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'/haptGr I 

INTRODUCTION 

·~0e..y ·#eight in egg-tyPe chickens is important because of 

its .infl\J.ence on feed efficiency, egg size and egg prodllction. 

Birds with small body are preferred becaQse they reqQir~ less 

feed fer body maintenance. However, reducing body weight below 

2 certain limit may not be desirable from the Btand~oint of egg 

prodQction and egg size. 

Nordsk'og and Briggs (1968) made a llseful list inction between 

body-size (bone-:t:remeworkl and body-condition (fleshing) as two 

coml?onents consti tuti~g oody WGight. They havE: shown that fleshing 

or condition waS economically important in terms of laying house 
~ 

-performpncp :::1nd the vnrirn.;ibn in condition is mostly aBt6.rmin~d 

by husbendry practices. 

~he two comnonents of body weight are reported to have 

different genetic constitution and olso differ~nt relationship 

with egg prod~ction, The genetics of body-size, and bocy­

condition and their relationship with egg production and other 

economic char'acters axe not very well known. The pr8sent 

investigption is, therefore, conduct€d to study (a) the criteria 

of measuring body-condition and body-size (b) g~netic, phenotypic 

and environmentzl correlations among body weight, body-size, 

bOdy-condition, egg production and egg weight, (0) inheritance 

of these traits and (d) optimwm body weight for egg prol~ction 

and egg size. Based on these data, an attempt h8s been made to 

develo~ a selection ind~x for IDGAimizing the genetic gains for 

economic merit. 



REVIEW OF LITERATURE 

Body weight and feed efficiency 

Feed cost accounts for about two-third of the total cost of 

egg prodaction. The feed consumed by the layers is used for 

malntenance, growth to a certain age and egg production. A major 

por.tion of the feed consllIDed by the layers is used for body main­

tenance. The 18rge birds wDuld use relativ~ly more of the feed 

for maintenance than the smaller birds • . 

Joshi ~.!~ .. (1949) in a stlldy involving New Hampshire 

laying ·p111ets observed that when these birus were laying at the 

rete of ~bout 72 percent, 71 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) has shown that the annQal 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 foed was required 

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

Kleiber (1932) reported that the maintenance reqQirements 

increased with the 0.75 power of body weight. Brody et ale (1938) --
~ointed out that for larger birds to be as efficient as the smaller 

"bird;~, both 18ving at the same rate, the former mllst produce 

lcrger eggs to offset the higher maintenance cost. He concluded 

that if mainten8nce costs increase with 0.75 power of bodt weight, 

egg size also must increase with the same power for equal efficiency. 
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Egg size however, SBems tu increase only with 0.15 power of 

bodY' weigh t. Henco,. small birds are mort; efficien t then the 

l~rger birds not only because they hEve lower body maintenance 

requirements but also bec~use their egg size relative to body 

weight is greater. 

BO~y weight and reproductive performance 

Dor8.n 2nd fluisenberry (1971) divided 5180 Leghorn pulll;ts 

into three weight classes and sQbsequently monitored reprodu­

ctive performance Qntil 50 percent prod~ction was obtained. 

Egg size end prod action WEB ffi2ximum for heavier birds and 

intermediate for the medium weight birds. Heavy and mediwm­

weight birds reached 50% egg production earlier than the 

light-weight birds. 

Dickerson and Hughes (1964), while reviewing the 

reproductive performance in sevenal commercial field tests, 

repDrted that for each 45 grams below optimum body weight, 

egg production declined 1.0 to 1.5 percent 2.nd ~ ..... xu:_J. mat uri ty 

was delayed bV three to four days. 

Reinhart and Jerome (1970) examined the relationship 

between body weight and egg prodLlction in Leghorn lines 

selected for both increased egg numbers 28 well as bidirection­

'811.1 for small and l~.rge body size. The larg€-body lines 

everaged 4.6 percent higher egg prod~ction than the contro] 

lines over the entire 127ing ~eriod. 
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Results' of Random sample Egg Laying Tesss in USA end 
I I 

Canada showed that the White Leghorn 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. Wi thin lines, 

very small birds tend to lay less eggs than the larger birds, 

but extremely large birffi also lay fewer eggs (Hogsett and 
• Nordskog, 1958). 

Optimwm body weight in relation to egg prodQction and egg 

weight 

Da plessiS and Erpsmus (1972) conducted investigation 

to establish the ideal bo~y weight in relation to egg production 

and egg size. 

In case of White Leghorn a quadratic regression eqQation 

was obt8ined between total egg production and weight at sexual 

matari ty and also "between total egg :produ.ction and mature 

body weight. For the production of standard-sized eggs 

(56 grams 2nd 8bove) the srune relationship was obtained. 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 to 36 kg at sexucl matuni ty produced only 162 eggs out of the 

tot81 of 212 eggs weighing 56.75 grams or more. For every 

extra 0_45 kg in body weight there was an increase of 25 eggs 
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weighing more than 56.75 g per bird. This increase in the 

prod~ction of standard-sized eggs continued until the h~n 

reached an average body weight of 2.04 kg. Birds weighing morc 

than 2.04 kg at sexual maturity laid fewer standard-sized eggs. 
j 

The relationship between egg production, egg weight and matllre 

body weight £ollowed the same pattern as in the previous case. 

The only difference w~ that the increa.se and decrea.se was 

sl;rarpe.r in' product ion. The idee~ me_ture body We; igh t of Whi te 

Leghorn pullets was 2.04 kg. 

Maximllm performance is obt,ained \1-,hen husuandry practices 

permit the flock to reach its optimum for body weight. 

Theoretically each strain would heve a different optimum for 

each environment. A diet well balanced for all the nutrients 

is an important component of the environment. The practices 

that cause~ body weight to deviate from optimwm norm would 

lower the egg prod~ction • 

• 
Kurdjeekov (1967) observed that each breed has an optimam 

body weight till which production was positively correlated 

wi th size and a£ter which the correlation turned negati Vb. 

Components of body weight 

The weight of chickens depends lIpon (1) the size of its 

, skeleton (2) the f~Ount of organs, mQscles, skin and feathers 

su-pported by' that skeleton an1 (3) the amount of stored-fat. 
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The second and t~ird of these variables, particularly the 

last, may change considerably with the environmental 

conditions but the Skeleton is very little affected after 

IDaturi ty (Hutt, 1949). 

Nordskog and Briggs (1968) examined the relationship 

between egg production Bnd body WGight based on the data 

of the Iowa Multiple Unit poultry Test. They asswmed that 

strain differences on ths same farm were genetic while the 

farm differences with samples of the same strains were 

environmente~. On en environment21 scale, lowering body 

weight by 0.1 kg from an overall meen of 1.5 kg decreased 

hen-housed egg production by 18 eggs 8nd increased age at sexual 

maturity by 14 days.~Bowever, on the genetic scale, lowering 

body weight by 0.1 kg increased hen-housed egg production by 

12 eggs and decreased age at 'oatur1ty by 4 days. The authors 

suggested that body weight 1s determined by skeletal size 

on a genetic sc~le and condition or fleshing on ~ environ-

mental scale. 

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 shenk weight and total skeletal w&ight was 0.703. 

Shank length should therefore, be a better single measure 

of size th~n b0dy weight. The ratio of body weight to shank 
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length might then be used 28 a criteriQn for body-condition. 

Flock differences in body weight/shank length ratio, largely 

reflect differences in management and feeding practices 

(~0rdskog end Briggs, 1968). 

Body-size. (bone-frcIDework) and egg production 

Latimer (1924) found that 11 percent of the matare body 

weight of White Leghorn males ~nd 8 percent of the body weight 

of their females consisted of skeleton. Schneider and DUnn 

(l924) in a study of outbred White Leghorns noted that increase 

in bone length ceased at en early ege (about 160 days) ,end 

remained constant during rest of the life. They pointed out 

that the variability of bone m8Psurements was only one-third 

to one sixth as great as the Y8.r-.iabili ty in body \'/eigh t. 

Several attempts have b;,Jcn made to find correlation bet\"Ieen 

skeleton mea.surements and egg production but most of these 

have not reve2~ed signific2flt relationships. Weters (1927) was 

unable to predict egg production from skeletal dimensions 

bpsed on data of Whi te Leghorn pullets mec~su.red for wid th of 

craniwm, length of beak, and length of keel. 

Cleven$ d~and Hell (1934) in a study involving 262 White 

r.eghorn p~let8, found cllrvi -linocr relat.ionship oetween 

skeletel dimensions and egg production which, they conclQded, 

could be u.sed in the aele c ti on of birr_l s for egg pr Jrl uc tion. 
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Miller 2nd Carver (1934) found no relation between 

skeletel dimensions end egg pro -;'uction of Whi te Leghorn hens. 

In this connection it is interesting to c~nsider the wJrk ~f 

- (1928) who c.Jmpered the skeletal structure of sweet et ale 

the beef and dairy cows. They f,)lU1d that the two types differed 

greatly in ext..:.rncl form bllt in weight and size of the in ternal 

org8ns the differences were not 12rge eno~gh to caQse signi­

ficant differences in function. In skeletal structure the 

tWQ breens were generally similax. This would indicate th~t 

both breeds h£'..--:' a similar origin and the evolutiCJn :)f the two 

breeds, which hes been accomplished through breeding ana 

selection has not materi8~ly affected the skeletal structure 

but has brotlght abJut marked changes in funotion. Differences 

in type may be pttributed to extreme fleshing in one gr~up and 

ud~er development and lack of fleshing in the other group_ 

The greatest difference between the beef and dairy cows seems 

to be in regard to physiological characters of milk and flesh 

prodllction. 

Jull (1932) applies the conclusions of SWeet ~ ale 

(1928) t-:," the fowl, by observing that for the domestic fowl, 

the avai12ale evidence tanate shows that the flesh and egg 

"{;_L" ~ - 'l~-y:;i')n are inheri ted lexgely independen tlv of the skeletal 
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Quisenberry ~ el. (1941) concluded that stQdies on 

skeletal dimensions shJuld not only inc1ud~ lengths of 

bones but diameter as well. B::>ne area wes calClllatec1 by 

maltiplying circ~mference with length of the bone. This was 

e crude me asare of S llrfaco area of bone, bu t when it was 

correlated with body weight higher correlation coefficien~ 

were obt9ined then wi th ei ther ._liameter or length cib_one. 

HeritabilitiGE: 

'F1er·i:~lbl.litr cstimptes of v2.ri~us traits along with 

th:.; .. ~ tF.l.wei;~htert aver2ges are presented in tables 1 to 3. 

Body weight: The heritabilities of body weight reported 

in literpt~re axe summarized in table 1. The unweighted 

average being 0.454 by the method of intr2-sire regression of 

0211ghter on dam whereas it is being 0.454 2nd 0.51 from sire 

Co~onent ann dam component of variance respectively. These 

reports from literature show the trait to be mJderate to highly 

heritable. 

Egg weight: :~Ihe heritability estim2tes reported by different 

wr~rkers !:Jj~ cg{! weight are presented in table 2. Most of the 

estimate e ::. i_l3 in the range of 0 l" 50 to 0.81. The unweighted 

t~8Lc~e of ecltim2tes from sire and dem component of variance 

-S J.475 CJ .. i 0t:476 respectivelyo The heritability of egg 

\tl~ight .. ~ thue in gf-;neral moiler ate to very high. 
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Egg number: rrhe es time.tcs report cd by differen t workers for 

part year egg number are summexized in table 3. The unweighted 
. 

pverage of estimptes of part-year egg number b~sed on sire and 

dam component of variance is 0.22 to 0.303 respectively. 

This indicatQs that the heritability of egg number is in 

general low., 

Genetic, environmental and phenotypic correlations 

Egg number and egg weight: Genetic, environmentel and pheno­

typic correlations between egg number and egg weight reported 

in liter0ture are given in table 4. Most of the genetic 

correlations range between -0.10 and -0.45. The anweighted 

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 2xe sUIDQarized in 

table 5. The genetic correlations fall in the range between 

-0 9 54 reported by R~gab and El-Hossori (19 69) to 0.92 reported 

by MOhapatra and AhQja (1971). The unweighted average of 

genetic, environmental and phenotypic correlations are 

-0.078, -0.22 and -0.028 respectively. 

Egg weight and body weight: Genetic, environmental and 

paenotyPic correlations betweer.. egg weight 81ld body weight 

reported in literature exe set out in table 6. Genetic 

correlations between egg weight and body weight are positive 
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Tablc-4. Genetic, environment~~ 9nd phenotypic correlations 
bet\,/een egg number and egg weight reported in literature 

Brown Leghorn -0.20 

Inbred and non-
inbred lines of -0.43 
nlne breeds 
combination of 
seven light and 0.10 
heavy breeds 

New Hampshire 

Whi te Leghorn 

Commercial 
:poul try flocks 
New Hampshire 

Whi te Leghorn 

Light 'breeds 

Sussex 

White Leghorn 

Whi te Leghorn 
Strain E . 
Str8in B 

Leghorn 

''/hi te Leghorn 

"lhi te Leghorn 

"/hi te Leghorn 

~'·J'hl te Leghorn 

Allstralorp 

"{}hi te Leghorn 

\1hi te Leghorn 

1"Jhi te Leghorn 
"fjI .... \Toum· . . ( J ~ 

-0.24 

-0.38 

-0.351 
0.190 

-0.42 

-0;32 
0.15+0.08 

-0.15 
0.04 

-0.15 +D. 20 

-0.88 

-0.18 

-Oc 69 

-0.56 

-
O.22+().11 

-0 .. 31+0.12 

-0.262 

'\ 

EnVl.-Jhe~o­
ronm- tYP1C 
ental 

-

-

-0.06 

.-0.10 -0.02 

0.12 

0.206 0.013 
-O.Of!"{ 0.052 

r Referen: 

Blyth(1952) 

Wyatt (1953) 

Hogsett and 
Nordskog(1956) 

Jerome at al. (1956) ----
,Abpl an a1 p (1957 ) 

Hicks (1958) 
Hicks (1958) 

0.06 Hogsett and Nordskog 
(1958) 

0.12 -0 .• 05 VTaring et ale (19 62) --
- -0.0819.09 Hussain and Singh(1964) 

-0.02 
-0.04 

Jaffe (1966) 
Jaffe (1966) 

0.00+0.02 Nordskog and Festing 
_' (1967) . 

-0.17 19.13 !~garwal (1970) 

O!l28 -0.228 Mohapatra and Ahuja 
(1971) 

-0034 
-0071 
-0.17 
-0.226 

-
.089 -0.178 

Kolstad (1972) 

Mohap atra(197 2) 

Mohap atra(197 2) 

Reddy et ale (1972) --
Nanda ~ ~. (197 <~/) 
Nordskog et 81. (1974) --­• 

Unweighted 
~7er8.ge 

--~~--------------------------------- -----------------
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~~blG·-5. Genetic, environmentel end phenotypic correlations between 

egg number c,nc1 body weight reported in literature ._- - _- ,...._ 

~-vJ..- .pneno-
'Breed Genetic ronmen- typic Reference 

tal .- _. 
Brown Leghorn -0.05 - Blyth(1952) 

Inbred and non-
inbre1 lines of -0.31 wYatt (1954) 
nine breeds 

v!hi te Leghorn, 
Rhode I81 and Red 0.173 Y 81i18.dn (1955) 
and Barred ply-
mouth Rock 

Combination of 
SGVen light and 0.29 Hogsett and Nordskog 
he2vy breeds (1958) 

NevI Hampshire -0.42 -0 .. 02 -0006 Jerome et a1. (1956) --
\Vb.i te Leghorn -0.102 0,,133 HLtS sain and Singh 

(1964) 

~;hite plYlIDuth -0.14 -0.29 -0 •. 24 Ideta and Siegel (19 66) 
Rock 

1'lhi te Leghorn 
strain B -O~28 -0 .. 01 J8ffe (19 66) 

Strain E -0.08 0.03 Jaffe (1966) 

Fayoumi -0.54 Ragab and EI-Hossori 
(19 69) 

White Leghorn 0 .. 92 -0.352 Mohapatra and Ahuj a 
(1971) 

White Leghorn - -0.06 Reddy et al o (1972) --
"/hi te Leghorn 0.47..0.06 - Oe232 Nanda et ale (1913) - --
Unwetghted -0.07 81 -0.221 -O.02f57 

average 

~-, ... fIJII _____ ... ______ ~ 
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Table 6. Genetic, environmentpl and phenotyPic correlations 
between egg weight a~d body weight reported in 
liter2ture 

Breed 
, ____ ~ .... r 

Brovln Leghorn 

Combination of 
seven light and 
heavy breed s 

New Hampshire 

Combination of 
Ncw HOI1Ipshire and 
~ini te Leghorn 

Seven lIght 
breeds 

White Leghorn 
f 

White Leghorn 

Whi te Plymouth 
Rock 

Light Sllssex 

Rhode Island Red 

Quasi control 

strain I 

Strain II 

strain III 

strain IV 

Whi te Leghorn 

0.66 
0.31 

0.56 

0.20 

0.11 

0.61 

o. E!7 

-

0.10 

0.28 

Blyth (1952) 
wYatt (1953) 

Hogsett &~d Nordskog 
(1956) 

0.09 Jerome ~ ~4t (1956) 

0.20 Hicks (1958) 

0.37 Hogsett and Nordskog 
(1958) 

0.616 Hussain and Singh 
(19 64) 

0.65+0,,11 - Shibata(19 65) 

0.23 

0.32 

0.42 

0.31 

0.58 

0030 

0.68 

1.17 

0.88 0.58 Ideta and Siegel 
(1966) 

0.25 Jeffe(1966) 

o. Z7 Jaffe (1966) 

Festing and Nordskog 
(1967 ) 

-0,,12 Mohapatra and An uj a 
(1971) 

contd. 
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a....~ .... ___. ______ __,.. 

Breed =IGenetiC'-f' EnViron=) PnenO-~I:> f --.... ------
_ tal t' :\.e erence 

-_..-~------ ~4 .... ·" ______ ~~ ..... _-__ l :Y.J?.:!:9__ , __ -_ , _. 

vlhi te Leghorn 

Wb.i te Leghorn 

11hi te Leghorn 
and Fayoumi 

Unweighted 
average 

0.41+0.06 ----

Reddy et ale (1972) --
0.552 Nanda ~ ~!(1973) 

Nordskog et ale 
(1974) --

0.307 

and range from 0.11 reported by Hicks (1958) to 1.17 reported 

b V Mohapatra and J..huj a (1971). The unweighted avere.ge of 

genetic, environmental and phenotypic correlation being 

0.446, 0.42 and 0.307 respectively. 



Chap ter. III 

MATERIAlJ ~D MEl'HODS 

History of the flock 

The data used in the present investigations pertained 

to two plu'ebred strains viz. pu.nj ab-1Yhi te Leghorn-l (1)b-1) 

and l'unjab-Vlhlte Leghorn-2 (Pb·~2). }lb-l was developed from 

a l"eptlted comInercial stock inmorted from USA. The first 
.I: 

pedigreed generation of this strain was raised during 

1971-72. This strain has undergone selection, since then on 

the basis of Osborn's index for three generetions upto 1973-74. 

1.1 tho ugh, the main emphasis W2,S to select for egg production 

to 40 weeks of age, some attention was also given to egg 

weight using independent culling levels~ pb-2 was developed 

from Mychix strain which waS ini tially developed by the 

Karnataka state lJ1.imal Husbandry Department from Mount Hope 

strain of USA., brough t from the central Hatchery, Chenganllr 

(Kerala ) in the yeax 1968. Fifty male and 500 female day-old 

chicks of the Mychix strain, hatched on 16th April in 1973 

were received from Karnataka st ate Animal Husbandry Departmen t, 

Bangalore o The first pedigreed generation of pb-2 was raised 

during 1974-75. 

r-Tatinr; deslan 

The fourth and fifth pedigreed generations during 1974 .... 75 

Mil 1975-76 were considered for" this inve stigation. In the 

flrst generation, 603 hir:de of pb-l obtained in seven Vleekly 
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hat<}hes and 415 birds of Pb-2 obtained in six weekly hatches 

were included. Similarly~ dLlr i ng the second. generation, data 

on 780 birds of l)b-l and 515 birds of Pb-2 were llsed.. .:he 

progenv of the two strains pb~41 and Pb-2 were obtnined in five - .... 

and six weekly hatches respectively dQring the second genera-

tiono progeny were obtained by mating 30 sires to 270 dams in 

pb-l and 20 sires to 180 dams in Pb-2 for both the generations. 

fJI8n agemen t 

1..11 the pullets were gi yen chick ration containing 22 

percent protein upto 8 weeks of age and 18 percent prot0in 

thereafter. The birds were vaccinated against Ranikhet at 

d8y-old stage and against Ranikhet and Fowl pox at 8-10 ,.,reeks 

of agee The day-old chicks were wing-banded. JU.l the chicks 

were pedigreed bo~h by sire a~d dam. Leg-banding was done at 

about 20 weeks of ageo 

The following observations were recorded on each pullet. 

Body weight: Body weight of all ~ullets were recorded at 20, 

40 and 72 weeks of age~ It waS measured to the nearest of 10 

greIDS. 

Shank length: Shank length of each pulle t ~tlas meclsured in 

CG1Jtimeters at 20 ana. 40 weeks of age wi th the help of a 

SCale of ODe millimeter divisions. 
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Egg production of each pullet was recorded 

to forty weeks of age and also to 72 weeks of age thra~gh 

daily trCl]?ncsting. 

Egg weight: ,Aver8.ge egg weight of each pllllet was mC2sureu. 

by recording the weights of 3-4 ee;{:-.S from each pllllet during 

36-40 weeks of ege. 

ptatistic?~ analysis 

The Qa.t a of each s tra.in werE; 3!lalysed sep 2.r2.tely generation­

wisee The data were corrected for hatch effects asing the 

following model. 

Y .. ::::tU + h .• e .. 
lJ i ~ lJ 

where~ 

Y .. lJ 

h. 
~ 

i 

e .. 
lJ 

- the measQrement on jth bird of the ith hatch 

- the overall population me2n when equal frequencies 

exist among classes 

_ effect of the ith hatch 

::::: 1, 2 •••• , H 

f ,... +- l . t . th th - random e IeQ~ pecu_18x 0 J bird of i hatch 

and is assumed to b e indepen~lent and normally 
2 

distributed i.e eNID (OJ (J e ) 
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Heri tabili ty estim~'tes 

The model describing the sources of variation in the 

population was assumed to. b.e 

where~ 

Y. 'k is the measLU'cment. corrected for hatch effect on 

~J kth ~rogGny of the jth dam mated to the ith sire 

u is the overall mean of the population 

S. is effect of the .th 
sire (i =:: 1, •••• , s) 1. 

~ 

d .. 
. effect of the . th 

dam mated to the i th sire 1.8 J 
~J 

(j = 1, e. e .• , •. , n. ) 
1. 

eijk 
is the random environmental plus genetic segregati t 

th . th t . th effect on k progeny of the J dam mated o ~ s. 

Analysis of 
. varl.ance 

Source d.f. S.S. M.S.S. B.M.S. 

JJllong sires 8-1 1: 
y? 2 2 
~e. MS

S ~ +k2oa.+k 3 . 
~ n. 

~. 

2 yf 2 2 
.. WIo ng dams. D-S tt Y ij • - Z. - 1. ' ... M~ ()e+~crd 

• • Slres ij n .. 1 n. 
~j ....... l. 

2 2 

JJnong progeny: 
"" y2 tt y. 0 O"""e N-D ~~k ijk 

l.J. MaE - .. 
dr''lls:sires ~J ~J n .. 

~J -- --- 2 
~ 2 

."otal 
Y ••• ttl '{. ok N-l . ok ~J - ~-- .. __" 

13 N 
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vihere~ 

N - to taJ. number of progeny 

S -. nunlber of sires 

D - number o:f dams 

2 
ere - error variance component 

2 
(Ta '- component of v2xi an,6e due to dams 

2 
component of . due to . 

~s - VarlallCC Slres 

k values \vere comptlted as under; 

1. [N t n~. ] kl = t J l~ 
D -s i 

n. 
l. 

[ 
2 2 

J t n .. ZZ n .. 
1 t i l.J .. 1. J 

1<:2 
1J - --s-l ._.... .,~ 

i n. N 
1. 

2 

[N - Z n. 

] l i 10 

k3 - -S-l N 

Different components of variance 1t/ere calculated as: 

A 2 
0- d ;::: 

A 2 
. 0- == 

S 

A 2 cr- = 
p 

MS -MS-.-IJ ~ 

k3 
1'..2.6.2 A2 
O-s +(Jd + o-e 

-_.. - -_..~---
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IIeritebility estimetes were obtained by the following 

formulae: 

Heritabilit~ estimate from sire component: 
A 

2 4 (j'S 

h = 
S A 2 

eJ p 

Heritability estimate from dam component: 
A 2 

4 cr d 

4 s- 2 , p 

Heritability estimates from sire plus dam components: 
A 2 A 2 

2 (0-8 + cr-d ) 

-~ *"p 
- -

St8nd~rd errors of heritability estimates were calculated 

according to Dickerson (1960): 

- A 2" 
C}p 

-~__"""--A~·-- J> X 2 K 2 
V(cr s) +V(cr £) + 2Cov 0- S cr d -.~ ~,..._._.,.,.--- .",..........._.. 

1:r~ 
p 
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--

G~.netic correlations between two trai ts X and Y were 

estimated through variance-c~v8riance analysis of half and 

fQl1-sibs, as shown in table 8. 

Table 8 

'Variance-cove.riance analysis for estimating correlations 

SC)urce 

lJno ng sire s 

Among dams: 
sires 

d.f. 

8-1 

D-S 

Among proge- N-D 
nies:daIDs: 
sires 

-----------.----------------

SaPn 

SCP(XY") 
s 

soo(X{) 
D 

._--,--- ------ -_ ........... _. ......... ~-~----.--.---- -----_",_--
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Expectations of mean squeres and cross-products in the 

above table are as u.nder~ 

-
Source 

fJllong 
s.ires 

Among 
dams: 
sires 

E(MBy) 

2 2 
0- ej-k2cJ d y 

2 +k,o-ey 

2 2 
(j"e+~()d 

y y 

2 
Among 0-ey 
'Progenies: 
aelUs: sires 

E(MSx) 
~...._ ~~-~ 

2+} cr 2 vex {2 dx 
2 

+k3cJ s 

2 
O-e x 

x 

E(MSCP:xy) 

crexy+k200xy ..,k3OSxy 

2 
C)e xy 

-

,,~~ 111.1-__ -. ________________ --_________ _ 

Genetic correlations were estim2.ted from sire conrpon{~r.1t 

of variance and covariance 
(j!3 

- r?"~~ rr;"" t ·sx y 

Phenotypic correlations were estimated by "'.;h~~ following 

formulae 

r 
Pi" 

XY 

w _____ 

2 2 2 2 2 2 
( {j"" e x+ c- s x.a- d ) ( 0" e .a- s'" cr-d ) 

x y y y 
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Environmental correlations were estimated f»om 

the sire components: 

standa.rd errors of g~netic correlat ions w~re calclllatcd 

by the formula (Robertson, 1959). 

2 
1 -r 

G;xy (S.E.hx)(S.E.hy ) 
- 2 ~ 

hx · hy 

Relative efficiency of different criterion of selection 

The relative efficiency of different criterion of selectior 

n~mely, selection based on ogg nUI)1ber. alone, egg weight alone, 

body weight alone, index I (linear combination of egg number 

to 40 weeks, egg weight dQring 36-40 weeks of age and body 

weight at 40 weeks), index II (lineir combination of egg number 

to 40 weeks, egg weight dQring 36-40 weeks, body size at 40 

weeks and body condition at 40 weeks), index III (lineer 

combination of egg nllmber to 40 weeks, egg weight daring 

36-40 weeks and body size at 40 weeks), index IV (linear 

combination of egg nu.mber to 40 weeks, egg weight du..ring 36-40 

weeks end body' condition at 40 weeks) and index V (linear 

combination, .egg number and egg weight) were compared. 'llhe 

selection indices, their efficiency (rHI) , expected genetic 

ChBnge in each trait and the net economic return were calcu­

l~ted according to Hogsett end Nordskog (1958). 
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Economic weights: 

The economic weights were estimated from the data of 

Fifth Random 3p mple Laying Test conducted by Govt.of In~ia 

at Hessarghatta, Bangelore. In this test, the entries were 

classified into Leghorn-t~e and heavy-ty?e entries. only 

Leghorn-t.'fpe entries were cc:>nsidered for the estimation of 

economic weights. 

Hen-day prodQction: 

The entries were arranged in descending order on the ba.sis 
• 

of hen-day egg production and were divided into upper and lower 

groups. The average egg pr~dllction of upper group was 225.1 

end the net income from the group wzs Rs. 9.77. The average 

egg production of lower group was 199.9 and the net income 

of the gro~p we.s Rs. 6.31. The prodQction o~ upper group was 

25~20 eggs more than that of the lower group and the net income 

Was more by Rs.3.46 per hen. So, for everyone egg increase, 

the net income in ere ses by Rs.O.l373. 

Egg weight: 

The entries were arranged in descending order on the 

basis of egg weight and were divided into upper and low6r 

gr8upS. The. aVerage egg weight of upper gro~p was 53.8 grams 

and the net income fr~m the g~oup was Rs. 8.20. The averpge 

egg weight of the l~wer group W2S 49.9 grams and the net inco~ 

from the gr~up was Rs. 7.88. The upper group egg weight was 
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3.9 gr~ms Qore than the low~r group and the net income waS 

m~re by Rs. 0.32. So, for ~ne gr~m increase in egg weight, 

the net income increpses by Rs.Oo0821. 

Body weight: 

Similarly the economic weight W8S calculated for body 

weight. For one gram inc»e&~e in body weight the net incume 
~") 

decreeses bYAO.0018. 

S1lnce the bone and meat are sold togeth.er, bo{ly size-

8nd body-condition were given the scme economic weight as the 

tot81 body weight. 

Table 9 

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

Trait Unit Economic Relative 
weight economic 

weight 
- --
Egg number (xl) 1 egg +0.1373 76.2:777 

Egg weight (%2) 1 g +0.0821 45 .. 6111 

Body weight(x
3

) 1 g -0.0018 -1.0000 

Bony-size (x
4

) 1 g -0.0018 -1.0000 

Body- (x
S

) 1 g -0.e918 -1.0000 
condition 

------- ----~---------~--------~----------~--~ 

The following optiQa were determined for Pb-l end pb-2 

sept:'_retel V ~ .. 



-35-

1. 20-week bOGy weight in relation to egg weight dQring 

36-40 w2eks of age. 

2. 40-week body weight in relation to egg w~ight uQrin0 

36-40 weeks of age. 

3. 20-week body w€ight in relation to egg prod~ction to 

40 weeks of age. 

4. 40-week body weight in rel~tion to egg production to 

40 weeks of age. 

5. 20-\,leek body we igh t in relation to egg ma.ss to 40 weeks 

of age (8veragv egg weight auring 36-40 weeks of agG 

m~ltiplied by egg nQ~b~r to 40 weeks af age). 

6. Body weight at 40 w0eks in rGlation to egg mass to 40 

weeks of age. 

Body weight was treatbd as independent variable and egg 

-production, egg size anil egg maSS were treated E'S dependent 

vAriables. Linee..r, qU2dratic and cubic eqllations were fitted 

(Snedecor e~d Cochran, 1967). 

Net economic return: 

Increase of one gram in egg weight res~lts in 220 g 

increase in egg me.ss 'Per pullet, under the assumption that 

annuel egg prodaction is 220 eggs. This is eqQal to four 

eggs weighing 55g and in monetary terms e~ual to RSel.40 at 

the rate ~f Rs .. O~35 per egg. It is considered that 100 g 

incre8se in mature body weight will fetch Rs.Oe60 at the 
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rate of Rs.6.00 pel"' kg live weight. Btlt to sLlstain 100 grcffis 

extra body weight the bird will require 1.5 kg of extra f~ed 

up'to 500 days of age. (This figure is derived from RSL'l 

data. bY' regression auelysis) l .. t the rate of Rs .1.00 per kg of 

feed the net loss therefore will be Rs.O.90 per 100 g increase 

in body weight« It is e$sl~ea that increase of one egg to 40 

weeks of ag~ w~uld result in increase of 3 eggs in annual egg 

productio~ and results in economic gain of Rs.l.C5, at the 

rate of R~.O.35 per egg. 



Chapter IV 

RESULTS ~D DISCUSSION 

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

In order to test the reliability of criteria for body­

size end body-condition sugEest~d in the literature or possibly 

to find other body measurements or functions of body measure­

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 annu21 egg production. Before 

slaughtering, body weight, shenk length, shenk circumference 

~nd keel length were measured on each bird. 

Birds were killed without the loss of blood by twisting 

the neck. J~ter mechanical defeatgering, 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 weight thus measured was taken as 

the observed body-size~ Body weight minus skeleton weight 

was taken as the observed body-condition. The statistics 

of the measured traits are given in table 10. 
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Table-IO. Mean, standard error (S.E.), standard d~vi2tion 
(s.n.) ahd coefficient of v8xiation (C.V.) of traits 
before s18ughter 

Trait Mean S.E. S.D. Coefficient 
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 4.000 

Shank circumference(cm) 3.31 0.013 0.228 6.900 

Keel leng.th(cm) 9.91 0.035 0.594 5.900 

6 p-ercent of the body weight of females consisted of skeleton 

similar re~ort was nade by Latimer (1924).Skeleton weight 

had higher variability then body weight. But the vexiability 

in shank length, shank circumf8rence pnd keel leng_th We'S only 

one third as greEt as the variability in body weight. 

Table 11 

c:)rrelation coefficien ts of different measures wi th 
body-condition 

Cr~ teria of 
me8surement 

Body weight 
§haril( length 

BOdy weight 
Product of shank length and shank 
circumference 

3 Body wei~fit 
Froduct of shenk length 
and shank c irc1lrnference 

**8ignificant at p <0.01 

0.908** 

0.696** 

-0.117 

-
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Fro'! the results in table-ll it can be concluded that 

bqdy weight/shank length js a reliable index of body-condition 

Table-12. Correlation coefficient between the observed 
skelet::>n weight (body-size) and some indicator 
traits 

Skeleton weight and 
tmrr75Sf _........ T .... 

1-. Shank length 

2. Keel length 

3. Shank circumference 

4. pro'truc·,t of shank length 8nd. shank 

circu.mference 

Shank length and 

1. Shank circwmierence 

2 .. Keel length 

Keel length and ---...._----
1. PE~duct of shank length and shank 

circumference 

2. Shank circumference 

'**SignificBnt at p(O.Ol 

r 

OCl389it* 
0.330* .... 

O.325*it 

0.440** 

O,"564~~ 

o. 3 63"~~ 

o. 5 32:'t~ 

0.674** 

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. Multi~le regression with skeleton weight 8S the 
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dependent v2riable fnd keel length end pr~duct of shank 

length anil shAnk eire ll.m. .. f C:.!'8rlC e as i ndepen den t vari abl es 

yielded mul tiple corr~- j c.ti'Jn of 0.210. 

Criteria for body-size (bonc-fremework) 

The correlation coefficients 'between observed skeleton 

weight (body-size) ~nd certain indicator traits like shank 

length, keel length and product of shank length and shenk 

circumference are given in table-12. The correlations are 

18w 4 Th~ highBst c0rre12tian coefficient obtained is with the 

prodact of shank length and circumference, which is O.440~ 

But the ratio, body weight/shc_nk length is a relia-ole cri terlon 

for body-cond i tion e.s the correlation coefficient between 

the observed body-condition and body weight/shank length 

is 0.908. 

Body weight-body-condition~ body-size 

AS body weight/shank length is a good criterion for 

body-condition, body weight-{body weight/shenk length) is 

expected to be 8 good criterion for body-size, so the correla­

tion coefficient between the 8bserved skeleton weight Dnd 

bOdy weight-body weight/shBnk length W2S calculateu. It worked 

~ut to 0.755. From this it can be concluded that relisble 

criterion for body size is body weight- (body weight/ 

shan.k length) f) 
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MeMS 

lVI8an, stand2rc. error 9llU coefficient of variati:>n for 

various characters in two generations of the two v/ni te l,eghorn 

strains axe given in table 13. 

The average 20-week body weight ranged between 1077.3 

and 1170~3 g. Pb-l wes heavier th8n pb-2 in both the gene­

rations. For both the strains, bird.s at 2Ofweekbof age 

were heavier in the 1975-76 generation. The avel'ege 40-week 

body weight ranged between 1500.2 g and 1605.3 g. pb-2 was 

he2vier' than Pb-l du.ring IS? 4-75, wherC2.s the latter was 

he8vicr dQring 1975-76. The ~verage 72-week body weight 

ranged between 1530.9 and 1577.9 g. In both the generations of 

the two strains the 72-week body weight was lower than the 

40-weelc body weight. ThLls the chickens attain mature body 

weight by 40 weeks of age. D~e to physiological phenomena 

of ageing they loose be>dy weight with fllrther increase in 

their age. 

The average 20 .... wGek shank J(,ngth ranged between 7.517 

and 8.403 elYl. The aver2ge Eh _.., '" ='_(.ngth at 40 weeks of age 

r8nged between 7.660 to 8.503 en. 

The coefficient of variation of body-size at different 

ages is more than the coefficient of variation of body weight 

at different ages. Body-conuition at different ages had 

higher coeffioient of vru~iation then both the body-size or 

~ony weight. This may be due to the fact that the variation 
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in body-conditi:>n is mostly determined by hllsbandry practices 

and envir'Jn:nent. 

Egg weight at 36-40 weeks of age ranged between ~1.93 

and 54.02 g. Fb-l h8d higher egg weight ,than ?b-2 in both the 

generations o Eg[ weight nuring the 1975-76 generation wes 

hC8vier than in the 1974-75 generation. This could be due to 

selection for egg weight practised in 1974-75. 

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

Fb-l 18io. more eggs than pb-2 in both the gener2tions. 

Egg number to 72-weeks range~ between 210.1 and 230.8 

Pb-l 1eid more eggs in both the generations. Higher egg pro­

duction in the 1975-76 generation could be {tlle to selection 

for egr number pr2ctised in 1974-75. 

Heri tabili ties 

str2in-wise, generation-wise end also the pooled esti~­

ates of herit8bility calculated from the sire component, the 

dam component and the sire plQS dam component of vari&!ce 

are 'Presented in table-14. 

Body weight 

Heritability estimates from the sire component of 

variance aver2ged over gAner2tions for Pb-l and rb-2 were 

.592 and .317 res~ectively ~or 20-week weight, .430 a~d ~433 

for 40-weck weights Q552 and ~275 for 72-week body weight. 



J 
, 
I~ ~ 

~t- ~ r~ h ~ ~ 
(')j I +1 +1 

LJ~:t~ ~ .<1- \0 l!'\ 
'I .. • 

o 0 

I 
C\J Ai f 

sJ 10! 

~~~ 
I 
~ 

'''; 
tV 
~ +') 
tI) 

C1l 
t:: 
0 

.r-f 

.p 
rJ 
~ 
Q) 
q 
(]) 

t!J 

I rJ) 
.p 
.r-! 
ro 
H 

(8 

I 1 

~l 

fr 

tc\1 
I 

I 

I I 

I 

OJ 
If\ (\J 

rl l!\ , , 
r-l 

~I • 
+1 

C\J r{ 
O'\~ 
I'(\~ 

• • 
0 a 

\0 
r-i t"-
C\J C\l ., C\J 

~i • +1 
'7 \0 
~ .q-
l!\ ~ 

It • o 0 

r-I r-I 
I I 

,0 /l 
p.. Po! 

Lr\ \0 

CJ t-
t 

~ L.C\ 
t- c-
0"1 G'\ 
r-I rl 

4-=l 
.d. 
tlD 

.r-! 
ill 
~ 

t>, 
rtj 

0 
.a 
,1:! 
(l) 
C) 

~ 
I 

0 
(\J 

0\ 
r-I 
U\ 
~ 

C\J 
(J\ 
tn 
• 

tJ) 

~ 
o 0 
~'M 
+'~ 

Ell 
~~ 
o (]) 

• s::: 
~(l) 
<;b£) 

mOO 
(J\t<\ 
rI M 

o .. 
+1 +1 
Qit.r\M 
1.0 c- O' 
..0 -q-.q-
• • 

0 0 

mt-
C\J m 
(\J rl 
" . +f +1 

\0 (\J 0'1 
L!\t-...r 
t-L!\I..O 

" c 

0 0 

0\\.0 
Q) t.r\ 
C'..i r-I 

0 .. 
+1 +1 

C\J co 
co t<\ 
l!"\ C\J 
• • o 0 

C\J C\J 
I I 

P ..a 
~ Pool 

I.() \.D 
t- t-
I I 

<::.:J- 11'\ 
t- t-
0'\ en 
M rl 

• 

t-
ri 
t<\ 

" 

00 
~ 
0 
'r-! 
4-..) 
(0 
~ 
<D 
t:: 
Q) 
QO 

0 
;3: 

..j.) 

<rt 
0 
• 

t; 
1 

~ 
If\ 
• 

~ 
\.0 
I.f\ 
• 

\0 
t'l'\ 
~ 
• 

OJ 
bJJ 
rS 
~ 
J) 

~ 
C\J 

rl 

rca 
~ 
(l) 

> 
0 

-46-

\.0 0 
l(\~ 
,-irl 

• II' 

+~ +1 
~ ? rI ma: ~ 
Lr\\.O \.0 

• • • 
0 0 

C\J\O 
ot-
N d 

i) • 
+1 +1 \Oro <t) 

0'\(1) ~ 
t-OJ co 
• • • 

0 0 

t-t(\ 
(J"I 0"1 
r-i..-l 

l' • 

+1 +J 
OJ C\J 0 cot- :<\ 
t<\-.j- ..q. 
• • • 

0 0 

00 
rl ri ~ 
I I 0 

,.0 ,.a .,... 
P1 ~ ..p 

Cu 
~ 
Q) 

s:: 
Q) 

~ 

0 

l{'\\.O 
~ 

..j.) 

t-l"-
t I <t-t 

~J- l..{\ 0 
t- t- • 
0l0l ~ rlr-l ~ 

..p 

..c: 
QD 

.,..; 
CJ 
::: 
~ 
rd 
0 
.0 

~ 
CJ 
OJ 
;: 
! 

0 
~ 

C\J 

~\O OLr\ (\J (\J 
\.0 V N ~ 1..0 ~ 
r-{ r-i C\J r--! rI r-I .. • • • +, • 0 +; +1 +1 +1 +1 rr.:I 
['('\ n -:;:f" C\J C\J r-t r-I Lr\ t<\ C\! t<\ ~ 
r-i l.f'\ ['('\ ~ \.0 m 11l l.C\ :'<'\ ~ t<\ s::: 
~ ~ ~ I..C'\ L!\ ~ \0 ~ -'- ~ I.!'\ 0 '" .. • • • • () • • • • • 0 a 0 0 0 0 n 

....r 0 C\I 7 r-I t.n 
t'- ()\ r--I \0 ·rI 0 
r-t r-I C\J r-I C\J (\J 

+, • • • • • +1 +1 +1 +f +1 
t<"'\ \.0 \0 rI rl m 0 C\J C\J r<\ Cl) 
Lr\ .q-co <d C\J c-C\J ,-t l.C\ OJ I.C\ 
C\J L!\t<\ \0 c-r- I.C\\O Lr\ \0 
• e • • • • • • • • • 0 0 0 0 0 a 

\D r-I 
ll\ (j'\ 

C\J r-I 

ro (\J r-I C\I 
O'!C\.I t'l'\l!\ 
r-i C\I r-I r-I ... " +1 +1 • +, • • +1 +1 +J 

t<\ t- t<"\ C\J 
t- If\ t<'\ t<\ 
t.r\ ~ ~ ... ~ ... 

C\J 7C\J ~ r<\ l!\ (d 
~~ U"\ C\I rI ~ l..{\ t<\(\J t<\ 

• • • • • 0 • • • • • 0 0 0 0 a 0 

rJ.l 
C\J C\J C! 
f I () 

.0 P 'n 
~ P-I ..j.) 

m 

U,) 0') 
rl c-i s:: (\J (\J 0 
I I (') I I 0 

,n ,n 'ri .0 ,n 'n 
P-I f.l.t .p P-t t:4 ..j.) 

(lj ru 
~ <U 
Q) ~ s:: 
\]) ~ 
qo 'l> 

~ 0 
;;: 

L.C'\ \0 ..j.) r-i 

~ ~ (l) 
(J) (l) 

~ s:: s:: 
Q) <l.> 1-1 
tl!l QO <l) 

0 
~ ~ 

~ 
L(\ \0 4..J I.f\ \.0 ~ r-I 

t- t- ~ I I ct-I 
.q- lC\ 0 $-J 
c:- r- • (l) 
(j\ 0"\ ~ > 
~ r-1 1· 0 

t- tt t-- t- ~ I ~ J I '+i 
'7' L(\ 0 oo::r L!\ 0 ~ r- c:- • t- t- • Q) 

0"1 m > (j\ 0"'\ ~ !> 
ri r-I ~ r-I r-i 0 

.p 

..c 
QO 
• .-1 
(J) 

~ 

~ 
rd 
0 
P 

~ 
(j) 
(J) 
:;: 
I 

(\j 

l"-

['('\ 



-47-

r-i 0 t- o C\J 0 ~ r-J r\J ',,(" . :-i \.0 
t-~ t- ........... r;- \..0 ~ rI 'J\ V t<'\ 0 
r-I ,--; C\J ~ rl n ri N .-I r-! .....; r-i 

It~-, " f) ~ +1 ~ ", • ., • II Q • 
+4 +1 +1 +1 +. +1 +~ +1 -fof +1 '+1 
Ii ~ .r r-i c- ~ ~ r-l r-l l!\ '<'-;i- !.S\ 4-

to' @ OJ C\J <0 0 01 ~ • .... 
i rl r-l If\ l"\ q. \.0 rl u.l. ;--t 0 Ii C\I m ro "i- t- li\ t<'\ t- rcj 

I 
C\J ~ ~ C\J N"\ ~ ri C) Lf\ ~ t.f\ .q- ~ U'\~ \0 t<"\ r-t C', ['('\ ..p • .. • • • • • • .) • .__ • • !' • • • • • • • e n (") (J n 0 0 0 0 0 0 0 0 () 

C) 

<D 0"\ C\l (J) 0 0 \0 tl'\ r-i t<\ tS~ C\.I '<;;j- r-l (j\ L(\ l:"- t- It\ 0 \0 
\.0 .C\J :-1 C\I rl C\J rl rl r-l .. \I M r4 rl 'to ~ +I • • +1 • • +1 +, .. +1 +! +1 +1 +1 +1 +1 +1 

f t<\,-i M U'\ (\j r1 t.f\ ,-{ CO t<'\ (\J (\J co 0 0 t<'\ C\J C\J m L!\ (\J 
( 0 0 If\ "-0 (j\ ()l C\J C\J a \0 \0 \0 If''\ \.{) C\J t- Ii q. oc::T f\j t'-

I r-II..O ~ rt t.(\ l'\\ ~~ rl m\O (\J 0"'1 \D \.{) '0 t- t- Ii .q. 
• • • • • • • • • • ~ • • ~ • • • , • • • 0 0 0 0 0 0 0 0 0 0 0 0 

I 
r-t t- oo co '<;;j- 1.('\ r<'\ (\} r-I 0 co 

t- C\I 0'1 U\ \..0 U"'\ I.{\ (\J r-t C\J C\J 0 0 (\J 0 r-l ri C'\J C\J rl (\J (\J r-t r-l It\ (\J ., • • • • ;, • • .;.. +, • " " +. +1 +1 {.~ +1 +1 +1 +1 +1- co 0 0 C\J 'c::t 0 L(\ 7 lC\ \0 t- C\1 \..0 (\J t<'\ 0 r-l r-I <0 U) ON m 0 ..q- co t<'\ OJ rI .q. \.{) r-i 0) 0 ~g 1.(\ l!\ l.(\ tl"\ 0 I r- 1.0 ~ t<\ C\J N t<\ r-I t- t<\ U'\ C\J C\I l"\ lI\ i'<"I r-i (\J t<\ t<"\ • • • • • • • • • • • • • • • • (II • • • l d 0 0 0 0 0 0 0 0 0 0 b 
r-ir-i (\J C\J , ' I U) I I rIJ r-1 Ii (\J C\J u.l rl r-I C/) C\J C\J ()') 
,0 .0 ~ P ..0 q I I ro I I ~ I I ~ I I C! Pol P-I 0 (:-1 r~ 0 .0 .a ~ ,.a ,..0 0 .0 .0 d ,.0 P 0 

°rl 'r-! r::4 !='..j 0 P.f ~ .,-1 r"" I:l.t ...... Poi p., OM ..p ~ .,-1 .p +' 4-' ro ro 
~ ro cu cd 

J:..i H Ij) ~ Q) ~ ~ <Ll Q) (1) QO Q) ~ t4) (j) ill Q1) c:: ~ '0 s:: ~ (Ij s:! s:! ('u i Q) Q) H ill Cl) ~ Q (1) ~ 

i 
Q.Q till (J) QO 0.0 (j) ttO t<D Cl) 

t> ~ ~ t<\' 0 0 (.v 0 0 cd 
~ ~ :;: 

\.0 
:= 

\.0 
~ :;: 

m\O ..p I.C\ ..p r-i LC\ ..j..) If\ \0 ~ rl l!\ 1..0 .p Lr\ '-.0 +' rl t-c- c- t- '@ t- lJ t- [-
red t- c- l:- t- rccl I I ct-{ I I ~ I <t-i I J Crt I I (H t I ~ 

"'-'" l..(\ 0 "'d- lC\ 0 ~ ~ l!\ 0 <:::j- l.C'\ 0 H o:::J- Lr\ 0 ~ l{\ q ~ t-t- .. l:- t- • CJ l:- t- - t- r- It Q) t- t- " l:- t- • C,) I {j\ (j'\ t 0"\ (j'\ ~ >- {j'\ m > (j\ 0'\ ~ ?- 0"\ 0'\ ~ Ol tTl ~ :> r-irt '" r-{ r-I 9 0 r-! r-I ~ r-l ri <." 0 r-i r-I r-i r-I '9 0 

~.> (I) Cl) 
~ t'l N 

.r-{ 0.-4 .,-1 
Cf.l Cf.l CI) 

'* 
, l I I I i ~ ~ ~ r-; 

I'd t'(j , I 0 a 0 \0,1 t(.\i ,0 .D ,.0 r-j 
,Q I ( I__. 

~ M tu f ...-J 

~ t ~ <V <ll 
W (l) 

;t ~ :;: 
I I I , 0 0 C\J 

~ 
(\J ~ t-

~ t.C\ \0 



-48-

I I ~ ro 0"\\.0 en co \0 r-t ~ co ~ r-l c- 0'1 C\J C\J c- O'l V '" co ()\ rl 0'\ r-( 0 C\J r-( r-I 0 M 0 r-I 0 rl 0 t-J ~ ~ +t • " • • +. +, ;, .;., +. • '+1 ,+: +1 +1 +1 +1 td ,(\) r; 0 "-0 O".(\J 0 \0 t- C\J r<\ '1.1"'\ o::;j- 0'\ o "..0 ~ C\J C\J t"- l!\ ~ a) 0 ~ GJ \9i ~-..l.. ll\ m 0"'1 ~ \.D \.0 CO \.0 r-I n ~ ~ \0 t- ... t"- lC'\ r o C\J ,.-( \..0 t<\ :\J (\j .q. C\1 ri C\J C\J \0 (\J .q. 0 0 C C\J 0 • • • • • • • • • 0 • co • • • • • 0 • e • C) 

it<'! C\J ['("\ t- r-l\.O (') .-4 \0 0 C\l ~ l~ \0 t- t- rl\O \..0 C\J C\J 'm co M c<\ M rlrl r-4 rl rl r-I r-i r-I 
I • • • • · (' +1 +1 +1 • • • +1 +1 +1 +1 +1 +J +1 +1 +1 ~ rl C\J r:- oo .q.\O e- N C\J 0 \0 0 \0 t<\ ....r 0 Eo t<\ r-I t<\ 0 I t<\ M a \0 t- t<\ t- 7 -.;j- ~ OJ t<\ co ,...; l!"\ C\J 0'1 rn (J'. 0"\ or-! l1\ "'*" r-I t<"\ t<\ ['(\ r-i If\ t<'\ 0 0 0 (\J r-i .q.C\j 0 0 0 rl I c ,0 • • • • • • • • • • u • • It • • • • • H f 

I 

U\I~ L(\ co t<\ ~ ..q- \0 ..q- 0 \..0 ~ l.(\ C\! t- m en t-r-i 0 rl 0 C\J 0 a 0 0 • • +, • +, .;., • • +1 +1 +1 +1 +1 +1 tr\ a co r-t LC\ L!\ r-I C\J r1 r-i 0 O'l OJ .q.. -.:t rl r-! 0 \..0 t<\ C\J \..0 r-I r-I r-I ~ ~ f'('\ ..q. C\J C\J 0 ~ 0 r-i C\J lC"\ l!'\ t'('\ l!\ ~ rl 0 0 0 {'('\ C\J C\l r-I C\J r-1 rl U'\ 0 rl rl C\J r-i, r-I 0 0 0 rl • .. • • • • • • " • • • • 0 • .' • .. • • • I I I 

til U) co I 
CI) Cf.l r-i rl 0) C\J C\J d ,...; r-1 t:r C\J C\J s:: r-I r-(I Q C\J (\J ~ "'* I I ~ I 1 0 I I 0 I I 0 I I I 0 I I 0 ,0 ,.0 0 ,0 .0 .r-! ,0 ,!l 'r-! ,0 ..a '1"1 .0 ,0, 'M P ..a • ..-1 p .. t ~ -~ Po1 Pot ~ Pol Pol ..p P-4 Pot ..p P-! p.{ ~ (l.f Pot ~ 

~ ro oJ cO cd H CJ ~ ~ (l) ~ ~ Q) 
G.> Q) b.O (l) Cl) 

~ G.> Q) QO 
~ ~ C;J ~ ~ q s:: 'u \l) (1) ~ ill a> ~ <l.) (1) s.; till bO ill till QD (j) QD tW (l) > ~ P-o 0 (u 0 0 

~ 0 Cv 
~ ~ ;: ~ ~ U"\ \.0 ..p LC\ \..0 4-l r-i m\D +:I U\ \..0 ..J..:> 01 l!\ t.n ~ m \0 ~ Ii t- 1:- t'- e- rrj ~~ t- c- ol t- t- t- t- ~ ~ I CH I I <H Cri f I CH Ul I I ~ I I CH t<\ Lf\ 0 ~ If\ 0 ~ t-l.C\ 0 ~ m 0 ~ .q. I.!'\ 0 ~ lI\ 0 ~ t- t- • t- t- • Q) C1'\t- • t- c- • (J) r- l:"- • r.- t:- • <l.> 0"'1 0"\ > .. 0"\ en ~ I> r-i0\ ~ 0"\ 0"\ :> :> en 0"\ I> 0'\ 0"\ >. :> r-I r-l ....., r-I r-I 0 ri r-f r-i <~ 0 r-i r-i "-1 .-1 r-t "-i 0 C 

~ 0 s:: 0 'rl 0 .,... -P 'r-! 
+J -.-j ~ 
.~ "d 'r-! 
rd c: "CJ c: 0 s:: 0 (.) 0 0 C) 

~ ~ ~ J., rtj rl C\J rtj 0 rtj 
<l> 0 .0 0 ..0 ,0 r-1 

~ .0 .. \:! CD ~ (1j 
a> G) (l) 4-> i Q) ~ Q • 

l- ~ I :: 'tj 
4-) I 0 I 
s::: 0 -.:;f- C\J 
('\ 

1M 
C\l t-{) co r- 0'\ 



I ~i 0 0 
..p ..p 

..p ~ ~ 
..d Q) CD 
01J pea ,0 tfl .,..; 3 ~~ 3-@ ~ 
(1) 

rl ~ ~(\) s:::: (]) 
• ~ :;t 

":1 (!) Q!) till QD 
~r-t till Q!JO QDC\J 
t::.o rx1 f:r.:1.q pqr:-
rj~ nl 0 Ii N 

M Ii r1 



-50-

Heritability estimat€s fram the dam component of variance 

2veragej over gener2tions for pb-l and l'b-2 were .519 and .649 

for 20-week bouy wEight, .848 and .386 for 40-week body weight, 

and 720 and .583 for 72-week body weight. 

Heritability estim~tes from the sire component of v2xiance 

pooled over generations and strains for 20-, 40-and 72-week body 

weight were .436, .432 and .361 respectively. The estimates 

from the d8m component were .564, .611 and .658. 

Heritability estimates from the sire component of veriance 

were higher than those fr~m the d2m component of variance for 

2Q-week body weight in ~b-l whereas the reverse was trQe for 

the heritability estimates for 40 and 72-week body weight. 

Heritability estimates from the dam component of varia~ce were 

higher for 20 and 72-week body weigh t and the reverse was true 

for 40-week body weight in Pb-2. Higher estimates from the 

sire component of variance were attribQted 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 Jf age, whereas the estimates from the dam 

component increBsed with the increase of age of the birds. 

The magni tude of heri tati~·_i ty estimptes wel"S higher f~)r 1?b-l 

than for Pb-2, except for heritability estimates of 20-week 

b~dy weight from the dp~ comnonent of variance. 
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. 
Herit~bility estimates of body weight at different aees 

range from medium to hif"h. Ness selection is sufficient to 

bring about che.nge in body weight. 

The heritFbility estimates of body weight obtained in 

this study were in rezsonable agreement with the findings of 

Hazel and Lamoreux (1947), Yamada (1955), G~odman and G'.)dfrey 

(1956) end Friars et al. (1962) --
Body-size 

. 
Heri tabili ty estime,tc s from the sire component of vc.ri-

an9~ pooled over genereti8ns f8r Eb-l and Fb-2 were .490 and 

.)30 for 20-week body-size, .345 and .306 for 40-week body_ 

size and .550 and .305 for 72-week body-slz'e. 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 72-week bo dy-s iz e." 

The heritability estimates from sire component 'of 

variance pooled over gener2tions and strains for 20-, 40-

and 72-week body-size were .330, .306 and .305. The estimates 

from dam componen t of variance were .425', - 660 2nd .472. 

Thus the body-size was f')und to be of medillIll heritabili ty in 

these two populations. 

Heritability estim2tes from the d2m component of variance 
• 'Y\ 

were higher than thase Jbtained from the s~re comp~ent except 

for heritebility of 20-week body weight in Ph-I. With the 
". 
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incre2se of the age of birds there was decline in magnitude 

of heritability from the sire component, whereas there is 

no definite trend for the estimates from the dam component. 

Higher magnitude of h~ritability for pb-l was observed. 

Body-condition 

The heritability estim?tss from the sire component of 

v2xiance pooled over generations for ~b-l and· Pb-2 were 

.Ola and .245 for 20-week body-condition, .121 and .108 for 

40-week tody~·condition and .151 and .112 for 72-week body­

cond t·~ 10:1 0 The estimates from the dam component of variance 

WS'''. e c ·1-07 and .366 for 20-week bOdy-condi tion, .340 and .086 

fcr 40-week boay-condition and .257 and .093 for 72-week 

bOdy-condi tian. 

The heritability estiQates from the sire component of 

variance pooleR over str2ins and generations for 20-, 40-

and 72-week body-condition were ~131, .114 and .112. The 

esti~ates from the dam component OI variance were .377, .213 

and .190. 

Body-condi tion waS 10\'I1y heritable in bo th the p01_)ula­

tions. The estim2tes from the dan component of variance were 

higher the~ the estimates frQffi the air~ component of variance. 

It indicates possible inclusion of dominance a.nd or maternal 

effects in the dam component of v8xiance.With the increqse of 

age there was decline in the magnitude of heritability. 
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Fgf- weight 

Heritability estimates fram the sire component of vari­

ance pooled over generetions for :,_">b-l and pb-2 were • i:{)7 and 

.782. The estimates from the dam component of variance were 

,397 and g 393. 

Heritability estimates pooled over generation and 

strains from the sire component of variance was .658 and 

from the dam component OI variance, .396. The heritability 

estimat.es from the sire cc>mpon€ut of variance were higher 

than~those Jbtained from the dam component of variance for 

bot.h the strains Md in both the gener2tions. Similar resLllts 

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 subst2ntiated by the results of 

the present studies~ 
• 

Egg number 

Heritability estim2tes from the sire component of 

ve.riance pooled over generations for ·pb-). and }?b-2 were .312 

and .322 for egg number to 40-weeks and .165 and .302 for 

egg number to 12+weeks~ The estimates from the dam component , 
of variance were .503 and .212 for egg number to 40 weeks 

end .355 and c147 for egg number to 72 Weeks~ 
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The heritf'bility estimayes from the sire comp0nent of 

variance pooled over strains and generations for egg number 

to 40 weeks were .316 and .233 for egg number to 72 w~eks. 

The estimetes from the dam component of variance were .357 

and .222" 

Similar reports were made by 1?remnarain et ale (1973) t---
Hussain end Singh (1964), Gruhn and '~ndt (1963) and Jerome 

~ ale (1956). Results indicate decline in heritability of 

egg number to 72 weeks when compared to heritability estimates 

of egg numRer to 40 weeks of e~e8 The same sort of trend was 
,,~, ..... ,.., 

fOQnd by Lerner and Cruden (1948) and King and Henderson 

(1954). They sugrested that this decline in heritability 

could be nue to the accu~ulation of environmentally caused 

variability. 

Phenotypic, genetic and environ~ental correlations 

phenotypic, genetic and environmental correlations were 

estimated from the sire component of variance and c;)variance. 

The estinates pre given in tables 15 to 21. 

Body weight at 20 , 40 and 72 weeks of age 

~henotypic correlations between bouy w~ight at different 

8ges were high and posi tive g ThE: values ranged froID 0559 to 

~656 (tables 16 to 19) for 20-and 40-week body weight, .531 

to 0648 (tables 16 and 18) .fur 20- and 72-·week body w6igh-c 
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a~d .640 a~d .698 (tables 15 to 18) for 40- and 72-week body 

weigh t., Aver2.geu over generations and strains, the phenotypic 

correlations bet\veen body weights at 20 and 40, 20 anU. 72 

2nd 40 and 72 weeks were ~620, .589 and .670 respectively 

(tabJ.e 21).. High pJsi tive correlation between body weight 

at diffe~ent ages suggest that birds which are heavier at 20 

vleeks elsa tend to be heavier at 40 and 72 weeks of age. 

Genetic correlations between body weight at different 

age:: ,,,ere also t1igh and posi ti ve. The estimates ranged frvm 

.749 to .896 (tables 1~ and 19) for 20 and 40 week body 

weight, ~73l to .985 (tables 16 and 19) for 20 and 72-week 

bo~(1y weight Bnd .836 to .973 (tables 15 and 18) for 40 and 

72-week body weight. Averaged over gener2tions and strains, 

the genetic correlations betvleen body welgh t at 20 and 40, 

20 a.ytd 72 and 40 ai'1.d 72 weeks 'Ilere .. 882~ ~ 818 an.d c: 917 

respectively (table 21)~ 

Environhlental correlations b8i:"Y'een body weight at 

different ages fluctuated con8i~ 6]'~·a.bly .ca.YJ.ging from -.037 

to 0559 (tables 16 and 19) for 20 and 40-week body weight, 

o • 045 to. 423 (t ab 1 e s 15 an:i!l :.9) f (I r 20 and 7 2- \tIe ek b 0 d.y we i g h t 

and ~136 to .584 (t8bles 16 811d 18) for 40 and 72-week body 

vleight I) The environr.1ental correlations, pooled over generatio­

ns ~r1 strains, were ~312, .. 234 and .. 360 between body 'J'Ieights 

at 20 and 40 weeks, 20 2nd 72 weeks and 40 and 72 vleeks 

res-pec ti vely' (table 2J~). 
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Increase of body weight at 20 weeks of ege would increase 

body Vleight 8,t 40 and 72 vleeks of e£e. Body weight 8.t differ­

ent ages were e.ffected by environmental factors in the same 

direction. Heavier birds at 20 weeks of [ge would 2180 be 

hepvier at 40 and 72 weeks of age. Similar reports \.,,'ere gi yen 

C~,.. Q';n&·tl (., Q7"""'(' ) 
~ ~ ... J.. ... -:--, i. \ .J.. ';I I pnd Chaudhuri (1976). 

Body w8ignt and egg prodLlctlon 

Phenotjtpic corre:ations be tween body weigh t at differen t 

ages and egg production to 40 weeks and 72 weeks of ~ 

The values ranged .frora. 0113 to .204 (tables 
, 

15 t9 18) for 20-week body weight and egg production to 40 

weeks of age, .099 to .124 (tables 15 an9. 18) for 20-week 

boD.y weight and egg prodllction to 72-weeks of age, -OQ091 to 

.112 (tables 16 and 17) for 40-week body weight and egg 

production to 40 weeks of age i -.004 to .079 (tables 15 and 18) 

for 40-week body weight and egg prodQction to 72 weeks of age 

and .030 to .107 (tables 15 and 19) for 72-week body weight 

2nd egg DrodQction to 72 weeks of age. Averaged over genera­

tions and strains the phenotypic correle.tion between 20-week 

body weight and egg production to 40~weeks of age, 2C-week 

body weight and egg production to 72 weeks, 40-week body 

weight end egg productioG to 72 weeks and 72-week body wei~ht -

and egg -prodllction to 72 \'1eeks of age were .171, ,,112, .01:2, 

.037 and .059 respectively (table 21). Similar reports were 

given by Hussain and snngh (19 64) and Mohapatra and J~uja 

(1971). 
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Genetic correlations between body weight at different 

ages end egg pronuction to 40 weeks and 72 weeks were v2riable. 

The genetic correl?tion between 2J week body weight and egg 

production to 40 and 72 weeks were 18w.(.. Wherces . 

at other ages the genetic correlp'tions were low 2nd negative rmd-J~; 

in these populations. Values rBnged from -.014 to .105 (tables 

16 ruld 18) for 20-week body weight 2nd e€g prod~ction to . 

40 weeks of age, .043 to .112 (teb1es 16 and 19) for 20-week 

body weight and egg production to 72 weeks of age. -.069 

to - ... 309 (t8bles 16 and 15) for 40-week body weight 2nd eg~, 

production to 41:; weeks of e,ge, -.252 to -.373 (tables 16 and 

18) for 40-week body weight and egg production to 4C w~eks of 

2ge, -~069 to .373 (tebles 15 end 18) fJr 40-week body weight 

8na egg prodQction to 72 weeks of age, and ·.02l to ~141 

(tables 16 and 19) for 72-week body weight and egg production to 

'72 weeks of pge. Average over generations and s trains the 

genetic correlations between 20-week body weight and egg pro­

dllction to 4') weeks, 2:)a-week body weight and egt production 

to 72 weeks, 40-week body weight 8nd egg production to 4J weeks, 

4i-week body weight and egg production to 72 weeks 2nd 72-week 

body weight and egg production to 72 weeks were n054, .075, 

-.207. -~312 and -0.96 respectively (table 21). 

Si~lar results were reported by Yamada (1955), Hussain 

2nd Singh (1964) and 1?rekashb8.bu (1973). 
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Environmentp.J. corre12tions between body weLtght at 

differen t ages aild egg prod uc tion were in gener_ 

053 to ,,345 (tables 18 and , 

l6) for 20-week body wei[ht and egf:: production to 4') we8ks 

.001 to .183 (tables 15 and 18) for 20-wBek body weight and egg 

'Production to 72 weeks of age, -0.231 to .177 (-tables 19 end l8) 

for 40-week body weight -and egg ~roduction to 40 weeks of age, 

-.025 to .091 (tables 18 and 15) for 40-week body weiesht and 

erg production to 40 week of Fge, -.025 to .091 (tables 18 and 

l5) for 40-week body weight and egg production to 72 weeks of 

ege Elm -.045 to .097 (tables 18 and 15) for 72-week body 

weight and egg 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 72 weeks, 40-week 

body weight and egg -prod uc t ion to 40 weeks of age, 40-week 

body weight and egg production to 72 weeks of age, 72-week 

body weight and egg Dr-~:)lluction to 72-weeks of age were .171, 

.092, .058, .033 and .O?6 respectively(tRb~e 21) 

The genetic correlation between body weight and eeg 

nunber indicate that en incre2-se in egg number wouid ~ 

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 weight 

I'henotypic correlations between bO[lY '~~tj ~.~~,L C et different 

ages and egf! weight were medillI:1 ani! positive. The estinlates 

rangea from .150 to .312 (tables 15 and 16) for 2v-week body 

weight and egg weight dQring 36 to 40 weeks of age and .248 to 

.369 (tables 13 end 18) for 4J-weGk body wei€,ht and and egg weight 

Averaged over generations and streins, the phenotypic correlations 

between 20-week body we igh t and egg we igh t and 4'J",week body 

weight and egg 'V/eight were .231 an(l .277. Similar reports were 

made QY Reddy ~ al_. (1972) and ?rakashbab~ (1973). 

Genetic correlations between body weight at different 

8ges and egf weight were positive and ranged ·from • )39 to .207 

(tables 18 and 16) for 20-week body weight and egg weight, .068 

to .331 (tables 19 and 15) for 4J-week body weight and egg 

weight. Averaged over gener2tions and strains the genetic 

correlations between 20-week body weight and egg weight and 

40-week body weight and egf weight were .182 end ~239 respe~ 

cti vely. Similar reports 'Were made by Knox (1934), Jero1ne et ~. 

(1956) Clayton and Roberts~n (1966.) end pr21cashb abu (1973) . 

.or 

Environ~ent21 correlatious between body weight at 

different Bges end egg weight were mediu8 a~c Positive. The 

esti8ates ranged from .190 to .507 (tables 15 ana 18) for 

20-week body weight and. egg weight t .298 to .522 (tables. 16 

and 19) for 40-week body weight and egg weight. AVtraged over 
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gen8r8tions and strains, the environmental correlations between 

20-week body weieht and egg weight and 40-week body weiBht and ~ 

egp weight were .341 and .399 respectively (table 21). Similar 

reports were given by ChaudhQrY ~ ~.(1976 ) 2nd Singh (1977). 

The positive gtnetic correlation between body weight and 

egg weight indicate that an increase in egg weight would also 

bring cbout increase in body weieht. The positive phenotypic 

correlation indicate that heavier birds would 4y heavier eggs. 

Environmental factors wo~ld influence body weight and egg 

wei[ht in the same direction. 

Body weight and body-size 

2henotypic corrElations between body weight and body-size 

at different pges were high and positive. The Values ranged 

from ~048 to 0998 (t·ables 18 and 13) for 20-week body weight 

and 20-week bo'fly-size, .285 to .617 (tebles 15 end 18) for 
".. 

20-week bocy weight (tables 16 ahd 15 ) and 40-week body-size, 

.289 to .653 for 20 week body weight and 72-week body-size • 

• 491 to .997 (tables 15 and 18) for 40-week body weight and 

40-week body size, .430 to .585 (tables 18 and 15) for 40-week 

body weight and 40-week body-size, 2nd .699 to .987 (tables 18 

and 15) for 72-week body weight and 72-·week bodY~ize. i' .. vc.raged 

over gener2tions and strains, the phenD typic correlations 

betvleen 20-week bo1y weigh t and 20-week body-si3:e 9 20-w8ek 

body weight 8n(1 40-week body size, 2J-week body we.i[ ht 2nil 
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72·-\..;eek bJc1. v-size, 40-week body weigh t 2Jld 40-we€k body-size, 

4rJ-week body weifht and 72-week body-size, ~~nd 72-week bouY 

weight and 72-week bouy-size were .486, .306, .416, .761, .507, 

end .843 respectively (table 21). 

The genetic correlati.ons bet-ween body wei~h t and bony-size 

at different gees were high Bnd positive. The v2~~es renged from 

200 • . J to .918 (tp.b1es 18 and 19) for 20-week body weight and 20-

week body size, .84-3 to .997 (tobles :3 Ll!' . 1 61 f or 20-we€~ ~ .... ~ , 

body weight and 40-week body size, 0.773 to .991 (tables 18 
" 

and 16) for 2:)-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 bony weight and 7 2~week body SiZe. 1.ver288u over 

generations e.nd strains, the genetic correlations between 20-week 

body weight and 2'1-week body size .. 20-week body weight and 

40-week bony size, 20-WGek body weight an .. , 4u-week body size, 

20-wt;ek "J':dy w~if!ht and 72-week bJdy size, 40-week body w8ig,ht 

2nd 40-week body siz~; 40-week body weight and 72-week body size, 

2nd 72-week body we igh t and 7 2-we ek body size v{ere .. 791, _ 897, 

616, 1c>007, .874 8url .948 (tables 21) respectively .. 

Environmsn tcl C Jrri::lations between body weigh t and bo1y 

size rt different ages were highly varic:ble. Tht vellles re.nged 

fro~ - ,.001 to .997 (tables 1.8 2nd 13) for 2Q-week body wei.ght and 

20-·week body size, -0:04) to ~335 (tables .L6 and 19) for 20-'\v8Bk 
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body Wtight and 40-week body-size, .062 to .271 (tables 18 and 

15) for 20-week body weight and 72-week-body size, .222 to .995 

(tables 19 and Ie.) for 40-week body w~ight and 40-week body 

size, .001 to .308 (tables 16 end 18) for 40-week body W61ght 

anu 72-week body-size and .637 to .967 (tables 18 end 15) for 

72-week body weight and 72-week body size. Averaged over 
.J 

gener2tions and strains, the environmental corre~8tions between 
, ~ 

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 bony wtir-ht and 40-week body size, 40-week body w~ight 
l 

I .. 

and 72-week be>dy size end 72-week body wt.ii6ht and 72-week bOdY 

t -

size were .576, .165, .166, .610, !124 end .SO? respectively. 

Increa.se in body wbight would also bring abollt increase 

in body-size. 1:Ieayier birds would also have heavier body-size 

Managemental conditions woUld influence both the traits in the 

82m€ direction. The genetic, phenotypic 2nd enyironr.:lental corre-

lations between body weight and body-size were not available in 

the literatllre. 

B0dy weight ahd body condition 

phenQtrpic correlations between body weight and body 

condition at different ages were positive. The esti~ates ranged 

from .033 to ,.858 (tables 18 and 13) for 20wet:k body weie:ht and 

20-week body condition, 0.057 to .538 (tables 18 and 15) for 

20-week body weight and 40-week body ~ondition, .061 to ~288 
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(tables 16 and 15) for 20-week body w0ight and 72-week body 

condition, .031~ to ,,825 (tables 18 and 15) for 40-week body 

weifht and 40-week body condition, ,,243 to .6J2 (tables 18 and 

15) for 40-week body weight and 72-week body condition, .236 to 

~559 (tables 18 21F1 15) for 72-week body wuight anil 72-week 

body condition. ~vGreged over generations and strains~ the 

tihenotyryic correlation between 20-week body 'weigh tend 20-week 

bodr condition, 20-week body weight and 40-week bony condition, 

20-week body weight and 72-week body condition, 40-week body 

weight and 72-week body condition end 72-w~ek body wbight and 

12-wee1c body condition were .307, .378, .159, .442~ .322 pnd 

.397 respectively (table-21). 

Genetic correlat ions between body wei€'.h t and body cond i tion 

at. diffe1!ent ages were variable .'- The vrllues ranged 

from .471 to .846 (tables 18 end 19) for 20-week body weight and 

20-week body condition, .620 to .797 (tables 15 and 18) for 

20-week body weight and 40-week body condition~ -.033 to .825 

(tables 15 and 18) for 20-week body we igh t 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 2nd 40-week body condition, .296 

to .. 923 (tables 18 and 16) for 72-\~leek body weight anu 72-week 

body corld i tion ?nd .389 to .714 (tables 18 and 16) for 4()··week 

body weight and 72-week body condi tion • .ll.v~r8.ged QVbr gene.ca­

tions and strains, the genetic correlatluDs wene ~616J 0262, 
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.261, .243, .501 and .563 for 20-wcek body weight and 20-week 

body condition, 20-weok body weitht and 40-week body condition, 

20-week body weight and 72-week body condition, 4J-w6ek body 

weight and 72-week bo~y condition, 40-w8ek body w~ibht and 
• 

72-Week bony condi tion and 72-wt..ek body weigh t and 7 2-Wt ek 

body condition$ respectively (table-21). 

Estimates of environmental correlations between body weight 

at different ages and bodS connition were variable. 

The values ranged from .060 to .86}1 (tablt;s 18 and 19) for 

20~ .. week body weight and 20-week body condi tion, - .040 to .298 

(tables 16 and 18) for 2J-week 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 welf!h t . 8nd ~·O-week body condi tion, ,,187 to 

.547 (tables 18 ann 15) for 4·.1-week body weight and 72-week 

body condition end .182 to .464 (tables 18 and 15) for 72-week 

body weight and 72-week body condition. Averaged over generat-

ions and strains the environmental correlations bBtween 20-week' 

body weight and 20-week body condition, 20-week body weight 

and 40 week body condition, 2J-week body weight and 72-week 

body condition, 40-week body weight and 40-wtek body condition, 

40-week bod I we ieh t an;] 72-week body condi tions 2llU. 72-week 

body weigh t and 7 2-wee~';. body condi tion were .. 352, .124, 0 ~ 032, 

.566, .427 2nd .323 reB~ectively (table 21). 
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Environmental conditions would influence body weight and 
*in 

body-condltion*the same nirection. Increase of body weight 

would also increase the body condition. The genetic, phenotypiC 

ann environmental cnrrelations betwe€n body weight and body­

condition were not available in the lite~ature. 

Body size at different ages 

The lJhenot.rvic correla.tions between body-size at different 

ages were high and T)ositive. 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. Averaged over g~nerations and strains, the 
. *o! 

~henotypic correlations*20-week body size with the body size 

at 40 and 72 weeks were .429 2nd .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 differ0nt 

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 .9fJ7 (tables 18 and 16) 

for 40-week body-size and: 72-week body-size. Averaged over 

generations and strains the genetic correlations between 20-week 

and 40-week b~dy size, 20-week and 72-week body size and 40-week 

and 72-week body size were .697, .855 and .864(table 21). 
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The environmental correlations between body-size at 

different ages were low and Dositive. The values ranged from 

.250 to _568 (tables 16 end 15) for 20-week and 4J-week body­

size, .125 to .280 (tables 15 and 18) for 20-week and 72-week 

body-size, an~ .141 to ~819 (tables 16 and 18) for 40-week 

and 72-week body-size. Av~ragcd OV8r generations and strains, 

the environmental cJrr61ations for body size at 20 and 4J 

weeks, 20 2nd 72 weeks and 40 Blld 72 weeks were .174, .202 

and .480 resvectively (table 21). 

Body~size and egg weight 

Fhenotypic correlations betwe~n body-size at different 

ages and egg weight were pasitive and low. The valQes rang~d 

from .026 to .313 (tables 18 and 16) for 20-week body-size 

end egg weight .126 to .374 (tables 19 and 16) for 40-week 

body-size and egg weigh t. The values averaged over generations 

and strains between 20-week bo~y size and egg weight and 

40-week body-size and egg wei~.ht were .164 2nd .252 (tables 21). 

The genetic correlations between body-size at differ€nt 

2ges and egg weight were low-ana ne~ativ~ The values ranged 

from .103 to .251 (tables 19 9~d 16) for 20-week body-size 

and egg weight, .,191 to .401 (tables 18 and 15) for 40-week 

body-size end e gg weight" The genetic correlat ions aver2.ged 

over generations and stralns between 20 .. ··week body-size and 

egg weight and 40-week b'Jdy-size 000 egg weight were .,189 

and .299 (table 21). 
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Environment81 correlations between body-size at 

different ages and egg vJeight were low and positive. The values 

ranged fr~m .J20 to .323 (tables 18 and 19) for 20-week body­

stze and egg weight and .101 to .465 (tables 15 and 19) for 

20-week body size and egg weight. The environmental correlations 

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 (tab1e~ 21). 

Wi th the increese of ogg weight, the body-size would 

also iri-crease and bo th the trai ts were' inf1uenceu by the 

environment in the same way. 

Body-size and egg production 

Phenotypic correlations between body-size and egg 

production we~e low. The esti8ptes ranged from .010 to .202 

(tables 18 8nd 19) for 20-week b~dy-size and egg prodQction 

to 40 weeks of age, .100 to .111 (tables 19 and 17) for 20 week 

body size end egg prodQction to 72 weeks -.115 to .076 (tables 

16 and 18) for 40-week body-size end egB production to this 8te, 

-.004 to .028 (tables 15 end 18) for 40-week body-size and egg 

production to 72 weeks of age and .028 to .042 (tables 15 2nd 18) 

for 72-week body-size and '3gg production to this 2..ge. J .. veraged 

over generations and strains, the phenotypic ccrrelation between 

20-week body-size and egg production to 48 weeks, 20-week 

body-size and egg ~ronuction to 72 we8ks, 40-week 
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body"· 'o:Lz e aui: 

body-size and egg production to 72 weeks and 72-week body-size 

8nd egg production to this ate were .139, .064, -.049, .035 

and .061 reSDecti vely. 

Genetic correlations between body-size and egg production 

e ' ",' vi·· r€ ..l..OW" .L ne valQes ranged fr8m -.078 to .150 (tables 16 and 15) 

for 20~ .. wecy b'J,i~ _, 8 ~ 2 ~ '3.n1 egg prod Llction to 40 weeks, -.001 to 

.225 (tables]8 and 15) for 2(;-ii\r~e~k" bJdy--size and egg production 

72 weeks, s~,,35() to .. 20J (tables 16 and 15) for 40-week body-size 

end egg prodLlction to this age, -.258, to .399 (tables 16 and 

15) for 40 weeks body size and eg~ production to 72 weeks 
• "~:l \~~ 

and,...053 to ."699 (t able 18) for 72 weeks body size and egg 

production to 72 weeks. AverageA_over generctions and stra.ins, 

the genetic correlations between 20-week body-size and egg 

prodLlction to 40 weeks, 20 week body-size and egg ]roduction 

to 72 weeks, 40-week b:Jdy size and egg produ.ction to this age, 

40-week body size and egg production to 72 weeks and 72-week 

body size 2nd egg production to this age were .051, .083, .037 

.082 and .064 respectively (table 21), 

Environmental correlations between body-size and egg 

production were low and variable. The valQes ranged from -.037 

to .325 (tables 18 and 16) ~or 20-week body-size 2nd egg 

production to 40 weeks, -.004 to .175 (tables 18 ana 15) f~r 

20-week body-size a~d egg pro1uction to 72 weeks, -~095 to 
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,187 fOD 40-wee!r body-size and egg 'iroduction to this age, - .104 

~/ ... ~~.~ ,~t ab.:€rC' l8 and 15) for A-R-week bqdy-siz.e and ef!.f,_' ~.0.L 
L~-<;,l . .a..S T,O .11 (tables 19 and 1.)) t-0r 7t--weelC bOa.y-sJ.ze and ... .:;;t.t:. 
p!'OdLtcti~n to 72 weeks enojr-ductlr."VJ. ~() thic .:a{ e~l .. ve.raged oyor 

generFtions 2nd strains the environmental correlations between 

20-week body-size ffild egg production to 40 weeks, 20-week body­

size end egg production to 72 weeks, 40-week body-size end 

egg ?rodQction to 40 weeks, 40-week body-size and egg production 

to 72 weeks end 72-week b~dy size and egE production to this 

8ge were .164, .060, -e042, ~031 and .045 respectively. 

The genetic, phenotypic and environmental correlations 

between body-size and egg production were law. Egg prodQction 

seems to be lergely inde11cndent of body-size. 

Body-size and body-conditiar~ 

?henotypic correlations between body-size and body-condition~ 

were highly variable. The ve1tles ranged from -.996 to 0827 

(tables 18 and 19) for 2()-week body-size and, 20-we(:;k body­

condition, -.546 to .297 (tebles 15 anu 18) for 20-week body-size 

and 40-week body-cJndition, ~lJl tv .238 (tables 15 and 19) for 

20-week body-size and 7·2-week body-condi tion, - .. 582 to 0385 

(tables 18 and 15) for 40-week body size and 7 2~'\,leek body-condi tic) 

and -.53n to .420 (tables 18 2nd 15) for 72,-week body-size ana 

72-week bany-c8ndi tion. ~'l.veragE::d over generations and straj . .:.3, 

the ~henot~ic correlations between 20-week body~size &!u 2J-week 

body-cJndi tion , 2\)-week body-size and 40·-week body--cnno i tion, 

20~eek body-size and 72-week body-condition, 40-week body-size 
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and 40-week body-conuitian, 40-week body size and 72-week 

bOa~'l condi tion e.nd 72-week body size and 72 'week body cJndi tion 

were 1241, -~lOO, 168 .. _ ""8' .. • .), • J ,~ .. ',j and -'0055 respectively 

(table 21). 

Genetic cJrrelations oecw~en body-size and body-condition 

\'lere low and 'POSitive. The valLles rnnged fror.1 .310 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 cJnditi~n, .18~ to .240 (tables 15 and 

16) for 20-week body-size and 72-week body-condition, .128 to 

.354 (tables 16 2nd 15) for 4J-week body-size and 40-week body-

condition, .2l1 to .254 (tables 16 end 15) for 4CJ-week body­

size and 72-week body condition .243 to .254 (tables 18 and 

15) for 72-week bor.y size and 72-week body-condition. Averaged 

over generations and strains~ the genetic correlations between 

2)-wcek body-size and 2f)-week body--condition, 20-week body­

size and 40-week body-condi tiJn, 2J-week body-size and 72-week 

body-condi tior.~, 40-week body-size and 40-week body-eondi tion"l 

40-week body-size and 72-week body-condition, and 72-week body­

size and 72-week body-condition were .318, ,241, e226, .290, 

.226 and .302 respectively (table 21)~ 

Environment81 c8rrelations between body-size and 'bot1y­

condition "",ere variable a The values ranged from -.998 to 

.827 (tables 18 and 13) for 2J-week body-size anu 20-week 

body' c'Jndi tion .C24 to - CD 542 \ babIes 18 and 15) for 2·J week 
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body size and 40-weck body-condition, .070 to -.291 (tables 

1 ~ ,:)::_rt 1 ... ,) -f'nr 2 >-we ek bo (1y- siz e ann 12-week boily-condi tio n, 

-I) f572 to f,612 (tables 15 and lB) f ,£ 4C)-week body-size and 

4()-week body-condition, '~~71S and .196 (tables 18 and 15) 

for 40-we ek bod~r-3ize and 72-week body-condi tinn and -.642 to 

~224 (tables 18 and 16) for 72-week body-size and 72-week body­

cond i tion. Avettaged oyer generations and strains, the environ­

ment81 correlations between 20-week body-size and 20-week body­

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

b:JdY'.-size""end 72-week body-condition, 4~-week body-size pnd 

4')-week body-condition. 4J--week body-size end 72-week' body­

condition and 72-week body-size and 72-week body-condition 
• were -.2)4, -.225, -.110, ~07, -.261 enG .211 respectively 

(taole 2l). 

Bouy-condition at different ages 

~henotypic correlation between bady-conditiQn at different 

2ges were high and positive~ Thet estimates ranged from ~030 

to v920 (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 

cond.ition and 0775 to .983 (tabJ.es 15 and 18) for 40-week 

and 72-week body-c~nditiJn. Aver8ged over geneEations and 

strains, the phenotypic correlations between t20-week anG. 

40--week b )dy-cor.Ji tion, 20-week 81ld 72-weel{ body-cond.i. tj_on, 

end 40-week and 72-week body-condition were .46l, a/J·OO and ~882 

respecti vE.ly (table 21) .. 
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Genetic correlations between body cJndition at different 

ages were high end positive, the values r2nging from .268 to 

1.377 (tables 18 and 15) for 2J-Wt~k body-condition and 

4Q-week body-condition, .450 to 1.569 for 20-week and 72 week 
• 

be>dy condition C'nr1 .160 to ftl.O~2 (tables 15 and 18) for 4J-week 

Bnd 72-week body conditi~n. Lveraeed over generetiJns and 

strflins, the genetic correlations between 20 and 40-week body­

c8ndition, 20-week 2nd 72-week body-condition and 40-week 

2nd 72-week body-condition were .840, .766 and .609 respectively 

(tabl~ 21). 

Environmental correlrtions between body-condition at 

different ages were varirble. Thb values varieu from -.006 

to 0917 (tables 18 and 16) for 20-week 2nd 40-week body-cJndition, 

.469 to .988 (tables 19 Md 18) for 20-week and 72-week body 

con~ition end .102 to .983 (tables 18 and 19) for 40-w~~k body­

condition and 72-week body-condition. Averaged aver generations 

and strains the environrnen tal cQrrelations between 20-wetk 

and 40-week body-condition, 20-week and 72-week body c~ndition 

anc. 4Q-week and 72-week body cond i tion were .273, .541 cmd .• 885 

respectively (table 21) • 

• 
Body-condition 8nd egg weight 

rhenotypic correlations between body-condition and egg weight 

were low and positive. The values r8nged fron .002 to .145 

(tables 15 ~d 19) for 2~-week body cundition ~~d egB weifht 
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and .004 to • 312 (t abl'es 15 and 18) for 40-week body-condi tion 

Bnd egg weigh t. Averaged over generations and strains, the 

phenotypic correlations between 2J-week body-condition and 

egg weight end 40-week body-cJndition and egg weight were 

.058 and ,110 (table 21). 

Genetic correlations between body-condition end egg weights 

were low and positive. The values ranged from .134 to ~614 

(tables 19" and ]',6) for 21.)-week body .... candi tion and eg[ weigh t, 

.321 to .448 (tables 15 and 18) for 40-\teek body-candi tion 

end ~~"3I>weigh t. Averaged over generations' 'and streins the 

genetic correlations between 20 week bouy condition and egt 

weight and 40-week body condition and egf w6itht were .330 

and 6359 respectively (table 21). 

Envir~n~ental correlations between body condition and egg 

weight were low, The estimates ranged from ~v50 to .366 

for 20-week body-condition and. egg weight (tables 18 and 13) 

and -.106 to .223 (table 19 anj 18) for 40-week body-condition 

and egg weight. Averaged over generations and strains, the 

environmental correlatioDS between 20-week body-condition 

and egg weight and 40-week body-condition and eg~ W~i5ht 

were .159 and .133 respectively (table 21). Improvement in 

egf. weieht wo~ld also cause increase of body-condition as a 

result of correlated res-ponse. Both the traits are infltl8nced 

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

?henotypic correlations between body-condition and egt 

production were low and positive. Values ranged from .004 to 

.190 (tables 18 and '19) for 2J-week body-condition anti egg 

prodLlction to 40 v/eeks, .058 to .08-.) (tables 15 and 18) for 

20-week body condition and egg production to 72 weeks, .011 

to .011 (tables 16 and 19) for 40-we~k body condition and egg 

production ,to the same age, • )02 to .050 (tables 15 and 18) for 

40-wee~ boqy-condition end egg prodllct.:J..9.l1' to 72 weeks and .023 
... 

to .()47 (ta.bles 15 and 18) for 72-week body-condi tion and egg 

pr~duction, to this age. AVeraged over generations and strains, 

the phenoty~ic correlations between 20-week body-condition 

2nd egg production to 40 weeks, 2J-week body-condition Gnd 

egg prodQction to 72 weeks, 4J-week body-condition and egg prq­

duction to s~me age, 40-week body condition ~nd egg ~roduction 

to 72 weeks 2nd 72-w8ek body-condi t ion end egg prod uc tion to'· 

Same ege were .088, .069, .040, .024 and .035 respectively 

(table 21). 

Genetic correlations between body-condition and etg 

production were positive. The values re~ged from .254 to .439 

(tables 15 ann. 19) for 20-week body-condition and egg prodLlction 

to 40 weeks, .287 to .540 (tables 18 ffild 15) for 20-week body­

condition and egg vr~duction to 72 weeks, 0015 to .467 (taDles 

18 and 16) for 40-week body-condition and egg production to the 

S8.me 8ge, .l26 to .2'74 (tables 19 2nd 15) for 40-week body cond­

ition and egg prod~ction tJ 72 weeks and .175 to .227 
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(tables 18 and 19) for 72-week body-condition and egg produ­

ction to the same age. Averf:,gec over generations 8nfl strains, 

the genetic correlation between 2Q-week body-condition and 

egg production to 40 weeks, 20-week body-condition and egg 

production to 72 weeks, 40-week body condition anJ egg 

prodtlction to the Same age, 40-week body condi tion and egg 

production to 72 weeks ood 72-week body-condition and 72-week 

egg 'Production were .444, .413, .2GB, .178 and .• 202 respecti­

vely (table 21). 

'Envi'ro'nmental correlations between body-condi tion and 

egg ~roduction were low. The estimates renged from .037 to .126 

(table's 16 and 19) for 20-week body condi tion end egg produ­

ction to 40 weeks, .009 to .041 (tables 15 and 18) for 20-week 

bodr-conditi~n and egg production to 72tweeks, -.029 to .099 

(tables 16 and 15) for 40-week body-condition and egg produ­

ction to the S8~e ?~e, -.~31 to .090 (tables 15 and 18) for 

40-week body-condition and egg production to 72 w~eks 2nd -.024 

to .102 (tebles 15 and 18) for 72-w€tk body condition and egb 

production to the same age. J .. vere-€,-ed over generations and 

straiU8, the environmental correlations between 20-we~k bOQy 

condition and egg production to 40-weeks, 20-week body­

condition and egg production to 72 weets, 40-week body-condi tio.' 

2nd egg production to the same~e and 72-week body-condition 

and egg production to 72 weeks we-re .036, .025, .049, .,j32 

and .039 respectively (table 21). 
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Reports were not evailable in the literature about 

genetic, phenotypic anu environmental corrblatians between 

body-condi tion and egg production. Wi th the incree .. ~e of egg 

production, body-condition also would increase. 

Optimum body weight for egg w6ight, egg production and e~g 

mass: 

20-week. body weight and egg weight 

... 
Lin~ar, quadratic and cubic equations of egg weight (g) 

during 36-40 weeks of age on body weight (g) at 20 weeks of age 

in .rb-l and Pb-2 aee presented in tables 22 and 23 respectively. 

In ?b-l the quadratic equation waS significent and had hi~her 

multi~le correlation coefficient than either the linear or 

cubic equations in both the gener8tions. So the quadratic 

equation expla.ins the relationship between 20-week body weight 
, . 

and egg weight better. Using this equation for 1975-76 gene­

ration, the predi cted values of egg wei.gh t fmr the correspond­

ing value of 20-week body weight were obtained (table 34). 

J.. graph waS 21so drawn wi th these values an·~ is shown in 

figure 1. In ?bTl with the increese of 20-week body weight, 

there was increAse of eg5 weight during 36-40 weeks of ~ge, 

almost lineprly upto 1200 grems. After that, the increase in 

egg weight was 0.5 g or less for increase of every 100 g 

in body weight. Considering the economic r~turns from the 

increase in egg weigh t~ ani! the feed required to sllstain the 
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extra body weight, 11JO to 12~O gr2ms WFS the optimum ~O-week 

body weight for maximu~ e~E weight. Because the luss for every 

10) g increFse in body weight was Rs. 0.90 after giving the 811-
~ 

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 ver PQllet per year after giving allowance for mainte­

nance cost and market return for body weight. 

In ~b-2, the relationshi-p between egg w~ight and body 

weight at 20 weeks seems to be linear (Fig.l). For every 100 g 

incr8~~tr in~~ iJody weight, egg weight Increcsed by 0.7 g and it 

would result in net economic return$ 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. So in ~b-2 

optimum 20-week body weight for maximum egg weight cannot be 

pointe~ out specifically, but higher 20-week bodYwei~ht 

wOllld reslll t in higher, egg weight and econo~nic return. 

40-week body weight and egg weight 

In 1?b-l the relationship between ~O-w~ek body weieht and 

egg weight was quadr2tic (table 24 and figure 2). With the 

increpse of body weight, the egg weight increased almost 

linearl v till the body weight reached 1600 B. \'/i th further 

increese in body weight, egg weight increased by 0.6 g or less 

for every 100 g increpse (table 35)_ ).6 gram increase in 

egf[ weight per 100 g body Wtight would reslllt in loss of 6 

paisa in net ecano~ic return. !o the ~ain in egg weitht for 

every 100 grams should not be less than 07 grrms. 
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The optin~m 40-week bo:ly weight for maximllm econoElic return 

fro~ egg wei€ht WeS 1600 grems in rb-l. 

In rb-2 the relationship between 40-week body weight and 

egg weight wes quarlratic (table 25 and figure 2)~ Quite surpri­

singly the egg weight declined with the increase of 40-w0ek body 

weight till about 1400 grams and after 1500 gr8ms the egg 

weight increased with the increase of 40-week body weight. 

After 15.00 grBlTIS even though there was incre'asc in egg weigh t, 

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 maxioum egg weight in this~rain. 

20-week body weight and egg number to 40fwe8kst 

In Tb-l the relationship between Jody weight at 2C-weeks 

and egg number to 40 weeks was quadratic (table 26 and figure 3). 

with the increase of body wc:ight at 20 weeks, the egg number 

woQld incre2se almost linearly till the body weig~t was about 

1280 gr8ms. Thereafter, the rate of increase in egg number 

declined with the increaser of body wBight. But, the increase 

in bO/ly 1'v'eight continues to give more net economic return. The 

optimwm 20-week body weight for maximum net economic return 

through increased egg number Oannot be pointed out as theEe 

was continued net economic return with the increase of body 

weight. 
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In Pb-2 the relationship between body weight at 20 weeks 

2nd egg number was cubic (figure 4 and table 27). Eg[ number 
~till 

increased al'1lost linearlf" 12,JO grams. Egg production declined 

sharply efter the 20-week bouy weight reached 1500 grams. The 

pullets with 20-week body weight of 1300 to 1500 grams prodQced 

m8ximllm nllUlber of eggs in this strain. Bllt considering net 

economic retllrns 1200 to 1300 grcms was optimQffi 20-week body 

weight for this strain. 

40-week body weight and egg number 

In Pb~I the relationship between body weight at 40 weeks 

and egg number to 40 weeks was Cilbic (table-28 and figure 5). 

The egg number to 40 weeks was expected to increase till the 

bony weigh t reached 1400 gre.rns. l~ter that the inc..ceas'e in egg 

number with increase in body weieht was small. Birds of 1400 

to 1600 grems would give meximum number of eg8S~ Considering 

the net economic return, 13JO-1400 grams was the optimQill 

40 week body weight. 

In Pb-2 the relati~n8hip between body weight at 40-weeks 

and epg number waS cubic (table 29 and figure 5). The egg 

n~ber to 4J weeks increased till the body weight at 40 weeks 

reached 1600 grams. Thereafter, with the increase of body 

weight the increase in egg n~mber was ~ore. Birds of 1600-1800 

grams produced ~aximum number of eggs. C3nsidering the net econo­

mic retu.rns, 1600-1700 grams wes the optimum 4'J-week body weight 

for maxiMU~ net economic return through egg number. 
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2D-week body weigh t and egg mes s S 

The relationship between body weight at 28 weeks ahd 

egg mess to 4~ weeks of age W8S quadratic in Pb-l (table-30 

and figure-6). With the increase in body weight at 20-Neeks, 

the egg mass to 40 weeks increased till the body weight 

reaches 1200 g. Egg mass to 4'') weeks declined sharply as soon 

as 29~week body weight exceeds 1300 g. Birds weighing 1200-

1300 .g' at 2C· deeks were expected to yield ffi8.ximum egg mass 

to 40. weeks (table 34). CJnsidering: .. ~he 'net econonic return 
*' .. 

tCJ.e optimum 20-week body weight for egg maSS yield appears to 

be 1200 g in Pb-l. 

In Fb-2, the relationship between 20-week body weight 

and erg maSs to 40-weeks of cge waS cubic (table 31 and figQre 8) 

There was almost linear incre8~e 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 seecs to be a close 

relationshi? between 20-week body weight and egg dass in 

1>b-2_ 

40-week body weight and egg nass to 40jweeks: 

The re12tionship between 40-week body weight and egE 

DBSS to 40 weeks WeS cubiC in Pb-l (table 32 and figure 8). 
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1~i th the increase of 4·J-week body weight the eg€; oass to 

40-weeks increased till the body weight was about 1400 g. 

When the 40-week body weight was ~ore than 1400 g the decline 

in egg maSs was very sharp. Birds which were 1300-1400 ~ ~ 

at 4') weeks produced n8xioLun egf craSS (table 35). 

In ~b-2 the relationship between body weight at 40-weeks 

and egg '"leSS to 40 weeks wa.s que.dratic (table 33 and figure 9)-. 

VIi th the increase of 40-week body w~ight, the egg GlaSS to 

4Q-weeks also increased. Even after considering the net 

economic returns in ?b-2, higher the -4b-week body weight, 

higher would be the egg ~2SS output. 
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Re12tive efficiency of different criterie. of selection 

Table 36 f,ives the e .... pDctci: Genetic r:.rin in t:gg nUU1lH~L· 

to 40 weeks of ?€e, egg weight (tr2Ds) during 36-40 Weeks of 

BE e and body weight (gral:ls) ~ t 40 weeks Jf 2€ e when selec tion is 

basen on different criterl~! viz., eEB nQnber alone, e~~ weitht 

alone, b8~y weirht alaney index I based on a line2r combination 

of egfF nllf11ber, er£ weieht and 00dy weight, index II Oased on E' 

line8r c ,)l'1binat ion of eft' n LltJber, egg wei~h t, body-size 2nd Dody-

conditian, index III bese( on linear c~obin2tion of erf nunuer 

and eg~ weight, index IV bFsed on linear cJobin2tiJn of egg 
*/ f'.nd body size enu Index V b2sed on l~nt ar combine tion of e[ l~ nllober,'-uCtf 
nunber, erg weightfend Jody-c~ndition. FooleQ esti!21ates of ~. 

vpriances end covericnces WerE Qsed. 

Teble-36. Relative efficiency of difLerent criteria of selection wi·~ 
selection intensi ty of one "phenotypic stannard deviation 

crI ""e-r-l"-p---o-----r"'""""'"'"x~p~e~c~e~ e en e tic ch ?.n€" e Net Re a lve 
selection 2'1 40 wueks of 

~----~~~~--~ 
genetic efficiency 
worth 

Err no.to 40 
weeks of 8f!e 

Ege: wEight(g) 

BCldy w€ight\ \ 
at 40 w[ eks (g) 

Index I 

Index II 

Index III 

Index IV 

Index V 

Ef€ ~f Eo Y 
nUrl be!" --1 ~ii:' h t it'll w~e;...;;i;:.,.. . ..;;.h....;..:t ~ ___ ......... ___ _ 

5.214 -0.208 T4.218 392,439 0.944 

-70.106 -0.169 -2.096 

-0.528 

5. (j;)7 

50798 

5., fJ78 

5.511 

5~421 

2.299 

0.150 

14.633 

-1.096 -36.211 414.320 

-1.363 -2.087 381.932 

~1.186 -40.311 394.288 

·-1.112 -38.211 376.911 

-1.011 -35.321 370.112 

1.000 

0.920 

0.948 

0.901 

0.881 

---~ ------.. ----,-_. ----~..-....~-~_..-----
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':/i th selection dift€rential of one stanGard deviation 

for eff number, the tx~€cttd genetic increase in this trait 

is 5.214 ep.ps. with this selection intensity in ef;-e, ntl.:1be::r, 

the egf weight " ~ing 36-.. 40 webks is expected to decline by 

0.208 g as a corre12terl r3sponse end sir'Jilarly body WE-.i,· ht 

8t 40 w~eks decline 0V 4.2l8 g~ 

Selection b8se~ on eg~ wei(ht: 

The e~ected renetic chpnte wit~selec~ion intensity 

of one nhenotyryic stanl1ard deviation in egg wciE'ht. is 2.289 t. 

J~S a corre18tec1 res,?ons e to this .selectIon fo~ egg weight,. 

eff- nQ~ber to 40 weeks is expected to go down by 2.096 eetS 

whilE the body w8ight at 40 weeks is expected to increese 

by 14. 633 .g. 

salection based on "bbdy weight: 

Wi th selecti'Qn d:Lfferential of one stan" ard deviation 

for bpdy w~ight at 40 weeks, the expectSd genetic increase 

in thlS trait is 75 .. 432 g. J:..S a correlated response to this 

select.ion egg nunber is expeotcd to decline by 0.528 e€;gs 

pnd egg weight is expected to increase by 0.150 g. 

Selection based on index: 

I ~ I l·S nL~ex 

~ 

21.910Xl-17.881X2 -O.613X3 • Its RTH value is 

II is 19.9l16Xl-39.3)99X2 + O.086X4 +O.294X5 · 

Its R val,~e is 0.0576. llith selection differential of one 
IH 
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st2nv.ard deviation b2sed on inde:_ of egg nllUber, egg weitht 

end body weight (index I), the ex?ected genetic change in egt 

number, egf! weight and body weifht are 5.607 eggs, -1.096 g and 

- 36.211 f res-pecti ve1y. 1'li til s elec tion ind ex based on e~g nU':1ber, 

egg weiEht, body-size 2nd body-condition (index II), the expected 

genetic chenge in eeL nu.']ber, efg weight ane. bOL1y weight ere 

5.738 €€-€S, -1.363 g Bnd -2.087 g respectively_ Inuex b2seQ on 

'ege nu.rn,jer and egg weight (index III) is 20.966~-22.922X2. Its 

RIH valtle is 0.5280. Increase in egg nllClbtr. is 5.f378 2nd change 

in egf weight is -1.186 g. Expected tenetic change throtl£h. 

inder IV and index V were presented in table 36. 

Relative effiaencies: 

vfuen equal selection intensities (one phenotypic, standard 

d evi ation) 8re prB.c tis ed for efg nUl;iber, et,~ wei{:,h t, body we igh t, 

index I (J.inear combination (if eg€ nllrlber, egf weieht and body 

wei[ht):; inrlex II(linear conbin2tion of ege__ nU.!21ber, ef:.fi.. weif.ht, 

bOily-size and bod v-conditirJn), index III, incex IV and index v 

the expectecl increase in tte net eenetic worth are 392.439, 

-70.106, -108.865, 414.320, 381.932, 394.288, 376.311 and 

370.112 units res~ectively. ThQS index I is expected to yield 

the bes t resul ts • ..1.8 co "1"QBred to index I, the re18ti ve efficiency 

of selection bFsed on ef€! nUQber alone' and index III wou.ld 

be a'-bollt 5.6 -rercent less. selection based on index II is expe-
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cted to be ?bout 8 .. 0 percent less efficient than Index I 

Selection for €fg weight or b~dy wei€ht alone is expected 

tJ catlse 8 nee ati ve change in the econonic E).el1rit of the 

birds. 
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SUMM;Rl AND CONCLUSIONS 

Investigations were con&uctcd to determine s'uitaJle 

criteri? of Qeasurin~ body-size (bonB-fraoework) and body­

c~ndition (fleshing); to stady the genetic, phen~ty~ic and 

environ "Jentc?l correlation8 f,;I1ong different econol1ic trai ts 

Clnd inheritp,nce of these t.t'aits and to find out o)tiL1U 1 bJUy 

weifht for egg ~roduction, eg~ weight end egg mass in two 

1I/hi tE: Lephorn po"')ulat ions, l? ll-l and ?b-2 main t ained at ?,A. U. 

Ludhiana. B2sed on these ueta selection indexes w~re constr~­

cted for ffiEximizing the genetic gains for economic mert. 

During the first fene~ation a totel of 1018 birds consisting 

of 603 of the pb-l 2nd 415 0f the rb-2 which sllrvived to 

72 weeks were inclu.ded in ~he stlldy. Pb-l was obteined in eight 

weekly hatches and rb-2 waB obtained in six weekly hatches. 

In the second [: eneration, 1? b-l we-.s obt ained in five weE:;kly 

hatches and Fb-2 in six weekly hatches. A total of 1295 birQs 

consisting of 780 of l'b-l al10. 515 of :Pb-2 were included in the 

second generation. ~rogeny were obtained by Dating 30 sires to 

270 upos in ?b-l and 20 sir~s to 180 dru~s in ~b-2, in both tbe 

generati ons. 

The average 20-, 40- and 72-week body weight, pooled over 

gener8tions, waS 1153.1, ·1577.7 and 1573.9 g respectively 

in 1?b-l Md 1097.3, 1594.0 c!nd 152B.D g respecti vely in 2b-2" 

Thus the pullets of ?b-l wer8 heavier than those of .: b-2 at 20 

and 72 weeks af are. At 40 weeks ?b-2 waS slightly heavier 
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than IJb-l. ~ullets 'Jf loth ~b-l 2nd .1. ) ,·2 birt1s becarJe 

~igh ter at 72 weeks whe'1 CO!:!) aT _ \.; to weieh t at 40 weeks. 

J~verage e@{! weigh t (I llT lng 36-40 weeks of at' e poole[~ over 

generations was 53.58 g in ~b-l and 52.63 g in ~b-2. Th~s 

birds of pb-l lcid eggs which were heavier by ab0ut one grrun 

than the e€fS of rb-2. 

Aver2Be egg nQ~ber to 40· weeks of aEe was 80.35 in ~b-l 

end 78.84 in ~b-2. Average egg nUl:J.bE;r to 72tweeks was 222.9 

in ?b-l 8rid 214.9 in ~b-2. Th~s the pullets of Tb-l had higher 

e(!(! 'Production tha 7b-2. 

The . .-ver8tje heri tabi1i ties (from the sire COGlpOnent of 

variance pooled over generations and strains) of body weight 

at 20·, 4C and 72 weeks of age were .436, .432 and 0.361 

respectively. The heritability esti~at~s for body-size at 20· , 

40 and 72 weeks of 2f6 we~e ~330, .306 and .305 respectivel/. 

Heri tabili ties for b')dy-condi tion at 20 , 40 and 72 weeks of 

age were .131, .114 and .112 res?ectively. The esti~ate_ for eg6 

weight was 11658. ThE ber:'tabil.ity esti""1ates for egg number to 

40 weeks of age 2nd to 72 weeks of age were .316 and .233 

respec~ i.vely. Thus body wt;igh t and body-size had medi U,fn 

her:Lable estim2tes. BJdy-condition was lowly heritable. The 

heritabil ty of ere nunbar was medi1l8 to low. Ege weitht was 

highly herit8ble. 
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The everat e phenotypic, genetic and environnbntel 

correlations between 20-~lllU 40-wetk body weight Wtre .620, .882 

end • 312 respectively. The corrGB~)onuin[ values for 20-and 

72-wGck body weif-ht were 9583, .818 and .234 and for 40-week 

and 72-week body weight were .670, .317 ane .360. The phenotYJic, 

genetic and environ~ent2l correlations were .171, .054 and 

.. 171 between 20-wc'ek boil.), we igh t and egg nu.nber to 40 wetks, 

.037, -.312 2nd .033 between 20-w8ek body weiLht and egg n~lber 

to 72 weeks, .012, -.207 end .058 between 40-W8~k body weicht 

and egft nunber to 40-wE..eks, .037, -.312 and .033 between 40-week 

bo~y w~ight anti eg€ nU8ber to 72 weeks 2~d .059, -.096 and 

.026 between 72-week body wei~ht and etL number to 72-wccks of 

2ge. rhenotroic, genetic and environ~ental correlations in 

respect of body weight and egg weitht wer6 .231, .182 end .341 

between 20-wee~ Jody wei€ht and e€g weight ana .277, 0239 and 

.319 between 40-week bo~y weight and egc weitht. The correspon­

[1 ing v21aes of the three kinds of correlations were .486, .791 

and 0576 between 20-w6ek bo1y weight and 20-week body-size, 

.364, • 8
7
JL ..and .165 between 20-week body wei€ht and 40-week 
.761,1.007 and .610 between 40-week body wci£ht end 

boDy -~.sise '- £Ind/40-week body-size. The phenotypic, genetic and 

environ~ental correlations were .307, .616, and .352 between 

20-week body weipht ann 20-week barty-condition and .442, .243 

an~ ... 5 66 be tween 40-week body conrli tion and 40-week body 

weight. The corresponding v21Qes in respect of body-size and 

body-condition were .241, .318 and -.294 between 20-week body­

size end 20-week body-condition, -.081, .230 end -.107 between 
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40-week body-size and 40-week boCY-CO\ldi tion anu -.055, .302 

and -.211 between 72-wee:{ body-size and 72-week body-condition. 

The vhenotypic, genetic end BnvironJental correlaiions between 

body-size and e €(! ')roduct ion were .362, .051 and .164 for 

20 weeks boc1y-siz e and efts -~roduction to 40 fleeks, • Off?, .083 

an·~ 0060 between 20-week body siz e and egB nunb er to 72 weeks, 

-.068, .037 and -.042 between 40-week body-size and egg 

'Proiluction to 40 weeks, .016, .082 and .031 between 40-week 

body-size and eeg ~rod~ction to 72 weeks and .044, .064 and 

.045 between 72-week body-size and egB I!roduction to 72 .. . , 

weeks·The c-orresponding values for body' siize and e~f.., weight were 

.164, .189 aufl .163 between 20-week body- s iz e and egg weight 

and .252, .299 ana .314 between 40-week boQy size and e[g 

weight. The rhenotypic, genetic and environnental correlations 

were .088, .444 2nd ~ 086 for 20-week body condi tion an£] eg{' 

number to 4-0 weeks, .06), .413 C.ne .025 for 20-week body-c'ondi tior. 

and egg n~~ber to 72 weeks, .040, .208 and .049 for 4~week 

body condition 8n~ ef? pro(uction to 40 dceks, .024, .178 

8nd ,,032 for 40-week body-cond i tion and eL f', number to 72 weeks 

and ,,035, .202 and .039 for 72-week body-condj_ tion and egg 

nU"3ter to 72 weeks. The. corresponding vallles were ,058, .330 

and ~159 between 20-W2€k body-condition and eg[ weitht and 

0110, .359 2nd .133 between 40-week body-condition and eeg 

weight. 
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In ?b-l the reletlonship between 20-week body wei~ht 

and egf weight (36-40 weeks), 20-week body w~ieht and egg 

nU"1ber to 40 weelcs, 20-we.?k DOL.y anJ egg lasS to 40 weeks end 

40-week body weifht and eff weight/w2f? Qt.ladratic whereas the 
welgnt 

relationship between 40-week body/and ebb nu.r..lber to the S8_me 

age 2nd 40 week body wEight and e&g mass to 40 weeks was 

cubic. In rb-l 1100 to 120(' ewes the optiI:lLlfn 20-week body w8ight 

in terms of net econo :lie retLlrn for egg w8ieht and eg6 mass. 

But increBse in 20-'lleek body weieht continued to eive extra 

economic return throufh increStsed eg{ nUIi1ber. 1300 to 1400 g 

wes the o"").ti~tlm 40-week body w9igh t for. egg number and e {f mass 

in ter:as of ne t econo ~ic return. ,Vhere8s 1600 e Vic-S the optif,1uo 

body weipht for eg,[! weight in terms of net econoDic retu..rn" 

In I'b-2 the re1ationS'li-LJ between 20-week body wei[.h t and 

egg weipht waS linear, qu.eilratic between, 40-week bouy weicht 

2nd egg wei{l,ht and 40-week body weight and egg' !:18SS. But cubic 

between 20-week body weirht and e8E number, 20-week body weieht 

and egfl ",nass an r1 40-week bOGy weigh t 00[1 egf::. DpSS e Increase in 

20-week body weight, incrersed the net economic ret~rns by the 

increase of egg weigh t and eig .:las s. 1200 to 1300 g We13 the 

optimum 20-week body weieht fer e€-;,g number to 40 weeks when 

net economic returns were considered. 1600-1700 g was the 

optimun 40-week 00(1y weight for eEt nllraber to 40';'weekjwhen 

econo "lie retllrns WEre consi(1ered. Wher eas increase in 40-week 

body weight 'Produced increaS9 in egg mass cnd econo'nic 

returnSe 
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Relative econo'-lic '1eiphts ~ave naxi:.nu:"J. weiE..ht8{ e to e12€::. 

pr~d~ction, follow~1 by et~ wei['bt. Body weight got ne€ative 

wej_ght2ge. Index I (linear c071DinBtion of erg production, egt 

weiph t and body' we ieh t), f. ave maxiollm net econo :lie returns, 

follow@d by index III (linear c02oination of 6bt DrodQction and 

eg[ weight), selection based on eg€ production Blane and index 

II (lin8ar cOT1.bination of egf!: production, eg~ weight)' body-sj_ze 

anrl body-condition). selection based on ~g~ weight alone or 

body-weight elone yielaeu neg8tivc net econo~ic return. 

Bod.Y' weight/shank leng'th was better cri teria for ~:1easLU:'ing 
y-

hody-cond i tion. Body weight_body wei€'ht/shank length W2...8 reliable 

index for body-size •. The heri te.b.ili ty of body-size was medi..un 

and body-condition W2.S lowlY' heritable. Dividing the total 

body weight into two co'nponen ts namely bo :y-size 2nd body~ 

condi tion and ihcltlding them in 8n index' does not inprove the 

efficiency of the index in ~er~s of net economic retu.rns. So 

dividinf the body weifht into two components does not give any 

extra anventFf€. strain clffcrences were evicent in optimum body 
• 

we.iF.ht for e€!t weight, eg[ :_Jro(:uction and eLE mass. In ?b-2 

there was ·clos e reI atl onsh i'P be tween body we igh t ani! elf -weigh t, 

body weight and ef~ ~roduction and body weitht and e~[ mass~ 



Literature Cited 

tbp18nalv~ E~, 1357~ 
Gene t ic and environ :;len tal correlati cns aoonE. pro-
dllction tr2its in }_)oultry~ :?olllt.sci., 36:;226-228. -- . 

tcharya, R.M., J.S.Dhi11on ane M.S.Tiwana, 1963. 
Age at first egf and eEg proQuction-their inheritance 
and expected response to different methods of selection. 
Er. yoult.Sci., 10:175-181. -

Aggarwal, C.K., 1970. 
?henot~ic correlations of some econonic traits in 
~bite Leghorn ~ullets. Indian Vet.J.,47:34-43. --

Amer, M.F., 1965. 
-Heritability of bo(1y weicht in FayoW'ni .. ~oult.Sci., 
44: 7 41-744. 

l~er, M.F., ~967. 
Heri tabili ty of egc pro(luction and eet' weigh t 
in FayollI!li. j'oult. Sci., 46:32-35. 

Blow, "lIlL. ann E. Ii. Gl aZ ener, 1954. 
Heritability of ef~ production and eft weight in 
turkey. ?olllt.sci., ~:411-442. 

Blyth, J.S4S., 1952, 
The correlation between egf nluaber and ege weight of 
fowl~ An investigation of its inconsist2ncy. 
:,oul t. Sci." ~: 254-268., 

Bohren, B.B., T.B. Kinney Jr., S.1:.'. Wilson anti -r.C.,Lowe, 
1970. Genetic gains in annQal egf production from 
selection on part-record percent production in the 
fowl. Genetics., 53:655-667~ --

Brody, S., E.M., Funk and H.L. Kempster, 1938. 
Growtb 8nu developwent. XLIV- Ener~etic efficiency 
of egB production and the infllence of live weight 
ther~on. Nissou.ri Mri .Exp .. sta. Rev. Bull. 270 

Byerly, T.e., 1341. 
Feeu and o+-uer costs of prod Llcing market eggs. f.1aryl and 
l~ri.EXp.Stat.BQll.fJ(Technical). 



-ii-

Chauuhuri!t Do, S.C.Mohapatra, A('V<:;nkatramaiah, V.J.yYD.t:,ari 
and S~;),. !~h~j a 1976 .. Genetic variation and covaTiation 
for sooe of the eCGno~nic traits in foill' \'ihite Lef:,horn 
strains. Indian J, ~ou.lt .. SCieJ g:183-197. 

Chhabra, A.D. 2nn R.N.Desai, lj66~ 
Genetic studies on some of the physical measurements 
and their relationship wi th some of the eeon 0 m ic 
charac ters in \'i~il te Leghorn. In(_1ian vet ~ J., 43: 224-243. 

Chunt, S .. B.~. D .. ?.;sul •• Y~H"Kint-_;~ ?p_'ek, Y .. I.cnd E .. K .. Qh.1970. 
QUal'ltltetlvt-j €. enB,tlc 3tuiliG,3 In cCJnJ lie trri ts' on 
~1)j"H.:~tic fO\\T~ ft~8QRe.l)t .. Off rur Devr,} Suwon K0X'Cfl... 
13 (12) ~l-l J \ ~mllL Ere(_.'~ ''I ,·)S tr .. ~ 40 ~ 8',)1) 

1i9.l r yt"H1, G"._~4" '-'n::1 /,;.h'J.)crtsOD, 1.J66~ 
Gonctlc chen! os in (;con "lie trrits durint the lryin[ yl"rr .. 
"3ri t ~-' _"ul t. Sci ~ t 7 ~ 143·· ,151 .. 

err ie.', J r v .. , D.K., Bim/~s ;:·nrl H ,.K 4' Saad ch, 1J 69" 
G{..netic vari2ti In an 1 c~rrclp.t(..d res) )DSe i.n chick0ns 
~cl (Jete.} .for ))['~t.~y:e~; ~[l.ti... of Cf.l pro~lucti8n, 
_L Lll t ro. Sc 11;') .. c~,:, ..I.. 2uu-.!.. ~J 0;: 

:-...... ..lII 

DhaliVJal, J.S. 8nd R .. ~TtAcharya, 1372. 
Efficiency of selecti,on based on p2Xt-ye8r eeg 
prod uction .. J. ReSer. J_. U. 2,.: 229-232. 

Djckerson, G~E~, 196C. 
Techniques for resoeJ:'cn in quantitative animal genetics~ 
Techniqtles and pro~edllr8s in anilJlal 'rod .. Res.l~.Soc. 
Ani 1.?rod ""ubt,, 

TIt-:'J::crson, G .. E" and W.]l~Huches, 1964~ 
Body weicht: A c.ci tj cal factor in. laying perforrlance .. 
The Kinber Chick Nev's, 1 . .l1[;. Isslle. pp .. 1-8. 
? LJ.b e by Ki :~lber FarI!ls .• Inc .FreDon t Californiat; 



-iii-

Doran, Bill, H~ and J.:H. ,"}uinserberry, 1971.' 
The effects of body l,V'E=ights and erythro "1ycin thiocynate 
on perfOr'TI8nCe eg[ strain. :;,)oLllt.Sci.50:157..L~1~'ub·vr .. ) 

Dllplessis, ?H.G. and J.Erasmus, 1372. 
The relationship between e~g prod~ction, ege weight and 
bODY weight in laying hens~ 
lvorld '8 j'oult.,Sci.JQ, 28:30l-310~ 

Fe s tin g, M" F. an (1 .A. ~~r .. Nord s k 0 t, 19 67 ~ 
Response to selection for body weight anu egt weight 
in chickens. Genetics., ~:2l9-231~ 

Friars, G ... W., Bohren and H "E.McKean, 19 62~ 
Ti@8 trends in estimates of genetic parameters in a 
pOl;)tllation of chicken subj6ctedJto multiple objective 
selection. ?oult$Sci~,42:1l73-1134. -

Ghigi, 1~,19 48. 
Is the weight of egg an sex-linked-feature? 
Eight "Torld fS 70ultry Congress Official report. 
1:751-7520 

Goodman:- B3L. and G.F. Go(~frey, 1956. 
Heritability of body weight in the dooestic fOVll. 
?oult. Sci.35t50-53. 

Gruhn, R. and viend t, H .. , 1963. 
Heritability estirlates for variOLlS cOLIponents of ecE. 
proc.llction in v/hi te LBghorn4 Mim.Breed e Abstro 32:1527 • -

Hale, R .. \tl .. , 1961. 
Heritability and genetic correlation of etg prodQction 
and other characters in Uhi te wYandott flock~ JJlime 
p rod. ~ ~: 73--01 n 

Hazel .. L .. N.. anc. W.F. Lanoreux, 1947. 
}rer.i tabili ty, :naternaJ effects and nicking in rele.tion 
td sexual maturity and body weight in ~~ite LeGhorn~ 
?olllt.Sci., 26:508-51. 



-iv-

Hicks, A.~., 1958. 
HFri tabili t V and correiption ant lysis of e€_.{: v.~ if h t, 
eeh shepe 2nd ef~ n~~Jar in ~hic{~ns. 
~ ,) III t .. SC i ., 37 ~ ]67 -375 ... 

Hill, ~.n., ~.F. Krue er acd J.H.ruiseuoerry, 1966. 
1 .. biometricel eV21J.8tion of cOl11ponent parts of e&t- s 2nd 
their relption,ship to other economic~lly io)ortcnt trai ts 
in a s trai n of ~f;hi te Lef horns. 1)0 ul t. Sc i., 35: 1162-1185. --.. 

Hogsett, M.L. end A.W.Nordsko~, 1956. 
Genetic covariance analY3is of €t€. prodlction t egg weifht, 
end body weith t in the fowl. 20.11 t. Sc i., 35: 1148. -

HOf2 set t, M.L. end 1 .... 1.rl.Norllskog:. 1358. Genetic economi.c vall1es 
in selectiqe. for ett tJroduetion rnte, 00.J wci[:,ht anil 
eft weif!ht. oult"sci., 37:1;...~04-. . --

HlSS8ipi, B..S.H. and S.D2S, 1J71. 
Herita.bility of 8{:e and oody weitht Elf first egg in 
\~ite Leghorns~ Indian vst.J.~:503-507-

Hussein, K.Q- 2nd S.N.Singh, 1164. 
! study of the inheritance of some economic ch2rccters 
and their rele"tive itlpo.rtanc€ for selection in Whi te 
Iter- horn breE d. Ind. Vet. J ., 41: 478-485. 

HQtt, ~.B., 1949. 
The genetics of fowl. 
Mc-Graw-Hill, New York, 590 pp. 

I~et8, G~ ana ~.B.Sie~Gl, 1]66. 
Selection for :)o(ly Weit)lt pt 8 weeks of ate.. IV, .• .'henoty-pic 
f enetic and environ .Jen t Rl correlations Jetween selected 
an il [losel ec ted tr2i ts CI ? 0 [11 t • sci. , 45: 933-939 I) -

J 8f f 8, \V e -;;} ., 19 66 .. 
Egg prodtlc tiO[l, body weigh t and er:c q uel i ty charac ters, 
their heritab.lli ties ani;' thE;.. corre12tions between them., 
Ji' \. .) (} Lll t . sci. , 7 : 91-9 8 ~ - , 

J.9in, G.L., R.rJI .. J~ch8.ry8 and D.Svln£lc-res2n, 19b8. 
Herit?~ility of eg p prod~ction in chickens. 
J.Res.r.A.U., ~:272-275. 



-v-

Jerome, Y.M., CoR.Henderson end S.C.King, 1956. 
H~ritabilities, gene interactions and correlations 
nssociated with c8rtain trBits in the domestic fowl. 
~oultoSci.,35~j95-1J13o -

Joshi, B.C., R.N.Shaffner and M.!4JQll, 1943. 
Efficiency of feed lltilization in relation to body weight 
dnd egg production. roult.Sci.,28:301-302. -

Jull, M.A~, 1932. 
~oultry breeding. John willey and Sons. New york 282 pp. 

King, S.C~ and C.R.Henderson, 1954Q 
Heritability st~dies of eg~ prodQction in the domestic 
fowl~ ~oQlt. Sci., 33:155-159. -

Kinney" T.B.Jr. and L'.C. LO"tle, 1968 .. 
Genetic and phenotypic variance in the region8l red controls 
"over nine years. ~-'olllt.Sci •. -l.47:1-105-11l0o 

Kinney, T .B~.Jr. end R.N. Shoffner, 1965. 
H.eri tabili ty es timates and genetic correlc: tions amant.­
several trai ts in a meat-type pouJ. t:v.V popu.l?J:;iono 
Poult.sci.,44:1020-1032. -

Kleiber, M., 1932~ 
Body size end met2bolism, 
Hilgwidie ~:315-3 

Kr ishn a, SoT.. and Re2 0 ChaLldhar~l , 137 2 ~ 
Heritability of body wei€ht in White Legnorn. 
In~i8n JoAUim.Sci., 42:373-377. -

Knox, GoW~ 1934. 
Inter-relationship of body vleigh t, produ.ction and egg 
weight. :roul t. sci., J.3: 227-223. -

Kumar', J <I and B.D .Kapri~ 1966 • 
. Genetic studies on internal egg qLlality and i.ts rela­
tionsni~ with other cQonomic traits in l~ite Le~horn 
birds. 7art I. Heritability 2nd repeatability of egg 
qu.ality_ Indian Vet,J .. , ±~:d25-829. 



-vi-
KLlrd j ukov, M. G G, 1367. 

The relationshi) of live wei&-ht to egg production and 
8{!g weight in variolls brE::eds of fowl. !,i.D.im.Breed.Abstr, 
37: 371. 

Latimer, H.B., 1924. 
rast-natal growth of the body systems and orgens of the 
Single Comb rmite 1eghorn chicken. Jour.Agri.R~s.,23:363-397. -

Lerner, I.M. and DJM.cruden, 1951. 
The heritabili~y of egg weight. The advantages of mass 
selection and of e2rly measurements., poultry sci., 30:34-41. -

Lerner,. I~M. and L.N. Hazel, 1947. 

1?opulation genetics of a pOlutry flock untler artificiaJ. 
selection. Genetics o, ~i325-33ge 

.. ,. -r_ IIIWiIII't 

Lerner, I.M. and D.M. cruden, 1948. 
The heri tabili ty of ace umal ati vc tllonl~bly and annual. egg 
prod uction. Paul t. Sci II 1 Z7: 67 - 68. -

Maddison, A.E. 1954. 
The use of p arti al records in po Lll. try s elec ti.un .. rroc ~ 
Br. Soc. JJliI!l.?rod .109-115 (l",nim.Breed. Abstr .. , ~: 14: 9) 

Malik, D.D. and R.Singh, 1967. 
Heritability estimates of certain economic egg traits 
of a 'lJIhite LeGhorn poplllation. 
J.Res.~.A.U., 4:117-120. -

Miller, M.W .. 2nd J.S" carver, 1934. The relationship of 
anatomic81 mcasllref:l€nts to egg prodllctionG 
roul t or sci", 13: 242~249 a --

Mohapatrp, s.c. and ScD.Lh~ja~ 1971_ 
Genetic, phenotypic and environmen tal correlations between 
selected and Ilnselected tra.its. Indian J.of }?oultry Sci~, 
6: 23-·28. 

M:Jhapatra, S .. C., 1972. 
Selection for egg mass. Indian ?oult~G8z~,56:137-142. 

Mohapatre, S.C. and R.B.TI. Srivastava, 1971. 
selection for egg production in 8 flock of vffiH I.Shart-term 
response to selec Gian o Indian J .?oul t. Sci" t §.: 35-40" 



-vii-

Mirris, T.R., T.G., Taylor and J.K. Brokenhouse, 1966. 
The pred~ction of skeletal weight from the weights of 
sample bones. British roultry Sci.,1:153-157. 

Nanda, S.K., S.C.Mohapatra) S.D.J~~ja and r.N.Sharma, 1973. 
ConseqQences of selection based on an index with eeg" 
production, egg w6ighii, age and body weight at sexual 
maturity in chickens. Indian J.}?oultry scio,~:264-272. 

Nordskog, A.W., H.S.Tolman, D,W. casey and O.Y. Lin, 1974. 
Selection in small pO~Hllations of chickens. raul t. sci., 
53:1188-12190 ' -

Nordskog, A.W., M. Festing ¢nd f1.w.verghese, 1967" selection 
fOE egg production and correlated responses in the fowl. 
Genetics., 55:179-191. -

Nordskog, A.W., 1960. 
I~ortance of egg size and bther~-·f~tQrs determining net 
income in random s2mp1e tests. Poult.Scie,~~:327-338. 

Nordskog, A. W. and D.M. Briggs, 1968(. 
The body weight egg prodQction paradox. poult. Sci., 47: 
498-50~o 

Oliver, M.M., B.B. ~8ohren and V.C •. Anderson, 1957. 
Heritability end selection efficiency of several ~eaSQres 
of egg production. poult.Sci~, 36:395-402. -

Olsen, M~ VI" and C. \~. Knox, 1040., 
Breeding for egg weie:ht and related characters. 

1_) olll. t. sci., ~2.: 254-257 , 

Osborne, R~1953~ The heritability of egg weight in donestic fowl. 
Further evidence of sex linkage. }?oult.sci", :92: Eo~65a --

peeler, R.J., E"W.Glazener and W.L.Blow, 1955. 
The heritability of broiler weight and weight Bnd 2~e 
at sexLlal ma~I..~"!:'i ty 2JlJ the genetic and environ men tal 
correlation between these trai ts" 1>0.11 t. Sci t , 2..1.: 420-426. 

?rakashbabu, M.1973. 
Genetic archi tectlu:e of three \'ihi te Leghorn strains. Mr VI) Se. 
Thesis .t~ra Uni versi ty, J.gra:. 



}?rel'ltrlarain, Mati, K.L .. 2nd D.K. BisW2S, 1373. 
Selection index for rpte of l~ in chickens. 
Ir..d. 'Poult.Rev., 4:371 .... 373. -

Qllisenberry, J 'OR., B. Roberts- and L .E. Card, 1941. 

-viii-

Genetic stuuies of skeletal dimensions and their relation 
to bo~y weigh~ 2nd e[g produdtion in the domestic fowl. 
yault.Sci'~ 20:104-120. 

Reddy, C~V~, V.L.K.2rasaa, D. Sllbbarayudu and M.A. Quudeer,1972. 
Stunies on phenoty-pic corre12tions for s'ome iruportant 
economic traits in White Leghorn pullets. Indian J .~olll t~ 
Sci. , 7_: 21-27 • 

Reinhart, B~ and F.N. Jerome, 1970. 
The effect of selection for body weilht and r2te of 
prvd~ction on feed efficiency of egg production. 
po ul to sci., 49: 117 8-1183. -

Robertson, A., 19590 
The. sa~ling variance of genetic correlation coefficient. 
Biometrics., 15:463-485. -

SClpaeh, H.K., J. V. craig, L. T. Srni th 8Ild S~ we8,Xden, 1968, 
Effectiveness of alternative breeding systems for measuring 
rate of egg production in chickens. pOll1t.Sci., 11:1057-1072 .• 

saeki, y., S.Sekide~a, Y4 Chawa and T.J~eta, 1966. 
Heritabilities and genetic correlations involving certain 
prod~ctive perfor~ances expressed in several breeus of 
chicken. Xlllth World's ~oultry Congress section ?cpers 
55-59. 

sandh~, J.S. and D.S.Dov., 1972. 
Efficiency of selection baSe{} on part-ye;:u- egg prodllction. 
Indian j?oult.Gaz., ~:83-30. 

Schneider, M. and L.C.Dunn, 1924., 
. On the length Md variabili ty of the bJnes of th€ Whi te 

Leghorn Fowl. J~at~ Rec.,27:229-239. -
Sh.ibata, K. 2nd S .. C:::fl.Zuki, 1965. 

Estimates of heri tabili ty of five egB produ.ctiQn characters 
in domestic fowl. Jap. ~oult.Scio, 2:33-47. 
(Anim.Breed,Abstr.,~:3802). -

Singh, G~1977 .. An analysis of sooe factors affecting' genetic 
gain for efg prodQction in chicken. M.sc~,Thesis rQnjeb 
l£ricQltural University. 



-ix-

Sinh8, S ... ? .. and Nc S.Ge.rewpl, 1370. 
Genetic studies on 2{ e 2nd body weight at sexLlal matu­
ri ty in WLH ]ullets. Indian J ..... oul t. Sci .• , 5: 32-36. 

Snedecor, G .. W. and cochrpn, W ... ·G.1967. 
Statisticel Llethods. Oxford. and I.B.H.:Publishing Co., 
'New york. 

Swett, w. ~f. t R. R. Graves end G. ,1/. Miller, 1928. 
Comp2xison of cJnformatlon, 8natomy and skeletal structure 
of a highly speci21ized dairy cow and a highly specialized 
beef cow. JO~.Agr.Res.,37:685-717. -

Ven Vleck, L.D. and D.F. Doolict1e, 1964. , 
Gene tic par e.meters of ~'Jon thly eeg prod llC tian in the 
cornell Controls, rOQlt.Sci.,43:560-567. -

Waring, F.J., ~.Hunten 2nd A~E~ Maddison, 1962. Genetics of a 
closed poultry flock. Varicnce co-variance analysis of 
efg production, egg weight and egg mass. Br.poult. Sci., 
3:151-160. -

~latters, N. F., 1927. 
The relation between body neasurements and egg prodQction 
in Single Comb White Leghorns. 1?ou1.'t.sci., 6:167-173 .. -

WYatt, A.J., 1954. 
Genetic variation end eov2.riation in egg production and 
other economic traits in chickens. }'oult.Sci., 33:1266-1274. -

Yamada, Y. 1955. 
Genetic variation end c,.)-v8Xiatio.n in economic trai ts in 
some breeds of chicken" Rep.Nat.Inst.Genet.(~ap.) 
No.5 (1954) (Anir.111 Breed. J),bstr., g_£: 833) 

Yamada, Y., B.E.Bohren 2nd L.B. crittenden, 1958. Genetic 
211alysis of. a closed :i~lock apparently pl2.teaued for 
egg TIrod uc tion. :;?O ul t , Sci. t 37: 5 65-5 80. 




