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INTRODUCTION 

As a general rule continued inbreeding increases the homozygosity of 

the gene pool. This was adequately and statistically demostrated by Wright 

(1922, 1923). The earlier reports of Cole and Haplin (1916, 1922), Goodale 

(1927), Dunn, 1923, 1928), Jul! (1929, 1930), DUl110n (1930). Dunkerly (1930), 

Warren (1934), British Ministry of Agriculture and Fisheries (1934), Byerly et 

ol. (1934), Hays (1929. 1934) and others involving inbreeding have been very 

discouraging as they observed its depressive effect on fitness and production 

traits. 

The genotype is not simply a collection of independently acting genes. " 

Rather it is an integrated complex which has arisen during the course of evolution 

under natural selection acting on an essentially heterozygous system. The action 

of three forces-natural selection, artificial selection and inbreeding produces 

changes in the genetic composition of a population until an equilibrium between 

them is reached. This results in an apparent stability of the mean of the 

population. Further observable changes are then dependent either on an alteration 

of the relative pressures of these forces or on fundamental changes in the genetic 

structure. However, the underlying genetic basis for the equilibrium may be 

changing even though such changes are not reflected on the phenotypic l~vel. 

The use of inbreeding and" hybridization has revolutionized the plant and 

livestock including poultry industry. Inbred lines have numerous uses viz: 



1. for theoretical genetic studies. 

2. elimination of undesirable recessive characters. 

3. for producing in-crosses. 

4. for producing in crossbreds. 

5. for producing top incrosses. 

6. as an aid to selection. 

Inbreeding and hybridization have two important phases. First 

development and maintenance of inbred lines and second best possible use of 

inbred lines. The general loss in overall vigour and perfonnance is perhaps the 

most important single limiting factor in the development and maintenance of 

inbred lines. 

Knowledge of the effect of inbreeding on performance is essential for the 

poultry breeder to make intelligent decisions regarding number and size of 

inbred lines to be developed and maintained, relative emphasis that should be 

placed on different traits, rate of inbreeding per generation, ultimate level of 

inbreeding to be attained, ways of testing inbred lines and eventual com,mercial 

use of surviving lines. As an exampl"e, if the egg production and fitness are not 

greatly affected, the most efficient method will tend toward starting with many 

small lines using intense inbreeding carried to high level, practicing selection 

between lines and expanding surviving lines rapidly. On the other hand, if the 

egg production performance and fitness are greatly affected, selection within 



lines would be emphasized instead of selection between lines. The lines would 

need to be larger and the process of making and testing lines would be slower. 

It was with this view, the present investigation was undertaken with the 

following objectives: 

to determine the means performance of different growth and production 

traits in inbred and control population. 

to estimate the heritability, genetic, phenotypic and environmental 

correlations among traits under study. 

to study the simple and partial correlations of different growth and 

production trait under study. 

comparIson of growth and production traits if two inbreds with control 

population. 

_. to estimate the coefficient of detennination usmg simple and multiple 

regression. 
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REVIEW OF LITERATURE 

Economic traits of poultry are very complex with respect to their 

manifestation, because they are product of very intricate net work of a large 

number of genetic, nutritional, physiological and environmental processes. 

The improvement of poultry for increased egg production through inqreeding 

and hybridization is an accepted breeding practices. Although this method has 

its demerits and seems to be time consuming but has fast improvement rate 

per unit of time. As inbreeding progresses its depressive effects are exhibited 

on the performance. 

(A) Means and h~tabiIity estimates 

(i) Growth traits 

The body weight of a bird, or its growth rate, indicates its genetic 

constitution with respect to the specific environment, and gives an indication, . 

how best it is adaptable to that environment. Since a optimum body weight is 

a pre requisite for the future performance of a bird, it is essential that optimum 
I 

body weight is achieved during the early period of age. 

Waters and Lambert (1936) study involving inbreeding of-various 

intensities extending over 10 year period reported that increased inbreeding 

did not decrease the adult body weight in WLH. They also concluded that 

their study suggested the practical application of the principles in poultry. 



Dumon (1938) estimated that certain lines did not show depressive 

effects of inbreeding. The body weight at 3 and 6 months of age failed to . 

reveal any definite effect of close inbreeding in fact the highest mean and best 

individual weight occurred in offsprings from brother x sister matings. 

Shoffner (l948b) reported that C.V. values of body weight did not 

show an obvious tendency to decline as the inbreeding progressed from 0 to 

60 per cent in 10 generations in white leghorn. When these 10 generations 

were grouped in two categories, lower inbred group and higher inbred group 

(F=13.2 and 52.2 per cent, respectively) the later group was found to have 

move t.V. than the former. 

Kusner and Kitaeve (1951) estimated that live body weight up to 5 

weeks was low in white leghorn birds produced by mating related birds than 

that of birds produced by mating unrelated birds. When the matings of related 

birds were considered, the performance of birds produced by cock reared at 

another farm was better than that of birds produced by the cock reared at the 

same farm as the hens. They concluded that deleterious effects of inbreeding. 

were counter acted by rearing the sire under different conditions. 

Waters (1951) studied on 6 inbred lines of white leghorn for a period 

extending over 8 years. As the inbreeding coefficient increased the mean body 

weights at 10 months of age and their standard deviation of 2 lines remained 

relatively constant at higher levels of inbreeding, and in another two lines it 
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showed considerable variation from year to year. In one of the lines, there was 

a more or less steady increased whereas in other line (the most intensely 

inbred) there was a progressive . decrease. He concluded that intensive 

inbreeding will not necessarily decrease the body weight of chicken and that 

with some selection body weight may be maintained and in some instances 

increased. 

Kusner (1958) studying the effect of inbreeding in two groups of 

pullets obtained by crossing leghorns and general purpose hens respectively 

. with inbred leghorn cocks produced by 6 generations of close inbreeding and 

out bred leghorn cocks. He reported that body weights were lowest in the 

inbred group. 

Abplanalp and Woodard (1967) observed that continued full-sib mating 

in turkeys only 3 lines survived with F=50 per cent in the first set and 12 lines 

survived with F= 37.5 per cent in the second set out of 15 lines. The body 

weight of toms declined from 15.5 kg of controls to 14.1 kg in inbred with 

F=50 per cent. 

~inney et al. (1968) studying the data of random bred white leghorn 

population for several generations and reported heritability estimates ranging 

from 0.315 to 0.655 with a pooled average of 0.450. 

Du Plessis et al. (1970) studied full sib mating for over 13 generations 

and when inbreeding coefficient ranged from initial 3.3 per cent to 92.9 per 

cent, the body weight tends to decline. 



Krishna (1970) estimated the average body weight from 0, 4, 8, 12, 16, 

20 and 24 weeks in two successive generation to be 33.9, 134.5,319.1,556.2, 

833.4, 1050.7, 1233.8 and 35.0, 112.8, 226.5, 496.9, 756.7, 996.1 and 11923 

g respectively. The heritability estimates ranged between 0.06 to 1.26 in first 

generation and 0.18 to 1. 5 0 in the second generation in a white leghorn flock 

selected for egg production. 

Mac taury and Johanson (1971) studying on Athens-Canadian chickens 

for another purpose found that inbred birds (F=O, 25, 37 and 50 per cent) were 

. lighter in 8 week body weight when compared with contemporary non-inbred 

from a inass matings. 

Banerjee (1972) observed the averages and heritability of body weights 

from hatch to 24 weeks in two successive generations, in a white leghorn 

flock select~d for egg number. Th~ averages were 35.7, 98.5, 250.3, 470.5, 

726.7, 955.3, 1183.3 and 35.4, 101.0, 274.0, 518.7, 809.6, 1065.2, 12-72.lg 

respectively, while the heritability estimates ranged between 0.17 to 1.44 in 

first year and 0.09 to 1.22 in the second year. 

Kulenkamp et at. (1973) arranged five consecutive full sib matings in 

japanese quail leading to extinction of 6 inbred lines out of 17 in beginning. 

The inbreeding coefficients of 5 generations were 25, 38, 50, 59 and 67 per 

cent, respectively. Body weights were second to suffer lUost, the first being 

the egg production. They concluded that the performance as a whole for all 



inbred lines was always less than control lines and most of the traits showed 

depression after the first generation of full sib mating, with performance 

remaining fairly stable thereafter. 

Bashnakov (1974) compaired the inbred progenies of white plymouth 

rock and cornish (F= 0.125 and 0.25) with out bred birds of the same breeds 

and found that outbreds averaged highest for body weight from 2nd to 20th 

. weeks of age. 

Rala et al. (1975) established an inbred line after 10 generations of sib 

mating. They found a marked decrease in body weight as inbreeding 

progressed. 

Singh (1976) reported that the average monthly body weights .whioo,

were found to be 32.8, 126.6, 269.0, 497.l, 692.5, 938.4 and 11S5.7g with a 

C.V. of 16.05,25.15,27.88,24.49,41.94,21.52 and 15.71 per cent in the 1st 

year and 36.61, 195.98,584.87,816.14, 1004.51 and 1189.43 g with a C.V. of 

9.32, 35.77, 20.27, 15.46, 17.66 and 1.77 per cent in the second year 

respectively form hatch to 24-weeks of age except 8-week in second year in 

WLH. 

The heritability for the same traits, except for 8-week body weight were 

0.67 ± 0.26,0.38 ± 0.16, 0.32 ± 0.07,0.41 ± 0.18, 0.27 ± 0.06,0.46 ± 0.19 and 

0.70 ± 0.22 in the first year and 0.66 ± 0.21, 0.27 ± 0.09, 0.36 ± 0.12~ 0.37 ± 

(98 



0.08,..0.27 ± O.09,....Q~:f:..4:-l-2, 0.37 ± 0.08, 0.27 ± 0.06 and 0.61 ± 0.18 in the 

second year from sire components of variance respectively. 

Kumar (1983) studied on half and full sib (F 1) populations of White 

Leghorn. He found 0, 4, 8 weeks body weights to be 35.53 ± 0.20, 148.57 ± 

2.81 and 382.65 ± 5.07g, respectively in full sib population. The heritability 

estimates for these traits were 0.08 ± 0.03 (sire), 0.51 ± 0.27 (sire + dam), 0.17 . 

± 0.16 (sire), 0.16 ± 0.08 (sire + dam) and 0.19 ± 0.11 (sire), 0.17 ± 0.07 (sire 

+ dam). The maternal influences were 0.035, 0.024 and 0.036 in the same 

. order. He concluded that mean of these traits were more or less similar for 

. half sib and full sib populations and heritability values computed from sire 

components of variance were lower than those computed form' sir~. + dam 

components of variance. 

Bhushan (1984) reported means of 0, 4, 8, 12, 16,20 and24 week body 

weights as 35.65 ± 0.42,152.96 ± 0.13,366.06 ± 0.35,599.81 ± 11.58,769.13 

± 16.83, 933.56 ± 20.88 and 1212.21 ± 28.43g respectively in inbred 

popUlation of WLH. The heritability estimates of these traits were found to be 

0.34 ± 0.026, 0.02 ± 0.01, 0.09 ± 0.01, 0.10 ± 0.01, 0.01 ± 0.01, 0.08 ± 0.01 

and 0.46 ± 0.032 respectively in the same order.. He concluded that body 

weights upto 20 weeks were more -or less similar in control and inbred and 

heritabilities of all traits were lower in inbreds. 
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Chaitanyam and Singh (1985) conducted experiment on white leghorn 

to study the effect of five generations of close mating (full-sib mating) on 

economic traits. They found 10 week body weights to be 403, 375, 360, 320 

and 376g, respectively for five generations having inbreeding coefficient of 

25,37.5, 47.96, 48.13 and 55.36 per cent. They concluded that the differences 

1-:0,[ c 
among these means were non-significant as selection might had compensated 

_e- .---

the effects of inbreeding to some extent. The overall 10 week body w'eight of 

. inbreds (372g) was less than that of base population (543g). 

Kushwaha (1987) expected mean values of 0, 4, 8, 12, 16, 20 and 24 

week body weights as 34.28 ± 0.12, 169.13 ± 2.69, 367.88 ± 6.02, 668.78 ± 

8.18,898.09 ± 9.33, 1079.73 ± 9.38 and 1241.27 ± 10.63g, respectively in F4 

generation of full sib in WLH. The heritability estimates were found to be 

0.098 ± 0.08, 0.048 ± 0.08, 0.097 ± 0.085, 0.043 ± 0.085, 0.000 ± 0.000, 0.083 

± 0.085 and 0.067 ± 0.085 in the same order. He concluded that all the traits 

were under the influence of inbreeding and most of the heritability values 

reduced or did not show improvement as inbreeding increased. 

Singh (1987) experimented on F 3 inbred flock of WLH, and found the 

average values of 16,20 and 24 week body weights to be 729.15 ± 3.8, 918.71 

± 3.4 and 1223.44 ± 8.8g, respectively. The heritability values of the same 

traits were 0.25 ± 0.08, 0.08 ± 0.07 and 0.13 ± 0.07. He also concluded that all 

the characters were influenced by inbreeding. 



Rai (1988) concluded the impact of inbreeding in full-sib populations 

of WLH and reported mean values of 0, 4, 8, 12, 16, 20 and 24 week body 

weights to be 34.44 ± 0.20, 182.78 ± 1.23, 341.75 ± 3.71, 603.13 ± 6.34, 

897.78 ± 1.90, 1065.01 ± 6.34 and 1245.26 ± 6.77g, respectively. The 

heritability estimates for the same traits were 0.021 ± 0.07, 0.009 ± 0.07, 

0.665 ± 0.25, 0.887 ± 0.29, 0.153 ± 0.0 1, 0.020 ± 0.07 and 0.128 ± 0.11. 

Kumar (1989) experimented on white leghorns to study the effect of 

four generations of inbred (F=0.38, 0.50, 0.59 and 0.67) population. The 

. overall mean values of 0, 4, 8, 12, 16, 20 and 24 week body weights to be 

34.57 ± 0.10, 163.13.± 0.95, 356.~5 ± 2.79,611.30 ± 3A2, 816.53 ± 3.30, 

997.28 ± 3.98 and 1217.14 ± 4.84g respectively. The heritability values for the 

same traits were -0.076 ± 0.059,0.131 ± 0.069, OA17 ± 0.1'58, 0.317 ± 0.113, 

0.132 ± 0.067,0.162 ± 0.078,0.148 ± 0.077 and 0.244 ± 0.066,0.053 ± 0.056, 

0.694 ± 0.101, 0.298 ± 0.074, 0.024 ± 0.054, 0.112 ± 0.059, 0.131 ± 0.060 

from sire and sire + dam components respectively. 

Khare (1991) refered the mean estimate of body weight at day old, 4, 8, 

12, 16 and 20 weeks of age to be 35.65, 150.95, 367.18, 604.70, 781.95 and 

967.50g, respectively while the heritability estimate of day old, 4, 8, 12, 16 

and 20 weeks body weight were 0.28 ± 0.162, 0.267 ± 0.150, 0.330 ± 0.178, 

0.042 ± 0.062, 0.196 ± 0.140 and 0.206 ± 0.137 respectively based on sire 

components of variance in white leghorn population. 

/#1 
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Rai et al. (1992) estimated the average body weight at day old, 4, 8,12, 

16 and 20 weeks of age as 34.44 ± 0.20,182.79 ± 1.23,341.76 ± 3.71, 603.13 

± 6.24, 897.78 ± 1.90 and 1065.01 ± 6.34g, respectively in full-sib population 

of white leghorn. 

Singh (1992) reported average body weight at 4, 8, 12, 16. and 20 

weeks of age to be 112.69, 273.91, 756.09, 996.76 and 1125.86g, respectively 

in white leghorn population. 

Sharma et al. ( 1994) observed the heritability estimates based on 

paternal half sib analysis. The heritability of body weight at 20 week was 1.47 

± 0.088. 

Mani (1994) concluded the average body weight at day old 4, 8, 12, 16 

and 20 'Yeeks of age as 37.38 ± 0.04, 92.27 ± 0.66, 304.38 ± 8.27, 609.81 ± 

13.65, 908.30 ± 33.55 and 1117.17 ± 33.79g, respectively in white leghorn 

population. The heritability estimates for day old to 20 week of age were 

found as 0.027 ± 0.086, -0.051 ± 0.037, l.883 ± 0.656, 1.348 ± 0.602, 1.043 ± 

0.531 and 1.056 ± 0.533 respectively. 

Khatkar et al. (1995) reported_. the average body weight at 20 week of 

age in two strain PL, and PL2 of layer chicken was 1012 ± 1. 82 and 1074 ± 

1.85 respectively. The heritability estimates ~ '0.469 ± 0.09 and 0.445 ± 

0.09 respectively in PL, and PL2 layer chicken. 

Sharma (1996) estimated the mean body.weight at 4, 8, 12, 16 an~ 20 

weeks of age as 168.023 ± 1.780,374.981 ±4.l55, 654.469 ± 5.879,880.021 ± 



7.725 and 1161.896 ± 9.498g, respectively. The heritability estimates" at 4, 8, 

12, 16 and 20 weeks of age for sire and sire + dam components of variance 

were 0.148 ± 0.114, 0.161 ± 0.118,0.139 ± 0.112, 0.219 ± 0.133, 0.220 ± 

0.134 and 0.219 ± 0.138, 0.164 ± 0.122, 0.094 ± 0.102,0.175 ± 0.125, 0.190 ± 

0.l30, respectively. 

(ii) Body weight at sexual maturity 

It is an important economic character, however, in laying chickens it is 

considered more with its relation to feed consumption and. sexual maturity 

than with its direct effect on econonlic return. Large birds consume more feed 

for dozen of eggs produced due to their greater demand for maintemince, on 

the other hand the salvage value of a large bird is more. Further, any breed or 

strain has an optimum body weight for egg production. There seems to be no 

material advantage in increasing the body weight over the optimum level, 

whereas any lowering of the body weight results in lowered egg production 

and small eggs. Because of this variable effect of body weight on egg 

production, there are conflicting reports in the literature. 

Shibata (1965) reported the heritablity estimates for adult body weight 

of white leghorn as 0.248 ± 0.083 and 0.579 ± 0.056 based on sire and dam 

components of variance. 

Saeki et al. (1966) estimated the heritability of body weight at sexual 

maturity which was 0.71 ± 0.09 from sire compo'nents of variance. 
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Krishna (1970) concluded the mean body weight at sexual maturity to 

be 1416.0,1477.3 and 1372.4g in base, selected and control flock of white 

leghorn, respectively. The heritability of body weight at sexual maturity was 

0.78 ± 0.2S, 0.40 ± O.OS and 0.59 ± 0.14' from sire, dam and sire' + dam 

components of variance, respectively. 

Banerjee (1972) estimated the mean body weights at sexual maturity as . 

1411.0 and 14S0.9g during first year for selected and control flock 

respectively and 1500.9 and IS1S.2g for the second year selected and control 

flock respectively. The heritability estimate of body weight at sexual maturity 

was 0.68 ± 0.19 in white leghorn flock. 

Iqbaluddin et at. (1975) compared the performance of random bred and 

FI full-sib population (F=25%) of WLH and found that weight at sexual 

maturity was lower in inbreds (1325.l9 ± 6.81g) as compared to random breds. 

(1442.10 ± 6.54g) with a C.Y. of 13.06 and 11.37 per cent respectively. The 

heritability estimates based on sire and sire + dam components of variance 

were 0.723 ± 0.127 and 0.720 ± 0.128, respectively. He concluded that the 

high S.E. and heritability value showed that inbreds had more variability than 

. random bred. 

Singh (1976) investigated the' effects of full-sib mating by producing F2 

(F=0.37S) and F3 (F=O.SO) from FI in WLH and found that mean body weight 

at maturity reduced from 1326.99 ± 3.79g in F2 to 1264.49 ± 6.S2g in F3 

progenies with a corresponding C.Y. of 13.29 and 13.04 per cent. The 



heritability estimates based on sire components' of variance were 0.236 ± 

0.120 and 0.668 ± 0.144, respectively for F2 and F3 generations. He concluded 

that S.D. and C.V. values for most of the traits reduced in F3 indicating 

reduction in variability and that improvement in heritability for mature body 

weight from F 2 to F 3 showed the scope of practicing selection to improve the 

traits during inbreeding process. 

Singh (1977) estimated the data of F4 full-sib generation (F=59%) to 

study the inbreeding depression resulting from 4 generations of full-sib 

matings in WLH. The mean weight at maturity and its heritability were found 

to be 1092.31 ± 5.42g and 0.163 ± 0.019, respectively. He further concluded 

that weight at sexual maturity was adversely affected by increased inbreeding 

from F I to .F 4 generation. 

Singh et ai. (1982) estimated the average weight at sexual maturity as 

1488.01 ± 253.30 and 1467.65 ± 175.34 g in selected and control population 

of WLH population. 

Bhushan (1984) concluded that average weight at sexual maturity and 

its heritability were 1281.25 ± 41.91g and 0.l3 ± 0.015, respectively in a F2 

inbred population (F=37.5%) of WLH; controls had a lower weight at 

maturity. 

Kushwaha (1987) analysed the data of inbred flock of WLH (F=59%) 

and reported average weight at maturity as 1437.30 ± 9.26g. The heritability 

of weight at sexual maturity was found to be zer~. 

1. (" 
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Singh (1987) concluded the average of 1389.44 ± 10.Og and a 

heritability value of 0.02 ± 0.07, for weight at sexual maturity,was rec?rded in. 

an inbred flock of WLH (F=50%). . 

Kumar (1989) estimated the data of 4 inbred generations (F=37.5, 50, 

59 and 67 per cent). The average weight at sexual maturity were 1508.07 ± 

11.60, 1354.00 ± 8.64, 136°.16 ± 8.35, and 1371.08 ± 7.77g respectively. The 
~. 

heritability estimate.swere 0.210 and 0.102 form sire and sire + dam 

components of variance respectively. 

Thangaraju et al. (1990) concluded that heritability of two strain of 

white leghorn were 0.62 ± 0.15 and. 0.47 ± 0.13 respectively for body weight 

at sexual maturity . 

. Khare (1991) observed the heritability of body weight at sexual 

maturity as 0.234 ± 0.03 in inbred white leghorn population. 

Rai et al. (1992) estimated the average body weight at sexual maturity 

as 1422.28 ± 8.4g,' in a full sib popUlation of white leghorn. The heritability 

estimates was found to be 0.187 ± 0.12. 
I 

Mani (1994) concluded the average body weight at sexual maturity as 

1695.60 ± 10.40g. The heritability estimates was recorded as 0.533 ± 0.246 in . 
white leghorn. 

Sabri (1999) analysed the data on white leghorn. The heritability 

estimates was 0.02 for body weight at sexual maturity. 

/1; 6 
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(iii) Age at sexual maturity 

The age at sexual maturity is the number of days after hatching that an 

individual Iays the first egg i.e. a pullet is said to be sexually mature when she 

lays -her first egg. The earlier the pUllet comes in to the production, the more 

would be her genetic multiplication as it would be possible for her to l~y more 

eggs in a specified period. 

King (1961) studied the inheritance of economic traits in white ·leghorn 

population. The average sexual maturity were 180.9 and 183.5 days for the 

year 1957 and 1958 respectively. The heritability for the same traits was 

estimated as 0.26, 0.57 and 0040 from sire, dam and sire + dam components of 

variance respectively. 

Van Vleck et al. (1963) estimated the average age at sexual maturity to 

be 176, 179, 184 and 186 days in ¥(hite leghorn controls from two locations, 

in four successive hatches in a year. The heritability estimates of 0.04 and 

0.34 for age at sexual maturity, based on sire and dam components of variance -

respectively was recorded in white leghorn. 

Shibata (1965) reported heritability estimates of age at sexual maturity 

from sire and dam components of variance, as 0.306 ± 0.64 and 0.316 ± 0.057, 

respectively in a white leghorn closed flock. 

Saeki et al. (1966) concluded the average age at sexual maturity to be 

199 days in two strain of white leghorn. The heritability was 0.39 ±- 0.16 for 

the same trait based on sire + dam components of variance. 

i1 



Abplanalp and Woodard (1967) observed that age at sexual maturity 

remained unaffected by continued full-sib mating (F=37.5 and 50%). 

Kinney et al. (1968) studied the age at sexual maturity in a random· 

bred leghorn control flock over several generations and found the range of 

averages as 173.6 to 185.6 days and range of heritability estimates between 

0.145 to 0.520 .. 

Acharya et al. (1969) .estimated the average age at sexual maturity as 

176.6 ± 0.35 days with a coefficient of variation of 9.9 per ce.nt. The 

heritability estimate of same trait was 0.37 ± 0.003 and 0.224 ± 0.04 based on 

sire and sire + dam components of variance respectively in white leghorn , 

flock. 

Krishna (1970) concluded that the average age at sexual maturity of the 

first year, second year and control flock of white leghorn under selection to be 

191.7.209.9 and 201.2 days respectively. The heritability estimates based on 

the sire and sire + dam components of variance ~or the above traits were 0.32 

±0.13 and 0.23 ± 0.07 for first year and 0.33 ± 0.15 and 0.28 ± 0.08 for second 

year respectively. 

Iqbaluddin et al. (1975) analysed the data on random breds and 25 per 

cent inbred flock of WLH and found that age at sexual maturity of 199.38 ± 

0.44 days in the random bred flock was increased to 215.53 ± 0.92 days after 

full-sib mating. The heritability estimates based on sire and -sire + dam 



components of variance were 0.458 ± 0.102 and 0.442 ± 0.l20, respectively 

. for inbreds and were higher than the corresponding values for random bred 

flock. 

Singh (1976) compared the performance of F2 (F=37.5%)· and F3 

(F=50%) generations of WLH and found that average age at sexual maturity 

reduced from 211.16 ± 0.85 days in F2 to 205.83 ± 0.85 days in F3 with a 

coefficients of variation of 10.45 and 9.26 per cent, respectively. The 

heritability estimates based on sire component of variance decreased from 

0.251 ± 0.064 in F2 to zero in F3 generation of full sib mating. 

10hari et ai. (1977) observed the average age at sexual maturity to be 

170.2 days in a white leghorn flock and the heritability estimate for the same 

trait was found to be 0.19. 

Singh et ai. (1982) studied white leghorn hens selected for high egg 

production and reported the age at sexual maturity to be 203.39 ± 32.71 and 

215.23 ± 17.09 days in a selected and non-select~d control flock respectively. 

The heritability estimates of age at sexual maturity was found to be 0.78 .± 

0.21 from the sire component of variance in their white leg~orn population. 

PI achy et ai. (1983) studied 4 inbred lines of fowl and reported mean 

age at first egg to be 208, 197,269 and 252 days, respectively. 

Bhushan (1984) reported that average age at sexual maturity. and its 

heritability estimates were 178.75 ± 5.77 days aryd 0.36 ± 0.02, respectively in 



a F2 inbred population (F=37.5%) of WLH. Control birds matured ear~ier than 

the inbreds. 

Chaitanyam and Singh (1985) estimated mean age at sexual maturity to 

be 223,229,260,237, 192,233 and 199 days respectively for F, (F=25%), F2 

(F=37.5%), F3 (F=47.9%), F4 (F=48.13%), Fs (55.36%), in ~breds and base 

t10ck of WLH breed. They further observed that age at maturity showed a 

declining trend at higher levels of inbreeding but the overall change was not 

significant as selection might have compensated. the effects of inbreeding to 

some extent. 

Kushwaha (1987) studied the average of 196.42 ::t 1.86 days for age at 

sexual maturity in ~\ inbred flock (F=59%) of WLH. He also determined the 

heritability as 0..128 ± 0..085 for the same trait. 

Singh (1987) estimated the average and heritability as 209.74 ± 1.3 . 

days and 0.06 ± 0.07, respectively for age at maturity in an inbred flock 

(F=50%) of WLH. 

Rai (1988) reported the average age at sexuaf maturity of 345 birds of. 

white leghorn (F=67%) to be 186.66 ± 1.03 days, while its heritablity value 

was very low. 

Kumar (1989) estimated mean age at sexual maturity to be 216.12 ± 

1.77, 190.78 ± 1.32, 193.93 ± 1.27, 193.14 ± 1.19, and 198.41 ± 0.81 days 

respectively for F2 (F=37.5%), F3 (F=50%), F4 (59%), Fs (67%) inbr~d flock 



of WLH breed. The heritability were found as 0.040 ± 0.065 and 0.147 ± 

0.060 from sire and sire + dam components of variance for overall inbred . 
.. 

Kumararaj et al. (1990) observed the average age at sexual matu~ty in 

white leghorn as 160 ± 0.61 days and heritability was found to be -0.069. 

Yadav et al. (1991) computed the average age at sexual maturity as 

166.42 ± 0.92 and 164.92 ± 0.86 days in two strains of white leghorn. 

Rai et al. (1992) estimated the average age at sexual maturity as 186.66 

± 1.03 days and heritability was 0.038 ± 0.08 in an inbred white leghorn 

population. 

Mahesh (1993) reported the average age at sexual maturity as 151.53 ± 

0.18 days and heritability as 0.50 in 'e' strain of white leghorn. 

Khathar et ai, (1994) estimated the average age at sexual maturity as 

167.80 ± 0.28 and 165.80 ± 0.27 days in PL 1 and PL2 strains of white leghorn. 

Sharma et al. (1994) analysed the heritability as 0.67 for age at sexual 

maturity in white leghorn. 

Brah et al. (1995) reported the average age at sexual maturity as 164.80 

± 0.23 and 157.70 ± 0.23 days in PL] and PL2 strain of white leghorn .. ' 

Sharma et al. (1995) estimated the heritability as 0.67 for age at sexual 

maturity in white leghorn. 

Jeena (1996) analysed the data on three generations (OJ, O2 and 0 3) 

and average of age at sexual maturity was observed as 161.14 ± 0.84, 147.07 

± 0.98 and 151.76 ± 0.77 days, respectively in white leghorn. 
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Singh (1996) reported the heritability age at sexual maturity as 0.44 in 

white leghorn. 

Bais et al. (1997) estimated the heritability of age at sexual maturity as 

0.21 in white leghorn. 

Sharma and Krishna (1998) concluded the average age at sexual 

maturity as 164.00 ± 0.25 days in white leghorn. 

Reddy et ai. (1999) reported the average age at sexual maturity as 

141.00 days. The heritability was estimated as 0.46 in white leghorn. 

(iv) Weight oftbe first egg 

The egg weight is mostly related to the layer's body weight. The large . 

body weight birds produce big size eggs and smaller body weight birds 

produce small size of egg. The egg weight is lowest during the start of lay and 

.' 
then it rapidly attains its weight by 7 to 8 months of age after which the 

increase is not significant. After 40 weeks of age, there would not be much 

increase in the size of the egg. The egg size may, however, vary with 

temperature, nutrition and other environmental conditions. 

Kusner (1958) studied the two groups of pullets obtained by crossing 

leghorns and general purpose hens with highly inbred leghorn and outbred . 

leghorn cocks; control group consisted of purebred Russian whites and found 

that egg weights were lowest in the inbred group. 

Shibata (1965) reported heritabifity estimates, calculated from sire components 

of variance, of egg weight to be 0.197 ± 0.065 in a closed flock of WLH. 



Sittmann et al. (1966) estimated the heritability (Full-sib method) of 

egg weight to be 0.65 for 9th generation in inbred Japanese quail. 

Abplanalp and Woodard (1967) observed that egg size remained· 

unaffected in two sets of inbred lines (F=50 and 37.5 per cent) of Turkeys. 

Smetnev and Mymrin (1967) found that 3 generations of paternal half 

sibbing decreased the egg weight in successive generations in Russian white 

and moscow breeds. 

Laanmal (1968) reported that inbreeding in 2 lines for several years 

decreased egg weight but the performance was improved by crossing inbred 

lines. 

Du Plessis et al. (1970) practiced full-sib matings over 13 generations 

raising F from 3.3 to 92.9 per cent and found that egg weight tended to decline 

with increase in inbreeding in WLH. 

Moiseeva (1970) reported that two years average egg weight was 

significantly lower (49 .19g) in inbreds (F=70%) in comparison to outbreds 

(55.02g) in a strain of Russian whites. The heritability estimates was lower in 

inbreds (0.202) than that of outbreds (0.707). 

Macha et al. (1971) observed that egg weight was not significantly 

affected in closely inbred hens ·of 5 WLH lines as compared to out breds. 

Bashnakov (1974) analysed the inbred progenies of white plymouth 

rock and cornish (F=0.25 and 0.125) with out~red birds of two breeds and 

found that differences in egg weight were not significant. 



Thak et a1. (1975) studied the average initial egg weight and mature 

egg weight to be 36.2 and 49.5g, respectively. The heritability estimates of 

initial and mature egg weight was 0.16 and 0.40 respectively in white leghorn. 

Cahaner et al. (1980) conclu~ed that egg weight seel1l, to be unaffected 

consistently by mild inbreeding in two generations of male line in broad 

breasted white Turkey. In female line also no trait was strongly and· 

consistently affected. 

Anil Kumar (1983) studied the average egg weight as 34.44 ± 0.107g 

and 55.08 ± 0.125g in half sib and full-sib populations of white leghorn. The 

heritability estimates of egg weight was found to be 0.101 and 0.270 in half

sib and full-sib populations, respectively. 

Nirmal (1983) estimated the heritability estimates of egg weight to be 

0.28, 0.61, 0.53 from sire components and 0.46, 0.39, 0.33 from sire + dam. 

components of variance in the selected population for different generations. 

Corresponding heritability in the control group were 0.95, 0.51, 0.61, 0.37, 

0.95,0.66, 0.73 and 0.49 in the different generations, respectively. 

PI achy et al. (1983) reported the average egg weight to be 49, 49, 46 

and 52g, respectively in four inbred lines of fowl and their line crosse~ had an 

average egg weight of 52 to 55g. 

Tayyab (1983) estimated the average first egg weight as 42.050 ± 

0.235g with a C.V. of 9.751 per cent and the.heritability of the same trait 

recorded as 0.216 ± 0.008 in half-sib population of white leghorn. 



Bhushan (1984) studied weight of first egg and its heritability value as 

44.40 ± 1.48g and 0.10 ± 0.01, respectively in a inbred (F=37.S%) flock of 

WLH; control flock had lower egg weight. 

Chait~yam and Singh (1985) found the average egg weight as 47.S, 

49.3, 48.1, 47.0, S1.4, 48.5 and 48.6g, respectively for F I (F=2S%), F2 

(37.50%), F3 (47.96%), F4 (F=48.13%), Fs (F=55.36%), overall inbreds and 

base population of WLH breed. 

Kushwaha (1987) reported the average weight of first egg to be 42.88 ± 

OJOg in an inbred flock of WLH (F=S9%) and the heritability estimate being 

zero. 

Singh (1987) estimated the mean weight of first egg as 41.98 ± 0.33g 

with a low heritability value of 0.06 ± 0.07 in a F3 full-sib population of 

WLH. 

Rai (1988) found average weight of first egg to be 42.38 ± OJ'Og. The 

heritability estimate of this trait was reported very low (0.06 ± 0.07) in a flock 

of inbred leghorns (F=67%). 

Kumar (1989) estimated the average egg weight as 47.S7 ± 0.36, 41.43 ± 

0.27, 36.S7± 0.26, 47.86 ± 0.24 and 43.43 ± O.l6g, respectively for F2 (F=0.38), 

F3 (F=0.50), F 4 (F=0.59), F 5 (F=0.67) and overall inbreds. The overall heritability 

estimates of egg weight was 0.012 ± 0.052 and 0.026 ± 0.053, respectively for 

sire and sire + dam components of variance in a WLH population. 



Thangaraju and Ulaganathan (1990) analysed the data on two strains of 
1,' '., 

white leghorn. The heritability estimates of egg weight, recorded as, 0.90 ±, 

0.20 and 0.84 ± 0.19. 

Brahmkhshatri et al. (1992) reported the heritability estimate' of egg 

weight as 0.31 ± 0.15 based on sire components of variance in white leghorn. 

Ledur et al. (1993) concluded that the average egg weight was 56.4g. 

The heritability estimate for egg weight was 0.51 and 0.40 respectively based 

on full-sib and half-sib analysis of variance. 

Anand Mani (1994) estimated the average first egg weight as 40.92 ± 

0.063g. The heritability estimate was 0.426 ± 0.299 based on sire componen~~ 

of variance in white leghorn. 

Chaudhary et al. (1996) reported the heritability as 0.55 ± 0.10 and 

0.45 ± 0.06, respectively in pure bred and cross bred strain of white leghorn; 

Bais et al. (1997) observed the heritability as 0.22 ± 0.06, 0.55 ± 0.07 

and 0.41 ± 0.04 for egg weight from sire, dam and sire + dam components of 

variance in white leghorn. 

(IV) Egg production 

A number of analysis of economic data have been made in an attempt 

to identify the characters of importance for egg production. These studies 

revealed that egg numbers alone can account for upto 90 per cent of the 

variation in economic return. The numbers of eggs produced in a time interval 



e.g. 90 days or a whole year, is generally used as a measure of production 

capacity of a hen under specified environmental conditions. Hens generally 

reached their egg yield in the first laying year and selection is based mainly on 

records of the first part production as it has been seen that the heritability of 

the part year records is almost as high as that for yearly records and their· 

genetic correlation is also significantly high. 

Kusner (1958) reported that egg production in the first year was higher 

in inbred group (6 generations of close inbreeding) than the control group 

consisting of purebred Russian whites. 

Shibata (1965) estimated heritability estimates of egg production to be 

0.232 ± 0.065 and 0.397 ± 0.077, respectively from sire and dam components 

-~, . 

of variance in a close flock ofWLH. 

Abplanalp and Woodard (1967) initiated two sets of 15 inbred lines of 

Turkeys'. The continued full sib mating left only 3 lines of first set survived 

with F=50 and 12 lines of second set with F=37.S per cent. They found that 50 

week egg production of inbred hens for 2 or 3 generations was equal or better 

than that of non-inbreds. They concluded that this may be due to selection for 

egg production partly through the elimination of lines by natural selection and 

suggested that establishment of inbred lines would require strong selection 

between and within lines, o£..-pFe-b~bly"-a.-program. Qf._crosses -and-.TeneW€d .. :-

~-eeding among-lines- surviving- 4 or -5 generations of"si-bbing,~ 

IJ r 1 
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Laanmae (1968) observed that inbreeding for several years in two lines 

decreased egg production in fowl and was improved by crossing inbred lines. 

Dogadaev (1969) reported that the egg production of 10 months old 

Russian whites was 12.2 per cent low in inbred (Coefficient of inbreeding = 

55.60%) than outbreds. The hens from top-crossing produced 22.3 per cent, 

more eggs than inbreds and the progeny of outbred male x inbred, female 

produced 10.4 per cent more eggs than inbreds. 

Krishna (1970) found that average egg production in the base 

population, selected and control white leghorn flock was 62.2, 57.2 and 52.9 

per cent respectively. 

KuIenkamp et al. (1973) estimated that continued full-sib mating of 5 

generations (F ranged from 25 per cent in F 1 to 67 per cent in F 5) in Japanses 

quail reduced the initial 17 lines to 6. They further observed that egg 

production suffered most followed by body weight and egg weight. Most of 

the traits showed biggest change after the first generation with performance 

remaining fairly stable thereafter. 

Iqbaluddin et al. (1975) compared the.performance of random bred and 

full-sib population (F=25%) of WLH and found that 90 days egg production 

which was significantly lower in inbred (47.69 ± 0.78%) as compared to 

randombreds (57.08 ± 0.25%) with C.V. a of 17.06 and 11.16 per cent. The 

heritability estimates of egg production, computed from sire and sir~ + dam 



components of variance were observed as 0.370 ± 0.081 and 0.365 ± 0.080, 

respectively for inbreds. He conclud~d that high S.E. and heritability estimates 

in inbreds showed that inbreds had more variability than random breds. 

Singh (1976) reported that per cent 90 day egg production showed an 

improvement from 46.22 ± 0.25 per cent in F2 (F=37.5%) to 52.75 ± 0.32 per 

cent in F 3 (F=50%) in WLH whereas its heritability value reduced greatly 

from 0.536 ± 0.291 in F2 to 0.015 ± 0.002 in F3. 

Singh (1977) estimated the 90 day egg production as 51.72 ± 0.45 per 

cent in F4 generation (F=59%) ofWLH. The heritability estimate of the same 

trait was found to be 0.499 ± 0.036. He concluded that egg production was 

adversely affected as inbreeding progressed for F I to F 4. 

Mahtoa et al. (1980) reported that the average egg production of 

selected group was 57.03 ± 1.04 eggs and for unselected group it was.50.60 ± 

1.20 eggs. 

. Singh (1981) estimated the average 90 days egg production to be 46.15 

± 0.25 and 52.75 ± 0.34 per cent for 37.5 per cent and 50 per cent inbred flock 

of white leghorn. 

Bhushan (1984) studied average 90 days egg production 'and its 

heritability estimates as 48.30 ± 1.93 eggs and 0.18 ± 0.00, respectively in a 
\ t ~ '\ ~-

inbred (F=37.5%) flock of WLH; control population fo~nd to have lower egg 
/', 

production. 



Chaitanyam and Singh (1985) found average 100 days egg production 

to be 49,45,38,36,37,42 and 55 eggs, for FI (F=25%), F2 (F=37.5%), F3 

(F=47.96%), F4 (F=48.13%), Fs (F=55.36%), overall inbreds and base 

population ofWLH breed, respectively. 

Kushwaha (1987) studied th_e performance of inbred flock of WLH 

(F=59%) and found an average of 49.03 ± 0.59 eggs for 90 day egg production. 

He estimated a very low heritability value (0.011 ± 0.085) for this trait. 

Singh (1987) reported the average 90 day egg production of 41.67 ± 

0.61 eggs with a heritability estimate of 0.10 ± 0.07 in inbred flock (F=50%) 

ofWLH. 

Rai (1988) estimated average egg production of first 90 day to be 51. 85 

± 0.30 eggs with a heritability value of 45.146 ± 0.11 in an inbred flock 9 

(F=67%) ofWLH. 

Kumar (1989) recorded the average egg production of first 90 days as . 

53.21 ± 0.63, 47.24 ± 0.47, 48.41 ± 0.45, 48.26 ± 0.42 and 49.28 ± 0.28 eggs 

for F2 (F=0.38), F3 (F= 0.50), F4 (F=0.59), Fs (F=0.67) and overall inbred 

population of WLH respectively. The heritability for the same trait and same 

inbreds were -0.091 ± 0.048 and 0.131 ± 0.059 for the sire and sire + dam 

components of variance respectively. 

Tayyab et al. (1990) conducted the experiment on white leghorn and 

estimated the heritability of half sib family for ~O days egg production which 

was 0.06 ± 0.04. 



Rai et al. (1992) reported the heritability of egg production which was 

found to be 0.15. 

Yadav et ai. (1993) estimated the heritability of 90 day egg production 

in white leghorn as 0.21 and genetic correlation,among the trait were non-

significant. 

Sharma et ai. (1994) computed the heritability of egg production upto 
()-:- -

280 days of age which was\high as 0.64 in white leghorn. 
t· 

Sharma et ai. (1995) reported the average 90 days egg production as 

38.111 ± 0.267g. The heritability estimate were 0.338 ± 0.164 and 0.312 ± 

0.164 respectively from sire and sire + dam components of variance in white 

leghorn. 

Bais et ai. (1997) estimated the heritability from sire and sire + dam 

components of variance as 0.07 ± 0.03 and 0.11 ± 0.02 respectively for 280 

days egg production in IWH strain of white leghorn. 

. Sharma et ai. (1999) computed the average 90 days egg produCtion as 

38.111 ± 0.267g. The heritability estimates was-decreased as 0.314 ± 0.164 

based on sire + dam components of variance in white leghorn. 

(V) Clutch size 

The clutch is the number of consecutive eggs laid by a bird and the rate 

of laying il determined by clutch size which in turn is determined by the 

interval between successive eggs. Good layers usually lay eggs in clutches of 

three or four eggs and the intervals between the clutches are usually n.ot more 



than one day. One of the longest clutches on record being that of a white 

leghorn that laid 22.3 eggs III as many days in an officially conducted 

canadian egg laying test. 

Hays (1934) using 23 inbreds_lines ofRIR found that inbreeding tended 

to decrease mean winter clutch size and crossing inbred lines restored the 

intensity to the original level of foundation females. He concluded that the 

data in general show the down ward trend of persistency following inbreeding 

and their crosses were not superior than general flock. 

Waters and Lambert (1935) could not f.ound any clear evidence that the 

ability to lay during the winter months in WLH has been diminished as the 

inbreeding coefficient increased. 

Wezyk (1970) studied on a flock of sussex fowls closed for 6 

generations and observed the genetic progress in rate of lay. The heritability 

value of rate of lay declined over successive generations indicating a decrease 

in genetic variation. 

Bhushan (1984) reported average clutch size of 1.46 ± 0.05 and its 

her~tability value to be 0.17 ± 0.01 in an inbred flock (F=37.5%) ofWLH. He 
c 

.coriduded 'higher clutch size than those of controls indicated poor laying 

intensity in the inbreds. 

Kushwaha (1987) estimated an average clutch size of 1.93 ± 0 . .03 days 

in an inbred flock of WLH (F=59%) with a very low heritability value (0.012 

± 0.085). 
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Singh (1987) concluded mean clutch size of 2.28 ± 0.03-d-ays· with a 

heritability estimate of 0.12 ± 0.07 in a,inbred flock (F=50%) ofWLH. 

Rai (1988) studied the effects of inbreeding in an. inbred flock (F=67%) 

of WLH and found average clutch size of 1.74 ± 0.01 days with a heritability 

estimate of zero. 

Kumar (1989) reported the effects of inbreeding at 4 1evel.s of in-

breeding coefficient (F=0.38, 0.50, 0.59 and 0.67), respectively. The average 

clutch size was 2.04 ± 0.03, 1.85 ± 0.02, 1.83 ± 0.02, 1.84 ± 0.02 and 1.89 ± 

0.01 for F 2, F 3, F 4, F 5 and overall inbred, resepctively. The heritability for 

same trait; was found to be -0.097 ± 0.440 and 0.088 ± 0.057 for sire and sire 

+ dam component of variance, respectively. 

Correlation's estimates 

Shibata (1965) reported that age at sexual maturity was genetically 

correlated with egg production (-0.749 ± 0.121), and adult body weight with 

egg weight (0.652 ± 0.106) in a closed flock ofWLH. 

Kinney et al. (1968) estimated that the genetic correlations of 8 weeks 

of age with egg weight, sexual maturity and part egg production -wftielr were 

0.16, -0.01 and -0.01 respectively. 

Krishna (1970) studied the phenotypic genetic and environmental 

correlations between cumulative body weights at different stages, from hatch 

to 24 weeks of age. These correlations were mostly positive and ·significant. 



The genetic correlations were higher and environmental correlations were 

found to be smaller then the phenotypic correlations. The weight at sexual 

maturity was significantly correlated with egg production, while the 

correlations between age at sexual maturity and egg production was found as -

0.17, 0.10, -0.52 and 0.32, -0.12, 0.05 for the first year and second years 

respectively. 

Banerjee (1972) observed the phenotypic, genetic and environmental 

correlations between ",cumulative. body weights at different stages from hatch 

to 24 weeks of age. All correlations were mostly positive and significant. The 

correlations' between cumulative body weights and age at maturity were 

negative but significant. Genetic correlations were higher than the phenotypic 

correlations. The phenotypic correlations between age at sexual maturity with 

weight at sexual maturity and 90 days egg production were 0.17 mid -0.41 

respectively. The genetic correlations between age and weight at sexual 

maturity were 0.66 and 0.67 from sire and sire + dam components of variance 

covariance respectively. The phenotypic correlations of age with weight at 

sexual maturity and 90 days egg pr<:duction were 0.00 and -0.12 respectively. 

The environmental correlations between age and body weights at sexual 

maturity were 0.21 and 0.22 from sire and sire + dam components of variance· 

covariance respectively. 

Iqbaluddin (1972) reported that the phenotypic, genetic (sire), genetic 

(sire + dam) and environmental correlations between age and weight at sexual 



maturity were significant with the values of 0.270, 0.508, 0.368 and -0.173, 

respectively in full-sib population. The corresponding correlations betWeen age 

at sexual maturity and egg production were found to be significant, except the 

genetic (sire + dam) with their estimate of -0.196, -0.178, 0.045 and -0.467. The 

correlations between weight at sexual maturity and egg production were found 

to be 0.064, 0.106, 0.250 and -0.130 in the same order; all values being 

significant except first one. 

Singh (1976) estimated that the phenotypic correlations of age at sexual 

maturity with weight at sexual maturity and egg production were negative and 

significant, with the values of -0.1 21and -0.408, respectively in 37.5 per cent inbred 

white leghorn flock as against the corresponding correlations of -0.060 and -0.0339 

in 50 per cent inbred WLH flock and later being significant. The corresponding 

genetic correlations were also signifiCaht with the value of -0.207 and 0.638 in 37.5 

. per cent inbred flock and were 0.406 and 0.757 in 50 per cent inbreds. 

The corresponding environmental correlations were -0.134 and -0.534 

in 37.5 per cent inbreds and -0.145 and -0.329 in 50 per cent inbred flock. The 

correlations between weight at sexual maturity and egg production at 

phenotypic, genetic and ·environmental scale were found to be 0.009, -0..126 

and 0.034, respectively in F2 (F=37.5%); only the middle figure being 

Significant, whereas the correspon4ing correlations in F3 (F=50%) were all 

Significant with the values of 0.141, 0.727 and 0.194. He also found that 

partial correlations of egg production with weight at maturity, keeping age at 

) ) 



maturity constant, were 0.011 and 0.160 in F2 and F3 full-sib populations, 

respectively whereas the partial correlation between of egg production and age 

at maturity, keeping weight at sexual maturity as constant were significant· 

with the value of -0.410 and -0.338, respectively in F2 and F3 generation. 

Singh (1977) estimates' the phenotypic, genetic and environmental 

. wULV 

correlations between age and weight at maturity which WitS significant with 

the values of 0.469, 0.504 and 0.476, respectively in a full-sib population of 

WLH. The corresponding correlation between age at sexual maturity and egg 

production were also found to be significant with their estimates of -0.249, -

0.228 and -0.311, respectively. Whereas weight at maturity and egg. 

production were significantly correlated at genetic (0.608) and environmental 

(-0.11.9) levels. 

Krishnan et al. (1977) concluded that age at maturity was highly 

significantly correlated with average clutch size in flock (-0.42). Average 

clutch size was also correlated with.40 weeks production in all 3 floc~s (0.45, 

0.71 and 0.47). 

Thangaraju et al. (1978) reported the genetic correlation between clutch 

size and egg production which was 0.83 while clutch size with egg mass was 

0.78, both the correlations were significant. 

Avadhesh Kumar (1982) reported that genetic, phenotypic and 

environmental correlations between day old 4; 8, 12 and 16 weeks of body 



weight were found to be 0.340 ± 0.003, 0.077 ± 0.046 and -0.024, 0.473 ± 

0.0003, 0.l32 ± 0.05 and 0.024, 1.119, 0.039 ± 0.051 and -0.171, -0.502 ± 

0.0015,0.038 ± 0.051 and 0.125, 1.114,0.570 ± 0.034 and 0.428, 1.019,0.255 

± 0.048 and 0.156,0.288 ± 0.0007,0.169 ± 0.05 and 0.167, 0.949 ± 0.000, 

0.512 ± 0.037 and 0.42, 0.016 ± 0.001, 0.209 ± 0.049 and 0.234, 0.1653 ± 

0.0001,0.6994 ± 0:058 and-0;68-1-$,.respectively in white leghorn. 

Kumar (1983) estimated that the phenotypic, genetic environmental 

correlations between 0 and 4 week body weights were significant with the 

values of 0.567, -2.069, 0.513, 0.812, 0.586, 0.526 and 0.557, respectively in a 

full~sib population of WLH. The corresponding correlations between 0 and 8 '7 

week body weights and between 4 and 8 week body weight were all 

. significant with their estimates of 0.559, -1.882, 1.312, 0.900, 0;582, 0.513 

apd 0.549, and 0.906, -1.094, 1.019,0.987,0.907,0.900 and 0.904. 

Tayyab (1983) concluded that the genetic, phenotypic and 

environmental correlation between age at sexual maturity and 90 days egg 

production were found to be -0.950 ± 0.002, 0.256 ± 0.53 and 0.237, 

respectively in half sib family of white leghorn. 

Bhushan (1984) reported that day old body weight was signifi~ant and 

positively correlated with 8 week body weight and negative with most of the 

other traits at phenotypic and genetic levels (0.25 and 0.95, respectively). All 

the production traits viz. weight and age at sexual maturity, weight of the first 



egg, 90 day egg production and clutch size were found to be sign~ficantly 

correlated in all possible combinations at genetic, phenotypic and· 

environmental scale; except genetic correlation between 90 day egg 

production and age at sexual maturity. 

Rai (1988) found that most of the genetic and phenotypic correlations 

among the body weights from 0 to 24 weeks of age in all possible 

combinations were significant and same was the case among weight arid age at 

sexual maturity, weight of first egg, 90 day egg production and clutch size. 

Kushwaha et al. (1989) estimated that the genetic correlations among 0, . 

4, 8, 12, 16, 20 and 24 week body weight and also among weight and age at 
. . 

maturity, weight of the first egg, 90 day egg production and clutch size were 

all significant. Similarl:y most of the corresponding correlations at phenotypic 

level were found to be significant. 

Kumar (1989) computed the genetic correlations as per SIre 

components of variance and covariance, were found to be correlated 

. significantly among· each other except that of 90 days egg production and 

clutch size which were significant and negatively correlated. The 0 week body 

weight with 8 week weight and thereafter initial body weights were correlated 

positively and significantly with their subsequent body weights from 4-week 

onwards except between 12 and 16 week body weight while the 90 days egg 

production with clutch size was negatively .and significantly correlated. 



Similarly most of the corresponding correlations at phenotypic level were 

found to be significant. 

Thakur et al. (1989) reported. that the environmental correlation was-

0.l37 ± 0.10 between age and body weight sexual maturity. 

Anil Kumar and Verma (1990) observed the phenotypic correlations of 

day old body weight with body weight at 4 week as 0.57 and with 8 week 

body weight as 0.56. Body weight at 4 week had significant phenotypic 

correlation with 8-week body weight (0.91) in inbred population of white 

leghorn. 

Khare (1991) reported the phenotypic correlations of 4 week body 

weight with 1 day, 12, 16, 20 week and weight at sexual maturity as 0.411, 

0.82, 0.25, 0.83, 0.76 and -0.60, respectively while the genetic correlations of. 

day old body weight with 4, 8, 12 and 20 week and weight at sexual maturity 

as 0.99 ± 0.40, 0.95 ± 0.38, 0.854 ± 0.52, 0.991 ± 0.42, 1.002 ± 0.01 arid -

0.769 ± 0.21 on the basis of sire + dam component of variance and covariance 

in inbred white leghorn population. 

Singh (1992) estimated the phenotypic correlations of 4 week body 

weight with 8, 12, 16 and 20 week; age and age at sexual maturity as 0.80 ± 

0.06, 0.66 ± 0.02, 0.59 ± 0.30, 0.49 ± 0.21 and -0.28 ± 0.20, respectively in 

white leghorn flock. 

Mani (1994) observed the phenotypic. genetic and environment,; 

correlations between day old with upto 2.0-week body weight, weight at sexual 



maturity, age at sexual maturity and weight of first egg. The phenotypic 

correlations among day old body weight was found positively and 

significantly correlated with 4 week (0.573 ± 0.44), 8th week body weight 

(0.154 ± 0.06), while day old body weight was not significantly correlated 

with other traits. The 4th week body weight with 8th
, Ith ,16th and 20th week 

body weight was positive and significant, while with other traits it was 

negative and non significant. The most of the phenotypic correlations were 

positive. and significantly correlated ftwhile genetic correlations were mostly· 

negative and significant but environmental correlation were positive and non 

signific~ntly correlated ... 
/ '_ I 

Sharma (1995) estimated that the genetic, phenotypic environmental 

correlations among day old, 4, 8, 12, 16 and 20 week body weight and also 

age at sexl,lal maturity and 90 days egg production were mostly positive and 

significantly correlated while the phenotypic correlations were also mostly 

. (Il' :-·0.. . . 

positive and significant except age at sexual maturity which was~negative and. 

~f) ,~_r.."=" 

non significantly correlated while, the environmental correlations -aFe- also 
/. 

positive except age at sexual maturity, as per sire components. The same trend 

was found for genetic, phenotypic and environmental correlations as per sire + 

dam components of variance and covariance. 

MandaI and Mann (1998) observed the genetic correlations-w€r.e found. 

betwyen body weight with 20 weeks and egg production upto 280 days (0.167 



± 0.038), between age at first egg and egg production with 280 days (0.528 ± 

0.051), between egg production upto 280 days and egg weight at 32 weeks 

(0.247 ± 0.046) and between egg weight at 32 weeks and body weight at 40 

weeks (0'.084 ± 0.040) on the basis of full-sib component of variance and 

covariance. 

Sabri et ai. (1999) reported the phenotypic and genetic correlation in 

white leghorn. The phenotypic correlations ranged from 0.80 to -0.13 and 

genetic correlations from 0.91 to -0.27. 

Regressing estimates 

Sittman et ai. (1966) observed the inbreeding depression in Japanese 

quail, with four levels of inbreeding coefficient resulting from full-sib mating 

and reported that on the average 10 per cent increase in the inbreeding of dam 

reduced 6 week body weight by 2.8 g and delayed sexual maturity by 0.4 day. 

The same amount of increase in the inbreeding on progenies reduced 6 week 

body weight by 3.4 g, egg weight by 1.7 g and increased sexual maturity by 

2.2 days. 

Chung and Park (1969) analysed the data of 956 WLH, reported that the 

regressi,Jlg of production traits on every 10 per cent increase in inbreeding 

coefficient were observed: 8 w~ek body weight by -5.95g; body weight at 

first egg by -25.76g, body weight at 300 days of age by -42.60g; laying rate by 

-0.94 per cent; winter pause by 2.33 days; age a~ sexual maturity by 050 days 

and egg weight by -0.30g. 



Mac Laury and Johnson (1971) computed the regression of 8 week 

body weight on inbreeding coefficient (F=O, 25, 37 and 50) which was highly 

significant (-1.3197 ± 0.4368) in chickens. They concluded that depression in 

body weight due to a 12.5 per cent inbreeding could be counter balanced by 

saving the top 77 per cent of the uns~lected population. 

Kulenkamp et al. (1973) observed the weighted linear regression 

coefficients of performance on inbreeding (F=25, 38, 50, 59 and 67 per cent, 

respectively for five generation expressed as deviations of inbred population 

from control in Japanese quail. The value were 0.060g, -0.062 g, -0.023 egg 

and 0.040g for 3 and 7 week body weights, average weekly production and 

egg weight, respectively. They concluded that egg production was affected 

most by inbreeding than the body and egg weights and that only egg weight 

was linear to /inbreeding effects, other ~were non linear. Thus the regression 

coefficients of these can not be used as adequate predictors of performance of 

birds at any given level of inbreeding. I 

Goher and Gibbon (1974) found that increase in 10 per cent inbreeding 

caused reduction in body weight by 50 g in the domestic fowl. 

Singh (1976) concluded that the regressions ofage and weight at sexual 

maturity and egg production on inbreeding coefficient were found to be 0.147 

days, -3.363g and -0.122 per cent, respectively. 

Chaitanyam and Singh (1985) reported ,significant regression.(for 10 

per cent increase in F) of weight at maturity and 100 day egg production on 



inbreeding (F=25, 37.5, 47.06, 48.1-3 and 55.36 per cent), the values being -

33.71g and -3.60eggs, respectively in WLH. The regression of 10 week body 

weight, age at sexual maturity and egg weight on inbreeding were found to be 

non-significant with their estimates of -31.40g, 1.08 days and 0.32 g, 

respectively. 

Foster and Kilpatrick (1987) observed that 1 per cent increase in 

inbreeding delayed age at sexual maturity by 0.68 ± 0.179 days, 35 week egg 
. . 

weight by 0.19 ± 0.053g and 60 week egg weight by 0.32 ± 0.74g in the 

domestic fowl. 

Rai (1988) found the significant regressions of 0, 4, 8, 16, 20 and 24 

week body weights, weight and age at sexual maturity, 90 day egg production 

and clutch size on inbreeding to be 0.73, 0.95, 0.68, 0.79, 0.90, 0.91, 0.92, 

0.78g, .:0.}1 days, -0.19 egg and 0.12 days, respectively in a F5 full-sib 

population of white leghorn. Inbreeding did not affect weight of the first egg. 

Kumar (1989) computed the linear regressions of weight at sexual 

maturity, ~.ge at sexual maturity, weight of first egg, 90 days egg production 

and clutch size on 0, 4, 8, 12 and 16 weeks body weight. The regression of 

weight at sexual maturity on 0, 4, 8, 12 and 16-week body weight were 4.507, 

0.499, 0.288, 0.235 and 0.618, respectively. The 16-week body weight has 

highest contribution (R2 value = 14.70 per cent) in weight at sexual maturity. 

The regression of age at sexual maturity on day old to 16 week body weight 

Were 0.333, -0.059, -0.017, -0.041, -0.061 with higher R? value of 16-week 



body weight. Weight of first egg on 0, 4, 8, 12 and 16-week body weight, 

weight at sexual maturity and age at sexual maturity were 0.381, -0.002, 

0.004,0.0037,0.00180.0070 and 0.0518 but age at sexual maturity determine) 

the highest improvement in weight of first egg (R2 value = 6.50 per cent). The 

regression of 90 day egg production and clutch size on 0, 4, 8, 12, ~6 week 

body weight, w.eight at sexual maturity, age at sexual maturity, weight of first 

egg were 0.107, 0.029, 0.009, 0.0091, 0.0109, 0.0034, -0.0444, 0.0326 and -

0.004, -0.0014, -0.0005, -0.003, -0.0004, -0.00005, 0.0027, 0.0046, 

. respectively in inbred· white leghorn population. Whereas 16-week body 

weight (R2 value = 1.6 per cent) and age at sexual maturity (R2 value = 2.0) 

highly contributed m improvement of egg production and clutch SIze, 

respectively. 

The partial regressions of weight and age at sexual maturity and clutch· 

size on 0, 4, 8, 12 and 16 week body weights were found to be 2.765, 0.090, 

0.137, 0.149 and 0.656g; 0.442, -0.028, 0.0119, -0.019, -0.052 days and -

0.001, -0.0009, -0.0002, -0.00006, -0.0003 days respectively with significant 

values as 0.158, 0.698 and 0.155, respectively while the partial regression of 

first egg weight on body weight at 0, 4, 8, 12, 16 week weight, weight at 

maturity and age at sexual maturity' were found to be 0.336, -0.006, -0.0002, 

0.004, -0.001, 0.005 and 0.044g, respectively with a significant R2 value of 

0.148 indicating a joint contribution of 14.8 per· cent by all these independent 

:~aits towards wei2:ht of first e£!2:. The oartial re2:ression of 90 davs e2:2: 



production on corresponding traits and first egg weight were 0.056~ 0.018, 

. 2 
0.002, 0.002, 0.003, 0.002, -0.043 and 0.051 eggs, respectively. The R value 

was 0.037 in inbred white leghorn population. 

The linear regression of weight at maturity on 0, 4, 8, 12 and 16-weeks 

body weight individually were found to the highly significant with their value 

being 4.50, 0.49, 0.28, 0.23 and 0.61g, respectively having greatest 

contribution from 16-week weight {R2 = 14.70%} whereas in case of age at 

sexual maturity the regression coefficients on 4, 12 and 16-week body weight 

were -0.059, -0.041 and.-0.061 days, respectively:all the regressiont;,were 
.' 

statistically significant. 

The first egg weight was regressed over various economic traits then 

,..;r~gression on 0, 8, 12, 16-week of age" weight and age at maturity; the highest 

R2 being 6.5 per cent for age at maturity. The 90-days egg production and 

clutch size were significant at 4, 8, 12, 16-week age and age at maturity with 

~R2'value (1.60 and 2.00 per cent, respectively) from age at maturity. 

Mani (1994) computed the linear regression of" weight at sexual 

maturity and first egg weight on age at sexual maturity were 6.371'> and 
,. 

O.l290,respectively while the R2 values were 0.3300 and 0.2256 respectively. 

1/(17 





MATERIALS AND METHODS 

The present study was undertaken on the inbred lines of white leghorn, 

maintained at Poultry Research Centre, G.B. Pant University of Agriculture and 

Technology, Pantnagar. 

The development of inbred lines of white leghorn was initiated during the 

year 1985. Parents were selected from a random bred population and full brother x 
f:· • 

sister mating were arranged to get full-sib progenies of F I. The same system of 

mating was followed to get F2, F3 and F4 full-sib generations. We are considering. 

here two full-sib generations for study with 50 an~ 59 per cent inbreeding 

coefficient respectively and comparing with control population. 

The separate breeding pens were used for full-sib mating to ensure 

pedigreed breeding. After a pre-experimental period of 10 days trapnesting was 

done and eggs were set weekly for batching. Floor, broken and abnormal eggs 

were discarded after visual. examination and candling. 

The eggs were· candled on 4th day of incubation and all infertile'eggs were 

removed. The eggs were again candled on 18th
. day of incubation and viable 

: en:b{oy~d eggs were placed in the pedegree bag¢s and were transferred to hatcher. 

The viable chicks after hatching on 21 51 day were using wing banded, weighed and 

vaccinated against Ranikhet F 1 strain and were transferred to floor brooders. The 

chicks were reared under floor brooder for 6 week, after which they were . 

transferred to grower houses. The chicks were vaccinated at 8 and 10 weeks of age 



against Ranikhet and Fowl Pox disease. The birds were leg banded and transferred 
~, 

to layer houses at 20 weeks of age .. All the birds/\trapnested individually, for the 

first 90 days of laying year and only those birds who have completed 90 days egg 

production were included in the study. 

All possible efforts were made to provide similar conditions throughout the 

two generations of inbred lines and control population also. 

All the female birds were weighed to the nearest gram, from hatch to 24 

weeks of age at 4 week intervals and also at sexual maturity. 

The following observations were thus recorded on each bird for the present 

study. 

1. O-week weight of chick (g) (O-wkBW) Xl 

2. 4-week body weight (g) (4-wkBW) X2 

3. 8-week body weight (g) (8-wKBW) x3. 

4. 12-week body weight (g) (12-wkBW) )4. 

5. 16-week body weight (g) (16-wkBW) X5 

6. 20-week body weight (g) (20-wk BW) . X6 

7. 24-week body weight (g) (24':wkBW) X7 

8. Weight at sexual maturity (g) (W.S.M.) Xg . 

9. Age at sexual maturity (days) (A.S.M.) X9 

10. Weight of first egg (g) (W.F.E.) XIO 

11. 90-day egg production (Nos.) (90 days EP) X11 

12. Clutch size (days) (C.S.) Xl2 



The clutch size was calculated for each bird by using following formula: 

Number of days in production 
Clutch size = 

Total number of eggs produced during the period 

The generation wise distribution of records and details regarding flo~k size are . 

given in Table 1. 

Table 1 : Frequency distribution of individuals and particulars of flock size 

Generation No. of hatch No. of sires No. of dams No. of female 
progemes 

50 % inbred 15 20 78 342 

59% Inbred 8 32 151 612 

Pooled 23 52 229 954 

Control 11 16 46 174 
population 

Only those dams which has atleast three progenies were included in. the study. 

This led to the reduction in number of dams. 

Statistical analysis 

The mean, standard error, standard deviation and coefficient of variance 

was calculated according to Snedecor and Cochran (1968). 

Mean (Y)= I i Y i 
• 

N 

Standard 
() 

Error = 
.IN 



Where, 

Yi = measurement of ith individual 

N = number of individual measured 

Standard deviation = ,.J variance 

Coefficient of. variance 
a = =X 100 
Y 

The data of each generation of inbreeding and control population were 

corrected for hatch effects by using least squares analysis of variance as described 

by Harvey (1975), 

Yij = Jl + hi + cij 

Where, 

Yij = the observation on fh progeny under ith hatch 

Jl = Over all mean 

hi = effect of ith hatch (i = 1, 2, ------, p) 

elJ = random error assumed to be independent and normally 

distributed with mean zero and. variance (J2, 

The least squares constants involved in the above model were computed 

directly from hatch means: 

Between hatches uncorrected sum of squares = 
Ly2 
__ 1_, = 

ni 
R (u + hi) 

~ = ~ (:'1 + ~~. +------~l = * ;; 



1\ 

hi 
1\ 

Yi. 
1\ 

J..l 

The least squares constants (appendix II) for each hatch were subtracted 

from the individual observations or that hatch in all two inbred lines and control 

population. 

After correcting the data for the hatch effects mentioned earlier the following 

linear model was used for least squares analysis for genetic studies and the 

corresponding analysis of variance and covariance are presented ii; fable 2 and 3. 

i = 1, 2, ------------------- s 

. = 1 2 ------------------ d· J " 1 

k = 1, 2, ------------------" nij 

Where, 

Yijk = the observation on the Klh progeny ofjlh dam mated to jlh sire. 

~~ " 

l.l = oven all mean 

dij = effect offh dam mated to /h sire 

Computation of variance and covariance components 

To obtain the variance and covariance components for sire, dams 

within sire and error, the expectations of mean squares were derived for the 

above model and are given in Table 4. 



Table 2 : Analysis of variance 

Source of variation d.f Sum of square 

Between sires S-l LiNi (Yi..-yi 

Between dams within sires d-S Li Lj nU (Yij - Yi 
Error N - d L' L' Lk (Y"k K _ y .. )2 

I J • IJ IJ 

Total N-l Li Lj Lk Y\k- Y 

Where, 

Table 3: Analysis of covariance 

Source of variation d.f Sum of square 

Between sire S-l L' N· (X· -xi (y. - Yi I I I.. I •• 

Between dams within sires d-s Li Lj nij (XU - xi (Y ij - Yi 
Error N-d Li Lj Lk (Xijk - Xiji (Yijk - Yui 

Total N-l Lj Lj Lk (Xijk - X) (Yijk ~ Y) 

Table 4: Expectations of mean squares. 

Source of variation d.f. M.S. Expectation means squares 

Between sires ns = (S- I) Ms ? ? 2 cr-e + K2cr-d + K3cr s 

Between dams nl) = (d -s) MI) cr2
e + KJcr2d 

within sires \ 

Error Nw = (N -d) Mw. 
? cr-e 



The Ki coefficients of different components were obtained during the .process of 

expectations as follows: 

1\2 
o-e = Mw = V(E) .. 

1\2 MD-M W O"d ::= ::= V(D) 
K j 

/\2 
(Ms - K 2 0-2d) /K 3 = V(S) o-S = 

(Ms<~ (MD-Mwl]IKJ 

= KI Ms-ISMD+K3MW 

K}K3 

1\2 /\2 /\2 /\2 
o-p = o-S + o-d + o-e 

= V (S) + V (D) + V (E) 

= _1_ (N .. -2: 0:; nb)J 
d-S 1 JNz-

I· 
S - 1 ( ~ ~ 1 J 

2 n .. 
1J -- -

N. 
1 

K.., == _1_ (N __ 1 L N~) 
.,) S-l N .. i I 

Estimation of genetic parameters 

n? J 1.1 
N. 

The heritability estimates of the characters under study were determined according 

to Falconer (196.0) using the sire, dam and sire -+ dam components of variance. 



h~ = 4V(S) 
.\ V(S)+ V(D)+ VeE) 

h2 = 4V(D) 
d V(S) + V(D) + VeE) 

h2 = 2(V(S) + V)D)) 
(S+J) YeS) + V(D) + VeE) 

Where, 

YeS), V(D) and VeE) are the variance components due to sire, dam and 

error, respectively. 

The standard error of heritability estimates were estimates according to 

Dickerson (1960) 

Where, 

C = any constant mUltiplier of the numerator X, such as 4 used m 

estimating total genetic variance from the sire and dam components when J 

and 2 when sire + dam component was used 

;\2 ;\2 ;\2 
Y = O"s+O"d+O"e 

V(M)=_2_( M~ + Mtv J 
K2 l nm nw 

mm 

Where, 

Kss = K3 = Coefficient of variance components due to sire. 



Kmm = KI = coefficient of variance due to dam. 

Ms, Mm and Mw = Mean squares due to sire, dam and error components, 

respectively with degrees of freedom ns, nm and nw. 

The phenotypic correlations between different characters were determined 

according to Bogart (1959) and Falconer (1960). 

_ COY (S)xy + COY (D)xy + COY {E)xy 

rpxy ~(Y(S)x + Y(D)x + Y(E)x) (_V(S)y + V(D)y + V(E)y) 

Where, 

rpxy = is the phenotypic correlation's coefficients between character x and y. 

cov (S), cov (D) and cov (E) are the covariance components dueto sire, dam and 

error for the subscripted characters. 

The genetic and environmental correlations between different characters 

were determined by the three methods using sire, dam and sire + dam components 

of variance and covariance according to Bogart (1959) and Falconer (1960). 

r 
G(S)XY 

= 

r 
G(D)XY 

= 

r 
G(S+ D)XY 

COV(S)XY 
,jV(S))(.V(S)){ 

COV(D)XY 

,jV(D)X. V(D)y 

= COV(S)XY +COV(D)X){ 

~(V(S)x + V(D)X) (V(S)y + V(D)y) 



Where, 

rG(5), rG(D) and rG(5+D) are the genetic correlation coefficient based on sire, 

dam and sire + dam components of variance and covariance for the subscripted 

characters. 
_ COV(E)XY + COV(D)XY - 3COV(S)XY 

fE(S)XY - ~(V(E)X + V(D)X - 3V(S)X) (V(E)y + V(D)y - 3V(S)y) 

_ COV(E)Xy+COV(S)Xy-3COV(D)XY<"" 

rE(D)XY - ~(V(E)X+ V(S)X - 3V(D)X) (V(E)y + V(S)y - 3V(D)y) 

f = -===C=O=V~(E~)X~Yh+=C=O=V~(==D~)X~y~-=C=O=V~(S~)gX~y== 
E(S+ D)XY ~(V(E)X - V(D)X - V(S)X) (V(E)y ~ V(D)y - V(S)y) 

Where, 

rE (S), rE (D) and fE (S+D) are the environmental correlations based on sire; dam and 

sire +dam components of variance and covariance for the sUbscripted characters. 

The standard errors of genetic correlation coefficients were estimated. 

according to Robertson (1959). 

S.E.rG(S)XY = 

1_r2 G(S)Xy ~(S.E.h2(S)X) (S.E.h2(S)Y) 

-Ii h2(S)X . h2(S)Y 

S.E.rG(D)XY = 

1- r~(D)Xy ~(S.E.h2(D)X) (S.E.h
2

(D)Y) 

J2 h2(D)X . h2(D)Y 



Where, 

S.E. rG is the standard error of genetic correlation for the subscripted 

character. S.E. h2 is the standard error ofh2 for the subscripted characters. 

The standard errors of the phenotypic correlation coefficient were 

detennined as per the method ofPanse and Sukhatme (1967). 

2 = l .. rpxy 

Where, 

S.E. rp 
xy ~ 

N = total number of observations 

The significance of genetic and phenotypic correlations were tested by 

using their respective standard error values. The correlation coefficients which had 

twice or more than twice (and thrice or more than thrice) the value of its standard 

errors were taken as significant at 5.0 (and 1.0) per cent probability levels of 
.. 

significance, respectively. 

The differences in the mean of characters of one generation with the other 

were tested according to Panse and Sukhatme (1967). 

Partial correlation coefficient 

The partial correlation coefficient of order 'p' (p = number of variables whose 

effects are eliminated) were computed according to Gupta and Kapoor (1983). 

fl2 rI3 .................... rlp 

r23·················· .r2p 

1 .................. r3p 

fp3 .................. rpp 



R.. = 
IJ.p 

R .. 
IJ 

Where, 

R = correlation matrix of XI, X2 -----------XP, 

. (R for the corresponding determinant) 

R. p == partial correlation coefficient between variable ith and lh after eliminated the 
IJ. 

linear effeCt of 'p' variables. 

R·· = co-factor of r·· in R u u' 

Rii = co-factor of rii in R. 

Rjj = co-factor ofrjj in R. 

The significance of simple and partial correlation coefficient was tested by 

using 'z' test according to Elhance and Aggarwal (1996). 

(i) Conversion 'r' in to 'z' 

1 l+r z = - loa --
2 be l-r 

(The value of z for various values of '1" are available in tables) 

(ii) The standard error of z = 1 
.IN -3- p 

Where, 

r = partial correlation 

N = number of observations 

p = number of variables whose effects are eliminated. 



Simple and multiple regression 

The simple regression of dependent economic characters on independent 

characters, of various traits and coefficient of determination (R) were computed as 

described by Snedecor and Cochran (1967). 

The following linear regression model was used to find out dependent variables:

Y= a+ bx 

Where, 

y = dependent variables 

x = independent variables 

b = regression coefficient 

a = point of intercept 

The· efficiency of simple linear regressIOn equation was tested by 

significance of regression coefficient and their r2 values. 

Data were further subjected to multiple regression analysis, for knowing the 

relative importance of each independent variable to the dependent one, were 

calculated as per Snedecor and Cochran (1967). Use the following regression 

model. 

y = (:l + blXl + b2x2 + b3x3 ........................... bnxn 

Where, 

y = dependent variable 

a = constant 



Xj, X2 -~--Xn different independent variables. 

bj, b2 ----bn = regression coefficient with respective independent variables. 

The significance of simple regression coefficient was tested by using 'F' 

test and mUltiple regression coefficient was tested by '1' test and coefficient of 

determinat:on was tested by 'F' test (Snedecor and Cochran, 1967). 



EXPl£RlMENTAL 
RESULITS 



EXPERIMENT AL RESULTS 

The present investigation was undertaken on two inbred (50% and 59% 

inbred level, respectively) flocks arid a control population of white leghorn. 

The number of female progenies was 342 and 612 in 50% and 59% inbred 

population, respectively. While the control population has .been '174 female 

progenies. There were 15, 8 and 11 hatches in 50%, 59% and. control 

population, respectively. The effect of hatch was tested by least squares 

technique and the analysis of variance has been presented in Table 7. The 

analysis of variance of hatch effect indicated that effect of hatch in two inbred 

generations and control popUlation 'was significant and thus after correction 

for hatch effects the data were used for the analysis of least squares for 

inbreds and control population along with populations mean and analysis of 

variance. 

MEAN 

The least squares mean, standard error and simple mean, standard error, 

standard deviation and coefficient of variation of all characters are presented 

in Table 8 and appendix I, respectively. 

The least square mean of O-week body weight was obtained as. 

33.80±O.17g, 34.50±O.14g and 36.46±O.29g in two inbred generations and 

Control population, respectively. 
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The maximum (174.97 ± 1.37 g) weight at 4-week was observed in 59% 

inbred generation while the 50% inb'red generation and control population was 

157.37,± 1.13g and 149.00 ± 2.45g respectively. ~ . 

The body weight at 8-week of age was found to be 359.29 ± 2.00g, 

360.33 ± 4.05g and 360.58 ± 5.58g respectively in 50%. 59% inbred and 

control population which has the same trend. 

The body weight at 12-week of age was maximum (633.66 ± 5.05g) in 

the 59% level of inbred as comparised to 50% inbred level. It was 606.07 ± 

3.20g while the control populatiol1 has maximum (638.74 ± 9.l8g) body 

weight as compaired with two inbred. 

The mean body weight for 16-week of age were 741.06 ± 5.37g and 

887.51 ± 4.16g in the two level of inbreeding respectively whereas the 807.51 

± 10.68g weight was observed in the control population. The 16-week body 

,weight was highest in 59% level inbred and lowest in 50% inbred generation. 

The mean for 20-wee~body weight was maximum (1073.47 ± 5.02g) 

in the 59% level of inbred and minil,num (920.88 ± 6.69g) in the 50% level of 

inbred generation. It was observed that control population has lowest (943.11 

± 717.81g1 body weight. 

The mean for 24-week hody weight and weight at sexual maturity were 

found to be 1258.15 ± 5.40g and ! 407.15 ± 5.89g in 59% inbred which was 
f I...... _ '-' 

higher .than 500/0 inbred and control population: The 50% inbred and control 

/ /t"5 /i .. D'· 



population was 1198.31 ± 10.28g. 1355.40 ± 14.71g and 1132.05 ± 1723g, 

1258.64 ± 29.31g respectively. 

The means for age at sexual maturity were found to be 201.19 ± 2.01 

days, 190.81 ± 1.00 days and 173.0~ ± 4.12 days in 50 % inbred, 59 % inbred 

and control population, respectively. Where ,ithe birds matured earlier in 

\ 

control population than inbred flocks. But the 59% inbred matured early than 

50% inbred. 

The weight of the first egg was estimated to be 42:70 ± 0.5~,g, 41.09 ± 

0.19 and 41.37 ± 1.01g in 50%, 59% inbred level and control population 

-showed common trend. 

The 90-days egg production in 59% level of inbred was higher (50.90 ± 

0.3 I eggs) than control population (45.87 ± 1.42eggs) and 50% level of inbred 

generation was lower (43.65 ± 0.74eggs) than control population. 

The clutch-size was highest (2.10 ± 0.04) in 50% inbred level which 

was higher than 59% inbred (1.81 ± 0.01 days) and control population (1.55 ± 

O.05days). 

Heritability estimates: -

The analysis of variance· with<two-way nested classification (between 
I 

sires and between dams with sire) are presented in Table 9. The heritability 

estimates based on sire and sire + dam components of variance for 50%, 59% 

inbred and control popUlation data are presentee in Table 11. The heritability 

value in 50 Percent inbred from sire components of variance for day-old body 

66 



<II .... .. 
"'0 • ,Q. 
<:> • 
a..,", 

... 
""~ "''''' 0"" 
"';00 -c . 
N oo 
N~ 

.. ~ 
" '" "'N 
.... 0 .... ' 
'0 
O~ 

00 

'<I: 
00 

"'Cr---L.--f--+--+--l 
~ 
I. 

,.Q N 

'" =r-------+----+----+-~ .... 
'$. 
Q 
I() 

< -..;:.. 

... .. .. 
.. U 
U C .. .. = *i: .. .. 
CIl> 

" " ~ ",,0 ...,-
00 "'. .", 

~= 
",
N~ 

" " 00 
"'~ 0-'" .", 

~"" "'-0-
--!-

.. .. ~ 
""0-
0000 
-:0 ..... 
N OO 
.... ::!. 

.. 
O~ 

0"" 
0000 
\()~ 
"" .... ........ 
.... 00 

" .. ~ 
"'0 - .... -: .... ..... Ne 

o 
N 

N 
00 .... 
rei 
'" 

-o 
I. ..... 
= o 
U --U -

.. ~ .. '" 0 00 
8<-: ..... 
00 .... 
"'00 "' ..... !Q~ 

o~ 

8:g ..... ..... 
ooN "' .... -~ ...,~ 



"0 
~ 
J.. 

.Q. 

= .... 

<1.1 
U 
C 

.1:': 
'i: 
I:': 
> o 
u .... 
o 
:l 
c 
<1.1 
C 
o c.. 
e 
8 

"Q 
C 
I:': 

:l 
u 
::I 

"Q e 
c.. 
c 
~ 
~ 

c 
,52 .... 
I:': 
'i: 
I:': 
> .... 
o 
<1.1 :: 
::I 
o 

rJ:I 

-
X 
X 

x 
X 

x 
X 

x 
X 

,-.,. 
0' t
'<tt-
'M 00 . 

o
N-, , 

'-' 

-,-.., 
00 

'M t-\D 
'<t . 
00 _ \0 
, '-' 

N'-" 
'<t\D 
.M 

MOO 
\0 ' _0'> 
,~ 

0''-'" 
oot-,00 
\() \0 
\0 ' -c 

--.. 
- '<t '<t M . \() 
o ' 
\0 M , , 

'-' 

-0 , , 
'-' 

t-
O'\() 

.00 
\() . 
_\0 

-~ 

\0 
~ 
o , 

\() 
N 
o , 

00 

_' 

o 
\0 
N 

.... e .... 
Ul 

<1.1 
U 
c 
I:': 
'i: 
I:': 
> 
0 
U .... 
0 

'" ..... 
C 
<1.1 
C 
0 
c.. 
e 
0 
u 

"Q 
c 
I:': 

:l u 
::I 

"Q 

~ 
c.. 
= t'II 
~ 

~ 

.... 
-c 
c 

,52 .... 
I:': 
'i: 
I:': 
> .... 
0 
Q,j. 

u 
I.. 
::I 
0 

rJ:I 

X 
N 

X 

2 
X 
X 

'" X 
N 

X 

"" X 
N 

X 

.... 
X 

N 

X 

'" X 
N 

X 

..., 
X 

N 

X 

"'" X 
N 

X 

.., 
X 

N :x: 

~ 
X 
X 

68 
M- t-"'" 0 00 -.0 \()N t-
O' . • t- O _\0 0' . 
M- N'<t -.~ 

,~ , 

0' ,....., ,...... 
t-'<t - 0'> 

\() 

· 00 MOO .C"! N . 
\() 00 '-GiN \() - . '-' • , '-' 

- -o '<t - 0'> \0 
o t- t- ...... o· 

· 00 v)N o . M 
0\0 \0 N 
\0 M , , N 

'-' '-' 

.--. 
t-o '<t-
MOO t- N \() 

• 0'> .00 '<t 
t- • \() . N 00 t- O'>o 
0' 00 MOO t-
N- ,~ • 

'-' 

'<t- t-- 0 t-\O .- 000'> t-
o • ,N cxi \()M M ' 
'<to 0'\0 N \On O':e t-

- ,....., 00 --- -N \() \D'<t 
'N • \0 ...-; 

'<t . M • ...... 
NN \O\() 
N'<t '<t:::: 

00 
N '-' \0 

-.._" 

\()..-.. N .--. ...... 
'<t 0'> '<t'<t 

· 0'> .'<t r--: \0 , 00 ' N MO \()\O 
\()N -~ M 
...... '-' - '-' 

\() 

t- .--. .--. 00 '<to ~ ...... 
M-: 

\() .0 r..: 
- t-

\() . 
t- \() 

oot- t-- '-' 
\O~ \() 

_- t-- \0 
...... 0'> O'N 
,N OC'1 N 

N ' cxi 
\()N t-O'> N 
ooC N<'? '<t 

'-' 

,......, .--. 00' 
\() ...... \0 N .~ 
'0' 0' ...... 

t- , 00 0 -0 
'-' 

._., 

0'> N 0 - \0 
\0 
N 

<Il e 
~ 

'" u E .... (1:1 
'r;; '"0 

= c 
u u 
u U 
~ ~ 

.... 
0 ..... - 1:: u u 

co co Ul 



,.-

- --. ,.-.. 

- N 0- N\o 0 
X 0 - I(") M 0; 

M ~O 00 0 X I I '-' .._, 

N ,.-.. 
N 

.--.. 0-
"<t N "<t ..... r-
\C) t"-; ~ <'! ..,; X 

'" 0- 0- - 00 0-
X N 0- 0 0- "<t 

N - ..... \0 -00 I - '-' '-' -
~ ..... --- ,.-.. - M 0- '<t 

X 0; t"-; - t"-; 0 
M N - <";i N 0\ X M '-' I 

'-' 

M ,-, - "'"' N 

'" 
I(") ..... IX! 00 

_ 
X ~ M I(") 0 r..: - 0\ ..., - "<t "<t 
X 0- M "<t N 

"<t M 00 M 0 - '-' 00 '-' -
a- M --- N ..-. 

X ~ I(") 
0 ..... M 

~ '<t -M ..... 0\ -.:i X - I(") 
_ _. 

'-' 

_ 
'-' 

c: ..... ,--.. ..-. 
\0 >< ~ 

N 00 "<t 
0 ~ - I(") .,. ..... N - 0 0 >< ..... "-" '-' 

~ - 0 
,-... 

C 00 I(") - 0 M 
_ 

~ X 0; '.c: \C) <'! <'! 
'C M '<t 0 M ..... >< I(") ..... 
~ \0 -;- N I M .. '-' I '-' 
0 
Col 

Q,l 

""" Col - '<t ..... 00 "" 0-= - t"-; \0 v: 0 0 III >< - \C) \0 N ·C .". ..... N <";i 
III X 00 ""/" ..... til .. I '-' 

I -0 
Col ... 

0 
N-.:a '<t- N .... '<tl(") 0-\0 

_ 
C >< .N .0-
Q,l 

\0 . ..... 0 M MM 
C >< I(")N -r::: M 
0 '<t~ I(") '-' N 
C. 
C 
0 
Col ,-, 
'C ..... ""'" ..... ..... '<t 
c: '" "<t- ..... v: ~ X ...... III M • N M ..... 
<II 

M 1(")\0 0 00 .... >< 00 ..... ..... 
N N Col - '-' 

"<t I -:I -'C 
0 a.. 
C. ,-... 

N = "" 
..... "" 0\0 

IX! III >< ~ ..... O~ 
0- 00- M Q,l M - N I(") 

~ >< 00 Noo '<t ..... '-' ..... -I -'-' 

.... 
0 

'" :2 
I(") - ,--.. I(") .... 0; 00 0-

C >< "<t '.c: 
..... _. 

Q,I - 0\ '.c: ~ c ... 0 00 ..... 
0 >< I(") N N - -;-
C. I '-' 

S 
0 
Col 

'C N 
,...... I(") ,...... ..... 

C '" 0- ..... \0 0; X ..... IX! ('1:1 \C) ..... r..: -.,. 0\ M '" X N ..... N 00 .... - N -Col \0 '-' I 

= I '-' I 

"0 
0 
100. 
C. - ,-, \0 
C 

..... "<t ..... ..... 00 \0 ..... 
ell >< N 

I(") 0- ..... 
N Q,I 0 N \C) 

~ 
.". 0- "<t X 00 0- \0 ..... 0 

00 :::!, I ~ -
"....., 

\0 M "....., 00 I(") 

X \0 N '<t1X! IX! 
-.:i \0 

""':\0 00 
M \0 0- M >< ..... -I(") 0- ..... - N 

N '-' I -"-" 

'<t """ ..... "'"' "<t 

'" 
00 00 N \0 \0 

X 0 0; 0\ IX! 00 ... '<t 00 I(") 0- 0-X 00 "<t - .1(") ..... ..... \0 N - N - '-' '-' 

M ..-. "<t - M 
.". \0 '<t 0 ~ X • I(") IX! '<t 

00 • N"'; '<t M NN \0 >< "<t 00 '<tl(") -0- I N '-' "-" -

\0 
,..... 00 ,-, 

0-

"" "": "<t I(") N "<t, 
X N -.:i v: 0 - r..: '" ..... 0- , 00 "<t X 0 00 I(") ..... 0 I -..... '-' ..... '-' ..... 

N O'N' ,--.. 

X \0 N 00 V:o- 0- - ~ 
'" ...... 0 0 >< - 0 0 

'-' '-' 

..... "" \0 ,-, 00 
'" <'! M 0 

I(") 
~ >< ..... '.c: ~ 0; 
\0 ... 0 

_ 
-

_ 
\0 >< I(") N - \0 "<t ..... '-' ..... - N '-' 

.... 0- N 0 

-c:i - \0 \0 
N 

.... 0- N 0 

-c:i - \0 \0 
N 

= .S: '" ..... <IJ 
.! .!:: 
r.. '" III en --.. <IJ E .... III .... 'u; "C 
0 C C 

~ 
C1) <IJ 
<IJ C1) .... 

::I ::: ::: 0 
0 V ..- .... 

<IJ .... 
~ CO CO UJ 

C 
0 '" :;:: e III 
'i: ~ 
~ en E .. <IJ ... III .... 'u; "C 
0 C c 
Q,I <IJ <IJ 
Col <IJ <IJ ... r... ::: ::: = 0 

V - t:: 0 <IJ 
en CO CO UJ 



70/ 
,:.-

N --- ,....... 
- oq I"'-- '<::t 00 0 - "<I: "<I: 00 .... 

X 00 

'" 0 \0 N \0 v-i 
X .... V) 0- N .... 

I I ..... '-' '-' 

!:! 0 
,....... 

0 t"'! 
..... 'M 

X r-: ~ C? 
00 M -X V) ..... 1 M 

I '-' 

0 I"'-- --- ,....... 
V) \0 I"'-- 0-

X C"'] 'C! '<::t oq 0 
'<::t N ci '" 0-

V) ..... 
X ..... .... I N 

N '-' '-' 

I"'--
,....., 

\0 
,-, 

I"'--- ..... - t"'! ~ 0 0 "<I: 0-X M 00 r--: r--: V) 

"" I"'--X M M N V"'l 0-
I M '-' I 

I '-' 

,-... "...... 
V) 0- \0 ..... 

a- ~ 
0 ..... 'C! '<::t 

X \0 ..,f \0 ..,f '<::t ..,f 
'" 00 '<::t 0-X N M 

00 I '<::t .... M 
1 '-' I I 

'-' 

,-, 
0 - N := V"'l '<::t 0-

"<I: ~ M 
X C? t"'! ~ .... 00 CO M M I"'-- N >< M 

..... N 1 N '-' 
..... 

'-' 

M 
_...., ,....._ 

41 \0 N 00 N M 
cJ CO r-: 'C! N V) 

= X N I"'-- M ..,f ci = '" M 0- I"'-- V) 0-.;: X .... ..... V) I"'-- V) 

= M .... I '<::t 
> N '-' '-' 
0 
cJ .... ........ ,-._ 
0 0- V) N N 

00 
..... 

\0 ""! r-: :l ,.... V) 

= x r--: ..,f -0 V) 00 
41 '" M 00 

.... 0- 0-

= X '<::t \0 
.... '<::t 0 

0 0 0 - \0 

Q. '<::t '-' - I .... ._, 
e 
0 
cJ 

'0 !:! M --- ,....... 

= ~ 
0- M .... 0-

= X "<I: 00 "<I: "<I: 
V) ..... 

M .... 
1I X \0 I 0 I \0 

cJ 
I '-' '-" 

::I' 
'0 
0 

'" Q. I"'-- ,..... ,....... 

= - M '" '<::t 0- 00 

X 0- ..... 
= ~ N 

N - -0 41 '" 0- ..,f ~ :;; X '" 00 00 I "'f .... '-" I '-" 

Q.l 0- ..-.. 
"...... I"'-- 0 '<::t u 0- r-: V"'l ~ I"'--= >< 0- 0 ~ 

" oq 
c:! CO 0'1 N N V"'l 
';: >< N 

00 '<::t ..... 
c:! \0 ..... "7 '<::t 

"7 
.._, I 

> .._, 
0 
U ..... 
0 

'" !:! 00 
,..... ,-... .... ~ 

, V"'l 0 M ..... 
C X C"! ""! N "<I: 
Q.l ,.... M ..... ..t '" c >< 0 ..... "7 I ..... 
0 N .._, ,-" 

Q. 

E 
0 
U 

M ..-.. 
"0 - V) 0-

N 
,....._ , '<::t 

C - ci ~ I"'-- .... 
(0;1 X M "<I: V"'l ,_ \0 ..... ..... V"'l, 

'" >< I"'-- N 0- \0 , \0 .... 
M '-' I 

U I 

::I I '-' 
"0 
0 ,,_ 
Q. I"'-- .-.. 

:= '<::t ~ N ,-, M C r--: 0'1 ""! 0 
(0;1 >< ~ I"'-- I"'--
Q.l ,.... M N 

..... 
:i N :;; X N .... 0 00 

<;l I 
..... 

'-' 

:= .... ,-... ,....... .... 0 00 0 0-
X ...... "<I: ~ C? ~ 
'" \0 '" 0-

X .... '<::t 
I"'-- M '" '-" M 

'-' 

N "'"" M 
,__ 

I"'-- ..... 0 ,V"'l a- t"'! V"'l N 
..... C"! >< N 0 v-i r- OO 0- ~ 

00 

>< \0 ~ 00 
M - ..... V"'l \0 
~ '-' I 

I 
'-' 

'<::t - ,-. 

'" 00 0 0- I"'-- '<::t oq M .... C"! X 0 ..,f 00 V) 0 '<::t 00 
X 00 00 I"'-- V) V) 

M "7 '<::t <;l '" I '-' 
I 

'-' 

~ - 00 ..... 
00 00 \0 

,-.. 
M co 

N - ~ 
0 r--: >< 0 'C! ... V"'l 00 0 

X M N V"'l 0 V"'l 
\0 00 M 

N, M - '-' '<::t '-' 
..... -

00 ,....._ 
\0 

,....._ 
M 

""! \0 M .. 
~ C"! C"! -X .... M .,., M .... \0 0-

X 0 I"'-- M 0 I"'--
0- 00 M \0 I"'--
..... '-" M I V) 

'-' 

- ,-, . 
!:! \0 0'1 ..... 0'1 V"'l 

X I"'-- V) 00 ""! -'" 00 ci ..... - 00 X I I I 
'-' '-' 

... 0 

"l:i 0- N \0 ..... \0 N ..... 0'1 N 0 

-0 ..... \0 \0 
N 

= .S Ul -w ,g = ·C Ul 

= Ul --> Q.l E ... c:! ... 'Vi "0 C 
41 C C 

Q.l Q.l 

~ Q.l <!) 

3: 3: ... 
::I 0 
c 4S - ,_ 
Vl 

<!) ... 
CO CO t..Ll 

C 
'" c l2 :;:: 

(0;1 

~ 'i: Ul 

t':I <!) 

> .... c:! 'r;;; "0 ..... C C 0 <!) <!) 

Q.l Q.l 

~ ... u 3: ,,_ .... - g 
::I <!) <I) 

0 CO CO t..Ll 
CI'1 



;-

~ ~ 
,-.. ...-, r-oo "<t 00 

~ ~ 0"- M ("<) ex: 
("<) 0 V') 0 ("<) 

X N I I '-' I 
I '-' 

~ ~ --- '""' N 
~ 

\0 00 V') 
X ~ - ~ 0 
.~ .- 0 0 0 c? X "7 I '-' '-' 

<II 
·U 
= «I 
'i: 
«I. 
;.-

8 ... 
0 - N '""' """' ell ex: r- - ("<) "<t ... X ~ ""l 0 ""= = 0 M r- 0 0 <II 

X 
N - 0 I I = ("<) '-" '-' 

0 
Q. 

e 
0 
u 
"0 
C 
«I 
ell ... 
U = ~ .--.. ,....._ 

"0 0"- N M M 0 

E x ~ ~ 00 ~ r-: a- .- -.0 0 r-Q. X r- C""\ I .._, .._, 
C 
«I 
<II 

:E 

V') 
,...._ 

"""' - ""= 
0 \0 00 

X ""l ~ ~ 
\0 

N ("<) ("<) ~ 
'" \0 \0 X <";l "7 N I 

("<) 

'-' 
I .._, 

S! 
.- ,...._ ,-.. 

00 t- O 00 "<t 
X ..,f ex: ("<) ""= ""l 

a- 0 V') 6 V') -X "7 
I I I N 

'-' .._, 

... 0"- N 0 
\0 -c .- \0 N 

C 
.~ '" Q) .... . !:: 
.S '" ... '" 

...._ 
CIS Q) E .. .... e<l 

.... 'en -0 

0 s:: s:: 
Q) <II 

<II <II <II 
:= 3: 3: .... 

a = - - ,_ 
Q) <II .... 

0 CO CO Ul 
C/) 

,...._ - 0 00 
X .- \0 

X 0' 0 
I I 

'-' 

S! 
,......., 

.- M 

X ~ 00 

X 
N 0 

I I .._, 

"'"' a- "<t N 
X ~ ~ 
X V') -;-I 

'-' 

<II 
"<t U .. """' s:: X 0"- V') 

CII -.0 .-
..,f 'i: X t'") 

CII .- '-' ... 
0 
<:.I ... 
0 
en 

" 
M "'"' .... 

~ ~ ['-= 00 
<II M ....: = X \0 
0 0"- '-' 
Q. 

e 
0 
u 
"0 ['- ,......., 
s:: '" ['- \0 X CII 

X C'i ~ 
en "<t t'") .... - '-' 
C.J = "0 
0 
J. 
Q. ,-... 
c '" 

['- ['-

e<l X 0"- N 
<II 

X 
-.0 c-;i ::;; V') 

I '-' 

\0 
,-... 

.... .- ['-

~ 6 ~ 

X - V') 

"<t N 
I 

I '-' 

,......., 
.., N V') 

X "<t -0 C'i x 0"- .-
I I 

'-' 

M 00 
,...._ 
00 

X - N 0 
X 6 .- I 

I '-' 

.... --c ..... 
C 
0 ;:: 
,S 
J. til 
«I Q) 

;.- ... 
'en .... C 0 <II 

<II Q) 
<:.I 3: J. -~ Q) 

0 
In 

CO 

\0 
ex: 
M 

"<t 
00 

C'i .-

V') 
.-
....: -
0 
0"-
....: 
In 

00 
V') 

....: 
N 

00 
.-

r.-i 
['-. 

N 
ex: 
M .-

I 

00 
.-
-.0 
\0 

\0 
"<t 
0 
"<t .-

0"-
r-: 
"<t 

I 

0 
N .-

en 
Q) ... 

'en 
E 
e<l 

-0 
C 
Q) 

~ 
~ 
CO 

,-.. 
\0 
In 
6 
'-' 

,-., 
0 

""= N 
'-' 

-0 
00 
..,f .._, 

""'" 0"-
r-: 
("<) -'-' 

-\0 
~ 
N 
'-' 

,;-.. 
V') 

0"-
0' 

I .._, 

,-., 
0 

""= \0 
I 

'-' 

"'"" .-
r-: 
("<) -'-' 

,......., 
\0 
~ 
V') 
N 
'-' 

,-... 
0"-v: .-

I 
'-' 

t'") 

.~ 
.-

In 
~ 
("<) 

"<t 
0 
C'i 

I 

.-
['-

C'i 

"<t 
r-: 
V') 
.-

0"-
""l 
("<) 

M 

00 
r-: .--
V') 

""l .--
M 
\0 
....: 
M 

00 v: 
.-

0 
\0 
"<t 

... 
g 
Ul 

.21 (11 



72/ 

- t- '"'" ,-._ a-, - ~ 
'<t 00 V) 

X ~ C'! - 00 - N '" \0 M '<t S X - - '<t N '-' 

,...., ,......., 
N \0 \0 M M -- 00 0 t-X 6 0 6 r-: ~ 

X 6 "7 M 
"7 I "7 '-" 

0 

'-" 

£ 
a-, --- ,-._ 
~. a-, V) V) \0 

.X - a-, ~ ~ 
00 

'" V) r-.: 0 - t-
X "7 

0 0 '-' 0 
'-' 

- N 
,...., 00 ---- II'! 0 I- - M 

X 00 00 '-': M 

X 
M 6 \0 N t- o 00 

~ 00 - '-' -
0 """ a-, 

'" - a-, N ,-._ 

X '-': a-, '<t 00 - 6 t- o:. '" 0 M 0:. X N V) 00 
V) 0 0 '-' 0 

0 '-' 

£ 0 
,...., 

\0 
,.-., 

- M \0 
V) N 

X 6 - - ~ 
00 V) 6 X \0 .- "'" '<t 
.- .- M I .._, '-' 

Q.l V) ......._ ,-._ 

Col co '-': 0 0 00 a-, 

= N - '<t 
CIS X 0 '-': r-.: 0:. 6 '" '<t 00 'C x .- 0 00 

V) '<t \0 - .-CIS .- '-" 
;> '-" 
Q 
Col .... 
0 V) ,...., 

M --- 0 til .... r-: N .... X ~ ~ \0 t; 
= .- 00 

V) 00 Q.l '" a-, V) 

= X 0 \0 M N N 
Q N '-' 00 '-" 00 
Q. 
e 
8 
-= 

,......., 
t- '"'" V) 

'" t- '<t 00 = x r-: .~ ~ .- r-: 
CIS N \0 .- M 6 N 
til X "7 '<t \0 - N .... 0 t- ._, t-
Col '-' = -= C 
I-
Q. 00 '"'" 0 ----= on V) a-, '<t M 

a1 x .,f a-, '-': - ~ .. " - 6 V) 6 V) 

~ X t- V) '<t t- \0 
.- '-" t- ._, "'" 

~ V) ,-, .-... M CJ I- M 
C '" '-': '<t r-: <'! II'! X II'! '" M N 

"'" 00 00 

'i: X t- N \0 V) .\0 
0 "'" M CIS - . '-' N - I ;;- '-' 

Q 
r.; .... 
0 M ---

,-, 

'" - \0 M t- \0 .... co 
.,f M r-: ~ -.:t 

C X 

'" M M r-.: Q.l M 00 f- a-, 
C X 00 - 0 0 

a-, 
0 -.:t V) 

V) - \0 
Q. - '-' '-' 
e 
0 
CJ --. --. 

"0 0 0 0 .... a-, I- <'! 0 
~ C X .,f '-': \0 

«I M 
V) .,f \0 

'" X 00 -.:t V) t- V) .... 0 N '<t 
~ 

M 
CJ a-, '-" '<t M 
.:= 
"0 
0 
I-
Q. 00 

,-.. 
0 

,......., 
0 

C '" '-': 
V) 

"'" 
0 <'! \0 f1 «I X t- o:. .,f -<I) X M 0 M .' I-

~ N 
V) N M \0 .- .-t- '-' '<t .._, M 

0 .-.. ,......., M ... - "'" M 00 -.:r: x vi II'! .- V) 
.- .,f '<t 

N a-, 
M t- V) 

X t- o 00 0 .- t- o 
"7 0 '-' -'-' 

0 .-... 0 --. M 
on - 00 00 CJ:, 0 

X .- <'! 6 .~ X M V) V) N 
t- N N \0 a-, 
M '-' M '-' N 

\0 """' 0 '""' 00 

X ~ 
a-, - - ~ 

00 t; 6 r-: \0 
N a-, M "'" 

00 0 X 0 M t- o M 
.- 0 .- .- -'-" '-" 

a-, ,-.. I-
,.-., 

"'" ... - V) 
~ 

M r-: X 6 ~ -.:r: 
M t- M t- t- t-

X 0 '0 a-, 
M "'" N 00 I-

"'" 
0 

N '-' \0 '-' V) 

......._ 
!::! ""' - N 0 t- N 0 X .- 0 - ~ -- 6 6 0 6 x '-" 0 9 I 

'-' 

!::! 00 .-.. ,-.. 
0 "'" '<t V) \0 

X .,f \0 ~ 0 ~ 
6 0 N .- 6 .-

X .- 0 I I I '-' '-' 

.... - 0 0 

'1:.i M N \0 - '<t 
.... - 0 0 

'1:.i M N \0 - "'" 
C 

,S: VI 
(l) - .!:: 

,~ VI 
:.. VI 

..._ 
«I (l) E .. ... '" .... 'fi'j -0 
Q c c 
~ 

<1.} (l) 

~ 
<1.} 

~ ~ ... 
0 

1:1 .... Qj t: <I) 
Q co co ~ r.n 

c VI 0 
:;:: ~ 
«I 

~ 'i: '" «I .g ;> '" til "0 .... c c 0 <1.} 

~ ~ 

~ ... CJ 

'"' g := . <1.} t) 
Q CO CO ~ r.n 



7;3' 
00 r'l 

,-.. 
\0 

r- '<t 
,-.. 

t"'"! 
r- OO 

>< ~ 
N r'l r--: C"! r- r-'" - r- N 

>< N r'l 
iii '-' '<t N iii 
0-. 0-. '-' 00 

- --.. - r- \0 00 N 0-. - '<t '.c: r-
>< 00 N 

-<> 0-. <:) 00 r-: ~ 
x ..... N 0 \0 M 

I '<t ..... 
'-' '-' 

0-. --.. r'l 
,-.. --<> r'l 00 - \0 ->< ...0 t"'"! N C"! r--: 

'" - \0 

>< M M N N 
..... 

r- 0-. '<t 0 '-' 00 
..... 

00 ..... '-' 

£ ..... - ---r- 0 r- N 
..... 

>< <:) '.c: M 0-. r-: 
'" 0 ~ v) iii 

>< M N M ..... 
'<t '-' '-' 

~ iii 
,-.. \0 

,......, 
r- OO M 

>< 0 r-: v: - 00 ..,. N - N N 
>< N 

..... 
"7 '-' I I 

'-' 

'<t --.. r- - \0 

'" 00 r- N 0 
~ X M <:) M 

'" ...t N \0 0\ M 

>< ..... r- 0 iii N 
M '-' "7 

I 00 ._, I 

Q,I 0-. --.. .--.. 
U - - r- f'"l r- \0 

= - ..... -
~ >< N ...0 v) iii 00 

·C, 
..,. 00 ...t \0 

>< N N ..... 
M r-

~ I 
I N '-' ... '-' 

Q 
U ... 
Q 

iii 
<Il £ 

,-.. ,-.. .... v: iii N 0 '<t 

= >< M ~ '<I: v: '<t 
Q,J ..,. iii 00 M 0\ 
= >< M \0 '<t M N 
Q - '-' '-' 
Co 
e 
Q 
(,I 

"CI '<t .--.. r- .--.. N 
a- 0-. = >< ~ 0 ..... oq 

~ ..,. iii 
r-: <:) oq 00 

<Il >< 0 0-. M N ..... .... \0 iii iii I iii 
(,I '-' I '-' I 

= "CI 
Q 
I. 
Co '<t 

--.. .--.. .. \0 M N r-
= r-: '.c: r-: N 
~ >< - ~ 
Q,I ..,. M r- ..... 00 
:E >< 0 M ..... 

N 0-. 
iii N 0 \0 

I I '<t M N 
'-' '-' 

Q,I t- ,--., 0 
,....... 

N 
Col co 0-. M '.c: 0 \0 
C X ..,f C"! v: 
III iii 0\ 
·C -<> 0-. iii \0 - f'"l 

X N r- M 
C'iI 0-. \0 '<t - 0-. 
... ..... '-' \0 .._, , iii 

0 
Col .... 
0 0-. --.. M 

,-.. \0 

'" r- t"'"! t- o-. ~ t"'"! .... ~ ...0 M 
C X 00 ~ -I10l -<> '<t r- N '<t 
C X M M 0-. t-
O N M iii 0 ..... 
C. N '-' - - -'-' 
e 
0 
Col 

"CI ~ '<t 

_ 
'<t """ C - \0 C"! 

iii '<t 
C'iI X f'"l oq oq 

'" 00 <:) ..... 
'" X ..... "7 

..... M .... I 
I I , 

U '-' '-' 

= "CI 
Q 
1.0 
Co _' """ - '<t 00 .-
C - 00 ~ r-: r- v: III X <:) 0 
Q,I '" N '<t 0\ 00 

:E >< \0 ..... N 
~ 

0 
'<t .._" N -

\0 
--.. 

0 ---. 
r-

\0 00 r-
0 C"! 00 '.c: X N ...t r-: ..,. 00 0-. iii 

X '<t iii \0 iii N 
\0 '<t 0 \0 

I I 00 M \0 
'-' '-' 

.- --.. -£ M M '<t 

>< r-: o::r: '<I: 0 r-
0 .,f: N 

'" - \0 <:) 
X \0 .- iii ..... ..... '-' I I 

I -
'<t 

--.. 
0 ---. r- \0 r-

'" r-: ~ N v: X v) 
..... 

..,. - iii v) '<t 
X - r- iii '<t r-

0-. M 0 00 - I 0-. iii \0 
'-' '-' 

--.. M """ 
'" 

..... ..... iii '<t 
iii ~ 0-. 

>< r- '.c: ....: 
'" ...t \0 t- M 00 

X 0-. iii ..... 0 iii 
I 

.- r-
'-' "7 . . ...... 

N ,--., 0 ,--., 0 

'" M 0-. '<t 00 r-: x ...t '.c: ...0 
..... 

..,. ..... M M 

X iii 
00 

0 00 r-- , r- N iii 
\0 '-' r- '-' \0 

'<t ,--., 0 --- N 
~ 0 ..... .. 

'.c: '.c: iii '.c: >< iii 

'" N ..... iii r--: iii 

>< M r- \0 . r- r-
..... ~ 

M '<t N 
..... N • '<t ._, 

.... .- 0 0 

'ti M N \0 ..... '<t 
.... ..... 0 0 

'ti M N \0 ..... '<t 

= Q VI 

:.;:: <l.l 

~ 
... 

·C til ~ 
III e E 
> (1:$ 

.... . ;;:; -a 
Q c C 
Q,J 

<l.l <l.l 

~ 
<l.l ~ ~ ... 

= - ¢) 
0 

Q 
<l.l !:: 

fJ} CO CO tJ.l 

C 
0 til 

.':: <l.l ... 
III .;;:; 
.i: til 

...._ 
III <l.l E 
> ... (1:$ .;;:; -a ... c c 0 <l.l <l.l 
Q,I <l.l <l.l 

~ ~ ~ 
... 

::I - g <l.l <l.l 
0 CO CO tJ.l 

(JJ 



-
,-._ - ,-., 

~ 00 \0 00 r- r-
X - '" ~ c: 0 0 
"" 0 N -X , 

'-' -;- I 
'-' 

~ 
,--. ,-... 

r- 0 0 0 .-
X <"! - ~ M .-
- 0 0 N - V) ...... 

X I I I I I 
'-' '-' 

,--. 
0 

,-., - N 00 '<:t \0 

X -.:t: -.:t: t-: t-: <"! 

"" 
("1 r- OO - 00 

X ...... - a- 00 <"';l , I N '-' '-' 

00 
,-... r- ,-.. '<:t £ '" 
a- ...... a- '" X 0 '" r-
0 a- 0 N 

>< - - N 

'" 
N - I -...._" '-' 

~ ,--. ,-.. 
0 X a- 0 '" -c: .- - 0 -:= N 0 0 ci ci 

X '-' '-' 

~ r- .--. ,-._ 
U '" a- 0 r- '<:t ("1 

c: X N 
0 00 -.:t: ~ 

~ co \0 r-: 0\ '<:t r-
't: X '<:t - ("1 \0 a-
~ '<:t N ...... , 

'" > '-' ...._" 

0 
U .... 
0 
<Il N r- ,-... a- ,-... 
.... X ~ 

r- <"! 0 a-

= c: c: <"! 
c.I r- ...... 0 N '<:t \0 

= X N I N , , 
0 I ...._" I '-' 
Q. 
e 
0 
u 

c1) 
u 
c 
C'iI 
't: 
~ 
> 
0 
u - 0 - ,-... .... - a- N a- 00 
0 X - ~ - N .~ 
<Il £ ci .- N ci c:r ..... X "<t I I • C I '-' '-' 
c1) 

c: 
0 
Q. 

E 
0 
C.I 

"0. - '" ,--. ...... ,--. ("1 

C X ~ 00 00 00 ~ 
~ 0 r- r- r- \0 r- N <Il X 00 N ...... r-.... ("1 '-' ...... '-' -U 

== "0 
0 
:.. 
Q. ,-._ 

£ 00 
,-... '" C '" - 0 M 

C'iI X '" N - <"! c.I r- \Ci ..,f ..,f 0\ 
~ X '<:t M , N 

'-' I '-' 

"0 
C 
C'iI 

'" .... 
C.I ~ 

.,-.., """ = 00 a- 0 \0 . I:"'-
"0 ~ ~ N c: ("j '''1 
0 X '" ci ("j ci -I. '-' '-' 
Q. 
C 
C'iI 
c1) 

~ 

0 r- ,-... 0 ,-. r-
'" ~ N ..r: 0 <"! 

X \0 ~ - 0\ '" r- r- ("1 '" X ...... -N N r- - N - '-' -;- I -;-
I '-' 

- 00 ,-... V) 
,-... V) - ~ \0 0 ("1 V) 

X V) "1 ci - r-: 
'" I:"'- '" 00 

X -;- I l:"'- I ....... 
'-' I '-' I 

("1 ,-... 
("1 

,-... 
'" co - .- - N c: X 00 .-

N 
0 

r- 0 \0 r- '<:t 

X - .- 0 ("1 '" V) '<:t N \0 
.- '-' r- '-' \0 

~ 
,-, V) ,-... 

a- 0 - '<:t a-
X ~ a- 0 0 ~ 
'" N 0 ..,f ("1 

X I '-' 
N I I 

I '-' 

£ \0 ,-.., V) 
,-... "<t 

X 
.- a- - 00 00 
ci I:"'- 0 

0> :i 0\ ci 00 
X N N N - ._.. 

._ .- 0 0 

.c;; ("1 N \0 
.- '<:t 

.... - 0 0 

-d ("1 N \0 .- "<t 

c 
.2 til 

(1) .... .!:: 
. S '" I. t/) --C'iI (1) E ... ,!:: ro 

'" "0 

c: 
'" ,2 ~ .... 

C'iI 

~ .t: 
'" C'iI ~ > 'Vi ro 

"0 .... 
0 t: t: 

(1) (1) 
~ Q) Q) 
u :::: :::: ... 
I. 0 

== 
Q) Q) I:: 

0 co co LJ.l r.n 

.... t: C 0 c1) Q) 
c1) <U 

~ .... C.I :::: I. ...... § 
== 

Q) .(1) 
0 CO CO LJ.l 

rJ'J 



= Q .... .... 
. to: -= C. 
Q 
C. 

~ 
U 

= c:s 
';: 
c:s 
> 
0 
U 

...,; 
0 
fIl .... 
C 
~ 

= '8. 
e 
0 
u 
." 

= c:s 
fIl .... 
CJ = ." 
0 
1.0 
C. 
C 
c:s 
Q,j 

~. 

.... 
-c 
C 

,S: .... 
= 'i: 
= > .... 
0 
~ 

~ 
= 0 

lZl 

- "<!' -:x: '-0 

:x: 00 
M 

£ '-0 
:x: Vl 

:x: C'l 
M 

0 a-:x: ...... 
~ :x: l'-

l'-co :x: q 
00 :x: 0 ...... 

0 
" C'l :x: 0 

:x: M -I 

0 
-0 00 :x: 0 

:x: V) 

'-0 
I 

·M 

'" 00 :x: 0 - V) X 
"'" I 

M .... ~ X - V) 

0 X ...... 
I 

'" 00 

:x: l'-

X 
00 
'-0 

I 

N '-0 
X ...... 

-ri 
X "'i 

V) ...... 

'" Q,j 

.!:: 
Ul 

C 
Q,j 

~ ...... 
Q,j 

CO 

,-., ,.-... 
00 00 0- '-0 
V) ...... '-0 II! 
~ r..: N M 
'-' I I 

'-' 

,-... ,-.. 

"'" M 0- ...... 
q 0J r-: V) 

M C'l 0 0 
'-' '-" I 

,-., V) 
,.-... 

'-0 ~ 
'-0 ...... 

II! r-: ~ -00 - 0 00 
I I .._, 

I '-' 

........ l'-
,-., 00 '<:t '-0 0 

~ l'- ci 
00 

r..: 0 l'-
'-' M '-" C'l 

,-., 
C'l 00 ,.-... 0 
II! 0 

~ 0J 0J 
V) 

"'" C'l '-0 ...... C'l ...... 
I '-' 

'-' 

..-, ,-., 
Vl l'- 00 

"'" 00 C'l V) q 
0\ N M C'l 
V) V) M 00 

I I I 
'-' '-' 

,-.. ,-.. 
'<:t 00 M V) 

~ '<:t 
~ ~ ...... r..: l'- '-0 

"'" M I I 
I I '-' '-' 

.-., .-.. 
"'" '-0 

"'" 
V) 

M '-0 II! 
ci q 

~ '-0 
C'l ...... I M M 

I I -'-' '-' 

,-. ..-.. 
M V) l'- '<:t \0 - ~ t; <"l ...0 '<:t ...... 
M M -;- C'l I I 
'-' '-" 

,-., ,.-... 
00 M 
V) C'l V) 

...... 
...... ~ 0J ~ 
-ri '-0 ...... ...... 

I '-' '-' 

C'l '-0 
M C'l ...... 

'" Q,j 

.!:: 
~ . 
E = '"0 
C 
Q,j 
Q,j 

i3: .... 
0 

Ii) t. 
CO W 

,-, ,..... 
- '<:t 00 l'- "'" 0 - 00 00 :x: ~ q V) 

N V) ...... ~ N ...0 :x: l'- ...... M - -'-' I I 
._" 

V) ....... ,..... 
£ V) . C'l M "'" ~ ~ 

...... 
:x: 0\ V) t; 

N 0 ...0 M ...... 
X I "'" -;- M -;- '-' • '-' 

0 .-.. M ..-, '<:t 
a- ...... '-0 V) M '-0 :x: -ri "! 0 0 ...0 N :x: M '<:t ..... ::t ~. 

l'- 00 ...... 
'-' I I 

~ l'-
,-.. V) ........ 

U 00 0 00 C'l 0 M 

= IX! 0 C'l 
c:s :x: 0\ 0 t-' N 
'i: N M M 0 X C'l l'- 0-
c:s V) l'- M C'l -> 00 ........, ..... ........, 
0 
CJ .... 
0 

l'- ..-.. ,-, l'-
fIl 

" 00 0 0 "'" 0J .... 
X r..: 0- 0- IX! C· 

~ 00 0'1 
Q,j N .0 ~ 0'1 
C :x: 0 

V) 0 
t!- o- I 0 M ........, ...... 

c. 
e 
0 
u ........ 
." M .-.. V) 

"'" C'l 
C '" V) M 0J l'- 0J 
c:s X 0 '-0 "<!' .,f M 

N V) r..: l'- ...... ~ fIl :x: .... l'- M ...... 
CJ C'l '-' ...... -.!:" ...... 
= ." 
0 
1.0 
C. M ..-.. M ,-, '-0 
C '" 0- 00 ...... ...... t; 00 ~ c:s X ...0 N 00 V) 
Q,j N M 0 ...... ...... 
~ X C'l C'l 0 V) C'l 

~ I 
M ...... '-' -
l'- .-.. 00. ,-, 0'1 .... 0 C'l IX! V) <"l :x: r..: <"l 00 

"'" -0 C'l 
N V) M - "<!' :x: 00 l'- - l() M ...... '-' ..... I -._" 

0 .-., ...... ........ 00 

x- 0 C'l C'l 00 
~ r..: M ci 

...... 
N r-) r--

N . V) 00 \0 :x: 0 "'i "'" 
0 0 -...... '-' ...... '-' ...... 

!::! 
,-, ..-.. 

00 M '-0 3 -. X <"l ...... 0 ...... 
X 

...... 0 0 ci ci I -...!- ........, 

.... V) C'l '-0 

-c ...... M C'l ...... 

C 
'" ,S: ~ .... 

c:s ~ 'i: '" = ~ E 
> c:s 

'iii '"0 .... = i:: 0 Q,j Q,j 

~ ~ 
Q,j. 

1.0 U i3: 1.0 Ii) ...... ~ = Q,j 

0 CO CO 
In 



:! M 
,.-, ,.-, 

X l"'l 0 0"- 0"- V 
\0 - ~ 00 

"" - 0 or) 
X - - 0 

'-' '-' 

M ,-.. 0 ........ N N .... ~ M 'oC! t"- t'-; 
X N r-- I.(") 0 N 

'" 00 r...: 0 N 
X - \D I.(") N 0 - - 0"- \0 -M '-' N V -'-' 

t"- ,.-, ,.-, - \0 00 
~ 0"- - 00 t"-

X - - a: M 
M V a: N 

X '7 
, v - N 

'-' 
, , 

'-' 

M 
,.-, 

0 ........ t"-
'"'"l 

00 I.(") - 'oC! '" 0"- N 
X t"- ..,f r...: \Ci N .,., M t"- OO N 00 
X N V t"-

M 00 V V V N c:!.-I.(") '-' N -
I.(") "'"" M 

,.-, 

S V 0 ""': N \0 

X 00 M 
M ~ I.(") 

M 00 ,= V 0 I.(") 

X '7 '7 
v -'-' I 
'-' 

:! ........ ,.-, 
M I.(") N M N 

X M """: - N N ... \Ci or) 0 ,= X -'-' I I ._., 

ill M --. 00 
_,-., 

M 
CJ 0- t"- \0 
C >$, ~ 00 

N V] 0 

~ t"- O 0 M \Ci 
"t;: . X M t"- O"-

N 00 I.(") '<T M 
~ '-' 

, 
... , 

'-' 
, 

0 
CJ .... 
0 

M '""'" 0 --. 0 
<I> .. t'-; t"- O 0 0 .... X 

I.(") 
c I.(") M C"i a: v 
ill M I.(") \Ci 0"- 0"-= X M t"- I.(") V -0 I.(") '-' V 00 -c. 

._, 

e 
0 
CJ ........ '""' 

"C t"- OO r-- M V .... ~ ~ ~ ~ t'-; C X ~ M 
M I.(") - - t"-

<I> X - v r-- I.(") \0 .... I.(") t"- O"- - M 
(J - , 00 - V 
::I '-' '-' 

ill ,.-, ........ 
CJ - 0"- 0"-
C - N V 00 0 0"-

eo: X C"i v r...: - ""': 
'i: ... 0 \Ci M 

X 0 0"-
eo: I.(") M - c:!.- O"-

... ._., 
0 
(J .... 
0 

'" 0 N 
,.-, 

S 
,....... 0"-..... 0': - 0 V 

V 
C X v 0 0': 
ill ... I.(") 00 \D \Ci I.(") 
c X t"- V 
0 0 '-' .- 0 N 

C. 
0 '-' 

e 
0 
CJ ........ ,-.., V .-

"C 
'" 

0 I.(") 0"- 0 <'! c X· \0 t"- 0\ 
0"-

eo: r...: or) 0\ 0 ... I.(") \D 

'" X 0"- 0 \0 0"- 0 - M M M 
CJ '-' 

N I .-
:::I 

I '-" I 

"C 
0 

"" C. t"-
,-.. '""' t"- O 00 0"-

C '" N 00 0 'oC! N 
~ X 0 v a: - N 
ill x- 0 00 V \0 0 
:E v V N N N 

M , 00 - M 
'-' '-' 

"C 
0 

"" ,-., ,-.., 
C. t"- V 0 M 

C .. 00 <"! I.(") I.(") .-

~ X 0\ N ~. 
\D -ill ... 0 \0 0 I.(") 

:E X - 0 I.(") N 0"-
\0 M V - I.(") 

N '-" I I 
'-" 

'""' --. 
M 0"- 0 t"- M 

'" - ~ ~ 'oC! <'! X 0 x- M 0 t"- O"-
0"- 00 M N -- M 0 - I.(") 

V I 00 - M ._, ._, 

0 - M -00 00· ~ 
M M .... 

0 I.(") 00 t'-; 
X r...: I.(") or) -... 0 N· - \0 X .- \D V - M t"-

I.(") M 

N 
._., - N t"-

'-' 

M 
,.-, 

00 --. - M r--,.. <'! v <'! l"'l X ~ 
M - \Ci I.(") 

N r--
X 00 00 v - 0"-

M N N 0"-
N I I.(") C M 

'-' 

M '""' 0 ........ V 

'" 
r-- N V] 0"- I.(") 

X 0\ t"- N V N ... M 0 M N \0 . 

X t"- \0 - 0"- -N \D \D 0"- N 
N '-' - '-' -

:! ........ ,.-, 
0 M N t"- \0 

X 0': 0 <'! <'! -
'" 0 0 X - I.(") -I '-' I 

'-' 

0 ,....., 0 --. \D 
""': v ~ 

0"- ""': '" M X· 00 V] M V 
I.(") ... 0"- M \0 V 

X M M 0 
I.(") 

N - I.(") \0 V 0 
N '-" - - .-...._, 

.... I.(") N \D 

'ti - M N -
.... I.(") N \D 

'ti - M N -
C 
.S til 

Q) - ... 
1:11 ~ 'i: til 
1:11 V E ... .... '" .... "Vi -0 

0 C C 

ill 
Q) Q) 
Q) Q) 

~ 3: 3: ... 
::I 

..... ~ 
0 

Q) 
.... 

0 
... 

en r:c r:c UJ 

c 
,8 til 

..... ,~ 
~ 

~ ';: til 
eo: ill ... ,_ 

'" 'Vi -0 ._ 
C C 0 V ill 

ill ill 

~ (J 3: .... 
"" ....... 0 
::::I ill I: 
0 r:c r:c UJ en 



M 
,-, ,-, - ~ 
\0 

\0 r- N - ""': r-: r-: >< M ~ r- oo 0 M 
-0 - 0 r->< - - """ - I --; I '-" '-" 

~ - - .... - V) 

!Xl \0 
~ N "! >< \0 0-- ..,f V) V) 

00 r- N ::t 0 >< M N - .-
'-' 

M ,-, - ,.-., 

S! .... r- ""': \0 00 
M ~ M 

>< - C'i r- -.0 '" 
.... 

00 
V) 

>< N 0- N "? N 
I I -; '-' I -.._; 

M .-.. ,......, 
- V') """ -- 0-

~ "! ~ -X 0 V') 

0 V). M -.0 00 00 0- N \0 
>< N M \0 - N 

M '--" I I 
'-' 

,.-., M 
,-, \0 M V) .... 0- r-: 0- f"! V) 

>< r- ~ M 0 0 

'" N M 0 

""" """ >< \0 0 

""" N """ - """ N I -; '-' I '-' 

0 --- ,......, 
:2 ~ 

0- V) V') M 

>< ~ ~ "! """ M 0\ 00 V') 
V) 

M ->< - 0 0- N r-
N I .-

N '-' '-" 

Q,l """ 
,......, ,......, 

""" V) 
V) 0 r-Col 00 r-: ~ ~ = >< 0 ~ 

~ '" \0 r- M r- M 

'i: >< r- """ 
00 M M 

N """ N 

""" 
V) 

~ 

""" 
00 \0 

~ V) '-' '-' 

0 
Col 

Q,l \0 
,......, 

00 ,-... 

""" Col ""': 
.- ..,., 0- ""': '" ~ C >< .- N 0- N (0::1 

00 - 0 0 r--: \0 'i: X M 00 V) 00 M 
(0::1 00 0- 00 r- V') 

~ M - - '-' -0 
'-' 

Col .... ,.-., .0 0 ---.. 00 00 r-
'" ,_ ~ \0 "! ~ ~ .... X r- OO 00 00 = 0 V) 
Q,l "" """ 

M .... r-
= >< r- 0 r-

""" 
0 

0 V) V) 0 M r-
c. M -.._; M '-' -
E 
O· 
Col 

"C ~ \0 .-. .-., 

= 0 N .... 0 
~ >< .... r-: 00 ""': ~ 

V) N """ 9 M 
'" >< M .... M '-' I 

'-' 
I 

Col 

... 
0 
VI ~ \0 - 0- -.... N V) V) 0 
C X V) N r--: O· \0 
Q,l r- ..,f 0 0 -.0 c X 

""" '-" -; • 0 '-' 
c. 
E 
0 
Col 

"C r- .-.. N .-.. 
.~ - r-

c - 0 0-. 00 N 
(0::1 >< 0\ 

M ..,f 0 -.0 
VI 

..... 
00 0 - \0 .... X """ 

r-
N -; I -Col '--" '-' 

::I ::I 
"C 
0 a... 

"C 
0 
I.. 

c,. 
""" 

,-.., .-., 

·c - .... - r- oo 
""" - V) V) 

to::! X M 0\ ~ 0! 
Q,l '" 0 00 """ 0 
:E >< \0 

V') I N 0-
I I 

I '--" '-' 

C. 0 
,-.. - ,-., 

c :2 ~ 
r- 0-. 00 0 

(0::1 >< ~ ..,f 
\0 ~. .- -.0 Q,j .... - ..,., r- oo 

:E >< """ 
.-

N 
V') "1 . I 

I '--" I '-' 

0 
,-., - .-., 

::; 
""" 

V) -V') 
~ - t"') r->< N N 

'" \0 M M r- N 

>< r-
""" """ 0- I N I I 

I '-' I -.._; 

,-., 
0 ,-., 

M 

""" 
0- \0 

'" - \0 - M V') 

X 00 0-. 
or) N V') .... V') N ...... 

\0 1.0 X 0 
""" 

r- r- 1.0 
N N M I . 

'-" I '-" 

0 ""' V) 
,-.., 

N 
~ r- ~ 

M 
~ 0- f"! X M 

.... 
V) M 0\ V) 

'" 0- 00 .... N 
X 

""" """ 0- M r-
-; '--" 

N 0 -; I 

0 
,-.. ,......, 

00 r- 0-. N 
00 ~ ""': ~ ,,!. t"') 

>< 00 M M N 
..,., 

.... 0 M r- 1.0 N 
X 0 V) \0 00 -- V) V) - M 

1.0 '-" I -'-' 

M ---.. ,-.., 
0- """ 

0 

""" """ X N ~ V) 
00 00 

'" 00 N 0 0 -.0 
X 0-

V) \0 0- N 
0- 00 

""" M -; 
N N .... 

'-' '-' 

~ r- ,-., .- .-.. 
N N 00 

X ~ V) ~. 
~ N 

'" M - -.0 X 00 -00 '-' I '-' I 

... V) N \0 

-d - M N - .... V) N 1.0 

-d - M N -
C 
0 en 
:.:: <l) 

.!:: (0::1 

'" 'i: '" --(0::1 .g E 
~ ro ... Vl "0 
0 c:: c:: 

<l) <l) 
Q,l 

~ 
<l) 

Col ;!; ... 
I.. 0 
::I 

..... .... ... <l) <l) ... 
0 CO CO tJ.l IrJ 

C 
'" .S! ~ .... 

(0::1 ~ ·c '" to::! <l) E 
~ 

... ro .;;; "0 .... c:: c:: 0 <l) <l) 
Q,j <l) <l) .... u ;!; ;!; a... .... .... g 
::I <l) <l) 

0 CO CO tJ.l 
IrJ 



..-

!::! ,-.. ,...., 0 
0 t- <') II") t-: ~ t- N "<l; ~ 
N 0 II") 0 

00 - N 
X I '-' I I 00 '-' 

!::! ,-.. 
0;-M II") N M 

X t-: N t-: ~ ~ ::: "'7 0 0 0 N 
X I '-' I 

'-' 

Q 
C.I 

= (II 

'i: - \0 
,......, ,......, 

(II - \0 0 M l;- N 
> X 0 "! M M c: 
0 ::: '<t N 0 0 C.I X '<t I I I .... - '-" '-' 
0 
ell .... 
= Q 

= 0 
Q. 

e 
0 
~ 

"C 

= !::! 00 
,......, 

00 
,......, 

'<t (II 
X C"'! 0 N - 00 - ~ ell 0- M N N 0 ..... 

C.I X '<t '-" N '-' I 

= "C 
0 
J. 
Co 

= (II 
Q 

:E 

- - ..-, II") ,-.. 
'<t 0 N \0 

>< t-: 00 N "! ~ 
0- Il") r--: '<t II") 0 

X M \0 N "I" II") '-" "'7 '-' 

::: 0 
,-.. ,......, 

~ - 0 N M 

X "<l; t- r- ~ 
'" 

00 0 ~ '<t !I") 

>< 00 M 00 - N <') ..._, '-' 

.... II") N \0 

-d - M N -
c 
.Q til 

II.) .... .... 
(II "Vi 
'i: til --... 
(II II.) E 
> .:: c<S .... til -0 

0 c:: c:: 
OU 

<1) <lJ 
<1) <1) 

U ~ ~ .... 
I., g = - tl <1) 
0 CO CO CJ..l [IJ 



e ... ('.l M 
\0 \0 M "<:t t- 0\ \0 V) 00 \0 -C M V) - M 00 t- - t- V) M ..... \0 

~ ~ - ....... ....... - ....... c-q - ....... M c-q ....... 
"C C 0 0 0 0 

s:: 0 0 0 0 0 0 0. 0 0. 

0 + C. -H -H -H -H -H -H -H -H -H -H -H -H .... QI e \0 0. V'l 0\ 0\ .("f') ..... .. """ 
00 00 M ..- V) ....... 

~ ... 0 ....... "<:t ....... 00 M "<:t N ('.l ('.l 0\ 00 V) - 00 CJ c: ('.l 0. "<:t c-q \0 ("f') c-q 00 V) N 

== 
0. 0 0 c. 0 0. I 0. 0. 0. 0. 0. 0. 0. 

0 
C. - 0\ 
0 - V) 

""" 0\ ....... N "<:t V) 00 t- OO "<:t t-.. = 00 N 00 0. 0. 00 0. "<:t V) t- t-
..... ~ ('.l 

0. ....... M M M ("f') N \0 M N 

= -
0 ~ = 0. 0. 

0 0. 0 0. 0. 0. 0. 0. 0. 0. .. 0 
U .""" c. -H -H -H ;f1 -H -H -H -H -H -H -H -H 

00 e """ N 0\ t- V) \0 0\ N 0. ..... 0\ N V) 

0 \0 V) N N 0\ """ N t- V) t- ("f') 00 

" 
CJ ....... c: 0 0. N V) V) ~ c-q V) ~ ("f') 

0. 0. I 0. 0 0. 0. 0. 0. ..... 0. 0. 

e - 0. t- 0\ \0 \0 ~ 0\ \0 0\ 0 0. 00 

= M t- N ....... \0 t- OO 00 0. 0\ t-
~ ~ V) c: - - 0. 0. 0. c: 0. - c: c: 

"C = + 0 0. 0. 0. 0 0. 0. 0 0. 0. 0. 0. 0. 

C. -H -H -H -H -H -H -H -H -H -H -H -H 
~ e "C .. 0 0\ ....... 0\ 0\ V) ....... \0 0\ ("f') 0. t-

~ .- 0 M M 0 M 0 00 0\ ....... t- M M \0 .. 00 CJ V) ....... t- """ 
0 ....... ....... c-q N M ~ ..... 

,Q 0. 0. 0 0 0 0. 0 0. 0. 0. 0. 0 
.s:: 
joiooj 

~ V) 00 
C - 00 ....... M ....... V) 0 """ 

V) \0 M 0. ("f') 

C\ = c: 0. 0 0 0. 0. 00 N N \0 ..... 0\ 
l() ~ ....... N c-q 0 

....... c: ..... ....... ..... ..... 0. 
~ = 0. 0 0 .. 0 -H 

0. 0 0 
-H 

0 0 0. 0. 0. .- c. -H -H -H -H -H -H -H -H -H -H 
00 e \0 "<:t 

V) "<:t \0 """ 0. 0. 00 ..... M 0. r--. 00 

0 ....... t- V) t- o. V) 

""" 
r--. "'" N N ....... 

CJ ....... ~ V) 0 
....... .0. c-q c-q ~ ..... ...... 

0. 
I 0. 0. 0 I 0. 0. 0. 0. 0. 0. 0. 

e - 0. \0 N ~ M \0 V) 0\ ("f') ..q- N N 

= "<:t 0. 0\ 0\ 0\ 0\ ("f') 0\ M N N r--. 
~ ~ ..... ..... 0. 0. 0. 0. ....... c: ..... N c-q ...... 

"'0 = + 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

C. -H -H -H -H -H -H -H -H -H -H -H -H 
QI e "C .. 00 M M \0 00 N r--. N N ("f') N ..q-

~ .- 0 0\ M ..q- 0 M M 00 t- V) 0\ 00 0. .. 00 CJ M ...... 0. 0 0. c: .-< c: N \0 ~ V) 

.c 0. 0. 0. 0 0 0. 0. 0. 0. 0. 0. 0. 

= -~ c - \0 V) t- V) ('.l 0\ 00 l() 00 - r--. r;--. 
0 = l() M \0 ('.l 

""" 
M ..q- "<:t ..q- M M N .-< 

~ N ....... ,........ ....... ...- ...- N ..... N ~ ~ M 
~ = 0 0 .. 0 0 0 0. 0 0 0. 0. 0. 0. 0. ._ 

C. -H -H -H -H -H -H -H -H -H -H -H -H 
00 e N 0\ t- O V) ....... 00 \0 N 0\ "'" 0. 

0 t- o. 00 0. ...... 0. V) ..q- t- r--. \0 00 
(,J ~ M ...... M N M \0 c-q V) ..... - t; 

0. 0. 0 0. 0 0. 0. 0. 0. ...... ..... 0. 

~ ~ ~ ~ ~ ~ ~ ~ ~ .- CO CO CO CO r:d ~ CO CO CO .. ~ ~ ~ ~ ~ ~ Eo- ~ ~ ~ ~ ~ 

~ ~ ~ 
~ 

:s :s :s IZl j:l... "0 
I I I I 00 I IZl 

I I I N \0 0. ..q- ~ ~ ~ 0. U 0. ..q- 00 ....... ........ N N 0\ 



weight was higher (0.472 ± 0.236). It was low and negative (-0.156 ± 0.085) 

in the 59 per cent inbred flock while it was low (0.162 ± 0.185) in the control 

population. The heritability estimate from sire components of variance for 4, 

8, 12, 16, 20, 24-week body weights, weight at sexual maturity, age at sexual 

maturity, weight of first egg, 90-days egg production and clutch size were 

found to be 0.309 ± 0.165,0.187 ± 0.127, 0.300 ± 0.145,0.219 ± 0.132,0.301 

± 0.149,0.658 ± 0.248, 0.246 ± 0.145, 0.572 ± 0.238, 1.179 ± 0.431, 1.164 ± 

0.427 and 0.780 ± 0.317 respectively in 50 percent inbred generation. But the 

heritab~lity estimates for same traits were 0.174 ± 0.1 01, 0.456 ± 0.203, 0.574· . 

±.0.201, -0.004 ± 0.058,0.150 ± 0.100,0.048 ± 0.084, 0.271 ± 0.125,0.243 ± 

0.126,0.420 ± 0.163, 0.127 ± 0.110 and 0.118 ± 0.093, respectively in 59 

percent level of inbred. 

The heritability estimates in control population for 4, 8, 12, 16, 20, 24-

week body weight, weight at sexual maturity, age at sexual maturity, weight 

of first egg, 90-days egg production" and clutch size Were observed as 0.059 ± 

0.224, -0.274 ± 0.099, 0.025 ± 0.181, 0.296 ± 0.302, 0.549 ± 0.304, 0.522 ± 

0.385,0.470 ± 0.308,0.251 ± 0.247, 1.579 ± 0.658, 0.332 ± 0.374 and 0.385 ± 

0.227, respectively for sire component of variance. 

The heritability estimates computed from sire + dam component of 

variance varied from 0.006 ± 0.094 to 0.398 ± 0.140 for growth traits and 

0.252 ± 0.133 to 0.693 ± 0.224 for productio.n traits in 50 percent inbred 

;:generation while the heritability eS.timates from sire + dam components of 



· variance were between 0.009 ± 0.066 to 0.701 ± 0.129 and 0.167 ± 0.078 to 

0.333 ± 0.100, respectively for growth and production traits in 59· percent 

inbred generation. 

The heritability estimates computed from sire + dam components of 

variance in control population were between 0.014 ± 0.132 to 0.620 ± 0.217 

and 0.221 ± 0.156 to 0.899 ± 0.335, respectively for growth and production 

traits. 

Correlations 

(i) Genetic correlations 

The correlations between aU pairs of traits were computed from sire 

(Table 9) and sire + dam components of variance and covariance (Table 10) • 

..among the traits under study. The genetic correlations are presented in Table 

12 for 50% level of inbred flock. It can be seen from the table that the tra.its 

~ 
..was. found to be mostly non-significant among each other except O-week body 

weight with 20-week body weight WSM. ASM (-0.279, 0.072, -0.778); 4-

week body weight with WFE, 90-days egg production (-0.523, -0.521); 8:.. 

week body weight with 20-week body weight, 24-week body weight, ASM, 

90-days egg production, clutch size; 12-week body weight with 16-week body 

weight, 20-week body weight, weight of first egg (O.077, -0.056, -0.626); 16-

Week body weight with 24-week body weight. ASM (0.119, -0.606); 20-week 

bOdy weight with ASM and clutch size; 24-week' body weight with weight of 

first egg, and age at sexual maturity: WSM with ASM, WFE, 90-days egg 
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production and clutch size: ASM with WFE and 90-days egg production; 

weight of first egg with 90-days production while weight of first egg and 90-

days egg production was also significant with clutch size whereas significant 

correlation were mostly negative from sire component of variance. 

The genetic correlations based on sire + dam components of covariance 

among the traits for 50% inbred flock was found to be negatively and 

significantly -correlated among O-week to 20-week body weight and age at 

sexual maturity with a values of -0.522 and -0.762 respectively. While it was 

non significant with rest of the traits. 

The 4th week body weight was found to be negatively and significantly 

correlated with 8th week body weight. WFE and 90-days egg production with 

a values of -0.142, -0.366 and -0.658, respectively while it was positively and 

non-significantly correlated with other traits. 

The 8th week body ~eight was negatively and significantly correlated 

with 16th
, 24th

, week body weight age at sexual maturity, 90-days egg 

production and clutch size with the values as -0.113, -0.372, -0.739, -0.019 

and -0.044 respectively while the ger~etic correlation among other traits was. 

non significant. 

From the sire + dam al1alysis I i h week body weight was negatively 

and significantly correlated with WFE (-0.979) but it was non-significant 

among other traits. 
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The genetic correlation between 16th week body weight with 20th and 

24th week body weight was 0.078 and -0.592 respectively which was 

positively and negatively significant while it was non-significant with other 

traits. 

The 20th week body weight was found to be 0.364, 0.281 and -0.415 

with 24th week body weight, WFE and clutch size, respectively which was 

significant but 20th .Week body weight has been non-significantly correlated 

..among other traits. 

1t was further estimated that the 24th week body weight was also 

negatively and significantly correlated with age at sexual maturity and weight 

of first egg respectively (-0.241 and -0.684). 

The weight at sexual maturity was found to be positively and 

significantly associated with weight of first egg (0.143) while it was 

negatively and significantly correlated with age at sexual maturity and clutch 

size with a values of -0.551 and -0.292. respectively but with other .. traits it 

was non-significantly correlated. 

The genetic correlation of. age at sexual maturity with weight of first 

egg and 90-days egg production were negative and significant (-0.258. and 

-0.255) while weight of tirst egg with clutch size (-0.579) and 90-days egg 

production with clutch size (-0.680) was also negatively and significantly 
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correlated. ·Among other traits it was found to be non-significantly correlated 

with sire + dam components covariance. 

The genetic correlations among the traits computed from sire and sire + 

dam components of variance and covariance for 59% inbred flock are 

presented in Table 15. 

The genetic correlation between O-week body weight with 24-week 

body weight and weight at sexual maturity was positively and significantly 

correlated with values as 0.184 and 0.157, respectively while it has been 

found to be negatively and significant with 4-week body weight and age at 

sexual maturity respectively (-0.058 and -0.284). 

The 4th week body weight was negatively and significantly correlated 

with 8th week body weight, 20th week body weight and clutch size with values 

as -0.143, -0.244 and -0.358, respectively. Whereas 8th week body weight and 

16th week body weight was positively and significantly correlated (0.211) 

while it was negative and significant with 9IJ-days egg production and clutch· 

size (-0.017 and -0.003). The lth week body weight was also negatively and 

significantly correlated with 16th
, 20th week body weight and weight at sexual 

maturity with values as -0.486, -328 and -0.103, respectively. 

The genetic correlatiOlis between 16th week body weight with 24th week 

body weight and ASM; 20-week body weight with ASM; 24th week body 

weight with age at sexual maturity and weight 6f first egg was positively 'and 



significant (0.192) while the 24th week body weight were also negatively 

significant with ASM, 90-days egg production and clutch size (-0.268, -0.388 

and -0.074). 

It was observed that weight at sexual maturity and 90-days production 

(-0.336); 90-days egg production with clutch size (-1.111) were also 

negatively and significantly correlated according to sire components of 

covariance. The genetic correlatio.n between the traits from sire + dam 

components of covariance in 59% inbred flock, it was observed that. o-week 

body weight was negative and significantly correlated with 4, 12, week body 

weight and 90-days egg production \v'ith values as -0.118, -0.104 and -0.021, 

respectively while it was found to be positively and significantly correlated 

with 24-week body weight and clutch size (0.065 and 0.061). But the 4-week 

body weight was negatively and significantly correlated with 20-week body 

# 

weight and age at sexual maturity (-0.092 and -0.168). 

It was revealed that 8-week body weight was positively and 

significantly correlated with 16-week body weight (0.216) while there was 

non-significant correlation among the rest of the traits. The 12-week body 

weight was significantly correlated with 20 to 24 week body weight and 

weight at sexual maturity age at sexual maturity, 90-days egg production and 

clutch size with values rangk."lI' from -0;066 to 0.104. 
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The genetic correlation between 16-week body weight with weight at 

sexual maturity was positive (0.266) and weight of first egg (-0.211) was 

negatively and signiticantly. con:elated - while it was non-significantly 

correlated with rest of the traits. 

The genetic correlation between 20- week body weight with age at 

sexual maturity (0.035) was found to be positively and significantly correlated 

while negatively and significantly correlated ,vith clutch size (-0.735) whereas 

24-week body weight with weight or' first egg was negatively significant. The 

-
WSM with ASM and 90-days egg production ,was· also negatively significant 

, . 

with clutch size (-1.132) as per s·ire + dam components, of variance and 

covanance: ' 

The trend of genetic correlations among the traits as _per sire and sire + 

dam components of variance and covariance are presented in Table l~. For 

control population. The genetic correlation between O-week body weight with 

8, 12, 16 and 24-week body weight were found to be -0.207, -0.329, -0.307, 

and -0.281 respectively which \vas negatively and significantly -correlated 

while it was positively and signi11cantly correlated with weight at sexual 

maturity (0.071). The genetic correlation between 4-week body weight with 8-

week body weight, weight of first egg and clutch size were found to be 

negatively and significantly correlated witli values as -0.532, -0.503 and 

-0.421 respectively while the 4-week body weight with 20-week body weight 
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C0.257) was positively and significantly correlated~except the associations of 

..,the other traits. 

The 8-week body weight was positively and significantly correlated 

with weight at sexual maturity and clutch size with values 0.029 and 0.152, 

respectively whereas it was found to be signiticantly correlated with weight of 

first egg and 90-days egg production. 

The 12-week body weight with 24-week body weight, weight at sexual 

maturity, weight of first egg and clutch size, with values as 0.450, 2.320, 

0.267 and 0.583, respectively and 16-week body weight with 24-week body 

weight was positive and with age at sexual maturity was negative significant 

with values as 0.048 and -0.272, .respectively~ and 20-week body weight with 

24-week body weight (0.080) were positiveJy and significantly while it was 
'-' , ." . 

negatively correlated with ASM' (-0.388) at genetic scale as per sire 

components of variance and covariance. 

The-genetic con'elation between 24-week body weight with ASM (-0.496) 

and weight of first egg (-0.050) was negative and significant while it was 

positively and significantly correlated vvith 90-days egg production (0.186); of 

,.and WSM with ASM was negative and significant from sire components of 

variance and covariance. 

The correlations estimates from sire + dam components of variance and 

covariance at genetic scale ror control populaticin were determined among the 



traits (Table 18). The O-week bodJ~ weight was negatively and significantly 

correlated with 24-week body weight (-0.300) while it was positively and 

significantly correlated with weight at sexual maturity (0.167) where ,~g~ it 

was non-signifi~antly correlated with other traits. 

The 4-week body weight with 12. 20 and 24-week body weight with 

values of 0.004, 0.082 and 0.108 respectively and 8-week body weight with 

12-week body weight and age at sexual maturity with values of 0.187 and 

0.061, respectively were found to be positively and significantly correlated • 

-with 4-week weight The 8-week body weight was also negatively and 

significantly correlated with 90-days egg production with a value of"",0.074 

:::ar,ld,-O.221, respectively at genetic scale. 

The 12-week body weight and 16-week body weight with age at sexual . 

maturity were found to be negatively and significantly correlated (-0.428 and 

-0.201) whereas 12-week body weight was positively and significantly 
i 

correlated (0.148) with clutch size. 

The 20-week body weight was positively and significantly correlated 

with age at sexual maturity (0.076) while the 24-week body weight was 

positively and significantly correlated with weight at sexual maturity (0.157) 

and it was negatively and significantly correlated with age at sexual maturity, 

weight of first egg. 90-days production and clutch size with the values as 

'0.152:n -0.174, -0.068 and -0.049 respectively .. 



The weight of first egg was found to be negatively and significantly 

correlated with clutch size (-0.029) and the rest of the combinations of traits 

were non-significant at genetic scale from sire + dam components of variance 

and covariance in control population. 

(ii) Phenotypic correlation 

The presentation of phenotypic correlations among the traits for 50% 

inbred level, 59% inbred level flock and control population were given in 

Table 13, 16 and Table 19 respectively. 

In case of 50% inbred flock. the phenotypic correlations between 0-

week body weight with monthly body weight (0 to 24 week), WSM, ASM, 

WFE, 90-days egg production and ,clutch size were found to be significant. 

The correlations between 4-week body weight with WSM, ASM, SFE, 90-

days egg production and clutch size were also found to be signfficant. 

It was clear from the table that 8-week body weight was significantly 

correlated with 24-week body weight, weight at sexual maturity" age at sexual 

maturity, weight of first egg, 90-days egg production and clutch size wh,He th~ 

12-week body weight was significant \vith above traits except weight at sexual 

maturity. 

The' 16, 20 and 24-week body weight and weight at sexual maturity 

were found to be signi{~canl, with age at sexual maturity, weight of first egg, 

90-days egg production and clutch size at the phenotypic scale whi~e the age 

at sexual maturity with weight of first egg and 90-days egg production and 



weight of first egg and 90-days egg production with clutch SIze was 

significant. 

In 59% inbred t10ck the phenotypic correlation~-the trend among the 

\ .traits witH O-week body weight was significant with monthly body weight c (4 

to 24-week) except 8-week body weight and it was also significant with 

weight at sexual maturity, age at sexual maturity, weight of first egg, 90-days 

egg production and clutch size. The 4-week body weight with 16, 20 and 24 

week body weight of and weight at sexual maturity, age at sexual maturity, 

I· 

w~ight of first egg, 90-days egg production and clutch size were found to be 

significantly correlated. 

The I< 8-week body weight with age at sexual maturity and weight of 

first egg were significant while the 12-week body weight with WSM, ASM, 

90-days egg pro,duction and clutch size were found to be significant. There 

after 16-week body weight was significant with weight of first egg, 90-days 

egg production and clutch size. 

It was clear from the table that lO-week body weight. with age at sexual 

maturity, weight of first egg and 90-days egg production; 24-week body 

weight with age at sexual maturity. weight of first egg and clutch size were 
r 

found to be significant-<:+I:td phenotypic level. 
<"'\ 

The weight at sexual maturity with weight of first egg, 90-days egg 
/ 

production and clutch size; age at sexual maturity. with 90-d'.lYs egg 



production were found to be significant while it was seen that weight of first 

egg was also significant with 90-days egg production and clutch size. 

The estimates of phenotypic correlations amo'ng the traits in control 

population are given in Table 17. The phenotypic correlation between O-week 

body weight with monthly body weight (4 to 24 week), WSM, ASM, WFE, 

90-days egg production and clutch size were found to be significant While the 

4-week body weight was also significant with 24-week body weight, weight at 

sexual maturity, age at sexual maturity weight of first egg, 90-days egg 

production and clutch si~e. 

The 8-week body weight with weight at sexual maturity, age at sexual 

maturity, weight of first egg, 90-days egg production and clutch size were 

found to, be significqnt while the 12-week body weight has the significant 

.,ex'Pressio:A with weight at sexual maturity, weight of first egg, 90-days egg 

production and clutch size. 

The 16-week body weight \vith weight at sexual maturity, weight of 

first egg, 90-days egg production and clutch size were found to be significant. 

Whereas 20-week body weight also significant with WSM, ASM, WFE, 90-

days egg production and clutch size at phenotypic leveL 

It was clear from the table that 24-week body weight with weight at 

sexual maturity, age at sexual maturity, weight of first egg, and clutch size; 

weight at sexual maturity with weight of first egg and 90-days egg production; 



age at sexual maturity with 90-days egg production while the weight of first 

egg with 90-days egg production and clutch size were found to be significant 

in control population. 

(iii) Environmental correlations 

The environmental corrdations computed from sire and sire + dam 

components of variance and covariance are produced in Table 14, 17 and 20 

for 50% inbred, 59% inbred and control tlocksrespectively. Which showed 

that most of the environmental correlations' from sire components of 

covanance were positive and of lesser magnitude except weight at sexual 

maturity, age at sexual maturity, weight of first egg, 90-days egg production 

and clutch size. 

The environmental correlations as per sIre + dam· components of 

covanance were found to be of very low magnitude and mostly positive 

except with production traits, all trails three Hocks. 

Partial correlations 

The simple and partial correlations among the traits were determined 

and given in Table 21, 22 and 23 for 50% inbred, 59% inbred and control 

flock.srespectively. The partial.correlations between O-week body weight with 

8-week body weight and weight of first egg was significantly correlated while 

keeping all other traits constant. The 4-week body weight with 8,12 and 24-

week body weight was significant. It was also significant with weight at 
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sexual maturity and age at sexuai maturity when other traits were· kept 

constant. 

It was clear from the estimates that 8-week body weight with 12-week 

body weight; 16-week body weight with 20 and 24 week body weight was 

significant. The 16-week body weight was also significant with weight at 

sexual maturity, age at 1'exuaJ maturity. 90-days egg production and clutch 

size. The 20-week body weight was found to be Significant~orrelated with 24-

week body weight, weight at sexual maturity, age at sexual maturity and 90-

days egg production when other traits considered as constant. 

The 24-week body weight was found to be significantly correlated with· 

weight at sexual maturity. age at sexual maturity, weight of first egg and 

clutch size. The weight at sexual maturity with age at sexual maturity and 

weight of first egg were found to be significant while age at sexual maturity 

with weight of first egg, 90-days egg production and clutch size were 

'significant; ,of and weight of first egg with 90-days egg production and clutch 
" . 

size; of c'and 90-days egg production with clutch size were significantly 

correlated when other were kept constant in 50% inbred flock. 

The simple correlations in 50% inbred for growth traits was mostly 

significant ..when a&$odated~r"tog.el~l€-r-I·y but found non-significant with 

production traits. 

In 59% inbred tlock the partial correlation obtained as the" O-week body 

weight with 8, 12 and 20-week body weight were significantly correlated 



while the 4-week body weight was significantly correlated only with 8-week 

body weight and weight of first egg. 

It was observed that 8-week body weight was significantly correlated 

with 12-week body weight. The 12-week body weight with 16-week body 

weight, 20-week body weight, weight at sexual maturity and weight" of first 

egg were found to b~ significant. 

The table showed to that 59% inbred tlock has .b.eetl-.the. significantly~ ... 
ev.~· f£' ... 

correlation of 16-week body weight with 20 and 24-week body weight -lmt-it 
. "-, 

was also significantly correlated with weight at sexual maturity and age at 

sexual maturity. The 20-week body weight with 24-week body weight and 24-

week body weight were also significantly correlated with weight at sexual 

maturity and age at sexual maturity. 

The weight at sexual maturity with age at sexual maturity and weight of 

first egg; .of ~and age at sexual maturity with weight of first egg; of and 90-

days -egg production with clutch size were found to be significantly correlated. 

All partial correlations between two traits were calculated when all 

other traits were kept con~tant. The simple correlatiOI; in 59% inbred among 

the traits found to be mostly significant. 

The partial correlations obtained from the control flock for O-week with 

12-week, 16-week and weight at sexual maturity were found to be 

Significantly correlated while 4-week body weight with 8-week body weight; 



y;rand 8-week body weight with 12-week. 20-week and 24-,;"eek body weight 

were found to be significantly correlated when other traits were kept constant. 

The 12-week body weight with 16-week body weight was found to be 

significantly correlated when all other traits were kept constant. The 16-week 

body weight with 20-week body weight. weight at sexual maturity, age at 

sexual maturity, weight of first egg and clutch size were also significant when 

rest orthe trait kept constant. 

The 20-week body weight with 24-week body weight, age at sexual 

maturity and weight of first egg: of and 24-\veek body weight with weight at 

sexual maturity were found to be significantly correlated when all other traits 

were kept constant. 

It was clear that weight at sexual maturity with age at sexual maturity 

and weight of first egg: of and age a1 sexual maturity with weight of first egg 

and clutch size were found to be sigpificant while weight of first egg with 90-

days egg production was also significantly correlated when all other traits 

were kept constant. 

The simple correlations among the traits were found to be mostly 

significant and positive. 

Regression 

Simple linear regression 

The simple regression coefticients were computed to determine the 

effect of independent economic traits on dependent traits individually and are 
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presented in Table 24. 25 and 26 for 50% inbred, 59% inbred and control 

population respectively. 
(' 

\,. The linear regression of 50% inbred the monthly body weight'(O-week 

to 24 week) was considered as independent variables while body weight at 

sexual maturity and age at sexual maturity were considered as dependent 

variables. The simple linear regression values of body weight at sexual 

maturity on 0, 4, 8,12, 16, 20 and 24-week body weight were found to be 

0.727, 0.345, 0.263. 0.194, 0.329, 0.353 and 0.277g, respectively and were 

mostly moderately significant except 0 and 4-week body weight, having 

greatest contribution from 24-week weight (R2 = 5.16%). Whereasifi case of 

age at sexual maturity the regression coefticierits on 0, 4, 8, 12, 16, 20 and. 

24-week body weight individually were found to be statistical significant with 

their values being 33.985. -8.970. -3.926. -2.826, -2.630, -3.186, and -2.094 

days, respectively. The highest R2 recorded as 94.38 per cent for 4-week body 

. weight. 

In second set of analysis monthly body weight3(0-week to 24-week), 

WSM and ASM was considered as independent variables while the weight of 

first egg as, dependent variables. The simple linear regression coefficient was 

significantly obtained only for 16-\veek body weight while· all other 

-
, regressions 'values were mostly negative ;nd non-significant. The highest R2 

value observed as 1.35 pcr cent for 16-week body weight. 



In third set the monthly body weight (0- week to 24-week), WSM, 

-ASM and weight of tIrst egg was used as independent variables while the 90-

days egg production and clutch size as dependent variables. The simple linear 

regression values ranged from -0.029 to 0.455 and found to be statistical 

significant and mostly negative when 90-days egg production regressed over 

various independent variables. The simple linear regression coefficient~were 

also significant then clutch size regressed over the above mention independent· 

variables with the ranged t1:om -0.540 to 1.031. The highest R2 values (6.04 

-and 85.31 per cent. respectively) frol11 weight of first egg and 4-week body 

weight. 

The similar combinations of traits were used for 59% inbred flock. The 

simple linear regressions coefficient for body weight at sexual maturity on 8, 

12, 16 and 24-week body weight were found to be statistical significant with 

values as -0.096, -0.052, -0.040 and -0.037, respectively while the age at 

sexual maturity regressed over the 4, 8, .12, 16, 20 and 24-week body weight 

with significant values as -7.807, -3.400. -1.840, 1.217, -1.015 and -1.035 

respectively. 

In second set of analysis it ranged between -0.009 to 0.387 and 

significant except on age at sexual maturity. The highest R2 being 8.5 per cent 

for O,.week body weight. 

In third set of analysis the simple linear regression of 90-days egg 

production on various ecollOmic traits were found to be mostly significant 



except on O-week body weight and ,age at sexual maturity which varied from 

-0.0019 to 0.1222 with highest R 2 value as 4.2 per cent for 24-week body 

weight. The regression coefficient of clutch size on different economic traits 

were significant for 4, 8, 12. 16. 24-week body weight, weight at sexual 

maturity, age at sexual maturity and weight of first egg with values as -0.319, 

-0.135, -0.072, -0.047, -0.038, -0.039,. -0.044, 0.042 and 0;022, respectively 

with highest R2 value (87.31 per cent) from 4-week body weight. 

The simple linear regression in control flock was found to be non-

significant and mostly negative except body weight at sexual maturity on 24-

week body weight with highest R2 value as 10.36 per cent. When age at sexual 

maturity was regressed over the 4, 8, 12. 16, 20 and 24-week body weight 

then negative and significant values as -7.664, -3.408, -2.260, -1.656, -0.989 

and 0:60/8 g respectively were observed with highest R2 value as 74.63 per 

cent for 4-week body weight during first set of analysis. 

The weight of first egg was found to be significant only on 24-week 

weight and weight at sexual maturity with values as 0.0126 and 0.0235g, 

respectively. The weight at sexual maturity has the greatest coritribution 

(29.15 per cent) in second set of analysis. 

The simple linear regression coefficient were significant between 90-

days egg, production :with 24-week body weight and weight at sexual maturity 

W!th values as 0.0186 and 0.0256 g. respectiv~ly while the clutch size was 

found to be mostly negative and significant with 4, 8, 12, 16, 20 and 24-week 



//111.4 
,. ,/ 

body weight, age at sexual maturity and weight of first egg with a values of 

-0.322, -0.142, -0.095, -0.069. -0.042. -0.028g, 0.0409 days and 0.309g" 

respectively. The age at sexual maturity has the highest R2 values (89.76 per 

cent) during third set of analysis. 

Multiple regression 

The multiple regressions of two levels of inbred (50 and 59%) and a 

control population of white leghorn were estimated among the growth and 

production traits and is presented in Table 27, 28 and 29 for 50% inbred, 59% 

inbred and control nock, respectively. 

In 50% inbred the monthly body weight (O-week to .24-week) 

considered as independent traits while the body weight at sexual rnaturity, 

age at sexual maturity and clutch size were considered as dependent traits. 

The multiple linear regression of body weight at sexual maturity on 4 and 12-

week body weight was negative and significant with values as -1.4398 and 

-0.5523g, respectively while it was positively and significantly regressed over 

24-week body weight (0.9331) with significant value of coefficient of 

determination (0.3846). 

The age at sexual maturity was negatively and significantly regressed 

on 12-week body weight (-0.1082). The positively'and significant.lYregression 

Was obtained 24-week body weight (0.0404) with significant value of 

coefficient of determination (0.0700) while c!utch size has significant R2 
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value (0.1067) but it was also significantly regressed over 24-week body 

weight as 0.0013 in tirst.set of analysis. 

In second set of analysis monthly body weight (O-week to 24-week), 

WSM and ASM was considered as independent traits and the weight of first 

egg as dependent traits. The multiple linear regression values as 0.2985, 

0.0119, -0.0100, 0.0 166g, and 0.0859 days was significant for 0, 20, 24..;week 

body weight, weight at sexual maturity and age at sexual maturity, 

respectively with the significant R2 ~alue as 0.5535. 

In third set of analysis the monthly body weight (O-week to 24-week), 

WSM, ASM and weight of tirst egg was considered as independent traits 

while the dependent trait was 90-days egg production. The multiple linear 

regression were obtained as significant with 16, 20, 24-week body weight, 

weight at sexual maturity and weight of first egg and the values were found to 

be -0.0331,0.0446. -0.0181. 0.0094 and 0.6077, respectively with coefficient 

of determination (R2) as 0.3671 which was significant. 

The similar trend of combination were used in 59% inbred flock. The 

. multiple linear regressioncwere obtained as body weight at sexual maturity on 

20 and 24-week body weight were signiticant with values as 0.2285 and 

0.2086, respectively \vith significant coelTicient of determination (0.1579) 

while age at sexual maturity on 16, 20 and 24-week body weight were also 

significant (-0.0401, 0.0414 and -0.0883, respectively) with significant 

coefficient of determination (0.1938). The multiple linear regression of weight 

of first egg with 0, 4, 12 week body -weight. \veight at sexual maturity and age 

/ ! 
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at sexual maturity were observed as significant (0.3740, -0.0131, 0.0095, 

0.0038 g and 0.0493 days, respectively) with the significant coefficient of 

determination (0.2343). 

The 90-days egg production were significantly regressed over the 4-

week body weight and age at sexual maturity with values as 0.0273g and· 

-0.0587 days, respectively and R1 value being 0.1196 which was significant. 

The multiple regression of clutch size on 4-week body weight and 

24-week body weight were found to be significant with values as -0.0017 

and -0.0005g, respectively whereas R 2 vaJue(0.0691) was also significant. 

The mUltiple regression in control tlock were mostly non-significant. It 

was found that body weight at sexual maturity on 24-week body weight 

(0.6367g) and age at sexual maturity was regressed over 16 and 24-week body 

weight with values as -0.1386 and 0.0572g. respectively while the coefficient 

of determination were (0.1355 and 0.0945, respectively) found to be 

significant. The multiple regression of weight of first egg on 16, 20-week 

body weight, weight at sexual maturity and age at sexual maturity were 

obtained as significant with values as -0.0223. 0.0191, 0.0132g and 0.1248 

days, respectively which constituted significant R1 value as 0.7890. The 90-

days egg production was significantly regressed over weight of first egg 

(0.8107) with R2 value as 0.4805 which \;vas significant. It was seen that 

clutch size were not significantly regressed with all economic traits and it has 

non-significant value of coefficient of determination (0.0205). 

11'9 
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DISCUSSION 

Means 

Body weights 

The least squares means of population with two levels (50 per cent and 

59 per cent) of inbreeding coefficient and control population are presented in 

Table 8. The body weight of a bird effects its future performance. An attempt 

has been made to compare the performance of control and two levels (50 per 

cent and 59 per cent) of inbred population of White Leghorn by estimating the 

least squares means of body weight at day old to 24-week of age. It was found 

. that the O-week body weight of 50 per cent inbred. and 59 per cent inbred 

populations was lower than the weights of control population. This indicated 

that inbreeding and maternal effects expressed their effect on day-old weight. 

There was paucity of early literature on this aspect as most of them did not 

specify the separate estimates on different levels of inbreeding coefficient. The 

reports of Kumar (1983) and Bhushan (1984) showed higher estimates and 

Kushwaha (1987) reported lower weight than the present study. 

The body weight at 4-week of age was 157.37 ± l.13, 174.97 ± l.36 g 

and 149.00 ± 2.45g, for 50 per cent, 59 per cent and control populations, 

respectively. It showed that both inbred estimates were higher than the control 

population in the present study. While the 8-week body weight was 359.29 ± 

2.00, 360.33 ± 4.05 and 360.58 ± 5.58 gin 50 per cent, 59 per cent and control 
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populations, respectively. This indicated that inbreeding and maternal effect 

did not affected 4 and 8 week body weight. Earlier reports by Kumar (1983), 

Bhushan (1984), Kushwaha (1987), Rai (1988) and Kumar (1989) were not in 

agreement with these findings as they considered the over all means in their 

inbred popUlation. 

The body weight at 12-week of age were found to be 606.07 ± 3.20, 

633.66 ± 5.05 and 638.74.± 9.18 g, for 50 per cent, 59 per cent inbred and 

contrcl population, respectively which indicated that inbreds had lower body 

weight at 12-weeks than control one. It was concluded that both inbreds have 

inbreeding effects. When compared, the two levels of inbreeding, 50 per cent 

showed its effect and no inbreeding effect was seen later. 

The average body weight at 16-week of age were 741.06 ± 5.37, 887.51 

± 4.16 and 807.51 ± 1O.68g, in 50 per cent, 59 per cent inbred and control 

popUlations, respectively. It was found that the 16-weeks body weight was 
I 
I, 

lower in 50 per cent inbred and higher in 59 per cent inbred than the control 

flock. This expression indicated that the inbreeding affected the 16-week body 

weight till 50 per cent level of inbreeding thereafter, no change was observed. 

The overail findings of Bhushan (1984) were higher than the present 

study at 50 per cent inbred but it was lower than 59 per cent inbred estimates 

while Kushwaha (1987) and Rai (1988) reported higher body weight than the 

present study in inbreds. 
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The mean for 20-weelcbody weight was maximum (1073.47 ± 5.02 g) in 

the 59 per cent inbred generation and minimum 920.88 ± 6.69 g) in the 50 per 

cent level of inbred generation than control population (943.11 ± 14.81 g). It 

was concluded that inbreeding tended to decline the body weight in 50 per cent 

level but not much effect was observed in 59 per cent inbred population. 

The estimates of 24-week body weight was 1198.31 ± 10.28,1258.15 ± 

5.40 and 1132.05 ± 17.23 g for 50 per cent, 59 per cent and control 

populations, respectively. It was observed that 50 per' cent inbred body weight 

was lower than 59 per cent inbred and control populations had the lowest 

weight.' 

The findings of the present study on body weight from 0 to 24-weeks of 

age in all three popUlations showed that the on breeding depression was 

exhibited in 50 per cent level of inbreeding whereas no further reduction was 

seen in 59 per cent inbred generation. It could be concluded that inbreeding 

I 

effect was observed on growth traits. 

Weight at sexual maturity. 

The weight at sexual maturity was found to be 1355.40 ± 14.71, 1707.15 

± 5.89 and 1258.64 ± 29.31 g in 50 per cent, 59 per cent and control 

popUlations, respectively (Table 6). When compared, the inbreds were of 

higher weight than the control flock which indicated that inbreeding did not 

reduce weight at sexual maturity :tn the present study. 



Age at sexual maturity 

The least squares means of age at sexual maturity were obtained to be 

201.19 ± 2.01,190.81 ± 1.00 and 173.03 ± 4.12 days for 50 per cent, 59 per 

cent and control flocks, respectively. The average age of S.M. in 50 per cent 

and 59 per cent inbred flock were higher than the control flock. The earlier 

findings indicated that inbreeding increased the age at sexual maturity. The 

results of Chaitanyam and Singh (1985) and Singh (1987) was in close 

agreement with the present study. 

Weight of first egg 

The leas squares mean of the weight of first egg was found to be 42.70 ± 

0.50 g in 50 per cent inbred and 41.09 ± 0.19 g in 59 per cent inbred flock 

while it was observed to be 41.37 ± l.01 g in the control flock. This was the 

indication that inbreeding had no effect on this trait in both inbred flock. It was 

in agreement with Bhushan (1984), Singh (1987) and Rai (1988). 

Egg production 

The average egg production was reduced to 43.65 ± 0.74 in 50 per cent 

inbred while it was higher 50.90 ± 0.31 in 59 per cent inbred flock than the 

control (45.87 ± 1.42) flock. This indicated that inbreeding did reduce the egg 

production in 50 per cent inbred flock but later on its effect was not noticed. 

This was in agreement with the findings of Singh (1976), Bhushan (1984) and 

Chaitanyam and Singh (1985). 

123 



Clutch size 

A comparison of the 50 per cent and 59 per cent inbred flock with 

control population suggests that the clutch size in both the inbreds were higher 

(2.10 ± 0.04 and 1.81 ± 0.01 days) than the control flock (1.55 ± 0.05 days). 

Hays (1934) and Lambert (1935) did not find any effect of inbreeding on clutch 

size. 

« 
Theleast squares means of the growth and production traits in this study 

showed that most of the growth and population traits in 50 per cent inbred flock 

were reduced. It may be concluded that inbreeding affected growth and 

production traits at 50 per cent level of inbreeding and there after no further 

reduction was observed in the performance traits. Bhushan (1984) and 

Chaitanyam and Singh (1985) reported that inbreeding did not affect the 

growth characters after 51.0 per cent of inbreeding. There was a linear growth 

from day old to 24 weeks of age in all the three population which suggested 

\ 

that the same set of genes controlled the growth rate. Similar findings were 

reported by Bhushan (1984) and Chaitanyam and Singh (1985). 

Heritability estimates 

Body weight 

The heritability estimates based on sire and sire + dam components of 

variance are presented in Table 11 for 50 per cent, 59 per cent inbreds and 

control flocks. The heritability value of 50 per cent inbred from sire component 

of variance at O-weeks body weight was 0.472 ± 0.236 which was higher than 
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heritability ofO-week body weight (0.162 ± 0.185) in a control flock but the 0-

week body weight heritability was almost zero (-0.156 ± 0.085) in the 59 per 

cent inbred flock. This indicated that inbreeding depression might have role in 

inbred flock though the standard error for 50 per cent inbred population of 

above character were larger than the standard error of 59 per cent and control 

population indicating that 50 per cent inbred has more variability than 59 per 

cent inbred and control flock or there may be sampling error. 

The heritability estimates of 4-week, 8-weeks body weights were found 

to be in lower to medium range (0.309 ±.0.165, 0.187 ± 0.127 and 0.300 ± 

0.145) in 50 per cent inbred flock and 0.174 ± 0.101, 0.456 ± 0.203 and 0.574 ± 

0.201 in 59 per cent flock, respectively while it was 0.059 ± 0.224, -0.274 ± 

0.099 and 0.025 ± 0.181, respectively in control population which was almost 

zero. This higher trend of heritability for above traits in both inbred flock than 

control population showed that inbreeding depression was not present on the 

heritability of the inbred flocks. The above findings did not agree with Bhushan 

(1984), Kushwaha (1987), Rai (1988) and Kumar (1989). 

The body weights at 16, 20 and 24-week of age were found to be 

intermediately heritable with the estimates of 0.215 ± 0.132,0.301 ± 0.149 and 

0.658 ± 0.248 from sire component of variance in 50 per cent flock while lower 

estimates of heritability were recorded in 59 per cent flock (-0.004 ± 0.058, 
f 

0.150 ± 0.100 and 0.048 ± 0.084). The present findings indicated that 



heritability in 50 per cent inbred was in close agreement with the control flock 

but 59 per cent inbred flock showed sampling variation. 

Weight at sexual maturity 

The heritability values of weight at sexual maturity from SIre 

components of variarice were obtained as 0.246 ± 0.145, 0.271 ± 0.125 and 

0.470 ± 0.308 for 50 per cent, 59 per cent and control flocks, respectively. 

Inbred had lower estimates of heritability than the coreesponding estimates of 

control flock. This was the indication of inbreeding depression on h2 of weight 

at sexual maturity. The control flock had more variability than inbred flock 

because standard error was higher. 

The heritability values from sire + dam components of variance were 

much lower (0.072 ± 0.099) and lower (0.216 ± 0.086) than the control flock 

with 0.325 ± 0.176, respectively. Iqbaluddin et al. (1975) and Singh (1987) 

reported higher estimates for weight at sexual maturity in inbred flocks. 

Age at sexual maturity 

The heritability estimate age at sexual maturity based on SIre 

components of variance was 0.572 ± 0.238 in 50 per cent inbred flock which 

higher than the control flock (0.251 ± 0.247). 

The heritability values computed from Sire + dam components of 

variance has the almost same trend of heritability in all three populations. The 

inbreds were well comparable with the control flock. 

126 



Weight of first egg 

The first egg weight was found to be highly heritable in 50 per cent 

inbred and in control from sire components of variance (Table 11). The 

heritability value was more than one which may due to sampling error. While 

the heritability estimate in 59 per cent inbred flock was medium (0.420 ± 

0.163) which was lower than the control flock and also from 50 per cent inbred. 

It have might been influenced by inbreeding coefficient. 

The h2 of weight of first egg were of medium magnitude (0.333 ± 0.100 

and 0.693 ± 0.224) in 59 per cent and 50 per cent inbred flock, respectively 

while it was as high as 0.899 ± 0.335 in control flock as per the sire + dam 

components of variance. It could be reasonably concluded that the low 

heritability estimates observed in the inbreds than control population indicated 

that it might be due to inbreeding. 

90-days egg production 

The 90-days egg production had very high value of heritability (1.164 ± 

0.427) in 50 per ~ent while the heritability estimates of 59 per cent inbred and 

controI.flock were found to be 0.127.± 0.110 and 0.332 ± 0.374, respectively 
( 

from sire components of variance. The low magnitude of heritability in 59 per 

cent inbred than control flock may be due to inbreeding depression. 

Clutch size 

The heritability estimate as per sire components of variance was found 

to be as high as 0.780 ± 0.317 in 50 per cent inbred with higher standard error 

but it was as low as 0.118 ± 0.093 in 59 per cent inbred flock. The heritability 
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of clutch size was found to be slightly lower (0.385 ± 0.277) in control flock. 

The 59 per cent level of inbreeding coefficient decreased the heritability of 

clutch size. As the clutch size was more affected by light, nutrition and 

management the inbred population were more variable than base population. 

Correlations 

(i) Genetic correlations 

The genetic correlations between different body weight and production 

traits computed from sire and sir + dam components of variance and covariance 

are presented in Table 9 and 10, respectively. 

The genetic correlations among the different traits are presented in Table 

12, 15 and 18 for 50 per cent, 59 per cent inbreds and control flock, 

respectively. The genetic correlations based on sire components of covariance 

. were mostly non-significant in all three flocks between growth traits except 

that of negative and significant correlation between O-week body weight with 

20~week body weight and 12-weeek body weight with 20 week body weight. 

The genetic correlations of 8-week body weight with 20 and 24-week body 

weight; 12 week body weight with 16-week body weight and 16-week body 

weight with 24-week body weight were obtained as positive and significant in 

the 50 per cent level of inbreeding coefficient. This indicated that birds having 

higher body weight at early age, would achieve the fast growth. 

The genetic corre~ations were found to be negative and significant 

between O-weekbody weight with 4-week body weight; between 4-week body 
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weight with 8 and 20-week body weight; and between 12-week body weight 

with 16 and 20 week body weight while the genetic correlations were obtained 

as positive and significant between O-week body weight with 24-week body 

weight between 8-week body weight with 16-week body weight and between 

16-week body weight with 24-week body weight. It could be concluded that 

early growth rate was responsible for later growth rate. 

In control flock there has been negative and significant correlations 

between O-week body weight with 8, 12, 16 and 24-week body weight and 

between 4-week body weight with 8-week body weight while the 4-week body 

weight with 20-week body weight; and 12, 16 and 20-weel< body weight with 

the 24-week body weight were obtained as positive and significant. 

When the association between growth and production traits were 

considered in above three population from .sire components of covariance then 

most of the association were achieved as non-significant. The genetic 

correlation based on sire components of variance and covariance showed that 

later growth traits were mostly significantly correlated with ASM. 

Inbreeding did not seem to affect genetic association for majority of the 

chara~;ters but 59 per cent inbreeding coefficient was effective in changing 

correlations for some production traits. It was not in agreement with the 

findings of Kumar (1983), Bhushan (1984), Rai (1988) and Kushwaha et al. 

(1989) where they found that most of the correlations were significant while 
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Kumar (1989) reported most of the association as non-significant but he 

considered the values after elimination of the inbreeding effects. 

The genetic correlations based on sire + dam components of covariance 

among different growth and production traits were presented in Table 12, 15 

and 18 for 50 per cent inbred. 59 per cent inbred and control flock, 

respectively. 

The body weight at day old with 20-week body weight and age at sexual 

maturity; of 4-week body weight with 8-week body weight, WFE and 90-days 

egg production were obtained as negative but significant. 

The genetic correlations of 8-week body weight with 16 and 24-week 

body weight were negatively and significantly correlated similarly it was also 

correlated negatively and significantly with ASM, 90-days egg production and 

clutch size. 

The body weight of 12-week with WFE; of 16-week body weight with 

24 week body we~ght and between 20week and clutch size were found to be 

negative and significant. Similarly, 24-week body weight was achieved as 

correlated negatively and significantly with ASM and WFE, while negative and 

significant correlations were seen between WSM with ASM and clutch size. 

Age at sexual maturity was also found to have negative and significant genetic 

correlation with WFE and 90-days egg production; and weight of first egg with 

clutch size and between 90-days egg production and clutch size were also 
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negatively and significantly correlated at 50 per cent level of inbreeding 

coefficient. 

The positive and significant correlations were observed between 16-

week body weight 20-week weight and between 20-week body weight with 24-

week body weight and weight of first egg. Weight at sexual maturity was 

correlated positively and significantly with weight of first egg in 50 per cent 

inbred flock. This indicated that if pullets have achieved high body weight 

earlier then they were also expected to maintain higher weight at later stage and 

weight of first egg. Rest of the genetic correlations were non-significant. 

In 59 per cent inbred flock the genetic correlations were obtained 

positive and significant among O-week body weight with 24-week weight and 

clutch size. and between 8 and 16-week of age. Similarly, 12-week body weight 

was correlated positively and significantly with 20-week body weight, WSM, 

ASM lnd 90-days egg production, 16-week body weight with WSM while 

correlations between 20-week body weight with age at sexual maturity was 

negative . and significant. The negative and significant correlations were 

observed between other production traits in 59 per cent inbred flock. 

The genetic correlations of control population from sire + dam 

component of variance were mostly non-significant except O-wed~ with WSM; 

and 4-week body weight with 12, 20 and 24-week body weight which were 

obtained as positive and significant.· The positive and significant correlation 

were also found between 8-week with 12-week and age at sexual maturity. 

131 



Similarly, the 12-week body weight was correlated positively and significantly 

with clutch size. The 20-week was found to be positively and significantly 

correlated with age at sexual maturity. 

The negative and significant correlations were obtained among O-week 

with 24-week, between 4 and 8-week body weight with 90-days egg 

production; and between 12 and 16-week body weight with age at sexual 

maturity. Based on sire + dam components of variance the 24-week body 

weight was negatively and significantly correlated with age at sexual maturity, 

weight of first egg, 90-days egg production and clutch size. It was also 

observed that weight of first egg was negatively and significantly correlated 

with clutch size. 

This indicated that inbreds did not exactly corroborate with the control 

flock. Most of the associations were non-significant but 59 per cent inbred and 

control flock had more positive correlations than 50 per cent inbred. 

The result did not agree with the findings of Bhushan (1984), Rai 

(1988), Kushwaha et al. (1989), Khare (1991) and Sharma (1995), who found 

most of them significant when inbreeding effect and effects of nutritional, 

managemental and other environmental factors were eliminated. 

(ii) Phenotypic correlations 

The findings of phenotypic correlations are presented in Table 13, 16 

and 19 for 50 per cent inbred, 59 per cent inbred and control flock, 

respectively. 
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The phenotypic correlation of O-week weight with 4-week weight was 

negative and significant while it was correlated positively and significantly 

with other monthly body weights. Other body weights were non-significantly 

correlated except 8-week weight with 24 week weight. 

The similar combinations of traits were used 59 per cent flock and 

correlations were found to be negative and significant between day old and 4-

week weight while it was correlated positively and significantly with 12, 16, 20 

and 24-week body weight. Four week body weight also showed positive and 

. significant correlations with 16, 20 and24-weeks body weight. 

In control flock the phenotypic correlations of O-week with 4, 16 and 20-

week body weight were obtained as negative and significant while it was 

correlated positively and significantly with 8, 12 and 24-week body weight 

It is reasonable to conclude that most of the correlations were non

significant in all three flocks and same trends of correlations were observed in 

50 per cent, 59 per cem inbreds and control flock. These finding did not 

corroborated with Kumar (1983). Bhushan (1984), Rai (1988), Kushwaha et al. 

(1989) and Kumar (1989). 

The phenotypic correlations of 0 to 12-week body weight WSM were 

positive and significant while the phenotypic correlations of body weight at 4, 

16, 20 and 24-weeks and WSM with age at sexual maturity were positive and 

significant. Negative and significant correlations of 0, 8 and 12-weeks body 

weight with age at sexual maturity in 50 per cent inbred were observed. 
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The positive and significant correlations were observed between 0, 8, 16 

and 20-week body weight, weight at sexual maturity and age at sexual maturity 

with weight of first egg while the correlations between 4, 12 and 24-weeks 

weight with W.F.E. were negative and significant. 

The phenotypic correlations were positive and significant between 0, 8, 

16 and 20-week body weight and weight of first egg with 90-days egg 

production. The correlations were negative and significant among 4, 12 and 24-

week body weight. WSM and age at sexual maturity with 90-days egg 

production. Similarly correlations of 4 to 20-weeks body weight and WSM 

with clutch size were positively significant and those of O-week body weight, 

WFE and 90-days egg production with were negative and significant at 50 per 

cent level of inbreeding coefficient. 

The estimation of phenotypic correlation in 59 per cent inbred flock was 

made. The correlation of 0, 4 and l2-week weight with weight at sexual 

maturity were positive and significant; whereas those of 4, 8, 12, 20 and 24-

weeks weight with age at sexual maturity were negative and significant. The 

correlation of ° week weight with age at sexual maturity was positive and 

significant. 

The positive and significant correlations were found between 0, 8, 20-

weeks weight and weight at sexual maturity with weight of first egg, but weight 

of 4, 16 arid 24-week were correlated negatively and significantly with weight 

of first egg. 
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The 0, 12, 16 and 20-week body weight and weight at sexual maturity 

were positive and significant conelated with 90-days egg production while 

negative and significant correlation were seen between age at sexual maturity 

and weight of first egg with 90-days egg production. 

, 
The correlations of clutch size with 0, 4, 12, 16 and 24-weeks body 

weight and weight at sexual maturity were negative and significant except a 

positive and significant correlation between weight of first egg with clutch size. 

The rest associations were non-significant. 

The above association signified the fact that higher the early body 

weights more would be the weight at maturity and thus reduce the age at sexual 

maturity. This also indicated that higher the body weight at maturity higher 

would be the weight of first egg. This was in close agreement with the findings 

of Bhushan (1984) and Kushwaha et al. (1989). 

In control flock monthly body weights (0 to 24-weeks) and weight at 

sexual maturity were correlated positively and significantly. It indicated that 

higher the body weight, higher would be the weight at sexual maturity. 

The phenotypic correlations between 4, 12, 20-weeks body weight, 

weight at sexual maturity and weight of first egg with 90-days egg production 

were found to be positive arid significant while 8, 16~weeks body weight and 

age at sexual maturity were negatively and significantly correlated with 90-

days egg production. 
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These findings indicated that most of the correlations were significant in 

all the three flocks but 59 per cent inbred flock had correlations of lesser 

magnitude than 50 per cent inbred and control flock. These findings were in 

agreement with Bhushan (1984) and Kushwaha et al. (1989). 

Environmental correlations 

The environmental correlations based on SIre and SIre + dam 

components of covariance are presented in Table 14, 17 and 20 for 50 per cent 

. inbred, 59 per cent inbred and control flock, respectively. 

Most of the environmental correlations among the growth and 

production traits as per sire and sire + dam components of covariance were 

positive in both inbreds and control flock. 

The values of environmental correlations in 50 per cent inbred, 59 per 

cent inbred and control flock were similar but they are smaller than those 

reported by Iqbaluddin (1972), Singh (1977), Kumar (1983), Tayyab (1983) 

and Bhushan (1984). 

Partial correlations 

. The simple and partial correlations among the traits are presented in 

Table 21, 22 and 23 for 50 per cent, 59 per cent inbred and control flock, 
( 

respecti vel y. 

The simple correlations in 50 per cent inbred flock between growth traits 

Were mostly significant while they were non-significant with production traits 



except 20 and24-week body weight which were mostly correlated with 

production traits. 

The partial correlations between O-week body weight with 8-week body 

weight and weight of first egg were significant while keeping all other traits 

constants. The partial correlations between 4-week body weight with 8, 12 and 

24-week weight were also significant. It was also significant with weight at 

sexual maturity and age at sexual maturity when other traits were kept constant. 

The result indicated that 8-week body weight with 12-week body weight 

and 16-week body weight with 20 and 24 week body weight had significant 

partial correlations. The 16-week body weight had also signficant partial 

correlation with weight at sexual maturity, age at sexual maturity, 90-days egg 

production and clutch size. 

The 20-week body weight was significantly associated with 24-week 

body weight, weight at sexual maturity, age at sexual maturity and 90-days egg 

production when other traits were kept constant. 

The 24-week body weight achieved signficant correlation with weight at 

sexual maturity, weight of first egg and clutch size. The weight at sexual 

maturity with age at sexual maturity and weight of first egg were significantly 

correlated while it was seen that age at sexual maturity with weight of first egg, 

90-days egg production and clutch size were significantly correlated. Weight of 

first egg with 90-days egg production and clutch size had significant 

correlation. 
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In the present study the simple correlations among the traits in 59 per 

cent inbred flock were found to be mostly significant while the· partial 

correlations of O-week body weight with 8, 12 and 20-week body weight were 

significant. The 4-week body weight was significantly associated with 8-week 

body weight and weight of first egg. 

The 20-week body weight with 24-week body weight and 24-week body 

weight with weight at sexual maturity were also correlated significantly when 

all other traits were eliminated. 

It was found that weight at sexual maturity with age at sexual maturity 

and weight of first egg; and age at sexual maturity with weight of first egg 

significantly correlated. The weight of first egg with 90-days egg production 

was also significantly correlated when keeping all other traits constant. 

The finding of present study did not agree with Iqbaluddin (1972) and 

Singh (1976) because they used the first order partial correlation while in the 

present study we used the 'p' order partial correlations and kept all other traits 

constant while estimating the partial correlations between any two traits. 

In the control flock the simple correlations among the traits were mostly 

significant except growth traits with production traits. The partial correlations 

ofO-week with 12-week, 16-week and weight at sexual maturity were found to 

be significant. The 4-week body weight with 8-week body weight and 8-week 

body weight and 24-week body weight were found to be correlated 

significantly when other traits were kept constant. 
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The pmial correlations of first Qrder reported by Iqbaluddin (1972) and 

Singh (1976) and did not agree with the present study. 

Regression 

Linear regression 

The linear regression coefficients were computed to determine the effect 

. of independent economic traits on dependent traits individually and are 

presented in Table 24, 25 and 26 for 50 per cent, 59 per cent inbred and control 

flock, respectively. 

In the 50 per cent inbred flock, the monthly body weights (a-week to 

24-week) were considered as independent variable while body weight at sexual 

maturity and age at sexual maturity as dependent variable. The body weight at 

sexual maturity had significant regression on 8, 12, 16, 20 and 24-week body 

weight. In case of age at sexual maturity the regression coefficients on 0, 4, 8, 

12, 16,20 and 24-week body weight were statistically significant. 

In second set of analysis monthly body weight (a-week to 24-week), 

WSM and ASM were considered as independent variable while the weight of 

first egg w~s considered as dependent variable. The weight of first egg had 

negative and significant regression over 16~week body weight. The highest R2 

value (1.35per cent) was observed for 16-week body weight. 

When body weight (O-weight to 24-week), WSM, ASM and weight of 

first egg was considered as independent variable while the 90-dyas egg 
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In the present study the simple correlations among the traits in 59 per 

cent inbred flock were found to be mostly significant while the partial 

correlations of O-week body weight with 8, 12 and 20-week body weight were 

significant. The 4-week body weight was significantly associated with 8-weelc 

body weight and weight of first egg. 

The partial correlations of first order reported by Iqbaluddin (1972) and 

Singh (1976) and did not agree with the present study. 

The 20-week body weight with 24-week body weight and 24-week body 

weight with weight at sexual maturity were also correlated significantly when 

all other traits were eliminated. 

It was found that weight at sexual maturity with age at sexual maturity 

and weight of first egg; and age at sexual maturity with weight of first egg 

significantly correlated. The weight of first egg with 90-days egg production 

was also significantly correlated when keeping all other traits constant. 

The finding of present study did not agree with Iqbaluddin (1972) and 

Singh (1976) because they used the first order partial correlation while in the 

present study we used the 'p' order partial correlations and kept all other traits 

constant while estimating the partial correlations between any two traits. 

In the control flock the simple correlations among the traits were mostly 

significant except growth traits with production traits. The partial correlations 

of O-week with 12-week, 16-week and weight at sexual maturity were found to 

be significant. The 4-week body weight with 8-week body weight and 8-week 
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body weight and 24-week body weight were found to be correlated 

significantly when other traits were kept constant. 

Regression 

Linear regression. 

The linear regression coefficients were computed to determine the effect 

of independent economic traits on dependent traits individually and are 

presented in Table 24, 25 and 26 for 50 per cent, 59 per cent inbred and control 

flock, respectively. 

In the 50 per cent inbred flock, the monthly body weights (O-week to 

24-week) were considered as independent variable while body weight at sexual 

maturity and age at sexual maturity as dependent variable. The body weight at 

sexual maturity had significant regression on 8, 12, 16, 20 and 24-week body 

weight. In case of age at sexual maturity the regression coefficients on 0, 4, 8, 

12, 16,20 and 24-week body weight were statistically significant. 
\. . 

In second set of analysis monthly body weight (O-week to 24-week), 

WSM and ASM were considered as independent variable while the weight of 

first egg was considered as dependent variable. The weight of first egg had 

negative and significant regression over 16-week body weight. The highest R2 

value (1.35per cent) was observed for 16-week body weight. 

When body weight (O-weight to 24-week), WSM, ASM and weight of 

first egg was considered as independent variable while the 90-dyas egg 



production and clutch size as dependent variable, all the regression values 

obtained were statistically significant but negative. The highest R2 (6.04 per 

cent) was in weight of first egg and 90-days egg production combination (85.31 

per cent) in 4-week body weight and clutch .size combination. 

The similar trait combinations were used for 59 per cent inbred flock. 

The body weight at sexual maturity had significant regression on 8, 12, 16, and 

24-week body weight while the age at sexual maturity had significantly 

negative regression on monthly body weights (4-week to 24-week). 

In second set of analysis all regression values were significant except at 

age at sexual maturity. In the third set of analysis, the linear regressions of 90-. 
days egg production on various idependent traits were significant except 011 0-

week body weight and age at sexual maturity. The highest R2 value of 4.2 per 

cent was for 24-week body weight. The regression coefficients of clutch size· 

on 4, 8, 12, 16 and 24-week body weight, weight at sexual maturity, age at 

maturity and weight of first egg were significant with highest R2 value (87.31 

per cent) for 4-week body weight. 

The simple linear regression were negative and non-significant except 

body weight at sexual maturity on 24-week body weight with highest R2 value 

of 10.36 per cent in control flock. 

In control flock the age at sexual maturity was regressed on the 4, 8, 12', 

16, 20 and 24-week body weight and the regression values were obtained as 

negative and significant with highest R2 value of 74.63 per cent for 4-week 
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body weight during first set of analysis. The regression of first egg weight was 

found to be significant on 24-week weight and weight at sexual maturity. The 

weight at sexual maturity had the greatest R2 value (29.15 per cent) in second 

set of analysis. 

In the third set of analysis the 90-days egg production had significant 

regression on 24-week body weight and weight at sexual maturity. The clutch 

size had negative and significant regression on 4, 8, 12, 16, 20 and 24-week 

body weight age at sexual matrity and weight of first egg. 

, ' 

Thus, the linear regression analysis can be used in predicting the future 

performance of lines. 

Multiple regression 

The performance of two levels of inbred (50 and 59 per cent) and a 

control flock of White Leghorn were used and multiple linear regression 

analysis was estimated among the growth and production triats for the present 
'. 

study. The results are given in Table 27, 28 and 29 for 50 per cent inbred. 59 

per cent inbred and control flock, respectively. 

In 50 per cent inbred the monthly body weights (O-week to 24-week) 

were considered as independent traits while the body weight at sexual maturity, 

age at sexual maturity and clutch size were kept as dependent traits. The 

multiple linear regression of sexual maturity on 4 and 12-week body weight 

was negative and significant but it was positive and significant on 24-week 

body weight with significant value of coefficient of determination as (0.3846). 



The age at sexual maturity showed negative and significant regression 

on 12-week body weight and positive and significant regression on 24-week 

body weight with significant R2 value. The clutch size showed significant 

regression on 24-week body weight with significant R2 value (0.1067). 

In the second. set of analysis monthly body weights (O-week to 24-

week), WSM and ASM were considered as independent traits and weight of 

first egg was kept as dependent trait. The multiple linear regression was 

significant for 0, 20 and 24-week body weight, weight at sexual maturity and 

age at sexual maturity on first egg with the significant R2 value (0.5535). 

In the third set of analysis the monthly body weights (O-week to 24-

week), WSM, ASM and weight of first egg were considered as independent 

trait while the dependent trait was 90-days egg production. The significant 

multiple linear regression were obtained with 16, 20, 24-week body weight, 

weight at sexual maturity and weight of first egg and coefficient of 

det~rmination was also significant (R2 value = 0.3671). 

The similar combinations were followed in 59 per cent inbred flock. The 

mUltiple linear regression of body weight at sexual maturity on 20 and 24-week 

body weight were significant with significant value of coefficient of 

determination (R2 value 0.1579) while age at sexual maturity on 16,20 and 24-

week body weight were significant with significant R2 vaue (0.1938). The 

weight of first egg had significant regression on 0, 4, 12-week body weight, 
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weight at sexual maturity and age at sexual maturity with significant coefficient 

of determination (0.2343). 

, The significant regressions were found for 90-days egg production on 4-

week body weight and age at sexual maturity with the significant R2 value 

(0.1196). The multiple regressions of clutch size on 4 and 24-week body 

weight were found to be significant. R2 value was also significant (0.0691). 

In the control flock, the multiple regressions were mostly non

significant except body weight at sexual maturity on 24-week body weight and 

age at sexual maturity which was regressed on 16 and 24-week body weight. 

The coefficient of determinations were found to be significant (R 2 value 0.1355 

and 0.0945, respectively). 

The multiple regression of weight of first egg on 16, 20-week body 

weight, weight at sexual maturity and age at sexual maturity were obtained as 

significant which also showed significant coefficient of determination (0.7890). 

The significant regression was seen for 90-days egg production on weight of 

first egg with significant R2 value (0.4805). It was clear from the Table that 

clutch size showed non-significant regression over all traits and it had non

significant value of coefficient of determination (0.0205). 

The three population behaved differently at genetic level. The estimates . 

of 50 per cent and 59 per cent level· of inbreeding could not show a definite 

trend .. 
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The 59 per cent inbred population did not show inbreeding depression 

when compared with control population. The stock with 50 per cent level of 

inbreeding showed marked and significant depression when compared with 

control population for growth and p1.1oduction traits. However, the body weights 

were less affected by inbreeding which was in agreement with Abplanalp and 

Woodard (1967) and Kumar (1989). 
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SUMMARY 



SUMMARY 

In present investigation the effects of inbreeding on different growth and 

productive traits viz., body weights from 0 to 24 week of age, weight and age at 

maturity, first egg weight, 90 day egg production and clutch size were studied. 

The performance records of 342 female birds (from 20 sires and 78 dams) with 

50 per cent inbreeding and 612 female birds (from 32 sires and 151 dams) with 

59 per cent inbreeding were studies with control flock of 174 female progenies 

(from 16 sires and 46 dams) of Babcock strain of White Leghorn. The full-sib 

mating were adopted in each generation to create inbred lines at Poultry 

Research Centre, G.B. Pant University of Agriculture & Technology, 

Pantnagar. 

The hatch effects on various characters were tested and removed by least 

squares technique and the corrected data were analysed to estimate the genetic 

parameters. 

The least squares means with their S.E., S.D. and C.Y. were computed 

for two generations of full-sib mating (50 and 59 per cent) and control flock. 

The comparison of inbreds mean with control flock indicated that inbreeding 

has deleterious effect on body weight at O-week (33.80 ± 0.17 g), 8-week 

(359.29 ± 2.00 g), 12-week,(606.07 ± 3.20g), 16-week (741.06 ± 5.37 g), 20-

week (920.88 ± 6.69g) of age, age at sexual maturity (201.19 ± 2.01 days), 90-

days egg production (43.65 ± 0.74), and clutch size (2.10 ± 0.04) at 50 per cent 

level of inbreeding coeffic~ent. 
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At 59 per cent, inbreeding it did affect body weight at O-week (34.50 ± 

0.14g), 12-week (633.66 ± 5.05g) of age, age at sexual maturity (190.81 ± 1.00. 

days) and clutch sjze (1.81 days). 

The comparison of means at two levels of inbreeding with control 

population suggested decline in growth and productive traits. It was observed 

that 50 per cent inbreeding coefficient acted more deleteriously than 59 per 

cent. The homozygosity has increased to a level where amount of variation was 

less for growth and productive traits. 

The heritability estimates of various economic traits obtained from 50 

per cent inbred flock data ranged between 0.187 ± 0.127 to 0.780 ± 0.317 and 

0.006 ± 0.094 to 0.693 ± 0.224 from sire and sire + dam components of 

variance, respectively. 

The heritability ranged from 0.048 ± 0.084 to 0.574 ± 0.201 and 0.009 ± 

0.066 to 0.701 ± 0.129 from sire and sire + dam component of variance, 

respectively in 59 per cent inbred flock. 

In control ~ock the heritability ranged from 0.025 ± 0.181 to 0.549 ± 

0.304 from sire component and 0.014 ± 0.132 to 0.899 ± 0.335 from sire + dam 

components of variance. 

Inbreeding affected the heritability estimates for majority. of the 

characters in 50 per cent inbred flock. The growth and production traits in 59 

per cent inbred showed similar trend. 

The genetic correlations among all the growth and production traits fi'om 

sire components of variance and covariance were mostly non-significant in 50 
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per cent inbred flock except the 8-week body weight with 20 and 24-week 

body weight; 12-week with 16-week body weight and 16-week body weight 

with 24-week body weight which were positively and significantly correlated. 

It indicated that if birds have fast growth rate at early stage they will achieve 

heavy body weight at later stage of growth. It was also seen that mostly growth 

traits and weight at sexual maturity were correlated negatively and significantly 

with age at sexual maturity. It mean~ birds with fast growth and high weight at 

sexual maturity exhibit reduced age at sexual maturity which is advantageous. 

Negative and significant correlation of ASM with 90-days egg production 

suggested that birds with declined ASM will achieve heavy egg weight and 

high egg production. 

The genetic correlation among the traits III 59 per cent inbred flock 

from sire components of variance and covariance were found to be non

significant except 8-week with 20 and 24-week body weight, 12-week with 16-

week, and 16-week with 24-week which were positively and significantly 

correlated while correlations with ASM were negative. 

The genetic associations were mostly non-significant in control flock as 

per sire components of variance and covariance except 4-week body weight 

with 20-week and 12, 16 and 20-week with 24-week body weight. It was 

concluded that improvement in 4-week body weight will directly influence the 

later body weight of birds. The fast growing birds have early maturity and 

increased egg production. 
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In 59 per cent inbred flock some early growth traits were positively and 

significantly correlated with WSM. 

In control flock the genetic correlations were mostly non-significant 

except 4-week body weight which was correlated positively and significantly 

with 12, 20 and 24-week body weight. The body weight at 4-week could be 

considered for selecting the birds for future breeding. 

The phenotypic correlations were mostly significant for growth and 

production traits. The environmental correlations have zero to small trend. 

The partial correlations showed that most of the association were non

significant in all the three flock except O-week with 8-week, 4 with 12 and 24-

week, 8-week with 12-week and 16-week with 20-week body weight which 

were positively and significantly correlated. 

The 59 per cent inbred flock had some what better association than the 

50 per cent inbred. The linear regression of weight at sexual maturity were 

positive and significant on monthly body weights (8-week to 24-week) with 

greatest contribution of 24"-week body weight (R2 
= 5.16 per cent) 

The age at sexual maturity had mostly negative and significant 

regression on monthly body weights. The 90-days egg production and clutch 

size had negative and significant regression on growth· and other production 

traits in 50 per cent inbred flock. 

The linear regressions were mostly significant in 59 per cent inbred 

flock. The age at sexual maturity had negative and significant regression on 

monthly body weights. It was concluded that monthly body weight was 
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responsible for linear improvement in age at sexual maturity while weight of 

fjrst egg showed the negative and significant regression over monthly body 

weight and WSM. This indicated that birds achieving fast growth had reduced 

first egg weight. The 90-days egg production and clutch size had negative and 

significant regression on growth and production traits. 

In control flock the age at sexual maturity showed negative and 

significant regression on the growth traits. The clutch size showed negative and 

significant regression on growth and production traits. The reduction in clutch 

size and age at sexual maturity showed that birds will have higher egg 

production in a particular period. 

All the three populations behaved differently at genetic level. The 

estimates of 50 per cent and 59 per cent level of inbreeding could not show 

declining trend because of increase in inbreeding coefficient. 

The 59 per cent inbred population showed higher performance than the 

control population whereas 50 per cent inbred population showed lower 
I 

performance than the control. 
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