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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




*upam Lielodmajuod

2yl Uj papnoufl SIENPJAJPUT JO 82Fielodmajuod Jo IIquUNu IY3 BF (ar)u

1+ Py L L+ (€1 I

+ v 41
1=x =1
wr, g +xn, I, 7 +r,
(€19 €138

i03 yenba eq
117a Y2pou 340qF¥ 3yl JO SWI23 UF 93rI0AR UOSEIS-I8IL 10 1waf 9yg

*L1aa3oodsax zap pue an 'z?n §20URJIVA

puE 013z JO UOJIBIDadXa AWy pue jJuapuadapuf 21v Hfla pue rs Iy
*10113 WOPUEI ST “rTa
f

‘2178 ﬁ?[ ay3j Jo si123ydnep Iyl 03 UOWmOD 3IV3JII Y3 BF '8
*dnoid TIUITUOIFAUR

ai; ay3 uj Sujuaysaij sTenpJAJpul 03 1BFInIad 328332 IY3 s} Te

*upom J1E-13A0 2yl 8} n

13 SOUNN SR S O

X
189

pessaidxe aq pInod [BNPJAJPUT ay3j jJo P1023l1 3yl SUOFIB[DII0D qJe-jIwy wWolj

8a3ewlse A3IFIIQPIFIoY Jufindwod 103 UOJ3E(91102 qQJ8=JIPH °q
*e3ep AL131nod Bugpsn
(1961) 'TT'is uaayog 4q payoeai ueaq 3AFY SUOTSNTOIUOD IBTTUFS *1ajydnwp
2u0 UBY3 210W PEY BWEP may ¥ LJu0 Isnedaq os[® Pu¥ TIPWS A juaiwd
e jo Sujadsjjo @yl Buowr uoyje[2110D pajewylsa 2yl ISNEIQ Liqeunsead
‘3upadsyjo 19y 3JO YPEI JO pi0231 Iyl yija pajeadox seA PA0IAI §,ump oyl

YoJya uj poyjem 243 10 anbjuyday uoyssa1Bai pajydjea 1F2Y3I Buyen sagpuyise

ay3 U 90UaIdIITP 2TIIFI puUNOF pIoYy UFRISTCH £33839A7U[] 23835 BAOY

ay3 woaz wiep ay3 Sujsn “sIoyIne 2sIYL *I[qETIBA 8] juaxzed 12d Luadoad

JO i9qunu Y3 UIYA PDURTIEA WNWIUE ¥ UYITA juaaed wo Bujadsjjzo 918uys jJo

uoyssa1321 ay3y Buj3ewpisa 1oy anbymppal uojsseadax peay3jea B PaA}adp vamy

(€G61) wopuel pu® aUJOqung +g*1 @194 juaaed v yo Bujadsyjo 9y3 Buoww

uo}3E1a1100 Y3l FF PFIvA A[21FIUd 2q pnoa 4juazed 29d 3ujadsjyjo jo iequnu

9[qEJiBA JO JUNCODE MBI O3 Pa0da1 §,judaed ayy uo pessaidax 8} juaawd

uaa78 ® jo Sujadsyzo TI® 3O SPI0da1 JO 28mIvAR DJIIWYITIE 343 HIT4N Uf

‘poyjem aey3zo ayl “*Juaied auws Y3 jO Sujadsjjo ony Luw jo uvojsEaiBai

Wo1j SUOTIRTASP UIIAIAQ UOTIVTIII0D 3 PUB 1939uweivd woyssaidax eyl

30 aienbs ay3 JO UOFIOUNI B 13A9MO0Y B} UOFIBTIII0D STyl °*o12z s} juaxed

e 30 Sujadsyyo Suow® UOTIB[III0D IYI JFT PIIEA A1@ajjua S} BIYL *8193y3nep

19y jo yoma JO PIOD31 Pyl 103 paiwadax Bes P10 §,UEp A3 ‘uoyssaidaa

Supandmod UI  * (0961 ‘ucsIANPTIA) BIVIFI2 TEUIIITM II217p 243 puw

PP3I3JusuRIy 2yl U SUOTIVFAQP DFI2ull (93103 UIIMIIQ IDUBTIVACY puw ‘8309330

1BUWiajem 3021FP UF UOTIRFIvA 2739u28 w01y ‘(e + ZVVVD v/1 + zVVD /1)

8oua8 D[a]F-UOU UIINIIQ SUOFIDEIIIUT Y WOIJ UOFINGHIIU0I ImOs uyw3uod

PInoa £3F179E3TI2Y JO 3ww3isd STYL *uojesa18a1 paindwod ayj Sujrqnop

£q paujw3qo SBA 23PWIIEd AJFTFQEITISY Byl °81FF [I¥ Iaao patood ?a9a
§90UVfIBACD PUR 83DUTTIBA Y3 ‘uo38891821 21F8-BIUT 243 Bupandmod ©l

*3TNITIFTP I9YIBL

°q TITA 8979 °TU3 103 UO}IDAII0D BY3I E'(r12u ] '(rT)n $ (szn # (r,)u

eoujg °*svfq STYI JO P9IdAuf £q uoyssviBea pIIFUWIIed vy gupd1djaynn £q

n

paaoma1 aq PINOd F¥Iq FFYI dwws Iyy [y 1A 9, u jy *jIems swWod9q 03

3 €S




s [14u s
No%lm..an»
(149)
? T48 . 87 ?
g2t o "o

191V Sanyva Ppa3dVdxd oyl
vuw W 11 pm@ d = fa 1Iv :siaquna Tenba pazapyeunod
kagq3 sanva pe3dadxd ay3 Sujujeaqo UF uoTIBOIIFFIdwEs 23PN v gY
ejivus 3q PInOa WAyl 3upiew £q paAToAUF 10119 Y3 VY3 3Inq
22j398ad UF 9na3 A13IDFXIS 30U 2q 03 suUOTIdINSSE 283IYJ PIIIPISTOD Loyy
+U0J3EAIISQ0 UR JO $IFABI0dWDIUOD 3IYI JO 8318 IIB SIIFS JVIIFFIP
Ay ¢e3ey ¢p3FmOIqeIs 2UO OBY3 210W JO IXFs OYI S} 31Fs ON (€)
*ga3vmatqeas 19y jo Lus jo
21§68 9yl 3Jou S} [ENPJAJPUT U jo 138 IY3 g7 IvYy3 £93IBTIIqRIS
Lue jo 21ys ® $¥ siwadde dnoil 2378 ¥ SB PIpnIouUE 31F8 Oy D
*dnoI8 (PITITMOITATI JUIIIIJIP © WO1J ST UOTILAIISQO PBY 1)
ssuojidunese Juyfyyrduye
SupAOT10F OY3I PUB 219y pasm [Ipow JWeE 3y3 3uysn 9IUILOdEOD DWIARA
9y3 3o senyea PaIdadxa 3y Ino payios vaey ([961) *TF 39 MPITA wea

.u—.v puz f

8 3o aduapuadapul
pus 33II8 UTHITA SDUBIIBA JO £37ouadomoy soumsse SISAIewR Iyl ¢
*8U0JIVATISQO
3o Iaqunu Te303 943 ST N pum dnoial aays
.ﬂd—. 343 U} SUOTIRAIINQO JO 1Igmmu IqI 8§
fu pue saxys o 3o@mu 9 sy & 2avya .l—.lz.ﬂhﬂl N Hmlul %

et 3

=
°q IIIA 3UIuedmod 23S YL
F

«-o 1 woj3dowaasqns Lg  (1-'u)s  €31ys UFRIIA
f 1=F
8.0 ° N u
Nbﬂ.fﬂb v v R 2 (1-9) 83178 Buouy
4 & *
I=x I=f
N__3af
—_—y, P2 2 I-N T®30,
i N = %
(peumssw) soienbs sSoaenbs )
usam pajoadxa UBIR §91unbs joO ums I°P 99IN0g
$18M01703 6% 3q TIJA SPI0JIIX UOFIVTAIP 3usn oonuﬁr» Jo sysiyeus oygr
Wy feyn ot

tev Paq}adsdp 9q UED IDURIITVA JO STSLIEUR Y3 UF $PI0IIL UOTITARQ

(e1)) af
9 S 1 + a P
F.I.«o_ulﬂu.ulnu :.s.

my, 'y
€10
afr, g .2 '3 f Ny | 1+ @Pa o,
(€1 LA

wqL

cupou £1v10dTIIVOD SYI WOIF PIOOWI ® O UOFITAIP Y3 8q Wp 301

£39




9dnox8qns 3ujpea1q133UT-UOT 9YI UJ UOTIIV[AE JO SUOTIIITP 10 99336U33UT

3juaiajy3yIp pue (souad Jo 8322339 proztuem) £dox3joyald ¢s123981BYD JUIIIIFTP
Sup3oajyze 9ousld jo 9%wyuIl £q pasned aq UL 9T0JIRTIIA0D DFIWAH

*g3y813 Sujpucdsaiiod Iyl uy

sousjiea g3 Fo 3awd oyuwald ay3 1oy 91qysuodsax 938 YOTYm 83uda3 jo 8338 oyl

uaaa3aq djysuolleIax I3 jo uwoj3djadsap ¥ $F UOFIVLIII0D 2F39u9d ¥

UOFIF[01a00 0539099 °F

*guOTIVIIII0D 9SVIOBIIUT PIAIISqO
aq3 3JO IDUBFIRA IYJ UIIIX]S £q Bupi1dyIgnm £q PIATI2P 3194 SUOTIVTIAIL0D
q}8-31q 103 paIndwod savmw}Isd £3T17993339Y 243 JO -SIDUBFIBA WYL

*£1030u3833us sea * .|.|..zu - N Smwv = ¥ pUB SUOTILAIILQO
Tug -
T

30 19qunu 19303 = N ‘S21}8 Jo IaqUNU Y3 = 8 ‘UOYIVTIII0D #EVYILIIUT
(1-3)(s-0) X

. l. .
u._u-«uouoa: : u.T..A . u...aﬁ..n Au:=oﬁmaouuoounu~onuu¢«

33 3O JUBJITA IYI 10J BIRUIO] a3ewyxoidde ue eyl pImoys Lpnis syul
*3818] 67 UOTILIILI0 9FVIORIJUF 9Y3 uaYA L11eoedes ‘vInmioy IJvuyxoadde
aq3 £q pe3eoTpul UeH3 IUPIIodu} ai0m ©WIAD S} IVTeTIPA UF ISUIINUF Iyl 93
13y3ang pa3eadsns Lpnis STYI Ul 5IINEA 1eojaydme ayy °8dno38 voyywazasqo
973uys Suyppy UO $36®D Luvm UT BOFIV[AII0D 8SPIIVAIVF I JO sduIA

2q3 U 99wea0U} UB PIILITPU s2inpadoad yioq Woaj $ITNEIT UL  °Iajndwod

v uwo e3ep Suj3maaued Ly1eotapdus Lq poujelqo §3Tng9x WS puUv ‘uojywyea0d
SURTORIJU I FO IOUFIAVA Y3 103 BINW0] 93smyxoadde Ue Y3IO0q posn Loyl

*u0JIvAI9q0 9uo LTUO HITA 8dnoa8 woxz uojjvmlojup SuIPP? W01} UOTINTaII0D

8s

sseyoeajuj ay3 jo uojsyoead uy ss0] 30 uyed 2yl pouTweX? 2avY (y961) °I¥ I9
2981ag °sosiyEur Y3 WOIJ PIACWAI aiaa I133y3nep auo LU0 Y3ITA OIS 9yl jo
3som juduodmod days 9Y3 woijy AIFLFqPITI9Y Jo sa3vm}Isa Sujpandwod uy

*£1oaF3o9dsax ‘sqys IYy3 pus sjuaivd Iy jo

BTy v
T9F, a7 T, 1IN g0 30

IW29333909 oyl uojlerndod paaquy A7IeFixed Jo 98Ed UL °*EIIFS IYI YITa

Sujpasiquy 3O SIUITOTIFI0D 338 J pUv ,4 aI9ya *

Pa38121109 10308J I9Yy30 LuUC O3 NP IDUBJIBA Y3 O8I PUP (..o + N<<<b
Nﬁo 91/1) 8owe8 DJ[21[e-UOT JO 8323332 SATJITPPY 9Yy3 Suouww wOIOE

=I230F 3yl 03 anp IVURIILA 3OS UFEJUOD 1IN

99/1 +

Nnn ¢19A3M0H *3ujjem wopuwa

pue aSejyull-Xas 03 anp 8333333 ou ‘UOTIVEIIJUT JUBWUOITAUI-2dLJouas ou

‘sauad ayrarie-ucu Suows uUOIIDBIIIUF ou Jo suojidunsse ayl iapun (IduBFawA

93us8 30 2339uUa3 JAFITPPE Y3 JO Y3IANOJ-2UO) Nco %/1 stenbd *

° ] ¢
2%+z°
D 5 yowoadds 03 pual T1¥A I pUB [JPUS BWOIIQ O3 pud]
°
[4
113A seJq 9y3d U UJ 98PIIIUT Ue ITA °SPIBAUsOp LITITQPITIAY Jo 9IvmyIse
43 seyq 03 PUII TITA STYI ‘0°] uwyd 883 3q sdenls [1IA muuh Jsnwdag
? s
04 _0
(A Tlumucluancau
o
z
s s % one, o5 D e (e
+.,0 4 0 4 a 4 u
Tz _wﬁ_ - _ z -3
5T = =) .
4 T An

8" U’33F1A 9q UEd (3)

WOTIR]21309 qFS-JTFY JO InIRA Inx3 ay3 ‘sonira paded® 28943 HIIA

12



QSA?V
u»umr,..ad__:?:ﬁcntns —:s:.s
' ° 1Yy (g A an 1

L1asyyuys puw
(Mg (W 33 NG I G
mw N&o 1+ muazﬁ ..”u L 2 lm m—. N_Lw q
']
2377289 UAOYS SY
), ((fn (n, ¢n
[ He. h W 1,
T, 09N (5 PR3] Bl
S_. AL VN T

160 pajuw}ise 3q Lem g33viaar Livxodmajuod gy
WO1j SUOTIBFAIP SuUTSM X PUB X IFBII UIIAIIQ UOFIR[III0D IFIINIB ayy

*£1eay300dsax ‘3ujadsyjo puw Juaaed 3yl 9382puy Z puw | 83dyadeqns eqy

T,%5ea00 o Ix%x *a0d . wunuu

U1 Tilxen00 o .—nuh *A0D

vyl

*SIDTBTIRACD JO SWII] U} PIsealdxd aq OS[® URD syyy

T, - Wi,
ﬁ«xa . —nuua

- 3%,
et

tuinmioy Suysor(o3 943 £q pajvuyyse

aq uwd dyysuojavidx Suradszjo-juszwd Suysn uoy3WIa1I0d IFISWY ayg

«ETTTRSL L Seks

.

*2uAS UJ #3J913 woFIdnpoxd 29xy3 3uowe SUOFIVIIII0d DFJoual JujIvwiisd
203 juazed uo mu.wunauuo 3o uojesaidax ay3 pasn (gy61) 193vH °3Iuvaed
uo 3ujads3yjo Jo uoyssaafax Sujpuodsaxriod 2yl Isn 03 JUITPadxd 8§ 3§
421qeIRA IPYI UO UOY6521323 OYl SBFQ 30U PINOA I[qETIRA Juapuadapul Iq3
Uo 4{Juo peseq UIYA UOJIDITIS UONs IDUJS °PaIIVI[Is uaIq amy 03 L[Nyt
218 gauvawd ay3 Sujadsjjo pue juaavd uIIM3IIq SUOFIVTIII0D Buysn uy
*os® PalvIaII0d 30U 3B Snzv.«b.:..a« omn3 943 JO SIUBUMOATAUD I3
38Y3 uaBl S} 918D papraoxd ¢ajemFISd AYI JO 10119 Sujrdues oy3 xoyyvms
?Yy3 ‘pajelax I8 STENPTAJPUF OA3 3yl L2809 3I0W YL °IATIBIIX 980D »
uy X 3JPI3 UO (ENPTATPUT 2UO UF X IJEII JO SUOTESIIZ31 10 SUOTIRYIXI0D
2y3 wWoiJ 97 UOJIVAII0D DFIouaY 93IBWFISd 03 LBA I[QILEEIF Is0m WYL
*12398IRY> VO UBY3J 0l UO PIseq S} UOFIDI[IS UIYA uyed d33ewe8 JIu
Suj3enyvae 10J PUB *SIX0puUY uOFIVN[IS SuFIONIISWOD 103 ¢x 3yRI3 pIjEIax
® uo paseq 8} E,.uuooauw uays X 3F9a3 v UF asucdsax paje[aiiod Sujwniwas
203 peaysap 8T (X °X) s3jeay oa3 UIIAIIQ UOTIBT2IL0D 9332Ua8 oqy
. * (8961 ‘UsnI) $$030 B 133J¢ SUOTIVIIULY
1830428 103 2IqEIDaap 2q Lom IBNBI §TY3I WOIF TOFIB[III0D JO 93I®1]
‘aso1d §T 938YUIY 243 3Jy pue d}30oidulse 8} maqiImbe 03 yoeoadde wvyy
‘33aamog *$93034201932y ayqnop uosindax pue Sujydnod ay3 jo LoSuanbaxy
oyl az718nba 03 pual 11ya vojjeindod Suypala1qiIAUY L[99XF ¥ UF IJA0
Suyssols 28nNWd3q SULOFIVIIII0D dF3Iauald 103 I9ned Jouym ¢ L[yensn s} odexuy]
*{owjue 9mIS 9UYI UF 819300aByD JUIIIJFIP UIIAIBQ SUOTIVIVII00 IJINWRI

ay3 go 99ned WeITeduwy 3gom ay3 aq prnoa Adoxjojarg °uoyIwindod ® Jo

6$



2?43 Jo TOFINGIXISTP I0112 Zujrdues jJo aaxnd 3yl (I+ 20 [~) 23usx 8y

z-u

1

Jo pua ayjl o3 IsOId I Jo s3nyea 103 ° ﬁ 88 pajeInaTed aq usd (1)

(74 ¢
U233 300 WOFIBIIII02 IYI JO Sanjea IO 9Y3 I0J 10119 Juyrdmes

*3pI0931 UOFILTAIP Sujsn paujelqo 219a wayl 3uoww $30Npoxd-s503d

ugen pUBR 83JE13 IUIAIIJTP 2103 82aeNbS uUBAW IYL °* (9561 *10d3paus) sanysa

Paa123q0 IT9Y3 UIIAIIQ UOFIE[21109 (Judmom 3dnpoad Io waujf) orduis w
ge pa3ndmod Iq UED S8IFLIJ Oa3 UIAIAYaq TOTIRTIII109 djdAjouayd eyy

*1 PUB ¥ 3IJEI3 UIIMJIIQ ULOJ4E]31I10D

o A ~ ~.3_

1e3U2TUOITAUS PUR DJIABA3 aaw 2 pue 9 vnn

o3 1enba 8T 9 ‘A£3F1Jqe31Ta9y jo 3001 9aenbs ay3 ey .— IIYA
X,
B g %,

*1 *373 UJ WAOYS S¥ $3U5U0dWOD TRIUITMOITAUI PUR OFIIURS $37 Jo smzaz
U} wa3ljia 3q wd (X pu? ¥) sIFRil Om3 UI3IAJAQ UOYIBTIAL03 dFdLjoudyd
3yl °*S3FRX] JUAIIITP Suoww djysuojIeyaa paalasqo 203 Irqysuodsa

a1e ‘uyd}I0 [BIUIWNOITAUI pur DJIAUT JOo ¢5ad10J PATIVSNED oa

748

*(6561) ©083I9q0Y 4£q PIIsassns eynmiog ajsupxozdde ur Sujsn paRINOIwd

2319a SUOTIT[IAL0D DIJ2ua8 Jo $IIWWIISI Y3 JO 630133 pIvpumyg

z9

eg3ep q¥S-3Ivy Sujsn adULIILAOD
pus aousfizA 3O SJSA[EUR PUB WEP UO I3IYSNEp JO SUOTESIIZT 21FE-RIJVY

poandwod WO PIIVIAITED 213a SUOFIVIA3I0D ITIPUI3 Jo €IIWWISH

X
*X pUE X 83J913 103 9OUBJIEA JO S3uUdUCdWOD 1T e wwo pue wo pus X puw Y
X
937213 UPPMIAq IIUBFIZAOD JO 3TGDLOAmOD 2IF8 Y3 SF So swaaoya
35 s,
R
- »un

m

$9q 117a Sys4[RuUE U® YONS O1J PAUTBIQO X PUR X $IFwI3
U29M39q UOFIBIAII0D DFIBUIH  *®IBP q¥S-JIeY Suysn ‘20UBTITA0D pur AdUTIIvA

Jo 8}sATEUB 33 WOI3 PIITIMIEI 9q O[T ULD UOJIVT31103 DJIPuay

RS
e
[
*g372339 10UI2IVTW OU PUR g3udd DF[I[[F-~-UWOU 3yl 3ucIW SUOTIDBIIUF OU Jo
X g¥g
suoj3dunsse Y3 I2pUn .uub wo pue D 9q 1T}A I0JBUTWOUIP Y3 UF OA3 oYy

JO pue 1038I9WNU Y3 UF 2OUPFIRA0D OA3 BY3 JO SUBIW DFIIN00IB YL

fy fn [T (4%))
vmwa i Avm» Xy

b . 2 - NO'U
a4n, (N an, OB 1
Xg i3 s X3

D .

Ut

3%,

3y3 3o J03IFUTMOTIP PUR Jojwidunu ay3j uj $ITIPTIJI0 Iy IEMLINY

Sujaway 19°UBd I1IA Lay) ouws I3 1w

19



2ya 37 peonpoajul 8} STIq 233soddo wy °23e 1a3unocf B ¥ §pPI0IIT IpFW OUA
gmo0d 2Uy3l Suoww 218 WEYI nojyonpoad nof AT3uaioyul Yija COFIIPIF IITEUS

u pue uoj3zonpoad y3py £13u212yuy Yija UOFIVEIJ 128181 ¥ 8400 19p10 Y3 U}
gaARa] SJYl “PpPITInN2 238 wojjonpoid Ao Y3I|a §400 3WOB 28u yoE?2 3I® 28NBOIQ
uoj329128 JO 8329333 Imwos 3031391 Ualjo 1A a8s jo 309339 juaaedde

aqli *41aeaI> $3I030®F 98243 3O §303339 23 o3waedas 03 21qyssodwy UIAI IO
IINOTIITP ST 3T PUE papunojyuod uaijo a2ie ‘afe sE YIns $g103083 TEo73070F84yd
10 [PIUPWUOITANA 93 PUB JUIIYUF YL *gaA]28WOY] STEWIUR 23 UT

juaiayuf s83ujy3 o3 2Mp 3q £1Tea1 Lem yojya S3DUIIIFITP 13430 Luw aaomwex jo0
1snm 5103983 UWOFIDIII0I 3F® YL *INIBW 2134 ays 37 peanpoid aary pinoa
SuoJ3Jpucd [EIUIWUOIFAUS JO 338 IWES 3 1apun mod> Sunoi e JByA IInsEIW 03
§} uo}3DaIIO0D 288 ag3 Jo 2aFIdafqo Iyl *suosjiedmod {ons UF SUOTIDAAICD
238 9yem 03 ITqEiFSAP ST 3} ‘woyionpoad saduanyjuy 28w 2snedaq ‘pur sadw

Ju21333Jp 3O s[ewWlUE JO woj3onpoiad aaedwod o3 £18§82090 VIO 8T 3I]

8103983 UOJIDaiio) 23y *D

. A Nnn_ ge pajndmod aiaa 810119 Bujpdues Y3 ‘11eug 212a £pn3s

2-1
zit
jues?ad 243 U} SUOFIB[213100 27d£joumeyd o S33IRWEIE2 I3 JO Is0oW RULg
*1 jo anlwa 2y3j jo Iwwpuadapuy s} Z

Jo IDUBTIBA 33YL .Mmm 2oUEjiRA B UYITA P2Inqiiisyp Lyjsumiou 8} Z *(a-1 201

- 147 801) G* = Z 313yA Z 03 I BuUTWIOFSURI] £q £ous3suod jvuixoidde puw
£3jyewiou 03 Y3oq Padnpai 3q pImod §10113 Buypdues JO €89AaImd jo dnoa3

sjy3 3ey3 pasoqs (IZ6T) I2ysfy *onI3 ploy jou §Iop 10113 Suyrdums oyl

103 A 2=z _w[nmIO} Y1 PUE pasdfs L[emRIIX3 8T 3UaF21IFP00 UOTIW]110D

31
z ¢

¥9

ﬂm + ﬁu =

T

d

¢goyydunsse 2yl 19pun X puw
¥ S$3FE13 U22A32q UOFIBTIIIO0D
51d4j0omayd jo sjuouodmod

ay3 Sujjeaasnil} meiafefp YyIed

€9

*1 *31




yamoas °*uoj3Idnpoad WTTW U SUOTIVIIVA YITA pUB A0D Y3 jO £31an3vm IFA

paisjd0sse £1938WFIUT 9q 03 awadde jusmdoyaaAop puw Yisold (ZTA 8103983 ony

(6261) 9STIPUEBD,H PUV £ey o3 Suppioddy °4£37an3eW JO 9INEEIW B IV popaedazx
£y1ea9ua8 sy o3¢ ‘uoj3onpoad uwo agw jo 323339 Y3 3uja12pIsHod VY

+4193vandes p1ay Yowa 103 PaIIFy 99 PINOYS $I03IVF W0FIIIAI0D

9% 39yl uwam pInoA STYL ° (8961 *°TIV 39 I27UUOH) UOTIFAINT ‘30 Iunyd moy

® UO pPaiBal 9IUO WBYJ JO33Fd 98® g8a] soys T[Fa UOT3IFAINU jJO aueyd 43y »

wo pasye3 sievmjuR f3UaWASBVUBW Y3 3O juapuadapuj Jou g} 28w 33 jo 3293739

agy °sa933owad {vivemadeusm Iy3 UF 62JUSIIFITP 03 NP $pa3yq JUIIIIITP

® up 9sn 303 LIFLTQRITNS 1343 03 8¢ IQROP BY3 OS]E PUB SPUDII 2339u93

puv 12IUSWUOITAUR JO w..:vgom:ou ay3 3o sy vyl {8o2qazIp Iwss IYI

saBy Sp19q 39Y30 UJ 9PSUW SIIBWIITI WOIJ UINRI 810308F UOFINIII0)  °SpuUAII

{23USTNOITAUD puB 2339093 03 anp sadusyd £q paaeofdumod 2q TIFA Pasm 2q 03

a1e 43yl yoJuys ©O pdYy 3yl £q papracad e38p 9yl WOlF INO PIYIO0A I8 PA
$103983 UOFIVIXI03-338 3wyl pondaw 2wy (0561) uos319q0od PUR TIpudy

*gpoyITa UOFIIVAI0D

-age oaj 9yl U} 3DU2IIIITP Ae[jujs © Pauyelqo 091v ¢a8e uo woy3IInpoad

AITu jo wopssai8ax oyl Sujjewyiss U 63ISVIq JO VI ay3 3upipnys 103

8M02 UJ2381OH VIHQ P31938}3a1 jo 5p1023x SUOTIBIDE] 0€c*Soy Sugen (y961)

IPTITH °UoF32317p 233soddo ay3 uj 10119 U I 630398F uo¥323110> paayed

ayy °*smo0d pe3e JO PI9I& Juaiwaynba danjwm ay3 SupIvWFISI-IIpUn IFYA

safe @anjummy 3¢ UOTIONpoiad Y3 93IBWFIFI-IFA0 03 PUIY 9103083 Ide -o.uu

sajwipamiajul 9q 03 0AIND INIJ Y3 Jujmneey *8vlw oanjumI} IV IAnd paayed

9y3 gIvauaq GIF] 9AIND UOSTIRdWOD #8028 9y3 3Jey3 umoys OSI® IARY si0yINF

sgagy °1981wy 3 SUTHEW ¥ 309739 JuWS 943 vavy pInOA Son{eA aayyoppead

99

B~ N i

A

uo 9dmenyzul [®o33dead Auw 2avy 03 y3nous 3EO[D HIAIIVIAT JO $PI0IVI LO
10 8193281BYD 19Y30 UO £g3aed Suprino Suyswg °sTIND 91w 939 IIvY ¥ Iv
§paodal oyem o3 Sujlje3 SYEWUE Y3 [I® I0U pUP UOFIONPold 8, 1ENpIATPUF
ay3 uo L[Ioys poseq 19a9u 9F Suj[Ind 9yl Ind °poYINI UOsFIwdmWOd
88023 ay3 Uy ev}q 9yl uwyl 198Ie] AITENIOP B} POYIIW UOETARdWOd paxyed
Y3 Uy 68Jq Y3 ‘G° uByl 8691 S} I JI °UOTIDVATP 33Fsoddo ay3 uy Iaw
S9SBJq oAl 9y3 3uy3l 893IVIJpuy L1oasm udye aay3edou ayy °3/(3-1)= 99 pinoa
83827q Om3 2y3 3O OJIBI 3YJ UBYY °3 ST SPI0231 [ENPTATPUT Jo LITTFqeivadax
2yl 37 pus ‘uoj3Ionpoxd moy o3 anp Lyuo ses pue ‘Idurmiojaad [EBRpIATPuUE
ay3 uo paseq £]a1JINd 9194 SUFIIND 3YI JI °*HPOYIIW om3 BEIYJ uy
532Npox3ju} UOFIDITIB IBYI SISBFQ Y3 pIssnISIP u.:z_. apoays puw gsng
*ayqe3vadax £ya397dwoduy AJuUo 3Iie FPIOIAI UOFIVIOEMY

asneoaq ‘poy3am uosjiwduod paayed ¢,39puss Suysn uaya uoF3IdDAATP 933soddo

9y3 uj 59Jq ¥ SIINPOIJUF UOFIII[AS °(POYIam uosTivdmod pazjed) smod

30 dnoi3 ames 9yl 3JO SPIODAT JO ajed PAFINDISUOD YOUD UIIAINQ ROIFINdmOD

Suppo 4q (BZ61) SIdpUBS Aq PIIUIANDITY 3813 Sea ‘[vaIuR IWSPF Y3 Jo

8BOT3IBIORY OYy3 guyaedwod L1yavesod0u Jou JOo IBY3 ¢gEIWRIA 83T °uOTIONpoad

uo 98w JO 9309339 ay3 4£pnis 03 (poyada gd.ﬁvam 43) ea8se
Jusaa33Fp 39 2PEW BPI0JAX [Iv Jo #33eIdAw IYy3 paizedwod (QZE]) VIN0D

*(0S6T ‘opoays puw ysny) 9323739 3w

y3ya papunojuod ony3l 81w AJTATIONPOId JuaIIYU} 3yl U SpuUIIY BWII IFIVUIB

Jo 399339 3yl °*a9y31y sea uojieindod ay3 jo A3JajIonpoad 93eidAw Iy

Uays giged JUIIIT 60U IYJ UT 8M0D JO BPI0D2I IPATIUF 30U [IFA 993w 13pT0

ay3 a0y 523819AB 9Y3 UY] osnedaq *3ujrsyx 8F A3IFIIqe Sujonpoid o8vieaw

$9



u} (Z) *suojIvaraseqo po3gadax mox3y wntea Suypadiq 19q 10 a0d ® 3O L33139®
Suponpoad a1qeqoad 3Isoa IR Suj3ofpaad uy (1) popasu 9y L3j11qeaseday

uoyIvm Isg £3¥17qEIRIdeY  °@

.ugv«qaoou uoannouuou puz ao«uuauuuoo uﬁ wn«mn poIpPNIe 0SI® seA S3UTATED
2893 SUTAOT103 A[FIBFPITW] UOFIVIVET dY3 UF uof3onpoad 3yl uo BujArwd
Jusnbasqns gEEd Iv 93¢ UF SUOTILFIEA JO 139339 IqI PUB SUOTIBIIF] IWIIFFP
uj uoj3onpoad NIm ©o 3UTATEI ISITF 3T 28¢ UT UOTIIVFIVA JO 29339 oﬂ.

- ————

sa00 IT@s IYI JO $PI0IAT ISITF 943 Jo 93wIuadiad v v 5p20391 3 a93e1 oﬁ
wnuuuounuo £q pun uvoaumm. m.,oxu.—unnsoo uo«unuon..ns .wﬂumw,a. m.hmf-.mwm.w £q uvoyaed
-Jas3aul 309s9xd 3q3 UT PITpRIs seA uojonpoad wo ale jo 3IVVIII eqy
. *38339330q 3o spunod QZI
KLyejeuyxoadde 4q wwqq.au JeITITUOATAUS [BI0I JO IJPWEISI 3Y]J IFVIAIJUT pInoA
pa0221 381JF 943 203 UOFIIAII0D ® $¥ gZ°T JO PEIISUF GZ°1 I039¥F ay3 Sugsn
Jvys punoy 4343 *yS6T 03 oy6l Po3asd 943 207 paespooy IV PIIY 101300D
JO pavog BA0Y 943 UF SIUaL 3AFsSIIONS UJ Ip¥: 8p10231 PUODIS puw 3IsxFF
&[uo SupIapIsVO) °PIsSn ST POYIFW POOYTTIF] WAWJXEW SUI UIYA 8103083
©03991100 93% IYI JO $samIa3d Jo voFIdumgse oY JO duRa0dwy 9qI
peawaasnll} vy (6561) “T¢ 39 UOSIVPUSH U (3Fs0Iy WoA PUP Sulomrdmy
e1vaf 30d m0d> 39d I¥FI33Inq punod gg° 9§ SVEq pIwAwsop Y3 ‘LITTyqeIwadaz
an13 papesoxe posn LIT¥nId® L371Iquivadaa a3 PA £q 10° WPE2 305 cawed
29d a0> 39d 3v312330q JO spunod zz°* £q spawausop pISVIQ YUA PUII) euw
—Uo17AUR aq3 ‘dn ITTRQ 3I3a SPICDIT VOTILIDEY 3ISITF WPTUA £q punod wajxe,
qoed 307 °£3377qeIvedax PR 8103093 93¢ Jo SIIWIILI UF 838®]q Jo 30233@

i

.

@ panoys ‘spueal 183UPWUOIFAUD Sujavwylsd 103 poyiaw POOYTTIAFT WIUWFXUE 943

Supiydde pus spaay 330X AN [T DO1F gpiodaa Suysn ¢ (8S61) VOSIIPUIH
*QAJuININD B1¥ 5303083 w0}3993109-988 U 810119 IY3I PUB 8309333
29y30 03 paawdmod 931wy 8F IVIFFP a%w 9y3 9sn@daq $ISVYq 2davy L1Iajasiax

9onpoaguy Lvm ‘yyous ysSnoy3 *s103983 UOFIIAILIOD 2% uj 8301312 WYy
eagodand sFy3 103 £103983833vs
L110ys UOTXVITAD e73uys ou punoj Loyl °SUOJITPUOD [BIUAWUOITAUD WS
ay3 £1398X9 IIPUN 13430 Y3 3v PI0dIT 13y mo1j 238 U0 IV P10IIT 8,A0D
ay3 Sujjvwylse I0F 8103983 WOFIIIII0D 28w JU2I3JIIP JO SSIVIATIVNIIIY Y3

SuySpn[ 10y suwom JUaIVIITP PIIPNI6 dasy (0961) UOSIIPUIH PUB ITIVIS
(°s399339 8w
U} spaey UaIMIBq SBOUIIIIITP 9UI JO IV PEI Op 8103083 943380714 IIINA
H oyl 39yl UMOYS ‘I9avmoy ‘aavy (6561) BOSIAPUIR PUF 91a8aG) °9103DW3
uo3Ide1102 08w gupandmod uays jusji0dw} 93¢ S3IVTVAIIFIIP PI9Y IBY) 938983ns
8Jyl °*3ujAed I83FF I8 38v puw JIEd 3PN Sujsyex Jo rpoy3Iow £1aegnogiaed
. ¢3uouwASuuvT PUR JUIWUOITAUD PIdY £q 3U23X9 Iwos 03 poulaaod sy Jusw
~doyaaap puw yImoas STUL *gma3sds 4Lpoq 127430 puB IIppn I3 jo juandoeasp
pue y3msoa$ 4I0q O3 aNp 359339 IPATIUF 83339 988 ‘1aqunu WOFIWIdEY
Y3 s papmojuod 9% 2%¢ Juy3 3023X? 9yl 03 ‘Ivyd os ‘23® wIA £13u23INM2002
$an220 ongsgd 410331098 IYI jo £37A330® (UUOTIIUNF BYI U ISWIIDUF 3 aed
Ul *suOFITIOV AIF 39113 © Ul LIIwFOdsa Ism ySnoxy3 Lpoq 9y3 o #3xed
a9y3j0 o919 PUP ‘IIPpR 3Y3I jo anesy3 £30321298 ay3 Jo £3JATIDE [9UOJIdUN}
paswazouy VY3 susem juamdo]aaap $3appn 2yl U Snegil £10331098 AW

943 uy 9EwIIOU} T Ayquqoad puw 3Jy3yoa pus 23fe Apoq Uy g98usy> SOPNIOUY

L9



wo 1jed w JOo piodal puolas ay3 jo suojssaidex ayduis (y) *([961) #ouan)
£q pauye3qo @anpadoid pooyFlayj[ wnulxew v (g) ‘Suyssym ses 1jed eyl jo
p1od31 puodas 243 FJ Uaad 1jed ® jJo piod21 3IS1FF Y3 Yifa smod IIe Buysn
souefiva jo sFsLreum (Z) ‘iyed ® jo spiodai yjoq Yija smod Ajuo 3uysn
2ouejIeA jo sysileue ([) :2I9A spoylsum as3y]l ‘*s33e1dAv UOBEIS-IROL-play
W0l SUOJIBJAIP S® passaidxa suofjelow] jo sijed snojiwa usenmlaq dyys
—-00T3IR]21 SUTIPWFISI 10J SPOYISW JUAIIJITP SATF pPasn (6961) a2yd3ng
*pPasn 213A SP10231 PIIIITIBUN JT 2uwws ayj aq
£11®jiusss?a PINOYs SPI0D31 JUIIIIFFP JO SDUEFIRA 943 JBY] Jusmaifnbex
9y3 pa303f3eu *i3admoy ‘Ioyjne Iyl “*pasn Iq pINOYs poylam UOFEsIIAa
243 I8FAIAYI0 $SPI0291 JUSIIFFTP JO suedm ay3l Uy L3JIenbouy lo3 epem
2q pInoys UOTI23110d dwos ‘L37rjqeavadaz Supindwod 103 PIsn Iian poyIew
juanodmod IUBFIRA Y3 JT JEYI PapusmmodaL Ioyine I3 ‘4pn3is s3y3 woxy
*pe2}3or1d SEA UOTIDI[28 UOTIRIUNI] Juad Iad (f S¥ 213439 87 UOIIDI[eS
UaUA UIA? SUOJIB[21107 sseoe1juf paindwod ayj U SUF[IIp STyl 11w
JSOW[F PIJIBUTWE? ruo«uuuuuﬂ puocdas pu® 361}j Ig3z jJO SUBIW JO huaa¢=v0ﬂﬂ
103 Buj3oeilo) °UOFIDA[S LOTIeouni] UF 30D 13d § Fo IEBIADUT yowa 103
Z0° £q paswaid3p UOTIBT2110D gsR[DEIIUT 2yl ‘Yjoq pwy OYA BMOD Jo spioded
pUOD?8 JO PUF $PI0OJV1 IBITJ JO SUBIW Y] UIIA]IQ poENEI UOTIDB[as Yo uym
$20U2I2JJJP 243 FO UINTI $BPA JUNCOOE OU UIYM “spoyjeom osl °YI WOII Ijwmy3ed
2yl uj $9°Ua193IITP Y3 Bujysned uy 2101 lofww v palerd 2ARY JyYSyuw guwew
TI3IAJIQ S8IDUIIIJFTP A0F 3031101 03 an[Jej *810119 PIRPURIN Iwmyxozdde
17ey3 sewpl anoy £q UOFIV[I1I00 SEE[IVIIUT WOXJ paufelqo uﬁunaﬂuno‘ef usy3

3a2q31y L{[3ua3sFeU0D II3A HIJBW]ISI VOTEEa1Tax paujquwod YL °Z0* Jo iepao

9yl 3O UVOFIe[21102 SHVIIVIJUT IYJ U} ISEIIJ9p ¥ pPIsned sadw ENojava 3w

8pl10921 pa30aai0d a8e Jo L3j[enbaul *33BWFIE? IY3J UF 2DUWIIIJIJP [vIia3vu
4ug oyem 03 y3nouma jueizodwy L3IFITAUTIFAIND LUB I0J IJUIPTA? I[IIJI
pPUnNOj 9 *UO0F3IVI[S pPuB *S1039BJ UWOTIVA110D ade yQgsn UF §8auajafdmoduy
‘£371e2UTTTAIND JO IDUIIETXI 3[qFssod @yl o3 °np se}q 103 L37TIqEivadaa
3uyandmod Jo (Spi10da1 19]]lea [ JO WNS Y] UO PIODII IXIU 9Y3 JoO
u0}ss521831 wo1y paIndmod IIFWFIEI PIUJqmOD B PUR SIURUOdWOd IJWBLIRA woig
pa3ndmod WOJIB[2I10D SSE[IPIIU]) SPOYIFW OMJ PSUTWEXD (6G6T) T[IIPWA
*vorierndod pa3lda[asun U¥ U] SPI0JDI JUAIAIIFP JO IDUBIIRA jo L3Fauadomoy
pue sauo 3ujpadaid uwo 8p1023x Juanbasqne jo suoyssa1Bax TEFIaed oyy Jo
4&331enbe saafnboi o8[® poylvw EJy3 jo LITPFIEA PYL °*EPIODII EnoTaaad ayy
uo L2708 Paswq £ UOTIDATES @Y JJ UOFID[IE JO 8ID3FI? Y3 IULAmNIIYD
03 pa3jdadx? ST POYIIW SJYL *SIUaJDJJJP02 u0Fesa1F31 27dwys Iyl Jo a%wvieaw
Pa3ydfon ® S¥ PRIPWIIS? 8] poyjow lamioj @yl uy L3jryqeieadasy *8uyrIna
03 302[qne $pI0231 woxj AIF1FqEILAd3L IIPWIIS? 03 POYIFW POOYFTINJT
unuyxew JO 98N Y3l pa3sa3dns vavy (1961) MOUIN) puw °T® 39 uosi13puag
uy Y8]50IY UOA pU¥ IuloyIdwe) “AOD IWFS YI JO EPIOIAL JUIABFFTP
Suows UOTIVTILI0Y 10 UOTESeIFal ® sB 10 IDUBFABA JO 8TSLTRUR 943 woij
paujw1qo UOFIBTILI0D SEB[IFIIU} UR BB PIIPWIEa 8] AIJ[Iqeawaday
*3DUBFaAvA T¥303 34yl 03 §3223J9 [PIUIWUOITAUD Juaurmiad 03
anp 9>UBTAPA 34l pUR DUBTIERA J73I09uad 9yl jo OFIRI B ST II °*6m0d Juouww
82002193 TP IUduPm1ad jo 3duwizoduw} ay3y sassardxs LIJ[jqeawaday *(6S61
¢+1v 39 UOSIIPUIL) PISN S} POOYF[IY}] WNWEXEW JO POYILW ayj UIYA Spui3

2739ue3 pUR [PIUIWLOITAUI 2y Bujjswiis?d Ul () pus SIXIPUF UOTIV[eE

69




uwo 1yed v Jo pi0d31 puodas Iyl jo suojssaidoa ayduis (¥) *(1961) souand
£q paujeiqo @anpadoid pooyyla}] unUIXEd@ B (¢) ‘Sujssyu sea 17ed By3 joO
pio291 puodas Y T VA 127ed ® Jo piodax 381TF 24yl Yiya snod 11¢ Sujsn
aoupjasa Jo 8FSATRUE (T) ‘17ed ® jJo spiodal Yy3joq Yija 8A0d Afuo Zujsn
souejIea Jo sysiieum () :2I2A BPOYIIW ISAYL +ga3p19AR UOSEIF-IBRL-PIay
@Ol SUOJILTAIP §® PIassaidxa SUOTIRIE] JO giyed enojiwA usaalaq diys
—00}3w21 SUFITTFISI 103 SPOUIFW JUIIIIITP SATF pIsn (5961) 23yd3Ing
*pasn 212A SP10221 PaIDITIBUN JT 2uws Y3 3q
£11e1aUsgs? pINOYs SPIOIIX JUIIIFFIP 3O 832UBTIBA unu.uqnu juamaxynbex
243 pe30a18eu *1aa’moy ‘Ioyame Iyl “PI®N Aq pInoys poyjauw uojssaidaa
I ISFALIYIO £EpPI0DA1 JUILITITP IO sUBAW Y3 uj £331enbouy 103 opvm
*Q, PEOTE TORISAIICD Snod s fatriceawadas fopinduos 203 PRITH I poqien
Jceuodmod IFTIPITA IM IT ITWH pIpTEESEIL aomame 393 ‘Lpmas syu3 woil

+paoy3oead SEA UOIIIIIE uojjesuniyl 3wl 1:d Q5 E° 219428 T UOFIDIEE

UanA U243 SUOFIF[III0D ESEIIVIIVT paindwod @y3 UF IUFIAPP 743 TI¥

Jsou[® paIwuUTAILR suojIw3ow] puodas puw 31817F 943 3O guwew Jo £3junbeut

107 Buy399110) *00FIII[98 LOJINIUALT gy 3099 29d § JO 9IVRIUT QIR 10]

n°* Lq pasea1d3p COFIE[21100 SSR[IRIJVF ay3 ‘yjoq pey oyn gm0 JO SpI0IRX

puol2s jo PUE $pa0D21 3I81}J jJO suUBIW Y3 usam3aq peENEd UOTIDITE YWY
swRERISIFIP WA FO BN Fn XEmpw S8 FAG AR BHe PP BT PR
2yl uy $20UBIPIFTP du3 Bupsned uy 2101 lofvm ¥ pake1d @Ry y3ju suwed
Sasazaq #IRRISIIEP A0F APBAAED £ PADJFRJ "#AOAAP PARFIFIP PRFBIEOIIAN
1jey3 sewpy inoy Aq UOTINIPII0D Eew[DWAIUT WOl pauFeIQO IICWIIED wy3 ueyl

19y8yy A[IuslsULOd BIVA UBIWW]IEd UOTEEIATex paugquod YL 'Z0* jo 1epao

—

3yl JO uOFIL[2I10D SER[IVIIUT IYJ UT IEBIIJIp © pasned 8388 BNOTIPA 3IW
8p10221 pa3jdaaaod a%e jo Lyjrenboul *I3JBWFIE’ IY3 UF IUIIIFFIP [PIIIIvm
Auz oxem 03 ySnoms jue3zodw} £3FIPAUT[TAIND LUB 10J IIUIPTA3 B[IIFT
punoy @ *uoj3da[2s puB *S10398J UOFIVALI0D 28¢ ygsn uj ssauajzardwoduy
$£1]ae2UJTTAIND JO 22UaISIX2 2[qFssod Y3 o3 anp sefq 103 L3TITqeIwaday
Sujandwmoo jo (Sp10oda1 19F[Ied [[¥ JO WNE 3YJ WO PI0OI3I IXIU Y3 jo
uojssaifal woiy paindmod IIPWIISI PIUJqUOd ¥.pUW s3Uau0dwod IDUFFIRA WOy
pa3andmod WOJIB[III0D BSE[DEBIJUT) SPOYIFW OA] pIUTUEXD (656T) TI?pP®M
*uoyjeyndod pajlJ[IEUN UFP UF SpPA0I3I JUIIIIIFP FO SJUPTIFA jO huuuuwwosoa
pue sauo Sujpeo21d wo Bpi1oda1 Juanbasqne jo suoyssai18ax ywylawd 9yl yo

£3j7enba saagnbaa 0S[® pOYIPW BTyl Jo LIFPFIPA YL *EPI0D31 snojaaxd ay3
ue Lysios peseq #3 HOGIISIes JUd 33 HolIISIEE IE #i193339 943 IHIAERSIFI
o3 peaidadxs s POWRYE STUL *$IUsIIFFFIOS UCTENILTAL S(duls IYI 3O SITAN AN

paaydian ® ¥ PUIVHIING 8] poyiow 1IwWaocj Syl uj Lapliquanaday  “Buppine

03 10afqné $p10II1 WO1j 4A3F17qeaEadal 23PUWIEI 03 poyldw POOYFIINTY

wnupxva jO 980 IR poasadsns vavy (1961) mouan) puw *T¥ 79 uosaapuay
uy B s0ay UOA puv auioyidumy  ‘hod Quwl W1 3O PI0AAT AWNAIFFP

Suows UVOFIR[2I10D 10 uojsseidal ® SB 10 TeATA 30 sysiysum Q) WOl
paujw3qo UOFIVTIII0D gsB]IRIIUT UE 88 PIIPWIIEI sy A3713quavadey

*aoumjaRs J830] 2§31 93 #I22JFP ranaEmoljare IsaurEisd 03

anp 2JUBTAFA I PUR JUBTIRA DJ3°uad 8yj jo OFIR1 B ST IT *8A0D Suouw
SIERIRIIIP FIRRIFS J9 390 A04R] @YY #9SERIGKD AITTTARINRARY ! (6FAT

¢+Tv 32 UOSISPUIH) PISN 8] POOYFaY}| WNEFXER FO POYIHI 3 TIYA §pUIIY

9729u08 U [PIUIWNOIJAUD 9y Fujavwjaes uj (§) Puv SXOPU} WOTRRNYNN

69



Nno + Noo nol. .ﬂv 9R0D UFYITM
o '.a l.' .ﬂI'UI ﬁ 0.“ _ ﬂ-lu “b
No —3 u i +No.|n.||ﬂ 2 |.—I+« (1-°) sm0d> Soomy
Yy 3 oz
[4 [4

P ﬁ .On ﬂ -0“ LX) .

u a 'Y ) - [ X ] ﬁ' ‘ o L]
z —3 u T +No - ﬂln T +Nb (1- o) 19301

Ta 2 J ul
74 (4

saienbs uwom pajoadxgy “3°P 92an0§

*8}8412UR #03 UIYITA Puv Suows uB UF paxapysucd ey SUOTIVIDVY IWAIRIFTP
30 339332 9Y3 UBYA ITNIII A 20UBFITA JO n«;—uq.w Suysorto3y ayg

Wl (S ¢ F
.uolun 1) PU® 0 = '] 3 IBY3 pounsce

8T 31 °SIPUIWR [I® JO uoj3e3de] n_.muln 03 Toumod 329339 9Y3 s} —..—
*suor3idungee owss Iy3 ARy
pue 17 98wd uwo yapouw ayl Uy se s3usmele ames Y3 aaw —.«o puw ¥5 on

*403 731 9 30 WL o om 8] [%; o10ma

A AR A

+1a nuﬁ
8% pa3uaseadax aq Lem [enbaun a1v sUROR UOTILION] UAYA UOTINIIIIOD ssuTd

~¥3307 W 5% £3F1TqPIBALAT 207 PdumyavA JO SysiyEum Y3 307 T9pom eyy

PO U0JIUIOVL

*PaaInbal 3q 177A susom woFILIVLY B L3ypeabouy
943 303 UOFIVTIAI0I EUVTILAINY BY3 jo Juamsn(pv ‘PITTTIINZ 0q we3IFO

30U I1¥A SUPIW WOTIVIVY Jo L371enba ay3 jo uwoyldmmese Y43 Iovupg

(14

.

<

— e e s e el e i e ———

$8B POUJJIP 93q UBD STIA[RUR AOD UIYIA
pue Suomz WOy PAIUTEIGE UOFIVLIII0D SEWIOBIIUT B ST LIF[IqUIvaday

.%o- Naasm _.sol:sm%ﬁ_.uﬁ.a::.%o
ot oW 30 pa02a1 .——Iu.n 3yl Y3}a PaIvJo0ss® 20113 WOPUBI Y3 8}
T -

z
83 31 *A9d g7l U3 JO SuOIRIIET YI¥ 03 uownod 399339 243 s Yo

fr,

D= unuuvu pue 0 = n«&u I*YI pmsse

‘ugow uwoyIeindod [yeId40 33 8§ d
‘809 —TJF 3y3 3Jo piodaix ﬂm.n ay3 83 —.«H Aa9qa

e
(3 T f

3+ +0e’'x

:98vz2ae Lavi0dmolvod A
WO1y pajvyAdp PI0IIT WOTIINpoad B 3qFAVSIP TTIA [3pou SBupmorroy aqr

*UOFIDIYIS JO $3IVIFe

943 Jo 9913 UOFIV[IIIOD pus POOYFIINF] UWNWIXFW JO $3Inpadoxd pajedyrdmod ,
230m 9Y3 ¥ SITNSII 2mBy oy3 L[IBTIUISS? a3 puww 9Indwod 03 19FewD
gona 2a@ PIPRIINT 3av 11ed ®» JO SPI0III 1P UIYA SIIVUWFILI VOTIV[III0D
8s97oBI3UF 943 30 UOTESEaIZ1 OYI IVYI PIPUVITOD JOYINE OUL °SIUFFINA
{enbs puw euean Tenbd YA wIPp UO PaSN 219A IOURTARA JO SISL[EUR OYI SE
Suoy sw s3NEIT IPTJUFS 9av3 spoy3ow asayy IV °anbyuydal uojsea1dez woxy
pauye3qo UOTIWIV8 JO 8309332 243 JO II1F SIIUVIAVACD PUB SIJURJAWA JO

8938wy 3UFSN SUOTIRTIII00 oydurs (S) puw ayed IVYI JO PI0IIX ISIAYJ oq}

°



2719uas8 ay3 398 ol ‘*s3juaaed jo gad£3 anoj ay3 jo £331ioliadns Dj3oual
patood ay3 sj uojIwIawad iad juawaaoadwy 2F38uad aygr .nomHu §A02 JO B21}8
30 uo}30919E puw (*¥1) s11nq jo sa1ys jo uwoFIVATIE ¢(®1) smo> 30 Fump
um LY SR €T .nmUHu 8TINg Jo swep Jo uo}3IVa[3as 2ay3j y3noiyj ‘syjed inoy
y3noiy3 ‘anddo 03 padesjaud aq uwd uojjeindod v uy jusmeAoadwy oj32uald
ayl °*I97[iE? PAVOJIUIW FUOEEIL JUIIIJIIP 10] PISTIq 9I¥ $2]PW[ISD
39217put ay3 ‘mey3 o3 3ujpioddw fge pajrdde uOTIDITI8 Y3 WOIF L[3I21FP
gsujed 2739uad Sujiswylsa pasodoad aasy (0561) uos3liaqoy puw TIpuay
*£371137qe3vadax 2391dwoony
3o vau.mm«aa:u 30 8302339 2yl JO IsENEIaq 83[NSa1 PISEq IAF3 03 spua3l
osTe poy3jam 2aenbs 31se3] 2yl a2 03 awaL Woij 8aTUBYD [BIUIWWOITAUD
ay3 YIJA PIPUNOJUOD 219A §I03IDBJ UOFIVALL0D e ay3 UT SI0III Y SIIYI0A
19j7Ie? £q pasn yowoidde aienbs 3sEa] 9yl Ul *paIIV[ND[ED ¥4 UWED gIFuvyYD
2730uad ay3 ‘aead 03 IwaL woay saduEyDd [EIUIWLOITAUI BYI Bupiruywyya 1213V
*a1qyssod 9q IY3m 8134 DATESIDINS UJ IPEUW [PUIUR SWES IY] Jo spi0odIX
pajwadax oy3 Sujawdmod £q palueyd [FIUPWNOITAU I Sufjenieag
*(€y61) UoSTaIN £q $273813PI8 pajeoyasyydos
210W IPYMIWOS YITA puw (L£61) I9Yos3zo] £q 9pFW 213A duvmiozaad
piay 2Yy3 U} 823uByd 9338ual oy3 2ansedw o3 3dwaIF ISITIIAEI Iy
* (0961 ‘uCB1327(Q) a3uwyp 2332028 Jo UOJIENTRA IYI sR}q pNOA
wojjeindod 1033002 ® UT 33uwyd yons Luy <g3dajjyas Sujpaaqui ZujpnyoUF
‘gourmiozaad wo 8393732 97IPILTd? 10 JuRuTwop Fujapy seuRd JO VOFIBUTqEODRT

pus uo3wdai3as WO} UOTEsR1dxa D738ueB up 2BWYD (Z) PW uojyde(es

1 /3

{einjuu Io 33JIp WOPUEI WOl sa3jouanbaiy auad vy IJueyd (1) IO IINEII ® sw
sadueys of39uad 03 3Id9fqns aq J[asIT pPInoA wojjeindod To1juod y *saduwygo
{P3IUBWUOITAUS JO IINBEIW 2ATIVVFF3 UE apFaoad o3 uojiwyndod [oajzuod
981v] B UEIUTEE 03 P[q}sEaF L[[PITWOUOII 2q jou fem 37 saoads Yo03sAAY
360w uy *e°8uUwyd TRIUSMUOITAUI dY3 I0F UOF3IVAII0D mOTI® 03 uojawindod
pa309128 2y3 Yy3ps Suofe paujejujwvm 87 uojIeindod 10I13U0I 2AFIVAII Iwos
§897UN UOCFIDA[IE JO 63IDAII2 Y3 Y3IJA PIpUNOJuod A[3IS0W 3I¥ TPUOFIUIITTUR
3yl pue I3BIAQFIEP Y3 y3joq ‘juswadeurm uj 8a3UBYD YL °*oo3m
1071adns £]1¥oF3I2Ua8 Jo U0FIVA[as £q OS8[F puw ‘guoy3ypuod 3Jujpsaz pum
JuomeSruwm 19333q £q pasned aq ued uoj3gindod P03ISIATT I3yjo 10 pivy w
30 @dupmiojaad ay3y uj Juamaacadum} YL spado{aasp uaaq aAry suojjwyndod
30038941 UT Bupyd I}IPu9S SurINSEIW JO SPOYIIW JUIIIIFIQ

§821301g o739uey jo wOTIPWEIFT *H

*uojIvwp3lsa £3IF[FQEITIAY Iopun pajaodsa ‘uoyIviaizod

858TORIJUT UE JO IDUBFIVA Y3 10j VINWIOF a3smyxoadde 3yl Suysn pajndmod

2I9M SUOTIVIILIIO0D $EEIOVIIUT WOIJ POUTRIqO EIJPWEIED £3117qw3vedax

JO 810119 pIRpURIE Y] ‘SUBIW £1pi0dmejuod 1}yl WOIJ pIJwIAIp

pue 8}SE¥q UOTIBIOB 38113 ® 03 Paldallod spaodaz Suysn ‘sjuaayjjyeca

u0j3IB]a1I09 PUY UOTSEIIZ91 wo1j PUV SUOFIB[III0D SER[IVIJUT WOl peandmod
e1aa Apn3s 3u9saxd ay3 uj prajd J[TW Fo 823IVWFIS? LIFTIqeawedey

*gupam UOFIPIOV] ULAAJaQ 830U21933Jp paienbs alwisaw Iyl jo jImy auo

ﬂ:_

3o 93pwWyis? UV ‘'OWBE 9yj B} UOFIWIOW] [O®I U SPI0JAL JO IIQWNU OyI J§

s 10 §FSATVUP UOJIBIDVY UTYIJA Puw u2oA3aq 943 WOIJ paujeiqo aq wed

o012z 9q [174 8e1wnbs usow smod uswmlaq 0¥ nab 30 IUIFIFIIR0D oYy

€L



sJY3 ul cuoj3jewindwod ay3z jo 3awd jeaSajuy we sw £377Fquivadax jo uojaem
-J382 ayj @1qyssod ayem saop [apow ay3l uy [ 3djaosqns ay3 jo uoysnyoug
f19A3mOH "12pOW 3Y3 IC SJUAWATP Y3 jo swmIal uj 3aed ou sde(d puw no0d

—T 243 3o piodaa lmwn ayj sajedjpuy [ 3dja0sqns 2a9ym 400 ® JO 8plodax

u3
ay3 aqpadsap o L3
43 3qpadsap 03 L 83sn j37so1y uoa pup auloyjdway jo II poy3lay

‘usowy 31e 83F3ITTIqeIeadax pue siojoey

uoj3oa1iod @8v a3ejidoadde ay3y 3j7 spusal [EPIVSWUOITAUI PUR DJI2uad Jo gajem
—73s? pasEjqun apjaoid [IFa poyzom ayl *usmouy s} L3F[jqeaeadaz 8y3 eyl
Supmsse ‘s, 8 puv 8,p 3yl 3ujIPWIISa SIATOAUF wayqoad YL *paje(aizoomn

2i1® 8,9 pue 8,0 pur A12aj3idadsax Nuo pue Nuo S90UBTIBA PUR 01327 Uwaw

Y31} PeiInqiaisip £[3juapuadapu} pue L[[Eulou 3q 03 pIWNsse ip L pue i,
LT
1 03 av}[noad 393333 TPIUDLUOIJAUS WOPUEI BYI 6] 11'3 pur dnoad —3
43
Y3, 30, 803 ] SH3 130 £3717q% Suj3onpoad (a1 9y3 8T 1’5 “5m0d o dnoid g
43

ay3 3o £1FITq¥ 3ujaonpoad yes: weow oyl 8} 3 ¢
xv yil 81 "3 ‘aeak mmx °y3 03 anp 303339
{E3U2UU0ITAUI Y] BF ‘a8eioae uojjeyndod 3
13e] y3 sy ‘*aeak mmx Y43 uy dnoad

5332ua3d ﬂmu 943 30 SUU.MMﬂ 343 £q apew piodax ay3 ST uxww a1aya
T, i~ T, ot g . xv T uxﬂh
"PI0931 8,800 ® jo [apow I®IU] Juymol[oj Byl sasn ws1apuay
30 I POYISH *SPURII [RITAummOITAUI PU¥ ITIPUS Jo UOTITWIIER PoOYTTax}T
CnUpxen 103 SPOYISA oAl pajuasaid davy (6567) *I¥ I3 uoB13puRg

*U0322138 03 2s8uocdeax jgn 30

uojidnpal Bujsned 810328 Isayy ®3BnieAd 03 IINITIIIP ¢10a9n0y ‘sy
I

"83Tr13] o18uys 103

H X 8 woxj pa3djpaad 3943 £013q (97) wojisayas 03 ssuodsaa
390 30 uoj3dNPal 03 INAHIU WPya 8103983 30 uoyywumms = Feg

9L

«3guag molipu B uf LIFTFQEITIAY 20

§30UINTJUT [PITIMMWOIFATI JO xo1dmo> WIAT3 ® UF 8329339 suad
29g19a Uy £3710732dns 83UPS3IdIT YITYA § JO UOFIINIF = H
*1BAI23UT uojae12uald 10 ‘sjueiwd Jo 93% URem = 3
*3¥w13 2AF3e3jiuenb ayBuys

ed oyl Jo £371071adns djdLjouaqd weIm = 8 I13ya

(1961 ‘uos1a¥21q) T M — " ov

® Up pajlofas 830l

s9y 03 uoyssaidxa Juymoy10jF Y3 pIA33j0 sey 2 *,°Seddyye
2F39ua3, s®w UOFIVR[3E 03 asuodsal vmuUMvuum 243 U} TWOFIDNPaI sJY3 03 813331

(5561) uwos1axRId “LITTIIqEITIAY SIWHI 1873UR1933 TP W0FID2[28 djdLjouayd

woxy paiajpaad a3 A01aq (DY) UOTIDILRE 03I 2su0dsal 33U JO UOFIINPIX

ay3 o3 $9INQIA3IWOD TRTYA 103093 Lug gaiould} ‘i1aasmoy ‘poylem STYL

*988q JRIUIW

~UO1JAUS pur 2J32U98 IB[JWIS ¥ 03 DAFIP[AZ pessaidxa 2q UED BpPI0JILI 3IIYA

piay pasol> ® §¥ [INs suojjeindod 2yl o} L[uo uye? 2j39ua3 IInjosqe Jo

‘89]1EW}189 @apfaold poyiem Iyl suof3senb o} IFeI3 343 103 £1uo 8q osy® 3Isnum

UoJ3da[ag °wAIdJU} UOFIRIAUAE 23 puUB uoF3IRIAPISUCD IIpUN §IFwI] I3 207
19JIUILFITP UOTIVTI8 27d43j0uayd 243 *(8piolax peieadaz agq3 jo PEEd uy)

£37719vaeades pus £3IFTFIRIFASY JO §IIFWIE PFIFA ga1jnbax poyism syqL

o
] LoV

*(13) 1ea1930F uoFIwRIsUIF patood eyl £q

POpPTATp 8T UOTIRIPUa8 1ad Juemesoidm} dF3euad @yl ‘awak 1ad JuswRAoIduy

st



wnwjxem 2y3 WOIj 83UEISu0D 2ienbs 38T Y3 JO UOFIBTADP YL °"SpUALY
{E3UIWmOITAUS 1B[JU}S 24av3 spoyiouw oaj Iyl *sieak g jo pojiad ® 1340 piay
URJSajlj UFIIB[OH ¥ U] SPUII] [BIUSWUOLITAUI 373 Apn3s 03 spacoa1 ISATY
103 (2138-BI3u}) s3uE3Isuod Fuj3alFy Fo poylam aienbs 3sWIT I3 puz poy3ew
POOYTTa}}] WNUWXWU 8,U08I2PUaH Y3oq pasn (1961) *18 39 19TmM®H
*3uow2213e 28072 ¥ U SpPOYIM OA7 JY] WOy sIypu
-¥3s2 243 3y3noaq ‘pooyfyajy}] WNUIXEW JO poyiawW Y3l U} BIEP TENIOE® Iyl uy
UoT3IB131102 SSE[IRIIUT UP WOIJ PIIeWIIc? £3717qe3Badax 3o 9sm ayy puw
Sg3Ep 1ENIOE 9yl WOIJ PIATIIpP 810308F UOTIVA1A0D 23¢ TERUOTITPPR Jo 3sn
ayr *4£12ajidadsax 4 pur Gz* jo L3T[FqeIeadaea pue L3IJ[JqEITI3Y paunsse
PUER UOFIVA[38 TENIDE WOlJ paindmod 2soyl ueyl 1aydjy L13IU23ISTIUOD 1A
§1039®¥J U0T3I291100 2a8e yasn pur ¢* pue ‘y* ‘g° jJo sIFITITqEIRadax Bujysn
POOYTFI3a} ] WNWIXBW JO POYIIW IYJ wWOIJ POUTEIqO BIJBPWFII 9L *padjjowad
UOF3IDI[28 [ENID® Y3 PUR POY3aw PooyF2 ] WNUIXPD £,U0SIIPUIY Iyl Bujsn
‘sawal 4z 3o potaad ® 13a0 pisy ujals[oH £IFSIAATU 2IBIS BAOY ayz uj
PI?T£ 3®3J puw ]Ju U}l juswaaciduw] oF39uald oy3 pajpnas (I961) uvolTen
_ *3W}3 1940 praids 21w 21fs yoed jo sajuadoxad Iyl (€) puw *gai1ys
3U213337p jo sajusload jo swyy uy Bujddey-1240 um 8} 213y3 (Z) ‘pIjuasaadaz
114 8 W}l JO JJun yowad (1) FT pojdad @ 13a0 IBuryd 2JIVUIZ jo I3va
=138%3 punos ¥ 82pJacad poyjew syl °*23ueyd dF33uald Jo IIBPWIILI paswiquUn
ue 2A18 03 £[23wiwdas pesn aq Yows UE) BUI[IND 13I8 PUB 3103J3q Luadoxd
343 3O §pPI0DIT Y3 usy3 *saiys JujrIno Io BupldI[2# UF VOTSIIP JO

2wyl ® ‘19a9m0y s} La9y3 31 *eS8ueyd dF32usd jo qPWIIL? IYI swyq (IR

5791 °£usfoid juenbasqns 1jay3 U} Uvew Iy3 spIws0l UOFSFIIZax wos 24

8L

TTH 219y3 ‘4uadoad £1xea 173y3 jo 9duemroyiad 2y3 uo P9329128 uaaq samy
81824 TBI9A98 UJ Pasn 621F8 ayj JI *4pnas aa2pun pojaad ag3 uy esuodsaz
P23B91103 10 UOYIII[IE 3IIIIJP 03 INP $F PaIinseemw Judwescidwy oF32med eny
*891duee WOPURI 2194 $31]8 03 pajwm swep 243 37 uojp3windod Iywmay agy uy
jusmoscadw} 2y3 S§ poy3zdm sjyj £q painseaum jusweaoiduy dF3auad ayyr
“JU3MOITATI UF SUOFIBNIIN[J 1v9L-03-Iw94 SIUNOISTP IF sw .—Hma - Hmnu
uey3 a3ueys 9339wed jo IjpwIlsd I9339Q ® gapjaoad Hﬂmlmua I QU TRAR
280Y3 jo I[dmES WOPUEI ¥ 3IiIr S21F8 JO §3IFW 9Y3 3IpYy3 Sujunssw saanbax
8Tyl “*3jun 2wjl aad uojjeindod ® uy Jjusmwascxduy 2332uad sy3 jo I1ey
-2U0 3insgaw TI}M _Hmn - H&pu swil wo ecurmiojiad Lusfoad oxys TENpPJATPUT
30 uolssaifax 9ays-vazuy payjood |yl puw 3w}l uo Idurwioyiad uojzwyndod Jo
UoYEs2182X Y3 UIIAIIQ IDUIDFFIP 9yl 10 thm:mvnu W3 Uo IVWFmIojaad
4£uafoad a21ys TeNPTATPUT 843 WO1J ddupmaojrad uoﬂuquznum ?y3 jo uojIvyAIp
243 Jo uoyssaifax a1ys-wajuy perood Byl “‘owes 3yl IsomIw 2q 3snm Wj3 jo
PoT1ad » 1240 83X9% om3 ag)y uy a8ueyd jo 83381 IY3 ‘uoijrisuald snoyasxd
943 jo 8318 jJO 8I133yInEp 2I1¢ SWEP 2Yj @JUJS °*BaxVE Yioq Uy sanddo
?3ury jo @3wi swws ayjy VY] BaUMSEY PUR SWEP JO Lw11® Y3 Ul sIBURYP o3
3Np 3%uepqd 2739ua8 9yl saanswam poylem ayr *(z961) yiyjuws £q P2qradsap
U323q s®y s7yl ‘*uwoj3avyndod T0ys 243 ufp a3uvyd Iyl YIJA s91ys TenpIATPUg
Jo sdnox8 £LweSoxd aayssasons 30 @duemzoyiad uy 2Buwyd oy3 2iwdwod o3
BT uojjeqndod ®» ug JuamaAo1dumy dF33ua8l wnﬂunnrwa 3o poyisum 1eygjouy
*73 pue % ¢n s30933% paxyy
843 jo suoj3duny dB3U] I[qrWTIee JO 933PWle’ vuws 3yl 9AFE spoyiem

0A3 ay3 uwmouy poumsse [ 3 huﬂﬁﬂauuqunau USyA IBY3 WAOYS swy eyIwes ieded

L




spojiad anoy 2yl uj sadeioas
§23u0Fpul 9uUJ] UINoag cuoj3onpoad AW 23va2av L1avax °f *S14

spoyxad ianoy ay3 uj sofeiaaw
933807pUF 9UJ[ TaNold °Bupa{ed 3I81}) 3Iv Isw a3va0aw L1awax °z *331d

83

[PRESESNDS JRSDL IR

*g3up 1BN3IOE IYI WOIJ
pa3mInote> £3717qeavadax pue A3IF1TqEITI0Y 3O 623FUF3ISd Suysn UOIIDI[VS
30913p woay pus AN.omC yajug £q pa3sadsns se poylew uwoy8s91321 Y3 woxy
4pn3s juagaad 9yl ug vcr«cupo 219a $591301d 9}32u2d Jo savmylIsy
+412801> 2918e spoyIm
om3 ay3 mwoaj €3ITNEAT 2y3 punoj 4oyl *(9961) *Iv 32 2asay 4£q paay o3xmy
¥ Uo pasn °91IA uc,aa.u uoy3e1auald uwo (VddH) PIIIL 4LuaZoad jo uoyssaidax
2379-8a3uy peiood 9yl puv ainpadoad PoOYFIINFl EHEIXFW ¢,u083IpTIH
*uojjonpoad ,WWP WO WOFSSIXZX 20F PIIVII100 BIA 2anpadoid azunbs 3ISEIT

343l uy pIsn SPIODII ISAFF IYI UIKA II[[US EBA gajum3ed 1v9L POOUTIIATFL

6L



gpojaad Inoj a3yl ujl sadeiaaw
§23E2JpPUT U] Uajoxg °*[rAIajuy Sujlayed I8I1F3 3Teloae Araeay *¢ *334

spojiad inoy ayj uj sadeivaw
82320 PUT 9UJF] Wayoag *juad iad JeJialing a8wisaw Llimay *y *3813

ONIATYD 40 ¥vak

&9 €y w2 I8 #9 bF A5 1F w Sr M UL ep IF o bk M i¥ W
- = - ¥ v

H [ 4 ‘

o058

ONIATYD 40 dVIR

43 €3 Y9 /3 ey 4F IF U5 W S5 _4r Cr_FFr (¢ aF ik I ik W
———T T T T v T

[ ¢ T [}
o

ol

18

("91) "o YTIK *IOV1 ISuld

("om) ONIATVD 1s5d1d 1V 29V



ONIATYD 40 dviak

spowod 19Yy3lBl B} UAOP I3 03 uaaou 10 oeq pyoy o3 Aquappns Lduapuay
g b ; F - €9 v3 /3 ep LY 25 L3 3 5 AS gr vR /P &% kb ¥ Lb

g pue [e3ueuwwiadwal L1y3yy 21w g07do13 ayj U 9[IIED 3IBOH *PUF[IIP p ﬁ u. _‘
snonojjuod B yons 103 21qysuodsax 3q jou pinoys £13ujwess asoql ‘*o3wiasw ”“
2gq3 U 3Ino [20UEd pInoys ‘swiue Y3 Sujddjazs uyp 19Iym 2yl jo ssau 2!
—2AF302339UT Y3 4q 10 20me1I8TA 3O OBl 2Yy3 4£q pIsnEd waeq IABY JIy3Tw W 55
{ons $10113 WOpPUBI Auy *UOFIBIDE] Y3J I9a0 83I8] £1yjuowyil jo o3eiasw uw | “_”
sea *Apnis juagaad Iyl uj pasn @ f3uad aad 3e3a233Ng u.ﬂ. *3833 3BJI933INnq J ’ e
ay3 pesuanijyujl 2aey 3ydym poddiaas £1o397dwoduy 10 £19397dwod ypyum 8yl | l5er
-
dup3328 uy 198vusm ayl JO 8SIUIATIVAFFY 2Y3 ‘puey £q auop sea 3upyIm eyl “ ~“M
sy -sio3jeiado a3yl Uy a8uey> ® 10 Juad 13d 3e3Jaalang Juppicaax 1o Jujisel i orr
jo senbjumypal 2yl uF 33uBYd pPadJjoUUn UIAI 10 PIPIOIIIUN IWOS UILQ IARY | =
Jy3ym 219yl *1242m0H °*IUIPTAI B FUFIIP BY3 jo U0SEII 1¥I30703q ON * su”.
+3s23 3BJ JO BuTpiod21 JO 8i1BAL ULA28 ISITI @Yl U Paianddo §TYL ‘*spiea __ Lo
—urop £1320JISTP S¥A 3U3D Iad JBJI933ng UF pua1l YL *s1wak 989y Bupanp m ONIATYO 40 dvdk
s123F2q Sunok Yyl JO IIED puUB spIvpuels [ERUOTITIInT pasoiduy 03 anp Ly3sow i ) 4uw\s 3 br 1 hnnuw 55 er €8 1uq‘~ s ¥ -sn.k y
sea s8]yl £19®qoid °*sawai 2AJJ IS 9yl U 981 981wl I3Yjel ®w pamoys ! e
| ry
: woj3onpoad YITH *(S-Z °"$374) 3ued aad 3eyie3ang pus woF3IdNpoad Yyym 103 5
“_uuuuuv spusay £11¥3£ 3I2UTISTP ou pamoys pa3zold usya ‘8309339 Iwak eyy : L
*Sp102231 ¥y
noJIRIDB] unwwwxﬂmm UO PYIPN3Is Bem TEAILIUF BujalEd 3IBAFF UO PR ‘Juad zed ’ 2
3®3I933nq DOJIWIDRT IBATJ uo ‘uwojionpoad yyjm Lep-QOE UOTFIRIDV Jsijy WO H.”..
«guyjayes 3813F 38 93¢ U0 Bujares jo yjuom puw 189K Wyl FO 8IVVIFe ey o
SujAT®D 3O Y3IUOH puw iwax a3yl jo 399331 °V 13
oy
NOISSODSIQ QNV SITNSTd °A "5
L7 )
(8]

€8

("o@) TYANZINI SHIATVD

IND ¥3d IvA¥zLing



85

practice of not allowing the calf to suckle on the day of the test might
have caused some retention of milk; but this would have affected not only
the test but also the milk yield and should have had an almost uniform

effect over all the years.

{

The differences among periods of five consecutive years accounted moJ‘

much of the variation in all the characters, ranging from 5-25 per cent, w
The highest was for the butterfat per cent. This high contribution in the
case of fat per cent was because of the big decline in the first two
perlods.

Different analyses showed an important effect of year of mnmmrmswsm_
on all the four characters studied. The year effect 1is expected to |
i{nclude several environmental influences causing yearly mean production to
fluctuate, either Hnmnnmnnww.n:nocmr the quality and quantity of feed
available or directly through the influence of climatic conditions such as
temperature and humidity or changes in managemental practices or genetic
improvement.

The animals were grazed on farm (natural) pastures for most of the
day (animals in milk were grazed only to the year 1952). The availability
of grass depended on rainfall and that varied from one year to another and
would have contributed to year—to-year variations.

Amble et al, (1958b) had also observed gignificant differences among
perfods (constituted of consecutive five years) for first lactation milk

production in Red Sindhi cows both at the Hosur and the Bangalore farms.

86

Table 14 shows the frequency of first and all calvings in different
months of the year. Though calvings are more frequent in the months from
February to April in both cases, the larger frequency of first calvings is
spread over the months from January to July whereas the higher frequency

of all calvings is confined to the months of Jenuary to April.

Table 14, Frequency of calvings in different months

First calving All calvings
Month Number of Percentage Number of Percentage
calvings calvings
January 52 9.3 202 10.8
February 56 10.0 242 12.9
March 83 14.8 237 12.6
April 69 12.3 191 10.2
May 52 9.3 144 7.7
June 65 11.4 166 8.9
July 72 12.8 152 8.1
August 45 8.0 125 6.7
September 18 3.2 100 5.3
October 14 245 81 4.3
November 13 2.3 100 5.3
December _23 4.1 134 7.2
561 1875

Dave (1941) and Tandon (1951) found most calvings to occur in the
months of January and February in Red Sindhi cows. Singh et al. (1958)
found more calvings in four Harfana herds in U. P. to occur during
February and March. A tendency for more calvings to occur during
February to Aprll was also observed by Singh et al. (1962) in Tharparkar

cows, Amble et al, (1958b) and Tomar and Mittal (1960), however, found
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no differences in frequency of calvings in these breeds, A tendency to
calve more frequently in the months of February to April has been observed
in cattle in tha USA. Presumptive evidence that seasonal variations

in hours of daylight affected fertility levels was offered by Mercier

and Salisbury (1947). These authors observed a significant correlation
between length of daylight and fertility level. Younger animals Were more
easily influenced by photoperiodicity than mature animals.

Yeates (1954) had pointed out that the breeding season in animals
native to the temperate zones is almost invariably timed for the young to
be born at a time of the year most favorable to their survival. Natural
selection must have operated to develop reproductive photoperiodism.

Recently Goswami and Nair Aummav have shosm that air temperature and
relative humidity have an {mportant effect on the conception and calving
of buffaloes. Conception is most frequent in the months of October to
January when relative humidity and alr temperature are low.

Spring has been observed to be associated with highest fertility in
cattle in the USA, Warm weather may favor the production of good quality
semen but spermatogenesis is depressed when temperatures are Very high.
Occasionally a lag of about one month is noted before semen quality is
reduced,

The largest frequency of all services and the highest per cent fer—
tility i{n this herd occured in March to June. The number of all services
and per cent fertility was lowest in the winter months. The herd

18 located approximately at a latitude of 30°N. The average hours of
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daylight were obtained for different months of the year at this latitude
from the Nautical Almanac, a publication issued by the Nautical Almanac
Office of the U. 5. Navy. The number of fertile gervices in different

months follow almost a similar pattern as the hours of daylight (Table
15).

Table 15. Average hours of na%sﬁmrn‘nna average number of fertile
services in different months

Month Average hours of daylight Average number of

fertile pervices?
January 10.4 3.7
February 11.1 4,5
March ! 12.0 7.9
April 12,9 10.0
May 13,7 11.5
June 14.0 8.5
July 13.8 6.7
August 13.2 5.9
. September 12.3 5.5
October 11.4 4,5
November 10.6 3.6
December 10.2 3.4

u>4mﬂmmu based on data over 15 years.

A highly significant correlation (r = .79, P < .01) was found
between the hours of daylight and the number of fertile services.
‘Relative r:uhmnnw and temperature were found to have a very small and
non-significant effect on the number of fertile services. The
seasonality of conception in this herd seems most likely to be associ-

ated with reproductive photoperiodicity.
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Table 16, Estimates of heritability
|
|
From intra-sire regressions From regression From half=sib
of dauchter on dam of daughter on dam correlations
(a). Using actual (b). Using davi= Using deviated Using deviated
records ated records records records
Trait d.f, Estimate d.f, Estimate d,f, Estimate d,f, Estimate
Age at flrst 223 =.17+.14 223 .04+,18 332 144,15 419 144,12
calving ;
300-day first 223 JA2+.12 223 JA48+.13 332 JA5+.11 419 W42+.15 :
lact, milk
production
Butterfat 88 -.10+.12 88 =-.,08+.13 179 =-.03+.09 323 .05+,10
per cent .02+,112
First calving 62 «244.21 152 184,14 240 «40+,20 o :
interval - i

fComputed using deviations for year-season mean.
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Hariana cows. The correlation between the age and milk production was of
the same magnitude as in the present study. Tandon also reported a large
positive phenotypic and genetic correlation between age at first calving
and first calving interval. Sundaresan et al. (1954) observed a negative
and non-significant phenotyplc correlation between these characters in
Sindhi cows and in Murrah buffaloes. Singh (1957), Singh and Sinha (1960)
and Singh and Choudhury (1961) reported non-significant but positive
phenotypic correlations between these characters in different Indian breeds
of cattle. Venkayya and Anantakrishnan (1956) also found positive pheno—
typic correlations between these two characters in Sindhi, Gir and in

Sindhi x Ayrshire crossbred cows. The correlation was statistically

significant in the case of Red Sindhi and crossbred cows only. The results

of the present study and those reviewed indifcate that age at first calving
bears hardly any relationship phenotypically with milk production in the
first lactation but the two tralts are negatively correlated genetically.
Age at first calving has a positive phenotypic and u.uoﬁ positive or no

genetic relationship with first calving interval.

2, First lactation milk production

Heritability estimates of .48 + .12 and .42 * .15, computed from
intra-sire regressions and half-sib correlations are considerably larger
than most of the estimates on Indian breeds reported in the literature,
The pooled figure was .46 + .10. Hrn.nco other estimates on Hariana

cattle reported in the literature on a similar volume of data are

comparatively low (.26 and .15). However, the estimates for the Red

102

Sindhi breed reported from the Hosur and Bengalore herds are larger than

3. The standard errors of the estimates in the present study and of the

other estimates reported are large. The difference in the two estimates

in the present study is small and non-significane

3.

First calvi interval

2, Estimates of heritability Heritabilities of ,24 + .21 and .40
+ .20, based on intra-sire regressions and half-giph correlations, were found
in the present Jndmunnmannon. The pooled figure was ,32 + .15. Estimates
on other Indian breeds of cattle range from -.37 to ,88, Most of these are
small, except in the Red Sindhi and Hariana, and they all have large

standard errors.

b, Relationship with other characters First calving interval was

positively correlated phenotypically with other traits but significantly
only with age at first calving. The genetic correlation between first
calving interval and first lactation milk production, based on intra-sire
regressions, was positive and large, but the one based on half-sib
correlatfons was negative,

Tandon (1961) observed a positive phenotypic and a negative genetic

correlation between calving interval and the other three characters.

4, First lactation butterfat per cent

a, Estimates of heritability The estimate of heritability for

this trait, based on intra-sire regressions using deviations from the

yearly mean, was small and negative. The estimates based on half-sib
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Table 18. Coefficiants of correlation and regression of milk production on age at first and
subsequent calvings (only 82 animals each with first five lactations)

. Average Average a b a = b b b
Lactation 300=day age at rYxl Yxl Yx‘ X
no. milk production calving ’
(1bs,) (montha) (1bs,) (1bs,)
First . 1810472 57.8+1.0 27% 18.2°
Second 2071+80 76.4+1.2 +33° 24,3 .39¢ 24,0°
Third 2147472 94,8+1.4 .19 13.4 327 17.1¢
Fourth 2049479 112.9+1,5 .264 19.9¢ 1" 21.9¢
Fifth 1988+88 133.3+1.8 .264 22,2¢ .13 6.44
'rYx and be are the correlations and regressions of milk production in different
1 1
lactations on age at first calving,
brYX and be are the correlations and regressions of milk production in diffarent

[ 8
subsequent lactations on age at subsequent calving,

% < 0,01,

dP < 0.05.

t10 ¢
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Table 19. Coefficients of correlation and regression and partial ton of milk prod
and subsequent calvings P regression production in different lactations on age at first

Number Age at ” a % b P b ¢ b d
Lactation of Age at subsequent 300~day XX, X, 44 T ‘X X X
no. records first calving 5 calving milk production J 17 : 1

(months) [:)” (months) (1bs,) (1bs.) (1bs,)
First 561 57. 1.4 1502429 -.006 -.45
Second 343 57.8+.5 wume\qu.pw.q 1834442 .73° .05 a2t -6.8 10.5°
Third 233 57.34.6 ﬁw R} 96.7+.8 1902452 .82° 12 e 3.0 6.7
Fourth 181 56.9+.6 bl 113.1+1.0 1821460 oI5 .21° 31° 3.8 20.6°
Fifth 109 57.3£.9  (7.) 130.241.5 1838487 1% .34° .39° 10.1 1725
Sixth 53 56.741.2 1 24 147.642.3 21204108 .60° .09 .23 6.9 13.0

2 is the correlation between age at first calving and age at subsequent calving.,

%,

vwﬂNﬂ and nq.x are the correlations of milk production with age at first and age at subsequent calvings.
s ,

nr—ﬂ.—.H is the regression of milk production in different lactations on age at first calving with constant age at subsequent
(1

calving.

A_JN X is the regression of milk production in different lactations on age at subsequent calving with constant age at first
s 1
calving.

®p < 0.01, )

£r < 0.05. m
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Table 20. Milk production in different lactations expressed as a percentage of production in the first lactation

ae—

1. Gross comparison

2. Paived lactation

comparison
of the ssme cows
a. Using 81l records b. Using
records
of 82
animals
wvith 5
xecords
each
Lsct, no, Number of Actual Percentage of Av. age at Percentage of Number of Percentage of Number of Percentage of Correction
records (1b.) first lact. calving first lact. records first lact. records first lact, factors
(mo.) (based on
comparison
: _no. 3)
1 561 1502 100 57.8 100 100 100 1,000
2 409 1816 120.9 76.4 114,54 343 117.3 353 117.3 »852
3 307 1906 126.9 94,8 118.6 257 116.7 233 120.7 +828
.4 255 1821 121.3 .uun.o 113.2 218 108.2 181 110.8 +902
5 163 1810 120,5 133.3 109.8 140 101.8 109 106.1 «942
6 90 1942 129.3 142.4 77 103.4 $3 119.4 «838
7 &4 2137 142,3 156.2 39 97.8 27 129.4 772
8 25 2258 150.4 165.0 20 94.0 15 133.9 747
9 11 2482 165.2 177.5 10 91.3 8 137.0 «730
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because of low production only. If on the contrary the animals culled
for other reasons were low producers, their elimination may act in terms
of the mean production of the animals retained similar to culling
animals on production,

When selection is not based entirely on production and other reasons
of culling are not correctly known, or their relationship with production
is not clear, the correction of the mean production of the animals
retained for incomplete repeatability, i.e., converting the observed mean
production to the mean producing ability of the animals retained might

introduce a larger bias than it would remove. No correction for incomplete

repeatability was therefore made,

The error inherent in the paired lactation comparison because the
different percentages are multiplied was avoided by expressing all records
in different lactations as a per cent of thefr first lactation records, i
This did cause a slight loss of information but avoided any errors in
one percentage affecting the other percentages, as in palred lactation
comparison.

The age correction factors (age being measured by lactation order)
used {n the later analyses were developed by expressing the later records

as percentages of the first records of the same cows.

D. Repeatability Estimates
Estimates of the repeatability of 300-day lactation milk
production were computed as an intraclass correlation and as correlations

and regressions of the subsequent records on each preceding one,

114

Hrocunomnnn:mnwnwuonqwnﬁwnnanomanﬁsbnu nnwnnﬁon-wﬁvuuuum
lactations requires the assumption of equal variances and equal means of H
the different lactations. All records from the mnmun nine lactaticns were
used in the analysis. The records in each lactation (second to sixth)
vere corrected to an average age at the initiation of the particular

lactation and were then expressed on the first lactation basis using age

correction factors derived from the present data, The ”mm\mmmmmmhnm

records were then deviated from the yearly means., Bartlett's nu test for
e A

homogeneity of variance gave no evidence of heterogeneity of varlances of

the different lactations. Since the means of different lactations were
unequal, correction for this inequality in means was made as described
under statistical methods. The analysis of variance for the repeatability
of 300-day lactation milk production as an intraclass correlationm 1is
presented in Table 21. The standard error for the estimate was computed
by the approximate formula for the variance of an intraclass correlatiom,
described :nnmu.rmuwnmwwpwnq estimation,

This estimate 18 a 1little larger than the estimates reported on other
breeds of Indian cattle, especially when compared with the intra—herd esti-
mate on Hariana cattle reported by Singh and Desai (1961), who used data
on 188 cows with three records each. Nothing was menticned by these
authors regarding the homogeneity of variances or the equality of the
lactation means. Thelr value will also be expected to be smaller than
the one in the present case because of including in the present analysis

all cows, even those with just one record, Exclusion of such cows will —
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Table 21. Analysis of variance for the repeatability of 300-day lactation
milk production

Source d.f. M.S. EaM.S,
Total 1864
Among cows 679 864,249 o f + .465 0,7 + 2.741 ¢ 2
Within cows 1185 164,643 qan + aﬁn
q_N = 13,090
* 2
qn = 258,155
ol
%
S~ - w 6344,019
2 2 -
g +*o

Cc e

bias the mean squares between cows by deflation, yielding a smaller cow

component and thus a smaller estimate of repeatability. Hﬂnﬂﬁ%dﬁﬂ@ intra-

sire estimates in the study of Singh and Desal, however, ranged from .369

to .653.

The estimate of repeatability ignoring the differences in age at
the initiation of a lactation, that is, making no correction of the
records to an average age at the initiation of a lactation, was .699 +
.018. This Hm slightly higher than the estimate obtained by removing
differences in the animals for age at the initiation of a lactation. This
correction would tend to remove soma of the differences among animals

because of starting a particular lactation at slightly different ages. A
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slightly higher estimate (.691 * .017) was also obtained by analyzing th
e

diffexences among covs within the genetic Broups. The genetic groups i;
n

the present study were defined by the year of birth of the covs. AIl

animals which entered the herd as foundation animals were put in one
genetic group whereas the animals born in each Bubsequent two~year period
were put into a separate group for each such period,

Table 22 presents correlations and regressions of subsequent

lactations on each preceding lactation, The relationship between

consecutive records {s higher than the non-consecutive records in most cases

This shows the importance of adjacency in determining the relationship

among lactations., Similar importance of adjacency in determining relation-

ship among records is reflected from the results of Sikka (1933) and
Mahadevan (1954), The variances of different lactations are presented in
Table 23, On the diagonal in this table are the variances of differeat
lactations including all records in each lactation. There is a significant
difference in the variances of the first and second, and of the first and
third lactations, A regression is not biased when the selection is solely
based on the independent variable. In this case, however, for the
regression to be an unbiased estimate of the relationship among lactations,
the variances of the different pairs of records should not really differ.
When the variances of the two lactations of a pair are not the same and/ot
the numcﬂvn»ow of the selection having been made entirely on the basis of

the previous record does not hold, the regression of the subsequent




Table 22. Correlations and regressions of subsequent lactations on each preceding lactation

Subsequent lactations

L11

Preceding :
lactation 2 3 4 5
69+.14
b 75+.04 .281.04 .gg_t.os .ggi.m g?_
1 T .73 . . . .
d.f. 340 231 179 107 51
.90+.12
o ok = et
d.f. 255 196 122 65
b +85+.05 2 73+.07 .63+.10
3 r 75 .67 .625
d.f. 216 125
.78+.06 .71+.10
4 ‘:r 73 .64
d.£. 139 77
.66+.08
E .67
> a 75
d.f.
Table 23. Variance of a preceding lactation of cow having a subsequent lactation
Lrecadiog Subsequent lactation
lactation 1 2 3 2 i "
1 442,585 373,670 401,178 394,950 373,408 237,707
2 375,512 362,114 357,909 280,443 212,284
’ 3052250 331,401 351,730 305,130
) 425,503 377,610 255,874
) 449,999 348,546
X 338,989

811
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lactation on the preceding one does not provide an unbiased estimate of

the relationship between the lactations of that pair,

Estimates of the repeatability were also obtained from wunw+~v

[regresaion of the third record on the sum of the first and second record)

and vaﬁw+m+uv [regression of the fourth record on the sum of the first

three records]. The regressions and the estimates of repeatability of

single records obtained from these regressions were:

Estimated repeatability

Type Regression of single records d,f,
. . 212
wun~+nv «380+.022 613+,057
+869+,045 149
van~+p+uv «317+.019 9+

For the estimates of repeatability from vunw+~v to be unbiased requires

that the two partial regressions wuw.m and wum.u shall not really differ,

Similar assumptions about the equality of uaa.nu. vou.pw and wbu.wm. must
be fulfilled {f the repeatability estimated from von~+m+uv is to be valid.
These estimates to be valid also require the assumption of the equality
of the variances of the records involved in the sum, The assumption

and b was tested by fitting two different

regarding equality of duH.N 32.1

models describing the third record as a function of the first two:

b

X3y = Pa1.3 %1 * Pagul T ¥ %54

X33 " Pycrez) %1% * o3y

vhere awh - nxuu - u).
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The test for the equality of the two
partial repr
gressions vuw.m and

The P-test
showed that the variances of the first and the second records were

significantly different.

vun.p indicated the differences to be highly significant,

also

Because the assumptions of equality of the

partial regressions and equality of the variances vere not fulfilled, the
»

i
estimate of repeatability obtained from vunu+~v is biased, These

assumptions for ana+~+uv vere not tested,

Though the relationship among different lactations is not the same
as indicated by the correlations and regressions of subsequent lactations

on each preceding lactation, a single estimate of the repeatability of

300-day lactation milk production of +63, computed as an intraclass

correlation, was used in the estimation of genetic progress.

Repeatability of calving interval was also estimated as an intraclass
correlation. The analysis of variance for among and within cow
differences for calving interval is presented in Table 24. The analysis
involved records of the first five owpdwsm intervals deviated from the
yearly mean.

The estimate of repeatability of calving interval found in the
present study is larger than most other estimates reported on other
breeds of Indian cattle. It is, however, only slightly larger than the
estimate of ,282 + .046 reported by Singh (1958) in Tharparkar cows and
based on 194 animals with 3 intervals each. This estizate was corrected

for the effect of year and calving sequence., The slight difference may

be because of including in the present analysis all cows, even those
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Table 25, Analysis of variance of mates of sires

Source d.f, M,S.
Total 261

Between sires 36 364,570
Within 225 465,859

continued in the herd after information on their early progeny
performance was available. Only one of these four sires was extensively
used, No correction for this possible source of bias was made in the
present study. The second source would have little possibility to cause
bias in the present investigation.

The estimates of genetic progress worked out as Nnvwa -~ vmau and as

- 6.
thmumva are presented in Table 2

Table 26. Estimates of genetic progress per year

S 2(bpr = bey) "2 (s-p)1

Age at first calving = 2,90 months = 1,48 months
First lactation =

300-day milk production 67.7 1bs. 22,7 1bs,

First lactation

butterfat per cent .071 per cent - ,010 per cent
First calving interval - .66 months = .29 months

124

The estimates worked -
out as NAcMH emﬂv are considerably larger
than those worked out as -2b

(s-p)7* The latter seems more dependable ng

the method tends to eliminate any effect of year-to-year fluctuations in

th
e envirooment. The estimates by the latter method indicate an annual

genetic fmprovement of about 23 1bs, of milk or 1.5 per cent of the

average first lactation yield, Age at first calving decreased about

one and a half month per year, butterfat per cent decreased about ,01

PEr cent per year, and calving interval decreaged about

+29 month per
year.

2, Estinate from direct selection

The selection in this herd was primarily based on milk production

with 1little attention paid to any other production or reproduction trait.
The expected genetic change in milk production through direct selection

vas evaluated using the method suggested by Rendel and Robertson (1950).

a. Selection of dams of bulls Genetic superiority of each dam

was estimated by the following formula:

2

Genetic superiority = 1 Mrmnlwvn [dam's average - herd average]

where

n = number of lactations,

rN = heritability and was taken as .46, the pooled estimate
found in this study,

r = repeatability and was taken as .63, the intraclass

correlation estimate found in this study.
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Table 28. Surmary of selection practiced

Path Generation interval Genetic superiority of the parents
(rears) Pounds of As a per cent of
milk the herd average
Loa 8.5 501 34.9
Hmo 6.8 21 ) 1.2
Hnn 7.1 47 2.9
und 9.0 564 co 39,0
IL 31.4 IT 1134 -, ‘\wv\ I1 78,0

average in their study was based on production over all the years the
data were available., The herd size was about 70 in both the herds,
The genetic superiority of sires was calculated using weighted deviatfons
of the sires' corrected indices (based on daughter-dam comparison) from
the overall herd average. Only 30 per cent of the sires used had six
daughter—dan pairs, a condition for inclusion in the calculations for the
genetic superfority of sires. These estimates of genetic gain are smaller
than the one in the present study. The differences could partly be
explained on the basis of small herd size, of no definite culling policy,
relatively smaller estimates of heritability and including a limited
number of sires in calculating the genetic superiority of sires in the
herds studied by these authors.
The rate of probable annual genetic gains (expressed as a percentage

of the herd average) reported by Amble et al. (1958b) and in the present

study are larger than most estimates reported on European and American

—y -
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cattle; the absolute rates of genetic gain are much smaller, however
’ L]

Rendel and Robertson (1950) have shovm that in a closed herd of about

100 cous the expected genetic improvement {is about 1.0 per cent of the
herd average per year under the following assumptionss:

(1)

There i{s no progeny testing and the bulls are chosen solely
on the milk records of their dams,

(2) The selection is being practiced only in choosing cows to

breed from and is based only on the first lactation,

(3) The natural mortality rates are 1/6 in the first three
lactations and 1/3 for the fourth and later,

(4) About 39 per cent of the females are culled on their production

and the bulls are bred from the top 5 per cent of the cows in

the herd.

(5 gy <20 Y and g, = .10 ¥, where Y 1s the average yield of the
herd.

(6) Sum of generation lengths in about 13 years.

Under the above conditions about one quarter of the expected genetic
gain comes from the early culling of heifers and the rest comes from the
selection of dams of bulls. These authors, however, observed a genetic
improvement of .7 per cent per year against the maximum of 1,0 per cent
from their study of a partially closed herd. The rate of expected genetic
improvement can increase to 1.1 per cent per year in case of progeny
testing Iin such a herd (Robertson and Rendel, 1950). Specht and McGilliard

(1960) following the method suggested by Rendel and Robertson (1950), have
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shown that in a herd of about 100 cows the genetic progress with progeny
testing exceeds that expected without progeny testing by as much as 20
per cent when 60 per cent or more of the females are mated to three or
four young sires and one of them is selected.

Genetic improvement of 2.5 gallons of milk or 1.38 per cent per year
was observed by Robertson (1950) in a closed herd of Fulani cattle at
Shika, Nigeria, over a period of 13 years. Rendel et al. (1951) reported
a probable genetic improvement of .3 to .4 per cent per year due to
selection of dams of cows and dams of bulls in 22 high-yielding British

herds of seven breeds, A genetic selection differential of .6 per cent
per year was reported in the Iowa State University Holstein herd by Walton
(1961).

Higher values of heritability and repeatability and a larger
variation in lactation yield (C.V. = 40 per cent to 55 per cent) observed
in the Indian herds should be to a large extent responsible for higher
Tates of probable genetic Improvement (expressed as a percentage of the
herd average) in Indlan cattle compared to European and American cattle.

The estimate of genetic progress in the present herd could have
been biased 1f the heritability and repeatability and age correction
factors used were incorrect., The heritability and repeatability
and age correction factors used were estimated from the data used
for estimating the genetic gain. These estimates, though more ap-
propriate than those from other studies, must have been affected by the

genetic and environmental trends and the 1imited amount of data, Host
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other estimates of heritabflity and repeatability for Indian cattle

available in the literature vere based on much the same volume of data

as in the present study, and must have been affected by similar genetic

and environmental trends. zmpnomtthmpu has shown that small errors in

8ge correction factors have little effect on the estimates of genetic

superiority of selected parents, He hag also pointed out the merit {n

-uhcanﬁam.wmo@mmnﬁaa.nn.nra first lactation nac»4nun=m instead omAnro

mature equivalent, the important reason belng that all cows have o first

record, but only a few cows reach maturity, If the correctifon factors

were in error, a small bias would be introduced into the data by adjusting

the part of the distribution curve that contained the lowest frequency of

observations. As records in the present study were adjusted to the first

lactation equivalent, bias due to incorrectness of age correction factor,

if any, would be small. The incorrectness of the estimates of heritability

and repeatability, if any, would have affected the estimates of genetic
selection more serlously. In spite of a number of limitations the esti-
mate of probable genetic gain per year indicates a large genetic improve-—

ment in milk production im the herd since i{ts establishment.

3. Comparison of the penetic propress expected from direct selection with

the penetic progress calculated from the regression estimate

An estimate of annual genetic progress of the first lactation milk
production obtained as |~vnmimva (twice the pooled Intra-sire regression
of sire progeny performance deviated from herd average on time) is lower

than the expected annual genetic progress from selection of 36 pounds or
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