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Table 2. Estimates of phenotypic correlations

Breed deof.

Estimate

Reference oo

Age at first calving and milk production in the first lactation

Red Sindht 80
Murreh (Buffalo) 60
Sahiwal 116
Tharparkar 88
Red Sindhi 214
Gir 78

Ayrshire x Sindhi 239
Red Stndhi 62
Ayrshire x Sindhi 63

Tharparkar s
Sahival 22
Red Sindht 14
Hariana

Age at first calving and
Red Sindhi 68
Murrah (Buffalo) &4
Red Sindhi 214
Gir 78

Ayrshire x Sindhi 239
Tharparkar 207
Sahiwal 116

first

«06
o11
.09
«05
44
34
.19
.78
41
=42
.42
-.18
.18

Sundaresan et al. (1954)
Sundaresan et al. (1954)

8ingh and Choudhury (1961)

Singh and Choudhury (1961)
Venkayya and Ansntskrishnan (1956)
Venkayya and Anantakrishnan (1956)
Venkayya and Ansantakr{shnan (1956)
Venkayya and Anantakristnan (1957)
Venkayya snd Anantakrishnan (1957)
Pur{ and Sharma (1965)

Puri and Sharma (1965)

Puri{ and Sharma (1965)

Tandon (1961)

calving interval

=.15

~e25
«56
«20
«28
«025
<12

Sundaresan et al. (1954)
Sundaresan .m. al. (1954)

Venkayya and Anantakrishnan (1956)
Venkayya and Anantakrishnan (1956)
Venkayya and Anantskrishnan (1956)
Singh (1957)

Singh and Choudhury (1961)

Tsble 1. Age of some Indian breeds of cattle at first calving

Breed Number of Average Reference
records . (months)
Red Sindhi 350 1.7+ .4 Amble et al. (1958a)
Red Sindhi 289 41,7+ .4 Amble et al. (1958a)
Red Sindhi 82 42 +1.0 Sundaresan et al. (1954)
- Red Sindhi 59 §0.5 Stonaker (1953)
Red Sindhi 216 42.9 Venkayya and Anantakrishnan (1956)
Tharparkar 422 49.4+ .4  Amble et al. (1958a)
Tharparkar = 209 48.7 Singh (1957)
Tharparkar 90 43,24+ .9 - Singh and Choudhury (1961)
Sahiwval 118 41.1+ .6 Singh and Choudhury (1961)
cir ) wo ) 47.3 Venkayya and Anantakrishnan (1956)
cir 88 47.0+ .8  Amble et al. (1958a)
Kangaysnm 477 44,1+ .4  Amble et al. (1958a)
Kankrej 98 47.4+ .8  Auble et al. (1958a)
Harfana 689 45.0+ .5 Indian Veterinary Research Institute
(1955)
Hariana 417 46.7 + .4 Singh and Desai (196la)
(38.92%1.0 to
50.87% .6]
Hariana 561 57,7 % .4 Present study

age at first calving had significant effect on milk production in the Red
Sindhi and Kangayam herds at Hosur and the Tharparkar herd at Patna.

Production in different classes of age at first calving in different herds
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(1958a)"

Avble et al,

et al. (1958a)

Reference
Amble et al, (1958a)

Amble at al, (1938a)
Amble et al, (1958a)
Stonaker (1953)
Amble et al, (1958a)
Singh (1957)

Singh (1957)

Singh (1957)

Amble

16 4,29
039 +.16
.48 +.16
= J361+.10
= .305+.08
<048+,09
- .08 +,16
.66 +.24

=1.24 +.58

Estimate
- 009 +o 17

Intra-sire regression

Half-sib correlation
Intra~sire regreasion
Intra-sire regression
of daughter on dam
of daughter on danm

Intra~sire regressioa
of daughter on dam

of daughter on dam
Intra-gsire correlation

Method of estimation
Intra-sire regression

Intra=sira regression
of daughter on danm
Intra~sire regression
of daughter on dam
Intra=sire regression
of daughter on dam
of daughter on danm

dofn
134
S0
215
281
29
41

192
140 daughter—dam

140 daughter=dam
palrs of 16 sires
140 daughter=dam
pairs of 16 sires
pairs of 16 sires

Gir
Kankre}

Table 3. Bstimates of heritabllity of age at first calving for some Indian breeds of cattle

Breed

Red Sindhi
Red Sindhi
Rad Sindhi
Tharparkar
Tharparkar
Tharparkar
‘Thatparkar
Kangayam

—

Venkayya and Ansatakrishnan (1957) found no influence of age at
first calving on milk production in subsequent lactations. Similar
results were obtained by Singh and Sinha (1960), who however found the
cows frechening for the first time at a later age to be retained in
the herd for a longer period, thus having longer productive life.

A highly significant negative correlation (=.27) between age at
first calving and production in the first four lactations was estimated

by Sidhu (1964) in cows maintained at Karmal,

Relat{onship with calving intexval The estimates of phenotypic

d.
correlation between age at first calviog and first calving interval found

in the literature are reported in Table 2. Most of these estimates are
small and non-significant except those reported by Venkayya and
Ansntakrishnan in Sindhis and Sindhi x Ayrshire crossbreds. The low

correlation between these traits indicates 1little apparent effect of age
at first calving on the subsequent breeding efficiency.

A positive genetic correlation (.27) was observed between these two

characters in Hariana cows by Tandon (1961).

estimates In Table 3 are presented the estimates

e, Herftabili
of heritability of age at firet calving in some Indian breeds of cattle,

along with the volume of data and the method of estimation, These esti-

pates range from -1.24 to +.66, The estimates based on more than 200

daughter-dam pairs are generally positive end sufficiently large (.30),
except in the case of Kangayam breed where the estimate is =.08. The

estimates of heritability of this trait im the Hariana breed both at



four government farms in U. P. and at L.V.R.I. at Izatnagar are larger than

«30,

2, Milk yield

Indian cattle and cattle in the tropics in general are known for their
low productien., The average production of different Indian breeds of

cattle in their first lactation can be viewed from Table 4, The average

Table 4, First lactation milk production of some Indian breeds of cattle

Breed Number of Average Reference

records {1bs.)
Red Sindhi 328 3595483 Auble et al. (1958b)
Red Sindhi 390 267475 Amble et al, (1958b)
Red Sindhi 216 3323 Venkayya and Anantakrishnan (1956)
Red Sindhi 82 2600+151 Sundaresan et al. (1954)
Sahival 118 3283142 Singh and Choudhury (1961)
Tharparkar 90 3228+139 Singh and Choudhury (1961)
Hariana 434 2115.6 Singh and Desai (1961b)

(1538 to 2580]

Hariana 561 1501429 Present study

for the first lactation can give a fair idea of the production in general
because the increase from first lactatfon to the lactation of maximum
production in these cattle is small. The averages in most breeds range

from 1500 to 3600 pounds. The averages for the Hariana breed reported by

Tabla 3 (Continuad)

Reference
Tandon (1961)

Estimate

Method of eatimation

d.f,

Breed

375

Hariana

034 £,12 Singh and Desai (1961a)

Intra=sire regression

244 daughtar=dam
of daughter on danm

pairs of 24 sires

Hariana

Singh and Desai (1961a)

Half=sib correlation 034 4,20

244 paternal half
sibs of 24 sires

Hariana

Singh and Dasai (1961a)

Half-sib correlation 40 1902'

322 paternal half

siba

Hariana

%Standard error is extremely small but is cited here as reported in the reference,

11
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Table 5, Estimates of the heritability of first lactation milk Yield for some breeds of Indian cattle

Estimate

Reference

Breed d.f. lethod of estination
Red Sindhi 91 daughter—-dam Regression of daughter
: pairs on dam
Red Sindht 182 Intra-sire regression
{fntra-sire] of daughter on damm
Red Sindhi 143 Intra-sire regression
[intra-~sire] of daughter on daa

Indian breed crosses 1102 daughter— Intra-sire regression

wvith European cattle dan pairs of daughter on dam

Sahiwal

Sahiwal 127 daughter— Intra-sire regression
dan pairs of of daughter on dam
10 sires

Sahiwal 127 daughter— Half-sib correlation
danm pgfrs of
10 sifes

Kankrej

Malvi &4 daughter-dam Regression of danghter
pairs on dan

Hariana 80 davghter—dam Intra-sire regression
pairs of daughter on da

Harfana

Hariana 178 daughter—dam Intra-sire regression

pairs of 18 sires of daughter om dan

«2

[based on b = .14
and repeatability
estimate of ,41]

342,18
374,14
.38
.26
oh4+,32

.uNH.uN

«20

o43+,20

[based on 1lst and 2nd
lactation records]

«18+,22

.26
J15+,04%

A

Mahadevan (1955)

Amble et al., (1958b)
Amble et al., (1958b)
Mahadevan (1954)
Patel (1956)

Kooner (1963)

Rooner (1963)

Patel (1956)
Taneja and Bhatnagar (1959)
Annual Report., I.V.R,I. (1955~1956)

Tandon (1961)
Singh and Desai (1961b)

-mnmumanm error is extrenmely small but is cited here as reported

in the reference.



Table 5 (Continued)
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Breed

d.f,

Method of estimation

Estimate

Reference

Hariana

Hariana

Harisna

Tharparkar

Tharparkar

211 daughter-dam
pairs

178 half-sibs of
18 sires

322 half-~gibs of
22 sires

335 daughter—dam
pairs of 21 sires
[only sizes with
six daughter—
dam pairs)

335 daughter-danm
pairs of 21 sires
{only sires with
six daughter-
dam pairs}

Intra-sire regression
[based on average of
all lactations and
adjusted to one
lactation basis])

Half-sib correlation
Half-sib correlation
Intra=-sire regression

of daughter on dam

Half-sib correlation

+13+,09

.20+,012
13+,12

«22+,02%

47434

Singh and Desai (1961b)
Singh and Desai (1961b)
Singh and Desai (1961b)

Kooner (1963)

Kooner (1963)




Calving interval of some Indian breeds of cattle

Table 6.

Reference

Average

Number of

Breed

(months)

18.0 +.3

records

et al. (1958a)

Amble et al.

(firat calving interval)

261

Red Sindhi

(fitnt. calving interval)

(1958a)

Amble et al,

14.7 +.3
17.4 +.2

237

Red Sindhi

Amble et al. (1958a)

(all calving intervals)

794

Red Sindhi

(1958a)

Venkayya and Anantakrishnan (1956)

Amble et al.

775 14.8 +.2 (all calving intervals)

Red Sindhi

(fixrst calving interval)

15.4

216

Red Sindhi

(1954)

(first calving interval) Sundaresan et al,

16.0

10

Red Sindht

Stonaker (1953)

15.4

22

Red Sindhi

(first calving interval)

18

Singh and Choudhury (1961)

(first calving interval)

118 16.2 +.34

Sahiwal

Singh and Choudhury (1961) °

(first calving interval)

16.02+.38

90

Tharparkar

Amble et al, (1958a)
Amble et al.

(first calving interval)

14.8 +.2
15.7 +.5

376

Tharparkar

(1958a)

(first calving interval)

69

Gir

Venkayya and Anantakrishnan (1936)

(first calving interval)

15.5

80

Gir

Singh et al. (1958)

16.63

484

Hariana

(first calving interval)

Singh et al. (1958)

(all calving intervals)

738 16.13+.16

Hariana

Present study

(all calving intervals)

1258 18.9 +.15

Hariana

Present study

(first calving interval)

384 20.75+.26

Hariana

17

production Up to 7 years of age, and production up to 10 years of age
with and without excluding milk production in the first lectationm.
Autonaticity would have been responsible for these high correlations
except between production in the first lactation and productiom up to
10 years of age Bo.ra»uw production fn the first lactation, There
was s part-whole relationship between production in the first lactation
and different measures of lifetime production as the production in the
¢1rst lactation was included in these measures of lifetima production.

However, the difference in the correlations between production in the

. f1ret lactation and production up to 10 years with and without excluding

production in the first lactation was not large. Similar highly
significant correlations were observed by Puri and Sharma (1965) in

Tharparker, Sindhi, Sahiwal and crossbred cows.

3, First calving interval

Averages of first and subsequent calving intervals of some Indian
breeds of cattle are presented in Table 6. The first calving intervals
{n the reports cited range from 15 to 21 months; most of the estimates
being between 15 and 18 months, The average first calving interval of
20,75 * .26 months for the herd under study was largest among those
reported,

Calving interval can be considered as consisting of two parts, one
from calving to next conception (service period) and the other the period
of gestation, Gestation length has much smaller standard deviation than

the service period. That the small differences generally observed in

Y

e AP R — Y A~
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Sestation length are partly genetic is evidenced by significant breed ' ¢

differences in gestation length; however, Singh et al, (1958) estimated i
heritability of gestation length at .002 + .084 based on 126 d.f. from _ %
R i ] ”~~ -~
intra~sire regressions, and of .3 4 .8 based on paternal half-sib . .m m m m 2 > m
_ M P a & o a
correlations i{n Tharparkar cows. Thegse authors also did not find any _ .m & m m m c T c c
H . N o . e . . -~ ~
effect of sex on calf, age of dam, season and year of freshening on the M .w. m n_ .u_ < .u_ u_ .u_ .u_ m m
- il o o " " u u o) - -
Bestation length, On the contrary, Chaudhuri and Sinha (1951), Lazarus : m K o ¢ & “_ u_ u_ “_ M =
" o < - - - - 0 20
and Anantakris - = a 5 a i i 8 €
hnan (1952) found most of these effects to be significant, _ u E 5 3 i 8§ § § & @&
LY}
Kohli snd Surt (1957) in data from the herd under the present investigation _w o
- found sex i
of calf, sequence of calving, month of freshening and sire to | m m mm & .o.m ..M mw. mm ....m nm
have significant effect on the length of gestation period, _ - g H b H_ H_ H_ M_ .H_
! g |42 =2 2 % 8 =2 8 =4 A
Service period and calving interval should automatically bear a high i M i * ° v ' 1 ' 1
]
correlation £ 9 &
or bilological reasons and the effect of both on milk u e m m m m m m m .m m.m
r H -l ® ® @ © © 1) © ) ]
. production should be similar, especially where the average service period 4] m m.m m.m m.m m.m m.m m.m m.m m.m m u
Lo Lous. s[4 §s s §s fs Ee Es Es gs if
. o m u u u ™ " M ta 5
4, Environmental factors affecting calving interval Significant W v mm .m. .m m.m m m m.m mm .m.m m.m m.u
-t Qe » o © o0 ® & o to @® 60 o oo ® 0 o g
effects of year of calving and calving sequence on the calving interval of m m w.m w.m .u.m w.m w.m .m.m w.m w.m w m
-l [u] o o o o o ] o o oD m
Tharparkar cows were reported by Singh (1958), who however did not find g 2] 5% 8% &% g% S% 5% S% &% &3
&ny significant effect of season of calving. Singh et al, (1958) on the .m
contrary found rather large differences in the length of calving interval % §
] Ml e 8 = S 8 Q8@ & & &
in different seasons in Hariana cows, Animals freshening from July to m ° v - ol ™ o~
-4
November had shorter calving intervals, um =
8y O - - - B M ] ]
b. Heritability estimates Estimates of heritability of first . -] < =] B g g k| b .m
~ £ o £ o e - b 7]
L QDO o L] o (-]
calving interval of some Indian breeds of cattle are presented in Table 7. 2 o & a a8 ] w 4 E & &
3 o] u -] ggouy u 4 ] ] <
2 |H: : 2%8if 8§ & 3 & £ €
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Tadble 8. Butterfat per cent of some Indian breeds of cattle

Breed Huzber of

Average Reference

records (per_cent)

Sahiwal -_— 5.2 Mahadevan (1958)

Sahival — 5.3 . Mahadevan (1958)

Red Sindhi — 5.0 Mahadevan (1958)

Red Sindhi -~ 4.6 Mshsdevan (1958)

Hariana — 4.9 Mahsdevan (1958)

Tharparkar - 4.5 Mshadevan (1958)

Harfana 404 £.34+,02 Present study
(first lactatiom)

Harisna 979 4.274.01 Present study
(all lactatfons)

literature. Kohli and Lohia (1959) working on the data from 331 cows of

the herd in the present study reported the following observations:

(1) fat per cent was higher in the morning milk;

(2) the fat per cent declined up to the fourth lactatfon;

(3) the fat per cent was highest in the month of November and

lowest in March, June and July and

(4) cows freshening from April to August had the highest fat test
for the lactation, while the cows freshening in December had
the lowest,

Kothswala and Doctor (1939) and Ahuja and Gautam (1956) found the

evening milk to be richer in fat than the morning milk {n the Hariana

24

breed. This is contrary to the finding in the present herd. Kohli and
Lohia explained these differences as possibly due to extreme differences
fn night and day temperature at the location of this herd.

Ahuja and Gautam .repox't that fat per cent was highest in the wmonth
of December and lowest in the month of May in the Harians breed. Kothawala
and Doctor, however, did nmot find any effect of the season of freshening ca
butterfat per cent.

b, Heritability estimates Stonaker (1953) estimated heritability
of first lactation butterfat per cent in Red Sindhis and their crosses
from intra~sire regressions based on 82 d.f. to be .09. A rather high
estimate of .67 for the first lactation butterfat per cent was reported
by Tandon (1961) in Hariana cattle maintained at I.V.R.I. He did not,
however, report the method of estimation and volume of data. No other
reports on the heritability of butterfat per ceat of Indian cattle were
found, '

Mahadevan (1958), feviewing the composition of milk of dairy cattle
breeds in tropics, has commented that the high fat content vhich is
characteristic of the milk of Zebu cattle appears to be strongly inherited.

¢. Relationship with other characters  The only report found on
the phenotypic and genetic relationship between fat per cent and other
characters was that by Tandon (1961). These correlations along with
others are presented in Table 9. The genetic correlations are all nega-

tive, vhereas the phenotypic correlations with age at first calving and



&M
272
=-.132
-.375
.224

=-.129
=-,102
674
048

X,)

in Hariana cattle of the Indian

-.187
+259
=-.119
«233

&)

375
.183
.109

x)
- 464

(x))
(x,)

First lactation 300

Veterinary Research Institute herd at Izatnagar (Tandon, 1961)
day milk yield (X,)

On the diagonal are heritability estimates; below the diagonal are phenotypic

correlations and above the diagonal are genetic correlations.

Table 9, Estimates of genatic and phenotypic purumatert‘

Firat lactation butter—

Age at first calving
fat per cent (K3)
First calving interval

Trait
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and with fi{rst lactation milk yield are negative and the one with first

calving interval is positive but very small,

B. Effect of Age on Production

Records of milk production of purebred Sahiwal cows and Ayrshire x
Sahiwval crossbred cows maintained at Lahore, Ferozepore and Pusa, wvere
subjected to statistical analysis by Sikka (1931), who observed the curve
describing the function of variation in milk yield with age to be
logarithmic, The age of maximum production was attained by the third to
fourth lactation in purebred Sahiwals as agaiust about the sixth of
forelgn cows and approximately the eight for Pusa crossbreds. The increase
in milk yield from first lactation to the lactation of maximum productiom
in purebred Indian cattle was approximately 10 per cent against 30 to 40
per cent in the foreign and Puga crossbred cows,

Stonaker (1953) working with data on Red m»ﬂm#w= and their crosses
and backerosses with Jerseys observed the maximum production in crossbreds
and backcrosses to be attained by the third lactation with a little change
up to the fifth lactation. The purebred Sindhis showed highest production
in their first lactation; the first lactation continued to be the highest
in these animals even after correction for incomplete repeatability.

Animals in a Red Sindhi herd in Ceylon studied by Mahadevan (1955)
shoved an increase of only 6 per cent from their first to their fourth
lactation (the lactation of highest production).

Venkayya and Anantakrishnan (1957) found on paired lactation

comparisons that thea maximum yield in Red Sindhis maintained at the
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cows in four goveroment farms in U. P, expressing age in lactations. The
use of correction factors developed for other herds may not be feasible
because of differences in the climatic conditions, management, culling

and breeding policy of these herds.

C. Repeatability Estimates

Estimates of repeatability of milk production and calving interval
of goma Indian breeds of cattle are presented in Tables 10 and 1l. Most
of the estimates for milk yield range between .37 and .60, The estimates
for most of the breeds other than Hariana are above .4.

Sikka (1933) reported the following correlations between different
lactation and highest lactation yield from his study of reliability of
different records for predfcting cow's producing ability. On the basis

Lactation Correlation with highest
lactation yield

1 +50+,04

2 «66+,03

3 «674,03

4 774,02
of these correlations Sikka concluded that the reliability of an iudividual
rvecord is low compared to the mean of larger number of records, These
correlations reflect also some importance of adjacency or proximity. The
correlations tend to become large as the lactation is nearer to the
lactation of highest production,

A correlation of .5 between first and second, and second and third

lactations in Red Sindhi{ cows was reported by Stonaker (1953).

30

Mahsdevan (1954) using 3,000 records of crossbreds of Indian and
Europesn cattle, vhose last production record exceeded 2,000 pounds, ob-
tained the following intra-herd correlations between different lactations.

Lactations correlated Proportion of European blood
1/4 1/2 5/8 3/4
. 132 «63 +60 .75 48
2:3 «66 59 74 A2
3:4 <70 «63 A9 «30
1:3 37 <52 Y 32
23 4 «67 <33 «50 49
1:4 A4 «41 «40 34
.. Average «58 55 «6S 41
Ho. of 299 630 260 309
animals

The sversge intra-herd repeatability from these data was «534,
Kooner (1963) reported the following coefficients of correlation
betwean different lactation records in the Tharparkar, Sahiwal and Sindhi

herds of the National Dairy Research Institute at Karnal:

arkar
Lact., no. 2 3
1 544,08 A6 14
(323) (22%)
N .'#' “H-
(222)




Table 10, Estimates of repeatability of milk production of some Indian breeds of cattle

Breed d.f. Method of estimation Ea'cinmte Reference
Red Sindhi 922 records of Intraclass .61 Amble et al. (1958b)
305 animals correlation {.56~.67]2
Red Sindhi 959 records of Intraclass <54 Amble et al. (1958b)
270 animals correlation (.38-.67]2
Red Sindhi Intraclass 41 Mahadevan (1955)
correlation
Red Sindhi Intraclass «37+.12 Kooner (1963)
correlation
Sahiwal Intraclass 48 Lecky (1951)
correlation
Sahiwal Intraclass +40 Patel (1956)
correlation
Sahival Intraclass «524.06 Kooner (1963)
correlation
Kankraej Intraclass .60 Patel (1956)
correlation
Indian breeds and 5992 records of Correlations «534 Mahadevan (1955)
their croases with 1498 animals between diffarent
European cattle [lat to 4th records
records only)
'Ninoty-ﬁ.ve per cent confidence interval,
Tabla 10 (Continuad)
Breed d.f. Method of estimation Estimate - __Reference
Hariana 188 cows with Intra-herd «39 Singh and Desai
3 records each Intra-cow correlation (1961b)
with two and
3 records each Intra-cow correlation +37-.65 Singh and Desai
(1961b)
Tharparkar Intraclass «49+.,06 Kooner (1963)
correlation

1€

(4%




Table 11, REstimates of repeatability of calving interval of some Indian breeds of cattle

Breed d.f. Method of estimation Estimate 95% Confidence Reference
interval
Red Sindhi 729 records of Intraclass correlation 21 [.13-.28] Amble et al, (1958a)
275 animals
Red Sindhi 854 records of Intraclass correlation .08 [,00~.22] Amble et al. (1958a)
244 animals ’
Kangayam 1013 records of Intraclass correlation .08 [.01-.14] Amble et al. (1958a)
322 animals .
Gir 130 records of Intraclass correlation 17 [.00~.37) Amble et al, (1958a)
44 animals
Kankraj 100 records of Intraclass correlation o17 [.00~.39] Amble et al. (1958a)
34 animals w
w
Tharparkar 1582 records of Intraclass correlation .19 (.14-.,24] Amble et al, (1958a)
408 enimals
Tharparkar 194 animals with Intraclass correlation 23+,05 Singh (1958)
3 intervals each
Tharparkar Interclass correlation ,28+.05 Singh (1958)
(Corrected for effect
of year and calving
sequence)
Hariana 102 f£irst, 99 «75%,02 Indian Veterinary
second and 60 Research Inatitute,
third calving {1955)
intervals
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III. SOURCE OF DATA

The data for the present investigation pertain to a herd of Hariana
cattle, a dual purpose breed (milk and draught) belonging to the scheme
to supplement 1livestock investigation, located at the Government Livestock

Farm, Hissar.

A, FParm and the Breeding Stock

The area of the Government Livestock FParm, Hissar, where the herd
was located, is a continuation of the Rajasthan desert, The soil is soft
loam interspersed with sand and clay. The climate 1s mowmnndoww dry and
‘rains usually occur during the months of July, August and September.
During the summer months, day temperature may go as high as 115° P and
sand storms are common. During winter the minimum temperature recorded is
36,9° F, The monthly average of some meteorological cbservations at Hissar
is presented in Table 12,

The experimental herd was established in the year 1945 with 230
females (150 heifers and 80 cows) and 12 bulls. The female stock was
selected on basis of conformity to the breed characteristics and no
attention was paid to the udder development, other dairy characters or
milk production in their selection., The bulls were selected on the same
basis as the female stock. Twenty animals out of the female stock were
removed from the herd during 1945-46 because of death, positive reaction
to tuberculosis and bad conformation. These were replaced by 20 heifers -

about 3 years old from the general herd of the farm in June, 1946, Six

38

Table 12, Monthly average of some meteorological observations at Hissar®

Temperatures Av, humidity
Months Av, maxi- Av. mini- 8.30 hr. 17.30 hr. Av. rainfall

January 71.4 41.8 77 41 «61
Pebruary C 77,7 46.0 69 as J1
March 88.3 58.4 63 30 41
April 99.0 65,7 46 23 .18
May 107.4 76.8 44 22 .48
June 106.8 82,4 52 30 .27
July 98.9 81.2 73 53 4.84
August  95.4 78.6 79 63 6.09
September 96.7 75.1 74 s1 1.44
October 93.4 63.4 66 39 1.02
November 85.2 49.1 65 34 04
December 75.6 42,6 74 39 «05

*Kohli et al. (1961, p. 326).

of the 12 bulls were purchased from outside the farm to provide greater
genetic heterogenéity; the other six came from the farm-bred stock.
The whole stock was divided into ten groups at random, each with 23

animals, and 10 out of the 12 bulls were randomly assigned to these groups.

B. Feeding and Management
The animals were maintained in open enclosures throughout the year

except during severe winter when they were moved into roofed enclosures.
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The female stock was fed ration computed on the basis of Morrison
standards. The composition of feed varied according to the availability
of crops during the year. Creen jowar (Andropogon sorghum) was fed
during the months of June to October, and green berseem (Trifolium
Alexsnderinum) sod rape mixture (Brassfca napus) during November to
March, Dry fodder consiated of Karbi bajra (stover of Pennisetum
Lyphoideum) and bhoosa of wheat (straw of Triticum vulgare)., The
concentrate mixture fed to an animal was composed of 2 1bs, crushed
gran (Cicer aristum), 1 1b. of barley (Hordeum vulgare) or oats (Avena
sativa) or bran, 1 1b. of oil cake (til, toria, Sesame, etc.) and two
ounces of common salt (Sodium chloride). The standars of feeding
were maintained to the best of the capacity and resources of the farm,
although the feeding may have fallen short of the standard when there

was a shortage of concentrates and fodder.

C. Selection of Breeding Stock and Breeding Policy
Up to the year 1949 there was no culling of auy male stock. It
ﬂn.n then decided to retain as replacement only the males whose dams
yielded 2,000 1bs. or over in 300 days, limited to one-third of the total
aurxber of males in each sire family. The males retained had to conform
to the draught type. In families where the dam's performance had not
reached 2,000 1bs, or in sufficient numbers, a minimum of 3 males of the

best performing dams and conforming to draught type within a family were

to be retained and the rest were culled.

In 1954 gfter progeny test information was available on the
foundation bulls, all foundation bulls were culled except the bull no.
138P/144,

The female stock were not culled prior to the year 1952-53, Later
oaly such cows as yielded 800 lbs. or more of milk in a standard (300
day) first wmnnun»on vere retained, provided they also had in addition
the desired conformation. All heifers except those not conforming to
breed characteristics had to be maintained for at least one lactation.

The cows were culled heavily in 1952-53 and 1953-54; a majority of
these culls vere from the parent generation. In 1954, the retained
females were divided into six groups. Each group contained at least 25
minals, The assignment of the bulls and cows to these groups was at
random. The bulls assigned to these reorganized groups were the progeny
of the foundation bulls nos. 2HP/44, 13HP/44 and 1631/40 and 13HP/44
himself, Care was taken to n«mna matings between close relatives.

Out of the total of 2248 records of some 716 animals, 373 records
vere excluded from the study for being incomplete due to various
recorded reasons such as death of the calf; the lactation followed a
stillbirth, abortion or premature birth; the cow was culled or died
during lactation; being vicious and not allowing milking or suckling of
the calf; segregated due to positive reaction to brucellosis, tuberculosis
or being victim of mastitis or other udder diseases, This left 1875

records. of 680 animals,

L G oem
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Table 13 presents the frequency of animals culled due to various . IV. STATISTICAL METHODS

recorded reasons, along with the average age at disposal.
The age at first calving, milk production in the first 300 days of

the first lactation, first lactation butterfat per cent and first calving

Table 13, Causes of disposal of animals from the herd™
interval were the traits of interest for which the phenotypic and genetic

nuunn Number of Percentage Average age at ) parameters were desired, These characters, as explained earlier, are
animals disposed disposal (months)
ortant ents of productivity in dairy cattle. inclusion of
1. Low production 247 50.3 103 | e e % 7 = e e 1
; only the first records in the analyses for computing the genetic and
2, Debility and weakness 10 2.0 129 ¢ d X g '
henotypic pa ters was based on the following reasons:
3, 01d age & infertility 26 5.3 181 \ 4 REASEINERNGS 2 g
. \ 1 1 heif t a very £ h fi th
b Moo teis X T 150 ] (1) Since all heifers, except a very few who did not conform to the
: breed cteristics, were maintained 1 their first
5. Tuberculosis 74 15.1 137 Seed Kk i e T » Aorvig
6 Fanibiie mndboiibe 5 % 5 105 m lactation in the herd, voluntary selection could make gcarcely
udder diseases . ! any bias in the estimates obtained from first lactatioms.
7. Death 114 23.2 115 _ (2) Since it was decided to express the later lactation production
Totals 491 100.0 106 , in terms of the first to correct for age differences, including
i only the first lactation records in the analyses would permit
2rable does not include the mumber of animals disposed of due to :
WQU|nounonaun% to breed type and other reasons before freshening for the : little bias from errors in age correction factors.
irst time, | '
, (3) The largest volume of data pertained to the first lactation.

(4) The first lactation records are expected to be affected less by
environmental and physiological factors than later records, thus
requiring corrections for the effects of fewer of these factors

and indirectly introducing lesser bias in the estimates of

genetic and phenotypic parameters.
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1 2 1
=<k I d - ——— d
KE dpy fan TR R (L fan Sane
Let mnmavu - mnmnnvu - om»
u?am - E(e, )% = 0,
uava - w?zv - nQnuv = E(e, ) =0
Bleyge 81) = aac Bix N
"AN#". NMUQV - WH" WH"Q v . .
E(egys €5,) = Bley, €,0) = 0
Then
E I &Ahuvn - LIF ONN..TIlHﬁMr,_.NJ QN
1) EV By * TQ.: + uv
n : a
am g, 2 7 %2, 2,1
"apn Y By Bie  faggyy 1r Byr?
. 2
I ¢ 3 ) N A 2
%
?a: + ¢ an”
ow 18 the genetic covariance between an individual and her con-
13 B1y
temporaries vhile ¢ 1s the genetic covariance among contemporaries
Bir 84y?

of the individual,
Assuming these covariances to be zero, which is not true {n the

present case because including in the mean all aninals making a record in

a particular environmental group will make that mean contain some aainals
genetically related to the individual,

the B (T
(¢5))

: VTE. o2 + o)

»._ v would reduce to
(1)

o
ad E = | —(an_ o 2 + 2
"4 EV a: By vl _ g * o)

1

Preeman (1964) has discussed the nature and source of the last term
in the varfance of d 1 and has shown that for same kinds of data it can
probably be assumed to be zero without introducing any large error.

1

NM —— l.l t 4! g
[feny dup) | &y e fun T (g fan gy )

1

a.
llmum n. | Nn n .u

dt1g)*

N T g1y Mtan)
dp fan % T gy [Fan * 1)[Man T 1) "o s

B11) Q:. aay tan’
“an * 1 Pan T Y e Pan t ) {Pant? 1)
G o0 e

A /8869 .
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2 o ¢ 5. 1o n(ij)'
By Be ("ap't O 1) "eyc’sle

Environmental covariances between daughter and dam, between daughter
and contemporaries of dam, between dam and contemporaries of daughter and
among contemporaries of dam and contemporaries of daughter have been
assumed to be zero, The environmental covariance between daughter and
dam will not be truly zero if the daughters of high producers are given
differential treatment compared to the daughters of low producers.

a + 1is the genetic covariance between a dam and her daughter,
4 4
i3 ")

[} y 1s the genetic covarliance between a dam and contemporaries
Biy By

of her daughter.

a_, is the genetic covariance between a daughter and contemporaries
B;: B

1] ®ir
of her dam.

y 1s the genetic covariance smong contemporaries of a dam and
Bir Bir
contemporaries of her daughter.

The last three of these covariance may not be far from zero., Con-

sidering these to be zero, the expectation reduces to:

P ")
ip Fap * 1) [P ¥ 1] B oy
. 3 R E11) ‘
= E gy dp) N ap [an * [P T "84y 815

1 [
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The second term can be assumed to be zero without any large error,

leaving

..1_ T(1) (11) § i
N (Pan ) ("an *1) B B

E o

5 d '
(*as) an)

The true value of the regression can then be written as

2 () )
)
Benhi = _an Fan * (g Y ey ey

By 2 2
(fn Beagy T2 o * < )

a  =1/2 0 2 under the assumptions of no non-allelic gene
€1y B3

interaction and no maternal effects.

l¢R)) (1j) 1/2 o 2
i _an Ih(ii) i ]( (L) {J 8
da' ”
L
(11 <1j) ( g " e )
1f gy " nztj) = Ay T nzij)" the coefficient in the numerator
n
will become ﬂ_.ﬂ.i)__i and that in the denominator will become
( an *
2
n n 1/2 o
1 (€5)) g
N I———j—il—-— reducing b, ,, = "
n + 1 dd n +1 2 2
an * 1) (Pan * 1) o +q,
n
Because T~ ¥ 1) will always be less than 1.0, this will tend to
(€5 D)

bias the regression downward. With an increase in L7} the bias will tend
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