GENETIC ANALYSIS OF GROWTH
FROM |
BIRTH TO 12 MONTH OF AGE
IN JAMNAPARI GOATS

IZATHAGAR

THESIS SUBMITTED IN PARTIAL FULFILMENT
OF
THE REQUIREMENTS FCR THE DEGREE

OF
MASTER OF VETERINARY SCENCE

IN
IAL GENETICS & BREEDING

By
Sanjeev Kumar

TO

INDIAN VETERINARY RESEARCH INSTITUTE
IZATNAGAR (U.P.) - 243122 |

1987



DEDICATED
TO
MY PARENTS




Dr. P.N. Bhat,
MM.Se., Ph.D. [Purdue]

Director.

Indian Veterinary Research lhstitute
Izatnagar, [UP] - 243122

CERTIFICATE

Certified that the research work embodied in this
thesis entitled "GENETIC ANALYSIS OF GROWTH FROM BIRTH
TO 12 MONTHS OF AGE IN JAMNAPARI GOATS" submitted
by Dr. Sanjeev Kumar for the award of Master's Degree of
Indian Veterinary Research Institute, is the original work carried

out by the candidate himself under my supervision and guidance.

It is further certified that Dr. Sanjeev Kumar has
worked for more than 24 months in the Institute (or at places
recognised by the Institute) and has put in more than 150 days'
attendance under méj from the date of registration for the

Master's Degree of University as required under the relevant

ordinance.

' W7
[ P.N. BHAT ]

SUPERVISOR



CERTIFICATE

Certified that the thesis entitled "GENETIC ANALYSIS
OF GROWTH FROM BIRTH TO 12 MONTHS OF AGE IN
JAMNAPARI GOATS" submitted by Dr. Sanjeev Kumar in partial
fulfilment of M.V.Sc. Degree of Indian Veterinary Research
Institute, embodies the original work done by the candidate.

The candidate has carried out his work sincerely and methodi-

cally.

We have carefully gone through the contents of the
thesis and are fully satisfied with the work carried out by the
candidate, which is being presented by him for the award of
M.V.5c. Degree of this Institute.

It is further certified that the candidate has comple-
ted all the prescribed requirements governing the award of

M.V.Sc. Degree of Indian Veterinary Research Institute.

[y

[
‘ /;e\?‘ﬂ/

Signature of External Examiner [ P.N. BHAT ]
CHAIRMAN

Members of Student's Advisory Committee

.
DR. V.K. TANEJA \ / GM/!;
218D

DR. RAJENDRA SINGH




ACKNOWLEDGEMENT

1 consider it a great privilege to record my deepest sense of
gratitude to Dx. P.N. Bhat, Director, Indian Ueteudnary Research Indti-
tute, lzalnagar for his relentless cefforts, able guidance, constant
inspiration, constructive counsel and critical appreciation throughout
the course of thls dmvestigation.

Author feels highly indebted to Dr. (Mxs.) P.P. Bhat, Dr. U.K.
Tanefa and D1. R. Singh fox offering condtructive cxiticism and useful
suggestions throughout the investigation peiiod.

Thanks azxe due to D1. G.C. Mohanty, Joint Director |Academic)
go1 providing the necessary facilities.

The {inancial assistance in the form of IWRI Junior {ellowship
{6 grategully acknowledged.

Thanks ate also due to Shu R.C. Garg, Incharge, Computex
Centre, for providing computalion gacllities, to Shu G.S. Bisht fox
his help in analysls of data and entire staff of Computer Centre fox
their assistance and cooperation. Help by Shii S.K. Palia & also acknow-
ledged.

As one grows older one feeds {ncreasingly conscious of the
debt owed to all those colleagues and all those {riends with whom
one has lived, wotked and had contacts from time to time. It i impossi-
ble to acknowledge a debt of this nature individually. However, 1
wish lo express my deepest sense of appreciation and thanks to my
best ftiend, D1. U.K. Saxena, but for whose moral support 1 could
not have accomplished my task.

Whexe the emotiont are involved, woxrds cease to mean. Thete
are no woids to pay regards to my parxents who took pains, pains
and pains to biing me to this stage. The moral support provided by
my brothexs, sister and other family members cannot be appreciated
in mere words.

The author would ULke to thank Shui N.L. Varma for typing

the manuscript neatly,
\ew“‘““/
Q,Q/’

[SANIJEEV KUMAR]



CONTENTS

SLNo. Chaptexs Page.
1. INTRODUCTION corc 1
2. REVIEW OF LITERATURE

Birth Weight 5

Body Weights and Measurements 22

Weight-Measurement Relationship

and Prediction of Body Weight On

the Basis of Body Measutements 38
3. MATERIALS AND METHODS 44
4. RESULTS AND DISCUSSION

Bith Weight 58

Body Weights and Measutements 71

Weight-Measutement Relationship

and Prediction of Body Weight On

the Basis of Body Measutements ... 123
5. SUMMARY L. 136

6. REFERENCES eenne 140

D R S D R O R o o e S E N S T R R D £ E C e C R R £ R C B E ot m M i o ) o o oo P et o ok oo o A olo o o o s e o P o o e B
e I R - RS P N S NN S F s N Ry



Chaptex - 1

I . th |
ene ﬂcanal¥§‘sufgrow thfrpmbzlr:th totwelvemon sofg‘q?_nl?_[?g:a arig_oats

e St B e e S e e e B e B R SR e e si=i=imis

-] B B, Beh Bl Bt B} el It ] -
P g G g ) e g e amy o G @ Pl g i gy —

genatcanalysisoigow thl o mbjT th o tw BTvamontheo! agelnarmnan el aa



INTRODUCTION

The goat, commonly referred to as "The Poorman's Cow" in
India and "The Wet Nurse" in Europe, is a small ruminant of the order -
Artiodactyla, suborder - Ruminantia and family - bovidae (hollow
horned), and belongs to the genus Capra and species hircus (Asdell,
1946).

Archaeological evidences (Zeuner, 1963) show that goat was
the earliest ruminant and probably the first animal after dog to be
domesticated by man. There are still different schools of thought
about the origin of domestic goats. Although origin of domestic goats
has not been finally established on the basis of genetical studies so
far, nevertheless, comparative morphological research and some infor-
mation from breeding experiments suggest that wild Bezoar (C. aegag-
rus) of South-west Asia may be considered as the progenitor of domes-

tic goats.

The goat empowered with the special qualities of adaptation
to harsh environment, has the widest ecological and geographical
distribution from extreme tropical rain forests to the driest deserts
and from coldest uplands to hotest plains where other domestic ani-
mals cannot survive (Epstein, 1965). Goat manifests a high reproductive
capacity and has been described to be highly disease tolerant (Horst,
1976).

Most goat populations are found in tropics, the reason being
their small size, large surface area relative to body weight and limited
subcutaneous fat cover which makes them relatively more adapted

to the areas of high temperature than to cold climate (Shelton, 1978).

Goat is most appropriate for low stocking rates in areas where
density of high quality forage is low (McDowell, 1986) and they can
survive in heavy covered brouse areas where cattle can barely survive
(Mackenzie, 1978 and McCammon-Feldman, et al., 1981).

There are around 460 million goats in the world, over 90%
of them are distributed in the two continents, Asia and Africa (250
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and 155 million, respectively). India possesses largest goat population,
approximately 81 million, China, having 63 million Is at second place
(FAO, 1985).

Goats are useful for both milk and meat. It is the principal
meat producing animal in India. They produce about 1230 thousand
M tonnes of milk which is 3% of the total milk produced in India,
besides they contribute about 1.54% of the total goat milk production
in the world. Goats produce about 315 thousand M tonnes of meat
which is 35.87% of the total meat produced in India from livestock
except poultry. This quantity is 15.2% of the total goat meat produced
in the world. Goats contribute about 3.74% of the total meat produced
in the world from ruminants (FAO, 1985).

Goats have been recognised as the most effective livestock
species for promoting the health and economy of poor people in the
developing countries (Senger, 1980). The economic gain that goats
offer to their owners have been assesed at a cost benefit ratio of
1:11.7 and an investment return rate (IRR) value of over 30% which

is much more than any bank can give as interest (Senger, 1976).

According to Acharya et al. (1982) native goats are in general
far more economical than native sheep and cattle. The superiority
of goats is related to their higher reproduction rate, better digestive
efficiency of cellulose and inquisite behaviour through their mouth
parts which enables them to thrive even on scrub lands where other

animals cannot.

Goat exhibits a high ratio of body weight to milk yield compared
to other tropical milk animals. The nutrient input to produce ! Kg.
of milk is distinctly less in goat than in cattle and buffalo (Horst,
1976).

The nutritive value of goat milk is similar to that of cow's
milk and it is believed to be more easily digestible than that of cow,
buffalo or sheep. Unlike cows' milk, which is acidic in nature, goat
milk is alkaline and therefore, recommended for infants and persons

with hyperacidity (Prakash and Jenness, 1968 and Jenness, 1974).
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Goat meat is more lean than mutton (Devendra, 1980). Higher
protein and low calories in chevon as compared to mutton, pork, beef
and poultry, make it of special interest to the people who are diet

conscious (McDowell and Bove, 1977).

In India, goat husbandry has been accorded very low priority.
The general belief that goats lead to desertification was responsible
for this state. Goats have been shown to be beneficial to them under
situations of degraded lands at the density of one animal along with
its followers per acre (Acharya, et al.,, 1982). Indian planners have
recently considered the contribution made by goats to the nation-
al income and their role in providing health and economic employment
to the large number of small and marginal farmers and landless labou-
rers including the urban poor. They have planned to improve native
goats. A Central Institute for Research on Goats has been started
at Makhdoom, Mathura (UP).

A recent World Bank study (1983) based on an analysis of 80
research projects on a regional basis concluded that there was a lack
of support within developing countries and within international donor
and lending agencies for research on goats. The report also found
that little emphasis was given to research and training in develop-
ing countries. Inspite of the lack of the development programme for
goats, in India, the population of goat has increased at the rate of
one million (2%) per annum during past 25 years. Taneja (1979) attri-
buted a high rate of reproduction, relatively higher resistance to dis-
ease and marketing facilities to be the factors for this increase.

Despite the fact that India possesses largest goat population
and produces maximum meat in the world, this amount is far less
than the need of Indian people. Since there is a continuous rise in
the human population of India, there is a long standing gap between
the requirement and production of goat meat. In order to cope with
this demand, it is necessary to improve the performance of our indi-

genous breeds.

India has the largest diversity of breeds of goat. Owen (1975)
reported that important meat producing breeds exist in the tropical

Asla and far east as well as in Africa. Devendra (1980) suggested
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Jamnapari as one of the important breeds for meat production in
tropics. Since carcass characters are highly heritable than the {fitness
(reproductive) traits, there is considerable scope for use of Jamna-
pari breed which appears to be genetically superior with regards to

carcass traits as an improver breed (Owen et al,, 1978)

Jamnapari is one of the best dual purpose breeds of North -
Western India, found in Etah District of Uttar Pradesh and ravines
of Chambal and Jamuna rivers with a population size of 0.580 million
and an average flock slze of 16. Their home tract is spread around
Agra, Mathura and Etawah District in Uttar Pradesh and Bhind and
Morana in Madhya Pradesh. Jamnapari has been exported to a number
of neighbouring countries for improvement of local stocks and has
contributed to the development of famous Anglo-Nubian breed (Achar-
ya, 1982; Acharya and Bhat, 1984 and Bhat et al., 1981).

Not much work has been done so far at selection combined
with planned breeding to evolve selected strains of high potential
for meat and milk from Jamnapari breed. Some biometrical studies
in terms of body weight, body measurements, production and repro-
duction performance have been reported (Johri and Talpatra, 1971
and Singh, 1973). Therefore, it is Important to intensify research on

| growth, production and reproductive periormance of this breed.

Growth is the most important trait to meet the desired goal
of milk, meat and fibre etc. A faster growth rate to produce more
meat at an early age and cheaper cost can be achleved through select-
ion, hence, while chalking out a breeding program it is extremely
essential to study and establish the growth potential of this goat
breed.

In the present study an attempt has been made to study growth
in terms of body weight and body measurements from birth to 12
months of age and some biometrical correlations between body weight
and body measurements in Jamnapari goats. The effects of various
factors like year and month of birth, sex, type of birth and dam's
weight at kidding on weight and measurements have also been studied.
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REVIEW OF LITERATURE

Growth has been defined by many workers from time to time.
Scholoss (1911) defined growth as a "Correlated increase in the mass
of body in a definite interval of time in a way characteristic of the
species", whereas, Brody (1945) defined growth as "a relatively irreversi-
ble time change in the measured dimensions" which indicated growth
in terms of body weight as well as body measurements. Regardless
of its definition, this Is the most important single genetic trait on

which a breeding plan has to depend.

BIRTH WEIGHT

Factors Affecting Birth Weight
Sire

Singh (1973) studied various genetic and non-genetic factors
affecting birth weigh;: of 315 Jamnapari kids sired by 4 bucks and
maintained at State Sheep and Goat Farm, Orai, Jalaun (UP). Data
were corrected for these effects and tested for the averages of birth
weight by analysis of variance. The results revealed that sires had
no significant effect on birth weight of their kids. A negative estimate
of heritability was obtained, which was ascribed to sampling fluctuat-

ion.

Mavrogenis et al. (1984) studied genetic and environmental
causes of variation in production traits of 1542 Damascus goats born
during 1977-81. Environmental factors included season, type of birth,
sex of kid, parity and interaction (type x sex). Sires within season
were considered as random with mean zero and variance %2- Sires

within a season had a significant effect on birth weight.

Year of birth

Guha et al. (1968) studied causes of variation in growth rate
of 113 female and 121 male Black Bengal kids sired by 13 bucks.



They examined the effects of year, season of kidding, sex and type
of birth on birth weight, weaning weight (16 weeks), market welght
(36 weeks) and yearling weight (52 weeks). They reported that year
of birth had a significant effect on birth welght.

Castillo et al. (1976) found that birth weight of Nubian, Alpine,
Toggenburg and Saanen kids In Venezuala was significantly affected

by year of birth.

Montaldo and Juarez (1980) studied factors affecting birth
weight of 243 French-Alpine, 62 Anglo-Nubian, 98 Granada, 89 Saanen
and 87 Toggenburg kids. They reported that year of birth had signi-
ficant effect on birth weight.

Mohd-Yusuf et al. (1981) examined the effect of different
non-genetic factors on birth weight of 16 Saanen x Katjang, 17 Anglo-
Nubian x Katjang, 13 DBritish-Alpine x Katjang and 42 Katjang Kkids.
They reported that year of birth did not affect birth weight.

Darokhan and Tomar (1983) studied the effect of sex, year,
age of dam on birth weight of 474 Changthang kids sired by 15 bucks
and born during 1975 to 1979, maintained at Upshi, Leh (Ladakh).
Least-squares analysis revealed that year of birth had a significant
effect on birth weight.

Khan and Sahni (1983) studied pre-weaning body weights and
linear body measurements of 111 Jamnapari kids born In March-April
and September-November during 1976-78, maintained under semi-arid
farm conditions and reported that year of birth did not affect birth

weight.

Nagpal and Chawla (1984) examined the effect of various non-
genetic factors on body weights from birth to 24 months of age on
135 male and 159 female Beetal and 11l male and 105 female Alpine
kids born during 1972-82. They reported that year of birth had a signi-
ficant effect on birth weight in both breeds.



Malik et al. (1986) studied the influence of various non-genetic
factors such as year, season, type of birth, sex, and dam's weight
at kidding on preweaning growth In Beetal and Black Bengal goats.
The study involved 1174 kids born during 1979 to 1982. Year was
considered as a fixed effect and found to have no significant effect

on birth weight.

Type of Birth

Dutta et al. (1963) studied the birth weight of 42 Jamnapari
kids and reported that birth weight of kids born as single, twin and
triplet averaged #.12:0.13 3.43:0.09 and 2.45:0.00 kg., respectively.
They concluded that singles welghed more than twins and triplets

at birth.

Guha et al. (1968) studied growth rate of 234 Black Bengal
kids from birth to 1 year of age and reported that type of birth had
a significant effect on birth weight and twins were heavier than singles.

Seth et al. (1968) studied factors affecting body weight of
Barbari kids and reported that type of birth had no effect on birth
weight.

Singh (1973) examined the effect of different factors on birth
weight of 315 Jamnapari kids. He reported that birth weight averaged
4.54+0.05 and 4.17:0.05 kg. for singles and twins, respectively. Singles

were heavier than twins.

Castillo et al. (1976) reported that type of birth had significant
effect on birth weight of Nubian, Alpine, Toggenburg and Saanen
kids.

Singh et al. (1977) reported that for 10 Saanen, 43 Barbari,
23 local, 9 1/23 1/2S, 8 3/4S /43, 6 1/23 }/2L and & /2B 1/2S goats,
birth weight for singles and twins averaged 2.714:0.152 and nil (since
there were no twin-born kids), 1.775:0.108 and 1.645+0.079 kg., 1.350%
0.128 and 1.202:0.083 kg., 3.152:0.104 and 2.750:0.250 kg., 2.745:0.171
and 2.245:0.127 kg., 2.350+0.10!1 and 2.050+0.301 kg. and 1.868:0.142



and 2.142:0.207 kg., respectively for 7 breed groups. They observed
that except in two type of crosses, viz. Barbarl x Saanen and local
x local, the average birth weight of kids born as single was higher
than those born as twins., The averages were tested by t-test and
found to be non-significantly different from each other.

Mittal and Pandey (1978) carrried out research on 62 Barbari
kids born in spring season to study growth rate from birth to 9 months
of age. Birth weight of singles averaged 1.95:0.29 and 1.98:0.18 kg.
for male and female, respectively, Twins of similar sex averaged
1.7410.20 and 1.8220.17 kg. for males and females, respectively. Corres-
ponding values for twins of dissimilar sex were 1.78+0.16 and 1.70+0.20
kg. Although twins had lower birth weight than singles, the difference

was statistically non-significant.

Nath and Chawla (1978) studied birth weight of 147 Beetal,
87 Alpine, 152 Alpine x Beetal, 99 Saanen x Beetal and 53 Saanen
x Alpine x Beetal kids maintained at NDRI, Karnal. They reported
that male kids born as single had higher birth weight than twins and
triplets in all breeds except Saanen x Alpine x Beetal cross where
twins were heaviest. Similarly, single females were heavier than twins
and triplets. Analysis of variance revealed that effect of type of
birth on birth weight was statistically non-significant. This observation
does not seem logical and can result only if the dams are badly mana-

ged during gestation.

Mittal (1979) studied birth weight and the factors affecting
it on 140 Barbari and 46 Jamnapari kids. Author reported that although,
singles were heavier than twins in both breeds the difference was

statistically non-significant.

Montaldo and Juarez (1980) observed that type of birth had
a significant effect on birth weight in 243 French-Alpine, 62 Anglo-
Nubian, 98 Granada, 89 Saanen and 87 Toggenburg kids.



Mohd - Yusuf et al. (1981) reported that overall birth weight
averaged 1.98 kg. for single born kids and 1.64 kg. for twin born kids
in 16 Saanen x Katjang, 17 Anglo-Nublan x Katjang, 13 British-Alpine
x Katjang and %2 Katjang Kkids. They further reported that singles
were significantly heavier than twins (P¢0.05) indicating that type
of birth had significant effect on birth weight.

Sarma et al. (1981) examined body weights from birth to 6
months of age, weight-gains and effects of type of birth and season
of birth on above traits on 136 farm-born Assam local kids between
May, 1977 and December, 1978 at Goat Breeding Research Station,
Burnihat. They reported that birth weight averaged 1.29+0.05, 1.04:0.04
and 1.2610.05 kg. for singles, twins and triplet, respectively. Singles
were heaviest. Analysis of variance revealed that type of birth had
significant effect on birth weight.

Khan and Sahni (1983) analysed the data on birth welght of
111 Jamnapari kids and found that type of birth had a significant
effect on birth weight.

Ozekin and Akcapinar (1983) reported that birth weight averaged
2.5 kg. for singles and 2.4 kg. for twins in Angora goat. Analysis
of data revealed that type of birth had a significant effect on birth

weight and singles were heavier than twins.

Prasad (1983) reported that single born kids from nulliparous
females were even lighter than twin born kids from mature multiparous

females at birth.

Singh et al. (1983a) studied growth of 89 male and 99 female
Black Bengal and 90 male and 59 female crossbreds and examined
different factors affecting growth. They reported that type of birth
had a significant effect on birth weight.

Mavrogenis et al. (1984) examined the influence of various
factors on birth weight of 154 Damascus kids. Least-squares analysis
(Harvey, 1975) was used for this purpose. It revealed that type of
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birth had a significant effect on birth weight. Singles were heavier
than twins or other multiples at birth (P<0.01) in Damascus goat.

Sarma et al. (1984) studied body weights and body measure ments
of 61 Assam local x Beetal kids of preweaning age maintained at
Assam Agric. Univ. station at Burnihat. They examined varicus factors
affecting birth weight. They reported that it averaged 1.51:0.07 kg.
for singles and 1.30:0.04 kg. for twin born kids. Type of birth had
significant effect on birth welght. Singles were heavier than twin
born kids (P<0.05).

' Baik et al (1985) examined the effect of various factors on
preweaning growth on 157 Korean native kids and reported that type
of birth had significant effect on birth weight.

Malik et al. (1986) analysed the data by least-squares method
of fitting constants, on birth weight of 1174 kids (Beetal, Black Bengal
and their crosses). They reported that effect of type of birth on birth
weight was highly significant (P{0.01). The kids born as single had
a higher birth weight (2.10 kg.) than those born either as twins (1.76
kg.) or as triplets (1.35 kg.).

Sex of Kid

Dutta et al. (1963) reported that birth weight for male and
females averaged 3.59:0.383 and 3.62:0.46 Kkg., respectively. They
concluded that sex of kid had no influence on birth weight in Jamnapari

goat.

Seth et al. (1968) reported that birth weight of male kid was
higher than female kid in Barbari goat and concluded that sex had

a significant influence on birth weight.

Prasad et al. (1971) studied live weight gains in Barbari kids
from birth to 1 year of age and found that male kids were significantly
heavier than female kids for both single and multiple births.
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Singh (1973) studied birth weight of 315 Jamnapari kids and
reported that birth weight for male and female averaged .9210.08
and #4.25+¢0.06 kg. for single born kids and 4.46+0.08 and 3.96x0.06
kg. for twin-born kids, respectively. He concluded that males were
heavier than females (P<0.01).

Singh (1975) on the basis of his study on birth wieght of 511
kids belonging to Angora and Gaddi crosses reported that sex had
a significant effect on birth weight of kids.

Castillo et al, (1976) reported that sex had a significant influ-
ence on birth weight of Nubian, Alpine, Toggenburg and Saanen kids.

Singh et al. (1977) recorded the birth weight of 10 Saanen,
42 Barbari, 23 local, 9 1/23 1/2S, 8 3&S 1/4J, 6 1/2] 1/2L and 8 1/2B
1/2S kids. They employed t-test to ascertain the effect of sex on
birth weight and reported that in all groups males were heavier than

females which they attributed to the hereditory factors.

Mittal and Pandey (1978) studied growth rate on 62 Barbari
kids. They reported that there was no significant difference in birth

weights of male and female kids born as either single or twin.

Nath and Chawla (1978) studied birth weight of 538 kids (Beetal,
Alpine and their crosses). They reported that effect of sex on birth
weight was highly significant (P<0.01) and male kids of all breeds

and those of crosses registered higher birth weight than females.

Mittal (1979) studied birth weight of 140 Barbari and 46 Jamna-
pari kids. They noticed a significant effect of sex on birth weight
(P<£0.05) in both the breeds. Males were heavier than females. He
explained this to be due to male sex hormone secreted by gonads,
which has an anabolic effect (Hafez, 1962), therefore males grew

faster during prenatal development.

Ali (1980) studied the relationship of birth weight with post-natal
growth in 162 Black Bengal kids maintained at Bangladesh Agricultural
University and reported that birth weight of Black Bengal for 77 male
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and 90 female kids averaged 1.80:+0.08 and 1.75:0.06 lb,, respectively.
Apparently there was a difference In birth weights of male and fe male
kids but it was not statistically significant. Therefore, he ‘concluded
that sex had no influence on birth weight of Black Bengal kids.

Montaldo and Juarez (1980) reportéd birth weight of male and
female kids as 3.42 kg. VS 3.10 kg. for 243 French-Alpine, 62 Anglo-
Nubian, 98 Granada, 89 Saanen and 67 Toggenburg kids. They reported
that sex had a significant effect on birth weight.

Cyprus, Agricultural Research Institute, annual report (1981)
detailed the birth weight for 1542 Damascus kids. The male and female
kids averaged 4.7 and 4.2 kg.,, respectively. It was concluded that
males were significantly heavier than females at birth.

Mohd-Yusuf et al. (1981) did not find a significant diiference
between male and female kids for birth weight in 16 Saanen x Katjang,
17 Anglo-Nubian x Katjang, 13 British Alpine x Katjang and 42 Katjang
kids.

Darokhan and Tomar (1983) studied birth weight of 474 Chang-
thang kids and reported that sex had a highly significant effect on
birth weight. Male kids were heavier than the female kids and this
could be due to the effect of male sex hormones, which has anabolic
effect (Hafez, 1962) and thus male foetus grew faster during prenatal

development.

Khan and Sahni (1983} studied birth weight of 11l Jamnapari
kids and reported that birth weight was significantly affected by sex
of the kid.

Ozekin and Akcapinar (1983) reported that for 153 Angora
kids, birth weight averaged 2.6 kg. for males and 2.4 kg. for females,
the difference being significant.

Singh et al. (1983a) studied the growth rate of 198 Black Bengal
and 149 1/2 Jamnapari 1/2 Black Bengal kids and reported that birth
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weight for male and female in 2 breed groups averaged 1.3 and 1.2
kg., and 1.4 and 1.4 kg., respectively. They reported that sex had
a significant effect on birth weight.

Singh et al. (1983b) examined the effect of various factors
affecting birth weight and weaning weight on the kids born during
1966-69 and reported that birth weight in Jamnaparl and Barbari
kids was significantly affected by sex of the kid.

Chawla et al. (1984) employed least-squares technique to study
the effect of sex on body weight at birth on 294 Beetal, 216 Alpine
and 42 Saanen kids born during 1972-1982, reared in confined housing
and were mostly weaned at birth. They reported that sex had a signi-
ficant effect on birth weight in all the three breeds and males regis-

tered higher body weight than females at birth.

Mavrogenis et al. (1984) studied the influence of sex of kid
on birth weight of 1542 Damascus kids, along with other non-genetic
factors such as type of birth, season etc. Least-squares technique
revealed that sex of kid had highly significant effect on birth weight
of kids (P<0.01). Male kids were heavier than female kids.

Misra and Rawat (1984) analysed the data on birth weight of
242 Sirohi kids by weighted analysis of variance to examine the effect
of season of kidding, sex of kid and their interaction on weight and
configuration. They showed that sex had highly significant effect
on birth weight (P<0.01) and males were significantly superior to
females with respect to body weight and all body measurements at
birth.

Nagpal and Chawla (1984) reported that sex had a significant
effect on birth weight of 294 Beetal and 216 Alpine kids.

Sarma et al. (1984) studied the effect of various factors on
birth weight and showed that sex did not influence birth weight of
61 farm-bred Assam local x Beetal kids.
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Baik et al. (1985) reported sex to be an important source of

variation for birth weight of 157 Korean native goats.

Naik et al. (1985) studied some factors affecting body weights
at different ages in Ganjam goats. They reported that sex had a signi-
ficant effect on birth weight of 418 Ganjam kids.

Malik et al. (1986) analysed the data on birth weight of 1174
kids from Beetal, Black Bengal and their crosses by the least-squares
method of {itting constants. They showed that sex had highly signi-
ficant effect on birth weight (P<0.01) and male kids (1.82 kg.) were
significantly heavier than female kids (1.66 kg.).

Season/Month of Birth

Prasad et al. (1971) reported that season had no influence on
the birth weight of Barbari kids.

Singh (1973) studied the effect of season on birth weight of
315 Jamnapari. kids. The classification of season was : Summer (March
to June), Rainy (July to October} and Winter (November to February).
Results revealed that season of kidding had no influence on the birth

weight of kids.

Castillo et al. (1976) reported that month of kidding had signi-
ficant effect on the birth weight of Nubian, Alpine, Toggenburg and

Saanen kids.

Singh et al. (1977) studied birth weight of pure and crossbred
kids. Year was divided into three seasons, viz. winter {(November:
to February), Summer (March to June) and rainy (July to October),
to study the effect of season on birth weight of kids. Analysis of
variance (Snedecor and Cochran, 1968) was used for the above purpose.
Authors reported that summer as kidding season was inferior to winter
and rainy seasons. Poor nuiritional level due to inadequate grazing
and physiological stress resulting from heat and allied environmental
conditions might be accounted for it. Effect of season of birth on
birth weigﬁf was significant in Barbari but not in local goats. This
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could be due to acclimatization of local goat to the existing climatic
conditions. Barbari stock used in the study was brought here only
a few years back and it might not have adjusted to the changed climate.

Mittal (1979) studied birth weight of 140 Barbari and 46 Jamna-
pari kids. These kids were born in summer (April-May) and winter
(December-January). Analysis of data revealed that season had highly
significant effect on birth weight of kids. The winter-born kids were
significantly superior to the summer-born kids (P <0.01) in birth weight,
Author reported that winter was superior to summer as kidding season.
Poor nutrition accompanied by inadequate grazing and physiological
stress caused by excessive heat and other similar conditions was res-

ponsible for this effect.

Reynold (1979) reported that month of birth had no significant
effect on birth weight of 37 Malawi kids born in August and December.

Montaldo and Juarez (1980) reported that season of kidding
had no significant influence on the birth weight of French-Alpine,
Anglo-Nubian, Granada, Saanen and Toggenburg kids.

Sarma et al. (1981) studied the effect of seasons on birth weight.
They used birth weight records of 84 kids born in season 1 (October-
March) and 52 kids born in season 2 (April-September) of Assam local
breed. They reported that season of birth had non-significant effect
on birth weight though kids born in October-March (1.23:0.04 kg.)
were heavier than kids born in April-September (1.09:0.05 kg.), this
difference ‘might be due to the scarcity of greens during the gestation

period of dams giving birth in season 2.

Khan and Sahni (1983) analysed data on 111 Jamnapari Kkids
born In March-April and September-November during 1976-78 for
birth weight. They did not find any significant effect of season on

birth weight in Jamnapari goat.



~16-

Singh et al. (1983b) analysed data on birth weight of Jamnapari
and Barbari kids by least-squares analysis and reported that season

had a significant effect on birth weight.

Mavrogenis et al. (1984) studied birth weight of 1542 Damascus
kids born in 4 successive seasons (1977/78, 1978/79, 1979/80 and 1980/
81). Statistical analysis using least-squares procedure revealed that

season of kidding had a significant effect on birth weight.

Misra and Rawat (1984) analysed data on birth weight of 242
Sirohi kids born during 1977-78. The kidding took place in three seasons
viz. spring (February-March), mansoon (July-August} and autumn (Octo-
ber-November). Authors reported that birth weight was significantly
affected by the season of kldding. Effect of season on birth weight
is largly an environmental factor and is influenced by the intrauterine
environmental conditions during the prenatal life. Spring born kids
were having lower body weight at birth as compared to mansoon and
autumn born kids because their dams were under nutritional and environ-

mental stress.

Nagpal and Chawla (1984) reported that season had a significant
effect on birth weight of Beetal and Alpine kids.

Baik et al. (1985) reported that season of birth had a significant
effect on birth weight of Korean native kids. Kids born in spring or

summer were heavier than those born in autumn or winter.

Naik et al. (1985) analysed data on birth weight of 418 Ganjam
kids and found that season of birth had a significant effect on body
weight at birth.

Malik et al. (1986) analysed the data on birth weight of 1174
kids (Beetal, Black Bengal and their crosses) by the technique of least-
squares analysis. The two seasons of kidding observed were February
to April and September to November. They reported that season of
birth had a highly significant effect (P 0.01) on birth weight and
the kids born during February to April had a higher birth weight (1.85
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kg.) than. those born during September to November (1.63 kg.) The
variation in birth weight of kids in two seasons could be reflexion

of the availability of pasture to their dams.

Type of Birth x Sex of kid

Barbieri et al. (1983) investigated some productive and reproduc-
tive characteristics of 300 crossbred goats in the Matera area under
field conditions. They reported that sex difference was significant
for twins and the effect of type of birth was highly significant for
female kids with regards to birth weight.

Singh et al. (1983a) reported that interaction between type
of birth and sex was significant for birth weight of 188 Black Bengal
and 149 1/2 Jamnapari 1/2Black Bengal kids.

Mavrogenis et al. (1984) revealed that interaction of type of
birth with sex of kid had no influence on birth weight of 1542 Damas-
cus kids.

Nagpal and Chawla (1984) reported that sex within litter size
had a significant effect on birth weight of Beetal and Alpine Kkids.

Sarma et al. (1984) reported that interaction (type of birth
x sex) had no significant effect on birth weight of 61 farm-born Assam
local x Beetal kids.

Weight of Dam at Kidding

Prasad et al. (1971) reported that weight of dam at kidding
had a significant effect on birth weight in Barbari goats.

Ayoadae and Butterworth (1982) studied birth weight and weaning
weight of 107 Boer, 38 Malawi and 39 Boer x Malawi kids and reported
that dam's weight at parturition had no significant effect on birth
weight in either of the groups.

Khan and Sahni (1983) reported that dam's weight at kidding
had significant effect on birth weight of Jamnapari kids.
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Singh et al. (1983b) reported that weight of dam had no signi-
ficant effect on birth weight of Jamnapari and Barbari kids.

Malik et al. (1986) analysed the data by least-squares technique
considering weight of dam at kidding as covariate. They reported
that dam's weight at kidding had highly significant effect on birth
weight of kids in Beetal, Black Bengal goats and their crosses.

Correlation Between Birth Weight and Dam's Weight at Kidding

Mittal (1979) analysed data on birth weight of 140 Barbari
and 46 Jamnapari kids and their dam's welght at the kidding and calcu-
lated correlation coefficlent between birth weight and post kidding
weight of their dams. Author reported that 'r' values for male and
female kids were 0.914 and 0.699 in case of single born and 0.697
and 0.926 in case of twin born kids, respectively, in Barbari kids.
Corresponding 'r' values in Jamnaparl Kkids were 0.998 and 0.879,
and 0.917 and 0.714NS. Author concluded that there existed a close
assciation between dam's weight at kidding and birth weight of kids.

Mohd-Yusuf et al. (1981) reported a significant correlation
(r=0.4) between dam's weight at kidding and birth weight in 16 Saanen
x Katjang, 17 Anglo-Nubian x Katjang, 13 Pritish Alpine x Katjang
and 42 Katjang kids.

Heritability of Birth Weight

Guha et al. (1968) calculated heritabillty of birth weight by
regresszon of progenies' weight on dam's weight after kidding. They
reported h of birth weight as 0.067 in Black Bengal goats.

Castillo et al. (1976) reported heritability of birth weight as
0 (zero) in Nubian, Alpine, Toggenburg and Saanen goats.

Montaldo and Juarez (1980) estimated heritability of birth weight
as 0.56+0.17 in French Alpine, Anglo-Nubian, Granada, Saanen and
Toggenburg goats.
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Ali (1983) estimated heritabillty of birth weight from the data
on 324 Black Bengal kids sired by 9 bucks and malntained at Bangladesh
Agricultural University, Mymensingh by the method described by Becker
(1964). They reported that famlly heritability of birth weight in Black
Bengal goats, was 0.398:0.239 and it may respond favourably to indi-

vidual selection.

Darokhan and Tomar (1983) estimated heritability by Paternal
Half-sib Correlation method (Hazel and Terril, 1946) and pooled heri-
tability according to Dettmers (1962). The standard error of heri-
tability was calculated according to Dickerson (1959) for birth weight.
Heritability of birth weight was 0.06+0.01 for male, 0.04+0.]1 for female
and pooled h2 was 0.05+0.08. The low heritability indicated no measur-
able additive genetic variance, hence, no mass selection could be

practiced to improve the birth weight of kids.

Madeli and Patro (1984) estimated heritability by Paternal
Hali-sib Correlation method. The data used in the study was on 342
“Ganjam kids born as progeny of 28 sires and 216 dams. They reported
heritability of birth weight as 0.18:0.1%. Low heritability estimate
indicated that additive genetic variabili:cy at bhirth was less. Birth
weight being highly influenced by maternal effect, a low heritability

was quite expected.

Mavrogenis et al. (1984) analysed data on 1542 Damascus kids
and estimated heritability of birth weight by Paternal Half-sib Correlat-
ion method and reported it as 0.3120.08.

Correlation Between Birth Weight and Subsequent Growth/Body Weight

Dutta et al. (1963) determined the correlation between birth
weight and live weight at 1 month in Jamnapari goat. The correlation
coefficient (r=0.7) showed a high degree of correlation between birth
weight and live weight gain during the first month,
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Montemurro (1966) studied growth of crossbred Maltese goats
from birth to 40 days of age. He determined the correlation coefficient
between birth weight and 30 day weight. It was 0.83 indicating that
there existed a close association between birth weight and | month
weight. Guha et al. (1968) reported that birth weight had a significant-
ly fair correlation with yearling weight in Black Bengal goat. Wijeratne
(1968) reported a correlation coefficinet 0.57+0.16 between birth weight
and 1 year weight in south Indian goat.

Ali (1980) worked out the product moment simple phenotypic
correlation coefficients between birth weight and weight at 1, 4,
8 and 13 week of age in Black Bengal goats. They were 0.709, 0.401,
0.479 and 0.150NS, respectively in case of male. Coresponding values
in female were 0.573, 0.259, 0.399 and 0.259°°
the correlation coefficients between birth weight and first week weight

. 1t was found that

and those at 4#th and 8th week were highly significant in both sexes.
This indicated that effect of birth weight on subsequent live-weights
of kids was significant upto 8th week of their lives in both sexes.

Mohd-Yusuf et al. (1981) reported that birth weight was signi-
ficantly correlated with preweaning average daily gain (r=0.63) and
90 days weight (r=0.52) in 16 Saanen x Katjang, 17 Anglo-Nubian x
Katjang, 13 British Alpine x Katjang and 42 Katjang kids.

Ayoadae and Butterworth (1982) reported that their existed
a significant correlation between birth weight and weaning weight
in Malawi goats (r=0.48) and Boer x Malawi goats (r=0.47).

Madeli and Patro (1984) calculated the genetic, phenotypic
and environmental correlations between birth weight and body weights
at 6, 12, 18 and 24 month of age in Ganjam goats according to Falco-
ner (1960). They reported that phenotypic correlations between birth
weight and 6, 12, 18 and 24 month weight were 0.33410.065, 0.028+
0.076, 0.005:0.090 and 0.0911+0.096 respectively. Corresponding genetic
correlations were 0.920:0.078, -~0.351+0.458, -0.387+0.414% and -0.315%
0.550. Similarly, the environmental correlations were O0.141, 0.63,
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0.261 and -0.019 for 6, 12, 18 and 24 months respectively. Authors
reported that phenotypic correlation coefficients between birth weight
and weights at 12 months and above ages were very low and insigni-
ficant. So, it may be concluded that birth weight had no relation-
ship with weights at 12 month and subsequent ages. The genetic correla-
tion between body weight at birth and 6 months was very high and
positive which indicated similar genetic influence was prevailing in
both the ages. The phenotypic cotrelation was however, medium due
to low environmental correlation. The genetic correlation between
birth weight and weight at 12, 18 and 24 months of age were negative
which meant that kids having high body weight at birth genetically,
happened to attain low weight at 12, 18 and 24 months of age and
vice-versa. Environmental correlations were also low indicating that
the environmental influences at birth and at other ages were not

similar.

Mavrogenis et al. (1984) estimated phenotypic and genetic corre-
lation between birth weight and weaning weight, 140-day weight and
post-weaning growth rate in Damascus kids. The data on 1542 kids
sired by 85 bucks were used for the estimation of genetic parameters.
They reported that phenotypic correlation between birth weight and
weaning weight, 140-day weight and post-weaning growth rate were
0.43, 0.37 and 0.19, respectively. Corresponding genetic correlations
were 0.34x0.17, 0.41:0.17 and 0.28:0.19. They concluded that birth
weight was poorly correlated genetically with all other traits studied.
Phenotypic correlations were moderate indicating that birth weight
was not an important criterion to select for higher body weight at

subsequent ages.

Misra and Rawat (1984) reported that birth weight had highly
significant correlation (r=0.6823) with weaning weight (P£0.01) in
Sirohi kids and birth weight can be used as a basis of selection for

improving weaning weight.
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Malik et al, (1986) studied factors affecting preweaning growth
in Beetal, Black Bengal goats and their crosses, They also calculated
phenotypic correlations between birth weight and other preweaning
growth traits. They reported that phenotypic correlation between
birth weight and 1, 2, 3 month weight and preweaning gain (gm/day)
in Beetal goats were 0.33:0,07, 0.23:0.08, 0.17%°:0.02 and -0.03"":
0.00 respectively. Corresponding values in case of Black Bengal goats
were 0.43+0.05, 0.41:0.05, 0.25:0.06 and 0.04+0.06, respectively, Auth-
ors concluded that birth weight was mostly correlated positively and
significantly with preweaning growth traits. :

BODY WEIGHT AND MEASUREMENTS

Factors Affecting Body Weight and Measurements
Sire

Mukundan et al. (1983) examined the effect of various factors
on preweaning body weights on 140 Malabar and 177 Saanen x Malabar
kids born during 1974-77. They reported that sire had significant effect

on weaning weight of Malabar goats.

Mavrogenis et al. (1984) reported that sires within season had

significant effect on weaning and l40-day weights of Damascus goats.

Year of Birth

Guha et al. (1968) examined the effect of various factors on
body weights at different ages in Black Bengal kids born during 1956-
61. The data were analysed by t-test. They reported that weight-gain
from birth to 52 weeks was significantly affected by year of birth.

Mohd-Yusuf et al. (1981) reported that year of birth had a

significant effect on weaning weight in crossbreds.

Darokhan and Tomar (1983) reported that year of birth had
significant effect on birth weight and heart girth and height at withers
at birth (P<0.01) in Changthang kids.
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Khan and Sahni (1983) examined the effect of various factors
affecting body weights and body measurements at birth, | month,
2 month and weaning (3 month) on 111 Jamnapari kids born during
1976-78. They reported that year of birth had a significant effect
on body weight at | and 2 months of age.

Mavrogenis (1983) examined the effect of year of birth along
with other factors (month and type of birth, sex, sex x type etc.)
on 1542 Damascus kids born in four successive years (1977-1981) on
weaning weight, 140 day weight and pre-and post-weaning growth
rates. Author reported that year of birth had significant effect on
weaning and 140-day weight and so also the pre-and post-weaning
growth rates, which they attributed to dissimilar sanitary conditions,
some changes in feed texture (pelleted or mash concentrate feed

etc.) as well as body condition of the dam.

Mukundan et al. (1983) determined the effect of year of birth
on body weights at 1, 2 and 3 months of age and reported that year
had significant effect on body weight at all ages.

Nagpal and Chawla (1984) investigated the effect of year of
birth on body weights from birth to 24 months at 3 month interval
on 294 Beetal and 216 Alpine kids born during 1972-1982. They reported
that year of birth had significant effect on body weights at different

ages.

Nagpal and Chawla (1985) examined the effect of year of birth
on body weights from birth to 24 months on 1,641 crossbred kids
born during 1972-197% and reported it to be significant on weight
at birth and at varying ages in all the crossbreds except at 6 months
in Alpine x Saanen x Beetal. They attributed it to the differences

In genetic constitution and managemental practices.

Malik et al. (1986) studied the effect of various factors on
pre-weaning growth traits on 1175 kids born during 1979-1982 in Beetal,
Black Bengal goats and their crosses, The year effect was determined
by least squares method (Harvey, 1966) taking it as a fixed effect
and found to have significant effect on 1, 2 and 3 month weight (P¢
0.01) but not on birth weight.
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Type of Birth

Guha et al. (1968) reported that type of birth had no influence
on body welghts of Black Bengal goats at different ages except on
birth weight of male kids.

Seth et al. (1968) analysed data on body weights at birth, I,
2 and 3 months of age in Barbarl goats. They reported that male
born as partner to female waé significantly heavier than its female
counterpart at birth and so also the twin born male to twin born fe-
male. At 1 month, significant difference was found in the weights
of males and females born as single; males born as partner to females
were slgnificantly heavier than their female counterpart. No significant

difference could be found in the weights of twin males and females.

Prasad et al. (1971) reported that live weight gain from birth
to 1 year of age was not affected by type of birth in Barbari goat.

Castillo et al. (1976) reported that yearllng weight was not
affected by type of birth in Nubian, Alpine, Toggenburg and Saanen
goats.

Reynold (1979) studied the effect of type of birth on body
weights at 12 weeks and 24 weeks of age and reported that single
born kids had greater (P<0.01) average live weight at 12 weeks of
age (9.0£1 and 8.922 kg. for male and female, respectively) than kids
from multiple births (6.6+0.6 and 5.4:l.4 kg.). It has no effect on
body weight at 24 weeks of age.

Mohd-Yusuf et al. (1981) reported that at weaning (90 day)
singles (7.93 kg.) were significantly heavier (P (0.05) than twins (5.08
kg.).

Sarma et al, (1981) studied the influence of type of birth, season
of birth and their interaction on body weights at different ages in
Assam local goats. They reported that kids born as singles had higher
body weights than twins and triplets. The difference in body weight
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between singles and twins increased gradually upto 135th day, but
between singles and triplets it narrowed down after 90th day. Triplets
were heavier than twins. The kids with higher birth welght continued
to be heavier at later stages of growth. The reason for singles to
be heavier, given was that the dams with more than one kid could
not provide sufficient pre-and post-natal care to individual kids. This
difference can be reduced if extra milk is bottle-fed to kids born
as twins or triplets.

Khan and Sahni (1983) examined the effects of various factors
on body weight and body measurements In preweanlng period. They
reported that type of birth had significant effect on body weight
at birth, 1, 2 and 3 months and so also on body measurements (chest

girth, withers' helght and paunch girth).

Mavrogenis (1983) reported that type of birth had a significant
effect on weaning weight and 140-day weight in Damascus goats.
Since preweaning growth and weaning weight are a function of indi-k
vidual potential for growth, maternal effects (through milk and other\\
maternal genetic and environmental factors) and/or carry over effects |
of live weight at birth, litter size born and number of individuals ,‘
sucking, these are likely to be affected by type of birth. Singles were
heavier than twins and ftriplets at birth, weaning and 140 days of

age.

Mukundan et al. (1983) reported that type of birth had signifi-
cant effect on 1 month weight but non-significant effect on weights
at 2 and 3 months of age in Malabar and Saanen x Malabar goats.

Ozekin and Akcapinar (1983) examined the effects of various
factors on birth weight, weaning weight, 6 month and 1 year weight
on 153 Angora kids and reported that type of birth had significant
effect on birth and weaning weights and no significant effect on 6
month weight. '

Singh et al. (1983a) investigated the influence of various factors
on body weights at birth, weaning (12 weeks), 24, 36 and 48 weeks
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of age in Black Bengal and 1/2 Jamnapari 1/2 Black Bengal goats.
They reported that type of birth had a significant effect on body
welights at almost all ages.

Mavrogenis et al. (1984) reported that in Damascus goats, single
born kids were signlficantly heavier at birth, weaning and 140 days
of age than the kids in multiple births (P<¢0.0l). Type of birth did
not affect the post weaning growth rate, the reason may be that
the differences in early perinatal growth (until weaning) are caused,
to a considerable extent, by maternal factors, such as the size of
litter (reflected in individual birth weights), the availability of milk,
the number of suckings, and their vitality and aggressiveness.

Sarma et al. (198%) studied the effects of type of birth, sex
and their interaction on body weights and body measurements (body
length, height at withers and chest girth) of 61 As“s_;m local x Beetal
kids in preweaning period. They reported that type of birth had a
significan;t effect on body weight at birth and 45 days, and on body
measurements at 45 and 90 days. Singles were heavier than twins,
the reason may be that the does with more than one kid could not
provide sufficient pre-and post-natal care to individual kids. Singles
showed significantly larger (P <¢0.01) measurements (except at birth)
than those born as twins, They attributed it to the fact that single
born kids could get more amount of milk from their dams and grew

faster than those born as twins.

Baik et al. (1985) reported that type of birth had a significant
effect on body wieghts and body measurements through out the pre-

weaning period in Korean native goats.

Malik et al. (1986) examined the effects of various factors
on pre-weaning growth of Beetal, Black Bengal kids and their crosses.
They reported that fype of birth had a siginficant effect on all body
weights in pre-weaning stage. The kids born as single had a higher
mean birth weight than those born In multiple births. This trend was

maintained untll weaning (3 month).
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Sex of Kid

Guha et al, (1968) reported that gain in body weight from birth
to 52 weeks of age in Black Bengal goat was significantly Influenced
by sex of the kid.

Seth et al. (1968) reported that sex had a significant effect
on birth weight and 1 month weight of Barbari kids but not on 2 and
3 months weight.

Johri and Talpatra (1971) did not find any significant difference
in the growth rate of male and female Jamnapari kids from birth
to 15 weeks of age, though males were heavier than females at birth.

Castillo et al. (1976) reported that sex had a significant effect
on birth weight and yearling weight in Nubian, Alpine, Toggenburg

and Saanen goats.

Mittal and Pandey (1978) reported that although statistically
non-significant, male kids were heavier than female at each stage
of growth from | to 9 month of age in Barbari goats. This effect
might be due to sex hormone secreied by gonads which has an anabolic
effect (Hafez, 1962), thus male kids under the influence of male sex
hormone grew faster during pre- and post-natal development periods.

Mohd~Yusuf et al. (1981) reported that sex had significant
effect on preweaning average dally gain and 90-day weight (weaning
weight) In Katjang and crossbred goats.

Darokhan and Tomar (1983) examined the effect of sex of
kid on body weight and body measurements (body length, heart girth
and height at withers) on 474 Changthang kids. They reported that
it had significant effect on all 4 traits. Males were heavier and having
larger dimensions than females. This might be due to their fast prenatal
development because of the male sex hormone, which has an anabolic
effect (Hafez, 1962).
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Khan and Sahni (1983) analysed data on body weights and body
measurements at birth, 1, 2 and 3 months of age on 111 Jamnapari
kids and reported that sex had significant effect on birth weight,
chest girth, paunch girth and chest width at birth, paunch girth at
1 and 3 months and withers' height and chest width at 3 months.

Mukandan et al. (1983) reported that sex had significant effect
on body weights at 1, 2 and 3 months of age in Malabar and Malabar
X Saanen goats.

Ozekin and Akcapinar (1983) reported that sex had significant
effect on birth, 3, 6 and 12 months weight in Angora goat.

Singh et al. (1983a) examined the effect of sex on body weights
at birth, 12, 24, 36 and 48 weeks of age and reported that sex had
significant effect upto 24 weeks of age.

Mavrogenls et al. (1984) examined the effects of various factors
on birth weight, weaning and 140-day weights and pre-and post-weaning
growth rates of Damascus goats. They reported that male kids were
always heavier (P<0.01) and grew faster (P£0.01) than female kids.

e O

and body measurements (body length, heart girth, paunch girth and

B
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height at withers) at birth and weaning in Sirohi goat. They reported
that sex had significant effect on all traits at birth but only on heart

girth at weaning.

Nagpal and Chawla (1984) examined the effects of various
factors on body weights at birth and at 3 months interval upto 24
months of age for Beetal and Alpine goats. They reported that male
kids registered higher (P<0.05) body weights than female at birth
and at different chronological ages in Beetal and Alpine except at
6 months in Beetal and 3 and 6 months in Alpine, where the difference

was non-significant.

Sarma et al, (1984 studied the effects of various factors on
body weight and body measurements (body length, height at withers
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and heart girth) at birth, 45 and 90 days of age on 61 Assam local
x Beetal kids. They reported that though the male kids were heavier
than female but it was not statistically significant in all age groups.
The male kids were significantly superior to the female ones with
regard to their body conformation only at birth. These findings revealed
that after birth, both the male and the female kids achieved equal

body conformation.

Nagpal and Chawla (1985) reported that males were heavier
(P £0.05) than females in most of the crosses involving Alpine, Saanen
and Beetal at different ages.

Naik et al. (1985) examined the eifect of sex on 418 Ganjam
goats and reported that sex had significant effect on body weight
at birth but not on weights at 6, 12, 18 and 24 months of age.

Nicoll (1985) reported that males were heavier at weaning
than females (P<0.001) in Angora goats.

Malik et al. (1986) conducted research to study the effects
of various factors on body weights at birth, {, 2 and 3 months of
age in Beetal, Black Bengal goats and their crosses. They reported
that males were heavier (P£0.01) than females at all ages.

Month/Season of Birth

Guha et al. (1968) on the basis of t-test, reported that season
of birth had significant effect on the body weight gain from birth
to 52 weeks of age in Black Bengal goats.

Reynold (1979) reported that month of birth had no significant
effect on birth weight or on live weight at 12 and 24 weeks of age

in Malawi goats.

Sarma et al. (1981) studied the growth of 136 Assam hill kids
born in October-March and April-September. They reported that the
season of birth had no significant effect on body weight at birth,
45 and 180 days of age but had significant influence on 90-and 135-day
weights. The kids born in October-March were heavier than those



-30-

born in April-September; this difference iIncreased upto 90th day of
age after which it declined. The lower body weights of kids born during
April-September might be due to scarcity of greens during the gestation
period of dams and when the kids were weaned.

iKhan and Sahni (1983) examined the effects of various factors
on body weights and body measurements at birth, 1, 2 and 3 months
of age on Ill1 Jamnapari kids born during March-April or September-
November. They reported that season of birth had a significant effect
on body weight and most body measurements at 2 and 3 months of

age.

Mavrogenis (1983) reported that month of birth had a significant
effect on growth l.e. weaning weight, 140 day weight and pre~and
post-weaning growth rate in Damascus goats. Kids born between Octo-
ber and February were heavier than those born in March and April.
The reason might be that the latter were weaned in the summer.

Mukundan et al. (1983) studied Malabar and Malabar x Saanen
kids and reported that month of birth had significant effect on 2
month weight but not on | and 3 month weight.

Misra and Rawat (1984) studied the effects of various factors
on body weight and body conformation at birth and at weaning in
Sirohi goat. They observed that the body weight and measurements
at birth were significantly affected by season of kidding, whereas
seasonal differences were significant only for length and paunch girth
at weaning. The kids born in mansoon (July-August) and autumn (Octo-
ber-November) were superior to the kids born in spring (February-
March) season. They attributed it to the reason that the spring season
is lean period for goats in semi-arid regions of Rajasthan and does
in advance pregnancy were not provided with concentrate suppliments
1o counter balance nutritional stress, resulting into poor bodyweight
of the kids. Since body weight and measurements are highly correlated,
this influenced the configurational traits also. The non-significant
effect of month of birth on weaning weight may be due to the reason
that kids could be able to compensate subsequently because of adequate
pasture availability. However, the difference in length persisted because
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body length has a relatlvely slower growth as compared to other confi-
gurational traits (Wilson, 1958).

Mavrogenis et al. (1984) reported that season of birth had signi-
ficant effect on birth weight, weaning weight, 140 day weight and
pre- and post-weaning growth rates. This might be due to the reason
that food differed in different seasons.

Nagpal and Chawla (1984) studied the effects of various factors
on body weights from birth to 12 months of age in Alpine and Beetal
goats born in Winter (November-January), spring (February-April),
summer (May-July) and Autumn (August-October). They reported that
Beetal kids born in winter were heavier (P<0.05) than those born
in autumn, whereas, Alpine kids born in autumn were heavier than
those born In summer and winter. The influence of season was more
pronounced at early age and it dwindled away with the advancement
of age. This might be due to the large variation in the physical environ-
ment and the availability of palatable and nutritive fodder to the
kids.

Baik et al. (1985) reported that season of birth had significant
influence on body weights and measurements throughout the pre-
weaning stage, kids born in spring or summer were heavier and grew

faster than those born in autumn or winter.

Nagpal and Chawla (1985) examined the effects of various
non-genetic factors on crossbred kids (Alpine x Beetal, Saanen x Beetal,
Saanen x Alplne x Beetal and Alpine x Saanen x Beetal) born in winter,
spring, summer and autumn. They reported that the influence of season
was more pronounced at early stages in various crossbreds, kids born
in spring (February-April) were heavier (P<0.05) than those born in
winter or autumn. This might be due to the difference in the avail-
ability of good quality and quantity of feeds to the does before parturi-
tion and to the Kids after birth.

Naik et al. (1985) reported that season of birth had significant
effect (P<0.01) on body weights at birth, 6 month and 18 month.
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Kids born in the months of November and December had higher body
weight at birth and at 6 month. The reason might be the good fodder
avallability to the dams during gestation and to kids after birth.-

Malik et al. (1986) analysed the data to find out the effects
of various factors on birth weight, 30, 60 and 90 day welght of 1175
Beetal and Black Bengal kids by least-squares method. The kids were
born in two seasons l.e. February-April and September-November.
They repor’ted that season of birth had significant effect on birth
weight, | and 2 month weights, the kids born during February to April
had higher mean body weight than those born during September-Novem-
ber. The variation in live weights in two seasons could be a reflexion
of the avalilability of pasture to the dams during gestation and lactation
as well as their kids at weaning.

Interaction (Type of Birth x Sex)

Barbieri et al. (1983) reported that in crossbreds, the sex differ-
ences were significant for twins, and the effect of type of birth was
highly significant for female with regards to birth weight. At 38 days
of age the effect of sex was highly significant in twins and the effect
of type of birth was highly significant in both the sexes with regards
to body weight. Type of birth had significant effect on daily gain
in both the sexes.

Singh et al. (1983a) reported that interaction (type of birth
x sex) was significant for most of the weights from birth to 48 weeks

of age in Jamnapari goat.

Nagpal and Chawla (1984) reported that sex within litter size
had significant effect on birth weight only and not on subsequent

body weights in Beetal and Alpine goats.

Sarma et al. (1984) studied the interaction effect on body weight
and measurements of 61 Assam local x Beetal kids of preweaning
age. They reported that Interaction between type of birth and sex
of kid was not significant on any of the characters. Non-significant
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interaction probably Indicated that the difference in body weights
and body measurements due to type of birth were the same and/or

common in both the sexes.

Nagpal and Chawla (1985) reported that in crossbreds (Alpine
x Beetal, Saanen x Beetal, Alpine x Saanen x Beetal and Saanen x
Alpine x Beetal), male Kids born as single had higher (P <0.05) birth
weight than those born in multiple births. The influence of sexes
within litter size was not so at later ages. The reason might be that
the single kids were nourished better in pre- and post-natal life by
their dams and males grew faster than females due to anabolic effect

of sex hormone.

Dam's Weight at Kidding

Mohd-Yusuf et al. (1981) reported that there was no significant
correlation between dam's weight at kidding and weaning weight in
Katjang kids and their crosses (Saanen x Katjang, Anglo-Nubian x
Katjang and Alpine x Katjang). However, it was significant for birth

weight.

Ayoadae and Butterworth (1982) reported that ‘weaning weight
in Malawi goats was significantly correlag\%l with dam's body weight
at kidding.

Khan and Sahni (1983) examined the effects of various factors
on body weights and measurements at birth, 1, 2 and 3 months of
age in Jamnapari kids. They reported that weight of dam after kidding
had significant effect on all the traits (body weight and body measure-
ments) at all ages.

Malik et al. (1986) analysed the data by least-squares analysis
taking dam's weight at kidding as covariate and found that it had
a significant effect on body weight at birth, 1, 2 and 3 months of
age in Beetal, Black Bengal goats and their crosses.
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Heritability

Guha et al. (1968) studied varlability for weights on 236 Black
Bengal kids. They reported estimate of heritability for weight-gain
estimated from Parental Half-sib Correlation to be 0.78 f6r female
and 0.20 for male. Heritabilities as estimated by regression of body
weight of progenies on post kidding weight of dams were 0.67, 0.15,
0.21 and 0.32 for weights at birth, 16 week, 36 week and 52 week,
respectively.

Castillo et al. (1976) reported that heritabilities of body weights
at birth, weaning, 6 and 12 months of age were 0, 0.39, 0.21 and
0.11, respectively.

Cyprus, Agricultural Research Institute, Annual Report (1981)
detailed the heritabilities of live weights, pre-and post-weaning growth
rates to be 0.24-0.31, 0.16 and 0.22, respectively (by Parental Half-sib

Correlation method) in Damascus goat.

Ali (1983) conducted studies on Black Bengal goat and estimated
heritabilities of #4-week weight and weaning weight as 0.086:0,178
for male and -1.924:0.443 for female, respectively at %4 week, corres-
ponding values at weaning were 0.246:0.564% and 1.160:1.096. The
large standard errors are probably due to limited number of sires and

progeny per sire.

Mukandan et al. (1983) reported that heritabilities for body
weights at 1, 2 and 3 months of age in Malabar and Saanen x Malabar

goats were not significantly different from zero.

Darokhan and Tomar (1983) reported that heritabilities of body
weight, body length, heart girth and withers' height at birth were
0.05:0.0!, 0.05x0.14, 0.08:0.09 and 0.11:0.10, respectively. These
were found to be not significantly different from zero indicating that

no additive genetic variabillty was present among kids.

Madelli and Patro (1984) estimated heritabilities of birth weight,
6, 12, 18 and 24 month weights to be 0.185:0.139, 0,340+0.229, 0.357x
0.257, 0.652:0.412 and 0.320:0.318, respectively. Since, birth weight
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was highly influenced by maternal effects, a low h? was quite expected.
The h2 of body weight at 18 months was highest suggesting that select-
ion for body weight at this age would be most effective. The standard
error values were a little high in all cases due to the reason that
number of observations were not enough to get precise and reliable

estimate.

Mavrogenls et al. (1984) estimated heritabilities for birth, wean-
ing and l40-day weights and pre-and post-weaning growth rates by
Parental Half-sib Correlation method. These were 0.31+0.08, 0.27:0.07,
0.21+£0.07, 0.16+0.06 and 0.22:0.07, respectively. They suggested that
despite the moderate values of hz’s, mass selection for rapid growth
would be effective. Somewhat low heritability for post-weaning growth
rate might be due to environmental factors not accounted for by
the model used.

Malik et al. (1986) reported that heritabilities for birth weight,
1, 2 and 3 month weights were 0.23x0.03, 0, 0.08:0.07 and 0, respect-
ively in Beetal. Corresponding values for Black Bengal goats were
0.211+0.05, 0.26:0.07, 0.43+0.09 and 0.20+0.08. The h2’s in Beetal were
not significantly different from zero (except for birth weight).

Correlations Among Body Weights

Guha et al. (1968) reported on the basis of analysis of standard
partial regression in Black Bengal goat that weight at 36 week had
highest correlation with yearling weight and was least influenced
by the weight at birth and at 16 weeks. The weight at 16 weeks was
least dependable for selection. Birth weight also had a fair correlation
with yearling weight though vyearling weight was influenced by the
weight at 16 and 36 weeks.

Wijeratne (1968) reported that phenotypic correlation of birth
weight and 6 month llve weight with 1 year live weight were 0.57:0.16
and 0.82:0.11, respectively in south Indian meat goat.
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Cyprus, Agricultural Research Institute, Annual Report (1981)
detalled the genetic correlations of weaning welght with pre-weaning
growth rate and 140 day weight with post-weaning growth rate in
Damascus goat as 0.98 and 0.90, respectively, corresponding phenotypic
correlations were 0.95 and 0.85. These were found to be positive and
highly significant.

Ayoadae and Butterworth (1982) reported that in Malawi and
crossbred (Boer x Malawi) weaning weight was significantly correlated
with birth weight (0.48 and 0.47, respectively).

Darokhan and Tomar (1983) calculated correlations amongst
body welght and body measurements at birth in Changthang goats.
The genetic correlation between birth weight and body length was
positive and high but due to high standard error it was not precise.
Phenotypic correlation between birth weight and body measurement
(body length, heart girth and height at withers) were highly significant
and positive. Phenotypic correlation between birth weight and heart
girth and withers' height were positive and highly significant. Authors
concluded that measurements could predict response to the correlated
trait (body weight) in a desired direction.

Madeli and Patro (1984) studied the correlations among body
weights at different ages in Ganjam goats. The genetic correlation
between body weight at birth and at 6 month was positive and very
high which indicated that similar genetic influence was prevailing
in both the ages. Genetic correlations of birth weight with subsequent
weights were negative which indicated that different genes controlled
the body weight at subsequent ages.The corresponding phenotypic
correlations were very low and insignificant. The genetic correlation
between weights at 6 month and 18 months of age was high indicating
that selection for 18 month body weight might be done on the basis
of 6 month weight. Phenotypic correlations indicated that genetic
and other Influences on body weight of two consecutive ages were

more similar than that of two distant ages from one year onwards.
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Mavrogenis et al. (1984) reported highly positive genetic correlat-
ions between weaning and 140-day weights (0.82:0.08) and between
preweaning growth rate and 140 day weight (0.8010.10) and no genetic
antagonism was found. The corresponding phenotypic correlations
were 0,71 and 0.67.

Misra and Rawat (198%) analysed data by the welghted method
of analysis of varjance in Sirohi goats. The phenotypic correlations -
of weaning weight with body weight and measurements at birth were
highly significant and non-significant, respectively, but significant
with measurements at weaning. Authors suggested that birth weight
could be used as a basis of selection for improving weaning weight.

Malik et al. (1986) studied correlations amongst body weights
at birth, 1 2, and 3 months of age. They reported that all the pre-
weaning weights were positively and significantly correlated among
themselves at phenotypic level,

Regression of Body Weight on Age

Sarma et al. (1981) determined the regression of body weight
on age (in days) for different factors in Assam local goats. They repor-
ted them as 35:2 gm for singles, 26x]1 gm for twins, 33zl gm for
triplets; 34+2 gm for kids born in October-March and 3l:l gm {for
kids born in April-September. The estimates were tested by t-test

and were found significant.

Khan and Sahni (1983) reported that regression of body weight
(in kg.) on age (in months) was highly significant (b=2.603).

Mukundan et al. (1984) estimated regression of weight on age
for & periods of the growth curve (0-3, 3-6, 6-9 and 9-12 months).
Males grew faster in 1 growth phase only. The singlets grew faster
than twins. The lowest rate was found in 4th period which indicated

that the growth rate declined with increasing age.
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W‘EIGHT—MEASUREMENT RELATIONSHIP AND PREDICTION OF
BODY WEIGHT ON THE BASIS OF BODY MEASUREMENTS

Tandon (1966) studied the relationship between body welght
and body measurements l.e. log length and log girth on 129 non-preg-
nant (74 aged less than 5 year and 55 more than 5 year), 90 pregnant
goats (54 aged less than 2 year and 36 more than 2 year) and 99 young
growing male stock (less than | year and upto 2 year), malntained
at Government Livestock Farm, Hissar. The data was transformed
into natural logrithims and simple and multiple correlations were
calculated. It was found that log body weight was highly correlated
with log length and log girth for all the groups. Correlations in above
6 groups, between log body weight and log length were 0.80, 0.63,
0.82, 0.67, 0.76 and 0.67, respectively, for log body weight with log
girth, the corresponding correlations were 0.84, 0.59, 0.78, 0.87, 0.78
and 0.82, all being highly significant. The predication equations for
log body weights were Y=1.1269 X1 + 1.9974 X2 -1.7139 for non-
pregnant goats below 5 years of age, Y=1.4036 Xy + 0.9253 X, -1.5311
for non-pregnant goats above 5 years of age, Y=1.4175 Xl + 0.9742
X, -1.68 for pregnant goats and Y=0.9753 Xy o+ 1.7687 X, -2.1414
for young growing male stock, where Y=log body weight, Xlzlog length
and X,=log girth.

Singh (1975) studied body weight, length and heart girth of
511 Kkids belonging to Angora and Gaddi cross at birth, 1, 3, 6 and
12 months of age according to sex and breed group. Correlations
between live weight and the body dimension at different ages were
generally higher in females than the males. Heart girth was considered
"to be the best predictor of live weight in males (r=0.3% to 0.86) and
females (r=0.26 to 0.80) at 12 months of age.

Mittal and Pandey (1978) studied growth rate in Barbari kids
from birth to 9 months of age. They reported that the correlation
coefficients between cannon length and body weight at birth |, 2,
3, 4, 5, 6, 7, 8 and 9 months of age were 0.694, 0.835, 0.696, 0.258,
0.802, 0.675, 0.799, 0.707, 0.929 and 0.729, respectlvely in male Kkids.
Corresponding values in female kids were 0.702, 0.796, 0.892, 0.788,
0.913, 0.832, 0.637, 0.855, 0.833 and 0.390. Highly significant correlat-
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jons were found at most of the ages (P<0.01) which indicated that
there existed a close assoclation between cannon length and body
weight.

Falvey and Hengmichai (1979) studied some carcass tralts of
small ruminants in the northern highlands 'on 5 native goats, 7 Bangla-
desh-Burmese, 4 German mutton Merino x native and 3 Polworth x
native sheep. They concluded that the best predictor of live weight
and carcass weight was chest circumierence (both correlations 0.93).

Misra (1980) analysed body weights as a function of some con-
formational traits in Sirohi goats. Data were recorded on body weight
and body measurements i.e. body length, heart girth and paunch girth
on 343 goats in 4 age groups from young kids to adults. Overall the
equation for multiple regression of body weight on 3 body measure-
ments had a R? value of 0.83. For goats with 4 permanent incisors
the corresponding R? value was 0.85.

Prasad et al. (1981) calculated phenotypic correlation of body
weight with body length, height and chest girth in 350 Black Bengal
she-goats of 5 age group i.e.0-3 months, 3-6 months 6-12 months,
1-3 years and above 3 years of age in 3 agro-climatic zones (plain,
plateau and subplateau). They observed that (1) correlations between
body welght and length, height and heart girth in I age group in plains
were 0.83, 0,91 and 0.98, respectively, and corresponding figures in
5th group were 0.57, 0.54 and 0.92, all being highly significant. (2)
Correlations between body weight and chest girth in different age
groups In the same region were 0.98, 0.14, 0.88, 0.78 and 0.92, all
significant. (3) Partial regression coefficlents of body weight on length,
height and chest girth were 0.15, -0.02 and 0.75 in group & i.e. 1-3
years of age and found to be significant for chest girth only. (4) Equat-
ion for predicting body weight of goats in group 4 (1-3 year) was
given as Y=49.67+0.15 X1 -0.02 X2 + 0.75 X3 where Y=Body weight,
X =length, X =height at withers and X; = chest girth. The equation
had a R2 value of 0.75. On the basis of above findings authors conclu-
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ded that (1) majority of correlations are significant in all age groups
and these correlations are higher in early stage of growth and gradually
declined with increase in age. (2) Correlations of body weight with
chest girth were highest in majority of cases fol]owed by length and
helght respectlvely. Closer relationship between body weight and chest
girth can be explained by intimate association between body welght
and growth of muscle, bones and visceral organs. (3) Chest girth may

be considered as an important measurement in predicting live welght.

Valdez et al. (1982) calculated phenotyplc correlation between
body weight and body measurements i.e. length, chest circumierence,
height at withers, midrift circumference and flank circumference
for 603 goats of several breeds and crosses in Philippines. They found
that (1) The squared correlation (Rz) between body weight and chest
circumference was 0.90. (2) The squared multiple correlation of chest
circumference + wither height with body weight was 0.91. They conclu-
ded that their existed a high correlations between body weight and

chest circumiference.

Darokhan and Tomar (1983) calculated genetic, phenotypic
and environmental correlations between birth weight and body measure-
ments (length, heart girth and height at wither) at birth in Changthang
goats. The genetic parameters were estimated according to Hazel
et al. (1943) and Searle (1961) and standard errors according to Robert-
son (1959) and Panse and Sukhatme (1967). The phenotypic correlations
between birth wéight and body length, heart girth and height at withers
were reported in males as 0.53:0.06, 0.79:0.05 and 0.82:+0.03, respect-
ively, corresponding values in case of female were 0.45+0.07, 0.5310.08
and 0.43:0.08. All correlations were significant (P< 0.01). Genetic
correlation between birth weight and body length was 0.83:0.56 in
males and 0.57+1.58 In case of females. Authors concluded that the
genetic correlation between birth weight and body length was positive
and high but due to high standard error it was not precise. All the
phenotyplc correlations were positive and highly significant. Phenotypic
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correlation between birth weight and heart girth and between birth
weight and height at withers were positive and highly significant.

Mukherjee et al. (1983) studied body weight-measurement relat-
lonship In 212 Grey Bengal goats of 5 age groups (0-3, 3-6, 6-12 mon-
ths, 1-3 year and above 3years) in 3 different agroclimatic zones,
viz. (a) Gangetic plain, (b) Plateau and (c) Subplateau. They observed
that (1) phenotypic correlations between body weight and each of
the 3 body measurements (length, height and chest girth) for 0-3,
3-6 and 6-12 months age groups were 0.87:0.16, 0.9340.11 and 0.92x
0.11, 0.76+0.21, 0.57+0.21 and 0.96:-0.09 and 0.67+0.21, 0.64:0.25
and 0.92:+0.13, respectively in plain region. (2) Except In 3-6 month
age group in plateau, the correlation of body weight with chest girth
was significant in all the cases. Next to chest girth was body length.
Authors concluded that (1) chest girth may be an important measure-
ment as it is highly correlated with body weight. This is possibly due
to the fact that chest girth constitute a major part of body weight
at all stages of life. (2) Next to chest girth was the associations of
body weight and body length and association of height with body weight

was significant in least number of cases.

Bhattacharya et al. (1984) developed multiple regression equat-
ions to estimate body weights from body measurements, from the
data recorded on 135 female Black Bengal goats maintained at Uni-
versity Goat Farm, Mohanpur. They observed that (1) The coefficient
of determination is maximum (R2=O.84) when heart girth, length and
neck circumference were taken. (2) The coefficient of determination
was quite comparable to the above for the equations with all four
measurements (Xlzheart girth, X2=height, X3=Length and ngNeck
circumiference), with Xl and X4 and with )(1 and X3 (R2 values 0.842,
0.833 and 0.834, respectively). (3) The multiple regression equation
l.e. prediction equation Y=-24.538+0.487 X+ 0.232 X, and Y=-23.839
+ 0.524 Xl + 0.266 X4
coefficient of multiple correlation approximately 0.91, where Y=body

were found to be equally most effective with
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weight in kg., Xl’ X, and X, are heart girth, length and neck circum-
ference in cm., respectively. Authors concluded that with the aid
of measuring tape graduated in cm., the body welght of small animals
such as goat can be calculated with a reasonable degree of accuracy,
where there Is no provision for weighing machine.

Bose and Basu (1984) studied relationship between body measure-
ments (body length, withers' helght, heart girth, chest floor height,
chest depth, paunch girth, lip-width and loin width) and meat production
based on 125 males aged less than 1 year and 145 females aged about
2—% years. They employed the stepwise regression procedures for screen-
ing the array of body measurements components to determine the
combination that best (maximum R?) explains variation in the depen-
dent varlables i.e. the meat production traits. They observed that
(1) the body measurements, particularly length, height, chest and
paunch girth were strongly correlated with slaughter weight (0.608
to 0.892) and carcass weight (0.570 to 0.845) and these correlations
coefficients of body measurements with body weight were higher
in males. (2) The live weight at the tlme of slaughter was most affec-
ted by heart~girth with R2 value at 79.6%. (3) Cumulative R? values
on entering other independent variables such as length, paunch girth,
height, loin-width and chest depth were 82.6, 84.1, 85.4, 85.8 and
85.9 percent respectively. They concluded that (1) live weight can
be predicted from body measurements. (2) Selection based on body
length, slaughter grade, width of the loin and live weight will improve

meat production in goats.

Manik '_g_t_ al, (1984) predicted body weight from body measure-
ment, on 102 beetal, 97 Alpine x Beetal and 47 Saanen x Beetal goats
and calculated correlation coefficients between body weight and each
of the three body measurements i.e. length, height at withers and
heart girth. They observed that (1) Correlation coefficients between
body weight and length, height and girth were 0.924, 0.882 and 0.93]
for Beetal. (2) Corresponding values for Alpine X Beetal and Saanen
x Beetal were 0.921, 0.886, 0.945 and 0.937, 0.879 and 0.946 respect-

ively. All the correlations were positive and significant and correlation
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of body weight with chest girth was highest in all breeds. (4) Y=40.53
+ 0.684(CG) + 0.147(BL) - 0.0%HW) for Beetal, Y=-47.81 + 1.216(CG)
+ 0.151(BL) - 0.253(HW) for Alpine x Beetal and Y=-41.59 + 0.912(CG)
+ 0.732(BL) - 0.627(HW) for Saanen x Beetal were the prediction equat-
ion developed by stepwise multiple regression method, where Y is
Body weight, CG=Chest girth, BL=Body length and HW=Height at
withers, Author concluded that prediction of body weight by multiple
regression equations gave slightly more accurate result than the esti-
mation from chest girth alone, but latter would be easier to work.
They also suggested that selection on the basis of these body measure-
ments were likely to improve meat production potential of goats.

Misra and Rawat (198%4) examined the effects of various factors
on pre~weaning welghts and configuration on 242 Sirohi kids. They
determined correlation coefficients between weaning weight (90 day
welght) and body measurements (length, heart-girth, paunch girth
and height at withers) at birth and at weaning. The correlation co-
efficients between weaning weight and body measurements at birth
i.e. length, heart girth, paunch girth and height at withers were -0.058,
0,015, 0.118 and -0.038, respectively. All these correlations were
not significantly different from zero. Corresponding values at weaning
were 0.793, 0.857, 0.827 and 0.713 and were highly significant (P <0.01).
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MATERIALS AND METHODS

Source of Data

In the present ihvestigaﬁon data on body weight, body length,
height at withers and chest girth from birth to 12 months of age
at monthly interval and weight of dam at kidding, recorded on 524
Jamnapari kids sired by 12 bucks and maintained at Central Insti-
tute for Research on Goats, Makhdoom, Mathura (UP), during 1982
to 1984 were used.

Management and Hygiene

The enitre flock was kept in 6 sheds which were cleaned daily
in the morning. Breeding bucks, weaned males and females were kept
separately. All sheds were dug and scrapped 6" deep and earth was
replaced periodically. Fresh lime was used for disinfection of sheds.
There were 2 kidding sheds (100' x 20') with individual kidding pans
(5" x 4'). Other sheds were of the size of 100'x 20' with five portions
each of 20' x 20' size. After kidding, udder of the dam was cleaned
with KMan and naval ftreatment was done with Tincture lodine.
Marking of kids and their dams was done with AgNO3 to identify
kids and does at the time of milk feeding. Goats were sent out for

grazing after 15 days of kidding.
Feeding

L. Newly born kids were kept with their dams for 7 days
\and thereafter they were fed only on milk from their
dams for 10-15 minutes 4 times a day with an interval
of 6 hours until they attained 15 days of age.

2. Kids from 15 days - 1 month of age were provided with
dam's milk thrice a day with an interval of 8 hours.

They were kept on creap, green and tender fodder.
3. Kids from 1-3 months of age were allowed to suckle

their dams 2 times a day i.e. morning and evening. They
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nibbled on creap mixture, mineral mixture, saltlick and
green fodder.

i, Kids over 3 months of age were weaned and were sent
for grazing for 6-7 hours daily. The vegetation, although
scanty, consisted of Anjan grass, Dub grass, Babul pods,
Pilloo, Ghiabati, Chatta etc., besides this, loppings from
Babul, Neam and Chonkra etc. were also available. Except
for mansoon season the vegetation was not sufficient.

5. Animals from 3 months to 1 year of age were provided
with 300 gm/day egrowth mixture (ration)head and 2-3
kg. green fodder as per the availability with 6-7 hours
grazing. :

6. Supplementary feeding was done for adults (more than
1 year) with 500 gm/day (morning and evening) and for
does in late pregnancy the quantity was increased upto
600 gm/day.

e Tap water was provided ad lib. to each and every indivi-

dual.

Composition of Concentrate
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Ingredients Adult Growth Creap
Maize 25 50 50
Groundnut cake 32 15 10
Wheat bran 40 20 07
Barley/Oats - 10 20
Fish meal - - 10
Mineral Mixture 02 02 02
Salt 01 03 01
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Fodder Available

December to May - Berseem, Lucern.
May to June - Lucern.
June to November - Maize, Guar & MP Chari.

Body Weights and Measurements

Body weight and measurements were recorded at birth (within
12 hours of birth) and thereafter, at monthly interval upto 12 months
of age. Records were taken between 7.00 to 10.00 am. daily before
kids were provided with feed and water. Weights of new born kids
were taken by pan balance (10 kg. capacity) and thereafter with spring
balance as well as plateform balance according to the age of the
animal. Measurements were recorded by measuring cloth tape (gradu-

ated in centimeters).
Breeding

Heat detection was done twice a day i.e. in morning and evening
with the help of teaser. Pure breeding system was adopted and Hand

mating was done in morning and evening after the heat detection.
Dam's body weight at kidding

Body weight of each dam which had kidded was recorded within
8 hours of parturition on plateform balance with 100 kg. capacity.
Before weighing, it was ensured that the doe had expelled the placenta

after kidding.
STATISTICAL METHODS

The following statistical methods were utilized in the present

investigation:-
Averages, Standard Errors and Coefficients of Variation

The averages, standard errors and coefficients of wvariation
of body weight and body measurements at different ages were calcu-

lated by the following formulae:~
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Mean n
v .1 b X
X = n izl !
Where,

‘n
X stands for mean of any character (X), I Xi is sum of
i=1
the observations on Xi and n is the total number of observat-
ions.

Standard Error (SE)

Standard deviation (SD) = Vv variance
_ 3D
SOE.(% - VN

Where,
X is a character and n is the total number of observations
on X.

Coefficient of Variation (CV)

CV(%) = 3 x 100

Where,
SD is standard deviation and X is the mean of the character X.

Method for Analysis of Non-Orthogonal Data

Data were analysed by least-squares technique (Harvey, 1976)
to study the effects of various genetic and non-genetic factors on
body weights and body measurements at different ages (from birth
to 12 months of age). The mathematical model used for this purpose

was:~
Yilmn = A+ Sy Yy T+ 5%+ Mo (T x Sxhy) + bD 0 + g
Where,
Y = Value of n' individual in (ijklm)th cell

fjklmn ~ ’

u = General etffect,

Si = Effect of ith sire chosen at random (izl,2,...,12),

y; =  Effect of it vear of birth (j=1,2,3),

T = Effect of kth type of birth (K=1,2,3),
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le = Effect of lﬂ;htype of sex (1=1,2),
Mm = Effect of m™ month of birth (m=1,2,...,8),
(T x Sx)kl = Interaction between Kth type of birth and lth Sex,
b = Partial regression coefficient of character (Yijklmn)
on dam's weight after kidding,
Dijklmn Dam's weight at kidding of nth individual in (ijklm)th :
cell and
€ ik lmn Random error associated with i.jklrnnJCh kid's value with

mean O (zero) and variance oez.

Sires were chosen at random; dam's weight after kidding was
taken as covariate and all other effects considered were taken as
fixed effects.

Least-squares Analysis

The main purpose of this technique is to minimise error sum

of squares between the observed and expected values.

2 4 : 2
PN e”., = (Y., ~u~-y,~-T, -8Sx,-M -~(TxSx),-b

ijkron ijkImn ( ijklmn yj k 1 m ¢ )kl )

Least-square Methodology

The technique comprises of following four steps:-

I Computation of least-square equations.

2, Imposition of restrictions.

e Estimation of constants and least-square means.
4, Analysis of variance.

1. Computation of Least Square Equations

The normal equations were formed by partially differentiating
the error sum of squares with respect to all the least-square constants
to be estimated. In this way there will be one equation separately
for each of the constants. Equations for sires were absorbed. The

complete set of equations contained in the model is given in the follow-

ing table:-
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Year Type Month
Character u of of Sex of Int. Reg. Total
Birth Birth Birth (n)

e e e o o B T By Y Ay s e oe e e e e = o - e e ——— - - - - e -
o —— - s o — s = = —— ——— ——— et v —
O TR AR ST M SR M S A e Y o e e el s R S A M e e e e e R M e T e e e e e e T M e S TR RN E

Weights and Measurements

At birth { 3 3 2 8 6 ! 24
At I month 1 3 3 2 8 6 | 24
At 2 months 1 3 3 2 8 6 1 24
At 3 months. | 3 3 2 8 6 | 24
At 4 months 1 3 3 2 8 6 1 24
At 5 months . | 3 3 2 & 6 1 24
At 6 months. 1 3 3 2 7 6 1 23
At 7 months ! 3 3 2 6 6 I 22
At 8 months | 3 3 2 6 6 1 22
At 9 months 1 2 3 2 6 6 [ 21
At 10 months 1 2 3 2 6 6 l 21
At 11 months . | 2 3 2 6 6 l 21
At 12 months . | 2 3 2 6 6 L 21

W W G VRS f TR Saa o Nl e A bem SR b = B o mmb R —m e e S Amm ek i R mem i ek mm AR A i el Ay oy B LA e A & e fha v AR e e T e —v o A v —m
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From above table matrix of n x n order was generated for

different characters.

2. Imposition of Restrictions

The restriction that sum of the constants estimated in a given

set equals to zero was used to get reduced matrix.

3. Estimation of Cogptants and L east~-square Means

The inverse matrix of the reduced matrix was obtained and
the estimates of the constants were obtained with the help of following

equation:-

_ ij
éi =xC } Yi
Where,

éi is the estimate of i
ith row and jth column of the complete inverse

e constant, Ci] is the inverse element

corresponding to



matrix and Yj is the value of the jth element of the reduced column
vector.

The standard error of least-square mean was obtalned as follows:-

SE(u + éi) :/( cl, Cii + ZCH) /C\Iez'

Where,

- ) : ii
Ci Is 1~ constanty C™ is diagonal inverse element for u C
is the corresponding diagonal inverse element for the constant and

cll is the off diagonal element corresponding to first row and ith

A2,
column, 0y 18 the error mean square.

4. Analysis of Variance

The sum of squares for each effect was obtained from the
inverse of the corresponding segment of the inverse matrix and the

least-square constants by the formula given below:-

ss =  Bmzls
where,

B’ is the row vector of the reduced constant estimates for
a given set. Z"1 is the inverse of the segment of the inverse of com-
plete matrix correspondng to row and column to this set of constants
and B is the column vector of the reduced constant estimates for
this set.

Error sum of squares was obtained as:-

2

Al = S.S. {(due to all constants)

Error S.S. = X Y
ijklmn

After this analysis of variance table was set up whose out

lines are given in the following table:~
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Source
of df sS MS F
Variation
Between Year of Birth y-I vz ly MS,, MSy/MS_
Between type of Birth  t-I Tz T MS.. MS./MS,
Between Sex sx~1 sx'z"1sx MSg, MSg, /MS
Retween Month of birth m-1 Mz Iy MS MS_/MS
Interaction (t-1Xsx-1) rz-l MSZn MST?/MSz
Regressin 1 bz lp MSp MS o /MS_
Error N-{y+tesxem  Y2SS due MS
+(t=1Xsx-1)] to all
+2 constants
Total N-1

Mt Gy EE B m A et et S T S s v W A e VL WA p) S WA o T g A G b WD D m WD AA ot SR A (P PR oy OB Ak ey N B A VEE b vms VD vvm mem el b i = wem R S am e Dt
MY R em v @R S R At ER kb P S b e Svw mm S rew md Geh v WD TR e AR v mm b e A A mw B Ml Erm o v M BN Fvn Bam ) hem B SR A v AR G s S s o= A e 9 TE e o m =

Duncan's Multiple Range Test

Duncan's multiple range test (Duncan, 1955) modified by Kramer
(1957), was used to examine pair-wise comparisons among the means
with the use of inverse estimates and the error mean square.

If the value

(V-Y) /= 2 -
Vet clliach)

is greater than O, .Zp n e then the difference is significant.

Where, =

Y, -Y-J = Difference between the two means.
ct o= Corresponding ith diagonal element of C matrix.
ch . Corresponding jth diagonal element of C matrix.

cl - Corresponding off diagonal element.
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Zp _ Studentized range value in Duncan's table at n, degrees
b
e
of freedom and p Is the number of means in the range
chosen, |
n, = Error degrees of freedom
oez = Error mean square.

Adjustment of Data

Once the least-squares constants were obtained, observations
were corrected for the significant effects of year of birth, type of
birth, sex, month of birth and regression. Correction factor was calcu-

lated as follows:-
CF for n™ individual in (ijkim) cell = YT #Sx rM 4R

The correction factors so obtained were used to adjust the

various records for each character of the individual animal as follows:~

Adjusted Y, Y

ijkImn = CE

ijklmn =
The adjusted records were used to estimate various phenotypic
and genetic parameters.

Phenotypic Correlation

Phenotypic correlations were calculated by the following for-

- mulaz-
o CovP
P Opx pr
Where,
rp = Phenotypic correlation between two traits X & Y,
Covay = Phenotypic covariance between X & Y,
o9 = Phenotypic standard deviation of variate X and
pr = Phenotypic standard deviation of variate Y
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Test of Significance of Correlation Coefficients

The phenotypic correlation coefficients were tested for their
statistical significance by t-test,

vV _n-2

- r
/ 1 - r2
Where,

n is the number of pairs.

t on (n-2) degrees of freedom.

Genetic Correlation

Genetic correlations were calculated by the following formula:-

. Cov Sxl
(G - O. O
Xy S S
X y

Where,
‘e = Genetic correlation between 2 traits (X and Y),

Xy

Cov Sxy = Genetic covariance between X and Y,

T4} S = Genetic standard deviation of variate X and

X
Og = Genetic standard deviation of variate Y

y

Standard error of genetic correlation was calculated by the

following formula (Robertson, 1959) :-

2 2
S.E.(hx) X S,E.(hy)

2xh2xh2

X Y

4y

S.E. (r G

G) =‘(l-r

Where,

hi and hi are heritabilities of the two traits (X and Y).

Regression Coefficients

Regression coefficients were calculated by the following formula:-

CovPXY

YX 0y
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Where,
by.x = Regression of Y on X
Cova y = Phenotypic covariance betwen X and Y
o, = Phenotypic standard deviation of variate X.

Test of Significance of Regression Coefficients

The regression coefficients were tested for their statistical
significance by using t-test.

t = S]T.i Byon (n-2) degrees of freedom

Where, n is the number of pairs.
Multiple Regression

The multiple regression of body weight on 3 linear body measure-
ments at different ages were determined and following multiple regre-

ssion equations were fitted:-

Y = o+ byl Xl

Y = o+ by2 X2

Y = o+ by3 3

Y = a+ by12xl+b2.lx2
Y = a+ by13xl +by3.1 X3
Y = o+ by2 3 Xy * by3.2 X3
Y o= @by a3 X) +byo3 X2+ Bys 12 %
Where,

a = general effect

Y = body weight

Xl = body length

)(2 = height at withers
Xy = heart girth
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regression of Y on Xl

regression of Y on X2

regression of Y on X3

partial regression coefficient

constant.

‘partial regression coefficient

constant

partial regression coefficient

constant

partial regression coefficient

constant

Partlal regression coefficient

constant

partial regression coefficient

constant

partial regression coefficient

)(3 held constant.

partial regression coefficient

X 3 held constant.

partial regression coefficient

X 2 held constant.

of Y on Xl, when X2 held
of Y on XZ’ when )(l held
of Y on Xl, when XB held

of Y on X,, when theld

3

of Y on Xz, when X3 held
of Y on X3, when X2 held

of Y on XI’ when XZ and

of Y on X2, when X1 and

and

of Y on X3, when Xl

Test of Significance of Regression Coefficients

The partial regression coefficients were tested for their statis-

tical significance by t-test.

b _
t=—%gE) ©O° (n-m) degrees of freedom.

Where,

n is the number of pairs and m is the number of variates.
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The multiple correlation coefficient, R, between Y and combined
influence of X 1’ X2 and X3 was obtained by the following formula:-

| (ZX XZY) (IXXEY) (EX,)IY)
2. b [ ZXY-——— kb [ 2 X, Y- —S—— kb, [Z Xae e
gy . __(ZY)*
n
Heritability

Heritability is the ratio of additive genetic variance to the
total phenotypic variance. Knowledge of heritabllity for a character
is of great importance in the selection and breeding practices since
it is the fraction which is belng transmitted from parents to their

offspring.

After making adjustments for the significant effect of various
factors the data were arranged according to sires and then one way
analysis of variance was done to find out the sire and error components
of variance. As the offspring inherits only half of the genic composition

of sire, the variance among sires measures 1/4th of the genetic variat-

ion,
Therefore,0.2 = v(S) = V(~1—V D= Ly ., and consequently 4ol = v,.
S T T 2TAT T WA A A
Thus the heritability was obtained as:-
2 2
h(Z) - _Yi_ = 4_05__ = #US
Sy 7 - 2 " 2 .2
VP 0P 0S +c,e

The model used for this purpose was:-

Yi] = u+Si+eij
Where,
i - 1, 2, ssey S
j = 1y 2y eeey n;

5 = Number of Sires.
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h Sire,

The value of jth progeny under i*h sire

Number of observations under it

Random error associated with Ylj’ normally and indepen-

dently distributed with mean zero and variance %?

The analysis of variance for half-sib data with unequal number

of progenies under different sires was done as follows:-

i o e e b v v i e Wb ks e —— e iyt v = s mar = e = ———

—

T VE MY AR e A ek et S e VER e e of e v vy S Al A e v vn T WA SN A w T W = e —
TP AR TS EE s P o et TR R LA LR e e e e R e M TR e e R A MR M e tm cw Y M AN E T k- e T A A Tl e TR L e e T e R

W AT eh ey v v - v "D Ga TD S e FTS 4B LM e —m Wt b o Sy S ey —m YT Y G — vy
e MBS b e e W G = = Yl = fm  u o T A ot v = = T A = — e —

Source df S.S. M.S.
s Y (Y )?
Between Sires S-1 L S = MS
. n N
i=l i
2
2 > Y
Within Sires NS I Y., — E —— MS
ij . n
ij =)l i
Where, 2
Eni
. 1 (N— )
S = Total number of sires.
052 = Sire component of variance.
o e2 = Error component of variance.
2 . MSS ~ MSe
Os = k

Standard error of heritability was obtained by using

formula:-

SE (h?) =

2 2
i 2 (MSS) N (MSe)

o]

S

2

5 5 L57 K-S

+ k
oe

]

the following
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Genetic improvement in body weight can be done by. selection.
Birth weight Is the first observation which can be used as a criterion
to select heavier animals, since animals with higher birth weight
are generally heavier at later ages (Dutta et al,, 1963; Guha et al.,
1968; Ali, 1980 and Ayoadae and Butterworth, 1982). It also has direct
bearing on mortality of kids during early life, the kids with low birth
weight have low survivabillty (Mittal, 1976 and Prasad, 1983). Birth
weight is influenced by many factors such as sex (Singh et al.,, 1977),
type of birth (Khan and Sahni, 1983) season of birth (Castillo et al.,
1976), year of birth (Montaldo and Juarez, 1980) etc.

The present investigation was undertaken to find out Influence
of different factors (year, month and type of birth, sex of kid, inter-
action (type x sex), sire and dam's weight at kidding) on birth weight

and its correlation with subsequent weights in Jamnapari goats.

Data on body welghts from birth to 12 months of age and dam's
weight at kidding on 524 kids sired by 12 bucks maintained and recor-
ded at Centra! Institute for Research on Goats, Makhdoom, Mathura
(UP) during 1982-8%4 were used.

Least-squares technique (Harvey, 197¢) was used to study the
effect of various factors. Heritability and correlations were estimated
according to Hazel and Terril (1946) and Snedecor and Cochran (1968),

respectively.
Average, Standard Error and Coefficient of Variation

Averages of birth weight along with standard errors and coetfi-
cients of variation for different factors are detailed in Table l.l.
It was seen that singles were heavier than twins or triplets and so
also males as compared to females. Overall birth weight averaged
3.354 : 0,032 kg. The variability in birth weight (CV) was highest
(27.98) for triplets and lowest (10.75) for kids born In February.
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Least-Squares Analysis

It was hypothesized a priori that the birth weight was affected
by year, month and type of birth, sire, sex of kid, interaction (type
x sex) and weight of dam at kidding. Sires were chosen at random.
The data were analysed using least-squares analysis of variance (Har-
vey, 1975), since the data were non-orthogonal. The details of least-
squares analysis of variance are given in Table 1.2.

Analysis of variance showed the effects due to year, type and
month of birth, sex and dam's weight at kidding to be highly significant
(P <0.01). Sire and interaction (type of birth x sex) did not affect
birth weight significantly.

The least-squares constants along with the standard ervors
of their respective least-square means are given in Table 1.3. Kramers
modification of Duncan's multiple range test was applied to test the
significance between pairs of means and results are presented along

with the constants.
Effect of Various Factors on Birth Weight

The effect of year of birth was found to be significant on birth
weight. Kids born in the year 1983 had significantly higher birth weight
than those born in 1982 and 1984. Kids born in 1984 were having lowest
birth weight.

The influence of type of birth was highly significant (P <0.01)
on birth weight. Single born kids were significantly heavier than twins

and triplets. Twin born kids were heavier than triplets.

Sex of kid had a significant effect (P <0.0l) on birth weight.
The male kids were found to be heavier than females.

The influence of month of birth was found to be significant
on birth weight (P <0.01). Kids born in February-March period were

heavier than those born in other months.

The influence of interaction of type of birth and sex of kid

was found to be non-significant.



~60-

Dam's weight at kidding had a significant effect on birth weight
(P <0.01).

Correlation Between Birth Weight and Dam's Weight at Kidding

The phenotypic correlation between dam's post-kidding weight
and birth weight was estimated to be 0.21 and was significant (P < 0.05).

Heritability

The heritability of birth weight could not be estimated, since

the variance component of sire was found to be negative.
Correlation of Birth Weight with Subsequent Body Weights

Phenotypic correlation between birth welght and body weights
from ! to 12 months of age are presented in Table 1.4, Birth weight
had positive and highly significant correlation with weights at 1, 2,
3 and 5 months of age (P <0.01). It was significantly correlated with
4 month weight (P<0.05). Correlation of birth weight with wieghts

at 6 months and at subsequent ages were found to be non-significant.
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Table 1.1 : Averages of Birth Weight with Standard Errors
and Coefficients of Variation for Different
Factors in Jamnapari Goats
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Number of : Standard Coefficient of
PR Observations AT Error Varfation
1. Sex
Male 258 3.559 . 0.045 20.212
Female 266 3.154 0.042 21.625
2. Type of Birth
Single 226 3.669 0.046 18.869
Twin 281 3.126 0.039 20.851
Triplet 17 2.923 0.198 27.986
3. Year of Birth \
1982 78 3.121 0.084 23.877
1983 289 3.514 0.042 20.467
1984 157 3.175 0.053 21.009
4. Month of Birth
February 15 3.507 0.097 10.749
March 156 3.518 0.063 22.393
April 7 2.871 0.164 15.142
May | 28 2,939 0.120 21.683
September 127 3.167 0.058 20.511
October 8 3.350 0.248 20.926
November 73 3.104 0.079 21.905
Dece mber 110 3.618 0.064 18.705
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Table 1.3 : Least-square Constants for Various Factors Affecting Birth
Weight with Duncan's Multiple Range Test
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Effect Constant & S.E. [L.S. Mean]
u 3.129 + 0,060
Year of Birth
1982 0,100 + 0.097"
1983 0.357 & 0.070°
1984 -0.457 + 0.083°
Type of Birth
Single 0.537 + 0.053%
Twin -0.07% + 0.050°
Triplet -0.462 1 0.135°
Sex
Male 0.l64 + 0.079
Female ~-0.164 + 0.070
Month of Birth
February 0.397 + 0.1462"
March 0.485 + 0.071°
April 0.185 + 0.2112"C
May 0.069 = 0.126°C
September -0.549 + 0.073d
October -0.219 = 0.190CCI
November -0.389 + 0.081¢
December 0.021 + 0.071°
Type of Birth x Sex
Single male -0.004 + 0.062
Single female 0.004 + 0.064
Twin male 0.035 + 0.060
Twin female -0.035 £ 0.057
Triplet male -0.031 + 0.201
Triplet female 0.031 + 0.169
Regression
Dam's Weight at Kidding 0.036 + 0.00%4
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Means of the various factors under same superscript were not

significantly different from each other
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Table 1.4 : Phenotypic Correlations Between Birth Weight and
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Subsequent Body Weights

Body Weight Number of Correlation
At Observations Coefficient

I Month 437 0.472"

2 Month 418 0.318

3 Month 390 0.265

4 Month 321 0.244

5 Month 273 0.257" "

6 Month 313 0.199

7 Month 170 0.117

g Month 120 0.088

9 Month 211 0.113

10 Month 95 0.095

11 Month 69 0.159

12 Month 148 0.190

e m —_ oy v —- am —
e M et v mn o o = e

#Significant at P< 0.05, #*Significant at P <0.01
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DISCUSSION

Average

Average birth weight of Jamnapari kids was 3.354:0.032 kg.
For males it was 3.559:0.045 and females 3.154+0.042 kg. These find-
ings are In general agreement with the ﬂn'dings of Dutta et al. (1963),
Johri and Talpatra (1971), Mittal and Pandey (1974). The birth weight
in the present investigation was found to be more than the weight
reported by Khan and Sahni (1983), Kumar and Singh (1983) and Singh
et al. (1983b), but less than the weight reported by Singh (1973).

Effects of Various Factors on Birth Weight

The effect of sire, year of birth, type of birth, sex, month
of birth, interaction (type of birth x sex) and dam's weight at kidding
were examined by least-squares technique (Harvey, 1976).

Sires were chosen at random and their effect was found to
be non-significant. This finding is similar to the report of Singh (1973).
Birth weight had very small additive genetic variance (Darokhan and
Tomar, 1983 and Madeli and Patro, 1984) and is highly influenced
by maternal influence. The non-significant effect of sires on birth
weight may be due to its being affected by maternal influence.

It was observed that year of birth had a significant effect
on birth weight (P <0.01). Birth weight of kids born in the year 1983
was higher than those born in 1982 and 1984. The kids born in year
1982 were heavier than those born in 1984, Significant effect of year
of birth on birth weight have been reported in various breeds (Guha
et al.,, 1963; Castillo, et al. 1976; Montaldo and Juarez, 1980; Darokhan
and Tomar, 1983 and Nagpal and Chawla, 1984). Significant differences
among years can be partly explained by the differences in management

and climatic conditions in those years.
The effect of type of birth on birth weight was found to be

highly significant (P <0.01) and the trend observed was singles being
heaviest followed by twins and ftriplets. (Table 1.3). These findings
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are In close agreement with Sarma et al. (1981), Khan and Sahni (1983),
Ozekin and Akcapinar (1983), Singh et al. (1983a), Mavrogenis et al.
(1984), Sarma et al. (1984), Baik et al. (1985) and Malik et al. (1986)
in various breeds. The heavier birth weight of single born kids as
compared to twins or triplets may be due to the reason that does
with more than one kid could not provide sufficient prenatal care
to each kid. Single born kids received more nutrients from their dams
and therefore, heavier than twins and triplets.

In the present investigation it has been found that sex of Kkid
had highly significant effect on birth weight (P< 0.01); the male kids
being heavier than the females. Present findings are similar to the
earlier reports in Jamnapari and other breeds (Darokhan and Tomar,
1983; Ozekin and Akcapinar, 1983; Khan and Sahni, 1983, Singh et
al,, 1983a; Singh et al., 1983b; Mavrogenis et al., 1984; Misra and
Rawat, 1984; Nagpal and Chawla, 1984; Baik et al,, 1985; Naik et
al,, 1985 and Malik et al.,, 1986). The heavier birth weight in male
kids might be due to the effect of male sex hormone, which has an
anabolic effect (Hafez, 1962).

- The effect of month of birth on birth weight was highly signi-
ficant (P <0.01). Kids born in the months of February, March and
April were heavier than those born in other months. Significant effect
of month/season has also been reported earlier in Jamnapari and other
breeds (Singh et al.,, 1977, Mittal, 1979, Singh et al.,, 1983b, Misra
and Rawat, 1984; Nagpal and Chawla, 1984 Baik et al.,, 1985; Naik
et al., 1985 and Malik et al. 1986). A few contrary reports are also
available (Montaldo and Juarez, 1980 and Khan and Sahni, 1983). Heav-
ier birth weight of the kids born in months of February-April might
be due to the availability of good quality and quantity of feeds to
their dams during pregnancy. Another reason might be that no physio-
logical stress due to excessive heat or other unfavourable environmental
conditions were imposed on the dams during their gestation period

giving birth in the months of February-April.
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The effect of Interaction (type of birth x sex of kid) was not
significant on birth weight. Present finding is similar to that of Mavro-
genis et al. (1984) and Sarma et al. (1984), However, Barbieri et al.
(1983) and Singh et al. (1983a) reported a significant ir;feracticgr:
Non-significant Interaction probably indicated that the differences

in birth weights due to type of birth were the same and/or common
in both the sexes.

Effect of post-kidding weight of dam on birth weight was highly
significant (P<0.01) and heavier dams produced heavier kids. Present
finding is in agreement with the findings of Prasad et al. (1971) in
Barbari, Khan and Sahni (1983) in Jamnapari and Malik et al. (1986)
in Beetal and Black Bengal goats. However, contrary reports are also
available in the literature (Ayoadae and Butterworth, 1982 and Singh
et al.,, 1983b). The significant effect of dam's weight at kidding on
birth weight might be due to the reason that healthy dams could nour-
ish their offspring in prenatal period better than the weak ones.

Correlation between birth weight and dam's weight at kidding
was found positive and significant (P< 0.05). Similar finding was repor-
ted by Mittal (1979) and Mohd-Yusuf et al. (1981). It might be due
to the reason that dams having higher body weight could nourish their

foetus more effficiently than those having less body weight.

Heritability of birth weight could not be estimated since sire
component of variance was negative. The estimates of heritability
not significantly different from zero have also been reported by Guha
et al. (1968) by regression of progenies on dams, Moulik and Syrstad
(1970), Castillo et al. (1976) and Darokhan and Tomar (1983) by Pater-
nal Half-sib Correlation method. A very low h2 was reported by Madeli
and Patro (1984). However, Montaldo and Juarez (1980) and Mavrogenis
et al. (1984) have reported a high heritability for birth weight.

The negative sire variance component might be due to sampling

error, selected group of sires, relationship among sires, confounding
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of sires within year and genotype x environment Interaction etc. (Sear-
le, 1961). 1f the h” of a trait is low such as birth welght, to have
95% chance of getting a non-negatlve estimate from sire component,
at least 800 observations are needed provided the progeny size is
large. If the information per sire in limited to less than 30-40 pro-
genies, more than 800 observations are required for an estimate not
to be affected by sampling fluctuation (Thompson and Moore, 1963
and Gill and Jonson, 1968). Since, the number of observatlons in present
investigation was less, sampling error could be the reason for getting
negative sire variance component. Therefore, to arrive at a valid

conclusion large scale studies need to be conducted.
Correlation of Birth Weight with Subsequent Weights

The phenotypic correlation coefficients between birth weight
and weights at subsequent ages i.e. from 1 month to 12 month of
age at monthly interval were positive and highly significant upto 5
months of age and correlations of birth weight with 6 month weight
and with subsequent weights were non-significant. Significant correlat-
jon of birth weight with 1 month weight has been reported by Dutta
et al. (1963), Montemurro (1966), All (1980), Malik et al. (1986), with
weaning weight by Mohd-Yusuf et al(1981), Ayoadae and Butterworth
(1982), Misra & Rawat (1984) and Malik et al. (1986). Present findings
are in agreement with the above reports. Though there are few reports
(Wijeratne, 1968 and Guha et al., 1968) that birth weight has significant
correlation with yearling weight, but in present investigation correlat-
ions of birth weight with weight at 6 month and at subsequent ages
were found to be non-significant. This finding is similar to the report
of Madeli and Patro (1984). Significant correlations between birth
weight and monthly body weights upto 5 months of age might be due
to the reason that carry over effect of birth weight persisted upto
> months of age. Moreover, kids having higher birth weight have more

vigour than those born weaker.
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SUMMARY

The objectives of the present Investigation were to examine
the effects of various factors (genetic and non-genetic) on birth weight
and its correlation with subsequent welghts, The investiga't'ion was
carried out on 524 Jamnaparl kids sired by 12 bucks and maintained
at Central Institute for Research on Goaté, Makhdoom, Mathura (UP)
during 1982 to 1984, Least-squares technique was used to study the
effects of year, month and type of birth, sire, sex of kid, interaction
(type x sex) and dam's weight at kidding on birth weight. Sires were
chosen at random, while the remaining effects were treated as fixed
in the model.

Effects of year, type and month of birth, sex and dam's weight
at kidding on birth weight were slgnificant whereas, sire and interaction
(type x sex) did not influence birth weight. The effect of year of
birth was found to be significant on birth weight. Kids born In the
year 1983 had highest birth weight followed by those born in 1982
~and 1984, respectively. The type of birth also had highly significant
effect on birth weight. Singles were heavier than twins and triplets.
Male kids were significantly heavier than female Indicating that sex
had a significant effect on birth weight. Month of birth had significant
effect on birth weight and kids born in the months of February and

March were heavier than those born in other months.

Phenotypic correlation between dam's weight at kidding and
birth weight (0.21) was found to be significant. Heritability of birth
weight could not be estimated as the sire-variance component was
negative. Phenotypic correlation coefficients between birth weight
and weights at 1, 2, 3, 4 and 5 months were significant whereas with

weights at 6 months and at subsequent ages were non-significant.
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CONCLUSION

The present investigation was carried out with an objective

to study birth weight and various genetic and non-genetlc factors

affecting it in Jamnapari goats.

Following conclusions were drawn from the results:-

L.

2.

3.

7.

Sire had no Influence on birth weight and it is malinly

affected by maternal effects.
Males had higher birth weight than females.

Singles had higher birth weight than twins, which were

heavier than triplets.

Kids born in February-March had higher birth weight
than those born in other months.

Heavier dams produced heavier kids.

Kids having higher birth weight tended to be heavier
in later life also and carry-over effect of birth weight

persisted upto 5 months of age.

Birth weight was positively and significantly correlated
with weaning weight, hence, it could be a criterion to

select animals for higher weaning weight.
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BODY WEIGHTS AND MEASUREMENTS

Body welghts and measurements are important traits for assess-
ment of overall growth of an Individual at different ages. The estimates
of genetic and phenotypic parameters are very essential to decide
upon the selection cirterion to get maximum market welght in a shorter

time.

Measurements can also predict response in body welght (Daro-
khan and Tomar, 1983) since they are positively and significantly
corelated (Tandon, 1966 and Bose and Basu, 1984). Correlation among
body weights may be of use to select for heavier animals on the basis
of their body weights in early life (Misra and Rawat, 198%). Body
weight and body measurements at different ages are affected by year
(Khan and Sahni, 1983), month (Misra and Rawat, 1984) and type of
birth (Sarma et al., 1984), sex (Khan and Sahni, 1983}, interaction
of type with sex (Sarma ﬂ al., 1984) and dam's weight at kidding
(Khan and Sahni, 1983).

The present investigation was taken up to find out the influence
of various factors on body weights and measurements from birth to
12 months of age in Jamnapari goats and to determine relationship
among body weights. Various genetic and phenotypic parameters were
also calculated to find out the extent of variation (genetic and pheno-

typic) in body weights and measurements.

Data on weights and measurements from birth to 12 months
of age and dam's weight at kidding on 524 kids sired by 12 bucks
maintained at Central Institute for Research on Goats, Makhdoom,
Mathura (UP) during 1982-84 were used in the present study.

Least-squares technique (Harvey, 1976) was used to examine
the effect of various factors. Genetic and phenotypic parameters

were estimated according to Becker (1964).
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Averages

Averages, standard errors and coefficients of variation of body
weights and body measurements (body length, height at withers and
chest girth) for different factors are presented In Tables 2.1, 2.2,
2.3 and 2.4. Overall means of body weight at birth, 3, 6, 9 and 12
months averaged 3.35:0.03, 8.78:0.09, 12.75£0.13, 15.93:0.2]1 and
17.12£0.32 kg., respectively. Corresponding values for body length
were, 33.09:0.10, 46.28:0.18, 52.80:0.22, 57.90:0.31 and 59.90:0.36
cm,, for height at withers 36.21:0.12, #48.50+0.18, 55.07:0.22, 59.90z
-0.29 and 61.90:0.36 cm. and for chest girth 32.31£0.12, 45.06:+0.17,
50.82£0.20, 55.60+0.29 and 57.30:0.37 cm.

Least-squares Analysis

It was hypothesized a priori that body weights and body measure-
ments at different ages were affected by year, type and month of

birth, sex of kid, sire, interaction (type x sex) and dam's weight at
kidding. Least-squares analyses of variance for these effects are pre-
sented in Tables 2.5.1, 2.5.2, 2.5.3 and 2.5.4.

The least-squares constants along with the standard errors
of their corresponding least-squares mean are presented in Table 2.6.
Results of Duncan's multiple range tests (modified by Kramer) are

shown along with the constants.

Sire had a significant effect on weight at 1, 3, 4 and 6 months,
on length at 2, 3, 4 and 5 months, on withers' height at 1, 2, 3, 4,
5, 6 and 9 months and on chest girth at 1, 4, 5, 6 and 9 months of
age.

Year of birth had a significant effect on body weight at birth,
1, 2, 3, 8 9 and 12 months, on length at 1, 2 and 3 months, on withers'
height and chest girth at birth, 1, 2, 3, 4, 6 and 12 months of age.
It was seen that kids born in the year 1983 were heavier than those
born in other years, upto 3 months of age. Afterwards, kids born in
1982 were found to be heaviest in most cases. Kids born in 1982 were

mostly having larger body measurements than others.
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Type of birth had highly significant effect on body weight
(P<0.01) upto 6 months of age and slgnificant effect (P<0.05) on
7 month welght. Slmilarly, it affected all body measurements. The
effect of type of birth on weight and measurements was found to
be non-significant at 8 month and at subsequent ages. Single born
kids were heavier and had larger body measurements than twins and
triplets upto 7 months of age. Though statistically non-significant,
" singles were heavier and had larger body measurements than twins
and triplets at 8, 2 and 10 months too and twins were heaviest and
had larger body dimensions at 11 and 12 months of age.

Sex of kid had significant effect on body weights at all ages
except at 2, 7, 8 10 and 1! months, on all body measurements at
birth, I, 6, 9 and 12 months, on body length at 4 and 5 months and
on chest girth at 3 months of age. Males were having higher body
weight and larger body measurements than females at above ages,
though statistically non-significant, similar trend was found at other

ages too.

Month of birth had significant effect on body weights from
birth to 6 and at 12 months of age, on all body measurements at
birth, from 1 to 6 months, on length at 7, 8 and 9 months and on
length and chest girth at 12 months of age. Mostly, the kids born
in the months of February to April were heavier and had larger body

dimensions than those born In other months.

Interaction (type of birth x sex) had no significant effect on
weights and measurements at all ages.

Effect of dam's weight at kidding was found to be significant
on body weights at birth, 1, 2 and 3 months and on all body measure-

ments at birth, !, 2, 3 and 4 months of age. Kids born out of heavy

dam's were heavier and had larger body measurements than those

born out of dams with less body weight.
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Heritability

The estimates of heritabilities for body weights and body mea-
surements are presented in Table 2.7. The estimates for body weights
at birth, 10 and 11 months and body measurements at bifth (except
chest girth), 7, 8, 10 and 11 months of age could not be estimated
because of the negative sire variance component. The estimates for
body weights at 3, 6, 9 and 12 months were 0.257:0.152, 0.235:0.157,
0.176£0.171 and 0.237:0239. Due to large standard errors estimates
for 9 and 12 months were not precise. Heritability was highest for
length at 4 months (0.331:0.188), for height at 5 months (0.290+0.186)
and for chest girth at 4 months (0.301:0.178) of age.

Correlations Among Body Weights

Phenotypic correlation coefficients along ‘with the significance
attached to them, are presented in Table 2.8. Birth weight was signi-
ficantly (P<0.01) correlated with weaning weight (0.27), but not with
subsequent weights. Weaning welght had significant correlation with
6 (0.70), 9 (0.52) and 12 (0.53) months of weight. Six month weight
had significant correlation with 9 (0.76) and 12 (0.67) month weights
and so also 9 month weight with 12 month weight (0.81).

Regression of Weight on Age

Regression of body weight (in kg.) on age (in months) were
determined for different factors and tested for their significance.
The estimates are presented in Table 2.9. All the regression coeffi-
cients were found to be positive and significant. Males grew faster
(b=1.415 kg./month) than females (b=1.305 kg./month). Twin born kids
had highest growth rate (b=1.412 kg./month) among all types and so
also kids born in 1982 (b=1.562 kg./month) as compared to those born
in 1983 and 1984. Kids born in the months of September-October
(b=1.5 kg./month) had higher growth rate than those born in February-
April (b=1.3 kg./month) and November-December (b=1.2 kg./month).
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Table 2.5.1 : Contd.

M.S.

Source

of

Variation

6 Month ¢ 7 Month & 8 Month $

5 Month

d.f.

9.547

6.606

11.45%

9.858

11

Sire

13.023 18.243 29.251

1.977

Year of Birth

-88-

13.863

29.793

*%

22.809

*¥%

33.803

Type of Birth

®%
4,115 3.328

41.587

18.445

Sex

5.193

3.725

3%

15.249

€%

15.399

Month of Birth

5.574

0.322 1.028

2.048

Type of Birth x Sex

Regression

0.017 0.803
6.591 9.116

8.998
4.584
(287)

7.147
3.999

1
246

Dam's Weight at Kidding

Error

(95)

(145)

Contd.
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Table 2.6 : Least Square Constants and Standard Errors of Their Corresponding
Least-squares Means for Various Factors Affecting Body Weights [in Kg.]

& Body Measurements [in cm.] at Different Ages

in Jamnapari Goats

e T el e e T
- = - e R e e e e e e L S IR SIS - —
padrrdpeaiivdib gty

Year of birth
1982
1983
1984

Type of birth
Single

Twin
Triplet
Sex
Male
Female
Month of Birth
February
March
April

May
September
October
November
December

Type of Birth x

3.12940.060

0.1000.097>
0.357+0.0702

-0.457+0.083

0.537+0.0532
_0.074+0.050P
-0.462+0.135

0.164+0,079
-0.1640.070
0.397:0.1463°
0.485:0.071%
0.185:0.2113P¢
0.069:0.126°¢
~0.549:0.0739
~0.219:0.190%¢
-0.389:0.0819
0.021:0.071€

Sex

Single male
Single female
Twin male
Twin female
Triplet male

-0.004+0,062
0.004+0.064
0.035:+0.060

-0.035+0.057

-0.031+£0.201

Triplet female 0.031+0.169

Regression
Dam's weight
at kidding

-
-

0.036+0.004

- S amp n i bvh
o R I =% i o o e = T e o e A e = v e = v 0w w SR T S0 TN D L D D e
- - ottt anipy
T e e v B S e e vm A mm Em = e ==

—

P e O [ S —
s o R A= e g e forafiun flarsbos fledien s ot =

AT BIRTH

2= e e —— et A e - S
ol d T R e ey v e
= et B R i s a st o= ora

Al e n st sl
= - - I I e e v o mm e e e e n e e o e = am e
R b KT et e fhaasl - oot

32.215£0.237

b
ab

-0.468+0.387
“00107100279
0.575:0.327°

1.687+0.210%
0.107+0.198P
-1.79440.537¢

0.500£0.315
-0.50010.278

be
ab
abc

-0.60940,578
0.493+0.280
~0.047+0.836
-1.171:0.500°
~0.937+0.289°
0.911£0.7 542"
0.289:0.320%

1.069:0.2812

-0.091+0.248
0.09110.254
-0.049+0.240
0.049:0.226
0.141:0.796
-0,141:0.671

0.113:0.014

34.929:0.248
b
~0.607+0.405
20.139:0.292"
0.746+0.342°

2.085:0.2202
0.118+0.207"
-2.204+0.561€

0,648:0.330
0.648:0.291
0.302:0.605%°
0.932:0.290%
-1.0040.875”
~1,227:0.523°
~0.875:303°
0.241:0.788%°
10.022:0.335%0
1.651+0.2942

-0.137+0.259
0.137+0.266
-0.134:0.251
0.13410.236
0.27110.832
-0.2710.701

0.129+0.015

32.071+0.285

1.266+0.436%
0.359:0.326°
-1.6260.374C

1.740+0,258%
~0.319+0.247°
~1.422+0.594°

0.467+0.362
-0.467+0.325

1.100£0.637%°
1.775:0.327%
1.142:0.912%
-0.403£0.554
-2.604£0,336°
-0.51940.8242
-0.393:t0.368:

-0.199+0.328

-0.180£0.295
0.180+0.301
-0.019+0,287
0.019+0.273
0.199:0.869
-0.199+0.735

0.115:0.015
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Table 2.6 : Contd.

L L L T L L S S L I e I e T s e vt vt o vw ot e ==t J PR e B o Sl b el R e el ot
- — =D
i vndun g T e e = TE TR R TR MM MR AR e e e e e e e o . - - 2 e
— D it R e G R S Fw T e My eSS ak i B m -

-y v v G e i = TR e ey b G ) = v Yo My 0 S e T e e ——

Year of birth
1982
1983
1984

Type of birth
Single
Twin
Triplet

Sex

Male

Female
Month of Birth

February
March
April

May
September
October
November

December

5.369+0.133

0.762+0.187%
0.392:0.149°
~1.15440.173%

0.669+0.1262
-0.019:0.1260
-0.65040,231€

0.183+0.153
-0.183+0,147

1.353+0.255%
0.883£0.158°
0.1:5550,335°
0.419+0.243°
_1.38240.154%
de
~0.625£0,304
~0.35740.165%

0.7467£0.152°

C

Type of Birth x Sex

Single male
Single female
Twin male
Twin female

Triplet male

-0.025+0.138
0.025+0.138
0.100:0.138

-0.100£0.132

-0.075+0.314

Triplet female 0.075+0.296

Regression
Dam's weight

at kidding

0.026+0.005

- o . o - M e e e e b h A b B A b oM b S e o« S e a A= W TR S e emaw e S TR AR am e ie T T IR MR IR e o A . Tt o o e
= = = - = = promihaadion S =g v el
= = = = L L SR oI I L L LR L e m s ra s on oo om = o e == = =

- e L L R m rm et em p aa e e m o R 6 v =

~100-

40.066:0.352

2.455:0.5112
0.788:0.400P
-3.243:0.471°

a
b
b

1.580£0.333
~0.372+0.327
-1.208:0.641

0.423+0.413
-0.423:0.395

$.189:0.706%
2.102:0.427°
0.498+0.937°C
0.256+0.674
-3.340:0.416°
-1.610:0.847
~0.695:0.447°
_1,400£0.409°

0.010+0.367
-0.010+0.368
0.209:0.366
-0.209+0.349
-0.219:0.876
0.219:0.825

0.079:0.017

42.231+0.485

1.636£0.600%
0.368:0.518°
-2,005£0.570°
1.57410.4722
-0.36620.469"
~1.20840.705>

0.376+0.528
-0.376+0.514

3.417+0.760°

1.852£0.537°
-0.708+0.961°
-0.818:0.732°
-2.251:0.529°
-0.020:0.881°
-0.521+0,551€

-0.9430.542°9

0.058+0.459
-0.058+0.496
0.198:0.495
0.198:0.483
-0.25610.907
0.256+0.862

0.077:0.016

AT FIRST MONTH

S D G ey e e e v = AR m mm ee R SR WS W M b wm w Tvm e W S R im o= s am s e e e e TR T T I TN T YT T TR TH TR Y ey f A D S WE T Wy e G Db T Gt ed B Y A vy B G ED T A e
e e Ym = o TN an m e e R EE EE L e A v e St Gn T o T T s e E A e o e v A T evr mme

38.199+0.385

a
b

2.22640.531
0.617:0.428
-2.84340.494¢

1.929:0.368°2
-0.14840.362°
-1.78110.654°

0.443:0.440
-0.44310.425

3.325:0,717°
(.805:0.452°
0.042¢0.940°
-0.106:0.686°
-3.445:0.442%
-0.175:0.852°
-0.342:0.471¢

~1.105:0.436°

-0.267+0,398
0.267+0.399
0.105:0.397

-0.105:0.382
0.163:0.88!

-0.163+0.832

0.067+0.017



Table 2.6 : Contd.

AT 2 MONTH
Factors Body Body Wiﬂ-l;;s" ———————————— 6 ﬁ;;t.:- -----
______________ Ly Length Height Girth
u 7.078:0.196  43.71610.497  45.664+0.578  42.093:0.413
Year of birth
1982 0.515:0.273%°  2.421:0.640°  1.387:0.713%  2.495:0.5862
1983 0.441£0.271%  0.711:0.534°  1.517:0.613°  0.577:0.459°
1984 -0.956:0.254°  -3.132:0.602C  -2.905:0.677°  -3.07240.542C
Type of birth
Single 0.670:0.186%  1.263:0477%  1.294:0.560®  1.381:0.388%
Twin -0.149:0.183°  -0.463:0.472°  -0.568:0.556"  -0.399:0.381"
Triplet -0.521:0.349°  -0.801:0.791>  -0.725:0.858®  -0.981:0.757"
Sex
Male 0.145:0.234 0.039+0.567 0.369:0.643 0.095:0.500
Female -0.145:0.212  -0.039:0.524 -0,369:0.604 ~0.095:0.448
Month of Birth :
February 1.435:0.357°  3.904:0.8072  3.752:0.8752 3,152:0.775°
March 1.488:0.230°  2.193:0.558°  2.289:0.635°  2.015:0.489°
April 0.216:0.667  0.376:1.032°  0.227:1.099°  -0.405:1,019"
May 0.0560.347¢  -1.632:0.787°0  -1.107:0.855°  -0.688:0.752"
September  -1.675:0.244%  -0.039:0.547¢  -3.571x0.625%  -2.909:0.476°
October 20.920:0.446%9  -0.976:0.9895  -0.603:1.056°  -0.907+0.973"
November  -0.010:0.2425  -0.011:0.5805  -0.182:0.656°  -0.054£0.576"
December  -0.24840.227°  -0.852:0.551  -0.804:0.629°  -0.202:0.481"
Type of Birth x Sex
Single male  0,079:0.200 0.355:0.503 0.192:0.585 0.337:0.421
Single female -0.079:0.203  -0.355:0.507 -0.192+0.588 -0,337£0.426
Twin male  0.224:0.200 0.508:0.503 0.083£0.584 0.457£0.421
Twin female -0.224+0.194% ~-0.508+0.492 -0.08310.574 -0.457+0.407
Triplet male -0.303+0.507 -0.864:1.114 ~0.27511.182 ~0.795+1.107
Triplet female 0.303:0.411 0.864:0.917 0.275:0.984 0.795:0.895
Regression
Dam's weight 0.031+0.008 0.069:0.018 0.077+0.018 0.081:0.018

at kidding
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AT 3 MONTH

A v R Sw rry e S Bt Y A WP — T MD as o e B s S b o —— e = e . pt it $rt e et — = — = . ——
-— ——
— = e am em mem

T M oY M Y W Y v Y w e e T e e A ma -

[ s e g acfuden. s
TR A e G R G 4k Bk e B T e e e e - = = T = e . .y -
— e = e W e o o v - o e e e

Year of birth
1982
1983
1984

Type of birth
Single

Twin
Triplet
Sex
Male
Female
Month of Birth
February
March
April

May
September
October
November
December
Type of Birth x

2.346:0.351

-0.118+0.434P
0.474+0.372°

-0.35640.413%

0.661£0.3412
_0.117£0,338P
_0.544+0.,527°

0.344+0.389
-0.344+0.370

1.697+0.527°
1.155:0.384°
-0.034:0.660°C
~1.256£0.552°9
-1.754:0.379%
-0.971:0.6725¢
0.74:9:0.398%
0.414£0.383°

Sex

Single male
Single female
Twin male
Twin female
Triplet male

-0.047+0.356
0.047+0.357
0.117+0.356

-0.117+0.349

~0.069+0.710

Triplet female 0.069:0.622

Regression
Dam's weight

at kidding

Tt e v e b ww e am A —
ek e am i aa Am 2R e e e e= =

—— i o A
— s wm e an = wm e

0.028:0.011

—a e m am dm e

= em i ow —a e

45,955+0.577

0.896+0.7573
0.693+0.6243
-1.589£0.711°

1.17940.555%
0.67240.547°
-0.507£0.950"

0.332+0.660
-0.332£0.619

3,317+0.949%
2.173:0.649%
-0.898+1.218°C
-2.917+1.000°
-2.819:0.638°
-0.74741,244°€
1.584+0,6802°
0.30740.648°

0.171:0.589
0.171£0.591
0.612:0.587
-0.612+0.574%
-0.782+1.317
0.782x1.141]

0.06410.022

47.738:0.683

0.177:0.845°
1.539:0,724%

-1,717:0.803°

1.301:0.664%
_0.4149:0.6577
-0.851:1.025°

0.40410.756
-0.40410.720

3.803£1.025°
2.45760,747%
1.025¢1,284°9¢
-1.95841.073°
-3,269:0,737°
1.447+1.308%€
1.169:0.775"C
0.271£0.746%°

0.193+0.694%
-0,193:0.696
0.414+0.692
~0.414+0.681
-0.607+1.330
0.607+1.209

0.058+0.022

4%4.91110.478

1.33840.680°%
0.69120.532°
-2.0300.636"

1.022:0.4522
~0.580£0.4:42°
-0.442:0.,88430

0.53610,573
~0.536+0.527

3.398:0,883°

2.129:0.561°
-0.34121.160¢
-2.294£0.936¢
-2.86240,548¢
-1.288:1,186°9

1.039:0.596°C

0.219:0.560°

-0.085:0.492
0.085+0.495
0.228:0.490
0,228:0.474

-0.143+1.260
0.143+1.081

0.0641+0.02!
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AT 4 MONTH
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Year of birth
1982
1983
1984

Type of birth
Single

Twin
Triplet
Sex.
Male
Female
Month of Birth
February
March
April
May

September
October

November
December

2.503:0.461

0.123:0.573
0.25410.486
-0.378+0.532

0.583:+0.4492
-0.050:0.4472
-0.533:0.669°

0.414:0.510
"an' 14i00477

1.663:0.649°

1.004:0.5012
-1,048:0.798°C
-1.2840.703%9
-1.677£0.5014

0.310:0.8062¢

0.69840.571%°

0.33420.502%°

d

Type of Birth x Sex

Single male
Single female
Twin male

Twin female

Triplet male

© 20.032:0.467

0.03210.470
-0.003+0.470
0.003+0.467
0.035:0.913

Triplet female -0.035:0.748

Regression
Dam's weight

at kidding

e e o T o Cm AA = i vh fm M ia o s mm ow mm am o AR v AR D am — = e

0.028+0.015

47.644:0,773

0.359:0.980
0.407+0.820
-0.76710.905

1.194+0.7522
-0.536:0.7472
-0.657+£1.1542

0.656+0.864
~0.65610.803

3,1271,119°
1,63040.849%
-2.122+1.387°9
4.03541.2179
-2,779:0.8499
1.07021.5023PC
2.614:0.975°
0.49740.850PC

0.006+0.784
-0.006:0.790
0.12810.790
-0.12820.772
-0.134+1.595
0.134+1.297

0.077+0.026

49.499:0.699

~0.225:0.9332
0.852:0.754%
-0.627+0.849%

1,28740.675°
~0.425:0.660°
~0.862:1.123°

0.522:0.80%
-0.522+0.7 34

3.559:1.084°
1.689:0.7862°
_2.032¢1.373%9
_3.211:1,1919
~2.758:0.786%
1.010:1.38832C
1.099:0.9283PC
0.644+0.787°C

0.267+0.712
-0.267+0.719
0.169£0.719
-0.169:0.698
-0.43641.591
0.436£1.276

0.069+0.027

46.2811+0.714

1.416+0.9182
0.123:0.761P
1.539:0.844C

1.181+0.6932
-0.497+0.,6872
-0.684+1.0882

0.389+0.804
-0.389+0.743

3.099:£1.0542
2.220:0.7882
~1.19%41.,3107C
-3.79321.149°
~2.149:0.789°
1.41641.32830
0.849:0.913%
0.295:0.790°

0.097:0.725
-0.097+0.730
0.14410.730
-0.144:0.713
-0.242+1.515
0.242+1.227

0.07710.025
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Year of Birth

1982
1983
1984
Type of Birth

Single

Twin

Triplet
Sex

Male

Female

Month of Birth

February
March
April

May
September
October
November

December

10.75320.520

0.129:0.688
0.179£0.565
'00329t 00630

0.832+0.511
-0,225:0.503
~0.607+0.308

0.489+0.589
~0.489+0.545

1.37440.788
0.538+0.578
-1.292+0.977
-1.867+1.020
-0.884:0.587
1.674+1.305
0.557:0.697
~0.099:0.573

Type of Birth x Sex

Single male

Single female

Twin male

Twin female
Triplet male

0.147+0.537
~0.147:0.55]
-0.114+£0.539
0.1142£0.526
-0,032+1.130

Triplet female 0.032:0.913

Regression

Dam's weight 0.027:£0.020

at kidding

YO R v s e am et em e i e et
e e iy T m am o e

- o o
po-gremgp-phanigsy

P

e

49.862:0.787 .

-0.184+1.056
0.529+0.85%
"'0.34510-963

a
b
b

1.179+0.772
'01720101758
-0.459:1.24 5

0.722+0.897
-0.722+0.827
2.200:1.213%

0.495:0,879°
-3.363:1.510
_,503+1,579°
-0.442:0.894

3.517+2.026%

2.4811,069°
~0.345:0.87]

0.394:0.813
-0.394+0.837
-0.220:0.818
0.220£0.796
-0.174x1.751
0.174x1.411

0.042+0,031

be

ab

ab

51,383£0,883

~0.739+1.154
0.880+0.954
~0.141+1.060

1.362£0.868
-0.425£0.855
-0.93611.349

0.458+0.994
~0.45820.924

2.48421.316°
1.308:0.9762
2.034£1.633
~5.8641 1,695
~1.063£0.991°
3,998+2.1622
0.801£1.169
0.368:0,968

0.576£0.910
-0.576+0.933
0.061:0.914
-0.061+0,892
-0.638:1.875
0.628+1.521

0.042+0.033

ab
ab

AT 5 MONTH

T T M e T vl A WA o 0p WE TN o ey Ay — - [
- e e vt s - - -
T T T T N R A e s E T e e M AT E I T

48.65310.781

1.29810.053
0.17710.854
~1.47610.959

1.27610.766
~0.535:0.753
-0.740:1.244

0.578+0,893
-0.578+0.823

2,572:1.211%°
1.134:0.875%0
-2.343:1.510%9
4.04121.5809
-0.80040.889%4
4,44 14£2.029°
0.04:6:1.0662C
-0,981:0.866°

0.250:0.808
-0.250+0.832
0.064+0.813
~0.064+0.791
~0.315+1.753
0.315:1.411

0.039:0.032
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Year of Birth

1982
1983
1984

Type of Birth

Single
Twin

Triplet

Sex

Male
Female

Month of Birth

February
March
April

May
September
October
November

December

12,557+0.537

0.870+0.674
~0,03110.570
-0.838:0.671

0.776:0.518
0.068:0.515
-0.843+0.848

0.724£0.611
~0,724x0.564

0.737+0.903
0.373:0.59%4
-0.785:1.155
0.275+0.591
0.677:1.040
-0.128:0.618
-1.148:0.596

Type of Birth x Sex

R e e e o mn AR G mp e e As = aw = e ve m mw S == A
e e e e e e A e e Ly e im o= tm o WA e e e Aw

Single male
Single female
Twin male
Twin female

Triplet male

Triplet female
Regression

Dam's weight
at kidding

-0.017:0.546
0.017:0.548
-0.093:0.549
0.093+0.546
0.109:1.197
-0.109:0.961

0.028:0.019

=R ——

52.274£0,708

0.10310.960
0.519+0.772
~0.6231+0.956

1.251%0.653
~0.254+0.666
~0.997+1.263

0.871x0.848
_0.871:I:Ol759

0.783+1.355

-0.53740.816%

-3.155:1.776°

0.05120.812°
2.364+1,585%
1.982+0.860°
~.489:0.819°

0.07210.728
~0.072+0.731
-0.128+0.733

0.128+0.726

0.055+1.844
-0.055+1.454

0.039+1.032

—— - e o et e £ A e o A e e = S
- o - — - e o G e e ¢ At T o v i A At n T e -
EMsm O AL NN LT N L R IR T R I S L T S s m e e e mim e

ab

prripur i opandih s hamiisr e

o4.475+0,842

-0.767+1.082°
0.926+0.9012
-0.158+1.077

1.042+0.809
-0.307+0.803
~0.734x1.38!

1.03910.974
~1.039+0.889

0.537+1.475

0.410+0.94332

~2.987:1.9030

-0.649:0.939"
2.817+1.7072

0.804:+0,9843P

-0.9309:0.945"

-0.015:0.860
0.015:0.363
-0.226:0.865
0.226:0.858
0.241£1.972
-0.241+1.574

0.045:0.033

abh

ab

AT 6 MONTH

e o = o v b B L W Mn m em e v aa - —_—— sttt — — — am am e e an
= == EHESEBEEEZsIE Rl R e T N AT v mm te am —a e hm A T m e WY M S A e s -
A P o 0% TV VIe TV N v Ay B ey B By =8 ey A e B b A vk & kp o Sk ed A e e W A

50.677:0.864

1.322+1.056
0.110£0.911
".l 043211 0053

1.177+£0.839
"'0‘095.“:00835
-1.082:1.305

1.029:0.969
~1.029:£0.901

1.402+1.384
0.569:0.944
~2.240¢1.752
-0.695+0.941
2.078+1.583
0.256£0.977
~1.370£0.946

0.042+0.878
-0.04210.880
-0.194+0.882
0.19410.877
0.152+1.812
-0.152:1.469

0.047+0.029

Contd.



Table 2.6 : Contd. ~106-

Triplet female 0.534:1.16!1

Regression
Dam's weight

at kidding

T e b Ak s L s e ot e S e
Rt ey v ey v s aty ok om a v em wm

- a m
_——— -

0.009:0.032

A v A md e = ew =
—_ea Em v e e -

~0.145:1.605

~0.016:0.044

——a e am tam o o Bl At > o a s S . avn e = = A a rn T v AT A e AN b A LB et =0 R S = o SR
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0.673:1.675

-0.005:0.046

AT 7 MONTH

Factors Body Body Withers (5 I;;;{ ~~~~~
________________ Weight ~~ Length  Height Girth

u 13.690+0.7 39 54.34811.020 55.979:1.066 53.171+1.006
Year of Birth |

1982 0,936+0.850 0.253:1.175 ~0.482+1,226 0.519x1.157

1983 ~0.470+0.753 -0.21821.039 0.542+1.085 ~0.083+ 1.02%

1984 -0.465:1.014 -0.035£1.40] ~0.059:1.462 ~0.436+1.380
Type of Birth

Single 1.271+0.653 1.319£0.901 1.695+£0.94] 1.458+ 0,888

Twin 0.069:0.616 -0.603:0.850 -0.173£0.887 -0.113+£0.838

Triplet ~-1.340£1.569 -0.716:2.168 ~1,522+2.264 -1.345£2,137
Sex

Male 0.391£1.071 0.999: [.480 0.580+1.545 0.718+1.458

Female -0.391+0.659 -0.999:0.910 -0.58010.950 ~0.718+0.897
Month of Birth

February -0.583+1,178 ~1.327+1.627 ~0.51411.699 ~0.669+ 1.604

March 0.093+0.636 ~0.98110.878 0.128+0.917 -0.8754£0.865

April - - - -

May - - - -

September 0.198+2.733 -0.74313.778 -3.00413.945 -0.387+3.725

October 1.55412.067 2.872+2.857 4.645:2.983 4,528+2.816

November ~0.5040.7 34 1.816+1.013 -0.080+1.058 -0.543+0,993

December ~0.758+0.677 -1.636+0.934 -1.176£0.,975 -2.052£0,920
Type of Birth x Sex

Single male 0.269:0.722 -0.062:0.997 0.304:1.041 0.153£0.982

Single female -0.269:0.712 0.062+0.983 -0.304£1.026 -0.153+£0.968

Twin male 0.266+0.747 -0,082+1.032 0.369:1.077 0.098+1.017

Twin female -0.266:0.648 0.082+0.89% -0.369:0.934 -0,098+0.881

Triplet male -0.534x2.757 0.195:3.812 -0.67313.980 -0.251+3.757

0.251+1.581

-0.018:0.043
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Year of Birth
1982
1983
1984

Type of Birth

Single

Twin

Triplet
Sex

Male

Female
Month of Birth

February
March
April

May
September
October
November
December

14,4081 1.486

2.062:1.199
0.278+1.114
~2.34113.41§

0.982:+1.442
~0.037+1.385
"0594412-298

0.365:1.762
"00365521-“29

0.307+3.503
"00047:!7 .I -377

0.667+3.491
1.210+2.289
~1.096+1.428
-1.041+1.376

Type of Birth x Sex

Single male

Single female

Twin male
Twin female
Triplet male

0.700+1.480
-0.700:1.51 4
0.306+1.546
-0.306:1.387
-1.007£3.511

Triplet female 1.007:2.017

Regression

Dam's weight -0.015£0.051

at kidding

-
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J4.444+1.918

1,991+ 1.522
1.25311.403
-3.264+4.508

1.053+1.858
-0.623:1.779
-0.431+3.018

0.734+2.294
-0.734+1.840

~0.366+4.031
-1.376+1.769

~0.560+4.615
2.397+3.,005
1.862+1.839
-1.956x1.767

0.611+1.910
~0.611£1.955
~0,084+2.000
0.084+1.782
-0.527+4.642
0.527+2.639

-0.041:0.067

449414438
1415£1.335
-2.864+4,287

1.029:).767
-0.297:1.692
-0.731+2.870

1.002:2,182
-1.002¢1.750

0.164+4.404
~0.120+1.682

-1.631:4.389

3.490+2.858
~0.426£1.749
-1.481+1.681

0.233:1.816
-0.233:1.860
0.092:1.902
-0.092+1.695
-0.326:4.415
0.326£2.510

-0.01210.064

AT 8 MONTH

ERESRERE 2R REREssEnEs e e v e v A e o e e v T ot A et > T et o v o e e
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56.882:1.825

53.169£1.870

3.094+1.434
1.427:1.368
~4.521£4.395

1.435:1.811
-0.246+1.735
~1.189:2.942

0.358+2.237
-0.358+1.794

1.477:4.515
-1.09611.725

-

~0.237+4.499

3.432+2.930
~0.983+1.793
~2.593+1.723

0.782+1.862
-0.782+1.907
0.068:1.950
-0.068+1.738
-0.850+4.525
0.850£2.572

-0.04710.065
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Table 2.6 : Contd.

— o Nt B A = e oW —o S e me
profim=ioniiamgrmpar g =

mov mt A e S = e =8 T R e TR w1 M Y e T W i e b i v et M v o e e e e g =
b e B e iRt e e ool it o I S o T ™ S5 o5 =0 an 7w i W e e S Sn B =0 A o s W 4R M A e @t b v R e Y e S
T T D AL R e e e i e v e e e v T e S S Teb M e v e P v e S v i s e b S . T b e s -

39.679+1.345 .

Year of Birth
1982
1983
1984

Type of Birth
Single

Twin

Triplet
Sex

Male

Female
Month of Birth

February
March
April

May
September
October
November

December

et el O ey S,
ey S A e m R P e e o To S AE e e v et s e = vw s e =
. — o e - v — - e e S e o P Yt e Yk e = > o A W o e
e KRR anyssu Gt sttt cssflmtaefiivestl el dfon )

16.469:0.901

0.943+0.999
-0.943:0.910

0.377:0.874
-0.19120.892
'0-185i 1'369

0.930¢£1.013
-0.930+0.937

-0.147+3.038
0.342+1.028

-0.238:0.831

0.619:1.506
~0.526:0.848
~0.049:0.824

Type of Birth x Sex

Single male

Single female

Twin male
Twin female
Triplet male

0.17610.921
-0.17610.914
0.123+0.949
~0.123:0.945
~0.299+1.886

Triplet female 0.299:1.552

Regression

Dam's weight -0.006£0.035

at kidding

PG vt

A S S —trwam
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57.852:1.680

0.783:1.323
"0-783i .l ] 1 8"'

0.779+1.127
-00359i 1-156
~0.420z].883

1,18%:1,343
“1.184£1.226
~0.505:1.312%
-1.032:1.367%P

-—

1.428+1.057
0.552+2.084
1.586+1.085%
1989 1.047°

ab
ab

0,035 1.201
~0.035:1.190
-0.090+ 1.246

0.090x1.239

0.055+2.643
~0.055:2.152

-0,076:0.050

0.453:1.469
"00453i l -357

0.925:1,312
-0.051£1.335
-0.87411.947

1.388:1.486
'l o388i1|391

-0.839+4.182
0.623+1.506

0.74821.258
1.218+2.127
~0.540+1.280
-1.209+1.251

0.037:1.371
-0,037+1.362
-0.121+1.407
0.121:1.401
0.084+2.632
-0.084+2.187

0.009:0.048

s . m e A et e A M b ov A = b T jrsclioefiot S aipanip Ay
e aE et e Gy Ay e e A L P e - fompimafiailng--q~ g e =
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AT 9 MONTH

55.956x1.375

0.499+1.495
'00499:‘: 1 0387

0.717£1.344
-0.388+1.365
—0-328:!: 10960

1.479+£1.511
~1.479+1.419

0.372:4.161
-0.269+ 1.530

-

-0.446+1.292
0.725£2.135
0.589:1.312

-0.97121.285

-0.220s 1.400
0.220:1.391
-0.561+1.434
0.576+1.429
0.735:£2.631
-0.735£2.194

-0.00110.048
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Contd.
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at kidding
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AT [0 MONTH

Factors Body Body Withers' - E}I;;t uuuuuu

--------------- Veight ___ Lemth Height Girth

u 17.791£1.107 58.380+1.417 60.416£1.387 56.829:1.338
Year of Birth :

1982 0.57521.233 0.416+1.577 0.282+1.539 0.298: | .489

1983 -0.5751.177 ~0.41641,506 ~0.282x1.469 -0.298+1.421

1984 - ~ . )
Type of Birth

Single 0.514£1.099 0.977:1.406 1.322:1.372 1.419£1,328

Twin 0.256£1.069 0.053+1.,368 0.702:1.335 0.384:1,292

Triplet ~0.770£2.244 -1.030+2,871 -2,025+2.801 -1.804+2.710
Sex

Male 0.167+£1.518 0.133:1.942 0.490:1.894 0.228+1.833

Female ~0.167+1.059 -0.133£1.356 -0.490£1.,322 ~0.2281 1,279
Month of Birth

February -0,318:+3.718 -0.859:4.757 -2.128+4.641 -1.012: 4,491

March -0.975¢1.129 ~0.673£1.445 -0.211£1.409 ~0.359£1.364

April - - - ' -

May ~ - - ~

September 0.314+3.686 1,227:4.716 -0.071+4.602 1.285+4.452

October 3.54742.858 1.202¢£3.658 4,34613.569 3.063£3.453

November ~1,508:0.939 1.3641,202 ~0.934+1.173 -0.785x1.135

December ~1.060+0.945 -2,262+1.209 -1.003z1.179 -2.192+1.141
Type of Birth x Sex

Single male - 1.005:1.212 0.929:1.551 0.667+1.514 0,628+ 1.464

Single female -1.005:1.213 -0.929+1.552 -0.667:1.514 -0.628+ 1.465

Twin male 0.480+1.323 0.207+1.693 0.243:1.65] 0.41811.598

Twin female -0.480:1.154 -0.207+1.477 ~0.243:1.440 ~0.418:1.394

Triplet male -1.485:3.748 -1.136£4.796 -0.909:4.680 ~[.066+(.528

Triplet female 1.985:1.850 1.136x2.367 0.909:2.309 1.04642.234
Regression

Dam’s weight ~0.038:0.063 -0.016+0.087 0.021+0.085 0.002+0.083

v ty o T A Sy T b S
gt T S @t i A n A s S e R s ool et e
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AT 11 MONTH
Factors Body Body Withers' Chest
peooeght g s G

u 18.914+0.892 60.831+1.035 63.036+1.062 39.274:1,189
Year of Birth :

1982 1.493:1.334 0.036£1.800 ° -0.007¢1.717 0.150+1.706

1983 -1.493+1.393 -0,036+1.830 0.007+1.794 ~0.150£1.782

1984 - - - -
Type of Birth

Single -0.462+1.173 -0.327+1.583 0.079z1.511 -0.149£1,501

Twin 0.985+1.099 0.280+1.485 0947+ 1.417 0.409: 1,407

Triplet -0.52412.327 0.047:3.142 ~1.027+2.998 -0,259+£2.978
Sex

Male 0.642+1.495 0.386+2.019 0.836+1.927 0.512:1.914

Female -0.642+1.064 ~0.386:1.436 ~0.836+1,370 -0.512¢1.361
Month of Birth

February 2.477:3,804 2.698:5.135 2.645:4.899 2.838+4.867

March 0.013:1.,491 ~2.38712.012 -1.788+1.920 -1.843:1.907

April - - - -

May - - - -

September 1.815+3.729 1.739+5.034 1.31644.803 1.670£4.77¢

October 1.164£2,932 ~0.699+3,959 1.495+3.777 0.560+3.752

November -2.877¢1.013 0.74:8:1.368 -2.519£1.305 -1.577+1.297

December -2.592+1.315 -2,099:1.775 ~1.149£ 1.694 -1.648+1.683
Type of Birth x Sex

Single male  0.594:1.248 1,175+ 1,685 0.805+1.607 0.701£1.597

Single female -0.594+ 1424 -1.175:1,923 -0.805+1.834 ~0.701+1.823

Twin male 0.874+1.487 0.195:2.007 0.496+1.915 0.519:1.,802

Twin female -0.874:1.167 -0.195:1.576 -0.496+ 1,504 -0.519:1.474

Triplet male -1.496+3.632 ~1.370£4.,903 -1.301£4.678 -1.220:4.647

Triplet female 1.469+2.167 1.370£2.926 1.301£2.792 1.220+2.773
Regression

Dam's weight -0.034:+0.103 -0.081+0.139 -0.102+£0.133 -0.073£0.132

at kidding
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Phenotypic Correlations Among Body Weights at Different Ages

Table 2.8

1 Goats

Jamna

in

Weight at

9 Month 12 Month

6 Month

3 Month

Weight at

*

0.206 + 0.081

0.117 + 0.068

0.199 = 0.055

¥ %

0.269 + 0.043

Birth

-113-

3% %

0.027 £ 0.070

¥* 3

0.521 = 0.059

*3¢

0.699 = 0.042

3 Month

*%

0.675 = 0.061

*%

0.756 = 0.045

6 Month

¥*%

0.813 = 0.049

9 Month

*Significant at P <0.05, #*#Significant at P< 0.01
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Table 2.9 : Regression Coefficients of Body Weight on Age (in month)
With Their Standard Errors for Different Factors
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Factor Alpha bt s.e.

Overall 3,977 1.359 & 0.029
1. Sex

Male 4,127 1.415 + 0,038

Female 3,823 1.304 + 0,034
2. Type of Birth

Single 4,850 1.312 ¢ 0.051° "

Twin 3.741 1.412 + 0.051° "

Triplet 3466 1,336 & 0.053
3. Year of Birth

1982 3,499 1.562 & 0.046

1983 4,974 1,.06%  0.180

1984 2.937 1,507 % 0.152"

e e M D ey S i T W PV =R R S MR —\-.———-_—-.-__..-_u-—u—._.————_--n—--.—-.—u———-—-.-—--q..——u--—..-—-—....--——n-——

4. Month of Birth
February
March
April
May

September
October
November
December

- am wr Ra mm ww s wh P W mm =k we vA = e~ L =TT OR

— m wm e Am e e W e TR ww =

5.099 1.323 £ 0.089
4.651 1.357 + 0.065
4.278 1,132 £ 0.186"
4,170 1,019 + 0.182° "
2.465 1541 £ 0.085
3.429 1.567 & 0,094
4,634 1,157 « 0.075
4,368 1,170 £ 0.076

e e o o et > Y S o T A e o ST — A — A T ma ST AT S N O T

== = ..-——q___-.._.—-—_-——.__———-.—q..——._..——--—-——-—
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#Significant at P <0.05, ##Significant at < 0.0l
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DISCUSSION

: Sires were chosen at random and it was found that sires had
significant effect on weight at 1, 3, & and 6 months, on all body mea-
surements at 4 and 5 months, on length at 2 and 3 months, withers'
height at 1, 2, 3, 6 and 9 months and oh chest girth at 1, 6 and 9
months of age. Significant effect of sire on body weights have also
been reported in various breeds (Mukundan et al., 1983 and Mavrogenis
et al., 1984).

It was observed that year of birth had significant effect on
body weights at birth, 1, 2, 3, 8, 9 and 12 months, on all body measure-
ments at 1, 2, 3 and 12 months, on withers' helght and chest girth
at birth, # and 6 months of age. Significant effect of year of birth
on body weights and body measurements have also been reported at
different ages In various breeds (Guha et al., (968 Mohd-Yusuf et
al,, 19813 Khan and Sahni, 1983 Mavrogeﬁls, 1983; Mukundan et al.,
1983; Nagpal and Chawla, 1984; Nagpal and Chawla, 1985 and Malik
et al, 1986). This might be due to differences in climate (which is

unavoidable) and management in those years.

The effect of type of birth was found to be significant on body
weights and body measurements from birth to 7 months of age. Single
born kids were heavier and had larger dimensions than twins and trip-
lets, Significant effect of type of birth on body weights and body
measurements at different ages in various breeds have also been repor-
ted earlier (Sarma et al., 1981; Khan and Sahni, 1983; Mukundan et
al., 1983; Ozekin and Akcapinar, 1983; Singh et al,, 1983a; Mavrogenis
et al., 1984 Sarma et al, 1984 Balk et al, 1985 and Malik et al.,
1986). The differences in early perinatal growth (until weaning) are
caused, to a considerable extent by maternal factors, such as the
size of litter (reflected in individuals' birth weight), the availability
of milk, the number of sucklings and their vitality and aggressiveness.
The birth weight is significantly correlated with subsequent body wei-
ghts (Ali, 1980 and Malik et al, 1986). Therefore, kids with higher
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birth weight tended to be heavier at later ages also. The body weight
and body measurements are significantly correlated particularly in

early life (Mukherjee et al, 1981), therefore, type of birth .had signi-
ficant effect on body measurements too.

Sex of kid had significant effect on body weights from birth
to 6 month (except at 2 months age) and at 12 months age. It also
had significant effect on all 3 body measurements at birth, 1, 6, 9
and 12 months, on length at 4 and 5 and on chest girth at 3 months
of age. Males were heavier and had larger body measurements. Signi-
ficant effect of sex on body weights and body measurements at differ-
ent ages in varjous breeds have also been reported by different workers
(Misra and Rawat, 19843 Nagpal and Chawla, 1984; Naik et al,, 1985
and Malik et al., 1986). This might be due to the influence of male
sex hormone, which has an anabolic effect (Hafez, 1962) on male
kids which are capable of growing at a faster rate during pre- and
post-natal development. Since body weight and body measurements
are highly correlated, sex of kid influenced the configurational traits
also. The non-significant effect of sex on weights after 6 months
might be due to the fact that kids were able to compensate subse-
quently because of adequate pasture avallability. However, the differ-
ence In length persisted because body length has a relative slower
growth as compared to other configurational traits (Wilson, 1958).

The effect of month of birth on body weight and all 3 body
measurements was significant from birth to 6 months of age. It had
significant effect on length at 7, 8 and 9 months and on length and
chest girth at 12 months of age too. In various breeds, it has been
reported that month/season of birth had significant effect on body
weight and body measurements at different ages (Mavrogenis et al.,
1984; Nagpal and Chawla, 1984 Baik et al, 1985; Naik et al., 1985
and Malik et al., [986). This might be due to the differences in the
availability of good quality and quantity of feeds to the does before
parturition and to their kids after birth. Moreover, dam's under physio-
logical stress due to excessive heat or other environmental conditions
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consumed less feed and consequently produced lighter kids. The signi-
ficant etfect on weight and chest girth at 12 months might be due

to the fact that good quality of fooder was available to the kids born
in February-April and attaining the age of 12 months.

It was also found that Interaction-(type of birth x sex) had
no significant effect on body weights and body measurements at all
ages. Non-significant effect of this interaction at different ages has
been reported in different breeds (Nagpal and Chawla, 1984; Sarma
et al, 1984 and Nagpal and Chawla, 1985). Non-significant effect
of interaction in present investigation probably indicated that the
difference in body weights and body measurements due to type of
birth were the same and/or common In both sexes.

The effect of dam's weight at kidding on body weights and
body measurements from birth to 3 months of age was found to be
significant and was also significant on body measurements at & months
of age. Significant effect of post-kidding welight of dams on weights
and measurements have been reported at different ages in various
breeds (Khan and Sahni, 1983 and Malik et al., 1986). This might be
due to the fact that healthy dams can nourish their offspring better
in pre- and post-natal developments. Body measurements are highly
correlated with weight particularly in early life, hence, these are
also affected by dam's post-kidding weight. Maternal effects usually
persist until weaning (3 months) and the same was observed under

present investigation.

Progenies of 12 sires were analysed to estimate the heritabi-
lities. Due to negative sire-variance component heritabilities for
weight at birth, 10 and 11 months and measurements at birth (except
chest girth), 7, 8, 10 and 11 months could not be estimated. Heritabi-
lities for weights and measurements at different ages in various breeds
have also been reported (Ali, 1933; Mukundan et al.,, 1983; Darokhan
and Tomar, 1983; Madeli and Patro, 1984; Mavrogenis et al,, 1984
and Malik et al.,, 1986). For a low heritable trait, to get a non-negative
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estimate of hz from sire component at least 800 observations are
needed if the progeny size is large and if number of progeny per
sire is restricted to 30-40, more number of observations are needed
(Thompson and Moore, 1963 and Gill and Jonson, 1968). Negative sire-
variance could be due to sampling error, selection among sires relation-
ship among sires and genotype x environment interaction etc. but
in present investigation sampling fluctuation seems to be the reason.
For the same reason few estimates had higher standard errors which
reduced their precision. Therefore, to arrive at a valid conclusion
large scale studies need to be conducted.

Phenotypic correlation of birth weight with weaning weight
was found to be significant, which is similar to the reports of Ayoadae
and Butterworth (1982), Misra and Rawat (1984) and Malik et al. (1986).
This could be due to maternal influence which persisted upto 3 months.
Non-significant correlation of birth weight with subsequent weights
might be due to carry over effect of birth weight which persisted
until weaning. Weaning weight (3 months weight) was positively and
significantly correlated with subsequent body weights. This finding
is similar to the report of Mavrogenis et al. (1984). Correlation between
weights of two consecutive ages were higher than the two of distant
ages. This might be due to the reason that environmental influences
were more similar for two consecutive ages than for two distant
ages. It may be concluded that birth ‘weight may be a criterian to
selection for weaning weight, which in turn may be used as a criterian

to select animals for live weight in later life.

Regression of body weight (in kg.) on age (in months) were
calculated and found to be significant for all factors. Significant
regressions of welght on age have been reported by Sarma et al. (1981),
Khan and Sahni (1983) and Mukundan et al. (1934). Males grew faster
than ferales. This could be due to the effect of sex hormone which
led to faster growth of males during pre- and post-natal development.
Moreover, males were heavier at 12 months too indicating that overall
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gain in weight was more in males than females, Kids born as twins
(b=1.412) had higher weight gain per month than triplets (b=1.336)
and singles (b=1.312). Adult weight showed no difference in.the types
of birth indicating that total welght gain was more in twins than
In triplets and singles which could result only when twins grew faster
than triplets and singles. Kids born in the months of September and
October were having higher growth rate (b=1.541 and b=1.567} than
those born in February to April (b=1,323, 1.357 and 1.132, respectively)
and in November and December (b=1.157 and 1.170, respectively).
This could be due to the reason that kids born in September and Octo-
ber received good quality fodder at the time of weaning resulting
in faster growth which is slgnificantly and positively correlated with
subsequent growth. Kids born in other months did not recelve good
quality and quantity of green fodder in early stages of life result-
ing in poorer early growth which led to less body weight at 12 months

of age.
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SUMMARY

The objectives of the present study were to examine the effects
of various genetic and non-genetic factors on body welghts and body
measurements from birth to 12 months of age and to estimate various
genetic and phenotypic parameters at different ages.

The study was conducted on 524 Jamnapari kids sired by 12
bucks maintained at Central Institute for Research on Goats, Makh-
doom, Mathura (UP) during 1982 to 1984. Least-squares technique
was used to examine the effects of year, month and type of birth,
sex of Kkid, interaction (type x sex), sire and dam's weight at kidding
on weights and measurements at monthly interval from birth to 12
months. Genetic and phenotypic parameters were estimated by Parental
Half-sib Correlation and standard statistical methods, respectively.

Sire had significant influence on weights at 1, 3, 4 and 6 months,
on body length at 2, 3, 4 and 5 months, on withers' height at 1, 2,
3, 4, 5, 6 and 9 months and on chest girth at 1, 4, 5, 6 and 9 months

of age.

Year of birth had significant effect on body weights at 1, 2,
3, 8 9 and 12 months of age, on length at 1, 2 and 3 months, on
withers' height and chest girth at birth, 1, 2, 3, 4, 6 and 12 months
of age. It was seen that kids born in the year 1983 were heavlest
upto 3 months of age and kids born in 1982 were heavier from 4 to

12 months of age and had larger body measurements at most of the

eS8,
Type‘of birth had significant effect on body weights upto 6

onths of age and on body measurements upto 7 months of age. Singles

were significantly heavier and had larger body measurements than

ty-ns and triplets.

Sex of kid had significant effect on body welghts at birth,
Y3, 4, 5, 6, 9 and 12 months of age, on all 3 body measurements
birth, 1, 6, 9 and 12 months, on length at 4 and 5 months and on
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chest girth at 3 months of age. Males were heavier and had larger

body measurements than females.

The effect of month of birth was found to be significant on
body weights from birth to 6 months and at 12 months of age, on
all body measurements from birth to 6 months, on only length at
7, 8 and 9 months and on length and chest girth at [2 months of
age. Mostly the kids born during February-April were heavier and
had larger body measurements than those born in other months.

Interaction (type x sex) was found to be non-significant on

weights and measurements at all ages.

Influence of dam's weight at kidding was found to be significant
on body weights from birth to 3 months of age and on 3 body measure-
ments from birth to 4 months of 'age. Kids born out of heavy dams
were heavier and had larger measurements than those born of lighter

dams.

Heritabilitles for 3, 6, 9 and 12 months were estimated (0.257+
0.152, 0.235:0.157, 0.176:0.171 and 0.237:0.239, respectively). Pheno-
typic correlation coefficient among welghts were calculated. Birth
weight was found to be significantly correlated with weaning weight
(0.27) and non-significantly with subsequent weights. Mostly, correlation
coefficients between weights of two consecutive ages were higher

than the two of distant ages.

Regression of body weight (in kg.) on age (in months) showed
that males (b=1.415) grew faster than females (b=1.305) and so also
the twins than singles and triplets. Kids born in months of September
and October had faster growth than those born in February-April
and November and December. Overall the growth rate was 1.359 kg./

month.
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CONCLUSION

The aim of the present Investigation was to study body weights
and measurements and various genetic and non-genetic factors affecting
them, in Jamnapari goats.

The conclusions derived from this study were;-

1.

2.

3.

4.

Singles were heavier and had larger body measurements
at most of the ages,but differences were reduced in
later stages of growth.

Similarly, male had higher body weight and larger body
measurements than females.

Mostly, kids born during February-April were heavier
and larger than those born in other months. However,
growth rate was more In the kids born during September-

October.
Maternal effects persisted upto 4 months of age (3 months

for body weights). Kids born out of heavier dams were
having higher weight and larger body measurements.

Since birth weight was positively and significantly corre-

lated with weaning weight which In turn had positive

and high correlation with subsequent weights, birth weight
can be used as primary cirterion to select heavier indivi-
dual and weaning weight could be the maln basis for

selection.
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The study of relationship between different characters in any
class of animals is helpful in indicating the genetic behaviour of differ-
ent character and serves as an aid in the selective breeding process.
Many studies are available about such relationship in large .animals
(Mullick, 1950 and Macg‘ukinffdl%o) but very little work seems to
have been carried out in small rumlnants such as goats and Jamnapari
breed in particular,

A study of relationship between body weights and body measure-
ments can be of great use in the selection and breeding of goats
for meat purpose and with this aim present study was undertaken.

The investigation was carried out on 524 kids sired by 12 bucks
maintained at Central Institute for Research on Goats, Makhdoom,
Mathura (UP) during 1982-1984. Phenotypic correlation coefficients
and prediction equations at birth, 3, 6, 9 and 12 months (using stepwise
multiple regression technique) were developed according to Snedecor
and Cochran (1968). Genetic correlations were estimated by Parental
Half-sib Correlation method (Hazel et al,, 1943),

Correlation Coefficients

Phenotypic correlation coefficlents were calculated between
body weight and each of the 3 body measurements i.e. body length,
height at withers and chest girth, and among body measurements
at different ages and are presented in Table 3.l. It was seen that
all correlation coefficients between body weight and body measure-
ments and among body measurements were positive and highly signi-
ficant (P<£0.01). Correlation of weight with body length ranged from
0.61 (at birth) to 0.91 (at 5 months), with withers' height from 0.58
(at birth) to 0.87 (at 5 months) and with chest girth from 0.63 (at
birth) to 0.90 (at 8 months of age). Correlations were higher in early
stages of life and " declined subsequently. Correlations of body weight
with chest girth were highest in majority of cases followed by length

and height, respectively.
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Genetic correlation coefficlents were also calculated and are
presented along with phenotypic correlation coefficlents in Table
3.1, Due to negative sire-variance component heritabilities of these
traits could not be estimated at birth 7, 8, 10 and 11 months of age
and consequently the genetic correlation coefficients could not be
calculated. It was seen that most of the correlation coefficients were
positive and highly significant (P <0.01); some of these estimates
were though high but less precise because of their higher standard

errors.
Prediction of Body Weight Using Linear Body Measurements

Relationship of body weight with 3 body measurements i.e.
length (X l) height at withers (Xz) and chest girth (X3) at various
ages (birth, 3 months, 6 months, 9 months and 12 months) as calculated
by step-wise multiple regression technique are presented in Tables
3.2.1, 3.2.2, 3.2.3, 3.2.4 and 3.2.5. Maximum R2 value that can be
obtained at birth is approximateb;50% by taking all 3 measurements
into consideration indicating poor prediction of weight from body
measurements. At 3 months (weaning) weight can be predicted from
body measurements with fairly high accuracy (R2=0.79)- Only chest
girth had a R2 value of 0.72, highest among the measurements and

. 2
in combination with length and height R” values were 0.77 and 0.78,

2
respectively. At 6 months of age X, had a R® value of 0.76 alone

(maximum among measurements) and 0.82 and 0.80 with length and

height, respectively. A combination of all three gave R value of

0.83. At 9 months of age a combination of X, and X,, X, and X 39

f diction
X, and X, and X,, X, and X, had almost equal accuracy of predi

3
(R“ values were 0.79, 0.78, 0.76 and 0.80, respectively). At 12 months
had
of age X3 alone or in combination with X, or X, or X and XZO 7:;;
o/ 7y

more or less same accuracy of prediction (R® values were 0.73,

.80 and 0.80, respectively).
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Table 3.1 : Phenotypic and Genetic Correlations Between Body Weight
and Body Measurements and Among Body Measurements at
Different Ages in Jamnapari Goats

e e e e B 0w St v W o e A fem e B MR s e e M v v o o
prodfandranies e e = - el - e s e Al gl o B - — - e .
T e e MR v = ot e v o £ Pt n e R R S — Do -

Age & No. of  Body Body Withers' Chest

Character Observations Weight - Length Height Girth

Birth
Body Weight 524 0.613F 0580 062"
Body Length 0,629  0.639"
Withers' Height 0.521 "
Chest Girth

1 Month
Body Weight 437 0.72" 0731 o719™
Body Length 0.59:0.43 0.823° 0747
Withers' Height 0.65:0.31  >1 0.719"
Chest Girth 0.93:0.10  0.79:0.28  0.80:0.21

2 Month

== ®¥ L *%
Body Weight 418 0.805 0.805 0.806
Body Length 0.81:0.20 0.862 o.sou:
Withers' Height 0.94:0.12  0.96:0.05 0.772
Chest Girth >1 0.9710.12 >1

3 Montll ¥ ¥ * %
Body Weight 390 0.821 0.847 0850
Body Length 0.98:0.06 0.879 0.820**
Withers' Height 0.99:0.03 0.94+0.07 0.826
Chest Girth > 0.89+0.16 >1

4 Month .
Body Weight 321 0.868 0.873:: o.suu:*
Body Length 10.97:0.04 0.887 0.828**
Withers' Height 0.96:0.05 >1 0.834
Chest Girth >1 0.97:0.05  0.98:0.05

5 Month . »
Body Weight 273 0.907" o.m:* 0874
Body Length >1 : 0.901 0.879**
Withers' Height 0,95:0.07  1.00£0.03 0.866
Chest Girth 0.99:0.05  0.97£0.06 51

e ety o
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Contd.



Table 3.1 : Contd.
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Age & No. of  Body Body Withers' Chest
Character Observations Weight Length Height Girth
6 Month
Body Weight 313 0.877 0.867°  0.870"
Body Length > 1 0.893 0.866
Withers' Height > 1 s 1 0.872
Chest Girth > 1 | > 1
7Month .
Body Weight 170 0.877" 0.849" 0.825
Body Length 0.855  0.818"
Withers' Height 0.814 "
Chest Girth
8 Month » » v
Body Weight 120 0.869 0.860** 0.902**
Body Length 0.831 0.849**
Withers' Height 0.877
Chest Girth
9 Month
Body Weight 211 0.874" 0.857:: 0.843::
Body Length 0.9110.17 0.838 0.866**
Withers' Height > 1 0.97+0.13 0.874
Chest Girth 0.93:0.12 0.97+0.15 > 1
10 Month =
Body Weight 95 0.816 0.838:: 0833
Body Length 0.849 0.880**
Withers' Height 0.890
Chest Girth
11 Month e -
Body Weight 69 0.315 g-jzz** 2-2'1-‘2**
Body Length ‘ T
Withers' Height 0.811
Chest Girth
12 Month x
Body Weight 148 0.769 0.759 Hogle
Body Length < 0.865 0.846
Withers' Height 0.94+0.31 0.48+0.92 0.833
Chest Girth 0.87+0.23 0.98:0.23 > 1

- m e -

z - e —— o

=k _— —m T L I N T R R
—_m -

— v -

pP<0.,05, *##Significant at P< 0.0}

#Significant at below diagonal are phenotypic and genetlc

The elements above and
correlations, respectively.
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DISCUSSION

All phenotyple correlation coefficients were found to be highly
significant (P <0.01). Correlations of body welght with chest girth
were highest in majority of the cases followed by length and height,
respectively. Significant correlations betiveen weights and measure-
ments have been reported at different ages in various breeds (Tandon,
1966; Singh, 1975; Mittal and Pandey, 1978; Prasad et al.,, 1981; Daro-
khan and Tomar, 1983; Mukherjee et al, 1983; Bose and Basu, 1984;
Manik et al, 1984 and Misra and Rawat, 198%). Closer relationship
between body wieght and chest girth could be due to intimate associat-
ion of body weight with growth of muscles, bones and visceral ergans ;
leading to increase in chest girth. Comparatively lower correlation
of body weight with height might be because of the fact that height
is due to development of limbs, whose increase in weight is not in
consonance with gain in general body weight. A high correlation bet-
ween weight and length might be due to closer association between
weight and growth of muscles and bones leading to increase in length.
Correlations declined in later ages simply because after reaching
a certain level, height and length ceased to increase. Highly significant
genetic correlations between weight and measurements could probably
be due to the fact that same set of genes controlled the weight as
well as measurements. Negative sire-variance component could be
due to less number of sires and the progeny per sire. Due to the same

reason some of the standard errors estimated were high.

Prediction equations for weight on the basis of body measure-
ments were developed at birth, 3, 6, 9 and 12 months of age. It was
seen that chest girth alone or in combination with length and/or height
gave fairly high accuracy at different ages (except at birth). Prediction
was poor at birth. Several workers have developed prediction equations
for weight on the basis of body measurements at different ages in
various breeds (Tandon, 1966; Prasad et al., 198l; Bhattacharya et
al,, 1984; Bose and Basu, 1984 and Manik et al., 1984). Chest girth
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was found to be the best predictor of live weight as it has highest
correlation with weight and constitute major part of the body weight
at all stages of life. Similar findings were reported by Tandon (1966),
Singh (1975), Prasad et al,, (1981), Mukherjee et al., (1983) and Manik
et al., (1984). Prediction at birth was less accurate because of the

low correlations between weight and measurements.

It may be concluded that chest girth is an important measure-
ment in predicting live weight. Body weight in the absence of a balance
or weighing machine can be predicted with fairly high accuracy with
the help of a measuring tape graduated in centimeter. Since, the
genetic correlations between weight and measurements are high, mea-

surements can predict the response in body weight in a desired direction.
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SUMMARY

The objectives of the present study were (i) to determine some
biometrical relationship between weight and measurements and (ii)
to develop prediction equations at different ages for body weight

based on body measurements.

The records on body weight and measurements from birth to
12 months of age on 524 Jamnapari kids sired by 12 bucks, were used

in the present study.

Correlations were calculated by standard statistical technique
and prediction equations were developed by stepwise multiple regression

technique.

It was seen that phenotypic correlation coefficients between
body weight and body measurements and among body measurements
were positive and highly slgnificant. They were higher in early life.
Coxfelation coefficients between body weight and chest girth (0.63
to 0.90) were highest in majority of cases followed by length and
height, respectively. It was also found that genetic correlations among

weights and measurements were mostly high and significant.

Prediction of body weight from body measurement at 3, 6,
9 and 12 months had higher accuracy (R2 values 0.79, 0.83, 0.80 and
0.80, respectively). It had very low accuracy (R2= 0.50) at birth. It
was seen that chest girth alone or in combination with length and/or
height gave fairly high accuracy in predicting weight at different

ages (except at birth).
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CONCLUSION

The present study was conducted to study the relationship bet-
ween weight and measurements and to develop prediction equations
based on body measurements in Jamnapari goats. ‘

Following conclusions were drawn from the results of this study:-

1.

2a

3,

Phenotypic correlation coefficients between body weight
and body measurements were positive and highly signi-
ficant. They were higher in early life.

Most of the genetic correlations were positive and signi-
ficant. There was no genetic antagonism.

Correlation coefficients between body weight and chest
girth were highest in majority of the cases followed

by length and height, respectively.

Prediction of weight from body measurements was poor
at birth,

Chest girth alone or in combination with length and/or
withers' height had high accuracy of prediction.

In the absence of weighing machine or balance, body
weight can be predicted with fairly high accuracy with
the help of measuring tape graduated in centimeters.
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SUMMARY

The objectives of the present Investigation were (i) to examine
the effect of various genetlc and non-genetic factors affecting body
wex’gh‘ts and body measurements from birth to 12 months of age, (li)
to determine biometrical relatlonship between body welght and body
measurements and (ili) to develop prediction equations for body weight
on the basis of body measurements.

The investigation was carried out on 524 Jamnapari kids sired
by 12 bucks maintained at Central Institute for Research on Goats,
Makhdoom, Mathura (UP) during 1982-84. Records on body weights
and measurement from birth to 12 months at monthly interval and
dam's weight at kidding were used.

Least-squares technique was used to study the effect of various
factors. Year, month and type of birth, sex and interaction were the
fixed effects whereas, sires were chosen at random. Dam's weight
at kidding was considered as covariate in the model. Prediction equat-
ions were developed by step-wise multiple regression technique. Heri-
tability and genetic correlations were calculated by Parental Half-sib
Correlation method and other statistics were calculated by standard

technique.

Sires had significant effect on body weight at 1, 3, & and 6
months, on body length at 2, 3, 4 and 5 months, on withers' height
from 1 to 6 and at 9 months and on chest girth at I, 4, 5, 6 and 9

months of age.

Year of birth had significant effect on body weights at I, 2,
3, 8 9 and 12 months of age, on length at 1, 2 and 3 months, on
withers' height and chest girth at 1, 2, 3, 4, 6 and 12 months of age.
It was observed that kids born in 1983 were heaviest upto 3 months
of age and those born in 1982 thereafter. Kids born in 1982 had larger

body measurements at most of the ages.

Type of birth had significant effect on body weights upto 6
months and on all 3 body measurements upto 7 months of age. Singles
were heavier and had larger body measurements than twins and triplets.

Sex of kid had significant effect on body welghts at all ages
except at 2, 7, 8 and 11 months, on all 3 body measurements at birth,



-137- :
I, 6, 9 and 12 months, on length at 4 and 5 month and on chest girth

at 3 months of age. Males were heavier and had larger body dimensions
than females.

The effect of month of birth was found to be significant on
body weights upto 6 month and at 12 months of age, on all body mea-
surements upto 6 months, on length at 7, 8 and 9 months and on length
and chest girth at [2 months of age. Mostly, February born kids were
heavier than those born in other months.

Interaction effect was found to be non-significant on weight

and measurements at all ages.

Influence of dam's weight at kidding was found to be significant
on body weights from birth to 3 months and on body measurements
upto # months of age. Kids of heavier dams had higher body weight

and larger body measurements.

Heritability of birth weight could not be estimated because
of the negative sire-variance component. Herltabilities were 0.26:0.15,
0.23+0.16, 0,18+0.17 and 0.24+0.24 for weights at 3, 6, 9 and 12 months,
respectively. Birth weight had positive and highly significant correlation
with weaning weight. Weaning weight had positive and significant
correlation with subsequent weights. Phenotypic and genetic correlat-
jions between weight and measurements and among measurements
were positive and highly significant; these were higher in early life,

Correlations {between body weight and each of the body measure-

ments) involving chest girth were highest in majority of the cases

followed by length and height, respectively.

Regression of weight (in kg) on age (in months) showed an
overall growth rate of 1.359 kg./month. Males grew faster than females
and so also the twins over singles and triplets. Kids born In the months
of September-October had faster growth than those born in other

months.

Prediction of body welght from body measurements had h1gher
accuracy at 3 months (R =0.79), 6 months (R =0.83), 9 months (R
0.80) and at 12 months (R? - 0.80) of age but very poor at birth (R%=
0.50). Chest girth alone or in combination with length and/or height

gave fairly high accuracy of prediction for body weight.



CONCLUSION

‘The present investigation was ca;{ied out with the following

aims -

1.

3.

To study body weights and body measurements from
birth to 12 months of age and various genetic and non-
genetic factors affecting it.

To determine biometrical relationshlp between body
weight and body measurements.

To develop prediction equations at different ages for
body weight based on body measurements.

The conclusions derived from this study were:-

1.

3.

6.

Birth weight was significantly affected by year, month
and type of birth, sex and dam's welght at kidding but
not by interaction (type x sex) and sire.

Kids born in the months of February to April were heavier
and larger than those born In other months, however,
growth rate was maximum in the kids born during Septem-
ber-October.

Singles were heavier and had larger body measurements
at most ages but difference was narrowed in later stage

of growth.
Males were generally heavier and had larger body dimen-

sions than females.

Heavier dams produced heavier kids and maternal effects
persisted upto % months of age (for body weight upto
3 months).

Kids having higher birth weight tended to be heavier
at later ages too and carry over effect of birth weight

persisted upto 5 months of age.



2.

10.

11.

12.
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Birth weight had positive and significant correlation
with 3 months (weaning) weight, whereas, weaning weight
had mostly positive and high correlation with weights
at subsequent ages. Hence, birth weight could be a pri-
mary criterlon to select heavier animals and weaning
weight could be the main basis.

Phenotyplc correlations between weight and measurements
were positive and highly significant. These were higher
in early life. Most of the genetic correlations were posi-
tive and significant.

Correlation coefficients between body weight and chest
girth were highest In majority of the cases followed
by length and height, respectively.

Prediction of weight from body measurements was very
poor at birth but had falrly good accuracy at 3, 6, 9
and 12 months of age.

Chest girth could be considered as the best predictor
of body weight.

In the absence of a balance or weighing machine, body
weight can be predicted with fairly high accuracy with
the help of measuring tape graduated in centimetres.
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