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Lhapter I
INTRODUCTION

Lody welght in egg=type chickens is important because of
its influence on feed efficiency, egg =ize and egg production,
Birds with small body are preferred because they require less
feed for body msintensnce. However, reducing body weight below
» certain limit way not be desirable from the standpoint of egg

production and egg size,

Wordskog and Briggs (1963) made a useful distinction between
body-size (bone-fremeworki and body-condition (fleshing) as two
components constituting ocdy weight. They have shown that fleshing

or condition was economically important in terms of laying house

performsnce snd the variavion in condition is wostly determined

- by husbendry practices.

The two components of body weight are reported to have
different genetic constitution and elso differcnt relationship
with egg production. The genetics of body-size, and bocy-
condition and their relationship with egg production and other
economic characters =zre not very well known., The present
investigestion 1s, therefore, conducted to study (a) the criteria
of measuring body-condition and body-size (b) genetic, phenotypic
and environmental correlations among body weight, bedy-size,
body~condition, egg production and egg weight, (c¢) dinheritance
of these traits and (d) optimum body weight for egg profuction
and egg size. Based on thesc daba, an attempt hss been made to
develop a selection index for maximizing the genetic gains for

economic merit,



REVIEW OF LITERATURE

Body weight and feed efficiency

Feed cost accounts for about two-third of the totz2l cost of
egg prodaction. The feed consumed by the layers is used for
majntenance, growth to a certain age and egg production. 4 major
portion of the feed consumed by the layers is used for body main-
tenance. The large birds would use relatively more of the feed

for meintenance than the smaller birds.

Joshi et al. (1349) in a study involving New Hampshire
laying p1llets observed that when these birus were laying at the
cte of ~bout 72 percent, Tl percent of the feed consumed was used
for maintenance, 2 percent for increase in body weight and 27 percent

for production of eggs.

Byerly (1941) heas shown that the annual feed requirement
for maintenance varied from 21.3 kg for birds weighing 1.4 kg to
37 kg for 3.2 kg birds. In addition, 6.45 kg of feed was requircd

above that consumed for maintenance, for every 100 eggs produced.

Kleiber (1932) reported that the maintenance requirements
increased with the 0.75 power of body weight. Brody et al. (1938)
pointed out that for larger birds to be as efficient as the smaller
bird:z, both lsying at the same rate, the former must produce
larger eggs to offset the higher maintenance cost. He concluded
that if waintenance costs increase with 0.75 power of body weight,

€€L size also must incresse with the same power for egual efficiency.
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Egg size however, seems t0 increase only with 0.15 power of
body weight. Hencc, small birds are more efficient than the
l=rger birds not only because they hsve lower body maintenance
requirements but also because their egg size relative to body

weight is greater,
R0dy weight and reproductive performance

Doran and nuisenberry (1971) divided 5180 Leghorn pullets
into three weight classes and subsequently monitored reprodu-
ctive performance antil 50 percent production was obtained.
Fgg size and production wes meximum for heavier birds and
intermediate for the medium weight birds. Heavy and medium-
weight birds reached 50% egg production earlier than the

light-weight birds.

Dickerson and Hughes (1964), while reviewing the
reproductive performance in severmel commercial field testis,
reported that for each 45 grams below optimum body weight,
egg production declined 1,0 to 1.5 percent and s.zu:1 maturity

was delayed by three to four days.

Reinhart and Jerome (1970) examined the relationship
between body weight and egg production in Leghorn lines
selected for both increased egg numbers a8 well as bidirection-
ally for sma2ll and 1arge body size. The large-~body lines
averaged 4.6 percent higher égg prodaction than the control

lines over the entire loring period,
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Results of Random Sample Egg Laying Tes$s in US4 end
Canada showed that the yhite Lreghorn entries which were

intermediate in body weight produced the highest income

(Nordskog, 1960).

Both positive and negative correlations between body
weight and egg production have been reported. Within lines,
very small birds tend to lay less eggs than the larger birds,
but extremely large birdg also lay fewer eggs (Hogsett and
Nordskog, 1%58).

Optimum body weight in relation to egg production and egg

weight

Du Plessis and Eresmus (1972) conducted investigation
to establish the ideal body weight in relation to egg production

and egg size,

In case of white Leghorn a quadratic regression equation
was obtained between total egg production and weight at sexual
maturity and also between total egg production and mature .
body weight., For the production of standard-sized eggs
(56 grams =nd s=bove) the seme relationship was obtzined. Egg
production declin=d very sharply when the pullets weighed 2.04
kg or more. The decline wes 14 egg for every 0.23 kg increase
in body weight. If egg weight is considered, pullets weighing
1.36 kg at sexusl maturity produced only 162 eggs out of the
total of 212 eggs weighing 56.75 grams or more. TFor every

extra 0.45 kg in body weight there was an increase of 25 eggs
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welghing more than 56.75 g per bird. This increase in the
production of standard-sized eggs continued uantil the hen
resched an average body weight of 2.04 kg. Birds weighing more
than 2.04 kg at sexual maturity laid fewer standard-sized eggs.
The relationship between egg production, cgg weight and mature
body weight followed the same pattern as in the previous case.
The only difference wes that the increasse and deccrease was
sfgarper in production. The ideal meture body weight of white
Leghorn pullets was 2.04 kg.

Meximum performance is obhained when husoandry practices
permit the flock to reesch its optimum for body weight.
Theoretically each strain would hesve a different optimum for
each environment. A diet well balanced for 21l the nutrients
is an important component of the environment. The practices
that cause§ body weight to deviate from optimum norm would

lower the egg production,

Kurdjeekov (1967) observed that each breed has an optimum
body weight till which production was positively correlated

with size and after which the correlation turned negative,
Components of body weight

The weight of chickens depends upon (1) the size of its
- 8keleton (2) the amount of orgens, muscles, skin and feathecrs

Supported by that skeleton andl (3) the amount of stored-fat.
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The second and third of these variables, particularly the
last, may change considerably with the environmental
conditions but the skeleton is very little affected after
maturity (Hutt, 1949).

Nordskog and Briggs (1968) examined the relationship
between egg production and body weight based on the data
of the Iowa Multiple Unit Poultry Test. They assumed that
strain differences on the same farm were genetic while the
farm differences with samples of the same strains were
environmental. On an environmentsl scale, lowering body
weight by 0.1 kg from an overall mean of 1.5 kg decreased
hen-housed egg production by 18 eggs and increased age at sexual
maturity by 14 days... Bowever, on the genetic scale, lowering
body weight by 0.1 kg increesed hen-housed egg production by
12 egegs and decreazsed age at maturity by 4 days. The authors
suggested that body weight is determined by skeletal size
on a genetic scele and condition or fleshing on an environ-

mental sczle.

When body weight is recorded, no distinction is usually
made between body-size (bone-framework) and body-concition
(fleshing). Morris et al. (1966) reported that the correlation
between shank weight and total skeletal weight was 0.703.
Shank length should therefore, be a better single measure

of size then body waight, The ratio of body weight to shank
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length might then be used a8 a criterion for body-condition.
Flock differences in body weight/shank length ratio, largely
reflect differences in management and feeding prectices

(Nordskog end Briggs, 1968).
Body~size. (bone-~fremework) and egg production

Latimer (1924) found that 11 percent of the mature body
welght of white Leghorn meles =nd 8 percent of the body weight
of their females consisted of skeleton. Schneider znd Dunn
(1924) in o study of outbred white Leghorns noted that increase
in bone length ceased at an early age (about 160 gays).and
remained constant during rest of the life. They pointed out
that the variability of bone meesurements was only one-third

to one gixth as great as the variability in body weight.

Seversl attempts have been made to find correlation beiween
skeleton measurements and egg production pbut most of these
have not revealed significant relationships. Weters (1927) was
unable to predict egg production from skeletal dimensions
besed on data of white Leghorn pullets meesured for width of

cranium, length of beak, and length of keel.

Cleven, ¢» and Hell (1934) in a study involving 262 white
Leghorn pullets, found curvi-linecar relationship oetween
skeletal dimensions and egg production which, they concluded,

could Ye uged in the selection of birus for egg proiducticn.



Miller =nd Cexrver (1934) found no relation between
skeletel dimensions and egg proiuction of white Leghorn hens.
In this connection it is intecresting to consider the work of
sweet et a2l. (1928) who compered the skeletal structure of
the beef and dairy cows. They found that the two types differed
greatly in externcl forﬁ but in weight and size of the internal
orgens the differences were not large enough to cause signi-
ficant differences in function. 1In skeletal structure the
two breeds were generally similar. This would indicate that
both breeds ho°¢ a similer origin and the evolution of the two
breeds, which hes been accomplished through breeding and
selection has not materizlly affected the skeletal structure
but has brought about maerked changes in function. Differences
in type may be sttributed to cxtreme fleshing in one group and
udder development and lack of fieshing in the other group.

The greztest difference between the beef and dairy cows seems
to bé in regard to physiological characters of milk and flesh

production.

Jull (1932) applies the conclusions of Sweet et al.
(1928)%~ " the fowl, by observing that for the domestic fowl,
the aveailshie evidence todate shows that the flesh and egg
BLo action are inherited lergely independently of the skeletal

vLazvare,
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Quisenberry et el. (1941) concluded that studies on
skeletal dimensions should not only include lengths of
bones but diameter as well., Bone area was calculated by
multiplying circumference with length of the bone. This was
¢ crude measure of surfacc arez of bone, but when it was
correlated with body weizht higher correletion coefficients

were obteined than with either liameter or length dlone.

Heritabilitics

Heritability estimeteg of verious traits along with

th . w.weighte? aversges are presented in tsbles 1 to 3.

Body weight: The heritabilities of body weight reported

in litersture are summarized in table 1. The unweighted
average being 0.454 by the method of intre-sire regression of
deughter on dam wherees it is being 0.454 =2nd 0.51 from sire
component and dam component of variance respectively. These
reports from literature show the trait to be moderate to highly

heritable,

Egg weight: “he heritability estimetes reported by different
werkers for cge weight are presented in table 2. Most of the
€stimatce Zig in the range of 0.50 to 0.8l. The unweighted
tviérege of estimetes from sire and dem component of variance
-8 U475 znt 0. 476 respectively. The heritability of egg

Wwelght (5 thue in general moderate to very high.
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Bgg number: The estimates reported by different workers for
part year egg number are summerized in table 3, The unweighted
average of estimetes of part-year egg number besed on sire and
dam component of variance is 0,22 to 0.303 respectively.

Thig indicates that the heritability of egg number is in

general low,

Genetic, environmental and phenotypic correlations

Begeg number and egg weight: Cenetic, environmentzal and pheno-
typic correlations between egg number and egg weight reported
in litersoture are given in table 4. Most of the genetic
correlations range between -0,10 and -0.45. The unwelghted
average of genetic, environmental and phenotypic correlations

being ~0,262, 0.089 and -0.178 respectively,

Egg number and body weight: Correlations between egg number
and body weight reported in literature are summariZzed in

table 5, The genetic correlations fall in the range between
~0.54 reported by Regab and El-Hossori (1969) to 0.92 reported
by Mohapatra’and shuja (1971). The unweighted average of
genetic, environmental and phenotypic correlations are

~-0.078, -0,22 and -0,028 regpectively.

Egg weight and body weight: Genetic, environmental and
PRenotypic correiations betweer egg weight and body weight
Teported in literature are set out in table 6. Genetlic

Correlations between egg weight and body weight are positive
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Table—4, Genetic, environmentsl and phenotypic correlations
between egg number and egg weight reported in literature

Breed Genetic Envi- |pheno- ‘
ronm~ |typic Reference
ental
Brown Leghcrn ~-0.20 - —~ Blyth(1952)
Inbred and non-
inbred lines of =0.43 - - Wyatt(1953)
nine breeds
Combination of
seven light and 0,10 - =0.06 Hogsett and
heavy breeds Nordskog(1956)
New Hampshire =~ -0,24 ~0.10 ~0.02 Jerome &t al.(1956)
wnite Leghorn -0.38 0.12 - 2bplanalp(1957)
Commercial
poultry flocks _
New Hampshire -0.351 0.206 0.013 Hicks(1958)
yhite Leghorn 0.190 -0.087 0.052 Hicks (1958)
Light ‘breeds ~0.42 - 0.06 Hogsett and Nordskog
(1958)

Sussex -0.32 0.12 ~0.05 Waring et al.(1962)
White Leghorn 0.15+0.08 - -0.0840,09 Hussain and Singh(1964)
White Leghorn

Strain E ~0.15 - =0,02 Jaffe(1966)

Strain B 0.04 - =0,04 Jaffe (1966)
Leghorn ~0.1540.20 -~ 0.0040.02 Nordskog #nd Festing

(1967)

White Leghorn - - -0.1740.13 Aggarwal(1970)
White Leghorn -0.88 0.28 -=0,228 Mohapatra and huja

: 1971
thite Leghorn -0.18 - - éOlSt)ad (1972)
"hite TLeghorn  ~0.69 -~ =0.34 Mohepatra(1972)
Australorp -0.56 - =0.71 Mohapatra(1972)
White Leghorn - -~ =0.17 Redly et al.(1972)

White Leghorn 0.2240,11 - -0.,226 Nanda et i- (197‘3,)
Yhite TLeghorn -0+3140,12 - - Nordskog et al.(1974)
Fryoumi B '
Unweighteq 0,262 ,089 ~0,178
27€rage

P
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moble-5. Genetic, environmentzl end phenotypic correlations between
egg number znd body weight reported in literature

Envi- Pheno-

Breed Genetic ronmen—- |typic Reference
tal

Brown Leghoran ~0,05 - - Blyth(1952)

Inbred and non-
inbred lines of  -0.31 - - wyatt(1954)
nine breeds

white Léghorn,

Rhode Island Red 0,173 ~ - Yamada (1955)
and Barred Ply-

mouth Rock

Combination of

seven light and Ce29 - - fdogsett and Nordskog
heevy breeds (1958)
New Hampshire ~0.42 ~0.02 =-0.06 Jerome et al.(1956)
White Leghorn -0,102 - 0,133 Hussain and Singh
(1964)
vhite Plymuth -Q.14 ~0429 -0.24 Ideta and Siegel(1966)
Rock
¥hite Leghorn
Strain B ~0.28 - -0.01  Jeffe (1966)
Strain B -0.08 - 0.03 Jaffe (1966)
Fayoumi ~0.54 - - Ragab and El-Hossori
(1969)
White Leghorn 0.92 -0.3%352 - Mohapatra and phuja
(1971)
White Leghorn - - ~0.,06 Reddy g__t_ é_l_o (1972)
White Leghorn 0.471.0.06 - 0.232 Nanda et al. (1973)
Unweighted -0.,0781 -0.221 ~0,0287

average

—




20

Tabie 6. Genetic, environmental and phenotypic correlations
between egg weight and body weight reported in

literesture
) i T TEnviro~|Pheno—~
Breed Genetilc inmentallgxpic Reference
Brown Leghorn 0.66 - - Blyth (1952)
0,31 - - Wyabt (1953)
Combination of
seven light and 0.56 - - Hogsett and Nordskog
heavy breeds (1956)
New Hampshire 0.20 0,10 0.09 Jerome et al.(1956)
Combination of
New Heompshire and 0,11 0.28 0.20 Hicks (1958)
wnite Leghorn
Seven 1light 0.61 - 0.37 Hogsett and Nordskog
breeds (1958)
White Leghorn 0,87 - 0.616 Hussain and Singh
¢ (1964)
white Leghorn 0.6540,11 - - Shibata(1965)
White plymouth 0.23 0.88 0.58 TIdeta and Siegel
Rock (1966)
Light Sussex 0.32 - 0.25 Jeffe(1966)
Rhode Island Red 0.42 - Oa27 Jaffe (1966)
Quasi Control
Strain I 0.31 - - Festing and Nordskeg
(1967)
Strain II 0.58 - -
Strain IIT 0,30 - -
Strain IV O. 68 - -
Wnite Leghorn 1.17 - -0,12 Mohapatra and shujs

(1971)

contd.,
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contd.table 6

“Breeda “Genetic) Environ—|Phéno~ 1 ) -
mensay Lrgpie | Forerence

White L.eghorn - - 0o26 Re@dy et 2l.(1972)

White Leghorn 0.36+0.04 -- 0.552 WNanda et al.(1973)

Waite Leghorn 0.4140.00 ~ - Nordskog et al,

and Fayoumi (1974)

Unweighted 0,446 0.42 0.307

average

g T P

and raenge from 0.11 reported by Hicks (19958) to 1.17 reported
by Mohapatra and phuja (1971). The unweilghted averege of
genetic, environmental and phenotypic correlation being

0,446, 0.42 and 0.307 respectively.



Chapter III

MATERIAL AND METHODS

ristory of the flock

The data used in the present investigations pertained
to two purebred strains viz. pPunjab-White Leghorn-1 (Pb-1)
and Punjab-vhite Leghorn-2 (ané).‘Pbul was developed from
a reputed commercial stock imported from USA. The first
pedigreed generation of this strain was raised during
1971-72. This strain has undergone selection, since then on
the basis of QOsborn's index for three generastions upto 1973-74.
M though, the main emphasis wss to select for egg production
to 40 weeks of age, some attention was also given to egg
weight dsing indepcndent culling levels. Pb-2 was developed
from Mychix strain which was initially developed by the
Karnataka State snimal Husbandry Department from Mount Hope
strain of USA., brought from the Central Hatchery, Chenganur
(Kerala ) in the year 1968. Fifty mele and 500 female day-old
chicks of the Mycnix strain, hatched on 16th gpril in 1973
were received from Karnateka State Animal Husbandry Department,
Bangalore, The first pedigreed generation of Pb-2 was raised

during 1974-75.

Mating design

The fourth and fifth pedigreed generations during 1974~75
and 1975-76 were considered for this investigation. 1In the

LTirst generation, 603 birds of Pb-l obtained in seven weekly
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hatches and 415 birds of Pb-2 obtained in six weekly hatches
were included. Similarly, during the second genergtion, data
on 780 btirds of Pb~1 and 515 bhirds of Pb~-2 were used, .he
progeny of the two strains Pb-1 and Pb-2 were obtained in five
and six weekly hatches respectively during the second genera-
tion. Progeny were obtsined by mating 30 sires to 270 dams in

Pb-1 and 20 sires to 180 dams in Ph~-2 for both the generations.

Menagement

All the pullets were given chick ration containing 22
percent protein upto 8 weelks of sge and 18 percent protein
thereafter. The birds were vaccinated against Ranikhet at
day-0ld stage and against Ranikhet and Fowl pox at 8~10 weeks
of age, The day-0ld chicks were wing-banded. All the chicks
were pedigreed bo*h by sire and dam. Leg-banding was done at

about 20 weecks of age.

The following observations were recorded on each pullet.

Body weight: Body weight of all pullets were recorded at 20,

40 and 72 weeks of age, It was measured to the nearest of 10

grems,

Shank length: Shank lengtn of each pullet was measured in
centimeters at 20 and 40 weecks of age with the help of a

scale of ope millimeter divisions.,



288 productions EBgg production of each pullet was recorded
to forty weeks of age and also to 72 weeks of age through

daily {rspnesting.

mge welght: [fverage cgg weight of each pullet was meecsured
by recording the weights of 3~4 eggs from each pullet during

36--40 weeks of =zge.
Statistical analysis

The data of each strain were¢ analysed separately generation-
wise. The data were corrected for hatch effects using the

following model,

Yij =/,1(1 + hi -I-eij

wheres

Yij = the meagsurement on jth bird of the ith hatch

the overall population mean when cqual frequencies

s

exist among classes

h. = effect of the ith hatch

i 21, 2 o sae 0y I{

. b t
eij = random effect peculiar to h bird of i h hatch
and is assumed to be indepenident and normally

2
distributed i,e. NID (0, 0 ¢ )



Heritability estimetes

The model describing the sources of variation in the

population was zssumed to he

Tige =A+8 +955 % g
wheres
Y.. 1is the measurecment corrected for hatch effect on
13k th th th
k™" progeny of the j dam mated to the i sire
u is the overall mean of the population
is effect of the 1% sire (i
Si is effect o he 1 sire (1 =1, eeeey8)
d;; ls effect of the J° dam maved to the 1™ sire
(j = 1, * s 8 0y ni)
eijk is the random environmental plus genetic segregati
1] t .th
effect on k g progeny of the j n dam mated to 1 s
Analysis of variance
"~ Source 3.1, S.8. M.3.5.  B.M.S.
Y2 2 2
Among sires S-1 g 1.,
Among 3 ¥ Y5 2 i o=
AM0ng damss 1 1,. M Ot a
S (R oy LI
Y 2
lmong progeny, N-p  IIE Yyj EE_1d: Ms, e
d?mszsgreg s ijk = 1J By 4 E
> ——
2 Y
‘otal 2R Y, ., . 0t
- N-1 jy idk K




viheres

N = total number of progeny

: number of sires

Ga
1

= number of dams

il

error variance component

il

componenyv of variange due to dams

mq Ng’qi\) mcem o

component of variance due to sires

k values were computed as under;

- 2
L n..
~ g n? g2 n°
1 g i 1 ij Ld
ko = 5T — T T
e
pA n2
1 i ie
K =  emae _
3 -1 | ¥ T J

%'ez MSE
MS "‘MS-*;
1 X,
_ L e MS. 0 MSL )

oy 2 MBSy MSy - &y P
S k
3
- A D2 A2 A2
A 2_ =
S g g YT
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leritability estimastes were obtained by the following

formulae:

Heritability estimate from sire component:

2

A
4 Os

he =
S 3__2
P

Heritability estimate from dam component:

h

HE X
$u
q
2

Heritability estimates from sire plus dam componentss
A2 6—2
5 2 (00g ¥V 4)
h =
(s+4) 4 e
P

Stenderd errors of heritability estimates were calculated

according to Dickerson (1960):

2y _ 2 2 2 -
SE(Bg) = 4 |7 ]\:'Mss MSD:[
3 51 Y DS
4
1o~
p
[ 2 ) 2
S.B.(nl) =4 |7z [%p MSE:]
1 {D-€ T N-D
é\._Z
P
K 2. 5 72 A2
S-E-A(hg_'_d)= 2\[ V(o S)+V(O'd)+ 2Qov o O—_@

%_2
)Y



- B =

wheres
2 5 “usS  msl
T — @)
Mog) = 7 | T+ v
7 L
2 2 MS% MS2
Viem) = 5
RO A i S A S
1 L
k - 2
2 2 2 MS
Cov(o_, O07)= 5= 2 _ E

Correlations

Genetic correlations between two traits ¥ and Y were
estimeted through variance-covariance analysis of half and

full-sibs, as shown in table 8.

Table 8

variance-coveariance analysis for estimating correlations

Source d.f. SSY SSX SGPXY
Among sires S-1 SYS SXS SGP(XI)
S

Among damss D-S SY SCB
sires D SXD (XY)D
among proge-  N-D SY S SCP (XY)
niessdgmss £ Xﬁ E
Sires
Total V- X

a I\ 1 SYT S o SCP(H)T

MQ“—- e, - g e s
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Expectations of mean squeres and cross-products in the

ebove table are as unders

n [ il
source B(MSY) E(nSX) E(MSGPXY)

2 2 2,5 02 OOy +k, 085, +K 0%
among ootk Tay  oete” dy Xy*iottxy Th3tSxy
sires Y3 o

-1-1«:30-8y +k30"sx
Among ) o o 2 . o
damss 0. 0 a 0. + k.04 o, T 71 Ta
sires Al g y o 1 X “xy =

) 2 2
Among o-ey O‘ex U'exy

rogeniess

amss8ires

Genetic correlations were estimated from sire componcat

of variance and covariance
08
_ Xy
T P 2
G(S) = 1‘7 O—S . O"S
Xy X Vi

Phenotypic correlations were estimated by th: rollowing

formul as o-exy-"' O—SZCJY + Uax_y

(0"2 c‘§+o-2 <Tz+o-2+ 0-2
+ e
ex X dx)( s Sy dy)

il

Ry
P,

=~ v
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Environmental correlations were estimated from

the sire componentss
P Ot - 208

Xy Xy

r = ;

E o 2 2 2
(S)XY (o, 20‘SX)(o~ey-20-sy)

Standard errors of gecnetic correlations were calculzsted

by the formula (Robertson, 1959).

1 -ré . 5 .
S-E.I‘G = —___E_ (SoEoij) (?othy)
X2 h - he

Relative efficiency of different criterion of selection

The reletive efficiency of different criterion of selectior
namely, selection based on egg nupber alone, egg weight alone,
body weight alone, index I (linear combination of egg number
to 40 weeks, egg weight during 36-40 wecks of age and body
weight at 40 weeks), index IT (linesr combination of egg number
to 40 weeks, egg weight during 36-40 weeks, body size at 40
weeks and body condition at 40 weeks), index III (lineer
Combination of egg number to 40 weeks, egg weight during
36~40 weeks and body size at 40 weeks), index IV (linear
Combination of egg number to 40 weeks, egg weight during 36-40
weeks ond body condition at 40 weeks) and index V (linear
Combination, .egg number and egg weight) were compared. The
Selection indices, their efficiency (rHI), expecbed genetic
Chenge in each trait and the net economic return were calcu—

leteq according to Hogsett and Nordskog (1958).
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Economic weightss

The economic weights were estimzted from the datzs of
Fifth Random Srmple Laying Test conducted by Govt.of India
at Hessarghatta, Bangelore., In this test, the entries were
classified into Leghorn-type and heavy-tyoe entries. Only
Legnorn-type entries were considered for the estimation of

economic weights.

Hen-day production:

The entries were arranged in descending order on the basis
of heﬁ—day egg production and were divided into upper and lower
groups. The average egg production of upper group was 225.1
and the net income from the group was Rs. 9.77. The zverage
ege production of lower group was 199.9 and the net income
of the group was Rs. 6.31. The production of upper group was
25520 eggs more than that of the lower group and the net income
was more by Rs.3.46 per hen. 8o, for every one egg increase,

the net income incre ses by Rs.0.1373.

Egg weight:

The entries were arranged in descending order on the
basis of egg weight and were divided into upper and lower
&roups, The average egg weight of upper group was 53.8 grams
and the net income from the group was Rs. 8.20. The aversege
€8¢ weight of the lower group wes 49.9 grams and the net incom

from the group was Rs. 7.88. The upper group egg weight was
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3.9 grams more than the lower group and the net income was
more by Rs. 0.32. So, for one grem increasse in egg weight,

the net income incresses by Rs.0.0821.
Body weightg

Similarly the economic weight wes calculated for body
weight. For one gram increase in body weight the net income

N
decreases ng0.00lB.

Stnce the bone and meat are sold together, body size-

and body-condition were given the same economic weight as the
total body weight.

Table 9

The economic weights for egg number, egg weight,
body weight, body-size end body-condition

Trait Unit Bconomic Relative
weight economic
weight
Egg number (xl) 1 egg +0.1373 76.2777
Bgg weight (xz) 1l g +0.0821 45,6111
Body weight(xs) 1l g -0.0018 -1.0000
Body-size (x,) 1g ~0.0018 ~1.0000
condition

The following optima were determined for Pb-1l and Pb-2

Seperately.



35

1. 20-week body weight in relation to egg weight during
56-40 weeks of age.
2. 40-week body weight in relation to egg weight durin-

36-40 weeks of age,

5. 20-week body weight in relation %o egg prodaction to

40 weeks of age.

4. 40-week body weight in relation to egg production to

40 weeks of =age.

5. 20-week body weight in relation to egg mass to 40 weeks
of age (sverage egg weight during 36-40 weeks of age

maltiplied by egg number to 40 weeks of age).

6. Body weight at 40 weeks in relation to egg mass to 40

weeks of age.,

Body weight was treated as independent variable and egg
production, egg size and egg mass were treated s dependent

variables. Linear, gquedratic and cubic equations were fitled

(Snedecor and Cochran, 1967).
Net economic returng

Increase of one gram in egg weight results in 220 g
increase in egg mess per pullet, under the assumption that
annual egg production is 220 eggs. This is equal to four
eges weighing 55g and in monetary terms egual to Rs.l.40 at
the rate of R3.0.35 per egg. Tt is considered that 100 g

incresse in mature body weight will fetch Rs.0.60 at the
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rate of Rs.6.00 per kg live weight. But to sustain 100 grems
extra body weight the bird will require 1.5 kg of extra foed
upto 500 deys of age. (This figure is derived from RSLI

data by regression anslysis) A4t the rate of Rs.1.00 per kg of
feed the net loss thercefore will be Rs.0.90 per 100 g increase
in body weight. It is assumed that increase of one egg to 40
weeks of age would result in increase of 3 eggs in annual egg
production and results in economic gain of Rs.1l.05, at the

rate of Rs.0.35 per egg.



Chapter IV
RESULTS AND DISCUSSION

Body-size (bone-framework) and body-condition (fleshing)

In order to test the reliability of criteria for body-
siZe and body-condition sugegested in the literature or possibly
to find other body measurements or functions of body messure-
ments as the criteria of body-size and body~-condition, 100
pullets were slaughtered at 40 weeks of age and another 284
hens at the completion of annual egg production. Before
slaughtering, body weight, shenk length, shenk circumference

end keel length were measured on each bird.

Birds were killed without the loss of blood by twisting
the neck. After mechanical defeathering, the birds were trens-
ferred to autoclave pressure cooker in batches of ten. After
cooking for an hour under 5-pound pressure, skeleton was
mannually separated from the flesh and cleaned, Fat was not
extracted from the skeleton. Weight of air dried skeleton
was noted. The skeleton welght thus measured was taken as
the observed body-size; Body weight minus skeleton weight
wags tzken as the observed body-condition. The statistics

of the measured traits are given in teble 10,
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Table-10. Mean, standard error (S.E.), standard deviation

(3.D.) shd coefficient of variation (C.V.) of traits
before slesughter

o _ Coefficient
Trait Mean S:E' S+D. of variation -~
Body weight (g) 1544.63 11.900 197.112 12.700
Skeleton weight(g) 93,09 0,927 14.491 15.500
Shank length(cm) - 8.08 0.022 0.376 44600

Shank circumference(cm) 3,31  0.013 0.228 6.900
Keel length(cm) 3,91 0.035 0.594 5.900

6 percent of the body weight of females consisted of skeleton
similar report was made by Latimer (1924);Skeleton weight

had higher veriability than body weight. But the veriability
in shank length, shank circumference =snd keel length wes only

one third as grect as the variability in body weight.

Table 11

anrrelation coefficients of different measures with
body~condition

Criteria o Correlation-coeiriclent
measurenent with body-condition
Body weight 0.908**

Shank 1€ngth
Body weight

Product of shank length and shank 0. 69 6%*
Clrcumference
Body welight
product of shenk length ~0.117

and shank circumference
##Significant at P <0.01
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Fron the results in table-11 it can be concluded that

body weight/shank length jig 5 reliable index of body-condition

Table-12, Correlation coefficient between the observed
skeleton weight (body-size) and some indicator

traits
skelcton weight and r
1. Shank length . 0.389%%
2. Keel length 0.330"*
3. Shank circumference 0.,325%%
4. Produect of shank length and shank | 0. 440%*%
circumference

Shank length and

1. Shank circumference 0.564%%
2+ Keel length 0.,363%H#

Keel length and

1. Product of shank length and shank 0 .532%*
" circumference
2. Shank circumference 0. 67 4%

¥égignificant at P<Q.01

Multiple regression with skeleton weight as dependent
Variable and shank length,circumference and keel length as
the independent variables yielded multiple correlation of

0.223, Multiple regression with skeleton weight as the
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dependent veriable snd keel length ana product of shank
length and shank circumference as independent variagbles

yielded multiple corre i tion of 0,210,
Criteria for body-size (bone-framework)

The correlation coefficients between observed skeleton
weight (body-size) end certain indicator traits like shank
length, keel length and product of shank length and shank
circumference are given in table~-12. The correlations are
low. The highest correletion ccefficient obtained is with the
product of shank length end circumference, which is 0.440.

But the ratio, body weight/shank length is a relizple criterion
for body-condition as the correlation coefficient between

the observed body-condition and body weight/shank length

is 0.908.

RBody weight-body-condition= body-size

48 body weight/shank length is a good criterion for
body-condition, body weight-{body weight/shenk length) is
expected to be 2 good criterion for body-size, so the correla-
tion coefrficient between the observed skeleton weight and
body weight-body weight/shank length wes calculated. It worked
out to 0,755. TFrom this it can be concluded that relisble
criterion for body size is body weight- (body weight/

shank length).
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Means

Mean, stanldzrd error and coefficient of variation for
various characters in two generations of the two white Teghorn

strains are given in table 13,

The average 20-week body weight ranged between 1077.53
and 1170.3 g. Pb-1l wes heavier than Pb-2 in both the gene-
rations. For both the strains, biris at 204weekhof age
were hesvier in the 1975-76 generation. The averege 40-week
body weight ranged between 1500.2 g =nd 1605.3 g. Pb-2 was
hecvier than Pb-1 during 1S74~75, whercas the latter wes
heavier during 1975-7T6. The average 72-week body weight
ranged between 1530.9 and 1577.9 g. In both the generations of
the two strains the T2-week body weight was lower than the
40-week body weight. Thus the chickens attain mature body
weight by 40 weeks of age. Due to physiological phenomena
of ageing they loose body weight with further increase in

their age.

The average 20-week shank lingth ranged between 7,517
and 8.403% cm. The averesge ch. . _ingth at 40 weeks of age

ranged between 7.660 to 8.50% cm.

The coefficient of variation of body-size at different

ages is more than the coefficient of variation of body weight

at different ages. Body-condition at different ages had
higher coefficient of variation then both the body-size or

“0dy weight. This may be due to the fact that the variation
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in body-condition is mostly determined by husbsndry practices

and enviroinment.

EBgg weight at 36-40 weeks of age ranged between 71.93
and 54,02 g. Pb-1 had higher egg weight than Pb-2 in both the
generations. Egg weight during the 1975-76 generation wes
hecavier than in the 1974-75 generation. This could be due to

selection for egg weight prectised in 1974-75.

Egg number to 40-weeks ranged between 75.044 and 85.986.

Pb-1 l=zid more eggs than Pb-2 in both the generetions.

Bgg number to T72~-weeks ranger between 210.1 and 230.8
Pb-1 1laid more eggs in both the generations. Higher egg pro-
duction in the 1975-76 generation could be due to selection

for egg number practised in 1974-75.

Heritabilities

Strein-wise, generation-wisc snd also the pooled estim-
ates of heritability calculated from the sire component, the
dam component and the sire plus dam component of wvariance

are presented in table-14.

Body weight

Heritability estimates from the sire component of
variance aversged over generetions for Pb-l and Pb-2 were
.592 and .317 respectively for 20-week weight, .430 and .433

for 40-week weight, .552 and ,275 for 72-week body weight.
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Heritability estimates from the dam component of variance
cveraged over generations for pb-1 and Pb~2 were .519 and ,649
for 20-week body weight, .848 and ,386 for 40-week body weight,
and 720 and .583 for 72-week body weight,

Heritability estimetes from the sire component of variznce
pooled over generations and strains for 20-, 40-and 72-week body
weight were .436, .432 and .36l respectively. The estimates

from the dam component were 564, ,6l1 and .658.

Heritability estimates from the sire component of veriance
were higher than those from the dam component of variance for
20-week body weight in Pb-1 whereas the reverse was true for
the heritability estimates for 40 and 72-week body weight.
Heritability estimates from the dam component of variance were
higher for 20 and T2-week body weight and the reverse was true
for 40-week body weight in Pb-2. Higher estimates from the
sire component of variance were attributed to sex~linked effects,
Maternal effects and or dominance effects were attributed to

higher heritability estimates from the dam component.

Heritability estimates from the sire component decreased
with the increase of age, whereas the estimates from the dam
component increased with the increase of age of the birds.

The mzgnitude of heritability estimetes were higher for Db-1
than for pb-2, except for heritability estimates of 20-week

body weight from the dam component of variance,
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Heritsbility cstimates of body weight at different ages

range from medium to hich. Mass selection is sufficient to

bring about chenge in body weight.

The heritebility estimates of body weight obtained in
this study were in reesonsble agreement with the findings of
Hazel and Lamoreux (1947), Yamada (1955), Goodman and Godfrey
(1956) end Friars et al. (1962)

Body-size

Heritability estimetcs from the sire component of vari-
ance pooled over generstions for Pb-1 and Pb-2 were .490 and
330 for 20-week body-size, .345 and .306 for 40-week body-
size and .550 and .305 for T2-week body-size. The estimates
from dam component of variance were .451 and .425 for 20-week
body-size, 663 and .658 for 40-week body-size and .712 and

. 275 for T2-week body-size,.

The heritebility estimates from sire component of
variance pooled over generctions and strains for 20-, 40-
and 72-week body-size were .330, 306 and .305. The estimates
from dam component of variance were .425, .660 znd .472.
Thus the body-size was found to be of medium heritability in

these two populations.

Heritability estimestes from the dam component of variance

AL
were higher than those sbtained from the sire compoent except

for heritebility of 20-week body weight in Pb-l. With the
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increase of the age of birds there was decline in magnitude
of neritability from the sire component, whereas there is
no definite trend for the estimates from the dam component.

Higher megnitude of heritability for Pb~1 was observed,
Body-condition

The heritability estimetes from the sire component of
veriance pooled over generations for Pb~l and Pb-2 were
013 and .245 for 20-week body-condition, .,121 and .108 for
40-week Vvody--condition and .151 and .112 for 72-week body-
condivion, The estimates from the dam component of variance
wzre 407 and ,366 for 20-week body-condition, .340 and .086
fer 40-week body-condition and .287 and .093 for 72-week

body-condition.

The heritability estimates from the sire component of
variance pooled over strains and generations for 20~, 40~
and 72-week body-condition were .131, .114 and .112. The
estimates from the dam component of variance were .377, .213

and ,190,

Body-condition was lowly heritable in both the popula-
tions., The estimetes from the dam component of variance were
higher than the estimates from the sire component of wvariance.
It indicates possible inclusion of dominance and or maternal
effects in the dam component of variance.with the increase of

age there was decline in the magnitude of heritebilidty,
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Fgg weight

Heritability estimates from the gire component of vari-
ance pooled over generations for »b-1 and pb-~2 were .,o007 and
.782. The estimates from the dam component of variance were

’397 a-nd 03930

Heritability estimates pooled over generation and
strains from the sire component of variance was .658 and
from the dam component of variance, .396. The heritability
estimates from the sire component of variance were higher
than-those sbtained from the dam component of variance for
both the strains and in both the generastions., Similar resualts
were obtained by Olsen and Knox (1940), Ghigi (1948), Lerner
end Cruden (1951), Osborne (1953) and Hicks (1958). Their
conclusion, that sex-linked genes are involved in the
inheritance of egg weight is substentiabted by the results of

the present studies.

Egg number

Heritability estimestes from the sire component of
variance pooled over generations for Pb-1 and Pb-2 were ,312
and .322 for egg number to 40-weeks and .165 and .302 for
egg number to 724weeks. The estimates from the dam coqponent
0f variance were .503 and .212 for egg number to 40 weeks

end .355 and 147 for egg number to T2 weeks,
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The heritability estimajes from the sire component of
variance pooled over strains and generations for egg number
to 4C weeks were ,316 and .2%3 for egg number to 72 w.eks.

The estimates from the dam component of variance were .357

and 222,

Similar reports were made by Premnarain et al. (1973) ..
Hussain end Singh (1964), Gruhn and wWendt (1963) and Jerome
et al. (1956). Results indicate decline in heritability of
egg number to 72 weeks when compared to heritability estimates
of egg number to 40 weeks of age. The same sort of trend was
found by Lerner and Cruden (1948) and King and Henderson
(1954). They suggested that this decline in heritability
could be due to the accumulation of environmentally caused

variability.
Phenotypic, genetic and environmental correlations

Phenotypic, genetic and environmental correlations were
estimated from the sire component of variance and covariance.

The estimates esre given in tables 15 to 21.

Body weight at 20 , 4C and 72 weeks of age

Phenntypic correlations between body weight at different
ages were high and positive. The values ranged from .559 to
»656 (tables 16 to 19) for 20-and 40-week body weight, .531
to .648 (tables 16 and 18) fur 20~ e=nd T2-week body weight



~55—

and .640 and .698 (tables 15 to 18) for 40~ and T2-week body
weight, Averesged over generations and strains, the phenotypic
correlations between body weights at 20 and 40, 20 anu 72

end 40 and 72 weeks were ,620, .589 and .670 respectively
(table 21). High positive correlation between body weight

at different ages suggest that birds which are heavier at 20

weelts also tend to be heavier at 40 and 72 weeks of age,

Genetic correlations between body weight at different
aget were also tigh and positive. The estimates ranged from
749 to .896 (tables 15 and 19) for 20 and 40 week body
weight, 731 to .985 (%tables 16 and 13) for 20 and 72-week
body weight and .836 to .973 (tables 15 and 18) for 40 =2nd
T2-week body weight. Averaged over generations and strains,
the gernetic correlations between body weight at 20 and 40,
20 and 72 and 40 aond 72 weeks were .882, .8L8 and 917
respectively (table 21).

Environmental correlations beiween body weight at
different ages fluctuated consirerably ranging from -.037
to .,559 (tables 16 znd 19% for 20 and 40-week body weight,
0.045 to .423 (tables 15 an# 2.9) for 2C and 72-week body weight
and .1%6 to .584 (tables 16 and 18) for 40 and TZ2-week body
weight. The environmental correlations, pooled over generatio—-
ng and strains, were .312, .234 and .360 between body weights
at 20 and 40 weeks, 20 znd T2 weeks and 4C and T2 weeks

respectively (table 23).
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Increase of body weight at 20 weeks of =zge would increase
body weight at 40 and 72 weeks of age. Body weight ot differ-
ent ages were offected by environmental factors in the same
direction. Heavier birds at 20 weeks of :ge would zlso be
hesvier at 40 and 72 weeks of age, Similar reports were given

vy Singh (1977) end Cheudhuri (1976).
Body weight and egg production

Phenotypic correkbions between body weignt at different
ages and egg production to 40 weeks and T2 weeks of ¢ .
‘age wers low, v The values ranged from .113 to ,204 (tables
i5 to 18) for 20—weeﬁ body weight and egg production to 40
weeks of age, .099 to .124 (tables 15ard 18) for 20-week
body weight and egg production to 72-weeks of age, -0,091 to
»112 (tables 16 and 17) for 40-week body weight and egg
production to 40 weeks of age, —,004 to .079 (tables 15 and 18)
for 40-week body weight and egg production to 72 weeks of age
and .030 to .107 (tables 15 and 19} for T72-week body weight
end egg production to 72 weeks of age. Averaged over genera-
tions and strains the phenotypic correlation between 20-week
body weight and egg production to 40+iweeks of age, 20-week
body weight and egg production to 72 weeks, 4C-week body
weight and egg production to 72 weeks and T72-week body weight -
and egg production to 72 weeks of age were .171, .1l1l2, .0%k2,
-037 and ,059 respectively (table 21). Similar reports were

given by Hussain and Shngh (1964) and Mohapatra and ghuja
(19719.
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Genetic correlations between body weight at different
ages and egg production to 40 weeks and 72 weeks were veriable.
The genetic correletion between 20 week body weight and egg
production to 40 and 72 weeks were low.. Wheress
at other ages the genetic correlrtions were low and negative(waidy,
in these populations. Values ranged from -.014 to .105 (tables
16 and 18) for 20-week body weight =nd egg production to
40 weeks of age, .043 to 112 (tebles 16 and 19) for 20-week
body weight and egg production to 72 weeks of sge. =.069
to -.309 (tables 16 and 15) for 40-week body weight =nd egg,
preoduction to 47 weeks of esge, =,252 to -.373 (tables 16 and
18) for 40-week body weight and egg production to 4C weeks of
2ge, —.069 to .373 (tebles 15 and 18) for 40-week body weight
and egg production to 72 weeks of age, and =021 to .141
(tables 16 and 19) for T2-week body weight and egg production to
712 weeks of sge. Average over generations and strains the
genetic correlations between 20-week body weight and egg pro-
duction to 4" weeks, 20--week body weight and egg production
to 72 weeks, 40-week body weight and egg production to 40 weeks,
4-week body weight and egg production to 72 weeks and T2-week
body weight and egg production to 72 weeks were .054, .075,

~e207. -,%12 and -0.96 respectively (table 21).

gimilar results were reported by Yemada (1955), Hussain

and Singh (1964) and Prekeshbebu (1973).
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Environmentel correletions between body wedght at
different ages afid egg production were in gener.
al law. The values rang:d fror 053 to .345 (tables 18 and
16) for 20-~week body weight 2nd egg production to 40 weeks
,001L %o .183 (tables 15 and 18) for 20-week body weight and egg
production to 72 weeks of age, -0.231 to ,177 (tables 19 end 18)
for 40~week body weight and egg production to 40 weeks of age,
-.025 to ,091 (tables 18 and 15) for 40-week body weight and
egg production to 40 week of sge, -.025 to .091 (tzbles 18 and
15) for 40-week body weight and egg production to 72 weeks of
age and -.045 to .097 (tables 18 and 15) for T72-week body
weight and epg production to 72 weeks of age. Averaged over
generations and strains the environmental correlations between
20-week body weight and egg production to 40 weeks of age,
20-week body weight and egg production to T2 weeks, 40-week
body weight and egg production to 40 weeks of age, 40-week
body weight and egg production to 72 weeks of age, T2-week
body weight and egg production to T2-weeks of age were (171,
<092, .058, 033 and .026 respectively(tabke 21)

The genetic correlation between body weight and egg
number indicate that an increasse in egg number woujd SXde

bring about a small increase in 20-week body weight but

decrease in 40-week body weight.
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Body weight and egg weieht

Thenotypic corrclations between body we'gh v at different
ages and egg welght were medium and positive. The estimntes
ranged from .150 to .312 (tables 15 and 16) for 2,_yeeck body
weight and egg weight during 36 to 40 weeks of age ang 248 to
.369 (tables 13 end 18) for 45-week body weight zng and egg weight
Averaged over generations and streins, fthe phenotypic correlations
between 20-week body weight and egg weight and 4ooyeek pody

weight and egg weight were .231 end .277. Similar reports were

made by Reddy et al. (1972) and Prakashbabu (1973)_

Genetic correlations between body weight at gifferent
ages and egg weight were positive and ranged from , ,39 to .207
(tables 18 and 16) for 20-week body weight and cgg weight, .068
to .391 (tables 19 and 15) for 40-week body weight ana egg
welght., Averaged over generations and strains gpe genetic
correletions between 20-week body welght and egg weight and
40~-week body weight and egg weight were .182 ang .239 respe-
ctively. Similar reports were made by Knox (1934), Jerome et al.

(1956) Clayton and Robertson (1966) end Prekashbabu (1973).

Environmental corréiations between body weight at
different oges and egg weight were mediun ard pogjitive. The
estinates ranged from .130 to .507 (tadies 15 ang 18) for
20-week body weight and egg weight, .298 to .522 (tables 16

and 19) for 40-week body welght and egg weight, Averaged over
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generations and strains, the environmental correlations between
20-week body weight and egg weight and 40-week body weight and =
ege weight were .341 and .399 respectively (teble 21). similar
reports were given by Chaudhury et 21.(1976 ) end Singh (1977).

The positive genetic correlation between body weight and
egg weight indicate that an increase in egg weight would also
bring zbout increase in body weight. The positive phenotypic
correlation indicate that heavier birds wouldjhwrheayier eges.
Environmental factors would influence body we¢ight and egg

weight in the same direction.

Body weight and body-size

Phenotypic correlmstions between body weight ang body-size
at different oges were high and positive. The values ranged
from ,048 to .998 (tables 18 and 13) for 20-week boly weight
and 20-week boily-size, .285 to 617 (tebles 15 e?d 1.8) for
20-week body weight (tables 16 and 15 ) and 40—wéek body-size,
.289 to .653 for 20 week body weight and T2-week body-size,
491 to .997 (tables 15 end 18) for 40-week body weight and
40-week body size, .430 to .585 (tables 18 and 153 for 40-week
body weight and 40-week body-size, end .699 to .987 (tzbles 18
and 15) for 72-week body weight and T72-week body ~size, pveraged
over generstions and strains, the phenotypic correlations
between 20-week bodly weight and 20-week body-siRe, 20-week

body weight and 40-week body size, 20-week body weigfht and
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72-week body-size, 40-week body weight end 40-week body-size,
40-week body weight and T2-week body-size, and 72-week bouy
welght and 72-week body-size were .486, .306, ,b416, .76l, 507,
and .843 respectively (table 21).

The genetic correlations between body weight and body-size
at different gges were high and positive. The values ranged from
209 to .938 (tebles 18 and 19) for 20-week body weight and 20-
week body size, .843 to .997 (tobles 12 anl 16) for 20-week
body weight and 40~week body size, 0.773 to ,391 (tables 18
and 16) for 20-week body weight and 72 week body size, .914 to
1.008 '(tables 19 2nd 16) for 40-week body weight and 40-week
body size, .689 to 1.042 (tables 18 and 16) for 40-week body
weight and 72-week body size, and .836 to .992 (tables 15 and
16) for 72-week body weight and 72-week body size. fverspged over
generations and strains, the genetic correlations between 20-week
body weight and 20-week body size, 20-week body weight and
40-week body size, 20-week body weight anu 4u-week body size,
20-weelk Uidy weight and T2-week body size, 40-week body weight
and 40-week body size, 40-week body welght and 72-week body size,
and T2-week body welght and T2~-week body size were .791, .897,
616, 1.007, .874 and .948 (tables 21) respectively.

Environmentel corrzlations between body weight and body
size rt different ages were highly varieble, The velues renged
from -.C01 to .997 (tables 18 and 13) for 20-week body weight and

20--week body size, -.04) to .335 (tables L6 and 19) for 20-week
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body weight and 40-week body-size, .062 to .271 (tables 18 znd
15) for 20-week body weight and T2-week-body size, .222 to .995
(tables 19 and 18) for 40-week body weight and 40-week body
size, ,001 to .308 (tables 16 end 18) for 40-week body weight
and T2-week body-size and .637 to .967 (tables 18 end 15) for
T2-week body weight and T72-week boldy size, Ayeraéed over
generstions and strains, the environmental correlétions be tween
20-week body weight and 20-week body size, 20-week body weight
and 40-week body size, 20-week body weight and 72-week body size,
40-week boﬂg wéﬁght and 40-week body size, 40-week body weight
and T2-week bodf sizeyaﬁd 72-week body weight and 72-week bouy
size were .576, .165: 166, .610, ,124 znd .80?.re5pectively.

]

Increase in body weight would also bring about increese
in body-size., Heavier birds would also have heavier body-size
Manageméntal conditions woiald influence both the traits in the
seme direction., The genetic, phenotypic end environmental corre-
lations between body weight and body-size were not available in

the literature.
Body weight and body condition

Thenotypic correlations between body weight and body
condition at different ages were positive. The estimnates ranged
from .033 to .858 (tables 18 and 13) for 20week body welght and
20-week body condition, 0.057 to .538 (tables 18 and 15) for

20-week body weight ard 40-week body condition, .06l to .288
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(tables 16 and 15) <for 20-week body weight and T2-week body
condition, .034 to .825 (tables 18 and 15) for 40-week body
weight and 40-week body condition, .243% to .602 (tables 18 anad
15) for 40-week body weight and T2-week body condition, .236 to
.559 (tables 18 an? 15) for 72-week body weight and 72-week
vody condition. Jfvereged over generations and strains, the
phenotynic correlation between 20-week body weight end 20-week
body condition, 20-week body weight and 40~week body condition,
20-week body weight and 72-week body condition, 40-week body
weight and 72-week body condition end T72-week body weight and
T2-week body condition were .307, .378, .159, .442, .322 »nd
.397 resgpectively (table-21).

Genetic correlations between body weight and body condition
at different ages were variable.. The values ranged
from .471 to .846 (tebles 18 and 13) for 20-week body weight and
20-week body condition, .620 to .797 (tables 15 and 18) for
20-week body weight énd 40-week body condition, ~.033 to .825
(tables 15 and 18) for 20-week body weight and 40-week body
condition, -.033 to .825 (tables 18 and 16) for 20-week body
weight and 72-week body condition, .454 to .942 (tables 18 and
19) for 40-week body weight and 40-week pody condition, .296
to .923 (tzbles 18 and 16) for T72-week body weight and 72-week
body condition end .3%89 to .714 (tables 18 and 16) for 40-week
body weight and 72-week body condition. Averzged over genera-

tions and sirains, the genetic correlatiuns wepe .6l6, .262,
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-261, .243, .501 and ,563 for 20-week body weight and 20-week
btody condition, 20-week body weight and 40-week body condition,
20-week body weight and 72-week body condition, 40-week body
weight and 72-week body condition, 40-week body weight and
T2-week body ooﬁdition and T72~week body weight and T2-week

body conditiong respecfively (table-21).

Estimates of environmental correlations between body weight
at different ages and body condition were variable.
The velues ranged from .060 to .86 (tables 18 and 19) for
20--week body weight and 20-week body condition, =.040 to .238
(tebles 16 and 18) for 2)-weck body weight and 40-week body
condition, -,009 to .075 (tables 15 and 18) for 20-week body
weight, and 72-week body condition, .160 to .838 (tables 15 and
16) for 40-week body weight and 40-week body condition, .187 to
547 (tables 18 and 15) for 4)-week body weight and To-week
body condition and ,182 to .464 (tables 18 and 15) for T2-week
body weight and 72-week body condition. Averaged over generat-
ions and strains the envircnmental correlations between 20-week
body weight and 20-week body condition, 20~week body weight
and 40 week body condition, 20-week body weight and T2-week
body condition, 40-week body weight and 40-wecek body condition,
AC-week bod 7 weight and T2-week body conditions and T2-week
tody weight and 72-weelr body condition were .352, .124, 0.032,

566, .427 =nd .323 regpectively (table Z1).
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Environmentel conditions would influence body weight and
body—condition;%ge same direction. Increase of body weight
would also increase the body condition. The genetic, phenotypic
and environmentel correlations between body weight and body-

condition were not available in the litemature.
Body size at different ages

The phenotypic correlations between body-size =zt different
ages were high and nositive, The values ranged from .002 to
683 (tables 18 and 15) for body-size at 20 and 40 weeks of age
366 to .719 (tebles 18 and 15) for body size at 20 and 72
weeks and 719 to .825 (tables 15 and 18) for body size at
40 and 72 weeks. averégggfover generations and strains, the
vhenotypic coreelations 20-week body size with the body size
at 40 and 72 weeks were .429 and .516. The average phenotypic

correlation between the 40-week and 72-week body size was .772

(table 21).

The genetic correlations between body size at different

ages were high and positive, The values ranged from .650 to

976 (tables 18 and 15) for 20-week body size and 40-week
body-size, 768 to .980 (tables 18 and 16) for 20-week body-size
and 40-week body~size, and 832 to .987 (tables 18 and 16)

for 40-week body-size and T2-week body-size. ALveraged over
generations and strains the genetic correlations between 20-week
and 40-week body size, 20-week end T2-week body size and 40-week

and T2-week body size were .637, .855 and .864(table 21).
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The environmental correlations between body-size at
different ages were low and positive. The values ranged fron
.250 to .568 (tables 16 and 15) for 20-week and 40-week body-
size, .125 to .280 (tables 15 and 18) for 20-week and 72-week
body-size, and .141 to ,819 (tables 16 and 18) for 40~week
and T72-week body-size. Averaged over generations and strains,
the environmental correlstions for body size at 20 and 4u
weeks, 20 and 72 weeks and 40 and 72 weeks were .174, ,202
and .480 respectively (table 21).

Body-size and egg weight

Phenotypic correlations between body-size at different
ages and egg weight were positive and low. The values ranged
from .026 to .313 (tables 18 and 16) for 20-week body-size
and egg weight .126 to .374 (tables 1) and 16) for 40-week
body-size and egg weight. The values averaged over gencrations
and strains between 20-week boldy size and egg weight and

40-week body-size and egg weight were .164 =nd .252 (tables 21).

The genetic correlations between body-size at different
ages and egg weight were low. and—negative, The values ranged
from .109 to .251 (tables 13 and 16} for 20-week body-size
and egg weight, .191 to .401 (tables 18 and 15) for 40-~week
body~size and egg weight. The genetic correlations averesged
over generations and strains between 2C--week body-size and
egg weight and 40-week body~sizZe and egg weight were «189

and .299 (table 21).
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Environmental correlations between body-size at
difrerent ages and e g¢ weight were low and positive. The values
ranged from .020 to .323 (tables 18 and 19) for 20-week body-
s&ze and egg weight and 101 to .,465 (tables 15 and 19) for

20~-week body size and egg weight. The environmental corrclations
avepaged over generations and strains between 20-week body-size
and egg weight and 40~week body size and egg weight were ,171
and .412 (table- 21).

With the increese of ogg weight, the body-size would
also increase and both the traits weré influenced by the

environment in the same way.
Body-size and egg production

Phenotyplc correlations between body-size and egg
nroduction were low. The estimrtes ranged from .010 to .202
(tebles 18 and 19) for 20-week body-size and egg production
to 40 weeks of age, 100 to .111 (tables 13 and 17) for 20 week
body size and egg production to 72 weeks -.115 to .076 (tables
16 and 18) for 40-week body-size and egg production to this age,
-.004 to ,028 (tables 15 and 18) for 40-week body-size and egg
production to 72 weeks of age and .028 to .042 (tables 15 and 18)
for 72-week body~size and ~2gg producticn to this age. Lveraged
over generations and strains, the phenctypic ccrrelation between
20-week body-size and egg production to 40 weeks, 20-week

body-size and egg production to 72 weeks, 40-week .
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boudy--size anl egg prxoduction to this are, 4u-week

body-size and egg production to 72 weeks end T2-week body-size
and egg production to this age were .139, .064, —.049, .035

and ,061l respectively.

Genetic correlations between body-size and egg production
were low. Tne values ranged from -.078 to .150 (tables 16 and 15)
for Z20-weer voly-aize and egg production to 40 weeks, -.001 to
.225 (tables 18 and 15) for 20-weck body--size and egg production
72 weeks, --.%350 %to .20J0 (tables 16 and 15) for 40-week body-size
end egg production to this age, -.258,to .339 (tables 16 and
15) for 40 weeks body size and egg production to 72 weeks
and.~.053 to ﬂ§£} (tablgefg) for 72 weeks body size and egg
production to 72 weeks. Averaged over genercstions and streins,
the genetic correlations between 20-weck body-size and egg
production to 40 weeks, 20 week body-siZe and egg nroduction
to 72 weeks, 40-week body size and egg production to this age,
AO0-week body size and egg production to 72 weeks and TZ-week

body size esnd egg production to this age were .051, .083, .037
.082 znd .064 respectively (teble 21).

Environmental correlations between body-size and egg
production were low and variable, The values ranged from -.027
to .325 (tables 18 and 16) for 20-week body-size and egg
production to 40 weeks, -.004 to .175 (tables 18 and 15) fer

20-week body-size and egg production to 72 weeks, -.095 to
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187 fop 40-week body-size and egg »roduction to this age, -.104
TinlE ASTHER (RaB1E1 1Y AR $87VESE BBLECE08PeTEE ana e
production to 72 weeks anq{ﬁuctizq oo this =2 e.jveraged over
generetions and strains the environmental correlations between
20-week body-size and egg production to 40 weeks, 20-week body-
siZe and egg production to 72 weeks, 40-week body-size and

egg production to 40 weeks, 40-week body-size and egg production
vo T2 weeks and T2-week body size and egg production to this

age were 164, .060, -,042, .031 and .045 respectively.

The genetic, phenotypic and environmental correlations
between body-size and egg production were low. Egg production

seems to be lergely indenendent of body-size.
Body-size and body-conditiora

“henotypic correlations between body-size and body-condition.
were highly variable. The velues ranged from -.396 to .827
{(tables 18 and 19) for 20~-week body-size and 20-week body-
condition, -.546 to .297 (tebles 15 and 18) for 20-week body-size
and 40-week body-condition, 101 to .238 (tables 15 and 19) for
20~week body-size and T2-week body-condition, -.582 to .385
(tables 18 and 15) for 40-week body size and 72-week body-conditioc,
and -.530 to .,420 (tables 18 and 15) for T2-week body-size and
72-week body-condition. Averaged over generations and strad .3,
the nhenotynic correlstioas between 20-week body-size and 20-week
body-condition , 20-week body-size anl 4o-week body--condition,

20 week body-size and T72-week body-condition, 40-week body-size
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ead 40-week body-condition, 40-week body size and T72-week

pody condition end 72-week body size and 72 week body condition
were ,241, -.,100, .163, -.081.. - 5 aad -.055 respectively
(table 21).

Genetic correlations between body-size and body-condition
were low and positive. The values ranged from .3%10 to .325
(tables 15 and 16) for 20-week body size and 20-week body
condition, .211 to .285 (tables 15 and 16) for 20-week body-
size and 40-week body condition, .18k to .240 (tables 15 and
16) for 20-week boly-size and 72-week body-condition, .128 to
354 (tables 16 and 15) for 4)-week body-size and 40-week body-
condition, .211 to .254 (tables 16 and 15) for 40U-week body-
size and T2-week body condition .243 to .254 (tables 18 and
15) for 72-week body size and 72-week body-condition. Averaged
over generations and strains, the genetic correlations between
2)-week body-size and 20-week body-~-condition, 20-week body-
size and 40-week body-condition, 20-week body-size and 72-week
body-conditionr®, 40-week body-size and 40-week body-conditiong,
40-week body-size and T2-week body-condition, and T72-week body-
size and 72-week body-condition were ,318, .241, .226, .230,

»226 and .302 respectively (table 21).

Environmental correlations between body-size and body-
condition were variable., The vzlues ranged from -.998 to
827 {tables 18 and 193) for 20-week body-size and 20-week

body condition .024 to -.542 (tables 18 and 15) for 2 week
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body size and 40-week body-condition, 070 to -.291 (tables

—

19 aud 1) for Z.-week body-size and 72-week body-condition,
~.872 to 612 (tables 15 and 18) f.r 40-week body-size and
40-week body-conditica, -.77S and .196 (tzbles 18 and 15)

for 40-week body-3ize and 72-week body-condition and -.642 to
»224 (tables 18 and 16) for 72-week body-size and T2-week body-
condition. Avemaged over generations and strains, the environ-
mentel correlations between 20-week body-size and 20-week body-
condition, 20-week body-size and 40-week body-condition, 20-week
body-size-esnd T2-week body-condition, 43-week body-size 2nd
4n-week body-condition, 43--week body-size znd 72-week body-
condition and 72-week body-size and T72-week body-condition

were -.234, -,225, -.110, -107, -.26L zni .21l respectively
(tahle 21},

Body-condition at different ages

Phenotypic correlation between body-condition at different
eges were high and positive. Thec cstimates ranged from .J30
to .92 (tables 18 and 16} for 20-week and 40-week body~-condition
148 to ,653 (tables 19 and 15) for 20-week and 72-week body
condition and 775 to .98 {tables 15 and 18) for 40-week
and T72-week body-condition. Apveraged over generations and
strains, the phenotypic correlations between 20-week and
40-week brdy-cordition, 20-week snd T72-week body-condition,
end 40-week and T2-week bhody-condition were 461, 400 and .882

reszpectively (table 21).
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Genetic correlations between body condition at different
ages were high and positive, the values renging from .268 to
1.377 (tebles 18 and 15) for 20-week body-condition and
40-week body-condition, .450 t0 1.569 for 20-week and 72 week
body condition end .160 ;o »1.002 (tables 15 and 18) for 4J-week
and 72-week body condition. Lversged over generztions and
streoins, the genetic correlations between 20 and 40-week body-
condition, 20-week and T2-week body-condition znd 40-week
end T72-week body-condition were .840, .766 and .609 respectively
(table 21).

Environmental correlstions between body-condition at
different ages were variesble. The values varied from —.,006
to 917 (tables 18 and 16) for 20-week end 40-week body-condition,
.46 to .988 (tavles 13 and 18) for 20-week and 72-week body
coniition end ,102 to .983 (tables 18 and 13) for 40-week body-
condition and 72-week body-condition. Averaged over generations
and strains the environmental correlations between 20-weck
and 40-week body-condition, 20-week and T2-week body condition
and 40-week and T2~week body condition were .273, .541 and .885

respectively (table 21).

Body-condition and egg weight

Thenotypic correlations between body-condition and egg weight
were low end positive. The values ranged from .002 to ,145

(tables 15 and 19) for 20-week body condition and egg weight
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and .004 to ,312 (tables 15 mnd 18) for 40-week body-condition
and egg weight. Averaged over generations and strains, the
phenotypic correlations between 22-week body-cbndition and
egg weight snd 40-week body~condition and egg weight were

.058 and ,110 (table 21),

Genetic correlations between body-condition and egg weights
were low and positive. The values ranged from .134 to .614
(tables 19 and 16) for 20-week body-condition and egf weight,
«32L %0 .448 (tables 15 and 18) for 40-week body-condition
and égg*weight. Averaged over generaﬁions“and strzins the
genetic correlations between 20 week body condition and egg
weight and 40-week body condition and egg weight were .33%0

and .359 respectively (table 21).

Environmental correlations between body condition and egg
weight were low, The estimates ranged from ..50 to .366
for 20-week body~condition and epgg weight (tables 18 and 19)
and -.106 to .223 (table 19 and 18) for 40-week pody-condition
and egg wéight. Averaged over generations and strains, the
environmental correlations between 20-week body-condition
and egg weight and 40-week body-condition and egg weight
were .159 and .133 respectively (table 21). Improvement in
ege weight would also cause increase of body-condition as a
result of correlated response. Both the traits are influenced

by the environment in the same direction.
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Body-condition and egg production

Phenotypic correlations between body-condition and egg
production were low and positive. Values ranged from .004 to
130 (tables 18 and 19) for 20-week body-condition and egg
production to 40 weeks, .058 to .08y (tables 15 and 18) for
20-week body condition and egg production to 72 weeks, 011
to .0J1 (tables 16 and 19) for 40-week body condition and egg
production to the same age, .202 to .050 (tables 15 and 18) for
40-week: body—-condition and egg production to 72 weeks and .023
to .047“(tables 15 and 18) for 72-week body-condition and egg
production, to this age. Averaged over generations and strains,
the phenotypic correlations between 20-week body-condition
and egg production to 40 weeks, 20-week body-condition end
egg production to 72 weeks, 40-week body-condition and egg pro-
duction to seme age, 40-week body condition end egg production
to 72 weeks and 72-week hody-condition end egg production to”
same zge were .088, ,069, .040, .024 and .035 respectively
(table 21).

Genetic correlations between bedy-condition and egg
production were positive. The values renged from .254 to .439
(tables 15 an? 19) for 20-week body-condition and egg production
to 40 weeks, .287 to 540 (tebles 18 and 15) for 20-week body-
condition 2nd egg production to 72 weeks, 015 to .467 (tables
18 and 16) for 40-week bddy-condition and egg production to the
Same age, 126 to .274 (tables 13 end 15) for 4G-week body cond-

ition and egg production to 72 weeks and ,175 to 227
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(tables 18 and 18) for 72-week body-condition and egg produ-
ction to the same age. jAversge? over genérations an«. strains,
the genetic correlation between 20-week body-condition and
€gg production to 40 weeks, 20-week body-condition and egg
production to 72 weeks, 40-week body condition and egg
production to the same age, 40-week body condition and egg
production to 72 weeks and T2-week body-condition and 72-wecek
ég¢ production were .444, ,413, .2C8, .178 and .202 respecti-
vely (table 21).

Environmental correlations between body-condition and
egg procduction were low. The estimates ranged from .037 to .126
(tables 16 and 19) for 20-week body condition and egg produ-
ction to 40 weeks, .009 to .041 (tables 15 and 18) for 20-week
body-condition and egg production to T2¢weeks, -.029 to .099
(tebles 16 and 15) for 40-week body-condition and egg prddu—
ction to the same ege, ~-.731 to .096 (tables 15 and 18) for
40-week body-condition and egg production to T2 weeks and -.024
to .102 (tebles 15 and 18) for T2-week body condition and egg
production to the same age. Lveraged over generations and
straipgs, the environmental correlations between 20-week body
condition and egg production to 40-weeks, 20-week body-
condition and egg production to 72 weexs, 40-week body-conditio.
snd egg production to the same ge and T2-week body-condition
and egg production to 72 weeks were .036, .025, .049, .J32

and .039 respectively (table 21).
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Reports were not svailable in the literature spout
genetic, phenotypic and environmentasl correlations between
body~condition mnd egg production. With the incres-e of egg

production, body-condition also would increase.

Optimum body weight for egg weight, egg production and L g

masss

20~-week. body weight and egg weight

-

Linear, quedratic and cubic equationé of egg weight (g)
during 36-40 weeks"of age on body weight (g) at 20 weeks of age
in Pb~1 and Pb-2 ape presented in tables 22 and 23 respectively.
In Pb~1 the quadratic equation was significent and had higher
multiple correlation coefficient than either the linear or
cubic equations in both the generstions. So the quadratic
equétion explains the relationship between 20-week body weight
and egg weight better. Using this equation for 1975-76 gene-
ration, the predicted values of egg weight far the correspond-
ing value of 20-week body weight were obtained (table 34).

4 graph was elso drawn with these values an. is shown in
figure 1. In 7?b+l with thé increege of 20-week body weight,
there was incresse of egg weight during 36-40 weeks of :ge,
almost linesrly upto 1200 grems. pgfter that, the increase in
egg weight was 0.5 g or less for increase of every 100 g

in body weight. Considering the economic returns from the

increase in egg weight and the feed required to sustain the
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extra body weight, 1120 to 1200 grems wes the optimum 20-week

body weight for maximum egg weight. Beceuse the loss for every

100 g incresse in body weight was Rs. 0.90 after giving the sll-
Fulownm

owance for the economic term from the sale of 100 g body weight

in the market. One gram increase in egg weight would fetch

Rs. 0,50 per pullet per year after giving allowance for mainte-

nance cost and market return for body weight.

In Pb~2, the relationship between egg welght and body
weight at 20 weeks seems to be linear (Fig.l). For every 100 g
increFse in-ovody weight; egg weight Ihcrezsed by 0.7 g and it
would result in net economic returng of 8 paisa after giving
allowance for feed required for maintaining extra 100 g and
the return in the market from the sale of 100 g. SO0 in Pb-2
optimum 20-week body weight for maximum egg weight cannot be
pointed out specifically, but higher 20-week body weight

would result in higher, egg weight and economic return.,

47-week body weight and egg weight

In ?b-1 the relationship between 30-week body weight and
egg weight wes quadretic (table 24 and figure 2). Wwith the
increrse of body weight, the egg weight increased almost
linearly till the body weight reached 1600 g. with further
increzse in body weight, egg weight increased by 0.6 g or less
for every 100 g incresse (table 35), 0.6 gram increase in
egg weight per 100 g body weight would result in loss of 6
paisa in net economic return. So the gain in egg weight for

every 100 grams should not be less than(l grems,
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The optimum 40-week boly weight for meximam economic return

fron egg weight wes 1600 grams in pb-l.

In Pb-2 the relationship between 40-week body weight and
ege welght was quadratic (table 25 and figure 2). Quite surpri-
singly the egg weight declined with the increase of 40-week body
welght t111 about 1400 grams and after 1500 grems the egg
weight increased with the incresse of 4)-week body weight.

After 1500 grems even though there was increase in ege welight,
with the increase of body weight, it would not result in extra
economic return. It was not possible to draw conclusions about

optimum body weight for mexinmum egg weight in this strain.
20-week body weight and egg number to 40§weeks,

In Tb-1 the relationship between lody weight at 20-weeks
and egg number to 40 weeks was quadratic (tadble 26 and figure 3).
With the increase of body weight at 20 weeks, the egg number
would increéese almost linearly +till the body weighit was about
1200 grems. Thereafter, the rate of increase in egg number
declined with the increased of body weight. But, the increase
in body weight continues to give more net economnic return. The
optimum 20-week body weight for maximum net economic return
through increased egg number gannot be pointed out as there

was continued net economic return with the increase of body

weight,
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In ?b~2 the relationship between body weight at 20 weeks
end egg number was cubic gii%gre 4 end table 27). Eg¢ number
increased almost linearly* 1200 grams. BEgg production declined
sharply =fter the 20-week body weight reached 1500 grams. The
pullets with 20-week body weight of 1300 to 1500 grams produced
maXimum number of eggs in this strain. But considering net

economic returns 1200 to 1300 grems was optimum 20-week body

welght for this strain.

40~week body weight and egg number

in Pb-1 the relationship between body weight at 40 weeks
and egg number to 40 weeks was cubic (table-28 and figure 5).
The egg number to 40 weeks was expected to increase till the
body weight reached 1400 grems. Aifter that the increase in egg
number with increase in body weight was small. Birds of 1400
to 1600 greams would give meximum number of eggs. Considering

the net economic return, 1320-1400 grams was the optimum

LY week body weight.

In Pb~-2 the relationship between body weight at 40-weeks
and egg number was cubic (table 29 and figure 5). The egg
number to 40 weeks increased till the body weight at 40 weeks
reached 1600 grams. Thereafter, with the increase of body
weight the increase in egg number was more. Birds of 1600-1800
grams produced meximum number of eggs. Considering the net econo-
mic returns, 1600-1700 grems was the optimum 40-week body weight

for maximum net economic return through egg number,
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2)~week body weight and egg mess;

The relationship between body weight a2t 20 weeks and
egg mess to 40 weeks of age wes quadratic in Pb-1 (table-3¢
and figure-6), With the increase in body weight at 20- weeks,
the egg mess to 40 weeks increased till the body weight
reaches 1200 g. Bgg mass to 47 weeks declined sharply as scon
as 20-week body weight exceeds 1300 g. Birds weighing 1200-
1300 .g at 2C-weeks were expected to yield maximum egg mass
to 4Q.wee@§ (table 34). Considering the net economic return
the 6ptimum 20-week body weight for €gg mass yield appears to

be 1200 g in Pb-1,

In Pb-2, the relationship between 20-week body weight
and egg mass to 40-weeks of sge was cubic (table 31 and figure 8)
There was almost linear_increase in egg mass, with the increase
in body weight till the body weight reached 1200 g. Thereafter
-the rate of increase in egg mass declined. Even when net
economic return was considered higher 20-week body weight
yielded higher egg mass yield. There seens to be a close
relationshin between 20-week body weight and egg mass in

Pb""z -

40-week body weight esnd egg nass to 404weeks:

The relztionship between 40-week body weight and egg

nass to 40 weeks wes cubic in Pb-1 (table 32 and figure 8).
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With the increase of 40-week body weight the egg mass to
40-weeks increased till the body weight was about 1400 g.
When the 40-week body weight was more than 1400 ¢ the decline
in egg mass was very sharp. Birds which were 1300-1400 ¢ -~

at 40 weeks produced meximum egg mass (table 35).

In Pb-2 the relestionship between body weight at 40-weeks
and egg ness to 40 weeks was qualratic (table 33 and figure 3).
With the increase of 40-week body weight, the egg mass to
4)-weeks also increszsed. Even after considering the net
econonic returns in Pb-2, higher the 40-week body weight,

higher would be the egg mass output.
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Reletive efficiency of different criterie of selection

Teble 36 gives the e.pected renetic g-in in ey number
to 40 weeks of age, egg weight (srens) during 36-40 weeks of
ece and body weight (grams) -t 40 weeks of s¢e when selection is
based on different criterin, viz., egg nurber alone, egg weight
alone, body weirht alone, index I based on a linecr combination
of egg number, eggs weight and sody weight, index IT oased on &
linear combination of egg number, egg weight, body-size sna pody-
condition, index III bese’ on linear coabinstion of efg nunwer
oSy S AOEETY VIO SO S
nunber, erg weight/end sody-condition. Pooled estimates of eggwh,

veriances 2nd covarignces were used.

Table-36, Relative efficiency of difierent criteria of selection wi:
selection intensity of one phenotypic standard deviation

Criferis of FxXnected geénetic chenge Net Relative
selection e 40 wueks of age genetic|efficiency
BeE | Eee Body worth

- number {wei:ht(e) |wel hi(p)
Eeg no.to 40 5.214 -0.208 -4.218 392,439 0.944
weeks of age
Eeg weight(g) ~2.036 2.289  14.633 -70.106 ~—0.169
Body weight ° -0.528 0.150 75.4%2 ~108.865 -0.238
at 40 wieks(g)
Tndex I 5. 607 -1.096 -36.211  414.320 1.000
Index II 50798 _10363 _20087 3810932 00920
Index III 5,878 -1.186 -40.3%11 394.2838 0.948
Index IV 5.511 ~1,112 -38,211 376.911 0.901
Index V 5,421 -1.011  -3%5,%21 370,112 0.881
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Selection bascd on efg nulder:

With selection differentiel of one stanfard deviastion
for egg number, the exnected genetic increase in this trait
is 5.214 egrs. With this selection intensity in egg nuaber,
the egg weight "uring 56-40 webks is expected to decline by
0,208 g as a correlested response end sinilarly body wei, ht

et 40 weeks decline oy 4.218 g.

Selection based on ege weizhti:

The expected genetic chenre with’ selection intensity
of one phenotynic standard deviation in egg weighu is 2.289 ¢.
LS a correlated response to this selection for egg weight,
egg namber to 40 weeks is expected to go down by 2.096 eggs
while the body weight at 40 weeks is expected to incresse
by 14.633% ¢.

Sélection based on body welght:

with selection differemtisl of one stanc ard deviation
for body weight at 40 weeks, the expectéd geneiic increase
in this trait is 75.4%2 g. LS a correlated respnonse to this
selection egg number is expected to decline by 0.528 eggs

=nd egg weight is expected to increase by 0.150 g.

Selection based on indexs .

Tnfex I is 21.910xi-17.881x2’—0.613x3. Tts Ry, velue is

0.572. The index II is 19.9116Xi~39.3)99X2 + 0.086X4 +O.294X5.

Its RIH valie is 0.0576. With selection differential of one
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stendard deviation besed on inde. of ege nunber, egg weight

and body weight (index I), the exnected genetic change in egg
nurber, egc weight and pody weight are 5,607 eggs, -1.096 g and
~36.211 ¢ respectively. with selection index based on egg nunber,
egg weight, body-size gnd body-condition (index II), the expected
genetic chenge in egg nuibelr, egg weight and body weight ere
5.738 eggs, =1.363 ¢ and -2.087 ¢ respectively. Index bzsed on

‘ege numder and egg weight (index ITI) is 20.966x1-22.922x . Its

2
RIH value is 0.5280. Increase in egg number is 5.878 and change
in egp weight is -1.186 g. Exnected genetic change through

inder IV and index V were nresented in table 36.

Relative efficknciess

When equal selection intensities (one phenotynic. standarad
deviation) ere practised for egg number, egg weight, body weight,
index I {linear combination of egg number, egs weight and body
weight}, index ITI(linear combinstion of egg number, egs weight,
body-size and body-conditinn), index III, infex IV and index V
the expected increase in tke net genetic worth are 332,439,
-70,106, -108.865, 414.320, 38l.932, 394.288, 376.311 and
370.112 units respectively. Thus index I is expected to yield
the best results.4s cowmared to index I, the relative efficiency
of selection brsed on egg number alone and index IIT would

be about 5.6 percent less. Selection based on index II is expe-
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cted to be about 8.0 percent less efficient than Index I
Selection for egg weight or body weight 2lone is expected
to cause a negative change in the econonic mexiit of the

birds,
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SUMMy{RY AND CONCLUSIONS

Investigations were conducted to determine suitasle
criterie of measuring body-size (bone-framework) and body-
condition (fleshing); to study the genetie, phenotyaic and
environientel correlationse zriong different econownic traits
end inheritence of these traits and to find out ostinu body
weight for epg production, egg weight 2nd egg mass in two
White Leghorn ponulations, Po-1 and Pb-2 maintained at 2.4.U.
Ludhiena. Besed on these deta selection indexes were constru-
cted for meximizing the genetic gains for economic mert.
During the first geneigtion a totel of 1018 birds consisting
of 603 of the pb-1 anéd 415 of the Pb-2 which survived to
T2 weeks were included in she study. Pb~1 was obtzined in eight
weekly hatches and Ph-2 was obtained in six weekly hatches,

In the second generation, ?b-1 wes obltained in five weekly
hatches and Pb-2 in six weekly hatches, 4 total of 1235 birds
consisting of 780 of Pb~1 and 515 of ?b-2 were included in the
second generation. 2rogeny were cbtained by nating 30 sires to
270 d2ms in Tbhb~-1 znd 20 sirazs Yo 180 dams in »h-2, in both the

generations.,

The average 20~, 40- and T2-week body weight, pooled over
generations, was 1153.1, 1577.7 and 1573.9 g respectively
in Pb-1 and 1097.3, 1594.0 «nd 1528.0 g respeciively in pb-2.
Thus the pullets of Pb-1 were heavier than those of 2b-2 at 20

and T2 weeks of age. At 40 weeks Tb-2 was slightly heavier
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than Pb-1l. ~ullets of toth b-1 znd ., 5-2 birds becane

iighter ot 72 weeks whea comyar.. to weight at 40 wecks.

Lversge egg welght dering 36-40 weeks of age pooled over
generations was 53,58 g in Db-1 and 52.69 g in Pb-2. Thus
birds of Pb-1 lzid eggs which were heavier by about one gran

than the eggs of pb-2.

Averezge egg number to 40 weeks of sge was 80.35 in Db-1
and 78.84 in Pb-2. Average egg number to T2¢weeks was 222.9
in ?b~1 2nd 214.9 in Pb-2. Thus the pullets of Pb-1 had higher
egg production tha Ph-2.

The rverage heritabilities (from the sire component of
variance pooled over generations and strains) of body weight
at 20, 4C and 72 weeks of zge were .436, .432 and 0,361
respectively. The heritability estinetes for body-size at 20 ,
40 and 72 weeks of zge weire 330, .306 and .305 respectively.
Heritabilities fof body-condition at 20 , 40 and 72 weeks of
age were ,131, .114 and ,112 respectively. The estintate. for egg
weight was .658. The heritability estimates for egg number to
40 weeks of age 2nd to 72 weeks of a2ge were ,3%16 and .233
respect ively., Thus body weight and body-size had medium
herluable estimetes, Body-condition was lowly heritable. The
neritabil ty of epg number was medium to low. Egg weight was

highly heritsble.
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The everase phenotynic, genetic snd environmentel
correlations between 20-and 40-week body weight were . 620, .882
end .312 respectively. The correshonding values for 20-and
T2~week body weight were ,583, .818 =nd .234 and for 40-week
and T2-week body weight were .670, .317 and .360. The phenotynic,
genetic and environnentel correlations were .171, .054 and
.17l betwean 20-week body weight and egg number to 40 weeks,
.037, -.312 2nd .033 Dbetweed 20-week body weight and egg number
to 72 weeks, .012, -.207 2na .058 between 40-week body weight
and egg number to 40-weeks, 037, -.%12 =2nd .033% between 40-week
body weight and egg number to 72 weeks znd .059, -.,096 and
.026 between 72-week body weight and eg;y number to 72-weeks of
ege. Thenotypie, genetic and environaental correlations in
respect of body weight and egg weight were .231, .182 znd ,341
between 20-week »ody weight and egg weight and ,277, .239 and
«339 between 40-week boly weight and egg weight. The correspon-
ing velues of the three kinds of correlations were .486, .73l
and 576 between 20-week boly weight and 20-week pody-size,

. 364, .8) d .165 between 20-week bhody weight and 40-week
/:96?31.007 and ., 610 between 40-week body weifht end
body wsige" and/ 40~-week boly-size. The phenotypic, genetic and
environmental correlations were ,307, .0616, and .352 between
20~week body weipht and 2C-week body-condition and .442, .243
ant ,566 between 40-week body condition and 40-week body
weight. The corresponding velues in respect of body-size and
body-condition were ,241, .318 and -.234 between 20-week body-

size snd 20-week body-~condition, -.081, .230 end ~.107 between
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40-week body-size and 40-week boly-colidition and -.055, ,3%02
ard -.211 between T2-week body-size and 72-week body-condition.
The phenotypic, genetie and environiental correlaiions between
body-size and egg wroduction were .362, 051 and .164 for

20 weeks body-size and egg production to 40 weeks, ,087, .083
and ,060 between 20-week body size and egg number to 72 wesks,
-.068, .037 and -,042 between 40-week body-size and egg
production to 40 weeks, .016, .,082 and .03l between 40-week
body-size and egg nroduction to 72 weeks and .044, .064 and

.045 between 72-week body-size and egg nroduction to 72 - -,

weeks.The corresponding velues for body siZe and egh weight were
164, .189 and® .163 between 20-week body-size and egg weight
and ,252, .299 and ,314 between 40-week body size and efg
weight. The phenotypic, genetic and environmental correlations
were ,088, ,444 end ,086 for 20-week body condition and egs
nunber to 40 weeks, 063, .413 and .025 for 20-week body-conditiorn
and egg number to 72 weeks, 040, ,208 a2nd .049 for 40-week
body condition anéd egg nproiuction to 40 weeks, 024, ,173

end ,032 for 40-week body-condition and egg number to 72 weeks
and ,035, .202 and .033 for 72-week body-condition and egg
nuiter to 72 weeks. The corresponding values were ,0538, .330
and .159 between 20-week body-condition and egf welght and
.110, 359 2nd .13%3 between 40-week body-condition and egg

weight.
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In 2b~1 the relstionshin between 20-week body weight
and egg weignt (36-40 weeks), 20-week body weight and egge
nuber to 40 weeks, 20-wesk boly and egg 1ass to 40 weeks and
40-week body weight and egg weight/xgggﬁ%adratic whereas the
relationship between 40-week body/end egy, number to the seme
age =nd 40 week body weight and egg mass to 40 weeks was
cuabic. In 7h-1 1100 to 120C g wes the optimum 20-week bLody weight
in terms of net econoanic return for epg weight and egg mess.
But incresse in 20-week body weight continued to give extrs
econonic return through incre=zsed egg number., 1300 to 1400 g
was the ontinum 40-week body weight for egg number and efg mess
interas of net econowic return, Wheress 1600 ¢ wes the optimun

body weight for egp weight in terms of net econonic return.

In Th-2 the relations'iipy between 20~week body weigcht and
egg weight was linear, quadratic between, 40~week body weight
end egg weight and 40-week body weight and egg mass. But cubic

between 20-week body weight and egg number, 20-week body weight
and egg nass an? 40~-week boiLy weight and egg mess. Increase in
20-week body weight, increecsed the net economic ret.irns by the
increase of egg weight and e/g nass. 1200 to 1300 g was the
optimum 20-week body weipght for egg number to 40 weeks when

net economic returrs were considered., 1600-1700 g was the
optinmun 40-week body weight for eg: number to 40fweekdwhen
econo1ic returns were considered., Whereas increase in 40-week
body weight produced increas= in egg mass :nd economnic

returns,
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Relative econonic veiphts fave naximun weightzare to egg
prnduction, followed by e, weipht. Body weight got negative
weightage. Index I (linear couhinetion of egg production, egg
weight and body weight), gave maximum net econoiic returns,
followed by index ITI(linear combination of egf production and
ege welght), selection based on egg production eslone and index
ITI (linear combination of egg production, egg weight, body-size
and body~condition). Selection based on egg weight alone or

body-weight alone yielded negative net economic return,

Body weight/shank length was better criteria for aeasuring
body-condition. Body weight-body weight/éﬁank length wzs reliable
index for boldy-size. The heritebility of body-size was medi.m
and body~condition was lowly heritable. Dividing the total
body weight into two components namely boly-size and body~
condition and including them in an index does not improve the
efficiency of the index in cerms of net economic returns., So
dividing the body weight into two components does not give any
extra advantere, Strain differences were evicdent in optimum body
welght for egg¢ weiéht, ege nroduction and egg mass., In Pb-2
there was close relationship between body weight and efg welght,

body weight and epg production and body weight and €g¢ mass.
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