inhoeritance are presented In takle
2h. Among animnle of various levels of Prieslan irhexltonce the 1/2
Frieslan helfers were the hcaviest wedghlng 389.88 + 3.87 kg. Sahiwal
heifcrs were heavier than 1/8 and 1/4 genetie groups. Thers was no
significant diifercnce bebween the weiphts of (31/4 and 1/8); (3/8, /2
snd I'ricsion)y (5/3, 3/4 amd 7/8) genabie groups.

Ab second calving, welpht of 1/4 rrloplan was not significantly
higher than that of gahiuwal. There was no signiflennt difference in
weldnts at celving between (3/8, 1/2, 5/8 and 3/4) Priesiaon animals. But
they differed significantly frum Schiuval and Frieslon animals. Frleaian
animals had the highest body weight at second calving (408,40 + 7.07 Tze )
na comparved o other gonebic groups. 1/8 Frieslan animals velghed loost
mong oll (588.97 + 4.91 kp.).

AL the third calving animels with 3/4 I'riesian ixﬁwrﬂmce had
highest body welght of 414.58 + 5.22 kg. waich dld not difter sipnificantly
from B/8 and Friesian aninmsls. ‘The body welghts abt thind calving of
genetic groups 1/2, 5/8 and 7/8 were not signifigantly different frim ench
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other. Animale with 5/8 and 1/2 ¥riesion inheritance also dicd not
differ gignificntly in welght at third celving. oehiwal enimels had
the lowest body weight of 379.71 + 3.05 kp.

Ay fourth oanlving body weights of 3/8, 1/2, 5/8 and rFriesian
animals were not significnntly different. There was no significant
difference between 1/8, 1/4, and 7/8 Frieslan aninals. Aninals with 3/4
Friosian lvheritance haG silpgnificoantly higher body wolght, at Lourth
calving 422,89 + 8.13 kg. than Frilesian aninals.

At £ifth oslving animels with 1/8, 3/8, 1/2, 5/8, and 3/4 Friesian
irheritance welghed more than Fricelan animals. 3/4 Frieglan aninals
wvers significently hoavier than Friesisn. The 3/4 Frilesion animals
welghed 429,82 + 0.68 kg., while Fricslan animels welghed 415.83 + 10.8L kg
Sahiwal had the lowest body welpht of 380.64 + 4.0 kg

TMegurs R.,5 ghowa the growth after calving of each genetic group.
It wns obgserved that Sahiwel animals were heavier than 1/8 and 1/4
Frieslong at £irst ocalving, They had the lowest body welght ot fifth
salving. Growth of 1/4 and 1/8 Fricolan animals was rapid vhen compared to
Sahiwel. The 1/8 Friesian animals gained meximun welght botween fourth
and £ifth calving so thaﬁ[%;rth calving they exceecded the Frileslan algo.
The moat rapld growbth vas exhibited by 5/4 Friesian animals. They gained
aaximm velght at earlier calving. At third, fourth and f£ifth ealving
thoy welrhed more than Frilesien animals.

Relabiye hifficlency 3 Table 2¢ detalls the avorages of relabive efflolcncy

Ay o )

of milk production in varioua genstic groups. Among various genctic
groups the Frieslan animals had the highest relatlve eficlency of
8022 + 0.21 kg./kg. body welght. Sahivel animale had significantly Lower

relative efficienoy of milk productlon as compared to orossbreds. There
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wag no significant dif:erence betwern relative efficlency of 1/8 and 1/43
3/8, 1/2 snd 7/8; 5/8 and 3/4 genetic groups. Among orossbreds 5/8 and
3/4 genetic groups had the highest relative efficisncy.

Figure 3 shous the ourve of relutive efficiency of milk
produstion againal each genetic group. It s evident from the {figurs
that the relatlive efflclency of milk production innreased with inerease
in the level of Friesian inheritsmce. Ingresse in relative effinicney
continved upto 3/4 genetic group efter uhich a déclima occurr;ed upto 7/4,

Priosian animals had highest relative efficiency of milk production.

LEAST BQUARE ANALISIS

The data were acllected from seven forne sxtonding over a period
of 30 yenrs and the rocords were gv-llseble on more than 2000 animals of
Sehlwal breed and vardous genetic groups with different levels of exotie
Anheritanca. It was considered desirable to sbudy the effectsa of such ‘
factors as pgrodes, farme, peviods, ascvasong, breed of slrs and lastation
numbar (cglving nunber) so as to ses if there was a nead for corvecting
the data for thope affects. Due to dlaproportionate sub clags nunbora
and non-orthogonality of the data a gonoralised least square snalycls weas
rup wsing a slw-way eross classifisabion, Fixed offeots model (ilodel 1,
Flgerhart, 1947). The main effects wors conpidlered to be important. The
interactione werce thought to be Insignificant sand thelr relative
contribution to the total vorlabllity very little. Least square constanta
Por oach effeok were eatimated. Analysds was run on 300-day lastatlon

yield from first through fifth lastnbion and welghts ot eslving from first
through £ifth calving.
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Y1 ¢ The analysis of varlance of 30J-day lsntation

records 18 presented in the table 8. The effdcts of grade and lactatlon
nwtber were signifisesant ( p< 0,0005). FEffects of farms and perloda vere
significant (p<0.01). Ceason of the year in which ﬁhe animal was born
and the breed of its pire had no effeet. Contribution of the laptation
nmbor, grades, perlods, farmms to the total varlability was 5.2 per cent,
8.57 per centy L.20 per sent and 0.81 per cont respectively. The
sontributions of seasons of bixth and brecds of sire were negligible.

The least square constanbs for each of the maln effects are glven
In teble 4. There wag sn Inorense in the value of constants for grades
with incresse in the level of Frieslan icheritance oxcept for the animals
with 7/8 Friesisn inheritanse for which the walue of constant was - 5.08.
Constants for farms varled from = 148.07 for Debradun to 126.56 for Mhovw.
The values of consbant for pexiods were decreasing with time. Highest value
of 200.82 uag for the period 1937-1241. It decreased contdnuougly so that
the walue of the levh period 1968-05 was - 188.20. The gonstant for the
neason was of vory small magnitudey; - 1.20 for most calving season. The
value of constant for the Sshiwal sires was = §52.54. The cohstants for the
lactation number ghawed an incresse in thelr value from £irst through
fourth lactation. The value of constant for first lacbotlion was = 301.73,
and for the fourth lactatin 137.4L. The valug foxr the £ifih laectrtion
(112.80) was smeller than that for the rourth lestation (137.41).

The analysis of variance on 4876 records of welphts at ealving
is piven In table 8, The e"ffect of grades was signifleant {p <0.,0008).
The effeat of farm, period and pumber of oslving were algnifioant (p</0.01).
82 per cent of the totel variation was explained by causes other than

the main effects. The sontribution of the farms, grades, periods and numbexr
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Table 4 Least Square Constants

Eff et . 500-day Lamotation Veight ab
- . Tield calving
u 2596.1920 599 3075
Grades 3 Sehiwal ~395 3608 2341759
1/8 ~150 .9759 ~15 «8559
1/4 =149 .9238 13 7777
5/8 14.8800 0.4565 .
/2 47.1015 10.8508
5/8 183 .1037 5 .8508
5/4 134 .6143 14.2538
7/8 . =3 .0508 4.1809
Friesian 367 5208 19.7029
Farms s Anbaela 27 .20838 60.1800
Dmr&dﬂn ‘“‘1418 »0677 “‘22 01653
Jabal pup 6.7732 w0 7219
Jullundur 1..9330 39604
Luclnoy -8 0090 8.8734
Meerut =25 4902 4 .5471,
Mhow 1,26 .5584 =48 G732
Periods 3 193441, 200,2218 3.0032
1942-46 1077285 G +0555
194751, 93 .0150 ~0,3714
1952-56 -85 5500 1% .4315
195 781 w27 1997 w8 .0532
196866 -188 .2204 =16.,9658
Lgagons 8 Hoat Calving =l o RB0Z =8 4363
lLeast Calving 1..2802 2.40863
Breed of Sohiwal 52 3574 3 +4106
Sirve 3 Feleslan 5R.3874 ~% 4105
Numbey of Pirsh ~30L 7333 ~15.1800
Lactation Second w24 4048 =7 3501
(Calving) Phird 76 .1882 1.1992
Fourth 137 4119 8.4809
Fifth 112 .5980 12.8240

e AN Sngm A et o8 CRTINOBAOTITMVICE
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of aalving was 2,17 por oent, R.15 pexr cont, 1.80 p-r cent and 1.98
per sent respectlvely. The brecd of gire and the semson of birth
sontributed only 0,10 pcr cent and 0.14 percent %o the total wariation.
Poth these effects were non~significant.

The constante for the welght at cmlving have boen presented
in the table 4+ The constants shoved a similar txrend for this character
alsos The aonsbant for Sahiwel, 1/8 ;11:1:1 1/4 Fricslan anlmals were
negative,; thelr negnitudes vore « 28.17, = 1.5«5‘3:,' =13.78 respectively.
ALl other grades had a positive value of constants. Animgls of 5/8
genebls group had the lowest value of 0.48 and the highest value was
19,70 for the Fricsinn animals., Among other genetie groups the value
of congbants for the halfbreds was 10,88, 5/8 was 5.83, 3/4 uwas 14,26 and
for the 7/8 Friesian animols was 4.18. The constents of the farms |
showed a variatlon from - 45,67 for Mhow to 60.18 for Awmbala. The
consbants for Dehwsdun anl Jabalpur were = BR.AT7 and = 9.72 respsstively.
The volue of other congbants was not mush different, 6.96 for Jullundur,
5.87 for Lucknow and 4.65 for Meerut. Largest value anong vonstants for
pariods wag 15.43 for 1952-58 and the smallest -~ 16.97 for 196R~63. Tie
constentn for other periods were 3.90 (1937-41), 6.08 (1942-48), ~ 0.57
(1947-81) and - 6.05 (1957=81). ‘tho constants for scasons and brecds of
sire were of soalley mepnitixles. The value of constant for most oalving
season wag - 2.49 and for the Sahliwal slres it was 5.4L. The values of
the constants for ealving number showed a regular inerease fxom flrvsi
through £ifth lactation. The constants for welght at calvings from first
through £ifth calving are = 15.18, = 7.85, 1.20, 8.49 and 12.82 respectively.,
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HIERARCHICAL CLASSIFICATION ARALYSIS

The least square snalysis revealed that most factors did not
mﬁhum—&?lo&omm:w. Consequentl vy, the
correstions using the constants would not have changed the results
substantiall /. Besides the data has been analysed using hisrarchicel
elassification model for eash genetic group separately vith fam effect
as the main effect. From this analysis various genetic parameters were
estinated for each trait. |

Hean Jum of oScuares

$00-day ¥ilk Tleld: Table 5a gives the mean sun of squeres due to
farms, sires and error for 50U-day lactation yleld for first, sesond,
s=3 third lactstions. Ihc farm effest was significant for 5/8 genetis
group in sesond lactstion (p 0.08) and for 1/4 genetic group in third
laotation (p 0.05). The sire differences vere signifisant (p 0.01)
in Sahiwel for sll the three lactation yields; ia 3/8 geustic growp

(p 0.01) for first lactation; in 3/4 genetic group (p 0©.05) for

first lastation and in 1/4 genetic group ( p 0.01) for second lasctation
vield.

deight gt Calving: Table 5b detalls meen sum of squeres for veight ab
firet, second and third cslwing. The effect of farm was significant in
animels with 1/4 (p 0.01), 3/8 (p 0.08), 5/8 (p 0.08) Friesian
inheritence for weight at first calving; in animals with 1/4 (p 0.05, and
3/8 (p 0.08) Friesian ivheritance for welght of second calving ard in 1/4
(p 0.01) gemetie m‘m wedght at third calving. The sire differences
were significant in Sshiwel (p 0.05), 1/8 (p 0.08), 5/8 (p 0.01) end
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3/4 (p<0.08) genetio groups for weight at £iret calvings for 5/8 gemetio

group for welght at second ealving (p<0,01) and third ealving (p <0.08).

The verlance gomponenta for farms, sires, erroxr,
total phenotyple variance end ndditive genetic varisnse of the first
500-day lactnbion yleld are given in table Ga. Tha farm component Loy
Sahiuel, 3/8 and 3/4 genctic groups were negative. The sire component of
1/8 and 5/8 Frieslan animals wera also negative.

Taltle 6b detalls the same components for 300-dgy lasctatlon
yvield of second lactatlon. The farm component was ne;ative in Sahlugl,
1/8, 1/4 and 3/4 genetic groups. The eire component was negative for
Frieslan animels only.

The aforementicned components Lfor the 300-day third lacbation
yicld sre detailed in the table 8s. Animels with 1/8 and 5/4 Friesilan
inheritence had negotive farms component. The sire component for 5/4
Frieslan and Friésian animale were nepative.

In records of 800-day lactatlion yileld on Sahidual and animals with
3/4 Frieslan inheritanse the farm component was megative ln all the three

lactations. In 5/8 genotle group farm component was negatlve in second

ad third lactation recoxds.

Tebles 6d, Ge and 8f give varlons varlance components

of wedght at first, second and third calving. The sirs component was
negative in halfbreds at second enlving and 3/4 genstlo group at thixd
ealving. It shoved a decrease in megnitude from first through thlrd

ealving. Farm component was negative in Sghiwgl at first calwving, 5/8
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genetie group at ses:nd eslving and 1/8 geretis group at third salving.

GENET iC PARMVETENS

deritebility
The estinates of heritability of pure Jaiivel end its crosses
with Friesian were estimated from half-sib analysis. The standard errore
of the estinates were cnlculated af'ter Dickerson (1980).

200-dny Milk deld : The estimate of heritability and their standard

errors for first, second ard third, 300-day lectation ylelds ave given

in table 7a. The heritebility of first lactetion milk production in

Sehival cows wms 0.51 # 0.21. /mong various crossbreds, sll genetic groups
had high heritability while 1/4 genetie group hed low heritability. The
beritabil ity of firet lactation milk production for Friesisns and animals
with 1/2 and 5/8 Friesian isheritance was not significantly different from
sero. The heritability of sesond lactation milk production in Sghiwal was
O0+88 ¥ U.27. The heritability of second lactation production for 1/2 and
5/8 Friesian and Frisgian aninals was not different from zeroc. The
neritability of the third lactation yield for Saniwal was 0.95 # 0.37. It
was guall in genetio groups with 1/4, 1/8, 5/8 and 8/4 Friesian inheritance
ad in Friesien animals. The heritability of milk production in general
ingrensed from first to the third lasctation in Sanlvel cattle. In gesetie
group with 1/4 Priesien irhoritence, the heritability inereased from first to
second lastation but in the third lsotation 1ts magnitude was very small and
had high standard error. In 3/8 genetic group heritability of milk yield
decreased from first to second but imsreased in the third lmctation.
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The heritability of milk yleld In all the three lactabtions was not
different from mero in 5/8 Friesian and Friesisn animals.

Life Time Production : The heritability and standard error estimates
of 1life time production (three lastationg) for varioug genastic groups
are glven in tnble 7a. The estiuate for Sahiwal animals was unity. The
estimate of heritability of life time production for all geneotic groups
hed very high atanderd errop,

g ¢ The estinates of heritability of fivel, second

and third welghts at calving are glven in table Th. The heritability of
welght at £irst anlving in Sehivel animela was 0,48 + 0.21. Among
Sehival-Friegisn erossea 1/8, 5/8, 5/8 and 3/4 showed hiyher horitability
cutinmaten for welght ab £ivst onlving. The animels with 1/4 and 1/2
Frieslen inheritance had smoller heritebility ootimtes of 0.16 * 0,18
ard 0,27 : 0.89 regveotively. Tho heritobllity in tahilwel aowa at the
socond calving ves 0.43 + .20. The weaighi; ab aeémﬁ oalving hal a small
heritability estinate in 1/2 and 5/8 genotic groups. The animels with
1/4 and 3/8 FPriesien inherdtance ﬂhﬁ;‘ule{l high herlinbility estlimtes of
0.88 + Vo825 and 0,91 4+ 0.54 respectively. The welght ab third calving
had a heritabllity of 0.20 + 0.31 in Sabivel while in 1/8, 5/8 and 3/4
gonetio groups the heriltobility was oround sero.

Sghiwal animale showed deciine in herdtabllity froca firet through
third welghts at celving. In animals with 1/8, 5/8 and 8/4 Filesian
inheritance, increcase in Friegien irheritance ahowed s decline in
heritability. The second welght at calving had higher horitabllity estimate
than first and the third in animsle with 1/4, 3/8 Frieplan inheritsnce,

In halfbredsthe herltability cstimate of welght abt calving decreased fram
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first to second oalving, it increased in third calving.

Holative BEfido

lenay, ¢ The herdtability estimate of relative ef{iclency

wag estimated In two ways. Flrat, conei eripg the relative effislenmsy aa
a variable gnd & regulav half-sib analysis wes yrun. Seoond, the
heritebility eastimste was caloulated from the heritablllty estimates,
goeff icients of varistlon, chenotypie and genchic aeorrelnti na of the
two varlables l.e. 300«day first lactnti n yield and welght at first
ecelving. The heritability was estimated following Suthexland (1965) as
detailed wder methodology. The esiimstes from the gecond method would
be more valid besause they would bs independent .of scale effecte. The
heritability estimates of rolqtive efflclency are given in table Tb.

The heritability ostimates from both the methods show that the relative
efficlency was highly heritable in Sehlwsl, 1/8, 3/8 aml 1/4 genatic
groups. The results of heritability estimabed by eomsidordiny i% as a
ratlo exre glven in paventheses. The magpnitude of heritability estimates
uas 0.8 I 0.RL (0.08), 0.4 + 0ugl (0.35), 0.58 * 0.25(0.60) and 0.43
+ 0585 ( >1 ) rocpectively. The heritability of relative efficiency

of 1/2 snd 5/8 Priesisn animals could not be estimated by second wsethod
aue to the uegative herltnbiliby estinates of £irst H00-dgy lectation
yiold.

The ghandard ezvors of herltebllity cstimates in gencral, and in
animgls having mors than 1/& Frieaslan inheritance in particular, vere
wery hiph. The estimates with hipgher standaxrd errors (even highcr than
epbinates themselves) were not (considered)significantly difforent from
zero. Herltabllity estimates with negatilve slgns were not significantly

differant from zexo.



Phenotyple and genetle
gorrelations between the milk yleld from fivst throwgh £31£4h Lackition have
been presented 1o tables 8a and Ob reapectivelye. ‘The phencobypie coxreletion
batween Lirsh and second lactat.on yleld was U.12 in .andwal. ‘the
correlabion betwesn tho two lpotations incressed in mnimela with 1/8, 1/4
and 3/8 Frieslen inheritonce. In 1/2 and 5/8 ¥riesians the phenotypie
coxrrelationg decreased. The estimates were of the order of U.49 and 0.30

respeatively. The phengtyplie corzelations incressed in 3/4 Friestan ond

Fricsion andoals. The naypibtvde of corrdlabions was 0.030 and 0.78 reaspeotively.

The gonetlc corvelatlons betuesn the tuo trailts were ore than
unit in Hahival and in animnale with 1/8 Friesian inheritanie. ‘nimels with
1/4 mnd 3/8 Frienisn lInhervitance had genetic eorrelatlons of 0.37 and 0,43
respactivoly botve n £irat and seeond Llact tlon milk produation. antmnls
with 3/4 triesisn jxheritanec had ik genebic corrvelabion of 0.85 betueen
the two tralts.

Tho phenobynic correlation betwern various lastutions had the highest
maghdtude of 0.06 maong all pogsible phenotyple correlations in Sshiveal
eattle. The phenotypice corralnation butuern {ivst and £1L{th lootat.on had

ne Lowest magnitudo (0.09).
The genetic correlablon behween first lactnt on nilk yield uith

sasond ond third; and seoond lactation mllk yleld with third and fourth
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Tabla N:. 8a Phenotyple Correlations Between various

300~day Laotation Yields
BT T I QR GO0 W R BB QAN B OR L 60 pEE T guR g WO e YT QI T GOUM QU T QTR QO U GO D P GO NI NG QWA T RN g
Lackation Second Third Fourth Fifth
Noe

.- 8 .M ,w .m.m qﬂ .w.n ‘m‘m'ﬂ.ﬂ R ‘w.w Gny gun .lll .Iﬁ . - .M.- .-u Qe g tw ‘"‘lﬂ’-ﬂ '“ av S ’w awm qun il - Baad

First Sahivel 0.1158 {.1590 0.1616 {),0919
1/8 0.4072 U.5228 0.59058 -
1/4 0.5454 0.5513 04089 0.3717
5/8 0.5600 0 +4441, 0.2680 (JaR002
1/2 0 .4805 0.4447 04857 0,3811.
5/8 0,8958 0.5258 0.4710 =0 0500
5;4 0.0634 0 .8574 0.8335 030828
7/8
Frie Biﬂn 0 07605 ¢ eEQB.‘L O £963 b ¢31'525
SGGOM S&hixgal 4 n541;’1 0 .5420 U 04149
1/8 0.5173 0.0724 -
1/4 001584 U« 5809 05954
3/8 0 5389 03765 0.3587
1/8 U+0520 0.6812 U.4801
5/8 0.7085 03065 0.9961
5/4 0.7032 0.5380 00857
7/G .
Frieslen 0.6872 0.4384 0.4792
hird Sahiwal, 0.5815 0.6317
1/8 1. 0000 =
1/4 0.5014 U.5376
3/8 048069 0.4854
1/2 0,4950 0.5840
5/8 1..0000 V.06148
3/4 045140 03630
7/8
rloolan 05907 Q.3376
Forrth Sahiual 0.085061
1/8 o
1/4 0.70644
3/8 04258
1/2 0 n?%s
5/8 04771
3/4 (3.3818
7/8
Frieaisn =0 .0005
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Table Ho. 8b Genetilc Corrslatlon betwern various
$0U=day Lactation Yields

w,m,m ,‘q.m.ﬂ.n QUBR QMO Gbis qun gEu g R QT DTS gk yan gt o o PP GRS PRI KA QDI GUD gUN T g I RER W QAT QH QIR R o NI . B

Lactation
Hoo

" Seocond

Third

Fourth Fifth

Uﬂ’m,,m DA gLk goms £ s g B gtin HFeN oo o™ o™? *m ol ptv QT QW QT o MO g oW o Bvh | .w.w G qE g T W QR g e VIR gy

Plrst Sshilwal > ,.0000 >1 0000 005396 i
1/8 >1.0000  >1.0000 >1..0000 -
1/4 0,3713  >1.0000 >1.,0000 >1 .0000
3/8 0.4327 0.7869 >1.,0000 -
1/2 - - - -
5 8 L b i -
5/4 0.3530 " 0.8834 < 0000
Frieainn s . = o
360 ond Sahi!!al »1 900}0 O e9555 o
1/8 »1 0000 >1 0000 -
1/4 03588 >1..0000 -
3/3 0.9639 »1 0000 -
1/2 »1, 0000 >1 0000 >L 0070
5/3 03653 w1381 >1,0000
3/4 b 7'1 QOU{}O ~=0 a %40
7/ s - -
Priesian =0, 0178 0.4311 >1 0000
Third Sehiwnl, >1. . 0000 -
- 1/8 1. 0000 -
1/4 1. 0000 0 .3058
85/8 A 0000 -
1/2 1. 20000 0.6028
5/ 8 (“‘3. 00900 >1~ .03 00
3/4 - o
/5 - -
Tricolnn 71, (030 -=() o 2088
Fourth Sahiwnl on
1/8 on
1/4 0.7305
3/8 -
1/2 0.95282
5/8 w{) o 0009
3/4 =0 9897
7/ o
Frisslan -0 5089
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lactation ylelds were greater than unity. The gensetic correlation of
first and second lactatlon produstion with fourth lactatlon production
were 0,64 and 0.95 respestively.

Animals with 1/8 Frieslan inheritence showed an incrense in
phenotypic sorrelation between lactations. The magnitude of phenotypic
correlation between milk yield of first and seocond lactatlon was 0.41,
of seeond snd third lsetabtion was 0,52 and of third and fowrth lactotlon
was 1.0, 7The genetic correlations between lactntions in this group were
greater than urdty.

The phenotypic correlntions bebtweun fivet and second, second ampd
third, third and Lourth, snd fourth and £ifth lactabtion yields of 1/4
genetic group vere of the order of 0,54, 0,6L, 0.50, 0,76 respsatively.
This showed an increase of relntionship betweon the lactations as the
animals matured. The magnitude of phenotypie correlation of first
lacipbion with later loetations showed a decrease. The genctie correlation
betveon fivst ond second lagtatlon production vas 0.37, betueon second
and third lactation productbion was 0.30 and bobueon fauvrth and £ifth
lastitlon production was 0.78. The penetie correlation bebiacn second
and £1fth lotitation productlion was 0.87 and betueen third snd £ifth wng |
0.31. ALl other gonctie correlations in 1/4 Fricsian snimals were greatox
thean undty.

The mimals with 8/8 Fricsian lrheritance shoved a deorease in
the phenotypic correlsbisn from £irst through fift}‘z lactntion. The
phenotyple correlatlon betwesn first and second lackhalion waas 0,56 whioh
was higher than phenctyplc gorrelatlon of 0,63 bestwesn sesond and third
lectation, 0.48 between third and fourth and 0.43 batween fourth and i‘:!fish
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lactabion yleld. The genetle correlations ghowed an inaoreasing trend
with attaliment of maturity in 3/8 Friealan cattle.

in 1/R Friesisn group the magnitude of phenotypis correlation
between first and second; second and third, third and fourth and fourth
and £ifth lactation wes 0.49, 0.85, 0.70 and 0.74 respectivoly. The
genetic correlations between all possible lactafions were groater than
unity. The genetlo correlation betwecn fourth lectation and fifth
laptation productlon was 0.52.

The 5/8 Friesian animals had lovest phenotypis correlation between
firat and second lastation wmilk produstion among all the genetie groups.
The napgnitude wag 0.530. The phenotyple correlation increased to 0,71
in gecond and thirxd lastation snd resshed wnity bstwesn third and fourth
lactations. But the correlation between fourth and £ifth lactation was
ag low ag 0.48 vhen compared to the earlier lastations. The genetile
sorrolation botween second and third lactatlon production was 0.37.

All other genetle corralabilons were negative oxsept ceorrelatlon betuesen
second and £ifth lactatlon vhich vwas ecual to L. The genstic aorrvelatlon
betvesn third and fourth lectation yleld was - 1.,

Andieals with 3/4 Pricsilan irheritance showed phenotypie correlation
of 0.33 betwern first and gecond lactation milk produotion. The
correlation was 0.70 bebweon second and third lactation bubt in lntex
lactatlions the magnltude deoreansed. henotypic sorielation bobuean third
and fourth, fonrth and fifth lectation production was 0.51 énd 0.38
rcgpestively. A high genebic correl:tion of 0,88 botuween milk produstion
in first and gecond lactation was observed in the 3/4 Fricsien group. The
genetic correlation of leas than - 1, and « .99 wexre obaserved betueen the
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Table No. 86 Correlations between Froduotian Tralte
D g 0 G g g 0D QRS QUA 1 QR HTP AN 4PV PO I HEN QRS U 4B . ah gl o WS g YP G uny o'*' OB O AT Y G g B g 0D g R L O L g
) of Charaster Orade First I1fe time Iife time
- Lectation produstion(83) produstion (5)
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Mgﬁ, Helabive Sghiwal  0.8452 | 0.8537 . 05980
1/4 0.8477 08703 04408
3/8 0.8595 0.6430 04193
1/¢ 0.8538 0.6895 0.6937
5/8 0.8724 0.6384 -
3/4 .aoas 0.5819 0.6716
7/8 - .
FPriesinn 0 8110 0.4396 02800
Gepetle % Sahiwal 51,0000 710000 >1.0000
1/8 1 . 0000 - -
1/4 - iy - - .
5/3 0.8378 >1.0000 0.5679
1/2 et £ 0000 - o
5/8 - - -
5/4 >1 . 0000 >, « 0000 >1 003
7/ o -
Priosiem <-=:1. L0000 >1.0UU0 «( 3474
Puene s Firﬂ‘ﬁ Sn}mmﬂ. 07204
lactation 1/8 0..7713
1/4 08311
38/8 08119
1/% 0.7477
5/0 U.5914
5/4, 0.8793
1/8 -
Tiiesian 0.0051
Genetle M Sahvivel >1..0000
1/8 24, 000U
1/4 ¥1,.0000
3/0 >4 0000
1/2 o
5/8 ou
B/4 »1 . 0000
7/8 -
Friealan >1..0000
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first and second and fourth and £ifth lactabione reepectively.

A decline was observed in the phenotypic corrslatlon between
various legctation ylelds of Frileslan enimals. They had the highest
phenmtypie correlation of 0,78 between first and second lactation, which
deereased to 0.89 betwen second and third lactation, 0.60 between third
and fourth lactatlon and zero in the fourth and fifth lactatlon. @anetile
corrglation of — 0,02 betweon secomd and third, -0.81 between fourth
end £ifth lactation yileld was observed. Genetls corielation of greater

than one wa# observed between third snd fourth lacstation yield.

300=-day Firat Lachation Yiel tlon. (thres lagtations) !
The first lactnbion milk rleld had g high phonotypla correlation with

life time production. The phenotypiec mnd genetic correlatlons betwe: n the
two tralts ave given in table 8a.

Phenotynle correlation of 0,72 was observed bebueon J500=day
£irot lactoabion yilcld with Life time producbion. Similar correlations
in croosbreds rovealed that the Llwst logtation yield had highest
phenotypie correlation of 0.83 with 1ife time proiuction in 3/4 Friesimn
pninalge The lowest phenotyplc correlation betwewn £iret lactoabion
produsti-n and 1lfe time preduction of 0.58 was observed in 5/8 genctile -
grouwp. Genetiec correlation betwecn theue tralis was ?bsorvec‘l 10 be nora

ghen unlty except in 1/2 and 5/8 Friesiam nimals in which the sire

component of the firet lactation yleld vas negative.

Jfe Time Production (Three laschotions 3 Five

The phenotypic and genetls correlations betueen relatlve efficiency of
milk production and life time produstion upto three lactablona and upto
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five lastatlons are detalled in Table 8¢.

The ralatiyqe effisieoncy had a high vhenotyple correlation with
1ife time produstion (threo lectebions) renging from O.44 for
Frieelsn eattle 4o 0,89 in 1/2 Friesian. The phenotyple correlation
for Sahiwsl cows was 0,66. The phenotyple correlati-n of welative
effisienay with life time produstion (five lactetions) was also of a
high magnitude. There ums a positlve corralation of 0.59 for Sehlual
cowss The coxrelation was highest for 1/2 Frieslens {0.70) and lowest
fop Friesians (0.28). The phenotyple correlation of zelative efficiency
end 1ife time production (five lactations) for the 3/4 Fricsian animels
was 0,687, ) _

The pive caupoment of life time preductlon was negabtidlve in
genetic groups with 1/8, 1/4, 1/2 and 5/8 Frieslan irheritence.
Consequently, no genstic correlation could be estimated wlth relative
aefiiciency in ﬁhésa gonatic groups. The genebio correlation between
rolotlve efficlioncy ond life time produetion for three lastabions wao
grenter than uwnddy in oross brwds. The genetls corrvelmtion of relative
efficlenay with life time produstion (five lactatlons) was greater than
walby in Sehival aad 5/4 Feieslen eattle. In the 3/8 pgenetie group the
gonetic correlation betusen relatlive efficiency smd life time productlon

(five lactations) uns Q.07. There was a negative genetice correlatim

(«=0,15) botwesen tho tuo traits in I'riesian eatbla.

Helationships between Growth and Produstion Treits

The phenotypic correlation between the birth weight and the
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Table Ho. Da Correlation of Blrth Welght with Produstion Tralts

Birth wedght Birth welght Birth veignt Birth welght Birth

Gorrelation CGrade X X X x welght x
Plrat Second Third Relatilve 1ife time
lactation  lamotation  lactation Efficlensy Froduction

R SRS CUURUONSUON ¢ J v s 5 o)

Fhenotyple :

Sghiwal =0.0520 0.0079 00320 ~0,:1185 0.0608
1/8 0.0641 0,1112 =0600L2 0.0316 0.1525
1/4 0.1784 0.1927 0.2135 0,0810 0.2553
3/8 ~0.0456  «0,0079 -0 0208 0.1393 0.0077
1/2 0.0992 0,0600 0.0777 0.0496 0.0879
5/8 ~0.0854 0.1337 0.,0395 -0 0851 =0, 0532
3/4 0.0872 0 .2050 0.2728 «0.1110 0.4627
/3 <1200 02003 -0}, 20386 - «0 42625
fricelan 04501 0.6754 043703 0,1113 0,8079
Gongbic

fahdval  =0.4807  «0.5385 =0(135 ~0:5488 . =0.4175
1/8 0.302)  «0.2058 0.9836 0.7269 0.2178
1/4 05425 0.0607 0.8207 - 0.6153
3/8 01022 0.3741 0.6454 =0 21504 03040
1/8 - 0.5031, 04972 - =0 01602
5/8 = 0.(359 000874 =0} 0857 0.9784
3/4 02360 0.3514 - 02160 041547
7/8 - - - ~ -

Fricsian 1 = e L), () 4372
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first laoctation yleld was of veory small magnitude. In Sshiwal bixth
weight was negatlvely correlated with the firat lentation milk production.
This correlation wse negative for 3/8 aud 5/B genstie groups. The
magnitude of phenotyple correlation in these groups wag -~ 0,05, —~ 0,04,

= Q.UR respestively, The prhenotypls correlation of 0.45 botuween birth
weight and firet lactatlon production was estimated in Friesien group.

In other genetlc groups the birth welebd had a smell poative correlatlom
ranging from 0.08 to 0.18,

The birth weipght had negative ganetic correlntion with the firat
lactation milk product on im ehiwel cows { « 0.,49) and Frieslan coug
(¢ 1.0).' Blrth woelght had a posliive gonctle corzelation with fivad
lactabion production in 1/8 (0.30), 1/4 (0.54), 3/8 (0.10) and 3/4 (0.29)
genotic groups. Genetic correlat on could not be eshbimated in 1/2 and
5/8 genotic groups bucause the sire camponent was nogative.

The phenotyple corvelatlon of bixth weight and second lactation
rilk yiold was ronging Lrom U,01 to 0.30 in all genetic groups. In
Frleslan cows a high cowrvelnilon of 0.08 between birlh weight nnd oesond
lactation milk productlon way estimted.

Thore was a negatlve genetle corvelation of the ordepr of = 0,54
betuacn blrbh weirht and second lactotion producbilon in Sahilwal couse
The genetie correlation betusen the two traits was « 0.21 in 1/8 genetio
group. In other genetle groups the genctlc correlablon batwecn bidrth
welght snd milk production ranged froam 0,08 to 0,37 bub in 5/8 genotic
yroup the genstle sorrelation wag of the ordex of 0.69.

Birth welght was negatively correlated with the millk production
jn third lactetion in 1/8 ( = 0.00L), 8/8 ( ~ 0.02) genvtic groups. In
other genetia groupe the phenotypic correlatlion between blrth weight and
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third lactatlion prroduction ranged from 0.08 1n Sahival to 037 in Frlesien.
A high negative genctic correl-tion between birth welght and |
third Lostation production wap ( - 0,61) in Sshiwal cows. Negative
genstio correlation of «~ 0,02 was observed betweon birth weight and
third lectation production in 5/8 Frlesians.
The phenotyplc correlotion between birth welght and milk production
in first and second lachation incressed in Sehiwal, 1/8, 1/4, 3/8, 5/8,
3/4 Frieslen and Friesian enimals. Oimilar incyease in genetic correlation
was observed in enimals with 3/8, 1/2, 9/8, 3/4 Friepilan ipheritance. In
Sahival, 1/8, and 1/4 genetlo groups there was a desresse in genetia
correlntions. The gonetic corvelstlion betwecn birth weight and milk

procuction in thilvd lactation vas of higher magnitude in sll genetila

2roups.

Birth Wedght with 2 rea dactnbliona) s The phenotypic
corrolation betveon birth wveight an? 1ife time production in all the
gormtle groups was higher as compared to bhe phanotyple correlation
botweon blrth weight and first leoctation. The magnliudes of phenotypic
corrolabion vrried from 0.08 in Jghival cabtle to 0.81 in Friesian animala,
The birth welghl voo nepatively geonetileally corrol-ted wlth life time
produotion (thrve lactabions) in Sabidwsl, 1/2 Friesion and ¥Frieolan
andnnle. These corcelations uere higher than those of the bixth weight
and £irst lactntlon milk yield. The birth welght was positively
correlated with life time produstion (three lactabions) in #ll other
genotic groups. The genetis correlation wam highest (0.98) in 5/8 genetic

group and ranged from 0445 o 0:61 in other genetie group.

Birth Velght adth Helntive Efficlengy ¢  The birth welght hnti a negative
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phenotypie and gonetie aorcrelation with relative efficiency in :ghiwval,
§/8 aod B/4 genebie groups. The phenotyple correlation had low magnitude
varying from 0.08 to 0.19 in obther genetic groups. The 1/4 genetla
group had a high genetic aorrelation of 0,78 baetween birth welght and
relative eff

jeiency while the 5/8 genstio group hed genetisc cor-elation
of = (.88 betwesn biprth weight and rrlative efflcedency. The rcesulta
showed that birth weight‘«i'h’ad negntive genetic correlat’on with the
relative efficlensy in all the genctie groups except 1/4.

Lzat Laohation M1k Vield : The welght
at 19 vecks was negatively corvelated with first lactation yisld. The

phenotypie genctic corrolat on betwoen thoe tro tralte in Sahival cows
ung = 0,04 snd = 0.36 reospectively.{Table 9b). The magnitude of
phenotypic correl-tlon betwsen the 19 wecks welpbt and first lactation
yleld Wag small Panging from = 011 4o 0.23 In all gonetic groups. The
Fricolan andnals shoved a hlgh phenotyple correl:tion betweon 19 weeks
body uoig;lﬁ'; and first lastaeblon nillk produetions The genstie corxalation
betuecn 19 uveeks body welght and L£irst lartntion yleld in oshlwal 1/4

and 3/4 gonetic groups were « 088, « 0,12 and = 0.12 respectively.

ok Llrot Gelving wlth 300=day Firat Laotation . fleld 3 Thore was
poesitive phenotyplc and genetic correlation betwecn welpht at firsts

calving and flxst lactation milk yield in all genetio proups. The rasultsg
of the corielatlon ave debailed in table 9b. Fhenobypla correlation
bebueen weight at £irst calving and £irst lactatlon production ugs 0,15

in Sahival. Among other genetic groups the phenotypie correlatlon between
the two charasters ranged from 0.05 in 1/8 to 0,67 in 1/4. e genetlos
porrelation botween veight at first calving and first lactation yleld was
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Table lo. b Correlation between Growth and ¥Frodustion Traits

Helght ab Wedght ab  Welght at  Welght &b
19 weaks Ist celving 2nd calving Bxd oalving
Corrélation Grade x x x X
Ist Lact. Iat Leat. 2nd Laost. 3rd Loct.
— Jleld.. . . Yleld. Ldield. —diedd
shenotus Sshiwel  =0.0850 0.1461 0.1628 0.,1618
1/8 0,0528 0.0485 0.3322 «0 0840
1/4 0.2486 046704 0.2758 05104
3/8 -0,1114 0.1287 0,1476 0.4441
- 1/2 0,880 0.0019 0.0848 0.4447
5/8 0.1273 0.8577 0.5245 02094
' 3/4 0.0081. 03138 0.4046 Q.4567
7/8 0.2021 0,2438 0.4229 =0 ,4299
Priesian 0.4080 0,483 04204 05028
Genctdg
Sehdupl  =0.3648 00772 0.0899 0.63986
1/8 oo 0.5020 Leed, e,
/4 =0, 1219 0.0094 0.4518 >
5/8 . 0.834D 0.7156 0.7809
A/0 - - - .
5/8 o - 0.6641 0,.571.7
3/4 0.1150 03075 00750 e,
7/8 - - = -
Fricoiaon - >1i - =
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0.08 in Sehiwal, 0.50 4n 1/8, 0.10 in 1/4, 0.25 in 5/8, 0.11 in B/4

genotic groups. The genetic correlatilon between these charsoterm

excesded unity in I'riesglan snimala.

phenotyple gorrelablons betueen weight at second calving and second
lagtation milk prednetlon ln warious genetie groups ranged from 0,03
to 0.49. The phenotypic acoxrelatlon hetween the dtwo characters in
Sahivwal cows was O.18. 7The lowast phenotyple sorrelab on of 0,03 was
eotimated in halfbreds and highest corvelntion of 0.49 in 5/4 genetic
group. The gonactla coxrelatinn bet esn these Wwio charasters in all 3ha
gonetic groups rapged bebyesn « V.08 $o U.7hs The pensbio coryelantion
batwe n welphi at sesond erlving and mevond lactntlon produstion was

leas than -~ 1 in 1/8 genstic group.

Jodrht ot third Galving wish 500-day Tided Lachabion Holds Yelght at

iird colving was posltively corcelatal wlth third lash-bion produstion

in Sehdwel cows (0.13) and oll other penctio groups ewsept 1/8 which hed
o negative eoprdlation of = 0.,08. The phonotyplo coxrelntlon of two
tealts in other genetic groups ramged from 0.50 to 0.85. A high gowetic
aor olation botwocn body weilphd at third onlving and tiird lashb-tion
production was observed in Sehiuel, 1/4, 3/8 and 5/8 genetie groups.
The marnitudo of gonetic correlations was 0.04, grenter than one, 0,79
and 0.57 vespeotivily. The welght at third ocalving wes negatively
asorrelated with thisd lactabion produstion in animales having 1/8 end
3/4 ¥riesian ivheritonce,

An exhsustive study of the sarralatlions betueen growth and
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lastation charectors revealed thet the productlion sharssters wers
nogatively correlnied to body welght In earlier stages. As the

snimels grevw there was Inoreage in corvelatlons, so that the correlations
vere positlve vhen the animnls xroached first lestablon. A further

Insreasc in the correlatlions was observed with the weight at later calvings.
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500-day Milk Yield_
Sahiwal : Pure bred Sahiwel enimals kept at Ambala were best milk
yiglders and maintained this superilority throughout thelr lamotationgl life
when compared to the Sahiwal animals of other farme.

sdg ¢+ The animals with 1/8 Friesian lvherdtance had the higheab

first and second lectation records ab Mhow. From second lactabion onwards,
the animals of 1/8 genetic group at Lucknow, were the best performers.
fmong the 1/4 gemetic group at various leocations, the snimals at Maiow
performed best through third laptation. The animels with 3/8 Friesian
ipheritance had best laotntion resords at Jebalpur and Mhow for fivst two
lactntions. In later lactntions thelr pexformence wao best ab Ambala and
Lucknow. Helfbred animale at Hhow were the best pexrformers as canpared to
those at other losatlons,

From the vegults 1%t becama avident that animals with less than 1/2
Frieslan inheribance ot Jabazlpur and Mhow yielded more milk in enxliev
lactations. In later lactati ng thope at dmbaln and Lucknow were comparatively
bettor producers.

The §5/8 genetic group was the best perfomer for all the flve
1aot b ons ab Dehradun. Minals with 3/4 Friesian ivheritance had highest
lectation ylold at Ambaln in earliex lastotions and at Lucknow in latex
lagtabions. The andmals of 7/8 genetic group performed best at Dchradun
in first and second Lestation and at Jabalpur in later lactabions.
Porformance of Friesian animals was invariably géod at Meoerut as compared
to those ab other farms.

Varlous genetic groups at these farms shoved that animels with 1/2

or less Friesian inheritance perfomed best at Jabalpur and ¥how. While
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those with higher Friesian inheritsmse did well at Dehradun and Ambala.

The hypothesls under test was that some genetie groups did
conplstently well at some locations as compered to others. Tandon (1951),
Singh and Desal (1964), Naidu and Desel (1988) have accepbed the proposition
that the animels mainiained at Northern sone farms performed similarly, ang
those 1n Southern gone also performed similarly. This conteantion led them
to divide the farmg in two gzones. So the analysis reported by these authors
was witbin each region separately. The results from this investigation do
not support their eontumition bheoause the farme effest 1s signiffcant. The
results show that animals with 850 per cent or leas Frieaisn inheritance did
bettor at farma which have low teaperature snd high rainfell and the apimals
with more thau 1/2 Friesian inherdtance did better at farms having hot olimabe
and less rainfall.

Kramerts (1957) modification of Duncents Multiple range test
rhowed that, in lover crosses 1/8 and 1/4 Friesians, tha laotation yield
was not sipgnifieantly (p 0.05) difvcyent from Sohiwale. The animals with
8/3 and 1/2 Friesian inhcritance wers not signiflesntly (p 0.08) different
from ench other but differed simmificantly (p 0.03) from Sahiwal, 1/8 and
1/4 genetic groups. The snimals of 3/4 genetie group were not significantly
different (p 0.05) from B/8 genetic group in milk produstlion for all the
flve laototlons, Dut they yvielded signficantly higher milk than 1/2, 5/8
and 7/8 Friesion onimels. Friesian snimals had the highest yleld of milk
followed by (5/8, 3/4) avd next highest were (1/R, 3/8, 7/8). the (Sshiual,

1/8, 1/4) were poor milk ylelders.
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From these resulte 1t became evident that the milk production
in:rensed with incrcase in ¥Friesian isheritsnce upto 3/4 Friesimn. There
was a declise in milk yleld between 5/4 to. 7/8. The optimsl Friesian
inheritance for high millk production was (/8 to 3/4). It seems that
milk production in grossbhreds was not only dependant on Friesian inherltance
but the contrdibution of sahiwal inheritance was also Important for higher
milk productlion. The Sshiwal inheritance, optimal for milk production,
was betwecn (5/8 to 1/4). There was nothing to gain by going above 3/4
Fricaian and 5/8 Sahiwel.

The average produstion of halfbrads vhen compared to the welghted
moean of ‘the productl.m  of two contemporaries(©ditual and iFrlcsian animals
in the data) shoved tha. the halfbreds hed significanivly higher yield than
that of the mid parent value. There was a signifisant increass of 269 kg.
in first, 320 kg. in second, 321 kg. in third, 234 kg. in Lourth and 190 kg.
in £ifth lactablon over the corrvcsponding mid parent values. Invidently,
it may 1o concluted that the elfYoet of genes for milk production was not
primeiily addidive, the dominance doviation was oloo there. Hohorosis in
aroasbreds was also reported by Phesin md Desai (19G7) in halfbreds of
Harimea- gshiugl cross. In thelr resulta the héli.‘bredn yielded higher then
the superlor pnrent. dmilar type of hybeid vigour has beun reporbted in
ocrosses botuecn Frieslong Ayrshire and Joreoy free the worl: done at the
Insbitube of Aninal (enctlos, BinburghiAscberéson, 1065 & T. lishertson,1968).
Beresicin and ouchberry (1985) have also given a report of heterotic vigour
for wilk product.ion in Py produced by orossing.

in the present investigntion 1t wos observed that the ofiest of
heterogis was increasing from £irst lactation upto third lactation, after

wvhich the effeot of heterosis gradually deoreased. The effect of hoterosls
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seems to have some relation with the maturity of the animal .

3imiler observations vere true for the life time productlon upto
three lactations and upto five lasgtations. 1In halflred animals there was
an inoreass of P04 kg. milk upto threc lactations and 788 kg. upto flve
lactations when average of hplflred animals was compared to the mid parent
value.

A compsrison (Fig. 2.1) of lastetion ourves of warlous genebie
groups showed that lactabtlionsl matvrity woe attained at fourth lactntion
in all the genetio groups. This meflucted that thore was an increagse in
nunber of fiznotianal gones resnonsible for milk yleld which Incressed the
yleld frun ons lastition to other mnd nmosgh genes expresoed completely around
fourth lactation. During thlg time the genes respenaible for body growth
would have complebely. pultched aver thelr actlion snd would have indirectly
influenced the production of nilk.

Hedght at Calvimg

It has been oboiyved that the animals with 1/2 or less Friesimn

inheritonce showved rFapid grouth at how and Maabala while those with more
than 1/2 Friesian irvhevitance grew best at Meerut and Ambela. Frem the
poinb of view of prowth of the animdls effect of Mhow way simifieont for
animaln with 1/2 or loss level of Friesian ivheritance and of Mecrut for
those with more then 1/2 Friecsisn inheritancas.

A comparative study of virlous genetle groups showed that the pgrarth
of Sehiunl cattle uss poor (Fig. 2.3) as compared to various crossbhreds. The
dahiwyal cows, howev:y, were significrntly heavier than 1/8 and 1/4 genetic
groups at £irast calving (Fig. 2.4). But their weight was significantly
Jower than 1/8 gemetic group at the third eelving. From thixd oslving
onvarde the 1/8 Friesisn animels galned weight so vapidly that st the fifth
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valving the weight of animals with 1/8 Priesian inheritance was more than
that of Friesian anlmals. There was no significant @#ferencebstwesn the
welphts at first calving of animals with 5/8, 3/4 and 7/8 Friesisn
inheritance. Among these genetle groups the growth of 3/4 Friesian
animale was most rapid. (Fig. 2.8). Growth in animals with 5/8 Friesian
irheritance from seoond oalving onwards was muea the Same as that of 1/2
Frieslan, theie was no significant differonce (p<0,05) botween the two
genetis groups. The animals with 3/8 and 1/2 Friegian inheritance did not
differ significantly (p<0,05) bub both of them had significantly lesser
welght than animals with 5/8 Friesian ipheritsnce at the first eslving.
Atl fifth enlving animele with 1/8, 3/8, 1/2, 5/8 and 3/4 Frienlan
inheritence were heavior than the Frisalan cows. However, 3/4 genetio
group wos the only one which differed sigmiflcantly {(p<0.05) from the
Friesian group.

Hedghts of halfbreds werve siemificantly larger than the mldwparent
valus. A substantial incr ase in body welght of 16,5 kp. at first; 9.8 kg.
ab second, 21.4 kge ot t dnd, 22.0 kg. at fourth ond 29.8 kg. ab the
£fifth enlving abiove the mid-parent mean was obgerved. This increase in
body welpht was probably due to the non additive genetle eff'ect of the
genen influercing the body weirht of the snimnl. Gosweml and De (19263)
walle vorking with crossbreds of Ned “indhi and Sahival with Frieglan
showed pronownced hoterosis for the velsht at 12 months. The authors
havo reported that there was no hoterotice effect on the birth welght of tho
halfbreds. The birth weight and other initlel welrhts may not be affected
by heterosis breause they are conslierably influenced by maternal effects.
The maternal effects masked the effest of genca. QGradually tho nabernal
effeots dlminish suwh that in later steges the anlmnls bacome adaptgd to the
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form conditions. Therefore, the later welights show haterotio vigour whioh

imreases with the maturity.

The relative efflolency of milk produstion in Sshival snimals was
similar ab all farms. The animals with 1/8 and 1/4 Friesian ivheritanca
did not differ sigvificently (p<?,08) from each other and performed well
at Mhow. The 3/8 and 1/2 gemetic groups performed beat at Jabalpur.

The andmals with 1/2 Fyiesian ivheritanse at Jabalpur had significently

higher relative efficiency vhen compnred Lo halfbreds at other forus. The

5/8 genetie grovp showed better relabive effislency at Dehzradun. This was
because the animgls abt this place were lighter ag well as hilgheaf; miltk
yielders. The animals with 3/4 ¥riesian inheritance performed well 'at

Ambelo and Dehradun. Jullundur had the 7/8 genstic group with better relative

efficienay. The Friesian cows at Moerut were the haoawiest ap well as the

highest nlllk producers as compared Lo the Friesians at other Lfarms. Therefore,

tho relative eff'iclensy of the Friesian animals wap very hich st Meerut as

compared Lo thelr counbtiuxparts abt obther farms.

The relative offioclency of milk protiunstlion was lowest In Hahival

sninals and difrered sipnificantly (p<0.05) from all other grades. Though

thore was no difforsnce betseen the first lactation production of Cphiual,

1/8 and 1/4 genebls groups but botk 1/8 and 1/4 snlaals hed significantly

(p 0.05) lover body woight. Therefore, the relative ef'ficlensy of 1/8 and

1/4 aifiered signifiocsntly (p 0.05) from that of .shiwal., The megnitudes of
relative efficiency vere of the order of 4,47 4 0.08 kg./kg. body weight
for Sehivel, 4.985 + 0.12 kg./kg. body welght for 1/8 and 4.91 3 0.07 lg./kg.

body weight for 1/4 genetie groups.
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With an imersase in Frieslan inheritance there was an inorease in
relative effisiency of milk production. However, (1/B and 1/4), (3/8 and
1/2), (/8 end B/4) genetic groups diffeved significantly fyom each other.
Among various orossbreds 5/4 genetie groups hed highest relative efficiency
of 8,74 % 0.18 kg. per kg. body weight vhile 5/8 produced 5.68 + 0,182 kg. of
mnilk per kg, body welght. With inerease in Friesian ipheritanse from 8/4
to 7/B there was a sharp dedline in the relative efiicienay of milk produation.
The relative efficloney of 7/8 was not significantly different (p<0.08) from
the 1/2 Friesisn. The Friesian animals had the highest relative effioclency
bacange they hed significantly high milk production as aqompared to all other
genetic groups. The relative efficiency of Frissian animala wvas 6.82 + 0.21 kg.
per kg. hody welghte The average of relntive efficiengy of Smhiwal animals
from thiz investigation ia in sgreement with that reported by Singh and Desai
(1984). The authors reported the relative effieclency of 4.4 1b./1b. body
weight. Pput results of ralative efficiensy in erossbrad groups reported in
this investigntion are nob in agreement with those of Singh and Dessi (1964),
Their results showed 1/2 to be most sfficiency in Northern reglon end 5/8 in
the Houthern region. It was obmssrved from reaults reparted herein that (3/4
and 5/8) had the highest relative efiiciency. There was a decline from 3/4
Friegian onwerda.

As Tor other traite the animsls with 1/2 Friesian inheritance
differed significantly (p<U.08) in relative effiociency of milk produstion
from Lahdwal end Priesian animals. The relative efficiency of 1/2 breds
was 0.45 kg. per kg. body weight higher than the mid parent value. The
relative effiocienocy of halfbreds diflered significantly from the mid pavent
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velue. As Was expeated, from the heterosis for milk yleld at first lastation
end welght at flrst oalving, the ralative efficlency has also shown that the
genes affecting 1t were not simply additive. The dominence deviation was

also Important.

LEAST SQUARE ANALYSIS

Aold ¢ I was hypothesised a priori that the grades,

faxma, periods and the lackation number opr aslving number would contribute
significantly to the total wardability. To study the contiribution of eamch
one of the mailn effects Lo the teotel varlabllity of 300-day milk production
and welighte at celving, the dotn were subjeoted to a siw-way oross
alassifloation fixed~effcots model. All interactions were assumed to
conbribute vary 1ittle to the totnl wsriation,

fnong the mein effects the lactation numbey contributed largeat to
the totsl warisbility. The cause of so muh vrrdation can be simply explained
from Flgure 2.1. It was obgerved that in »ll the genetie groups peak yleld
was abtained at fourth lastation. Conseguently, a progreas in the produotion
of milk was observed from the first lactation till such time that the
lackbntional maturity wos sttained. ‘This led to the contribuiion of laectation
number to be large. The contribution of grades (gemetic groups) was 3,37
perl aent, which thoush statistically significant (p<0.0008) uaa not of a
high magnitude. The cffeet of grades was obviously due to the dversity
botween various genstic groups, which are actually difr’erent populntiong. ‘'The
offect of farme, and pericds was significant but had ameller contributlon of

0.81 per cent and 1.20 per cent respectively to the total variation. The effect
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of ferme was due to the difference in geographical situation and variation

of olimates from farm to farm vhich was reflected in the botwesn farm
canponent. Since the datam has been ocollected over a perioed of thirty years,
1t would be difficult to suppose that there would not be any difference
between yeara. However, fthers would be negligible difference bestween two

or thres consequetive years but therse would be large differences betwesn the
periods. These differemces may be due to the oalimatio variation over years
@og- hoavy rainfall lo one yeayr and draught in the other. Such natural
difierences in @n%iramente acoounted for the peried effect. The affest due
to breed of sire was nobt pignifloant begause the breed of 51‘11@ jo confounded
vith the genetle group, so 1t wes accounted For by that effect. As mentioned
under material the breed of sire olagsification of the data was affecting only
the halibred roup in whioch both types of sires were used., All other genetio
groupa hat same breed of the aire. The genetlo groups having more than 1/2
level of ¥Frlesian lpheritance were olassifled in the Frieasian breed group and
tih.. e having less than 1/2 level of Friesian irheritunce were olassified under
the Sahiwal group. The breed of sire contribution was probably due to

(1) both Lahiwal snd Friesian sires had produced nalfbred progeny by oram sing
of a Friesian fomale with Sahiwal bull and vigeeversas (i1) mating of a sire
of one brecd (Friesian) %o a cow belongling to the gemetlo group produced by

a sire of ancther breed (Sehiwasl ). This oross produced individuals which wore
olaseified in genetic groups with high Priesian inheritance having a Uahiwal
grand parent. So the afifect of breed of sire vas not completely confounded
with grade effect. Precisely, it dan be sald that the alternate crossing of
the animals was the reason for the breed of slre contribution, The lowest

contribution of the seasons proved theb the season of birth of the animnle

&id not affest the milk produstion.
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s. The same analysis was rup for the welghts at ealving,
the resulis were similar. Bl.785 pr cent of the Lotal wvarliability wase
explained by error. Only 8.25 per cent contribubion was due to main
affeats. The farm contribution was maximun which was due o elimatic
variationg. The offects of grades, periods end number of calving were

simlficant while t08e of geapone and breeds of sire were Innipnificant.

GENETIC PARAMETERS

The anelygis of viwriance by least square bechnique showed that
effect of varlous factors was significant. The relative magnitude of egsh
faotor was smalle. The largaest conbribution was that of grades and farms
vhen Laotation number was not conpldered since cach lactotion yield has
boen consldared alngly. This sugpested thabt nothing would bo gained by
correcting the data for gll these factors, Howewor, the copbribution of

these effcetsy usalng a nested hierarchicsl moiel, runniag within grade

3 ag the main effect, would take anre of these.

analysis with faine g
Tho analysis of voriance waso run on 500=day firsh, scecond, and third
lactation ylold, 1life tiwe production, relative officliency, weighls gt
firot, vesond and third calving. ‘The results of momm squares, end veriance

components have been presented in Tables 5(e-b) respoetively.

Berltabllity
The heritebil ity was estimabed by half slb corvelation and the

standard error of heritability was estimrted after I'lckerson (1960).
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Herltebllity of 300-day.Firet Laotation Milk Yleld s, Heritability of
first lactation 3Q0=day milk yisld wag 0.51 + 021 whioh showed 1t to be

a hlghly heritable txalt. The estimate was in agreenent with resulte
reported by" Kooner (1963) and Patel (1056)..

The estimetes of heritabillby in various genetic growp vary from
-~ 0.08 to 0.98+ The standard exrror of herltability estimate in 1/2 and
hiher levels of Friesian inheritance were higher than the estiuntes
themselves. These estimabes were not gifnificantly diffevent from zero.
The estimstes of heritabllity for the milk yleld at firgt lastation in
animals with 1/2, 5/8, end 3/4 Frieglan ivheribance and the Friesian
aninals was of a small nagnitude. This could be due to emall number of
animals in each sire group. Tho magnitude of estimnbes of horitability fLor
aninals with 1/4, 1/8, ard 3/8 Friesian inheritence was 0.i4 + 0.7,
0,56 + 0041 and 0.67 + 0.28. The estimates are not comparable to the
herltability of 0,19 weported by MHehndevan (1954). The author reported
the cobimete irrespective of the lovel of Friesian inheritance. The
estimates of heritability reposrbod by Naldu and Besal {(19G4) for the first
lactobion nilk yield in animals with 4-15/32 Friesian loheritance was
0.18 + 0.19 for Northern region and 0,50 1 0.27 in the slmilar genetlc
group for Southern reglon.

Hepitnbility of Later Lgotationg s The Sahdwol animale have showm an

inereape in heritebility of laber lastations iien aaparod to that of £irat
lactation milk yicld. The heritability was 0.56 1 0.7 for sccond

lactation and 0.95 + 0.87 for the third lactatlon. These results are similar
to eotimates of Mehadeven eb pl. (1952). In their case the heritability
esbimabe of first lactat on production was 0.14 vhich had lnoreased %o

0.54 for the later highest yielding lactation. The probalile reasgon for the
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third lactation to have a large magnitude of heritability mieht. ba the
slre=yesr interaction whioh has inflated the sire component. 7Thig is
partially »r feleoted in the analysis where the period effect was
signifiamnt end the constant for the third laotation was larger than that
of the earlier lactations. The Inflatlon of the sire component is evident
from the tebles b and 6. It would be geen that tho ervor coaponent

for second lactatlon nilk yileld was nearly same as that of the third
lactation bub the sire coomponent in the third lactation was slmost twloe
(les: than twlce) that of the second laotatlion milk produetion. The
eptimates of heritability of second and third laohations were nob
sinificantly different from sero in 1/8, 1/2, 5/8, 3/4 and Friesian
animals. Thls was bocauss the standard erroxs had exceeded the cstimates
themsalvess, The esbtimate of herltability for second lactation In animals
with 1/4 Friesion ivheritange was .61 + 0,29 much higher than that of
the f£lrot lactation yleld. Inoysase in herdbnbility of latexr lactations
was reported in Holsteln animals by FlL Shimy (1956). The author shoved
that the estinate Inereased from 0.84 in first lactat. on to (.30 in the
gezond and 038 in the third lactatlion. Similar Inorease uas reported

by Martojo gh al. (1963) who reported the heritnbllity of second laztation

to be .38 whilo that of the £irst lactotion was O.31.

113y of Life Time Produetion 3 The Life time production of an

aninal 18 the milk produced by her (upto three lastations), (five lactatlons).
Ag Was expacted from the highor heritability estinate of third lactution

production the herltability of 1ife time production in dahiwal animals

was unity with high standerd error. The heritabillty of life tine produotion

{rive lactations) in Sehiwval onttle was 0.82 1 0.63.

N
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Among the aroessbreds 1/2, 5/8, 3/4 and Friesian aninsls had higher
stendard ervor estimstes than the heritabllity itself. The heoritabil ity
esblnates for life time produstion (three lectations) were varying from
024 4o 0.46. The heritability of life time procuction {three Lactations)
was 0.48 * 0.33, 0.24 + 0,24 and 0.41 * 0.46 for 1/4, 3/8 and 1/2 genetic
groups respectively. The estimate for the 1ife tiae proaduction for five
lactatlons was 0.31 + 0.39 for 3/8 and 0.56 + 0.02 for 1/2 genetic group.

Hordtabdlity of Welchta abt (slving 1 The estinate of heritability for body
welght at first onlving of Sshiual wam .43 + 0.21« The heritability of

estimates for weight at £irsit ealving in other oroscbred genetic groups was
oloo of o high mnumibudo ewcept for the 1/4 genotic group. The heritability
of body woight at firet ealving for awinals with 1/4 level of Friesian
ioheritance was 0,16 4 0.16. The sstimate of heribabllity for other groups
wag 0.6 + 0.40 for 1/8; 0,68 + 0.26 for 3/33 0.27 + 0.39 for 1/2;

0udd ¥ 0.42 for $/83 0.86 + 0.59 for 5/4 gunetle group. The cotinate
oxceeded unlby in rieslian anlanls. This shous $hnt the tidd ds highly
herdboble In oll the penetie groups exmept for 1/4, in wiich it is lems
heritnble. The resulbs are in close agreement with those repoyted fox
lolptein, Jersey and Guernseoy by 11ller and Me Gllinrd (1089) lo Laniel

and Logatos (19065 ).

Herdtabil ity of Helehts at Inter galving 2 The heritabllity cotinstes for
geoond and third ealving have beon reported in Table 7b. The body velght

at scoonl and third calving vas less heritable than the welpht al first
calving. The heritability estimates of second and third calving in Sehiwel
enimals were 0.45 1 0.26 and 0,20 1 0.51 respectively, The heritability
of welght at second aalving in 1/8 genetic group had shown a decrease
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(0.55 + 0.54). The heritability of welght at second ealving in 1/4 and 5/8
genstle proups was much hipher, 0.98 + 025 and 081 + 0.54. BPut in the

third calving the heritability had deoreased, the magnitude of heritability
was 0,22 1 0.80 for 1/4 and 0.5 + 0,534 for the 3/8 genetic group. The results
from the present investigation support the conflieting reports in the
Hterature. (lark et gl. (1982) from his results on Holstein cows had shown
that the herltabillty showed a desline in later calvings. The results of

Ma isniel and Legates (1965) reported an inorease of herdtability from body
welght ab first celving (0.44 + 0.11) Yo the later calvings upto 5 years

(0.58 + 0.11) snd the later celvings from 5-10 yesrs (0.57 & U.11).

Hordteblility of Helebive Lfiigienay & The horitabllity of relative efficienoy
was estimated by two methods first congiderdng the relsative efficiensy of
nilk yleld ae n variable and second congldering it as a ratio of tus varisbles.
The estimntoes of horitabilily by seaond method was more reliable since the
herditabilities of both the traits are teken into conslderstion. 'he
heritnbllity of ralabive cfvicicney of Sehiwal enluals was V.45 + Q.22 by the
first method end 0.65 by the second mebhod, The results shoved that the
troit 1s highly horltable in Snhdwal cetiles The results are In agrecment
with those reported hy lingh and Desai {1084).

maong the erossbreds 1/8, 3/8 the heritability estiunte of relative
efficiency of milk preduction were O.44 + 0.4l and .58 + 0.25 ns estinmeted
by half sib anelysis, and 0.35 and 0.80 as ealculated by the second mothod.
The aros:bred with more than 1/2 Friesinn inheritance had standard errox
higher than the estimates themselves. Heritabillty estimates for 1/2 ard

5/8 genetlo groups were «0,28 ¥ 0.26 and = 0.17 # 0.87 respectively as
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canputed 'y half sib sorrelstion. The csbimates could not be caloulabed
by the second method as the heritability of the £irst Llactation yleld
in both genetic groups was negative. The heritability sstimates of relative
efficiency in 8/4 genetio group and Friesieng wag 0«44 + 0,53 and Q.14
+ 0.53 respectively. The heritobility as caloulnted by second method resulied
in estluntes of grester than one Por 3/4 genetic group and 0.1%0 Jox
Frioalon. The estiastes of heritability in literature are  of crossbrads
without aonsidering the level of exotic inheritance. Such eutinmates have
been reported by Singh and Desal (1964). Crossbreds of Worthern region and
Southern regions had herilability - high as 0.51 + 0.25 and 0.7 + 0,31,
rcepectively. These rasults cancob be compared to thosse of the present
Investigation.

then gll the estiuanbes of heritabilily for various production and

grovth Lralts were obsowved aimultaneously, it was scen that the
heritebility for genetic groups with 1/2 or more than 1/2 Frivsian
inheritence had much higher stenderd srrors as comparad to tho magnitule
of estimntos. Thin is deofinitely iwlleative of lawxpe contribution of

capling variame due to a very snsll sample size in these gonetle groups.

COMMELAL LOLS

Relabionship between Production Traite
300-day Milk ¥icld at varioug Leatablong 2 In Yahiusnl aninals there was

i e ST Ao

an incresse in magnitw'e of phenotyple corrolatlong from first lactation
towerds maturity. The acrrelntion betueen first snd ameond, second and
third, third and fourth, and fourth and fifth lactation ylelds were 0.12,

0a54, 0.58 end 0.88 reapectively. The corresponding genetic corselations

were of the oxrdor of L. .
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The phenotypis corvelation between frat anq second, seoond and
third lactation ylelds In 1/8 genetie group vere 0,41, 0452 reppestively.
Beyond this the corcelations approached unity. The genatic oorrelating
were equal %o ome In this group. The phenotypis corcelation betuesn

first and sccond, second and third, third and fourth + fourth snd fifth
lestation in 1/4, 1/2, and 5/8 genetls groups shoued an in:resmsing trend
towards maturity. The 3/8 and 3/4 Priesian eng Friesfan animals did not
870w such o trend, Tn all the gonebdo proups there was an increasing
trend of genetic sorrelations from earlier lactations to the lactation
yield at maturlty so that at maturity the genutle eorrelations approxinnted
unity.

Mehadevan (1954) reported the corrclat ions betwecn various lactatlons
in orossbreds. The correlrtlons were incroaging with matuelty only in
eninals with 1/4 Buropean Inheriiance. The cros:breds with 1/2, 5/8 end
5/4 Rurupean irheritance showed decrease in genchic cor.elations. inilay
decreasing trend has be.nr obuerved In the present investiyation in animals
with 3/8 and 3/4 Pricsian isheritonee. Bubt most of the erossbreds have
shown an increasing trend of covrdlations with maturity. Darker snd
Robertson (1006) and Van Vieck and Bradford (1966) have reportcd am
Inorease in the gonetls eorvelatlons with maturlty. The correlatons reported
by these authors were not sipgnifienntly difforent from unity .

The corrvelation between first lactotion with later lactations were
either ginilar or showel some decline such that consecutive lactatlons hnd
higher aorselations as coapared to other lactations. fThese yesults also

confirm those reported by Barker and iobertson (196s5).
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Edrok 800=day Lactation Yield with Idfe Time Produstion (three Laotation) o
The first laotation productia had a ver} high phenotypie correlation with
the life tlue produstion (three lactations). The mapnitude of phenotypio
correlations in Sehiwel, 1/8, 1/4, 8/8, 1/2, 6§/8, 3/4 erd Friesien animals
wag O,73, 0,77, U.85, 0.81, 0.75, 0.58, 0.83 and 0.70 reapeotively. The
genstle sorrelations were not different from uni'{;yﬁn all genetdo groups.

In 1/2 ond 5/8 the sire c.mponent of the first lackrticn vas negative

80 the genetic correlation could ot be estimated. Huch high correlation
sugpest the fivet lastation to be a good indicatlion of the l1ife time
produstion of the animnl.

Helotdve Eftlodenoy with Life Time Produshlon (three Lastetdon s Five
Lactetlong) 1 The relative off'iciency was highly correlated with life
tine production {three lactabions end five lactations) in all the genetia
groups. The Friecglan animala had a Jlow phenotyple correlation of 0.26
botueen rolabive efficiensy and life time produstion (three lactations).
The penctic correlations betwe n lifetdme produstion (three lactations) and
rclative efficiency wao wnity in Sehival, 3/8, 8/4, and Fricsian enimals.
The correlatin for obhop genetlc proups aould not be estinated owing

to gmall size of the data. These coriclabions showed that the relatlve
eficiency can bo effectively used to predict the life time production

of the animals. “This is more rclaible than eithor the lactation or the

body weight alone since the relative efficlency takes eore of both the traltas.

Relatlonghip between Grouth and Produetion Traltg

phenotypie gorrelation of birth weight with first 300-day lastation yisld
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in Sahival cows vas - 0.052 wvhich was not significantly different from
gero. The mapgnitudes of sorrelation of birth welght with f{irst lactation
yield in all genetio groups were very tmalls The results arve in
agreement with those reported by Munkaosi (1955), Amble gt al. (1963)

and Liu (1964). Amble gt sl. (1963) have reported low correlastion between
birth welght and milk yleld in MHed findhi, Kangayom amd Tharparker breeds.
Klosko (1980) nnd Vajakih and Borozdina (1960) stated that the high
vielding anlnale hed move ofben lower than average birth welght.

The birth welght had a negative genetic corvelation with first
lactation milk sield of the oxder of » Q.49 in Sehiwel arnd leas then « 1
in Pricolan anlmala. Bub in 1/8, 1/4, 3/8 and 3/4 pgenotic groups the
birth weight wns genctleally correl-ted with the firat lassctation yield.
The mapaltu.es of correl tlons were .50, 0.54, 040, and 0.20 in roagpective

groupg. There results are aquite in agrecnment with the results of Naldu
and Dosal (1932). They have voportesd the pgenetle corvelstion betuween
bizrth wolght and first lacst tion produstion as 0.35.

Tho phenotypie correlation between birth welght aml cacond
lacttion ylald were higher than ¥ osg vith the firgt lactatiom In all
the gonebie groupn. The geneble cor olations aloo inereused iu 3/8, 1/2,
5/8 and 3/4 gonotic groups bub dosreased in Sshiwal, 1/8 and 1/4 gemntia
groups. The gehetie correlations between birth welght and thind lagtation

wore higher than those betvesn birth weipht snd second lastation in 1/8,

1/4, 3/8, 1/2 genctic groupsa.

1o Tine Produckion (Three leatationa) 3 The phemotyple
gorrelntion of birth weight with 1life time productlon was 0.06 in Selviwal

onttle but in other genetig groups, it wes of higher order except in 3/8
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and 5/8 genetic groups in whioh the correlations were 0,01 and = 0.0§
ruapaotivel;}. In all the population it was observed that these

phenotypie correlations were higher when cvmpared to the phenotypio
aorrelation betwesn hirth weight and firet lactat.on produstion. The
gevetis corvelation between birth welght and life time produstion was
higher thas the genei:lc eorreletion betwe n birth welght and first lactation

produation in Sahiwal, 1/4, 8/8, 1/2, 5/8 and Prieslan groups.

Blrth Yedght with Helabtive bfficisugy ¢+ The phenotypie corvelations
betwsen birth weilght and the relative efficlency were vers emall, The

phanotyple and genetlo correlations between the two tralts wera ~ Olll

and = 0.55 in Hshiwal, U.03 and .73 in 1/8, 0,19 and - 0,12 in 3/8, - V.09
@ - 0,96 in 5/8, « U.11 and - 0,22 in 3/4 ang 0.11 and » 1 in Friesian
pgroups. The results giowed that the birih welpght was nepatively correlated

with the relative efficiency of milk production.

Hedrht at 1Y we:ks with 800-dny Firgt Lostsbion Jeld 1 The mognitudo of
gorrolation b twe n 19 wesks and £irvt loctolion was small 3n all the
genetie groups. The correlation was = U,04 in gohiwal, U,006 in 1/8, 0.25

in 1/4, 0.11 in 3/8, 0.28 in 1/2, 0.13 in 5/8, 0.002 in 3/4, and V.47 in

Friceisn aninnls. 7The 19 weoks veisht was negatlvely penetically corvelated

with 300-day lactabtion yleld in Sahiual ( - 0.38) ond 1/4 { -~ 0,12) but the

/4 had al pogitive covrrelntion of 0.12. The aagrituwie of phenobyplc

oorrélatioms wvere lorger ag ocumpored to those of birth velght and first

lactatlon ,')d.@lde

Prat Colviag ciih 80C-day Firal Leotation fleld ¢ The phenctyplo
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relationship between body welght and first lastation yleld in Sahiwael,
1/8, 1/4, 3/38, 1/2, 5/8, B/4 and Friceian animals was 0.15, 0.08, 0.87,
0.13, 0,10, 0.268, 0,31 end 0,47 respectively. The correlations wexre in
agreemont with the results reported on various breeds by a mmber of
workers, The phenotypic correlatlion between the two traits as reported
in Holstein Friesisn cattle was 0,58 (Davis et al., 1948) 0.51 (Miller and
Mo GL)liard, 1952)., The phenotypic vorxrelation of 0.47 between the two
gharasters from the present investlgntion is in agreement with those
reported by these anthors. 4 small magnibude of phenotyple correlation in
Sahival catile is comparable to the results reported by Rajgopalan (1952)
in Red .indhi cous. The author had reported a phenotypic correlation of O.22.
the genetls sorrelstion betuesn the two tralts In Sahiwel, 1/8, 1/4,
3/8 and 5/4 penetie groups was 0.03, U080, 0.10, 0.24 and 0.11 respestively.
The llolsteln group had a geaetlo correlation of L. Such a high genetis
corralation bét.ueren the tralts has nob been reported.
Thene eorrnlntlons vhen compazed to the gorrelation betwesn earlier
yrowth charactirs and the first lactatlom production showed that there wan
n Qefinite incrense of the velationship. &Such an inorease of the relntlonship

with passage of time continwed upto the third lectation to be ¢ipouaned Later.

B0U=dey

3 The rosuilis of these rel:tionships showed inoremse in

Yedeht ab Second emlying s fhird Gedvdag with commespondans

Lagtation Vields
the phenotypie and gonstle correlations with time in most of the genetio

groups. Balika (1968) has reported such an inorenss in the phenobypio
correlation. He reported phenotypie correlation betueen velght at {iwod
calving and first lachbation yleld as 0,20 and between welght at second aalving
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mad second lactation yleld ap 0.37 in NHungerian spotted cows. Jn the gsue
breed Csomos (1985) reported a declining trend of the oorrelations, The
correlation between £irst velght at eslving and lactat on vield wom (.43
witlle in second and third laetation the correlation with corresponding
welghta st calving were 0.38 snd 0,41 respectively.

A atudy of the correlations betvween growth and produntion traits of
the various genstic groups, in generml, vevesaled that the correlations were
of smaller mapnitude betwecn birth weight and production traits. There vac
a sanll lnorease in correlations of 19 weeks body welght with produstion
traits, As the ggx;awi;h progresged, and amlmal attained the welght at first
arlving, the correlations were positlve and had larger magndtwies. A
predual dncrease, thouph swall, ssoursed upbo the third celving. This
inoreasa of the ra-tionship cen be explelined as follous.

The birth velpht is an expresuion of the nnhbernal effeccets than the
brnit of the incdividusl fteqll (Dlekinzon, 18680). The mnternsl «ffects
eclipao the genetic components so thot 1% hns no correlabion with milk
yicld. Yurdng the period from birth to 1D ueahts the calves get sdapted to
the enviromments and just start gotting the concentrate mixtvrs. %This
charnehor io, thus, an effect of envivemments during which the animals get
adepted to them. ome meternal effects will also be thers, houever, the
effeot will b auch lecser. bickinson {1960) had shown thnt the maternel
influcncea po on diminisiing ns the calvea progress toumrdy maturlty. The
veight at first onlving is sompletely an expression of the gemetype of the
animal. The correlati m 1g comparabively of higher ma;nitude since hoth

the traits at this age are the exprcssion of the genstic structure of the

animal .
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SUMMARY AND CUONGCLUSIONS

The genetic archltecture of production traits of Sahiwal
and Sahdwal - Frieslan orosses was studied in order 40 asaseps the
Level of Frieslon luherdfence optimal for milk production under
Indian conditions of manngement and climate. XRelntlonship of these
tredbe with body welpht ab various ages was studled to find out the
optimal relationship botuecn milk yield nnd body welght .

Datn were collooted fram seven Military delry Farms
situated at Mwbala, Dehyadun, Jabalponr, Jullundur, Lusknov, Meeruh
and Mhow on nine genetlo groups e.g. onhidval, 1/8, 1/4, 3/8, 1/2, 5/8
3/4, 7/8 ardl Friemlan. The deba extended over a period of 80 yeara
(1997-196G) « Hocoxds were avallable on 1907 couse.

Averagen of 30uU~day lactablon yileld for Lirst lestation
ranged froa 162077 : 2147 . in Salilual to RE04.87 + 87,80 kg dn
Iriosian. For second lactation 1807.11L i* 52045 kygo in Gahiugl and to
8655.00 + 139403 kg. in Frienlan. The fourth lastatlan uyns pogk
lerbation in o1l penctie proups exsept 5/8 ranging from 2050.79 + 44.89
in ¢ahlval to BO013 .68 + 12,68 kg« in ¥Frieslen. Duncants multiple rsnge
tost was cnployod o conpere the nille yield of various genetlc groups.
The yield of Sahiwal did not differ sipnificantly frow 1/8 and 1/4
Felenion anlinalo. Thewre was no sipnlficant difi'ersnae betuween wmilk
vield of snimals with 5/8 and 1/2, 5/8 ond 3/4 TFrieplan inheritanoe.

On the basim of this test Sohival, 1/8 and 1/4 Priesien Inheritance
formed one group; animels with 8/8 end 1/2 Friesian inheritance another
group and spimals with 5/8 and 5/4 Friesisn ivheritance constituted the
’third group. Same grouplng was valld for sll the five laotatlons studled.
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Leatationsl maturity in mll thease groups vas obsexved 4in fourth
Loctation exdept in 5/8 in which £ifth lactatdon had the highest yield.
Wilk yiedd Anoreased with Inoresse in Frieslan irheritance upto 8/4
Frlesian. There wes o deoline in milk yield between 8/4 and 7/8,

The optimal Frieslan ipherdtanse for high nilk yield was between 5/8

and 874, It was obsorved that milk profnobion in aroschreds was nob
only dependant wpon Friesian inheritange but the cantribubion of sHahiwel
imherltance was also lmportant for high milk production, The ishiwal
inheritame opbtimal for milk prodvoticsn was betwesn 5/8 and 1/4, There
vas nothiog to galn by going shove 3/4 fricsinn end 5/8 sahivel. The
aveeene mllk yleld of helf breds when sonpared bo velihtod mean of the
will yleld of the two perent treede showed thed half dreds hed eﬂg,niﬂeanf:.ly
higoaor mill vield then that of mideparent brecd valus. Theére waw o
sdpmifivant Inorease of BBV kg, in £ivab, 350 kge in scoond, 321 ke in
thdid, 256 e in fonrth ond 190 kge in £1fth Leatation over the
govrespondlng mid=pareut hicood volves. There was considernble heferosis
Loy nillk proometion which inoressed feonm fleot laotabion o Ludyd
Laotnb -one, The offect of heberosins geomed to have some relabion with
maturlty of the snbaal.

The optinabe of heritabll ity Loy fized laotation in ganiwvel
wap U681 + 0.2L. Theue estiqntes yanged from = U086 to 0,98 in other
cepotie groups. The estimate of herdltablllby was U.56 * Q.87 for gesond
lactabion and 008 + 0,57 for third lachati o in Gchiwel. The phemtypia
sorvelations An .ehiwal animals betvern flvst and secoond, eccond and third,
thivd snd Tourth, fourth and £ifth lmcbation ylelds wewe 0,12, 0.94, 0.3,
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0.88 respectively. The sorresponding penetlc aor-elations were of the
order of unity. Magnitute of phenobyplc corcelation betwesn first lactation
milk yield and life time production (Thren lactations) in Sahiwal, 1/8, 1/4,
3/8, 1/2, /8 and 5/4 end Fricelan animsls was 0,73, 0.7, 0.88, 0,81, 0.75,
V.68, 0.88, and U.70 respeotively. The genetlic correlations weve not dififercnt
from undty in all genetic proupa. |

Phenotypie correlation betuecn birih welght and 30U-day first
lagtntion production vas nob sipulficmtly different from zmero in Sahiual
and other genetic groups. Birth welght had a negative correlation between
firat laotation yleid of = 0.49 in Sahiwel, The phenctypie coxelation
between body welght at first solving end fired Lactatlon milk yleld in .ahiwal,
/8, \/a, 3/8, 1/2, 5/8, 3/4 snd Frieeian apdmale was 0.18, 0.08, 0.13, 0.10,
0:26, V8L and 0.47 respectively. The genetic gsorrelation batweon these tralts
in Sahiwel, 1/8, 1/4, 3/8 and 8/4 genetic grouvs were 0,08, 0.50, 0.10, 0.24
and 0,11 reapectively.

The mapnitudes of relative efiiclonoy wers of the order of
4,47 + 0.08 ky.o/kpe body welght Lor Sehiwal and G.22 + 0.21 kp./per ky. body
welpght fopr Prleslan. There was an inevenge in relative efflolency of milk
production with inorease in ¥Friesiasn inheritamce. Amonpg various erosabreds,
3/4 pemetic group hed highest relative efflclency of 5.74 + 0.18 keia/kize body
weight. The herltabllity of relative offlcicney of laclwal animals wes
0,45 * 0,22 (By treating relative efficiency as a varioble ) and Q.63 {after
Sutherland, 1865), Phenotypile corvelatlion betwe:n relotlve ofidsloney
and life Hime production was high in all genetle groups. The phenotyploe
and genetic correlotlon between birth weight and relative efficicncy

were = Ooil, end = 0,565 in Sahiwal, « 0,09 and - (.98 in 5/8,
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w 0,41 and = 0,22 in 3/4 Friesian groups,

Goneralised least square anslysis wes run %o study the
affpat of various genetlo awd nonegonebio fastors on milk yleld and
tody weighe. The contribution of grades, (8.375), ¥amms (0814),
pevdods (1.204) and parity (8.207) wes algnificand {p 0408) for
300=day milk yleld. The relative contributilon of grades was 2.184%,
faame 2.47%, poviods 1.79% ond of parlty 1.98% for the weight at oalving.

T was ocboowved that fox bigh nlllk produstion over all the
five Laoctabions end relebive effisiency of milk produstion, 5/8 to 3/4
fevel of Frissian inhovitance was ophinnl, .
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