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INTRODUCTION



INTRODUCTION

As a general rule continued inbréeding increases the homozygosity of
the gené pool. This was adequately and slaﬁstically demostrated by Wright
(1922, 1923). The earliér reports of Cole and Haplin (1916, 1922), Goodale
(1927), Dunn, 1923, 1928). Jull (1929. 1930). Dumon (1930), Dunkerly (1930),
Warren (1934), British Ministry of Agriculture and Fishefies (1934), Byerly et
al. (1934), Hays (1929. 1934) and others involving inbreeding have béen very
discouraging as they 'observed its depressive ¢1’1’ect on fitness and product‘ion

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
éf three forces-natural selection, al;tiﬁcial selection and inbreeding pfoduces
changes in the genetic composition of a population until an equilibriuni between
them is reached. This results in an apparent stability‘ of the méan of the
population. Further observable changes are then dependeﬁt either» on an aiteration
of the relative pressures of these forces or on fundamental changes iﬁ the genetic
- structure. However, the underlybing genetic basis for the equilibrium may be
changing even though such changes are not reflected on the phenotypic level.

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 pHase's. First

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

inbred lines. The general loss in overall vigour and performance 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 infelligent decisions regarding number and size  of
inbred lines to be developed and maintained, relative emphasis that should be
. piaced on different traits, rate of inbreeding per generation, ultimate level of
inbreeding to be attained, ways of testing inbred lines and eventual commercial
use of surviving lines. As an example, if the egg production and fitness are not
greatly gffected, the most efficient method will tend toward starting with many
small lin¢s using intense inbreeding carried to high level, practicihg selection
between l.ines and expanding surviving lines rapidly. On the other hand, if the

€gg production performance and fitness are greatly affected, selection within
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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 populaﬁon.
- 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 determination using 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 prbcesses.
The improvement of poultry for increased egg production through inbreeding
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 heyitability 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
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 rnonths of age Vfailed 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 (1948b) 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 C.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 niating 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 ot: 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



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 iﬁtensive
inbreeding will not necessarily decrease the body weight of chicken and that
with somé selection body weight may be maintained and in some. ihstanccs
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 thaticontinued full-sib mating

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

Kinney et al. (1968) studying the data of random bred white ~leghor‘n
population for several generations and reported heritability estimates ranging
from 0.315 to 0.655 with a pooled average of 0.450.

Du Plessis ez 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,

70 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 1192.3

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

generation and 0.18 to 1.50 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=0, 25, 37 and 50 per cent) were

_lighter in 8 week body weight when compared with contemporary non-inbred
from a mass matings.

Banerjee (1972) observed the averages and heritability of body weights
from hatch to 24 weeks in two successive genefations, in a white leghom
flock selected for egg number. The 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, 12'72.1g
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 al. (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 most, the first being

the egg production. They concluded that the performance as a whole for all
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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 2" to 20vlh
- weeks of age.

Hala et al. (1975) established an inbred line after 10 generations df sib
mating. They found é marked decrease in body weight as inl;reeding
progressed.

Singh (1976) reported that the average monthly body weights which—
were found to be 32.8, 126.6, 269.0, 497.1, 692.5, 938.4 and 1155.7g with a
C.V. of 16.05, 25.15, 27.88, 24.49, 41.94, 21.52 and 15.71 per cent in the I*
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 +



0.08,6:27-%=-0-09-0-36-+=6:12, 0.37 +0.08, 0.27 + 0.06 and 6.61 + (.18 in the
second year from sire components of variance respectively.

- Kumar (1983) studied on half and full sib (F;) populations of White
Leghorn. He found 0, 4, 8 weeks body weights to be 35.53 + 0.20, 148.57 %

7 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 + daﬁl), 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 0.03_6 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 sire + dam

components of variance.

Bhushan (1984) reported means of 0, 4, &, 12, 16, 20 and 24 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 1n inbred
pbpulatipn of WLH. The heritability estimates of these traits were found to be
0.34 + 0.026, 0.02 + 0.0l, 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.



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 differenceé
among these means Weré non-significant as selection might haci %ompexisated
the effects of inbreeding to some extent. The overall 10 week body v&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 bddy weights as 34.28 + 0.12, 169.13 + 2.69, 367.88 :t‘6.02, 668.78 +
8.18, 898.09 + 9.33, 1079.73 + 9.38 and 1241.27 + 10.63g, respectively in F,
generati’oﬁ 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 inbreéding and most of the heritability values
reduced or did not show improvement as inbreeding increased.

Singh (1987) experimented on F; inbred flock of WLH, and found the
average values of 16, 20 and 24 week body weights to be 729.1;5 + 3.8; 918.71
+ 3.4 and 1223.44 + 8.8¢, respectively. The heritability values of the same
traits were (.25 ﬂ: 0.08,0.08 +0.07 and 0.13 £+ 0.07. He also concluded that ail

the characters were influenced by inbreeding.
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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 bodyr :

weights to be 34.44 = 0.20, 182.78 + 1.23, 341.75 + 3.71, 603.13 £ 6.34,
297.78 + 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 £ 0.01, ‘0.020 +0.07 and 0.128 = 0.11.
Kumar (1989) experimented on white leghorns to study the éffect of
~ four geﬁerations of inbred (F=0.38, 0.50, 0.59 and 0.67) population. The
-overall mean values of 0, 4, §, 12, 16, 20 and 24 week body weights .to be
34.57  0.10, 163.13 + 0.95, 356.55 = 2.79, 611.30 + 3.42, 816.53; 3.30,

997.28 £3.98 and 1217.14 + 4.84¢g respectively. The heritability valu_es for the

sarhe traits were -0.076 = 0.059, 0.131 + 0.069, 0.417 + 0.158, 0.317 £ 0.1 1‘3, '

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, 787.95 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.
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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, respecfively 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.

Shar‘maj et al. (1994) observed the heritability estimates based 6n
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 weeks 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 estimatcs for déy old to 20 week of age were
found as 0.027 + 0.086, -0.051 = 0.037, 1.883 £ 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 PL, of layer chicken was 1012 + 1.82 and 1074 ‘i
1.85 respectively. The heritability estimates .was. 0.469 £ 0.09 and 0.445 +
0.09 respectively in PL, and PL, layer chicken.

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

weeks of age as 168.023 £ 1.780, 374.981 +4.155, 654.469 + 5.879, 880.021 +



7725 and 1161.896 + 9.498¢, respectively. The heritabiﬁty estimates at 4, 8,
12, 16 and 20 weeks of age for siré 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 +
0.130, respectively.
(ii) Body weigﬂt 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 economic return. Large birds consume more feed

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

the other hand fhe salvage value of a large bird is more. Furthef, any breed or
stréin has \an optimum body weight for egg production. There seems to be no
material advantage in increasing the body weight over the éptimuln level,
whereas any lowering éf 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 components of variance.
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Krishna (1970) concluded the mean body weight at sexual maturi‘ty to
be 1416.0, 1477.3 and 1372.4g in base, selected and control flock of White
leghorh, respectively. The heritability of body weight at sexual maturity was

0.78 + 0.28, 0.40 + 0.08 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 14>5(‘).9g during first year for selected "and control flock
respectively and 1500.9 and 1515.2g for the second year selécted and control
flock respectively. The heritability estimate of body weight at sexual 'maturity
was 0.68 + 0.19 in white leghorn flock.

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

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

m-aturity was lower in inbreds (1325.19 + 6.81g) as compared to randdm breds

(1442.10 £ 6.54g) with a C.V. of 13.06 and 11.37 per cent respectivély. The
heritability estimates based on sire and sire + dam components of ﬂfariarice
were 0.723 £ 0.127 and 0.720 = 0.128, respectively. He conciuded 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 _méting by producing F,
(¥=0.375) and F; (F=0.50) from F, in WLH »and found that mean body wéight
at maturity reduced from 1326.99 + 3.79g in F, to 1264.49 + 6.82g in F;

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



heritability estimates based on sire components'of variance were 0.236 *
0.120 and 0.66 8 :b‘O.,i44, respectively for F, and F; generations. He concluded
that S.D. éﬁd C.V. values for most of the traits reduced in Fj indicating
reduction in variability and that improvement in heritability for mat.u‘re body
weight from Fz to Fs showed the scope of practicing selection to improve the
traits ‘during ‘inb_rbeeding process.

Singh (1977) estimated the data of F, 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, resﬁectively. He further concluded
that weight at sexual maturity was adversely affected by increased inbreeding
from F, to F, generation.

Singh ef al. (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 0.13 + 0.015, respectively in a F,
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 + 79.26g. The h.erit-a»bility

of weight at sexual maturity was found to be zero.



Singh (1987) concluded the average of 1389.44 + 10.0g and a

heritability value of 0.02 = 0.07, for weight at sexual maturity-was recorded in_

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

Kumar (1989) estimated the data of 4 inbred geﬁerations (F=37.5, 50,
59 and 67 pér cent). The average weight at sexual maturity were 1508.07 +
11.60, 1354.00 * 8.64, 136:’.16 + 8.35, and 1371.08 + 7.77¢g re‘specti?‘ely. The
heritability estimate.s weré 0.210 and -0.102° form sire and sire ‘+ dam

components of variance respectively.

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

white leghorn were 0.62 + 0.15 and 0.47 + 0.13 respectively for bod); weight
af sekual 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 142228 + 8.48‘_fin a full sib population of white leghorn. The heritability
estimatels' was found to be 0.187 + 0.12. |

Mani (1994) concluded the average body weight at sexual.ma‘furity as
1695.60 + 10.40g. The heritability el%timatqs was recorded as 0.533 + 0.246 in
white leghorn. i

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

estimates was 0.02 for body weight at sexual maturity.

/4G



(iii) Age at sexual maturity

The age at sexual maturity is the number of days after hatching that an
individual fays 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 lay 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 0.40 from sire, dam and sire + dam compoﬁents'of
variance respectively.

Van Vleck et al. (1963) estimated the average age at sexual matur‘ity to
be 176, 179, 184 and 186 days in white leghorn controls from two lc;cations,

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 métur_i‘ty to be
199 days in two strain of white legﬁorn. The heritability was 0.39 +0.16 for

the same trait based on sire + dam components of variance.
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Abplanalp and Woodard (1967) observed that age at sexualrr’naturity
remained unaffected.by.’continued fu&l—sib mating (F=37.5 and 50%).

- Kinﬁey et a?., (1968) studied the age at sexual mamrity in a .random-
bred leghorn cbntfol flock 6ver several generations and found the range of
averages as 173.6 to 185.6 days and rangé of heritability estimates between
0.145100.520.

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 cent. The
- heritability estimate of same trait was 0.37 + 0_003‘ and 0.224 £ O,-O4 based on
sire and sire + dam components of variance respectively in white ‘legh'orn’
flock. |

Krishna (1970) concluded that the average age at sexual maturity of -fhe
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 estimatés based on
the sire and sire + dam components of varianc¢ for thé above traits were 0.32
i0.13 and 0.23 + 0.07 for first year.and 0.33 % 0.15 and 0.28 + 0.08 for second
year respeétively. |

Igbaluddin et al. (1975) analysed the data on random breds and 25 pér |
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 déys after

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



components of variance were 0.458 £ 0.102 and 0.442 + 0.120, resp'ectively

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

Singh (1976) compared the performance of F, (F=37.5%) and Fj
,(F=50%) genefations éf WLH and found that average age at sexual‘maturity
reduced from 211.16 + 0.85 days in F, to 205.83 + 0.85 days in F, with a-
coefficients of variation of 10.45 and 9.26 per cent, respective;ly. The
heritability estimates based on sire component of variance decreased from
0.251 +0.064 in F, to zero in F5 generation of full sib mating.

Johari et al. (1977) observed the average age at sexual maturity to be
170.2 days in a white leghorn flock and the héritability estimate for the same -
~ trait was found to be 0.19. |

Singh et al. (1982) studied white leghorn hens selected for hig_h 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-selected control flock respéctively.
The heritability estimates of age at sexual maturity was found to be 0.78 £
0.21 from the sire cofnponent of variance in their white leghorn population.

Plachy et al. (1983) studied 4 inbred lines of fowl and reportgd 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 and 0.36 + 0.02, respectively in



| a F, inbred population (F=37.5%) of WLH. Control birds matured earlier than -

the' inbreds.

' Chaifanyam and Singh (1985) estimated mean age at sexual ma-turity' to
be 223, 229, 260_, 237, 192, 233 and 199 days respectively for F, (F=25%), F,
(F=37.5%), Fs (F=47.9%), Fy (F=48.13%), Fs (55.36%), in ibreds and base

flock 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 + 1.86 days for age at

sexual maturity in a,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 sexual 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 F, (F=37.5%), F3 (F=50%), F4 (59%), Fs (67%) inbred flock
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of WLH breed. The heritability were found as 0.040 + 0.065 and 0.147 +
()_060, fronﬁ sire and sire + dam components of variance for overall inbred.
R Kuméraraj et al. (1990) obseriled the average age at sexual matulty in
white Ieghofn aS 160 + 0.61 days and heritability was found to be -0.069.
Yadav ét 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 ef al. (1992) estimated the average age at sexual maturity aé 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 'C’ strain of white leghorn.

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

167.80 = 0.28 and 165.80 + 0.27 days in PL, and PL, strains of white leghorn.

Sharma ef 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 PL, strain of white leghorn.
- Sharma et al. (1995).evstimate.d the heritability as 0.67 for age ét sexual
- Maturity in white leghorn.

Jeena (1996) analysed the data on three generations (G;, G, and G3)

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.



Singh (1996) reported the heritabilityu age at sexual maturity as 0.44 in
wh‘iteﬂ leghorn.
‘ Baisr et al. (1997) estimated the heritability of age at sexual maturity as
0.21 in white leghorn.
Sharr,na' and Krishna (1998) concluded the average age at sexual
maturity as 164.00 & 0.25 days in white leghorn.
Reddy ez él. (1999) reported the average age at sexual ma’turify as

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

(iv) Weight of the 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 bf egg. The egg weight is lowest during the start of lay and
then it rapidly attains its weight by 7 to 8 months lof age after which the
increase is not significant. After 40 weeks of age, there would not tbe much
increase in the size of ,the egg. The egg sizé may, however, vajry 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 heritability estimates, calculated from sire components

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



e

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

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

Abpianalp and Woodard (1967) observed that egg size remained-

una‘ffec‘tedb 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 ef al. (1970) practiced full-sib matings over 13 génerations'

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 Qf Russian whites. The heritability estimates was ‘iower in
inbreds (0.202) than that of outbreds (0.707).
Macha er al. (1971) observed that egg weighf 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 outbred birds of two breeds and

found that differences in egg weight were not significant.
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Thak et al. (1975) studied the average initial egg weight and‘ mature
eggweivzc,rht to be 36.2 and 49.5g, respectively. The heritability estimates of
' iﬁitial and mature egg weight was 0.16 and 0.40 respectively in white legh_om.
Cahaner et al. (1980) concluded that egg weight seeni to be un“affected

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. |

Plachy et al. t1983) reported the average egg weight to be 49, 49, 46
and 52g, respectively in four inbred lines of fowl and their line crosses 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.

R
Ve

2
P



- Bhushan ( 198_4) studied weight of first egg and its heritability value as
44.40}:E 1.‘48gv and 0.10 + 0.01, respectively in a inbred (F=37.5%) flock of
WLH; control flock had lower egg weight.

Chaitayam and Singh (1985) found the average cge weight,és 47.5,
49.3; 48.1, | 47.01, 51.4, 48.5 and 48.6g, respectively for F; (F=25%), F,
(37.50%), F3 (47.96%), F4 (F=48.13%), Fs (F=55.36%), overall inbredé and
base population of WLH breed. j

Kushwaha (1987) reported the average weight of first egg to be _42.'88 +
0.30g in an inbred flock of WLH (F=59%) and the her‘itability estimate being
zero.

Singh (1987) estimated the mean weight of first egg as 41.98 + 0.33g
with a iow heritability’ value of 0.06 + 0.07 in a F; full-sib popﬁlation of
WLH.

Rai (1988) found average weight of first egg to be 42.38 + 0.30g. 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 47.57 = 0.36, 41.43 +
0.27, 36.57+ 0.26, 47.86 + 0.24 and 43.43 = 0.16g, respectivgly for F, (F=O.38),
F; (F=0.50), F, (F=0.59), F5 (F=0.67) and overall inbreds. The oyerall 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.
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Thangaraju and Ulaganathan (1990) analysed the data on two strains of

white leghorn. The heritability estimates of egg weight“_"f‘e‘corded as 0.90 =

0.20 and 0.84 % 0.19.

Brahmkhshatri er al. (1992) reported the heritability estimate - of egg

weight as 0.31 + 0.15 based on sire components of variance in white 'leghom.

 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 component}s’;

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



¢.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
réached‘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 inbfeeding) than the contrdl group
consisting of purebred Russian whites.
Shibata (1965) estimated heritability estimates of egg prbduction to be
0.232 + 0.065 and 0.397 + 0.077, respectively from sire and dam components
of variance in a closgjﬂock of WLH.
- 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=37.5 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, of-probably-a.-program. of crosses..and.renewed--

stbreeding among-lines-surviving 4-or 5 generations.of sibbing..



Laanmae (1968) observed that inbreeding for several years in two lines
decfe,ased 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. |

Kulenkamp et al. (1973) estimated that continued ful'l—sib mating of 5
generations (F ranged from 25 per cent in Fy to 67 per cent in F;s) in Japanses
quail reduced the initial 17 lines to 6. They further observed that egg
prbduotion 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.

Igbaluddin ef al. (1975) compared the'perfbrmance 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 sire + dam



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

resﬁéctively for inbreds. He concluded that high S.E. and heritability eétimates

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

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

improvement from 46.22 + 0.25 per cent in F, (F=37.5%) to 52.75 + 0.32 per
cent in F3 (F=50%) in WLH whereas its heritability value reduced gfeétly
from 0.536 £ 0.291 in F, t0 0.015 + 0.002 in Fs. -

‘Singh (1977) estimated the 90 day egg production as 51.72 + 0.45 per
cent in F4 generation (F=59%) of WLH. The heritability estimate of the same
1':r'ait was found to be 0.499 + 0.036. He concluded that egg production was
adversely affected as inbreeding progressed for F; to Fy. |

Mahtoa et al. (1980) réported 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.

B‘hushan (1984) studied average 90 days egg production and its

heritability estimates as 48.30 = 1.93 eggs and 0.18 = 0.00, respectivély in a
inbred (F=37.5%) flock of WLH; control populationf found to have lower egg

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

10 be 49, 45, 38, 36, 37, 42 and 55 eggs, for F, (F=25%), F, (F=37.5%), F;_

(F=4‘7.96%)‘, F, (F=48.13%), Fs (F=55.36%), overall inbreds and base -

population of WLH breed, respectively.

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

(F=5§%) 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%)

of WLH.

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 ihbred flock

(F=67%) of WLH.

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 F, (F=0.38), F; (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
compon¢nts of variance respectively.

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

estimated the heritability of half sib family for 90 days egg production which

was 0.06 + (.04,
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Rai et al. (1992) reported the heritability of egg production which was

found to be 0.15.

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

in white leghorn as 0.21 and genetic correlation":"among the trait were non- .

signiﬁcant.

'Sharmé et al. (1994) computed the heritability of egg production' upto
280 days of age which wasi:fﬁgh as 0.64 in white leghorn.

Sharma et al. (1995) reﬁorte_d the average 90 d;'clys egg.produ"ction 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 al. (1997) estimated the heritability from sire and sire + dam
componénts 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 al. (1999) computed the average.90 days egg production as
38.111 + 0.267g. The heritability e-stimates was-decreased as 0.314 + 0.164
based on sire + dam components of variance in white leghorn. i
(V) Clutch size

The clutch is the number of consecutive eggs laid by a bird and the rate
of laying i/@(s determined by clutch size which in turn is 'determin‘ed 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 not more



than one day. One of the longest clutches on record being that of a white
1eghbrn that laid 22.3 eggs in as many days in an officially conducted

canadian egg laying test. N

Hays (1934) using 23 inbreds.lines of RIR found that inbreeding tended

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

intensityio 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_(;und 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 'hevr.itability
value of rate of lay declined over successive generations indicating é decrease
in genetic variation. | |

Bhushan (1.984) reported average clutch size of 1.46 + 0.05 and its
héri}ébility lvalue;to be 0.17 £ 0.01 in an inbred flock (F=37.5%) of WLH. He
gbn'cludéd 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-dayé- with a_

heritability estimaté 0f 0.12 £0.07 in a\inbred flock (F=50%) of WLH.

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 levels of iry
breeding coefficient (F=0.38, 70.50, 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,, F;, F4, Fs and overall inbred, resepctively. The heritability for

same traitf 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 of WLH.

Kinney ez al. (1968) estimated that the genetic correlations of 8 weeks
of age with egg weight, sexual maturity and part egg production which- 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

10 24 weeks of age. These correlations were mostly positive and significant.



The genetic correlatibns were higher and environmental correlations were
found to bé smaller thenlthe pﬁenotypic correlations. The weight at sexual
maturity was significantly correl-ated with .egg production, while the
correlations between age at sexual maturity and egg production was f&und 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 and -0.41
respectively. The genetic correlations between age and weight af sexual
maturity were 0.66 and 0.67 from sire and sire + dam components of variance
covariance respéctively. The phenotypic correlations of age with Weight at
sexual maturity and 90 days egg production were 0.00 and -0.12 respéctively.

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.
Igbaluddin (1972) reported that the phenotypic, genetic (sire), génetic

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

Y &S



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 phenotyplc correlations of age at sexual

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

significant, with the values of -0.121and -0.408, respectively in 37.5 per cent inbred

 white leghomn flock as agamst 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 significant 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 F, (F=37.5%); only the middle ﬁgure being

‘SIgmﬁcant whereas the corresponding correlatlons 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 F, and F; full-sib pop,tllations,

réspéctively 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 _Fz and F; generation.

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

Wl

correlations between age and weight at maturity which was 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 a'nd. egg .

production were significantly correlated at genetic (0.608) and environmental
(-0.119) levels. o
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 flocks (0.45,

0.71 and 0.47).

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

size and egg productionrwhich 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

'»v,,f.r.m



wéight were found to be 0.340 + 0.003, 0.077 + 0.046 and -0.024, 0.473 +
0.0003,AO.13‘2 + 0.05 and 0.024, 1.119, 0.039 £ 0.051 and -0.171, -0.502 >i
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-0:6815; respectively in white leghorn. |
.,,Kumar (1983) estimated that the phenotypic, genetic environmental
correlations between 0 and 4 week body weights were significant with the
valués of 0.567, -.2.069,,0.513,40.812, 0.586, 0.526 and 0.557, respecti.vely ina

 full-sib population of WLH. The corresponding correlations between 0 and 8

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

. VsigniﬁcVant with their estimates of‘(‘).559, -1.882, .1.312, 0.900, 0.582, 0.513
and 0.549, and 0.906, -1.094,1.019, 0.987, 0.907, 0.900 and 0.'904.> |
| Tayyab (1983) concluded that the genetic, phenot).rpic‘ ' and
environmental correlation between age at sexual matu:rity aﬁd 96 days égg
productipn 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 significant 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, v90 day egg production and clutch size were found to be significantly

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 and 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 producﬁon and clutch size were

all significant. Similarly 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

e
s

weight with 8 week weight and thereafter initial body weights were cdrrelaf’ed V

POSitive_ly 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.
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Similarly most of the corresponding correlations at phenotypic level were

found to be significant.

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

0.137 £ 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 correlaﬁons of .

day old body weight With 4, 8, 12 and 20 week and weight at sexual matufity
as 0.99 = 0.40, 0.95 + 0.38, 0.854 = 0.52, 0.991 + 0.42, 1.002 + 0.01 and -
0.769 £.0.21 on the basis of sire + dam component of variance and covariance
iﬁ inbred white leghotn population.

Singh (1992) estimated the phenotypic correlations of 4 week body
weight with 8, 12, 16 and 20 week, avge and age ét 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

Wwhite leghorn flock.

- Mani (1994) observed the phenotypic- genetic and environment:-.

Correlations between day old with upto 20-week body weight, W'eight at sexual
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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), 8™ week body‘ weight
‘(0.154 + 0.06), while day old body weight was not significantly correlated

with other traits. The 4™ week body weight with 8™, 12 | 16™ and 20"™ 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 "while genetic correlations were mostly -

negative and significant but environmental correlation were positive and non

sigr}iﬁcéntly’ correlated. -

- S‘hAarma (1995) estimated that the genetic, phenotypic' environmental

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

age at sexual maturity and 90 days egg production were mostly positive and

significantly correlated while the phenotypic correlations were also mostly

i .. ' ' . .' AL 3
positive and significant except age at sexual maturity which was negative and .

ISR

non significantly correlated while- the environmental correlations -are- also
7
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.

Mandal and Mann (1998) observed the genetic correlations-were found -

between body weight with 20 weeks and égg 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 al. (1999) reported the phenotypic and genetic correlation in
whité légb_orn. The phenotypic correlations ranged from 0.80 to -0.13 aﬁd
genetié correlations from 0.91 to -0.27.

Regressing estimates

- Sittman et al. (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

regressiﬁg of production traits on every 10 per cent increase in inbreeding

coefficient were observed : 8 week 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 at sexual maturity by 0.50 days

and egg weight by -0.30g. -



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

pody weight on inbreeding coefficient (F=0, 25, 37 and 50) which Waé highly
signiﬁcént (-1.3197 £ 0.4368) in chickens. They concluded that ciepréssion in
body weight due to a 12.5 per cent inbreeding could be counter balancéd by
saving the top 77 per cent of the unselected population.

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

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

respeétively for five generation expressed as deviations of inbred population
from control in Japanese quail. The value wére 0.060g, -0.062. g, -0.023 égg
and 0.040g for 3 and 7 \‘zveek body weights, average Weekly production and
egg weight, respectively. They concluded that egg broduction was affected
most by inbreéding than the body and egg weights and ‘that only'egg weight
was iinear to.inbreeding effects, dthertwere non iinear. Thus the regression
coefficients of these can not be used as adequate predictors of perforfriance of

birds at any given level of inbreeding.

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 of age 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) repofted significant regression.(for 10

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

21 b



inbreeding (F=25, 37.5, 47.06, 48.13 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 delayéd 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 £ 0.74};{ in the

domestic fowl.

Rai (1988) found the sfgniﬁcant 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, -'O.,71' days, -0.19 egg and 0.12 days, respectively in a Fg 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, age at sexual maturity, wéight of first egg, 90 days egg production

and clutch size on 0, 4, 8, 12 and 16 weeks body weight. The regréésion 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 (R? value = 14.70 per cent) in weight at ééxual maturity.
Th¢ 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



pody 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, 0.0018 0.0070 and 0.0518 but age at sexual maturity determine

the h‘ighest‘im’provement in weight of ﬁret egg (R? value = 6.50 per cent). The
regression O.f 90 day egg production and ciutch size on 0, 4, 8, 1'2, 16 week
body weight, weight at sexual maturity, age at sexual maturity, weight of first
egg were 0.1‘07, 0.029, 0.009, 0.0091, 0.0i09, 0.0034, -0.0444, 0.0326 and -
0.004, -0.0014, -0.0005, -0.003, -0.0004, -0.00005, 0.0027, 0.0046,
'respectiflely in inbred white leghorn population. Whereas 16-week body

weight (R? value = 1.6 per cent) and ége at sexual maturity (R* value = 2.0)

highly contributed in improvement of egg production and clutch size,

reSpe"ctively.

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 od 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,
0'904, -0.001, 0.005 and 0.044g, respectively with a significant R? value of
0-148 indicating a joint contribution of 14.8 per cent by all these independent

ll‘aus towards weight of first egg. The partial reeression of 90 davs egg
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productlon on correspondlng traits and first egg weight were 0.056, 0.018, |
0.002, 0.002, 0.003, 0.002, -0.043 and 0.051 eggs, respectlvely The R? value
was 0.037 in inbred white leghorn population.
| The linear regression of lweight, at rﬁaturity on 0, 4, 8, 12‘ and 16-weeks
body weight iﬁdividually wére found to the highly significant with their value
beihg 4.50, 0.49, 0.28, 0.23 and 0.6lg, respectively haying greatest
confributiOn from 16-Week weight (R* = 14.70%) whereas in case of age at
sexuél maturity the regression coefﬁcients.on 4, 12 and 16-week body weight
were -0.059, -0.041 and -0.061 days, respectively’ all the regressions were
‘st‘atistically significant. |
The first egg weight was regressed over various economic traits then
r;_rg'gnessibn on 0, 8, 12, 16-week ;)f ag‘e\., w‘eight and age at maturity; the highest
R? being 6.5 per cent for age at maturity. The 90-days egg production and
clutch size were sigriiﬁcanf at 4, 8, 12, 16-,week age and age at rﬁatur'ity with
~more-R* value ( 1.60 and‘2.00 per Cel.lt, respectively) lfrom’ age at maturity.
Mani (1994) computed the linear regression of weight a‘t' sexual

maturity ka,nd first egg weight on age at sexual maturity were 6.3773 and

0.»1290,'respectively while the R” values were 0.3300 and 0.2256 respectively.
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MATERIALS AND METHODS
The present study was undertaken on the inbred lines of white leghorn,

maintained at Poultfy Research Centre, G.B. Pant University of Agriculturé and

Technology, Pantnagar.

The development of inbred lines of white leghdrn was initiated during the
year 1985. Parents were selected from a random bred population and full brother x

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

T~

mating was followed to get F,, F5 and F, full —sib generations. We are ‘donsidcring _

here two full-sib generations for study with 50 and 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 wés
done and. eggs were set weekly for hatching. Flodr, broken and abnormal eggs
were discarded after visual examination and candling.

The eggs were canaled on 4" day of incubation and all infertile eggs were
remblve_d.‘ The eggs wére égain candled on 18" day of incubation and viable
: emb$6y¢d~ eggs wéfe placed in the pedegree bag\_,évs and were transferred to hatcher.
The viéble chicks after hatching on 21* day were using wing banded,,weighed and

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

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

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

L5
T
U



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

g~
to layer houses at 20 weeks of age. All the birds trapnested 1nd1v1dually, 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.

49
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All the female birds were weighed to the nearest gram, from hatch to 24 - i

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. 0-week weight of chick  (g) (0-wk BW) xlb J
2. 4-we‘ek body weight (g (4-wk BW) X3
3. 8-week body weight (g (8-wK BW) | X3 ’_
4. 12-week body weight (g2) (12-wk BW) X4
5. 16-week body weight (g) (16-wk BW) X5
6.  20-week body weight (g) - (20-wk BW) Xg
7. 24-week body weight (g) (24-wk BW) X7
8. Weight at sexual maturity (g) - (W.SM.) Xg .
9. Ageat sexual maturity  (days) (A.SM.) Xo
10.  Weight of first egg (2) (W.F.E) X10
11. 90-day egg production ~(Nos.) (90 days EP) - x”'

12, Clutch size : (days) (CS.) X12



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

Clutch size =

Number of days in production

Total number of eggs produced during the period

¢230

The generation wise distribution of records and details regarding flock size are |

giv_en 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

progenies
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).

Standard Error



Where,

Y; = measurement of i" individual
N = number of individual measured

N9,
VN -1

Standard deviation = ~/variance

Coefficient of. variance = %——x 100

The data éf 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 = p + hi + cij

Where,

Yij = the observation on j™ progeny under i"™ hatch

u = Over all mean
h, = effect of i hatch (i =1, 2, ===, p)
eij = random error assumed to be independent and normally

. . . . 2
distributed with mean zero and. variance o™

The least squares constants involved in the above model were computed
directly from hatch means:

Between hatches uncorrected sum of squares= 1= = R (g + hi)

ni
N
p | n Ny




The least squares constants (appendix II) for each hatch were subtracted
from the individual observations of that hatch in all two inbred lines and contr(;l
popuIation.

Aﬁ:er correcting the data for the hatch effecfs mentioned earlier thé following
,iinéar model was used for least squares analysis for genetic studies and the

corresponding analysis of variance and covariance are presented in Table 2 and 3.

Y =p +si+dy + e

i =1, 2, e s
J: 1,2, """"""""""""" d]
]\:172’ """"""""" nu

Where,
Y = the observation on the K" progeny of j'" dam mated to i" sire.
no= ové}i all mean
S; = effect of i sire (with E (S; ) =0, V(S)) = o%)
dij = effect of j"" dam mated to ;" sire
(with E (dj) =0, V (dj) = o°d)
€k = random error (with E (ej) = 0, v (ej) = cze)
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. -

ey
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Table 2 : Analysis of variance

Source of variation d.f Sum of square
Between sires S-1 ZiNi (Y- Y
m dams within sires d-S % I ny (yi — Y.)?
Error N-d % % 5 (Y K - Yy)?
Total N-1- %% Sy i-Y
Where,
N; = Zj ny;, d=2Zdi
| N= Zi Zj ny;j
Table 3: Analysis of covariance
Source of variation d.f Sum of square
Between sire S-1 %N (X - X2 (Y- 9)°
Between dams within sires d-s % % n;; (X - X)* (Y3 — Y)?
Error N-d % 5 Sk (Xige — Xip)? (i — V)
Total N -1 % 2% Z K — X) (Y= Y)
Table 4: Expectations of mean squares.
Source of variation d.f. M.S. Expectation means squares |
Between sires ng = (S-1) Mg o’ + Ky0?d + Ko7
Between dams | np = (d -s) Mp c52c + K,czd
within sires \
—
Error Ny =(N-d) Mw . | o
\_
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3.1

The K; coefficients of different components were obtained during the process of

expectations as follows:

/\2
ce = My, = V(E)

2 Mp -My,
24 = =D "W _ yvp)
K,
= (Mg - Ko )/K3==\MS)
Ky
( “‘K—‘ Mp =My )i/ Ks
K K2 +KMW
KiKy
A2 A2 A2 A2
cp = oS t+ od t oe
=V (S)+ V(D) +V (B)
. nZ
K, = —— | N..- A
1 d-s | §(§ N;
1 a2 "2
K,= —— (33 . v U
S-1 175 Ny i-j N.
Ko = -1 (N-—l— EN?‘)
35N

Estimation of genetic parameters

The heritability estimates of the characters under study were determined according

to Falconer (1960) using the sire, dam and sire + dam components of variance.



iH]

e 4V(S)
T V(S)+ V(D) + V(E)

2 4V(D)
d  V(S) + V(D) + V(E)

2(V(S) + V)D))
V(S) + V(D) + V(E)

2 -
h(sw) -

Where,

V(S), V(D) and V(E) are the variance components due to sire, dam and

error, respectively.
The standard error of heritability estimates were estimates according to
Dickerson (1960) |
S.E. (h?) = % V(S)
Where,
C = any constant multiplier of the numerator X, such as 4 used in}
estimating total genetic variance from the sire and dam components when ).

and 2 when sire + dam component was used

A2 A2 A2
Y = ostodtoe

K¢ =K; = Coefficient of variance components due to sire.



K.m =K = coefficient of variance due to dam.
M,, M,, and M,, = Mean squares due to sire, dam and error components,

respectively with degrees of freedom ng, n,, and n,,.

The phenotypic correlations between different characters were determined

according to Bogart (1959) and Falconer (1960).
i _ Cov (S)xy Xy + COQV (E)xy
Pyy \ﬂV(S)x + V(D) + V(E),) (VS)y + V(D), + V(E),)

+ COV (D)

Where,

fpx-y = is the phenotypic correlation’s coefficients between character x and y.
cov (S), cov (D) and cov (E) are the covariance components due to 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).

) _ COV(S)XY
Gl)lxy  JV(S)x VS)y

i _ CovV(D)xy
G(D)XY \/V(D)X.V(D)Y

r _ COV(S)xy +COV(D)xy
GS+D)xy  J(vS)x + V(D)) (V(S)y + V(D)y)




Where,

rasy o) and rgs+py are the genetic correlation coefficient bas_ed on sire,

dam and sire + dam components of variance and covariance for the subscripted

characters.
COV(E)XY + COV(D)XY - 3COV(S)XY
I

‘E(S)XY ) \KV(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"
ED)xy [V(E)x + V(S)x ~3V(D)x) (V(E)y + V(S)y -3V(D)y)

] _ COV(E)XY + COV(D)XY - COV(S)XY
ES+D)xy  (V(E)x - V(D)x - VS)x) (V(E)y - V(D)y - V(S)y)

Where,

1e (S), rg (D) and rg (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).

_ l-rzG(S)XY \KS'E'hZ(SJX) (SERS)Y)
) Nz h2(s

Gy )y - B4(S)Y
SEr ) l‘ré(D)X Y \/(S.E.hz(D)X) (S.E.hz(D)Y)
Py 2 WD)y - WD)y
SE . . 1-ré(D)XY \/(S.E.hz.(SJrD)X) (S.E.h2(8+D)Y)

G(StD)yy V2 h?(S+D)y, . h3(S+D)Y



where,

S.E. i is the standard error of genetic correlation for the subscripted
character. S.E. h? is the standard error of h’ for the subscripted characters.
The standard errors of the phenotypic correlation coefficient were

determined as per the method of Panse and Sukhatme (1967).

Xy N-1

SEr = I Tpxy
Where,

N = total number of observations

The sigﬁiﬁcance of genetic and phenotypic chrélatioﬁs 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 correlatioﬁ coefficient of order ‘p’ (p = number of véﬁaﬁles whose

effects are eliminated) were computed according to Gupta and Kapoor (1983).

1 ry2 T3 eerennennnnn JRRN o1
R= 1, 1 1% PRI I2p
I I's3n I3p




R..
1.p R..R..
1]

Where,
R = correlation matrix of x|, Xy ======w=v=- Xp,

(R for the corresponding determinant)

Ry = partial correlation coefficient between variable i™ and j" after eliminated the

linear effect of ‘p’ variables.
R;j = co-factor of rj; in R.
R;; = co-factor of r;; in R.

R;; = co-factor of rjj in R.

" The significance of simple and partial correlation coefficient was tested by
using ‘z’ test according to Elhance and Aggarwal (1996).

(1) Conversion ‘r’ in to ‘z’

log

l+r
Z = ———
I-r

1
2 e
(The value of z for various values of ‘r” are available in tables)

1

(ii) The standard error of z =
N-3-p

Where,
r = partial correlation
N = number of observations

p = number of variables whose effects are eliminated.



_gimple and multiple regression

The simple regression of dependent economic charactérs on independent
characters, of various traits and coefficient of determination (R) were computed as
described_by. Sneédecor and Cochral? (1967).

The,f'ollowing linear regression model was used to find out dependent variables:-

Y =a+bx
Where,

y = dependent variables

x = independent variables

b = regression coefticient

a = point of intercept

The - efficiency of simple iinear regression equation was tested by
significance of regression coefficient and their r* values.

Data were further subjected to multiple regression analysis, for knoWing the
rélative importance of each independent variable to the dependent one, were
calculated as per Snedecor and Cochran (1967). Use the followiﬁg regression
model.

y=a+tbx;+byXxatbsXseooobiXy
Where,

y = dependent variable

a = constant

60



X1, X =-==X, different independent variables.

by, by -—--by = regression‘ coefficient with respective independerit variables.

The significance of simple regression coefficient was tested by using ‘P’
teét and »r'n.ul>tiple regression coefficient was tested by ‘t’ test and éoefﬁcient of

‘ détermination was tested by ‘F’ test (Snedecor and Cochran, 1967).






EXPERIMENTAL RESULTS

The present investigation was undertaken on two inbred (50% and 59%

inbréd level, respectively) flocks and a control pdpulation of white leghorn.

The ruiniber 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. -

33.803:0.17g, 34.50+0.14g and 36.46+0.29¢g in two inbred generations and

control population, respectively.
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The maximum (174.97 + 1.37g) weight at 4-week was observed in 59%
inbred generation while the 50% inbred generation and control populaﬁon was
| 157.37 + 1.13¢ and 149.00 + 2.45§ respectively. -

‘The body weight at 8-week of age was found to be 359.29 + 2.00g,
360.33 = 4.05g and 360.58 i15.58g respectively in 50%, 59% inbred aﬁd
cbntfol population which has the same trend. |

: Thé body weight at 12-week of age was maximum (633.66 £ 5.05g) in
the 59% level of inbred as comparised to 50% i‘nbre‘d level. It was 6306.07 +
3.20g while the control population has maximum (638.74 + 9.18g) body
weight-as compaired with two inbred.

Thé 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 wéight was observed in the control population. The 16-week body
~weight was highest in 59% level ilil)l'ed and loWest in 50% inbred generatic;n.

The mean for 20-\\!eekl)od}/ weight was maximum (1073.47 + 5.02g)
in the 59% level of inbred and minimum (920.88 + 6.69¢g) in the 50% 'level of
inbred generation. It was observed that control population has ‘lowest (943.11
+717.81g) body weight. |

The.mean for 24-week body weight and weight at sexual maturity were
found to be 1258.15 + 5.40g and 1407.15 + 5.89g in 59% inbred which was

higher than 50% inbred and control population: The 50% inbred and control

4 85



population was 1198.31 % 10.28g. 1355.40 + 14.71g and 1132.05 + 1723g,
| 1558.64 + 29.3 1g respectively. '

The means for age at sexuai maturity were found to be 201.19 +2.01
days, 190.81 £ 1.00 days and 173.03 + 4.12 days in 50 % inbred, 59 % inbred

and control population, respectively. Where the birds matured earlier in

.‘ c(,;‘ltrol population than inbred flocks. But the 59% inbred matured éarly than

50% inbred. |

| Tﬁe weight of the first egg was estimated to be 42.70 + O.SQrg,‘ 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% levei of inbred was highér (50.90 +
0.31eggs) 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'lhighest (2.10 = 0.04) in 50% inbred lef/ei which
was higher than 59% inbred (1.81 = 0.01days) and control population ( 1-.55 e
0.05days). | |
Heritability estimates: -

The analysis of variance with.two-way- nested classification (between
sires and between dan‘is 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 populatioh data are presented in Table 11. The heritability

va]ue in 50 Percent inbred from sire components of variance for day-old body

(=)
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wel
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
matﬁrity,‘weight of first egg, 90-days egg production and clutch‘ size were
Avfound to be 0.309 0.165,0.187 £ 0.127, 0.300 + 0.145, 0.219 £ 0.132, 0.301
+ 0.14'95 0.658 +0.248, 0.246 + 0.145, 0.572 + 0.238, 1.179 + 0.431, 1.164 +

_ 0.427A and 0.780 + 0.317 respectively in 50 percent inbred generation. But the

heritability estimates for same traits were 0.174 + 0.101, 0.456 =+ 0.203, 01.574 .

£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
peicént level of inbred.

The- heritability estimates in control population for 4, &, 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 sizé 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 -

0252 £ 0.133 t0 0.693 + 0.224 for production traits in 50 percent inbred

-;5:gie:neration while the heritability estimates from sire + dam components of

ght was higher (0.472 £ 0.236). It was low and negative (-0.156 % 0.085)

§

o



gariance were between 0.009 + 0.066 to 6.701 1+ 0.129 and 0.167 + 0.078 to
0333 £ 0.100, respectively for growth and production traits in 59.percent
iniared generatioh.

“The heritability estimates computed from sire + dam corﬁpdrients of
variahcé in coﬁtrol 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 prqducﬁon
vvtraits.v»>
vC_orll'elations
(i) Genetic correlations

The correlations between all pairs of traits were computed from sire

(Table 9) and sire + dam componeﬁts 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 thai the traits
A&b‘aﬁound to be mostly non-significant among each other except 0-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 weighf, ASM,
90-days egg production, clutch size: 12-week body weight with 16-week body
weight, 20-week body weight, weight of first egg ('0.077, -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 w’eight of

first €88, 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
corrélation were mostly negative from sire component of variance.

The genetic correlations bas;»ed on sire + dam components of covariance
amoﬁg the traits for 50% inbred ﬂd'cl; was found to be negatively and

“significantly -correlated among 0-week to 20-week body weight and 'age at
sexual maturity with a values of -0.522 and -0.762 respect’ively; While it was
| non significant with rest of the traits.

The 4™ week body weight was found to be negatively aﬁd significantly
correlated with 8" week body weight, WFE and 90-days egg production with
a values of -0.142, -0.366 and -0.658, respectively whiie it was positively and
non-significantly correlated with other traits.

The 8" week body weight was négatively and significantly correlated
with 16", 24" week body weight, age at sexual maturity, 90-days egg
production and clutchvsize with the values as -0.113, -0.372; -0.739, -0.019
and -0.044 respectively while the genetic correlation among other tréits was «
non signiﬁ'cant.

From the sire + dam analysis 12" week ‘bvody weight was negatively
and significantly correlated with WFE (-0.979) buf it .was non—siéniﬁcant

among other traits.



The genetic correlation between 16™ week body weight with 20" and

24" 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 20" week body weight \-;vas found to be 0.364, 0.281 and -0.415
with 24”; week body weight, WFE and clutch size, respectively which was
sig_n’iﬁcant but 20" week body weight has been non-significantly corrélated

S

-among other traits.

vIt was further estimat.ed tha;t the 24™ week body weight was also
negativ_eiy 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 ahd
signiﬁcahtly ‘associateddwith 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

€gg and 90-days egg production were negative and significant (-0.258 and

-0.255) while weight of first egg with clutch size (-0.579) and 90-days egg

production with clutch size (-0.680) was also negatively and significantly

92



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 0-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 signiticant with 4-week body weight and age at
sexual maturity respectively (-0.058 and -0.284).

~ The 4™ week body weight was negatively and significantly correlated

with 8" week body weight, 20" week body weight and clutch size with values

as -0.143, -0.244 and -0.358, respectively. Whereas 8™ week body weight and

16™ week body weight was positively and significantly correlated (0.211)

while it was negative and significant with 96-days egg production and clutch -

size (—0.017 and -0.003). The 12" week body weight was also negatively and
significantly correlated with 16", 20" week body weight and weight at sexual

maturity with values as -0.486, -328 and -0.103, respectively.

The genetic correlations between 16™ week body weight with 24™ week

body weight and ASM: 20-week body weight with ASM; 24™ week body

~—

weight with age at sexual maturity and weight of first egg was positively and
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significant (0.192) while the 24" 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 correlation 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 with 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 N positiyely “and
significantly correlated with 1'6-week body weight (0.216) w}hile there was
non-significant correlation among the rest of the traits. The 12-week body
wéight was significantly correlated with 20 to 24 week body weight and
weight at sexu_al maturity age at s'exilal maturity, 90-days egg production and

clutch size with values 1'&1@:&(1’ 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 significantly “correlated - while it was non-significantly
correlated with resf of the traits.

The genetic correlation betWeen 20- week body weight with age at
sexual matﬁfity (0.035) was found to be positively and signiﬁcan“tly correlated
while negatively arfd significantly correlated &ﬁth clutch size (-0.735) whereas
24-week body weight with weight of first egg was negatively significant. The
WSM with ASM and 90'-days egg production was- also negatively signiﬁcant
w1th clutch size (-1.132) as per sire + dam components.of variance and

covariance:.

The trend of genetic correlations among the traits as per sire and sire +

dam components of variance and covariance are presented in Table 18. For

control population. The genetic correlation between 0-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 was ncgatively and significantly -correlated
while it was positively and significantly 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 with values as -0.532, -0.503 and

-0.42] respectively while the 4-week body weight with 20-week body weight
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-(0_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 significantly 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_ ;1nd 0.583, respectively and 16-week body weight with 24-week body
weight vlwas 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 bodvaeivght (0.080) were positively and significantly while it was
negatively correlated with ASM "(-0.388) at genetic scale as per sire
cdmbonems of variance and covariance.
The genetic correlation between 24-week body weight with ASM (—0.496)
~and wéight of first egg (-0.050) was negative and significant while it was

positively and significantly correlated with 90-days egg pfoduction (0.186); of

-and WSM with ASM was negative and significant from sire components of

variance and covariance.
- The correlations estimates fram sire + dam components of variance and

Covariance at genetic scale {or control population were determined among the
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traits (Table 18). The 0-week body 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) wherewé;g\e*it’

was non-significantly 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 -

j}}d~0.221, respectively at genetic scale.
maturity were found to be negatively and significantly correlated (-O'.428 and
-0.201) whereas 12-week body weight was positively and significantly
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,
Wweight of first egg. 90-days production and clutch size with the values as

-0.1.521\n -0.174, -0.068 and -0.049 respectively. "

The 12-week body weight and 16-week body weight with age at sexual -

I



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 Yariance
and covariance in contro! 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 weightv(O to 24 week), WSM, ASM,
WFE, 90-days egg production and clutch size were found to be sig;liﬁcant.
The correlations between 4-week body weight with WSM, ASM, SFE, 90-
days egg production and clutch size were also found to be significant. -

It was clear from the table that 8-week body weight was significantly
correlated with 24-week body weight, weight at sexual maturifyi age at sexual
maturity, weight of ﬁrst egg. 90-days egg production and clutch size while the
12-week body weight was signiﬁcam; with above traité except weight at sexual
maturity. | |

The- 16, 20 and 24—\yeek body weight and weight at sexuél maturify
were found to be signiﬁcaﬁl‘ witﬁ age at sexual maturity, weight of ﬁrst egg,

90.~days egg production and clutch size at the phenotypic scale while 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 flock the phenotypic correlation,-the trend among the
traits with 0-week body weight <vas significant with monthly body weight.(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, V-9O-days

egg production and clutch size. The 4-\;\/‘e»evk body weight with 16, 20 and 24

week body weight of and weight at sexual maturity, age at sexual maturity,

weight of first egg, 90-days egg production and clutch size ‘were found to be

signiﬁcanﬂy correlated. /

‘ Theﬂ8-week body Weight with age at sexual maturity and Wéight of
first egg wére significant while the I-Z—Week body\ weight with WSM, ASM,
90-days egg production 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 20-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
found to be signiﬁcanfl:zmd phenotypic level.

The weight at sexual maturity with‘weight of first egg, 90-days egg

e

production and clutch size; age at sexual maturity. with 90-days 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 among the traits in control

population are given in Table 17. The phenotypic correlation between 0-week

bbdy 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-weék body weight was also significant "vwith 24-§veek body weight, weight at
sexual maturity, age at sexual maturity weight of first egg, 90-days egg
production and clutch size.

o

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

:fou’nd to be significant while the 12-week body weight has the significant

?gpfession with weight at sexual maturity. weight of first egg, 90-days egg
prdductioﬁ .ar'ld' ciutch size.

. .The" 16-weel<l body weight with weight at sexual maturity, weight of
first egg, QO-days egg production and clutch size were found to be significant.
Whereas 20-week bédy weight éls‘dsigniﬁcantx _With WSM, ASM, WFE, 90-
days egg production and cluteh 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;

189
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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 correlations computed from sire and sire + dam

components of variance and covariancé are produced in Table 14, 17 and 20
for 50% inbred, 59% inbred and control flockerespectively. Which showed
that most of the environmental correlations -from Ssire components of
covariance were pdsitive and of lesser magnitude except weight at sexual
maturity, age at sexual maturity, weight of ﬁrst\egg, 90-days egg productioh
and clutch size.

The environmental correlations as per sire + dam -components of

covariance were found to be of very low magnitude and mostly positive.

~except with production traits. all traits three flocks.

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

flocksrespectively. The partial .correlations between 0-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 sexual maturity when other traits were kept

constant.

[t was clear from the estimates that 8-week body weight with 12-week

bddy weight; 16-week body weight with 20 and 24 week body weight was

significant. The 16-week body weight was also signiﬁcaht with weight at

sexual maturity, age at sexual maturity. 90-days egg production and clutch -

size. The 20-week body weight was found to be significant correlated 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 maturitj, 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 Qf first egg, 90-days egg production and clutch size were
'signif;cant;,of and weight of ﬁrét egg with 90-days egg productioh and clutch
_ size; of ‘and 90-days egg producfion with clutch size were signiﬁcantly
correlated when other were kept constant in 50% inbred flock.

The simple correlations in 50% inbred for growth traits w-as‘ mostly
significant -when~as$uaigted-«,-m.t.oge-l-he-r-l'y but t"c')unm(‘i non-significant w‘ith
production traits.

In 59% inbred tlock the partial correlation obtained as the 0-week body

weight with 8, 12 and 20-week body weight were significantly correlated
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| while the 4-week body weight was significantly correlated only with 8-week
body weight and weigh{ of first egg.

It was observed that 8-week body weigin was significantly correlated
with . 12-week body weight. The 12-week body weight with 16-week body
weight, 20-week body weiglvn, weight at sexual maturiiy and weight' of first

egg were found to be significant.

The table showed to that 59% inbred flock has been the significantly-~ |

correlation of ‘1\6-week bddy weight with 20 and 24-week body welghtﬁgflt
\
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 alsé significantly correlated with weight at sexual
- maturity and age at sexual maturity.
The weight at sexual maturity with age at sexual maturity and 'weightbf
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 corrélated.
| All partial correlations between two traits were calculated when all
other traits were kept constant. The simple correlation in 59% inbred among
th'e'traitsqfound to be mostly significant.
'The partial correlations obtained trom the control flock for O-WCek with

12-week, 16-week and weight al sexual maturity were found to be

Signiﬁcant_ly correlated while 4-week body weight with 8-week body weight;

s le 6



pi/and ‘8~week body weight with 12-week. 20-week and 24—\yeek body weight
were found to be significantly correléted when other traits were kept conétant.

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 of the 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-week 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 at sexual maturity with weight of first egg

and clutch size were found to be significant 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 coetficients 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 30% 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 maﬁu‘ity Were considered as dependent
variables. The simple linear regression values of body weight at sexﬁal
materity 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 (R? = 5.16%). Whereas in case of

age at sexual maturity the regression coetticients 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 —-2.0>94
days, respectively. The highest R recorded as 94.38 per cent for 4-week body

» weight.
In second set of analysis monthly body Qeighta(d—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-week body weight while all other

“regressions values were mostly negative and non-significant. The highest R’

value observed as 1.35 per cent for 16-week bod.y weight.



In third set the monthly body weight (0- week to 24-week), WSM,

/132

/ASM and weight of first 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 regreséed 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 from —0.540 to 1.031. The highest R? values (6.04

and 85.31 per cent. respectively) from weight of first egg and 4-week body

wéight.

The,Silnilar 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 R? being 8.5 per cent

for 0-week body weight.
In third set of analyéis the simple linear regression of 90-days egg

production on various economic 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? value as 4.2 per cent for 24-week body
weight. The regression coetficient 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 R? 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‘matur'ity on 24-

- week body weight with highest R? value as 10.36 per cent. When age at sexual

matﬁrity was regressed over the 4, 8, 12, 16, 20 and 24-week body weight _

then negative and significant vélues as —7.664, -3.408, -2.260; -1.656,, -0.989
and 0160/8 g respectively were observed with highest R? 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-Wéek

weight and weight at sexual maturity with values as 0.0126 and 0.0235g,

respectively. The weight at sexual maturity has the greatest contribution

(29.15 per cent) in second set of analysis.

The simple linear regression: coefficient we—re' significant between 90-
days egéproduction with 24'-week body weight and weight at sexual ﬁaturity
with values as 0.0186 and 0.0256 g respectively while the clutch size was

found to be'mostly negative and significant with 4, 8, 12, 16, 20 and 24-week
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" pody 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 R? values (89.7}6 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 flock, respectively.

In 50% inbred the monthly body weight (0-week to 24-week)
considered as independent traits while the body weight at sexuél maturity,
- age at sexual maturity and clutch gize 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 quy 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.ly’fegression
~Was obtained 24-week body weight (0.0404) with significant value of

coefficient of determination (0.0700) while clutch size has significant R*
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value (0.1067) but it was also significantly regressed over 24-week body
~ weight as 0.0013 in first.set of analysis. | |

In second set of analysis monthly body weight (0-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 asv 0.2985,
0.0119, -0.0100, 0.0166g, 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 R? value as 0.5535‘. |

In third set of analysis the monthly body weight (0-week to 2'4-week);
WSM, ASM and weight of first egg was considered as independent traits

while the dependent trait was 90-days egg production.i 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 ta
be —-0.0331, 0.0446, -0.0181, 0.0094 and 0.6077, respectively'with coefficient
of determination (R) as 0.3671 whieh was significant. | -‘
The similar trend of combination were used in 59% inbred flock. The
multiple linear regression were obtained as body weight at sexual matnrity on
20 and 24-week body weight were significant with values as 0.2285 and
0.2086, respectively with significant coefficient 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. weight at sexual maturity and age



at sexual maturity were observed as significant (0.3740, -0.0131, 70.0095,

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 R? value being 0.1196 which was signiﬁcént.
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? value (0.0691) was also significant.
The multiple regression in control flock were mostly non-significant. It
was found that body weight at sexual maturitAy 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 (0.1335 and 0.0945, respectively) found fo Vbe
signiﬁcant.» The multiple regression of wéight 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 R? value as 0.7890. The 90-
days egg production was signiﬁcaintly regressed over weight of first egg
(0.8107) with R? value as 0.4805 which was significant. It was ééen that
clutch size were not significantly régressed with all economic trafts and it has

non-significant value of coefficient of determination (0.0205).
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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 0-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.
AThere was paucity of early literature on this aspect as most of them did not
spécify 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 15737+ 1.13, 17497 £ 136 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 preéent study. While the 8-week body weight was 359.29 +

2.00, 360.33 + 4.05 and 360.58 + 5.58 g in 50 iper cent, 59 per cent and control

120



pcjpulaﬁons, 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
- control 'population, respectively which indicated that inbreds had lower body
weight at 12-weeks than control one. It was ¢01lcluded 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 + 10.68g, in 50 per cent, 59 per cent inbred and control

populations, respectively. It was found that the 16-weeks body weight was

!
{

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 overall 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

12

-while Kushwaha (1987) and Rai (1988) reported higher body weight than the

present study in inbreds.

4



The mean for 20-week body weight was maximum (1073.47 = 5.02 g) in
the 59 ber 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 pér cent, 59 per cent and control
populations, respectively. It was observed that 50 pér' cent inbred body weight
was IoWer 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

‘eff!'ect was observed on growth traits.
‘W_e‘ight.z‘lt sexual .maturity.

The} weight at séxual maturity was found to be 1355.40i' 14.71, 1707.15
+ 5.89 and 1258.64 £ 29.31 g in 50 per cent, 59 per cent and ¢011t1'01
populations, respectively (Table 6). When compared, the inbreds were of

highér weight than the control flock which indicated that inbreeding did not

reduce weight at sexual maturity in the present study.
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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 4.1.09 + 0.19 g in 59 per cent inbred flock
while it was observed to be 41.37 + 1.01 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).

t B
i

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
controt (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).
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~ 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).
Héys (1934) and Lambert (1935) did not find any effeét of inbreeding on clutch
size.

”fhé'léést squares means of the growth and production traits in this study
shdwed 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 weel%s of age in ;all the three population which suggested
tha\'t the same set of génes contrblled the growth rate. Similar findings were

-reported by Bhusﬁan (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 0-weeks body weight was 0.472 + 0.236 which was higher than
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" heritability of 0-week body weight (0.162 + 0.185) in a control flock but the 0-

week body weight heritébility 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 indiéating that 50 per cent inbred has more variability than 59 per

cent inbred and control flock or there may be sampling error.

The heritabilit.y‘estimates of 4%weel<, 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, respéctively in control population which was almost
zero. This highf:r 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 estimatés 0of 0.215+0.132, 0.301 + 0.149 and
0.658 + 0.248 from sire component of variance in 50 per ceﬁt flock while lower
estimates. of heritability were reco‘rded in 59 per cent flock (-0.004 + 0.058,

0.150 £ 0.100 and 0.048 + 0.084). The present findings indicated that
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heritability in 50 per cent inbred was in close agreement with the control flock

but 59 per cent inbred flock showed sémpling variation.
Weight at sexual maturity )

The heritability values of weigﬁt at sexual maturity from sire
components of variance were obtained as 0.246 + 0.145, 0.271 + 0.125 and
0.470 £ 0.308 for 50 per cent, 59 per cent and céntrol flocks, respectively.
InBred had lower estimates of heritability than the coreesponding estimates of
control flock. This was the indication of inbreeding depression on h? of weight
at sexual maturity. The control ﬂoclli 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. Igbaluddin ef 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.
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Weight of first egg

The first egg weight was found to be highly heritable in 50 per cent
inbred énd in control from sire co-mponeﬁts 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 Vfrom 50 per cent inbred.

It have might been influenced by inbreeding coefficient.

The h* 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
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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 égg production

The 90-days egg production had very high value of heritability (1.164 +
0.427) in 50 per cent while the heritability estimates of 59 per cent inbred and
control- flock were found to be O.1(27.i 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



;)f 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

aré 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 signiﬁdant correlation between 0-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 wéight and 16-week body
weight with 24-week body weight were obtained as positive and significant in
the 50 per cent level of inbréeding coefficient. This indicated that birds having

higher body weight at early age, would achieve the fast growth.

The genetic correlations were found to be negative and significant

between 0-weekbody weight with 4-week body weight; between 4-week body
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weight with 8 and 20-week bod_y weight; and between 12-week body weight
with 16 and 20 week body weight while the geﬁetic correlations were obtained
as positive and significant bétween 0-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 0-week body weight with 8, 12, 16 and 24-week body weight énd
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-week body weight with

the 24-week body weight were obtained as positive and significant.

When the association between growth and production traits were

. o
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
characters 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. S9 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 wéight with
24 week body wei'ght.and between 20week and clutch size were found to be

negative and significant. Similarly, 24-week body weight was achieved as

correlat‘ed 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 t§ maiqtain 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
pbsitive’ and significant among 0-week body weight with 24-week Weight and
clutch size and between 8 and 16-week of age. Similarly, 12-week body weight
was correllated)positively and significantly with ZO-welek body weight, WSM,
ASM :and 90-days egg production, 16-week body weight with WSM while
corfelations between 20-week body weight with age at sexual maturity was
‘negative .and sigrﬁﬁcant.‘ 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 0-week with WSM;
and 4-week body weight with 12, 20 and 24-week body weight which were

robtaine,d as positive .arid significant.- The positive and significant correlation

were also found between 8-week with 12-week and age at sexual maturity.
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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 0-week
with 24-week, between 4 and 8-week body weight with 90-days egg
_producﬁon; 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 Bhushah (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.

(if) 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 0-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—signiﬁcantlyA

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 0-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

i
i

50 ‘per cent, 59 per cent 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
signiﬁc’antt Negative and signiﬁcan;[ correlations of 0, 8 and 12-weeks body

weight with age at sexual maturity in 50 per cent inbred were observed.



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 pdsitive 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-day$ egg
production.. Similarly correlations of 4 to 20-weeks body weight and WSM
with ciutch size were positively significant and those of 0-week body weight,
- WFE and 90-days egg produétio_n wit;h were negative and significant at 50 per

cent level of inbreeding coefficient.

The estimation of phenptypic correlaﬁon in 59 per cent inbred flock was
made. The correlation of 0, 4 and 12-week weight with weight at sexual
malturity were positivé and significant; whereas those of 4, &, 12, 20 and 24-
weéks weight with age at‘ sexual maturity were negative and significant. The
correlaﬁon of 0 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 and 24-week were correlated negatively and significantly with weight

of first egg.



The 0, 12, 16 and 20-week body weight and weight at sexual maturity
were positive and significant correlated 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 mére 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 ther 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 méiturity 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,
bweight at sexual rnaturity and weight of first egg with 90-days egg production
were found to be positive and significant while 8, 16-weeks body weight and
age at sexual maturity were negatively aﬁd 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 Igbaluddin (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,

respectively.

- The simple correlations in 50 per cent inbred flock between growth traits

were mostly significant while they were non-significant with production traits
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exc:ept 20 and24-week body weight which were mostly correlated with

production traits.

The partial correlations between 0-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 ﬁad also signficant bartial
correlation with weight at sexual maturity, age at sexual maturity, 90-days egg

productionv 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 wer‘e found to be mostly signiﬁcant while the partial
correlations of 0-week body 'weig}-lt with &, 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 Igbaluddin (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 éorrelations
of 0-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 partial correlations of first order reported by Igbaluddin (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 ﬂocl;, the monthly body weights (0-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, §,

12, 16, 20 and 24-week body weight were statistically significant.

In second set of analysis monthly body weight (0-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 R

value (1.35per cent) was observed for 16-week body weight.

When body wéight (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
ceht inbred flock were found to be mostly significant while the partial
correlations of 0-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 partial correlations of first order reported by Igbaluddin (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.

i
i

The finding of present study did not agree with Igbaluddin (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 0-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.

Ih the 50 per cent inbred flock, the monthly body weights (0-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
sexﬁal maturity had éigniﬁcant regreésion on 8, 12, 16, 20 and 24-week body
“\Neight. 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.

Ih second éet of a'nalysisv monthly body weight (0-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 R’

value (1.35per cent) was observed for 16-week body weight.

When body weight (0-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 R* (6.04 per
cent) was in weighf 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 §, 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 on 0-

. week body weight and age at sexuai maturityv. The highest R* 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
méturity and weight of first egg were significant with highest R? 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 R? value

of 10.36 ?er 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 R? 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 R® 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 Wéight at sexual maturity. The clutch
size had negative and significant regression on 4, &, 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

p_erforrnance 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 (0-week to 24-week)
were considered as independent traits while the body weigh’t at sexual maturity,
age at sexual matﬁrity and clutch éize were kept as dependent traits. The
multiple linear regression of sexual ma’turity on 4 and 12-week body weight
was négative 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 négative and significant regression
on 12-week body weight and positive and significant regression on 24-week
body weight with significant R? value. The clutch size showed significant

regression on 24-week body weight with significant R?* value (0.1067).

In the second set of analysis. monthly body weights (0-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 weighf, weight at sexual maturity and

age at sexual maturity on first egg with the signiﬁcanth2 value (0.5535).

In‘the third set of analysis the monthly body weights (0-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

determination was also significant (R? value = 0.3671).

The similar éoﬁqbinations 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 (R* value 0.1579) while age at sexual maturity on 16, 20 and 24-
week body weight were significant. with significant R? vaue (0.1938). The

weight of first egg had significant regression on 0, 4, 12-week body weight,



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 R® value
(0.1196). The multiple regressions of clutch size on 4 and 24-week body

weight were found to be significant. R* 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

agevat sexual maturity which was regressed on 16 and 24-week body weight. |

The coefficient of determinations were found to be significant (R* 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 signiﬁéant cqefﬁcient of determination (0.7890).
Th:a significant regression was seen for 90-days egg production on weight of
first egg with sigr;iﬁcant R? value (0.4805). It was clear from the Table that
clutch size showed nbn-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
iﬁbreeding showed marked and significant depression when compared with
control population for growth ahd production traits. However, the body weights
were less affected by inbreeding Wﬁich was in agreement with Abplanalp and

Woodard (1967) and Kumar (1989).
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SUMMARY



SUMMARY

Ih present investigation the effects of inbfeeding on different growth and
prdductive traits viz., body weights from 0 to 24 week of ag.e, weight and age at
: maturity, first egg weight, 90 day egg producﬁon 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 femalé birds (from 32 sires and 151 dams) with
59 per cent inbreeding were studies with control ﬂoék 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 Withrtheir S.E., S.D. and C.V. were computed
for two generatior.ls bf full-sib mating (50 and 59 per cent) and control flock.
The comparison of inbreds mean with control flock indicated that inbreeding
haé- devleterious effect on body weight at 0-week (33.80 + 0.17 g), 8-weel§
(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-
daysvegg production (43.65 + 0.74), and clutch size (2.10 + 0.04) at 50 per cent

“level of inbreeding coefficient.
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At 59 per cent, inbreeding it did afféct body weight at 0-week (34.50 +
0.14g), 12-week (633.66 + 5.05g) of age, age at sexual maturity (190.81 + 1.00.

days) and clutch size (1.81 days).

The comparison of means at two levels of inbreeding with cbntrol
population suggested decline ‘in growth and productive traits. It was observed
that 50 per cent inbreeding coefficient acted more deleteriously than 59 per
¢ent. 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 flock 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 from

“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 negétively and significantly
with agé at sexual maturity. It mean$ birds wi£11 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 in 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 bddy 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 genetici 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 lé, 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 shbwed that most of the association were non-
significant in all the three flock except 0-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 rnaturity 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 vof
first 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

performance than the control.
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he was admitted to Ph.D. degree with major in Animal Breeding and minor in
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- scheme and later was recipient of research fellowship award.
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