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ABSTRACT

Sone traits of economc inportance in egg
production were studied in eight F. genotypes of two
grand parent strains. The grand parent stock, each of two
lines, were inported as day-old chicks from Engl and.

D allel crossing was used anong the two strains at
28 weeks of age to generate four F; progeny groups per
line. The F; chicks were brooded and reared |ike the
grand-parents on deep-litter pens. Laying pens were al so
deep litter.

The results showed that the genotypes of both Iines
responded differently in production characteristics. Age
at first egg was generally sire influenced but the
I nheritance of body wei ght and egg wei ght was |ine
dependent. Pullets of nale line were lighter at 30 weeks,
laid nore and heavier eggs and consuned nore feed than
those of fenale |ine.

CGeneral conbining ability was inportant for weight
of first egg and feed consunpti on while specific conbining
ability was inportant for |aying house nortality al one.
Heterosis was inportant for body weight at first egg,
wei ght of first egg, Hen-day egg production, feed
consunption, feed efficiency and | aying house nortality;
and were nostly exhibited by crossbred groups of nmale |ine.

Reci procal effect was inportant for the body weight traits,



wei ght of first egg and laying house nortality.
Sex- | i nkage was suspected to be nore inportant than

maternal effect in the present study.
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o CHAPTER 4 ..,

INTRCDUCTICN

In the last three decadec, large scale production
of poultry and its products (meat and eggs), in Nigeria,
has ingreascd progressively. This is duc mainly to the
gradurl shift from the traditional extonsive system of
poultry management to the more improved and intensive one
with its associated importaticn of exotic breeds.
Consequently, Nigeria has graduslly become a big importer
of chickens and raw materials used in poultry feed
manufacturing industry. Before now, it was evident that
the country was not self sufficient in the supply of
poultry to mect the growing demand for these products.
For instance, Nwosu (1979) gave a comprehensive list of
some of the importcd breeds found in the country ranging
from light layer breeds To heavier types including hybrids
and broilers. o

In ¢ssence, ehormous foreign exchange is involved in
the importation of these breeds. Cur foreign exchange is
dwindling daily, yot Nigeria cnnnot afford to completely
ban importation of poultry stocks inte the country; but
has succeeded only in placing some restrictions. There
is need, therefore, for the development of a national

poultry foundation stock in order to greatly cut down the



rate of importation of thc communercial stockse.
Buvanendran (1979) has enumerated the reasons why this is
necessary.

From the findings of Warren (1927, 1942) and others
reviewed by Merritt and Gowe (1960), it has been
understoced that the crossing of developed breeds and/or
strains was a practical method of taking advantage of the
phenomenon of hybrid vigour, ocherwise called "heterosis"
Thus it is the habit of commercial poultry breeders to
cross specialized parent stocks (sire and dam types) to
exploit heterosis and obtain the greatest genetic
improvement (Sheridan, 1981; Cieje, 1983; and Bernon and
Chambers, 1985). The parcnt stocks are often obtained
by crossing lines, strains or dreeds which may or may not
be inbred themselves.

According to Buvanendran (1979), the poultry stocks,
to be developed should possess a genetic make-up that
permits them to cope with the inadequacies of locally
available ingridients. In this direction, a school of
thought has suggested the inclusion of the Nigerian local
chicken in the gene pool to obtain birds that are more
naturally adapted to local conditions and are comparable
in productivity with imported stocks.

A lot of work has besn done in the characterization

of the Nigerian local chicken in growth, meat and egg
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production (Qluyemi and Oyenuga, 1971, 1974; Oluyemi,
1979 a, b; and Nwosu, 1979), while other studies were
centered on the comparison of the indigenous fowl with
exotic breeds (Oluyemi et al, ‘1973; Oluyemi et al, 1979;
and Akinokun and Dettmers, 1979 agb,c.). Further effort
was directed towards crossbreeding the local birds with
exotic chickens for possible improvement (Oluyemi, 1973;
Onejc, 1983; Omeje and Nwosu, 1984 a,b). As to whether or
not the local chicken should be incorporated in the proposed
national foundation stock, Akinokun (1975) had stated that
the use of multiple crosses of egg or meat strains with
the indigenous fowl, to provide a base population, offers
more scope for sampling a wide varicty of genes that could
inerease overall productivity of the chicken in Nigeria.
Nwosu (1979) and Omeje (1983), 1985) also believed that
it is worthwhile incorporating the local chicken into the
national poultry genc pool, since it was uniquely adapted
to the harsh e¢nvironmental conditions prevalent in Nigeria.
However, Oluyemi (1979a) found some evidence to conclude
that the Nigerian indigenous fowl is essentially a light
breed and suggested that scarce resourccs had therefore
better be utilized on imported strains and hybrids than on
upgrading the indigcnous fowl.

Meanwhile, the National Animal Production Research

Irstitute (N.A.P.R.I.) has acquired some strains of exotic



layer chickens to initiate the development of national
foundation stock for the laying hens. However, for a
successful establishment of a national foundation stock,
there is a need to test the gene pool created from
different combinations of strains to see which of them
possessed the best "nicking" in production characteristics,
The work being reported was conducted for this purpose.
The objectives of the study are: (1) to collect data
on short-term egg production and related traits in the
parent stock population obtained from two imported strains,
eacQL%wo lines and crossed in a full diallel pattern .
‘2] to use the data obtained in testing the performance
of the crossbred vis-a-vis those of their parental purebred
covnterparts; and (3) to evaluate the combining ability
of %the strains used.
The information gathered can be used in formulating
better pracgtical breeding plans for establishing suitable

breeds of egg~-type chickens for Nigeria.
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CHAPTER 2

LITERATUKE REVIIW

2.1. Concept of Breed Development.

The first step in breed development is the
establishment of a gene pool to serve as a common base or
foundation population. From this base population, new
strains are produced by conventional selcction procedures,
The strains developed are then tested in suitable two -4
three -, and four - way combinations (Bowman, 1974 and
Buvanendran, 1979). According to these authors, most
crmmereis]l breeders use closed flock selection to develop
and improve their strains while a few use inbrepgdinging
and reciprocal recurrent selection. When closed flock
selection results in plateaued populations, new genetic
material may be incorporated and selection is continued.

The presence of several characters of economic
importance in the commercial hybrids is usually achieved
by selecting for different characters in different strains
and combining them in the final products which are usually
three - or four - way crosses. For example, because of the
negative genetic correlation between egg number apd egg
weight, one line may be seleccted for egg number and another

for egg weight. Index line(s) in which index selection

(selection for more than one trait at a time) is applied
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may also be added. Figure 2.1.1. is a sketch of the

procedures involved in producing and improving hybrids,

Basic Stocks
!
/

v

Family selection Inbrceding  Recurrent selection
2; 3, and 4 <

strain crosses

Compare crosses
Choose best basic strain
‘ -
Improve by selection

Fig. 2.1.1. Commercial Poultry Breeding
Source: Buwman (1974)

Crosses are generally tested in a variety of
environments in different locations so as to provide a
reliable measure of performance of different genotypes.

The basic stocks required for a selection programme
may not be available in the developing country like
Nigeria. It may therefore be necessary to import parent
or grand-parent stock and synthesize gene pools from them.
Depending on breed and method of breeding, the basis stock

can 21s0 be obtained from commercial strains available
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within the couﬁtfﬁ'as ﬁéé.fﬁé.cése ﬁith the Scandinavian
countries (Liljedahl et al, 1979; Liljedahl and Weyde,
19803 Kolstad, 1980; and Sgrensen et al, 1980). However,
it is easier to start the breeding of white egg layers
- from commercial strains than it 1s for brown egg layers.
Bowman (1974) and Buvanendran (1979) elucidated the
proceedures to be followed in developing white cgg strains
from parent stock.

The development of foundntion stocks using parent for
brown egg strains, would be too tedious. Figure 2.1.2. is
an example of the breeding programme used in development

of a four-way brown-egg type hybrid.

.7 8ire line - . Dam line

Grand | Gold x @ Gold . silver d'x 9 silver
parents (SS)EQ hf(s_) .- ;};£(53) \ OS—)
Parcnts Gold O RS Silver ¥
(ss) \a4 i~ (8-)
O?%ilvef .GOid 9
(8s8) (=)

Fig. 2.1.2. Color sexing Hybrid Development
Source: Buvanendran (1979). fif;_{._i"'

From the figure, it is obvious that to start with
parent stock in this case, will take a number of
generations before pure bmeeding gold and silver stocks are
obtained. Therefore, Buvanendran (1979) recommended that
breeding be attempted with grandparents instead of parents,

Once populations that breed true for colour are obtained,



they could be treated as closed populuations for cross—

testing with other lines,

2.2. Performance of Exotic Chickens in Nigeria,

There is an abundant literature on the performance
of crossbred chickens in other parts of the world but only
very little research has been carried out in this country.
Most of the chickens raised in research institutions were
in comp rison with the local chicken (Oluyemi et al, 1973;
bkinokun, 1977; Akinokun and Dettmers, 1979 a,b,c; and
Cluyemi et al, 1979).

Akinokun (1977) reported that body weights of
crosses between indigenous chicken and Rhode Island Red
(RIZ) were considerably higher than those of the
indigenous fowl, Egg production also was higher than
tha’, of the improved breed (RIR), and egg weight was
eli- htly better than that of the indigenous chicken.

Cmeje (1983) also cited reports to show that the White
Teghorn (WL) is inferior, even to the local chicken in
tod, weight from day-old to 20 weeks of age.

Akinokun and Dettmers (1979a,b) compared Apollo, an
exocic strain, with the local chickens. They found that
Apo’ Lo produced more and heavier eggs than the indigenous
fow! . Though age at sexual maturity (ASM) varied widely
tetween the exotic breed and years, regressions and simple
corr:lation coefficients indicated that hens which matured

late produced more and heavier eggs.
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Oluyemi (1978), comparing five laying commercial
strains (identified as strains 1 - 5) over a period of
72 weeks reported the ranges in age at first egg (AFE)
to e 180 - 204 days; Hen-day percsnt production, 42.5 -
60.73 feed intake (g/bird/day) 104.1 - 107.1; Hen-housed
percent mortality, 11.7 - 13.8; and egg size (g), 51.2 -
55.4. One of the strains used (strain 2) was hatched in
the United Kingdom (U.X.). He concluded that the laying
performance of the strains were lower than what was
reported in othur countries especially in the temperate
part of the world. Akinokun (1977) also reported that rate
of growth and egg production of exotic breeds in Nigeria
Iand other tropiecal locations are poorer than those reported
for the temperate areas. But the report byﬁQlomu {1973)
on Warren layers in Nigeria was that the performance of
these exotic birds compared favourably with those
displayed in the US Random Sample Test of 1978. He
concluded that with adequate nutrition, good quality stock
an& excellent management practices, it would be possible
for Nigerian poultry farmers to attain high standard of

production.

2.3, Pperformance in other countries.

Results obtained on crossbred chickens in the
temperate and other tropical countries depend largely on
the breed, strain or line used and the level of selection

carried out on them.
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In Uganda, Trail (1963) compared five brecds and
crosses of commercial poultry for cgg weight, body weight,
feed consumption and efficicney, and mortality from
161-500 days of age. The breeds used were Rhode Island
Red (RIR), Light Sussex(LS), Black Australorp (BA), IS x
RIR and WL x RIR. Table 2.3.1. summarizes the results

obtained.

Table 2.3.1. Breed data from 161 to 594 days of age.

o S— - — e L e e —

Item LSxRIR  WLxXRIR RIR LS BA

Egg prcduction

(hen-day) 214..6 212 .1 175.1 17%.8 167.3
% Egg production

(hen=way) 63.1 62.4 51.5 50.9 49.2
Hen-houscd average 202.2 189.9 166.3 163.5 153.8
Food consumed per
day (hen-day,g) 182.01  174.64 166.41 184.84 181.72
Kg food per kg eggs 5.%6 514 5.99 6.58 6.60
£gg welght (g) 53.81 S4,40  53.92 52.28 56.05
Initial body wt(kg) 2.10 1.76 1,99 2.21 2.21
Final body wt.(kg) 2.50 2.03 2.43 2,43 2,47
% Mortality 12.0 25.0 9.0 25:0 18.0

Source: Trail (1963%).
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He concluded that if egg production is to be a o
profitable undertaking in Uganda, a crossbred must be képt,
1S x RIR being the best choice as it provided the most
profitable type of bird. - B :?
_: In India, Mitra et al (1976) studied the effect of
ége.and body welight at sexual maturity on egg production
using White Leghorn fowls. They found that for pullets
aged 160-165,165=~170 ,17(2175,175180 and 180-185 days at

gexual maturity, number of eggs laid during the test

- period averaged 235.44, 239,00, 232.87, 227.40 and 209,65

respectively. Also, birds in the body weight range of
1.91 - 2.,05kg at sexual maturity had the highest egg
production (218.62 - 252.3%2 epgs) while those weighing
1.36 -~ 1.5kg had the lowest production (209.65 -~ 239.00
eggs). A significant partial regression of egg production
on bvody weight (-=3.21), but not on age at sexual maturiby,
wag reported. - . o o L
Also in India, Giri and Patro (1985) reported hen-
houged egg production to 280 days of age in the range of
41.34 - 59.64 among strain/crosses. Hen-day egg .
production was 41.18 - 65.22 and average egg weight from
50.05 —- 5%.65g, Datalon 900 purebred and strain crosses

were used,

L
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Using 450 White Leghorn hybrids in the German

Democratic Republic, Richter et al (1981) reported

I B e

ingreased ogg welghts with increasing body welghts. Their |

restlts are summarized in Table 2.%.2.

Table 2.%.2. Production Results Obtained by Richter et al

(1981). 4
1

g Body waight  Average L858 Y o
at 148 days Age at production weight Mortality
(Rkange ) first igg (esns) (8) 7
10751171 158 238 55.6 13.0°
1475127 . 148 ' 254 57 o4 10.0
12751374 148 - 57.9 9.5
1%75..4,500 149 240 58.7 16.5

The length of the test period was, hoWwever, not
;pé&ified.

Tne reports from other investigations are summarized
in Table 2.3,3, from which it is obvious that many factors
affected the results apart from the environment where the
tests ar. carried out. These include breed, strain or

CI 088 uscd and length of test period.

2. 4. Dinllcl pxperiments.

Diallel crosses are commonly used to estimate
cembining ability (General Combining Ability - GCAj and -

Specitic Combining Ability - (SCA). Combining sbility is
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rable 2.3.3. Production Performance of Fzg - type chickens in other countries.
Breed,hybrid AFE(days) BFE  £gg Zge  Feed Feed Mortality Ref  Country
(kg) Production we.ght consumption Efficiency
(eggs/%) (g (g/day (g feed/2g8) %
New mpkhire 209.72 1.72  59.50 - = - - Singh & Singh
(1st 100 (1982) India
days)
*hi++ Leghorn Strains:
LWE - - 92.1 59.¢ 131.9 = - Kumar et al (1981) India
IWE - - 87 .4 53.7 130.4 - -
(131 days)
Shaver Starcross.
28¢ 154 -  217.8)* 57 % - 176 8.62)%  Satava & El-
Tetrs S1 174 - 220.9) 59.7 - 196 6.40) Abiad(1976) Czekoslovakia
white Leghorn -~ - - - - 284 - Ruhumathulla et al
(1979) — T India
Sina: Bedouin 1 - - 70.95)° 45.%6 - - - ) Arad et gl (1975)
Sinaj Bedouin 2 - - 65.20) 45.86 - = - 2 Israel
Legbon x Bedouin- - 80.50) 54 .89 - - - )
Leghren a8 9) - 159,003d ” s - 12.00 ) Morris and Skaller
Austrslorp 28.5 - 144.00) - - - 14.00 g (1958) Australia
L% a 26 £+§ - 182.00) - - - 13.50
Lines: C 202.8 1.599 - - - - - ) Cock and Morton
I 190.4 1.288 - - - - ) (1963) England
¢xI 169.9 1.500 220. 10)e - - - - )
Zx C 172,14 1.645 210.71) - - = = 3
a2 = hen - housed between 148 -~ 481 days of age
% = % production for 100 days between 30-40 weeks of age
¢ = 1in wWeeks
@ = Zen-day up to 72 weeks of age

tc 490 days of age.
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the relative ability of line/strain, when crossed with
another line/strain, to transmit desirable traits, to
the next generation. Studies on GCA and SCA give some
insight as to the type of gene action involved in the
expression of hybrid vigour (heterosis) for important
traits, and this knowledge would lead to a better
formulation of practical breeding plans (Merritt and
Gowe, 1960).

Reports on diallel ecrossing experiments where egg
production and related traits have been measured and used
to estimate GCA, SCA, reciprocal effects and heterosis
have been published by several workers including Merritt
and Gowe (1960), Blyth and Sang (1960), Eisen et al (1967),
Fairfull et al (1983), Giri and Patro (1985), Hagger (1985)
and Verma ¢t al (1985). Other authors have specifically
dealt with the general design and analysis of such
diallels. They include Eisen et al (1966), Berker (1967),
and those listed by Fairfull ct al (1983).

The partitioning of the component effects within
each of the GCA and SCA de¢pends on the model used and
whether or not data on the purebred are included in the
analysis. In the model proposed by Eisen et al (1966), GCA
includes both the cumulative adiditive effect of the
autosomus and that of the sex - linked genes whereas SCA
contains the effect of dominance at all loci,

epistasis among all combinations of the loci and epistasis
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betw..n sex = linked and autosomzl genes. This model
assum:s th: presence of maiternal =ffect and does not
include data on purcbreds. Eiscen 2t 4l (1967) defined
SCA eoffcect as the average inferiority or superiority of a
cross relative to the average performance of the lines
involved in the cross.

Fairfull gt a2l (1983) stated that from the Wearden
modcl used, maternal effect does not bias estimites of mean
squares attributable to GCA. This probably means that
maternal effect is assumed to be absent or is of little
significance if present. Since data on sclected inbred
lincs were included, the estimates of GCA and SCA were
said to be in the broad scnse.

The relative magnitude of the variance associated with
general and spcecific combining ability is of utmost
importance even though reports and interpretation of
results from diallel experiments have been divergente

Merritt and Gowe (1960) reported that for traits of low
heritability such as egg production, a small proportion
of the total variance was agcountcd for by the main effects
(GCA, SCA and reciprocal cffects), the rest was included
in the remainder or error variance. On the other hand,
large proportion of total variance is accounted for by these
effects in case of highly heritable traits such as body

wéighbt. For all traits except AFE and c¢gg production
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(Hen-housed and survivors') by far the greatest
proportion of differences among the sub-classes (Main
effects) was accounted for by GCA. Whereas for AFE and
egg production SCA accounted for the greatest proportion.
In fact egg production which is closely related to
reproductive fitness showed the greatest SCA effect.

This study indicated that the relative advantage derived
from crossing breeds or strains depended, to a large
extent, on the particular strain crossed for traits like
egg production than it docs for traits like body weight.

In an earlier study citzd by Merritt and Gowe (1960),
it was reported that SCA did not appear to be important
for most economic traits. The report furthér stated that
of nine traits studied, only adult body weight and
broodiness showed an appreciable amount of SCA. The
study involved single and multiple crosses between light
and heavy brecds.

Eisen et 2l (1967) reported that GCA variance was
the most important type of genetic variability for the
mijority of traits studied. Specific combining ability
was low in magnitude for most traits expept meatiness in
heavy erosses and egg weight in heavy x light crosses in
which it was remarkably high and significant. They also
reported a zero SCA variance for egg weight, and 300 -
day hen-housed percent cgp production among light-type

crosses. Refercnce was made to previous results of
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diallel exprrimcnts with poultry which suggest that GCA
is the most important single source of genctic variance
for most traits while SCA and reciprocal effects may be
important for a few traits. Based on the low magnitude
of SCA obtained in their study Eisen ¢t al (1967)
concluded that dominance and epistatic variance werc of
little importance.

In the work of Fairfull ct al (1983), both the
sire strain and dam strain effects were more or less
significant for almost all traits at two different
stocking rates. Dam strain effects, reportedly due to
GCA and uncorrelated matcrnal effects, were significant
ior all traits. Similarly, sire strain effects were
significant in most traits except full-year laying
house mortzlity and full year food consumption. Sire
strain effects were said to be due to GCA and sex-linked
¢ffects. On the other hand, SCA effccts (strain of
sire x strain of dam interaction) were signifi- nt for
carly egg production, sexual muturity,body weight and
egg weight in the one bird per cage analysis. 1In the
other stocking rate, there were significant SCA effects
for all egg production traits, sexual maturity, egg
weight, egg yield, early food consumption and food
utilization. With refercnce to reports by other workers,
Fairfull et al (1983)argued that, though results are

not nccessarily directly comparable due to differences
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in strains (or breeds) use¢d, diallel models or stocking
rates, the results gener4lly confirm that GCA is important
for several traits and is often more important than SCA.

In a related study, Beilharz and McDonald (1961)
found that only breed of dam had a large effect on
mortality during the laying period, while breed of sire
had the greatest effcct on final body weight. However,
interasction between breed of sire and breed of dam
was highly significant for AFE, survival egg and
hen-housed ¢gg production. The results given by Giri
and Patro (1985), Hagger (1985) and Verma et al (1985)
were similar. Giri and Patro (1985) obtained
g'gnificant GCA and SCA for all traits cxcept for cgg
weight in the case of SCA. Hagger (1985) reported that
all SEA effccts were in the cxpeeted direction -
negetive for AFL and positive for egg weight, body
weéight at 40 wceks of age, and egg numbers, Verma
et a1l (1985) also reported a significant GCA for initial
esg weight, egg weight and cgg mass at 35 weeks; and
significant SCA on egg production to 285 days and
500 days of age, and egg mass at 35 and 55 weecks of age.
These studies showed signifieant diffcrences among

various genctic groups for most of the traits examined,

2.5. Reciprocal Effects.

It seems to be generally accepted that sex-linked

and maternal effects are the primary sources of
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reciprocal differcnces in animal experiments. The

presence of these reciprocal effects are important in

e i Tl R et et e oo o o e e s T R

determining which reciprocal cross parformsg botter and
in deciding upon the use of cither the sire or dam of
a line in a cross (&isen et al, 1966; Bernon and Chambers,
(1985). ;

In the study conducted by Merritt and Gowe (1960), 4 
reciprocal effect. agcounted for a relatively small ﬁ
proporticen of total variance for most traits. They I
however suggested that since maternal effects would be i
expeeted to play only a minor role, the magnitude of the
reciprocal effects would indicate the importance of
sux-linkage, Hagger (1985) also reported that reciprocai
or sexX-linked effects were geonerally smaller than SCA
especlally for AFPE and egg number.

Blyth and Sang (1960Q) reported significant differences
between reciprocals of A 6 x 6 diallel cross for sexual
maburity and for 500 - day egg nunbor analysis within
lines. They however obscrved that both sex-linkage and
maternal effeets were not line attributes but those of
specific combinations.

Cock and Morton (1963) rcported significant
reciprocal offects in a gross betweoen I aﬁd C inbred lines,
I x C fumales being heavier than C x I females from hatch
to 20 weeks and subsequent ages. They noted that the

percent diffurcnce (of mean of ¢ x 1) remains approximatcly
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constant at all ages and that the significant difference
in AFE wag far too small tec have an appreciable effect on
body weight. According to them, the reciprocal
differcnces obtained for only females and not for males
in some of the populations rather suggested the
involvenont of sex-linkage than that of maternal effect.
A further mating which involved anothor line suggested
th&t about one third of differences between reciprocal
.'E?,1 femles was due to effect of sex-linkage and two-thirds
due to maternal effect.

Beilharz and MeDonald (1961) could not obtain any
significant difference betwzen White Leghorn (WL) x
Australorp (AO0) and AQ x WL reciprocal cgrosses in the
three characters related to reproduction (AFE, Survivor's
production and hen-house¢d production). This was in
agreement with the earlicr reports by Morris and Skaller
(1958) and other cited by Beilharz and McDonald (1961)
on the same type of crosses. In a related study,
Sheridan and Randall (1977) reported considerable
sex-linkagc 2nd/or maternal effects in the ¥, crossbred
flocks, the WL x AO pullets being superior to the
reciproeil cross for both hen-housed production
(+ 17.7 eggs) and hen-day egg production (18.3 eggs).
Meanwhile, only about one half of this sex-linkage and/or
maternal effect was prescent for total cgg mass since egg

weight tended to counter-balance egg number, The reason
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for these contrasting results may be due to year cffect
and/or some sort of seleoetion and improvement. Morris
and Skaller (4958) had stated that ranking of crosses
variced from year to year. This inconsistency was
attributad fto the sires used. Thms, some selucgtlion and
improvement may have ogeurred in the two brecds before
they were used by Sheridan and Randall (1977) taking
cognisange of the number of years there were between the
reports, In addition, the result of Beilharz and McDanald
(1961) was said to indicate that maternal c¢ffeet in adult
body weight may be important. In contrast, Bernon and
€hambers (1985) reported that maternal effects among
stccks (of broiler) were more pronounced in early body
weight than mature body weight. They, however, added
that maternal effects wagre not a major factor in
accounting for differcnces in body wsight or conformation
traits of line crosses of broiler populations at

© weeks of age. This probably means that maternal
effects have greatly reduced by that age.

Fairfull et al (1983) reported that reciproéal
effects were important for egg production traits, soxual
maturity, cgg quality traits and viability, and that in
almost every case, one ra¢iprocal wasg clearly superior
to the other. They further indicated that the magnitude
of reciprocal effects tended to be greator in the enviro-

nuent in which heterosis was smaller. These results,



they stated, suggested that in addition to direct
maternal and sex-linkage effects, genetic interactions
particularly with the scXx chromosomes may be important in
reciprocial differcnces in the chickens,

Studic¢s with WL lines also indicated significant
reciproc:l effucts. Giri and Patro (1985) obtainecd
reciprocal effucts for all traits; Verma ot al (1985)
reportcd rceeiprocal effect for egg production to 285 and
500 days and c¢gg mass at 35 and 55 wecks of age. They
concluded that sex linkage had a greater effect on egg
production, egg weight and egg mass than did maternal

effects.

2,6. Heterosis,

According to Sheridan (1981), the word "heterosis"
is used to deseribe the inercvased vigour of crossbreds
relative to their parcents, and refers to any favourable
departurc from additivity in crossbred populations. In
the strict sensc, therefore, heterosis is the additional
performance, if any, shown by the first gencration of
crecssbred progeny (the Fq) above the mean performance of
their two parents. Sometimes the F1 progeny performance
may excced that of either parent, in which case the
erossbreds can be of considerable importance, or may be
less than the mean parent performance and this is
referred to as “negative heterosis® (Omeje, 198%). The

commercial importance of crossbreds has stimulated
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considerable research in attempts to understand the
gen:tics of heterosis. The various theories advanced
to explain hetcerosis and the differcnt types of heterosis
have beun reviewed by Sheridan (1981) and Omeje (1983},
1985). Opinions diffcer, however, on the relative
contribution of the different componcnts proposed but
most authors agrec that no single component is the sole
cause of heterosis.

A lot of experiments have also been conducted to
determine the magnitude and the rclative importance
of heterosis, Morris and Skaller (1958) reported that
both of the reciprocal crosses between White Leghorn and
Australorp were consistently superior to the better of
the parcntal brecd (WL) in egg production to 72 wecks of
age and other traits. The crossbred hens laid 14.9% |
more egss than the average of the parental breeds. In an
earlicr study, Skaller (1954) obscrved that crossbred
hens were 30% superior to their purebred half sisters.
The heterosis observed from other works involving White

Leghorn and Australorp are summarized below:
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Comparison of Mid-Parent (Bs) with the First (Fﬂ)

crogsbred populations from various experiments involving

WL & AO. breeds of fowl.

Traits P,I

hotoerosis

Raferencae

1
Survivors' Fgg Production |
Short-term (eggs) 57.10 72.40 26 .80 Morris & Binct
Long-term (cggs) 179.00 206,00 14,90 (1966) T
Intermediate term
(eggs) 126 .45 145,00 14..68 Sheridan(1972)

Weight of egg(e) 5S52.74 54.73 577 "
Production(eggs)

to 57 wks of age

(4-day wk). 31.50 103,30 12.9¢ Sheridan(1979)
Total egg mass |
(kg) to 57
wks (4=3y wk) 4,60 5.40 16.90 b
Hen~day basis,

Production

(eggs) to 66 wks 192,00 226.50 18.10 Sheridan and
. Rand211(1977)
Total egg mass to
6o wks (kg) 10,00 12.10 22 .50 ®

Source: Omeje (1983%).

In a related study, Beilharz and McDonald (1961)

observed considerable hetercosis for AFE, survivors' and

Hen-hnused egg production

18 more eggs to 500 days of agc.

. They reported an average of

In crosses between

inbred lines of White Leghorn poultry, Shoffner et al (1966)
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reported that the 4 crossbreds laid 206.50 eggs to
500 days of age while the mid-parcnt production was
169. exhibiting 22.19% hetcrosis.

Blyth and Sang (1960) reported heterosis for
sexual maturity, 500 day egg number and egg weight.
They statced that though 500 - day egg roecords for
hybrids tested varied groatly, most were superior to the
better parent line in pen samples, and heterosis
increased with increasing mean performance of parentse.
In the cage sample, hetcrosis decreased with increasing
mean parcntal performance. However, these differences
were said to reflect parental characteristics rather
than an expected diversity in heterotic effects,

Though the relative and absolute magnitude of hetercsis
obscrved by Fairfull et al (198%) was also dependent

on the cnvironment, the suggestion by Blyth and Sang
(19€0) that hoterosis might decrease with inereasing
levels of parental performance was not generally
suprorted.  Cunningham (1982) shared the same view with
Fairfull et al (1983) and ascertain that heterosis tond

to e higher in poorer environments.
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CHAPTER 3

MATERIALS AND FMWTHODS

2.1 Btock.

The pullets used in this experiment are the parent
stock, ¥, progenies of two original grand parcnt strains
of egg - typc chickens. The grand parent strains were:
Shaver 579 Starcross and Hubbard Golden Comet, henceforth
referred to as § and H respectively. They were imported
by the National Animal Froduction Research Institute
(N.A,P.R.I.) as day-old chicks in February, 1985 from two
different sources in England. Each of the sources
supplied two lines, representing male and female lines
and differcntiated by their plumage colours. The
corresponding lines, however, have the same plumage

colour, The male line was brown and the female line
was whitec.

On arrival, the chicks, were housed at the
Brocding section of the Poultry Breeding Unit of NAPRI
in deep litter pens measuring 2.4m x 3.4m with floor

space allowance of 0.074m"/Pird in accordance with the
recommendations by Olomu and Offiong (1978)., The

brooding pens were shiclded by plywood/cardboard sheets,
while heat was supplied by means of kerosine stoves in
additicn to 100-200 Watts electric bulbs. Chick fecders

and small plastic drinkers woere used throughout the brooding

period which lasted 5 weeks.
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By the 6th week, the birds were transferred to the
reaving pens in tropical type open-sided buildings. The
open sides have half walls 1.2m tall, and finished to
the roof with 3/4 inch (19mm) wire mesh. Each pen
measures J.4m x 3.4m and housed a maximum of 40 birds.
Polythene sheets were used to cover the open sides of the
building to protect the young birds from the night and
morning drafts. This lasted from 6 - 12 weeks of rearing.
By the 19th week, the pullets were placed in mating pens

similar to the rearing pens.

3.2. Mating Arrangement.

Cc~%s were introduced irto the pullet pens when
all chickens were 28 weeks old. Diallel crossing scheme
was employed in mating the two strains, although
crossings were restricted to the lines since the
procenies were to be parcntal stock. Thus there were
two sets of diallel crosses, one on each of the male and
female lines. The mating ratio was approximately 1:10.
Table 3.2.1. shows the mating scheme and number of birds

hou2d “ngether with the genotypes of the F, progenies.
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Table 3.2.1. Mating scheme and the Ratio of the

Grandparent Stock with the E‘,1 Genotypes.

Male Line Female Line
Breeding & No of birds _ Lo of birds
Groups Cocks Hens F, Cocks Hens Fq
A (8¥8) 10 100 | 8, 24 240 Sy
B (SXH) 10 10% Hy 24 240 H,
¢ (H¥S8) 10 100 S5 24 240 S¢
D (HXH) 10 103 H2 24 240 H5

1 The male breéed is written first.

3.3 Hueusing and Equipment.

Chicks obtained from the matings were brooded and
rearcd to point of lay under management conditions similar
to the grand parent stock. A total of 10,008 chicks from
the various groups were housed for brooding. Close to
sexu-l paturity, pullets were transferred into the
breciing houses which were open sided with full conercte
walls at the ends. There are four of such buildings each
hous ng “he replicates of the eight genotypes. The open
sidec of the buildings are made of 1.2m high concrete
walla, Betwecn the short wall and the roof is a wire
netling The scrvice room measuring about 3.0m x 1.2m
with full walls and doors is in the middle of each building

to secparate the house into eastern and western wings in



wiiick the brown and white lines were housed respectively.
There are four partitions on each wing of the buildings
in which four genotypecs of cither brown or white were
randonly assigned to the pens. Three inner sides of
the pens were made of wire mesh supported at the base
by wooden planks, and extending to the roof. The fourth
imner side facing the entrance is one of the low walls,
that make the two sides of the building. A 1.2m wide
passare separates the pens “rom the other low wall side,
The concrete floor of the pens were littered with wood
shaviugs 12-15cm highe. 0On =he whole, 2,954 pullets were
heoused., Table %3.3.1. gives the breakdown according to
the number housed per genotype per replicate pen.

wo artificial light was provided at night, thus
th: birds benefited from natural daylight of at least
1< hours daily. Feeding and watering devices consisted
of corical metal containers. Each pen was provided with
colony laying nests. The height of each colony nest
wa 3" 2n at the front and 50cm at the back with the top
s'aping from front to the biack. Each nest consists of
si: individual cells of 28cm length and 45cm breadth
w.%h -1 enclosed area of 1260cm2. There were at least
th—ee of such nests per pen. this gives an average of

5 hene per individual cell.
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Table 3.%5.7. Number of Pullets Housed.

: —_— Replicates

Genotypes 1 2 3 1 Total
S,.i 75 80 100 86 45
82 80 8I 111 79 350
H, 85 ae 85 87 557
Hy 86 84 96 87 350
=W 110 100 97 81 288
Hy, 117 100 69 79 265
85 125 100 125 121 471
He 106 100 68 74 A48

Total | 788 721 751 64 2954

3.4. Management.

Throughout the period, feced and water were provided
ad libitum. Chicks were fed on chick mash from O-7 weeks,
and then grower mash from & — 18 weeks and from 19 weeks
onward, a breoeder mash was given. The compesition of
each of the chick, grower and breader ration is given in

Table A.4.1.1. All rations were formulated and wmixed at

poultry brecding unit of NAPRI.

Table 5.4.1.1. Percent Composition of DPiets Fed.

g A S Rations
“fIngridients Chick Grower Breeder
Maize | 51.00 57.25 56 .00
' Groundnut Cake 27 .00 8.00 ., 22,80

Cotton sced meal - . 1%.00 -
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«Table 3.441.1¢ (Contd.)

Ingridients Chick Grower Breeder
Wheat Bran 17 .00 15.00 11.00
Bone meal 275 2.75 2.50
Limestone 1.50 1.50 700
Salt 0«25 0.%0 0.45
Tpremix 0.25 0.20 0.15
Methionine 0.15 - 0.10
Lysine 0.10 - -
Nutrient Composition.

Crude protein 19.25 1717 17 .35
Crude fibre 2 .66 %3.69 294
ME (Keal/kg) 2591.00 2547 .00 2640 .69
Calcium 1.64 1,61 % .62
Phosphorus 0.98 1.04 0.86
Lysine C .88 Q.63 Q.67
Meth onine 0.41 0.28 0.33

1The content (per kg diet) of the premix ("Zoodry")
supplied by Roche (Nig.) Ltd., and used in ration
formulation is presented in Table 3.4.1.2.
Birds were fed twice daily: 8.00 - 10.00 a.m. in
the morning and 3.00 - 5.00 p.m. in the afterncon. Eggs
were collected throughout the day to prevent being
broken by hens, and being dirty. Final recording of eggs
1aia and mortality was made at the gydge of each day for
every pen and gcnotype.
Rzgular innoculation and necessary medications were
given. Although there was no major disease outbreak
thronghout the test period, "Amprolium", a coccidiostat

was administered through drinking water when some birds
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Vitamin and Mineral Content of "Zood:zf

- ~%
Premix Used .

Content Chick rower Breeder
Vitamin A 12,500 1.0. 8,000 I.U. 9,000 I.U.
Vitamin D3 2:750 I.U. 14760 I.Us 1,500 I.U.
Vitamin £ 15 T.U. 8 I.U. 12 1,0,
Vitamin K 2.. mg 1.6 mg 1.2 mg
Vitamin 81 1.5 mg O.4 mg 1.2 mg
Vitamin B, 6.0 mg 3.6 mg 3.0 mg
Nicotinic Acid 35.0 mg 17.6 mg 18.0 mg
Calcium D. Panto-
thenate 10.0 mg 6.4 mg 7.2 mg
Vitamin Bg 3.5 mg 2.4 mg 2.4 ng
Vitamin B,, 0.02 ng 0.0096 mg 0.C015 mg
rolie Acid 1.00 mg - 0.30 mg
Biotin 0.05 mg - 0.06 mg
Vitamin C 25.0 ng - 15.00 mg
Choline Chleoride 300.0 mg 160.0 mg 150.0 mg
Zinc Bagitracin 20.0 mg - -
Methonine 200.0 mg - -
Avatec (Lasolocid) 90.0 mg - -
Manganese 100.C mg 80.0 mg 60.0 mg
Iron 50.0 mg 40.0 mg 30.0 mg
Zinc 45.0 mg 36.0 nmg 27.0 mg
Copper 2.0 mg 1.6 mg 1.2 mg
Iodine 1.55 mg 1.24 mg 0.93 mg
Cobalt 0.225 mg 0.18 mg 0.1%5 mg
Selenium 0.10 mg 0.08 mg 0.06 mg

*
The quantities indicated for each content are per kg diet.

were suspcected to have coccidiosis.

Below is the

vaccination schedule against the appropriate disease at
different ages of the birds (Table 3.4.2.).
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Table 3.4.2. Innoculation Schedule for Experimental Birds,.

age of Birds Disease Innoculated Vaccine Route
(Week) Against
1 (Dayold) Marek's Marek's dise-
ase vagcine 1M
1 (Dayold) Newcastle NDV(Hitchner) 1/0
2 Infectious Bursal IBDV
Disease (Gumboro) (Apathogenic) 1/M
_O0ral
2 Newcastle HDV—Lasota.r-;(Einwﬁtbrg‘
5 Gumboro (IRD) IBDV(Avirulent )1/M
6 Newcastle N DV-Komorov 1M
16 Neweastle NDV-Komorov 1/M

(Booster for
laying birds)

18 Gumboro (IBD) IBDV(Avirulent)1/M

(Booster for
laying birds)

3.5. Weighing and Recording.

Short-term egg production (egg production to 120
days) and related traits were measured on the eight
genc oypes. Data were collected from four replicate pens
per genotype while the means werce used in the analyses.
Age at first egg was recorded on flock basis rather than
individually since the birds were not trap-nestcd. As a
result of this arrangement, AFE was not analyscd

stat.stically.
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Individual egg weights were taken using a W& T
Avery secale (500g x 1g) while bulk eggs and birds were
weighed by Salter model 250 scale (5kg x 5008).

3.6. ©Statistical Analysis,

Analyses of data collect:d were carried out using
the pen means. Percent mortality were transformed into
arcsine angles and body weighis converted to 10510 valucs
before 4analyses. Two models vere generally used. The
first analysis (Model I) was a general assessment of all
data. The second (Model IT) was an analysis of combining
ability. Thoy are:-
igk = U+ Ay + Ly + (Al)gy + @5 4¢
Where Xi96 = Mean obsecrvation on pulless of the ith

Model I:zx

breeding grou; and jth line,

U = Qverall popul:tion mean.

Ay = Effect of the ith breceding group i = Ty..,4

Lj = Effect of the jth line j = 1,2

(AL)iJ = Effeet of the interaction between ith
breeding group and jth line.

€isk = Experimental crror; mormally and

independently distributed about zero mean
and error variance:

= NID (0, 0,°).
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Model TI: A genetic model, is given by Becker (1967) but
modified to include an additional main ¢ffect
which is line.

ijk = U+ g; + ey + Ly + S5 * rij + €55k

where = mean observation on pullets of a eross between

the ith sire breed and jth dam breed of kth
line.

B = general combining ability of the ith sire breed
(additive effect of the autosomal pgenes of

the ith brecd + sex-linked effects).

general combining ability of the Jjth dam brced

g,

. (additive cffect of the autosomal genes of
the jth brecd + maternal effects).

1k = 1line effcct.

sij = the interaction of the ith and jth breeds -
specific combining ability (mon-additive
genetie offect of the eross ij and ji)

Iij = reciprocal effects of the ijth and jith cross
(maternal and sex-linked effccts).

05 s = random error.

Other interactions arc considerced not important in
this model.
The GCA in thc analyses of variance (ANOVA) is
the sum of‘gi and gj" Reciprocal effucts were
calculated by iigri.j‘rjii)
(1967). Hetcrosis (deviation) was estimated as

e a8 given by Becker
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the mean of a gross minus the unweighted average

of the respective means of th:« two approriate

parcnts. The significance of heterosis was

determined by ¢ - test.

Further tests of significance were done using Duncan's
Multiple Range Test (DMRT) as prescnted by

Middl cbrooks (1976). Details of the analyses are
found in the Appendices. To aid interpretation of
results, data on some traits were displayed
graphically. Tables were also uscd to present various
data either as descriptive statistics or summary of

analyses of variance.

Definitions of Traits Measured.

Ape at first egp (days) - the number of days from
hatch to the day the first egg was laid in a given
genctic group.

Body weight at first cgy;; weight of each live pullet
(to the nearest 0.01kg) averaged over the number of
pullets weighed per group.

Body weight at 30 wecks of age, averaged over the
number of birds weighed per group.

Body wcight at 40 weeks of age, averaged over the
number of pullets weighed per genotype.

Average weight of first egg; averape of the weights

of first ten eggs laid consecutively,
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Average woight of egygs it 30 wecks of age. The
weights of samples of cggs 1l2id per group on two
consecutive days at 30 weeks of age were averaged.
Averidse weight of eggs at 40 weeks of age.
Measuremncnt as in W30,

Hin-housed egg number; total number of eggs laid
by a given genetic group divided by the numbor of
hens housed in that group. Record taken over the
first four %0-day-periods i.c. 120 days.

Hen-day egg number - total number of ceggs laid by
each group divided by average number of birds at
the beginning and end of each period.

“en-day rate of lay (p-reent) - the number of eggs
laid by euach group divided by average number of hens
and number of days (x100).

Feed consumption (g/bird/day) - total fecd

consumed per pen divided by the number of hen-dayse.
Known quantities of fecod werc given and recorded
for each pen regularly. At the end of each period,
the left-overs were weighed and subtracted from total
quantity given.

Weight of feed given - wt. of lcft over.

no of days x average nro. of birds.
Feed c¢fficicency: Feed consumed to produce a dozen

cees (kg feed/doz. ¢gris).
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.~ Total feed consumed x 12,

Total no. of eges laid

Records taken over the four periods.

Laying house mortality (percent) - number of
hens that diced in a group during the test period
divided by the number of hens housed for the

group (x 100),
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CHAPTER 4
RESULTS

b.1. Age at Pirst Epg.

Age at first uég for thoe eight genotypes are shown
in Table 4.1.1. From both lines, pure Hubbard (HxH groups)
were the first to come into lay followcd by crossbreds
from Hubbard sires (5, and 85). Thosc of Shaver sires with
Hubbard dams (H,1 and H,) came to lay much later and the
Shaver purcbred (SxS groups) were the last to start laying.
A gap of at least 24 days existed in AFE between the
progenies of H-sires and those of S-sires. This result
evidently siiows the sire influ.nce on the inheritance of
AFE with H-sirces showing earlicer maturity in their
progenics than S-sires, However, there was no difference
as such between the line means,

Table 4.1.1. Age at First Egg (AFL)

Breeding MALE LINE FEMAL: LINE] B/group
5 o

Erovy Genotype AFE(days)| Genotype AFE(Days)| 11°onsSiSE
A (SX8) "y 202 8 217 |209.547.5
B (8XH) Hq 201 H4 193 197 + 4,0

C (HXS) 82 177 35 163 170 + 7.0
D (HAH) i 149 He 154 151.542.5
Mean 182 .25 182,00 (182.00
SE (8m1) 12 .50 14.3%0 13.09
—— e . e el ——
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The phenotypic corrclations betwecen AFE and body
weight at first cgg (BFE); AFZ and weight of first egg
(WFE); and BF& and WFE were mostly positive. On male and
female line basis, these correlations were respectivelys
0,45 and 0.40; 0.96 and -0.11; and 0.65 and 0.85 (Thble
4.,1.2.). The correlations bcetween AFE and body weight
at 30 weeks (0.17 and -0.60); AFg and egg weight at 30
weeks (0.90 and -0.04); and body weight and egg weight
at 30 weeks (0429 and 0.74) were also mostly positive.
Those¢ between AFE, body weisht at 40 weeks (B40) and egg
weight at 40 weeks (W40) were equally high and positive
with the exception of that between AFE and W40 for female
line (~0.33) which was low and negative. For the other
traits, their correlations with AFE were generally
positive uxcept fourth month egg number, and mortality.

Figures 4.1.1. and 4.1.2. show the relationship
between BFE, AFE and WFE by line and how thase traits
were differently inherited and influcnced. Line effect
seems to be very important in the mode of inheritance

especially for BFE and WFE. The AFE appears to be sire -

influenced on both lines as shown in Figure 4.1.1.

4.‘2. Bodjx WCightc

The mean (X), 8tapdard error (Ss) and percent
coefficiont of variation (cv) for body weight of the

differcnt genotypes at various age periods are presented,
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on lin: basis, in Table 4.2.1. Graphical preszntiavion
of the means are also shown in Figurc 4.2.1. Within the
male line, dam influence is cvident with progenies of
B-dams (ﬁq and 32) being persistently heavier than the
other groups, However, such influence was not obtained
in the female line. While H, (H-dam progeny group)
remained heavier than others, H5 (another H-dam progeny
group) showed superiority only up to 30 weeks of age
after which it fell even »2low the means of the S-dam
progeny groups. 1t is also shown that while the other
groups of birds continucd to grow up to 40 wecks of age,
the 85, (mile line) and Hb (female line) groups seemed to
be reaching maximum growth at 30 wecks of age (Fige 4e247.)
Body weight at 30 and 40 weeks of age showed highly
significant differences (P/0.01) duc to breeding group
and breeding group x line interaction effects (Table 4e2eBn)e
Line effect was highly significan(P /0.01) only for B30
(Table 4.2.2.), with female line birds being heavicr,
However, while none of these effects was significant in
case of BFE, Tables 4.2.4. and 4.2.5. show a highly
significani(p /0.01) reciprocai effect in the trait (BFE).
The phenctypiec correlation coefficicents among the
body weight traits and with other traits are prescnted in
Table 4.1,2. It shows that the correlations among the

three body weight traits were positive but mostly low,
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Table 4.2.1: Descriptive Statigtics for Body Weight of
. Purc and Crossbred Groups.

Traits - Sgafigpics  BxS SxH  HxU HxH

Male line: Body Welght.

i

At Pirst Bgg X (kg) .41 1.21  1.25 ... 1.23

= £ 8E  0.21  0.03 0.07 - 0.06

CY%  26.95  8.26 18.40 15.45

At 30wks ™ % (kg) .41 1.20% 1,582 1.26°

s 88 0.05  0.01 0.01 0.02

OV 19.15  11.63 8.86 15.08

At 40wks” % (kg) 1.59%  1.51° 1.54° . .40

TR T4 85 .02 0,01 0.0 0.02
¢

Vo5 12458 8.61 10.39 !

Female Lina: Body Weight.

At First Beg® % (kg) .80 1,862 1,230 L 1,447
. £ SE  0.07  0.04 0.07 0.10
; CV%  16.43 9.5 18.70 21.99
DAt sowks® . % (kg) 1.32%  1.55% 1.45P 1.51%
+ 8E 0,02 0.02 0,07 0.02
OV%  16.67  41.61 11.76 11.92
- ** - D a c c
A% 40wks 7 (k) 1.55°  1.63% 1.49 1.46
e + 8B 0.02 0,02 0.02 0.02
BV%  14.19 8,59 10.74 10.96
Gombincd lines; Rody Weight. S NETREE
At first Lpy x (k) 1.3%6 1,32 1,22 1.31
* - .
At 30wks % (k) 1.35°  1.41° 1,512 1,417
* 7]
At 40wWks Z (kir) .57 1,56 1,517 1 .44

(lMeans with different superscript lettemgdiffer as indicate
* P/0.05 o S
** P_/#O’O/TO
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Table 4.2.Z2: Line Means for the Body Weight Traits.

Traits Male line Female line

1. Body weight at

First Egg, Kg. 1.27 1:37
2 8ody w=ight at b B
20 weeks, Kg. 1.%8 1.46

3 Body weight at
40 weeks, Kga 151 1.53

(Means with different superscript letters differ P/0.01).

Table 4.2,%: Variance Analyses for various production
Traits Using Model 1.

Means Squares

Traits? Line(1) Breeding
groups(3) ILxB(3) Error Error d.f.

Doupp 0.020 0.008 0.008  0.0077 72
Bz 0.090""  0.000""  0.25"° o0.004 842
Bk 0.006 0.057" 0.026 = 0.002 773
WFE 153,76 84.99° "  187.19"° 11.27 72
w30 0.46 6.33 9:.39 5.19 16
W40 0.14 4 .49 .02 12.57 16
HHE 63.78 12.51 2.96  15.62 24
HDE 64 .66 13,12 2.55  17.91 24
FC  2621.06  1166.52" 660.00 311,25 24
FE 0.0 0.26 0456 0.23 24
St 31.06 22.06 12.59  19.15 24

a Traits are defined earlier in the text.

b. Converved to log10 values

¢ Transformed into Arcsine Angles

Df (Degrecs of freedom) for tnc sources of variance are
written in parembheges

* P/0.05 ** P/0-01.
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Dable 4.2.5. Preporticns of Main effects (¢%) from the variance aAnalyses (Medel IT). ﬁ;;u.
Traits
~ Sources HHZ HDZ BFE WFE W3C WO FC FE
. o ) * & : * &
GCA 17,65 «J.03 7 .69 L 33456 25310 A4 14 S #5.91 . 8.238
aca 8.7 & .30 604 .24 ._. 0.C1 ... C.89 | - 4.79 35419
REC ' 19.5 20 .35 74.98'* 43.50** 30.88 . 33.05  6.49 42 46
* % 3% ’ » ¥ - * ¥
Line 44,81 42,24 10.99 2C.62 1.29 . 0.%6 . 37.98 0.56

irror .26 13.08 2.30 : 1.88 14,72 31.56 - 84.83 1%.41
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As expectud, 21l the body weight traits were positively
correlated with egg weights. The values were also high
except in the correlation of B30 with W30, and with W40
(male line) which were both 0.29 and those of B40 with
WPE, and with w40 which were 0.08 and 0.10 respectively
for the female line.

The heterosis observed in body weights are shown in
Table 4.2,6. Negative heterotic effccts were exhibited
by most of the genetic groups, especially the HxS of
dam line (55) whose heterosis in BFe was statistically

significant (P£0.05).

4-3. E._i'z ) Lii’iht ™

The mean, standard error, and coefficient of
variation for egg weight at various ages are presented
in Table 4.3.1. and the graphical prescntations have
been shewn in Figure 4.2.7. It is clearly cvident that
additive effeet is the mode of inheritance of egg weight
for mle line since the crossbred means lie between
those of the pure bred parental groups with the 54
clearly showing superiority over the H2 brecd. The
crossbred egs weights appeared to be largely influenced
by sire effects., The egp weirhts of the groups in the
female iine did not follow a similar trend, instead, the
progenies of H-dams (H, and H5) laid the heaviest eggs.
Among the progenies of S~dams, S4 gpurebred groups)

consistimtly laid heavier eggs.
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Table 4.2.6: Mean and standard krror Statistics for
Heterosis in Body Weights of Crossbred Groups.

Body weight(kg) Cross- Deviations(kg) % Heterosis
bred
Trraits P TB sy Hxs B SXH HXS OB
Male line
BFE 1432 1.3 -0.10 =0.06 -0.08 =5.23 ~4.,11 =4.67

+0.08 0.06  0.07 6.46 4.38 3.80
B30 134 1,44 ~0.05 0.24  0.10 =3.73 17.91 7.09

B40O 1.50 1453 0 .01 0O 0.03 0.67 2.67 1.67

Female line

BFE . 1.41  1.35 0.07 0.16° = 0.05 7.98 =10.95 =1.48
40.10  0.07  0.06 7.63 4.80 4.89

B30 142 1.50 0.13 0.03 0.08 9.15 2s11 5.63

B4O 1) 1.56 D12 =0.02 0.05 2.95 =1.32 3.32

* = P/0.01

1 = Traits arz defined earlier in the text.

P = Mv;n ;ody weight of the two parental groups (Mid-parent
value ),

CB = Mean body weight of two crossbred groups (S X H and H X 8).
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Table 4.3.1: Descriptive Statistics for Egg Weight of the
Pure and Crossbred groups.

T ] 1 1

Traits Statistics S5X5 SXH HXS HXH

Male Line:
Weight of,,

First egs ¥ () 50.71% 47.63° 45.60° 39,734
+ SE 0:77 I 1.24 0.73
CV % 4,79 7.45 8.60 5.86
At 30wks Z (g) 50.61 48.28 47.%0 45.%8
+ SE 0.62 0.79 0.80 0.38
cV % 3,87 5.16 5+33 2.67
At 40wks T (g) 56.39 54,08 53.30 51.18
+ SE 0.87 0.25 0.35 1.08
CV % 4 B8 1.44 2.10 6 .64

Female Line:
Weight of

First egg X (8) 42.61° 44,24% 40,06° 45.672
+ 5k 1.38 1.02 0.96 1.10
CV % 10.26  7.30 7 54 7 .64
At 30wks X (g) 47,21 48,54  46.87 48,04
+ SE 0.77 0. 54 1.22 0.002
cvV % 5.1% 3. 54 8.21 0.01
At 40wks 7 (g) 53.00 S4.74  52.67 55415
+ SE 1.15 1.37 1.99 0.89
cy % 6.87 7.89  11.96 5411
Combiqgg lines:
Weight of_, . 2 % b
First egg % () 44,660 45,947 42.83 42,70
At 30 wks X (g) 48.91  48.41 47.19 46.71
At 40 wks % (&) 54.70  S4.41  52.98 53417

Means with different superserist letters differ as
indicated.

"P/0.05 *+P/0.01.
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The line, breeding groups and line x breeding groups
intcraction offects were highly significant (P/0.01) only
for WFE while none of these effects was found significant
for w30 and M40 (Taeble 4.2.3.). Similar results are
shown in Table 4.2.4. and 4.2 .5. In table 4.2.4., sire
breed, GCA, reciprocal, and line e¢ffects were highly
significant (P/0.01) for WFE only while in Table 4.2.5, it
is shown that for ogg weight generally, GCA effect
accountwd for the greatest proportion (53.10%) of the
total effects, and SCA, the lcast proportion (0.01%).

The mean and standard error for heterosis in egg
weight at different periods of production are presented in
Table 4.5.2. Most of the deviations were negative. In
the male line, the hcteroses were not significant and the
erossbrcd groups did not diffcr from cach other. In the
female linc, however, thoe ncegative heterosis expressed
by Ss at first egg was highly significant (312.01) hence
the r:ciprocal groups (85 and Hq) expressed significantly
different (P/0.05) hetcroscs.

4.4, pEpgp Production.

The results of short-term egg production on both hen-
houscd (HHE) and hen~-day (HDE) basis are shown in
Table 4.4.1. Analysis of varianece using both models showed
no sipgnifieant effect due to any source except line (P/0.05),
thus line accounted for the highest propoertion (44.81% and

43,245 respectively for HHE and HDs) of the total variance



Table 4.%.2:

=54

Mean and Standard Error Statistics for Heterosis
in Egg Weights of the Cross bred groups.

Egg Weiphts(g) Crossbred deviations(g) ¢ Hetcrosis
Tpraits B TS SXH wis TB SXH HXs ©B
WFE 45.22 46 .62 2.4 0.38 1.40 5.5 114 3.3%

+ 130 1.59 1,03 2.93 3.60 2.31
W30 48,00 47.89 0.29 =0.46 ~0.09 0.63 =0.94 ~0.16
+ 1.3 1.59 c.98 2.79 3,64 2.08
W40 53.79 53.69 0.29 -0.49 0.10 0.71 =0.71 0,003
i q¢31 1-?2 0-98 2.“‘6 5.24 1.85
Female line. .
WPE WMol 42.15  0.10% -4.08""P-1.99  0.58 -8.85 4.4
+1.03 1.28 0.93 2.%9 2.81 2.10
W30 47,63 47.71 J.91 -0.76 0.08 1.91 =1.64 0.1%
+0.73 173 0.96 1.54 3.92 2.05
+0.85  1.89  1.04  1.50 3.55 1.94
= Traits are defined carlier in the text.

Mean egp weight of the two parental groups (Mid-parent

Mean egg weight of each two crossbred groups (SXH and

Means with different superscript letters differs

significantly (P/0.05).

P =

value).
B =

(HSX).
* = P/0.05

**p/0.01.
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(Table 4+42:.5.)s As shown in Table 4.4.2. birds of the
male line laid  significintly more cggs (P/0.05) than
those of the female line.

Th. correlations between egys production and other
traits arc also shown in Tablss 4.1.2. and 4.4.4. Zgp
production in the fcourth month of lay was mostly
negativcly correlated with other traits as shown in
Table 4.1.2.

Th. hen-day rate of lay (HDR) on monthly basis are
presunted in Pigure 4.4.1. The Fijjure shows that there
was no rcal difference betwcen the groups in their rate
of lay in the first month especially for female line.
Differences, however, occurre¢ after the first month,

For both lines, the progenies of H-sires continued tol
inereise both in rate of lay nd egg number up to the
fourth month while their S-sired counterparts peaked in
the third months of lay and doclined afterwards. The
results followed a sire breced pattern.

The heterosis in the short-term hen-day egg number
of the crosses is shown in Table 4.4.%. On mean monthly
basis only the combined crossbred group (male line) showed
significant deviation (P/0.09%) of 2.06 eges (11.%%).
However, on weekly basis, both mean deviation and percent
hcterosis were highly sipnificant (P/C.01) for SxH groups
and the corbined crossbred. Mean deviation was also
significant (P/0.05) for the HXxS group. There was no

significant difference between the heterosis exhibited by
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Table 4.4.2; Line Means for the Egg Production Traits.

Traits Mal e |ine Fenal e line
Hen- Housed eggs 15-324a 12.49'
Hen- Day eggs 15.68a 12.841

i > (p/0.05)

Table 4.4.3: Heterosis of Short-term Hen-day Egg Number
Among the crossbred (F/.) Groups.

MEAN MONTHLY CROSSBRED GRO.

Male line(m) XH HXS CB

Mean of parents,? = 14.66 eggs

Mean deviation from P , eggs 2.11 2.00 2.06
+ SE 1.10 1.50 0.85

°/o deviation (heterosis) 12.79 11.02 11.91

Fenale |ine(f)

Mean of parents, P = 120 78 eggs

Mean deviation fromP~, eggs 0.28 -0.05 0.11
+ | 0.74 1.26 0.68
% devi ation (heterosis) 3.46 -1.46 1.00

2. MM WEEKLY

Male |ine

Mean of parents, P = 3.”3 eggs

Mean deviation fromP , eggs 0.58  0.53 0-56
+ SE 0.14 0.23 0.13

% deviation (heterosis) 14.44* 13.79 14.12*

Fenal e |ine

Mean of parents, Py = 37°9%esgS

Mean deviation fromP;, eggs 0.08 -0.10 -0.01

+ SE 0.14 0.14 0.10

% devi ation (heterosis) 4.05 -3.61 0.22
* p/o.05
** P/0.Q1

P Mid-parent value
CB Memn of the crossbred groups (each pair)
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Simple Correlation Cocfficients Among Some Production Variables in the

Eight Poultry Genotypes.

Traitd Hen-Day Egg Number (HDE)

Feed Consumption (FC)

Feed Efficiency (FE)

Mortality (LHM)

Gero-
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the reciprocals in both lincs.

The h terosis obtained in the hen-day production
of the erossbred groups is presented in Figure 4.4.2.
It shows that while the SXH proups peaked in the third
month, the HxS proups, despit: slight flunctuations,

continucd to inerease to the fourth month.

4,5. Fced consumption and Efficiency.

The results of fued consumption (FC) and feed
efficiconcy (Fg) of the laying; pullets are presented in
Table 4.5.1., and the anilyscs of variance are shown
in Tables 4.2.354, 4.2.4. and 4.2.5. The latter three
Tables show highly significars line effect (P/0.C1) on
FC but not on Fs. Table 4.5.”7. indicates that birds of
the malc line consumed more foed than those of the female
type. Based on medel I (Table 4.3.2.), breeding group
effect was found to be sipgnificant (P/0.05) for FC. In
a further analysis (Model II) sire breed and GCA effects
were shown in Table 4.2.4. to be significant (P/0.C5) and
P/0.01 respectively. None of these effects, howcver, was
significant for FE.

From Tible 4.5.3., the H, (SxH group of male line)
exhibited hiphly signifieant P/0.01) heterosis in both
FC and FE, but those for 35 (HxS group of female line) was
significant (P/0.05) for FC aiane. On thg other hand, both
crossbred groups of the female line exhibited non

significant heterosis for the two traits.
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Table 4.5.1: Descriptive Statistics for Féed Consumption
(g/bird/day) and Feed Efficiency (kg fced/
doz. cggs) for the Pure and Crossbred groupse.

1.Feed Consunmption

Male’ Line’ SXH  SXH HXS HYH
vean” " 133.80% o4.07°  96.94°  95.49°
+ SE 10.37  8.91  12.33 8.82
CvV % 1544 18 .94 25 .44 18,48

Famale Line .
Mean® 92,40 96.31%  83.972P 975,28°
+ SE 6.7¢ 7 .84 7 46 6.59
v 7 W 5 16.27 17.76 17,49

Combined Lines
Mons 1M3%.15* 95.19°  90.46°  85,38°

2.Feed Efficienqx

Male line
Mean 2.0z 2510 2.22 2.72
+ 5K 0.2 0.19 0.29 0.26
CV % 139 17 .62 26.13% 19.12

Female line

Mean 2.4t 2:71 2.50 2..40
: SE 0-3( O¢25 0.25 0018
C\I %,' 23.?‘“) 18 908 ‘18.00 ']4.88
Combincd lines: Mean a5 2 .40 2.%6 2.57

* P/0.05 Means with differcnt superscripts differ @s
indicated,

*+ P/0.01.

Table 4.5.2: Line Means for Feed Consumption and Feed

Efficiency.
Traits Male Line Female line
Feed consumption 105.0¢2 86.1%b
Feed ufficiency 2 2.53

adb
* D/N.N.
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Table 4.5.5: 1Hcterosis in Feed Consumption and Feed
Efficiency of the Crossbred (Fq) Froups e

A. FEELD CONSUMPTION.

Male line CROSSBRED GROUFS
Mean of parents, P_ =
114 .67g/bird/day
SXH HXS CB
L * * %
Mean deviation,g/bird/d -20.60" " -17.73" -19.16
+ SE 0.49 3.68 1.80
- * - "
% deviation -18.28 =16 .40 =17 « 34

Female line
Mean of parents, Pf =

83%.84¢/bird/day
Mean deviation, g/bird/d 12.47 0.1% 6.30
+ 8B 5.27 4,87 %93
% deviation 14 .63 ~0.28 718

Be FESD EFFICIENCY.
Male line

Mean of parents, ﬁm =
2.88kp/doz. eggs

. ¥ *®
Mean deviation, kg/doz.eggs 0.78 -0.65 -0.71
% deviation —27.59" -23%,01 _25.20*

Female line.

Mean of parents, Pf =

2.45kg/d0z egps
Mean deviation, kg/dez.cgps 0.26 0.04 0.15
+ SE 0.22 0.11 0.12
% deviation 11.95 2.02 6.99

1ﬁegativc values are desirable as they represent positive
heterosis.
* P/0.05

** p/0.01

CB Mean value of the crossbred groups.



4.6, Laying House Mortality.

The results presented by Table 4.2.3. show that
there was no significance duc to line, breeding group
or line x breeding group interaction effect but Table 4.2.4.
and 4.2.5. show SCA to be significant (P/0.05). They
also indicate the effect due “o the reciprocal difference
to be hipghly signifieant (P/0.01), accounting for the
greatest proportion (61.02%) of all the variations.
Further testing of the reciprocal difference by line
using DMRT revealed that the significance (P/0.05) was
restricted to the male line as shown in Table 4,6.1.
which also confirms the significance of the SCA combined
effect,

As shown in Table 4.6.2.. only the HxS group of
female line (8,) showed significant hetcrosis (P/0.05)
and none of the reciprocial groups exhibited any

significantly different heterctic effcects.



Table #.6.7:
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Percent Short-term (Mean Monthly) Iaying
House Mertality of the Pure and Crossbred

Groups.

Male Line

Mean

+ Sk

Female line
Mean

+ S5

Combinecd lines

*
Mean

+ S8

2XS SXH HXS

1.90  1.40% 0.26°
0.64 0.95 0.26

240 1.28 2.20
0.98 O.4% 1.05

ab b

2.,15%  1,24%P 1,03

0.55 Q.48 0.62

HXH

204
0.88

2.20
1.15

2.12%
0,69

Means with different Superscript letters differ P/Q.05.

Table 4.6.2:

1Heterosis in Laying House Mortality of the

Crossbred (Fq) G1'OUPS.

Male ling Cros@byed  Groups
Mean of parents, P = 7.88% | SXH XS [92:)
Mean deviation -2 .68 -5.91* -4.28

+ SE | 3.49 1,62 1.88
% deviation =11.69 «83,45 47,5/

Female liﬁo
Mean of parcents, ﬁf = Q.20 :
Mean deviation ~ 140 0,63 1,02
o + 8B 1,84 1.66 1.6

% deviation ~9.63 =19.72 ~14.67

1 Negative values are desirablo

* P/0.05

TE Mean values of the crossbr-d groups.
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CHAPTER 5

. DISCUSSION

B T

The éﬁffeﬁt study was bagscd on genotype comparisons
hénce genetic differences among groups were tested.
Thus, the error variance in the present study may be
~ larger than expected,.ié:thu term would include e
variations duc to genetic, maternal, sex-linked and
environmental differences anmong individuals within the
genotype group. Consequéntly, somervﬁfiances and means
which scemed to be sigpificant could not be so v~ »

R T L N i LTI S
e MR DRI i i

statistically.

5¢1. Guneral performunce.

2,ﬂ.ﬂ, Age at First Egge

The results in Table 4.1,1. and Figure 4,1,.1, show

~ that sirc influence on AFE was very important because

~ from both lines, the genotypes of H-sires had lower

" AFE than those of S-sires. However, on the male line,
it appoar G-sires genes dominate more than 3-sires
genes of the female line. In constrast, H-sires genes
seemed to dominatc more in the female.liﬁﬁ fhah in the
male line. The faet that the value of the crossbred
groups lie between those of the two parents suggests
the additive nature of inheritance and Figure 4.1.2.
confirms this additivity. This result is in accordance
with whut wae reported by Omeje (1983). The wide gaps
between the genotypes are ailso in line with those
reported by Blyth and Sang (1960) whiech they claimed

was due to genotype - cnvirommental interaction effcct

L L - L «., C etk
r,ﬁ T A L L S A P A ?‘



~67=

on maturity. Despitc their attempt to get pullets to
start production before the season of rapidly
decreasing daylength which introduces marked genotype -
environmental interaction into maturity variance, wide
dispgrity with a range of thc order of 10 weeks was
still obtaincd for mean mature ages of separate
progenics.

when compared with BFE and WFE, the mode of
inheritance for these two traits was differcent as it
was line dependent. While AFE was generally sire -
influcnced, BFE secmed to be controlled by non-additive
effect since the mean of crossbred in male line was
equal to the value of one of the parcnts and in female
line the mean crossbred value fell below those of
the two parents (Fig. 4.1.2). With regard to VWFE,
additive gene action seemed to be more important in the
mile linc while non-additivity and/or maternal effects
appearced to be the case for female line birds,

There appeared to be some relationship, between
the three traits (AFE, BFE and WFE). From the results
shown in Table 4.1.2., phenotypic corrclation between
AFE and BFE (Male lin¢, 0.45; Female line, 0,40); betwen
AFE and WFE (0.96 and =0.11) and between WFE and BFe
(0e33 compared with 0.46) were mostly positive as thosc
obtained by Omeje (1983). 1n addition, the correlation
between AFE and short-term cpg production (0.84 and 0.93)
was positive uand high. 8imilar results have been
reported by other workers. Akinokun and Dettmers
(1979a) reported that hens which mature late produced

more 4iw heavier egps and tiiat AFE significantly affect
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éébly rate of production. Fl-Heossari (1978) obtained

a greater phenotypic correlations between AFE and BFE
than that with 12 months body weight and that the largest
relationship coefficient was found between AFE and WFE.
He further cited other results which ghowed that early
maturing pullets lald! smaller eggs at the beginning of
lay. Thus early sexual maturity rcduced weight of

first ten eggs and also mean annual egp welght. The
results obtained from the present study agreed with

those of other workers even thoupgh the relationship
between AFE, BFE and WFZ as obtained by Cmeje (1983).

was from birds of the male line. No such clear-cut
assoclation existed for female line. The season for this
diserepancy could be due to iine difference obtained in
WFE (Tables 4.2.3. and 4.2.4.). However, irrespective

of the line, the crossbred groups appeared to have been
at edvantage given the additive differences between the
parents in the AFE, RFE, and WFE when the threc traits
are related., With a slightly delayed sexual maturity in
the progeny duc to the difference between the two parcents,
ege size togoether with the corrclated body size of the
birds would invariably be increased. This was
demonstrated in Figure 4.1.2. and is supported by a

similar obscrvation by Olujemi (1978) and Omeje (1983).

5e1e2. Body Weight.

From the results preser ted in Table %#.2.3., highly
significant (P/0.01) breeding groups as well as line x
breeding group interaction «ffecgs were found for B3O

and B40. Line effect was highly significant (P/0.01) for
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B30 only There was no significant effect due to any
other sources except reciprocal differences (FP/0.01)with
regards to BFE as shown in Table 4.2.4. This was
obscrved between crosses of female line only (P/0.05)
using DMRT. The reason for these results may be due to
smaller number of replicates used for BFE than for other
body weipht measurements.

Further testing of the significance of the breeding
group (combined lines) and the interacgtion (genotypes
by line) effects showed differences as indicat~d in
Table 4.2.1. The results also confirm reciprocal
differences at 30 and 40 wecks of age. In terms of
variability, S, and 5, (S x S purebred groups) were the
most variable, at least for two out of the three body
weight traits. This indicates the different rates at
which individuals of these groups showed response to the
prevailing management conditions. This finding reveals
that there is much scope for the selcction of the birds
towards higher or lower body weight previded there is
no negative influence on egp weight.

The heterosis observed was mostly not sipnificant
except that exhibited by 85 (H x S group of the female
line) which was negative., This is not surprising since
85 was particularly light compared to the other genotypes
of the line (Table 4.2.1. ard Fig. 4.2.1.). This
probably made it to be significantly (P/0.05) different
from its reciprocal cross (Hq) in body weight.

It looks like not much study has been conducted on
body weight during laying pcriods. Apart from body

weight at scxual maturity, the body weights mostly
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studied are early body weipghts as at O - 20 weeks of

age (Akinokun and Dettmers, 1979a,b; Cluyemi, 1978; and
Omeje, 1983, 1985). Mature body weights up to 364 days

of age were also studied by Bernon and Chambers (1985)

and 12 months body weight by gl-Hossari (1978). Bernon
and Chambers (1985) rcported significant (P/0.01) mating
combinitions (SCA) effect on maturc body weight (364 days)
for two-way crosses of the sire population. Mating combin-
ation differences (reciproecal differences) were also
found for 4 -~ way crosses of both sire and dam

populations in respect of this trait. 1In addition, dam
population also showed significant (P/0.05) sire
differcnces for mature body weight. Bellharz and
MecDonald (1961) also found that breced of sire had the
preatest ¢ffect on final body weight (72 weeks).

Since no reports werce available on body weight at
30 and 40 weeks of age, compnrison was difficult.
However, significant (¥/0.01) reciprocal effect was
found for BFE as was obtained for 364 days body weight
by Bernon and Chamber (1985). The 136, 265, 365 and 497
days body weights studied by Fairfull et al (1983) were
discusscd under combining ability.

In the prescnt study, phenotypic corrclation among
the body weipght traits were positive. Also positive
werce their correlation with cgg weights, egg production
(except 4th month production which was generally
negatively correlated with other traits), feed
consumpticn ind feed effeciency. These are not

unexpected as Akinddun and Dettmers (1979a)., Nikolov
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and Beclorechkov (1978) and Cmeje (1983%) obtained
similar positive results. However, the negative
correlation of the 4th month production with other
traits particularly body ind egg weights indicates that
the birds werc generally cgg-type, and as they age
maternal influences on the pullets will no longer support
the body size and egg weights of the birds. This
characteristic rcduction in body and egg weight
consequent to increased rate of production will result
in negative correlation with egg number 2s this finding
reveals. The results prescnted in Figures 4.2.1. and
4.4.,1. confirm tl ese facts especially for 55 and H5 aund

of male and female line respectively.

S5«1.5. Egg Weight

As shown in Table 4.3.1., only WFE showed
significnt (P/0.01) differcnces among the genotypess
It is nlso evident that first eggs from male line were
heavier than those from the fem2le line. The difference
between the genotypes of each line could be attributed
to differences in their AFE, as well as their body weight
at first egg-. It has been observed from earlier studies
that AFE influences egg weight especially during the early
part of the laying period (Akinokun and Dettmers, 1979aj;
El-Hossari, 1978; Omeje, 1983%). The phenotypic correlation
coefficients between AFE and the three egg weight traits
seems to confirm this faet.

Hetcrosis for the three cgg weight traits were not

important execcpt the negative value obtained for
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35 (HxS group of the female line) at first egg which

" was highly significint (P/0.01). This made the crossbred
group (55) to be significantly different (P/0.05) from
its reciprocal cross <H4) beth in WFE and its heterosise.
Blyth and Sang (1960) obscrved that hybrid means were
consistently ceclose to the mid-parent value and
averaging less than one gramme above the latter and

that the largest deviation from mid-parcnt levels were
increascs of 3.4 and 3.5g. A similar result was
obtained in the present study with a maximum of 2.41g
for WFE by H, (8 x H of male line) and -4,05g for WFE
by 85 (I x © of female line). It was also consistent
with the findings of Arad and Marder (1982) and Omeje
and Nwosu (1984a),

5-1.4, Fﬁg PrOdEg_tiona

As prus nted in Table 4.4.1., the genotypes showed
no significant difference in egg production exccpt that
mile line pullets Iaid morc eggs (P/0.05) than the
female line birds (Table 4.4.2.). It was shown in
Table 4.4.,5. that hcterosis obscrved in the crossbred
groups werc significant (P/0.01) for male line only on
weekly Lasis. Mean monthly hcterosis for the same line
failed to attain significance probably due to high
variability =among; the individunals and pens belonging to
the groups which brought about high standard error
used in the test, However, the mean crossbred hetepdsiss
was significant boecausc of its relatively low standard

error between the group meidns. From the results in the
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male iinc, one may be inclined to conclude that
dominant gcne action was responsible for the hybrid
vigour of the crossbred groups Aas suggested by Omeje
(1983), But, considering the fact that the genotypes
were not significantly diffcrcnt from each other even
when the lines were congidered separately, one may
agre¢ with Fairfull et al (1983) that the two original
breeds were not sufficiently different genetically to
*geffect:any difference in the performance of the groups.
Both the hen-housed and hen-day egg number results
ééhowed the inferiority of the female line groups to
those of the male line. Apart from this, the short-
term cgg number results genorally conform with what have
bcen reported for exotic breeds in Nigeria (Akinockun
and I+ tsrer 197%a; Olomu, 7979; Omeje, 1983). The
rates of lay were equally comparable. However, it was
found that sire breed influcnced the rate of lay as
progenies of H-sires from both lines continued to
ingrease both in egg number and rate of lay up to the
fourth month while their S-sired counterparts peaked in
the third month (Pable 4.4.1. and Figure 4.4.1.). This
pattern of lay by the H-sired groups is similar to that
observed by Omeje (1983) on the local chicken and
according to him, such is wundersirable. He arguecd that
it is best to peak in the sccond month for, the time of
peak production is the time the farmer begins to reap
. huge revenue from the more eggs that are prodgceg at .

s minimal feed cost.

. . . P A bt
Mo T ey kg

5.1.5 Feed_conéuﬁptioh anc' Efficiéhdy. -

The high proportion of feed costs in total operating

expenses indicates that feed cfficicnev in laying hens
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is the most important trait for the egg producer because

feed conversion has a strong influence on the '”'_ %
profitability of a poultry operation. The result _ ;
presented in Table 445.71. shows that S x S groupsy
especially in the male line, consumed more feed than other

groups and were the least efficicnt. According to
Hurnik et al (1977), feed conversion is affected by a

wide range of traits embodied in feed intake, metabdéliem

TERTHEEL RN UL e

and the production performince of the birds. Judging by

R

the stpong association they obtained between feed v
conversion and egg production, and between feed conversion
and egy mass, Tthey concluded thap the number of eggs
produced was the most impééﬁaﬁ%“§ﬁétbff“"E§le£éﬁin{£é the
correlation coeffidients obtained.in_yhe present gtudy - %
as'prescnted in Table 4.1.2.,_the kindlof rolationship N
obtainéd”bj_theée workers was nbf the fypg cbtained in .. .-
t£e=1in¢é, Howeﬁer, whéﬁ fhe ggﬁotjpes wére considered .4
seﬁaratély as shown in Téble_4.4,ﬂ., there was a veTy g

good'agreement'bétween the present work and that of Hurnik

'”ﬁ”*@ké'rélativoiylhigh &orrelation_between feed
g R ' B '

consumption and egg production (Table 4.1.2. and 4.4.14) 3
also confirms that on the average, the largest proportionof
feed consumed wnas utilized for the production itself.

In fact, it is well known thnt selection for higher cgg
proauction hag also improved feed efficicncy of laying birds,
mainly because the amount of feed needed for maintenance
remained almost constant while any extra amount of feed
consumed was utilized Tor increased egg production

Hagger and Abplanalp, 1978; Clomu, 1979; Omcje, 1983;
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Hagger and Marguerat, 1985). It has been shown also that
AFE significantly (P/0.05) a:fects feed consumption.
The distinet influcnce of AF:Z on FC as compared with Fg
is in linc with the findings hy Hagger and Abplanalp
(19978) and Hagger and Margue rat (1985).

The general interpretation of these results is
that, as. cxpected, the cros breds were better than
the purebred groups. On the average, they consumed less
and were more efficient because they produced more eggs
even though not significantly so. The significant
heterosis obtained in the two traits, especially for malc

line confirms this.

5-1.6. Lay ing House Mortﬂli'plo

As in most traits, significant (P/0.05) diffcrence
in laying house mortality was found between genotypes
of the mile line but none for the female line. Within
the male line, the parental sroups did not differ
dignificantly from one anothcr. There was, however,
reciprocal cross differcnce as could be seen in Table
4.2.,4; 4.2.,5; and 4.6.1. This may have been respomsible
for the signifieant hcterosis (P/0.05). obsepved OnLY
for H x 8 of male line (52). The heterosis for the same
cross (H x 8) in the female line, though high could not
attain sipgnificance due to large standard errore.

The phenotypic correlat.on coefficients (Table
4.1.2¢ and 4.4.1.) indicatec negative association between
mortality rate and most of the other traits, Of particlar
importance is its negative association with egg production

especially for S, which has the highest level of mortality.
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It should be not.d that 34 was among the groups which
recorded the lowest rate of production, to confirm that
in this study, the higher the mortality level the lower
the production. It was also the last group to come to
lay. No evidence exists to support this association
between AFE and LHM, but according to Omeje (1983%), any
environmental gondition which depressed production will

also inercvase mortality.

5.2. Combining Ability.

Diallel crossing schemaes have boeen widely used to
assess poultry stocks particularly for combining ability.
Comparigons of the results of such studies wepend upon
environm:nts and managemont pragtices usced. In addition,
the intoerpretation deponds upon the diallel model uscd,
sex, and the type of crosscs made.

Most traits of importance in egg production strains
are sexX-linked and can be measured only in the female
chicken. Depending on the diallel model used, this means
that estimates of GCA should be cxpeeted to be
influrneoed by maternal effccts, scx-linkage cffects or
both if present, and estimates of reciprocal effects
using females will contain maternal and sex-linkage
effects (Bisen ¢t al, 19663 Fairfull et al, 198%).

bstimates of GCA and SCA may depend on the modcel
used for other reasons too. As cited by Fairfull ct al

(1983), Wearden ¢t al (1965) stated that estimates of
GCA for modcels without the pure strains may be inflated
duc to interactions regulting from strains that perform

well in the crosses and poorly as pure gstrains or vige

versa. fgisen et al (1967) stated that estimates of GCA
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and other genctic effects from mudel with pure strains
included may be confounded with inbreeding e¢ffccts. Both
are valid concerns more so as the inbrecding cocfficicnts
of the original grandparent strains were not known.

GCA was important for only :wo of the traits studicd,
WFE and FC. And the GCA duc to sirce breced appearcd more
important than that duc¢ to dam treccd. In addition, cstimates
of GCA duc tc dam brecd were gencrally lower than those due
to sire breed as can be seen in Table 4.2.4. This fact
suggests scx-linkage offect on all traits studied. Cock and
Morton (1963) suggested that when sire components of variance
is larger than the dam component in female offspring of
domcstie fowl, it dndicatus sex-linkage unambigously, but
will not nceessarily mean that naternal ceffects are absent.
It means howcver, that if materrnal effects arc present, they
are smallcer than those due to scx-linkage. Thus the result
of the prescnt study indicates that matornal cffcet may be
important but not as important s sux-linknge effects.

Most othor studics have concluded that GCA was important
(Merritt and Gowe, 1960; Beilharz and McDonald, 1961; Eiscn
et al; 1967; Fairfull ct a1, 19£3; Giri and Patro, 1985).

The results of these studies indicate that the strains or
breeds pged 2nd how they arc mated can significantly affect
estimates of GCA and conscquent conclusions. So, although
the results are not nccussarily dircctly comparablce duc to
differences in strains or brecd:s used and the diallel models,
they gencrally confirm that GCA is important for scveral
straits and is often more impor:ant than SCA.

In th: pres nt study, S8CA vas important for LHM only

where it apgcounted for 19.93% o~ total variance as comparcd
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with 3.6% by GCA. As with uCA, SCi, Was less important
for ¢gg production traits an«. FE (a ratio that involves
egg produrtion). Merritt anc Gowe (1960) and Eisen ¢t al
(1967) obtained similar resu ts. In the report by gisen
et al (1957), thcy obtained ero SCA variance for egg
wecight whicgh was similar wit i the finding of zero SCA for
cgg weigh. at 30 weeks in th prescent study. Eiscn et al
(1967) arpuecd that low SCA i dicates that dominance and
gpistatic variance are of 1li tle importance for the trait,
In the study by Fairfull et .1 (1983), SCA was rcported
to be generally more importa:t than in the rcesults from
other studics. They attribu.cd this to the high
performance of the strains vised and each strain has been
selected for one or more of che traits measurcd. They,
however, suggested reasons wiy SCA may not have been as
importan: in some other stuc lese. One of these reasons

is that the strains uscd may not have been sufficiently
differvnt genetiecally. This secems to be the case with
the strains uscd in the pres :nt study. In addition,
measuremcnts on groups, and not individual birds were
used here, This could also affecet thu‘rusults presented

as most other workers used . ndividual measurcments.

5.3. Heterosis and Reciproral Effects.

Hetorosis and reciproce: 1 effects are two of the most
importan’ non-additive gene ic offcets affeeting strain-/
bruved-¢ross performance. I this study, both are
importani in some of the tr its studiecd.

The heterosis obtained for egg production (hen-day),

feed consumption, feed effi 'iency and mortality wure
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exhibited, by ty and S, (crossbred groups from male

line). The heterosis for boly weight at first egg and
weight o: first egg were neg tive and were exhibited by

Sg (H x & crossbred groups o female line). None of the
heterosic exhibited by Hy, was significant. For BFE and
WFE, the heterotic diffcerenc: between the two crossbred
groups o. each line are attr butable to those between

the pare-%al breeds and to r.ciprocal cffect which was
highly sisnificant (P/0.01) especially for female line,

The S-sircd pullets (includi g the S x 8) were heavier
than H--sied ones, s0 also w:re their egg weights. Thus
any croscbred bearing the S~iire had ahigher addigivel effect
to be surnounted before registering significant hetcrosis
due to the high value by the S x S better parental group.
Other woters have reported 'igher heterosis than were
found in *his study (Blyth aid Sang, 1960; Merritt and
Gowey 19C0; Cock and Morton, 1963; Sheridan and Randall,
19773 Tai~full et al, 1983; meje, 1983). As reviewed

by Omeje 1985), when animal : arc crossed, provided that
they diffored genetically as in races,specics or genera,
heterosi~ ocerred. However not all crosses show positive
heterosi« (if at all, cspecitilly when dominance was abscnt)
but it wns the positive hetecosis that should be called
hybrid v —wour. Thus a hybril! or an animal showing hybrid
vigour is the cne that is bester than the mean of both
parcnts. 1In essence, a crosbred animal showing no or
negative hetcrosis (i.c. aniial whose performance is less
than the nid-parcent) lack th: hybrid vigour. In view

of the above, H, appears the best cross of all since all
but on. 7 th. hetiroses ext bitcd were positive and many

were highly significant (P/C.01).
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According to Mason gt a
attained Ly crossing co-adop
heterosis can be attained if
differ.nt physiclogiecal patt
phenotype The re¢latively 1
could be ttributed to the f
were insv ficiently differcn
the femalce line.

Reciprocal effects were
BFE, WFg, and LHM (Table 4.2
reciprocal effects apgcounted
of the total variance as sho
Table 4.2.1, it could be ded
existed also for B30 and B4C
differcnce in BFE was found
female line,

The reciprocal differcr
WFE recsulted from the very 1
(H x 8 of female line) whiceh
negative lieterosis. Also r«
obtained for mortality betwc
only. Fairfull et al (1983,
of reciprocal effects tendec

environm::t in which heteros

generally suported in this v rk.

(1958), heterosis can be
2d groups, but n:gative
selection has been toward
rns which produce the same
w hceterosis reported here
et that the original strains

genetically, more sc for

found to be important for
4).
for the largest proportion

For these traits,

n in Table 4.2.5. From

«ced that reciprocal effects
However, the reciprocal

0 be restricted to the

es observed for BFE and

w weights recorded for 85
w1s also responsible for the
‘iprocal diffcerence was

n erosses in the male line
re¢ported that the magnitude
to be greater in the

s wag smaller, this was not

The overall reciprocal

effects ~cported by Blyth ar i Sang (1960) were larger than

obtained here for egg produccion.

effects were also found by ¢

weight and body weight; Sher

Higher reciprocal

¢k and Morton (1963) for cgg
.dan and Randall (1977) for
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food utilization, egg production and egg weight. 1In
essence, this study shows tl at non-additive genetic
effects were not particular.y as important in the stock

used as reported by other irvestigators.
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CHAPTIR &

ot SUMMARY AND CONGLUSION
CF .

Diallel mating scheme was used to test the
performanse of the Fq progenies of the two grand parent
btraing S and H, each of which had two lines. From the
results presented and discussed, it was shown that:

1. Genotypes of both lines responded differently in

production charagteristics. . .

2. 'The H-gires were responsible for transmitting genes

for early AFE and consequently the H x S groups

from both lines laid much earlier than their

reciprocals.

3. Body weight showed incomplete dominance for male
line with dam breed having upper hand in the

additivity. In the female ine, non-~additive effect

was suspected. g;¥gij¢a;ﬁﬁﬁfﬁﬁ

4, Heteroges observed were generally 1ow.and many

g, WeTe negative especially those obtained among 85

! | Tﬁullets. This situation probably contributed to its

being inferior to its reciprocal cross (H,).

ﬁhiQ Significant heteroses were obtained for BFE, WEE,

" HDE, FC, FEamd IM. .

5« Reciprocal effect was imﬁorfant for thé body weight

. traite (BFE, B30 and B40), WFE and LHM. GCA was

important for WFE and FC but SCA showed significance
for 1HM only.

6, No considerable improvement was made in egg weight
as c¢rogsbred pullets of hoth lines laid eggs of average

weight of the parental pgroups or even lower as in the

case of Sg.
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~-83%a
Pullets from the male line generally laid more
eggs than those of the female line. In the male
line, the crossbreds showed superiority over the
mean of the parental groups hence significant
heterosis was observed for that line.
The erossbred groups consumed less feed and were
more cofficient in converting it intc eggs than the
parental groups especially for the male line.
Consequently, heterosis was also important
particularly in this line.
Mortality was generally lower in the crossbreds
but only the crossbred groups of male line showed
significant reciprocal effect. In addition only
the H x S group of that line (82) showed significant
heterosis due to its very high viability.
Sex-linkage effect was suspected to be more

important than maternal e¢ffect in the present study.
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© APFENDIX 1
Age at First Epgg

Breeding Male Line Female Line Breeding group

Group

Genotype AFE(days) Genotype  AFE(days) Means + S.G

- A(Sx3) 3, 202 S, 217 209.5 + 7.5
B($xH) H, 201 H, 193 197+ 4,0
- C(HxS) S, 77 Sk - 163 170+ 7.0
" D(HxS) Hy 149 He, 154 151.5 % 2.5
Total, ZX. - 729 - 728 -
T 182,25 - 182 182 4 13,00
+ SE - < . . 12.50 ~ 14,30
/2_;:2 - 13473%,00 - 134950, 60
n - 4 - 4
Using Winer's (1971) t - test¥ to compare the lines
Male line B Female line
é.:, 'ii-?_;;;_—— - —
2 'i '134735 o .“.”_ p_ g0
X T 182025 S 182,00
L = & (134735) - (729)%; L = 4(134950) - (728)°
= 7499 = 9816
s°= 7439 - 5% = 9816
. 4(3) | | 4(3)
Cm B2L.92 e e 818. 00

2 < 5
t° = (4 + &4 -~ 2) (&4 (725 -~ 728)
)
(4 o+ 4 Eu(7A99 + 9816))

= (8) (16)
(8) (69260) = 0.00017
t = /000077 ) NS

0.013

t (0.05,6) = 2.447

*5ee Appendix II for detall of formulse
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APPENDIX 11

Analysis of Body Weight at First Egg

Models used:

T4 xijk = U + Ai + Lj + (hL}ij + eijk
where Xijk” Observation on pullets of the ith breeding
group and jth lire

U = overall population mean
ai = effect of the itr Dbreeding group, i = 1,2,

R ) i‘.

L, = Effect of the j

line, J = 1,2

(AL)iJ = effect of the interaction between ith
breeding group and jth line.

eiﬂk = experimental error: Normally and
independently distributed about zero mean

ané error variance.

II. Given by Berker (1967) but mcdified to include an

additional main effect, whick is line.

xi gk = U+ gy + gy + lk + 85 Ty 4+ €5
Vhere xijk = Observation on pullets of a cross between
ith sire breed anc jth dam breed of kP
line.
U = Overall populsation meen
gy = general combining abi’ity of the ith sire
breed, 1 = 1,2.
gj = general combining ability of the Jth dam.
breed, J = 1,2.
1, = line effect, k = 1,2,
sjy = interaction of the itl. and jth breeds

(specific combining al.ility)
rij = reciprocal effects of the ijth and ji#h cross.
eijk = random error,

Data on parental control groups vere included in the analysis
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using model 11 thus estimates of (GCA and SCA effects are in

the broad sense as stated by Fairfull et al (1983).

Observed Data (kg)

Breeding
Groups A B - i
Rep: .56 T« 7Q 1420 T.50 0.8 1.10 1.30 0 84

4
2 0.92 1.45 1,18 1.14 1,01 1.65 1.56 1.79
3 1.80 1.48 1.25 1.35 1.63 1.43 1.19 1.60
4 1.67 1.48 1.23 1,40 1,20 1.30 1.01 1 52
5 1.54 1.65 1,13 1.48 1.13 1.05 1.12 1 54
6 T«DB 1.u25 1,05 150 1.60 1.48 1.18 1.30
7 1.32 1.08 1.40 1.58 1,30 0.93 1.12 1 22
8 1.58 1.00 1.26 T80 Tl E 1.03 1.52 1 08
9 1.66 1.50 1,12 1.65 1.40 1.12 1.04 1 4O
10 1.46 1,45 1,26 1,50 1.08 1.20 1.25 1.80
Total 14,09 14,04 12,08 14,60 12.49 12.29 12.30 14 06
Mean 1417 1.80 1,21 1.46 125 1.23 123 141
SD 0.38 0,23 0,10 0.14 0,23 0.2% 0.19 0 31

5D = Standard Error.

Data to Log10 Values

A B C D __

Rep: 54 Sy, H, H, S, S H, ?q_‘
1 ~0.252 0.230 0.079 0.176 -0.018 0.041 0.114 =0 07

3 0.255 0.170 0,097 0.130 0.212 0.155 0.076 0.20

4 0.223 0.170 0.090 0.146 0.079 0.114 0.004 0.18

5 0.188 0.217 0.053 0.170 0.053 0.021 0.049 0.18

6 0.19 0.097 0.021 0.176 0.204 0,170 0.185 0 11

7 0.121 0.033 0.146 0,199 0.114 -0.032 0.049 0 .08

8 0.199 0.000 0,100 0.176 0.072 0.013 0.185 0.02|

9 0.220 0.176 0.049 0.217 0.146 0.049 0.017 0.14

10 0.164 0.161 0,100 0.176 0.033 0.079 0.097 0.25
Total 4.281 1.415 0.807 1.622 0.899 0.827 0.969 1.37

Mean 0.128 0.142 0,081 0,162 0,09 .08 0.097 0.13
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Summary into Breeding groups by line.

Line A 5] [ D Total ﬁcan
Male 1.281 0.807 0.899 0.969 3.956 0.09¢
Female 1.415 1.622 0.827 1.378 5 .242 Q.13
Total 2.696 2.425 1.726 2.347 9.198 0.115
fean 0.135 0.121 0,086 0,117 o

Summery into Sire breeds and dam breeds by line.

Line S~Sire H~Sire S=dam H=dam
Male 2.088 1.868 2.180 1.776
Female 3.037 2,205 2,242 3,004 N
Total 5125 4.073 b,h22 4,776
Mean 0,128 0.102 0:.111 0,119
Reciprocal difference = xij - in
where X'j = an observation on the cross between ith Sire
i
and Jth dam breeds.
in = an observation on the reciprocal cross i.e.
the cross between Jjth Sire and ith dam breed~
Reciprocal Differences
Rep Male line (H, - S,) Fepale (B, ~8:)
: 1 2 line” 4 5
1 0.097 (0.079 -~ (=0,018) | .0.135 (0.176 = 0,041
2 0.068 (0.072 - 0.004 {+0.161 (8.056 - 0.217
3 -0.115 (0,097 = 0.212) |=-0.025 (0.130 = 0.155
4 0.011 (Oloqo - 0.0?g) 00032 (0.1£96 - Oo‘lll—"_'
5 0.000 (0.053 - 0.053) 0,149 (0,170 - 0.07"
6 =0.183 (0.021 -~ 0.2 %) 0,006 ¢0,176 - 0.173
7 0.032 (0,146 =  0.114) 0.231 (0.199 -~ (=0.0
9 -0.097 (0.049 - 0.146) | 0.168 (0.217 - 0.0"9
10 0.067 (0,700 -« 0,033) | 0.097 (0.176 - 0.079,

Computation of sums of swuares

CF = 9.198° = 1.058

ey
e

2

To¥ad g21,

= «0,252° 4 ~emeca- + 0,255

€ _CF = 1.679 - 1.058

)



Model I

— . .

58S 1pe = 3:956° + 5.242° - CF = ©,078 = 1.058 = 0.02
40
55 : .. 5 A ~ -
Breeding = 2,696 4=cm==y 2.3/7° = CF/= 1,08%na 1,058

Croup ' 20 ,
P - 0,025

85~ : 2 .2 53 SS.,
“BG x Line = 1.281% 4==e= + 1,38 - (CF + “"“Line “~BG

Model II

-~ Ca ] ¢ )
”Sﬁ re breed 125% + 4,073

( L;;) L)

]
o

oo

““dam breed = _4222 + 4,776 = CF = 1.059 - 1.058 = 0.001
(fi-j) Lo

| &

- 2 = .
x dam = 2.696° 4+=== + 2,35 7° =« (CF + SS8.... + SS )
) . L _ dam
& 20

= 1.083 « 1,072 = 0 011

oo
“Yerror = 621 = (0,020 4===== + 0 131) = 0,621 - 0,176

o
"‘)L—}I“*‘C‘." s 0.629 -~ ((:‘,"'.'.’;' + 0.025 + _’1‘92‘{) - ‘3.621 - 0.06F°

- CF = 1.071 - 1.058 = 0.013

Analysis of V:riance I
Sources of variance df 55 MS F F.95 F.99
Line gl 0,020 0.020 2.60 %.952 6.942

Breeding group 3 0,025 0.008 1.04 2.482 3.5

Line x Breeding group 3 0,023 0,008 1.04

Error 72 0.552 0.,0077 -

Total 79 " 0.621

None of the effects is significan ,
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Analysis of Variance II1
Sources of Variance df SS MS F F.95 F.99
Line 1 0,020 0,020 3.33 3.94 6.91
Sire breed (gi) 1 0,013 0.013 2.17
Dam breed (g.) 1 0.007 0,001 0.17
Sire x Dam 9SCA) 1 0.011 0,011 1.83
Reciprocal (rij) 1 0,131 0.131 21,83%%
Error 74 0.445 0,006 =
Total 79 0.621

Reciprocal effect is highly significant (P/0.01).

Using Winers' (1971) t

- test te compare the reciprocals by line

Male line

H, 5,

ZX. 0.807  0.899
£x° 0.076  0.137
X 0.081  0.090

Female line

H, Sg

1.622  0.827
0.281 0.125
0.162  0.083

]

10(0.076)-0.8072;10(0.137)-(.SQQ%IL = 10(0.281)-1.622°;

- e — o — e — e —

(0(0.129-0.827°
= 0.109 = 0,562 = 0.179 =0,566
2
S = 00109; = 00562 2= =
_—-TJ-U S Oc172’ 0.566
= 0,0012 = 0,0062 = 0,002 =0,0063
2
12 = (10+1o-2)E1o(0.807-o.899)§ t2 = {10+10-2)E10(1-622—0Q§
(10+10)¥10(0.109+0.562) (10+10)£10(0.179+40.556
= (18)(0.846) = 0.113 (18)(63.20) = 7.64
(20)(6.71) . (20)(7.45)
t 3\:01113 = _013&NS t 1 7‘61* ~ 2.76*

t (0.05,18) = 2,10; t(0.01,18)
2.878

=

Thus 32, though heavier, is

Note: L = n'ixzz— (‘s_x)‘?2

2
tc = (n7 + n, - 2) (n2 4 %4 = Dy ‘f__xz)2

not signifieant different from H1,
but H, is significantly (P/0.05) heavier than Sg .

AS |

(n1 + ny) (n2 Ly + ny Lz)




=l

df = n +n -2

The formulae are given by Winder (1¢71)
4 ot ~3 g 7 T = o 3 _{.! 1

t(male line) takes nogalive value becauuegﬁ1 ‘&2 is

negative.

SN : Heterosis in Body Weight at First Egg .

Comparison of the two crossbreds with the mean perfor-
mance of the parents.
Let P = mean parents
Dev. = Deviation (kg) = crossbred value ~ D
Assumption: It is assumed that each of the two breeding
groups (i.e, P and any of the crosshred group) had the
same effect on body weight at first egg i.e. each of the
crossbred groups did not differ significantly from P,
Then the differences or deviations observed from each
replicate were distributed in approximately normal
form about zero mean. This cssumption was put forward
by Yule and Kendall (1968) and adopted by Omeje (1983).
Thus: Hy: 8 x H = P; HxS =P -
Hy: SxH # P; Hx§ =F
a) Male Line:
(i) Within SxH crossbred group (ii) Within H x S group
Rep. B H, dev. %dev. S5 dev, =~ sdev,
1 .85 1.20 0.3%5 41,18 0.92 0.11 12.94
2 1.20 1.18 =-0.02 - 1.67 1.01 -0.19 -15.83
3 1.46 1.25 ~0.21 ~14.,38 1.63 0.17 11.64
4 1.30 1.3 =-0,71 - 5.58 1.20 -0.10 - 7.69
5 1-3’: 1.’1_3 "‘0018 -13.7‘!‘4' 1‘13 "0118 -13.?&
6 1.56 1-05 —0.51 "52.6)9 1 -60 D-Ot"" 2-56
7 1.22 1.40 0.8 14,75 Te30 0.08 6.56
8 1.56  1.26 -0.,30 -19.23 1.18  -0.38 -24.36
9 1431 1.12 =0.19 -14,50 1.40 0.09 6.87
10 1.35 1.26 =0.09 - 6.67 1,80 -0.27 -20.00
Mean deviation -0.10 - 5.23 = -0.06 - 4.1
SE. of deviation 0.08 6.46 - 0.06 - 4.38
t = =0.10-0=-1.25"°; =5.23.0 _ . o5 | t= ~0.06=0; - 411-0
Gctﬁg oL .". . Et iE-) - * 0.0b &138
| = ~1.00% - 0,98
t (0.09.9) = 2.262: © {(0.0,9) = 3.25
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Summary: None of th® observed nepative heterosis is significant

ahntilog values are used in the calculations.
b) Female line

(i) Within SXH group (ii) Within H x S group
Rep P F4 dev. Y%dev, '5 dev, %dev.
1 1‘20 1.50 O-}O 5-00 1.10 "'On10 . 8.33
2 1.60 1.1“ "‘OJ"-*E) -‘28-75 1.65 U.05 3.15
3 1.5&' 1.55 -0.19 -12031“ 1.&3 —ij.11 - 7.1(4
4 1.50 1.40 «0.10 - 6.67 1.30 -0,20 -13.33
2 1.59 1.48 =0.M1 - 6,92 1.5 -0.54 -33,96
6 1.27 1.50 0.23 18.10 1.48 0.21 16.54
¥ i 1:95 1408 0.43 3739 0,93 -0.22 -19.13
8 1.02 1.50 0.48 47 .06 103 0.01 0,98
10 1.67 1.50 =0.,11 - 6,83 1.20 ~0.47 =25 .47
::.E‘I- Of dev- 0.0E-‘B ?-63 - 0.07 h.BO
t = 0.067=0; 7.980=0 t =  0.164=03 =10.95=0
. - s S 5.50

= 0.7V

- 1.05% 2. 34 -2.28*
Summary: The heterosis exhibited by H, is not significant
whereas the negative heterosis observed in 85 is significant
(P/0.05).

B. Comparison of the crossbred groups among themselves (within
line basis) using Winer's (1971) t-test. Deviation in kg were

used.
a) Male Line (b) Female Line)
Rep. Hy S, Hy, Sg
1 0:3% 0.11 0.30 -0,10
2 -0.02 -0.19 -0.46 0,05
3 =0.21 0.17 -0.19 -0.11
4 -0,07 -0.10 -0,10 -0.20
5 -0.18 -0,18 -0.11 =0.54
6 -0.51 0,04 0.23 0.21
7 0.18 0,08 0.43 -0,22
S -0.30 ~0.38 0.48 0.01
9 ~-0,1G e.00 0.20 -0.33
10 -0.09 =0, 27 -0.11 ~0.41
§x  -1.04 -0.63 0.67 -1.64
{x°  0.63 0.35 0.88 0,73 —




- -

L+ 10(0.63)=(1.04%)310(0,35)~(~0.63°) L=10(o.58)—0672;10(0.73);
= 5,22 3,10 8.35 a.t‘:(—"'& :
s= 5,22 3,10 8,35 4,61
TO(3) T0(9) T0(3) T0(9)
= 0,058 0,034 0,093 0.051
£° (10+m)510!-1.oa+o.6§lj\_‘3 tg---(10+10-2)E10_(o.67+1‘.6&)§2
(10+1(}£‘O(5.22+3.10; (10+-1=.;ﬂ10(8.55+a.61)3
= E18§916.81) = 0.18 =E1fs 533.61) = 3.71
t =g 0.18 =0 431D =50 = 1.3
t%0.05(18) = 2.101 t (0.01,18)= 2.878

Summarys: None of the heterongsis exhibited by each of the paired

crossbred groups is significantly different from the other,




Model: I
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APPENRIX III

Analysis of Body Weirsht £ 30 weeks 01 age
only.
*Summary of Data to lwg1” values

Breediug

Group 4 B (o T
Genotyoe 51 i%‘,_i H1 HQ S ) Se (, ?i5 Total
Rep.(». »ds)79 123 1124 114 7 120 78 115 850
‘X 11.79 14.64 13.87 21.80 19.83 19.08 7.70 20.91 129,62
{“Xz 2.43 2,41 1.89 A48 4,17 3,31 1.08 4,14 23.92
X 0.15 0.12 0.11 0,19 0.20 0.16 0.10 0.18 0.15
5.D, 0.2 0.22 0.15 0.18 0,14 0.17 0.19 0.18
*Birds were weighed individually at 30 and 40 weeks of age,
SD = Standard Deviation of actual weiyhts.
Summary into Breeding groups by line
Line A B C D | _Total Rep. Mean
|
Male 11.79 13.87 19,83 7.70 53.19 378 0.14
Female 14 .64 21.80 19,09 2C .9 76.43 472 0.16
Total 26,43 35.67 38.92 2€ .61 iﬂza.az
Rep. 202 238 217 133 850
Mean U.13 ovls 0.18 C.15 0.15
Computation of sums of squares.,
2

CF = 129,62 = 19.77
)5’7‘0{_- L:: 2-"43 o - i - + I:*.?i* - (| = 25.%}(} - l].'o ? - !4.15
aq L Ew ADE R K2
= Line 2%&%2_ + 1%532 - CF = 7 .48 + 12.38 - 19,77 - 0.09

) >
o e R - -
“PBrecding ~ L J—— + 28,67 = CF

Erouvn = 1G53

= (3,46 + 5.35 + 6,98 + 4,24) - CF 20,03 ~ 19,77

= L).E()
cS = 2 ______ 20y C 2 ) - ( o o . )
““Lknc x BG ~ §11'79 e ! if-;l— ) (CF % 881 40s * Swpad
= 21.76 + 1. 74 + 1.55 + 4,17 - ? 19,77 + 0,09 + O.EG;

4.05+7.08 + 0.76 + 5.8(.‘-; = 20,87 - 0,12 = 0.75

C

-

= 4,15 - (0,26 + 0,09 + 0,7°5)

o )
*Perror
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Analysis of Variance I

Sources cof Variance df S MS ¥ F.95 F.Qu
Line 1 0.C9 0.09 22.50+% 3,84 6.63
Breeding group 3 0.26 0.09 22.59:% 2,60 3.78
Line x B/group 3 0.76 0.25 62,50 #

Error 842 5,05 0.004

Total 849 415

All the three sources have highly significant effect (P/0.01)

Duncan's Multiple Range Test

J E%g K = E%T* Eﬁ-f%nid g Where:
JBTSEZ - a = 8 genotypes
705.82 - ;E850 < 2%%893 N = 850 (total observa-
0.006 tions)
= 105.82 niz = 7924---’-1' 1152= 9286(
EMS = Error Mean Sguare

Least Significant Range (L3R) Values at 5% and 1% levels

5% 1%
Values of P 2 3 4 2 3 4
SSR (842 Edf) 2.77 2.92 3.02 %3.62 3.80 3.90

LSR (SSRxSE) 0.017 0.018 0.018 T.022 0.023 0.023

S5R

= Significant Studentized Range -~ obtained from Statisti-
c

al tables.
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1. To Test Breeding group means

] G 5] D A
0.18 0.15% Q.15 0.13
0.13 0.05%*  0,02% 0.02% s
D =4
0.15 0.0A%#* 0.00"8 -
'I:..'_
0.15 0.03%# - * P/ 0.05
¥* P/0,01
¢ ns = not significant
0018 ot
Summary: (1) ¢° R® p° aP P/0.01
(2) ¢ B p® A® p/0.05
2. To test Breeding group x line interaction means i.e. to

test the genoiypes by line.

(a) Male line (b) Female Line
S, S, H, Ho Pon, e S,
0,20 &1f - 0.11 0.10 ,0.19  0.18 0.16 0.12
Hy| 0.10%% Q05** 0,017% - S| 0.07%%0.06%*  0,04%x -
H, | 0.09%* Q@4*» -~ - Sg| 0.03#*0.02% -
& . ns
1 0.05** - Hr) \1.01

ab .b C

[ <] . oa [ Cc C 2 ' [ - (1)“ - C
Summary: S5 S5 Hy H; P/0.01 Summary: Hy Hg"~ Sg S, P/0.01

(2) ®} W) s2 sf P[0.05

Heterosis in Body Weiht at 30 weeks of Age
Within line eomparison of the two crossbred pgroups with the mean

performance of the parents.Dody weights in kil used.
A Male line
P = 1.4 ; 1.26 = 1.34 SGGSIQ
Crossbreds | Body weirht dev. ‘ gdev /! =~
H, 4 429 ~0.05 ~3.73
32 =1,58 0.24 17.91




Be Female

y |

1

ne

P = 1.32 + 1.51 1 o be
Crossbred Eody £ N 1 Yol V e
|
ily E .‘: i."irs
1 E 1
. I . Z e
Conclusion: I'ne hetei obt o . is wuite high and
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APPENIBIX TV

. Analysis of Body Weirht at 40 weeks of age:

Mociel: I only

*Summary of Data to 10@10 valueg

B/groups A B
Genotypes S1 S& H1 Hy,
‘Rep. 76 115 120 94

ffﬁk} 15,346 21,999 21574 19,907 18,392

C
52 05
98 100

Hy
7,

H5 Total

104 781

17336 10,847 17.214 142,615

C#x.2 3,215 4,697 4,034 4,351 3.628 3,195 1.773 3,072 27.959
X 0,202 0,191 0,180 0.212 0.188 0.173 0.147 0.166  0.183
8D
(Actualld,20 0,22 0,13 0,14 0,176  0.16 0.16 0.16
*ag stated in appendix III.
summary into  Breeding proups by line
Line A B C D Total Rep Mean
Male 15.346 21,574 18,392 10,847 | 66,159 268  0.180
Female 21.999 19.907 17.336 17.214 1 76,456 413 0.185
Total A7.345 41,4817 35,728 28,061 | 142.615
nep. 191 214 168 178 781
Mean 0.196 0.194%  0.180 0.158 0.183
Computation of Sums of Seuarss
CF = 142,615° = 26,042
SSTotal = 3.215 4=-=+ 3,072 = CF = 29.959~26.,042
, 1 0917l , . ° .
. 2 2
554, = 66.159 + 76.456° -~ CF
line 50 T2
o= 11.894414,154 - 26,042 = 26,048 - 26,042 = 0,006
' 2 2
83 . = (37.345% 4===1 28,061
Breeding E—T-g,r— Sy g- CF
group L |
" {7,302 + 8,041 + 6,047 + Lul2h) - 26,042
= 26,214 -~ 26,042 = 0.172. -
" 2 ' -
1ine x = Eliﬁgﬂé bmmmy A2 3 - §CF o sngg
G :

xhhxhhxhi (3.099+4.208+3 .879+4.216 =(26.042 + 0,006 + 0.172)
L2, 462 + 3,005 + 1,500 + 2.849)

—

-'I- TTRAL220 = 0,078
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L — - - 66

$Seppor = 14917 0.256 1.661.,

o Analysis of Variance

Sources of variance df SS MS F F.95 F.99
Lil’le 1 (JQUOFJ f].OOE) = IOO 3-81" 630613
breeding group 3 0.172 0,057 28.,50*% 2,60 3718
Line x Breeding group 3 0.078 0,026 13 .00%*

Error 773 1.661 0,002 -

Total _ 780 1.917

Both breceding group and its interaction with line are highly
significant %PL0.01).

Duncan's Multiple Range Test

SE = unﬁz- K= 1 EN - -;taiz ; Where:
_._"\---—— a-i ” s = 8
=:0,002 - =
~57.28 K = 1/7 5781 - _A1w N = 781
l ! 2 - 6% 042
= 97,28

Least Significant Range Values at 5% and 1% levels

=78133

5% 1%
Values of P 2 3 4 2 i 4
SSR (773 Edf) 2.77 2.92 5,02 3.64 3.80 3.90
LSR 0.013 0.013 0,014 0.017 0,017 0.018

1. To test Breeding group means
Significance of the Differences between means

A B C D
0.196 0.194 0,180 0,158

D 0.038%* 0,036%% 0.022i+ =

C 0.16*  0,014* -

B 0.002"8 -

A -

summary: (1) A2 _B® ¢® DP (p/0.01)
(2) a® 82 c® D° (P/0.05)

2. To compare the interaction means i.e. to compare the

gen type means by line.
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a) Male line (b) Iemale line
L

8 S, Wy W fa % Ss Hs

Cecve O AuBT 0,180 ° J.147 0 212 0,197 o 355 B 0.166
HY 0,055%%0.041%% 0.033%% ~  Hg|O O46** 0,025%* 0,007"% -
H, 0,022%*0,008"% = S0 03g%%  0,018%% -
S, 0,014% - 5,10 O21%x -
*P/0,05 Su mary:
HERLO.0Y Hp Sp S§ Y§ P/0.01
ns = not significant '
Summary:

e b .b +& . .

(1) u? SS H, hE (1/0.01)
(2) 88 sg H? Hy  (1°£0.05)

Hetercsis

in Body Weight at 40 weeks of Age

Within line comparision of

performance of the parents,

the two

rossbred groups with mean

Body we'ghts in kilogrammes are

used,
A. Male line
F = 1,59 + 1.40 1.50
2
P Crossbreds Body weig it dev. %dev,
1.50 H, 1.51 0,01 0,67
32 1.54 0.04 2,07
B. Female 1line
P = 1.55 + 1.46 = 1.51
2
3 Crossbreds Body weigat dev. %dev.
’II‘ I’ia 1-65 0‘12 70(;5
o 1.49 -0,02 -1.32
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APPENDIX V

Analysis of Weight of First FEgg
Models I and II.

Observed Data (g)
I ] 1

B/groups A B C D

Genotypes 81 84 H,I H, 82 85 H2 H5
Rep: 1 47.00 40.10 52.00 40.10 43.80 39.20 41.00 42,30
2 51.90 46.70 49.10 42.00 40,20 40.10 44,20 41.50
3 47,10 35,30 47.20 41.30 53,00 39.00 36.50 38.90
4 49,20 38.10 41.70 47,20 42,00 38.30 38,00 47.00
5 52,50 42,90 51.80 41.00 45.30 38.90 37.00 48.00
6 51.50 48,00 47.50 43,10 49,70 3%6.00 38.96 46,20
7 49,10 49,10 51.00 48.00 43,20 42.80 41.00 47.30
8 53,70 43,20 44,10 49,40 49,10 39.10 3%9.00 48.00
9 52,00 41.70 48.20 45,20 43,80 40.00 40,05 49,10
10 53.10 41.00 43.70 45.10 45.90 47,10 41.60 48.40
Total 507 «10 426,10 476,30 442.40 456.00 400.60 397.31 456.70
Mean 50.71 42.61 47.63 44.24 45,60 40.06 39.73 45.67
SD 243 4437 3.55 3.23 3.92 3.02 235 3.49
Summary into Breeding groups by line.
Line A B ¢ D Total Mean
Male 507 410 476.30 456.00 397,31 | 1836.71 45,92
Female 426.10 442 .40 400.60 456.70 | 1725.80 43.15
Total 933420 918.70 856.60 854.01}) 3562.51 44,53
Mean 46,66 45,90 42,83 42,70
Summary into Sire breeds and Dam breeds by line.
Line S=sire H-sire S5=-Dam H=Dam
Male 983,40 853.351 963.10 87%.61
Female 868,50 857 .30 823.70 899.10
Total 1851.90 1710.61 1789.80 1772.71
Mean 46,30 42.77 B4 .75 44,32

Computation of Sums of Squares.

CF = 3562.52° = 158643.47
80 -~
= 47,00° 4mmmmi 48.40° - CF
Total - -
= 160424 ,93 «~ 158643.47 = 1781.46

55



Doy

: N : _qo7_ —
Model I, B

T oeSpy o = 18%6.71° + 1725.80° - CF - 158797.23 - 158643.47
. . 40 : = 1155 0’76n
SSBI'Bedlng = 9559202 o ——— + 85"*’0012 - CF
group 20 :
' = 158898.4% — 158647 .47 = 254,96
| 2 2 i \
SSipe x o 207.907 4e--—y 45€.70 = CF + 8815, + S8gq)
BG 10 _
| = 159613.76 - 159052 .19 = 561.57
88orror = 1787.46 - i453'76 + 254,96+ 581.57}
= 1781.46 - 970.2¢ = 811.17
Model IT. .
Reciprocal Differences (Xij - in)

Rep. Mzle line (Hq - 82) Female line (H, - 85)

1 8.2  (52.00 - 43.80) 0.9 (40.10 - 39,20)

2 8.9  (49.10 - 40.20) 1.9 (42.00 - 40.10)
-3 -5.8 (47.20 - 53,00) 2.3 (441,30 ~ 29.00)

4 -0.3  (#1.70 - 42.00) 8.9 (47.20 - 38.30)
.5 6.5 (51.80 - 45.30) 2.1 (#1.00 - 38.90)
-8 2.2  (47.50 - 49.70) 7.1 (43,10 - 36,00)
LRl 7.8 (51.00 - 43.20) 5.2 (48.00 - 42.80)

8 . -5.0 (44,10 - 49.10) 10.3 (49.40 - 39.10)
.9 4.4 (48,20 - 43.80) 5.2 (45.20 - 40.00)

10 ~2.2  (43.70 -~ 45.90) 2.1 (45.10 ~ 47.20)

Ssline = '155«76

88

siTe breed = 1851.90° + 1710 61° - OF = 158893.00 - 158643 4
(81) 40 d = 2490550

SSdagbreed = 1789.80° « 1972.7°2 — CF = 158647 .12-158643 .47
(33) ' 40 _ = 3,65

S8 + S8

X dam = 933.20° 4mmmmt (54,01 = (CF + 5S
(

20
CT e =.458898.43 ~ 158t 96.64 = 1.78.

. : ’ .
[ . R
, - -
. . " L, ¥ R A
' . , . Lol e e
N Cvwe ey ' e e
. . " . - L. T I

)
dam)

Sire sire
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Analysis of variance I

g ; 55 3 gy . T
Line 1 153,96 153,76 43,64 3.95 6,94
Breeding group 3 254.96 84.99  7.54 2.48 .54
Line x BG 3 5671.57 187.19 16.61
Total 79 1781 .4€
**PL001.
Analysis of variance IT
Sources df 55 M3 F F.95 F.99
Tine 1 453,76 153,76 10.84 3.9  6.91
sive broed(g;) 1 249.53 249.53 17.84""
Dam breed (g5) 1 3.65 .65 0.265
Sire x Dam breed _ NS
{8CA) : 1 1.78 1.78  0.13
Reciprocal(rij) 1 322.82 322.82 22.75"
Error 4 1049.92 14,19
- Total 79 1781 .46
NS = Not significant
** P/0.01.,
Duncan's Multipla Range Test

l EMs 1M.27 = 0.53 where a2 = 10 rep. samples

SE=| nxr . |10x4 ~ = 4 rep. pens

‘ Least significant Range Valvss at "% and ¥ levels
St W

Yalues of P P 3 4 2 3 4
S8R (72) 2.81 2.9 5.07 .72 3.88 4,00
ISR 1.49 1,57 1.63 2,06 2.42

,109?
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Heterosis in Weight of First lIgg

A. Comparison of the crossbred with mean performance of

+heo woarmesw e - : - -

| L B A

A. To test Breeding graup_me.ns,
s Significance of Jifferences of means

A B c D
: 46 .66 45 90  42.83 . 42.70
! - &
D 3,96 3 22 0.13%3 -
* ¥ g
C 5.83 3 09 -
NS
B 0.74
A. L ]
Summary A?  p? c® o (p/0.07)

B. To test interaction mean . (genotypes by line)

a) Male line . ‘ (b) Female line
50.71 47.63% 45,60 39.73 45.67 44,24 42,617 40.06
HY 10.98"77.97" 5.87"7 - s | s.e1Twar8"Teuss™T -
: * * % ' > & *
52 5.1 2.03 - Sy 206 1.6% -
w® NS
H, 3,08 - Hy, 1.43

Summary: Si H? Sg H% P/0.'1  Summaryt
| | 1. Hg 2 sp S P/0.01

| .
; 2. H H; 52 8¢ P/0.05

C. To test sire breed means by line to see if § - sires

remained superior in botl lines.

Significance of Di: ference of means

Line S=sire H-gsire Difference
Male 49 .17 42,67 6.50
Female | 43.4% 42,87 0,5l

S - sires are superior for m:rle line onily.

D. To test reciprocal means oy line.

Significance f Difference of means

Line S x H (B) Hx S () Difference
Male 47 .63 45,60 2.03 "
Female ny 24 L 80.06 - 4,187

The 5 x H (B groups) are suprrior for both lines.
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ct
il

0.,10-0; 0.58-0 t -4.08-0; -8.85-0
1.03 239 1.25 2.8

0.097%8 . o.2458

1l
il

-3.26"" -3.15"

Conclusion: The heterosis observed in Hy is not
significant, but 85 expressed a highly significant (P/0.01)
negative heturosis.

B. Comparison of the crossbrecd groups among themselves
twithin line basis) using deviations in grammes.

a) Male ling (b) Fecmale line
Rep. H,l 52 HLL S5
1 8.00  =0.20 -1.10 -2.00
2 1,05  -7.85 ~2.10 4,00
3 S5.40 11,20 4.20 - 1.90
4 “1.90  -1.60 4 .65 4,25
5 705 0455 -4 45 . -6.55
6 2.27 4,47 4,00 -11.10
7 5.95 ~1.85 -0,20 - =5.40
8 ~2,25 2.75 3.80 -6.50
9 2.7 -2.23 ~0.20 . =5.40
10 «3.65  =1.45 0.40 2.50
X 24 .09 .79 1.00 =40 .80
ax°  211.22  228.07 95.%7 314 .67
R 2.41 0.38 0,10 4,08
L = 10(211.22)-24.09%;10(228.01)=3.799 L =10(95.37)=1.00;
= 1531.87 s = 2265.un A0( 314 .61)=( 40,89
| | 952.70 - = 1476.96
62 - 1531.87 ; = 2265.7¢ 5% 952,705 1495.96
10(9) ; 90 (10(9) 90
= 17,02 - 25,17 - 10.59 = 16.40
£ =§g<a)4gaogaaxgz%i;g;Lz;ﬁ;} %?v=a(msjéﬁgfﬁTrQ)%%gqnﬁa
e y o T Caeppdueo.eey
(RO BN, e ] h v 001 000 Y C T B,
SR K . ; o
= ((MOIHIEZ0T) = .98 D A N
e . C )
(20)(37976.1) T
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t =fo.98 - 0.9 = (18(178725) = 6.47
o 485952 -

5 o= Jes7 = 2.

£ - (0.05,18) = 2.101; . (0.01,18) = 2.878

Conclusicn: No significant difference between heterosis
exhibited by H, and 3, but thore exhibited by H, and 85 are
significantly (P/0.05) differa.t from each other.
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APFPENDIX VI

Analysis of Average Egg Weight at 30 wecks of Age

Model I and II
Observed Data(g)

L LK) LI UL L] LI} L

B/groups A B C D

Genotypes 81 5, i, H, S5 85 Hy HE

Rep. 1 52.87 45.07 50.07 +6.57 48.07 42.47 46.57 48,04
2 49.47 49.83 49.34 49,31 49,70 48.50 44.15 48,09
3 49,48 4E.74 45,44 49.74 44.74 49 .64 45,42 48,04,

Total 151.82 141,64 W4 .85 145,62 U2.51 18,61 136.14 1413

Mean 50.61 47.21 48.28 «48.54 47.50 46.87 45.38 48,04

8D 1,96 2.42 2.49 1.72 2.553 3%.85 1.21 0.005

Summary into breeding group per line.

Line A B C D Togal Mean

Male 151.82 144,85 142.51 136.14 | 575.32 47 oG4

Female 141.64 145.62 14C.61 144.13 | 572.00 47487

Total 293.46 290.47 283.12 280,27 [1147.32 47,81

Mean 48.91 48.41 47.19 46.71

Summary into Sire breeds and Dam brceds byl line.

Line S-sire H=-sire S-dam H=-dam

Male 296.67 278.65 294 .33 284,99

Female 287 .26 284 .74 282.75 289.7%

Total 587.93 567 <39 576.58 570.74

Mean 48.66 46.95 48.05 47 456

Reciprocal Differences

Rep. Male line EH1—523 Female line EHu - S5§

1 2,00 (50.07-48.07) 4.10 (46.57 = 42.47)

2 ~-0.36 (49.34-49.70) | 0.8 (49.31 - 48.50)

3 0.70 (45 4444 .74 0.10 (49.74 - 49.64)
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Corputation of suns of squares.

CF = 1M47.32° = 54847.63
24
88pop5] 524877 +m-m=ms 48.04° = CF = 54978.30-54847.63
= 130.6?.
Model I.
BS ;= 575.32° 4 572.00° - CF = S4848.09 ~ 54847.63 = 0.46
12

585re8ding = 293 .46°4—emmmaae + 280.27° - CF = 54866.63~

L 6 54847 .63 = 19,00,
SSLine X =

151.822+-—--+144.132 - (CF + Ssline +SSBG%
BG 3 (

SD = 54895.25 - 54867.09 = 28.16
SSoppop = 130.67 - Eo.ae + 19.00 + 28.16;
Model II.
SSline 0.46
S8 2 2
B3 = 583.83" + 563.39" - CF = 54865.21 - 54847.63
12 = 17.58.
58, = 576.58°4570.74° - CF = S4B49.05-54847,63=1.42
J 12
2 2 B
Sssij = 293,46 +—--;-—+280.2? - ECF + usgi t SSGJ;
= 54866.63 - 5486(.63 = 0.00
88,44 = P — +0.10° = 22.10 = 11.05
2 2
S8 ppop = 130-67 = Eo.ae T, ﬂ1.05g

= 130.67 = 30.51. = 100.16
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Analysis of Variance I

' 1 L]

Sources df SS M F F.95 F.99
Line 1 0.46 0.46 0.09 4.49 8.59
Breeding group 3 19.00 6433 1.22 3t24 5.29
Line x BG 3 28.16 9.39 1.81
Error %€ 83%.05 5.19 -
Total 2% 130.67
None is sign’ ficant.
Analysis of Viriance II
Sources af 88 MS F F.95 F.99
Line 1 D.46 0.46 0.08 4.4 8.29
Sire breed 1 17.58 1758 3.16
Dam breecd " 1.42 1.42 0.26
SCA (Sij) 1 0.00 0.00 -
Rec. (rij) 1 11.05 11.05 1.99
Frror 18 100.16 5.56 -
fotal 2% 130,67
None is significant.
Heterosis in Egg Weight at 30 weeks of Age.
A, Comparison of the crossbred groups with the mean
performance of the parents.

1) Male line
(i) Within SxH group (ii) Within HxS group
Rep. P H1 dev, %dev. ' 82 a dev “edev.

1 49,72 50,07 0.35 0.7C 48,07 -1.65 ~3.32

46.80 49,54 2.54 543 49,70 2.90 6.20

5 47 45 4544 2,01 4.24 44,74 =~ 2,71 -5.71
Mean deviation 0.29 0.6% - =0.49 ~-0,94
t = 0.29-0; 0.63-0 t = =0.49-0 ;3 =-0.94-0

1.3 2.79 1.72 3 .64

- 0.2270 0,23 - 40,27  _p,26"8

t = (0.05,2) = 4.303
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APPENDIX VII
analysis os dgg Weight at 40 weeks of Age
Model I and II

Observed Data
[ L] L]

Breedi;g ggguﬁ; A‘ B . é D
Genotypes 54 Sy, H, Hy So 85 H, H5
Rep. 1 56.82 49.03 54.05 50.54 52.04 46.47 50,5 52.01
e 53 .45 53,80 53.32 S54.51 53.68 52.47 48.13 55.98
3 58.91 56417 54.87 59.17 54.17 59.07 54.85 57.47
Total "____71%5;15 159,00 16224 164 .22 59.89 158,01 B3 . 54 165.46
Mean 56.39 53.00 54408 54.74 53.30 52.67 51.18 55.15
SD 2.75 3,64 0.78 4.32 1.12 6.30 3.40 2.82

Summary into Breeding group per linel

Line A B C D Total Mean
Male 169.18 162 .24 159.89 153454 | 644.85 53.74
Female 159.00 164 .22 158.01 165.46 | 646,69 53,89
Total 328.18 326,46 31790 319,00 [1291,54 53,81
Mean 54 .70 54 o 41 52.98 53,17
memary into sire breed and Dam bree¢d by line.

Line ____B-sire H-sire S-dam Hedam
Male 331 .42 313 .43 329 .07 315,78
Female 323 .22 32% .47 317 .01 329,68
Total 654 .64 63%6.90 A46.08 645 .46
Mean 54 .55 25.08 53.84 53.79
Reciprocal Differences (xij - xji:

Rep. Male line (H,-S5) Female line (H4“S5)

1 : 2.01 (54.05=-52.04) 4,07 (50.54=-46.47)

2 -0.%6 (53.%2-53%.68) 2.04 (54.51-52.47)

> 0.70 (54.87-54.17) 010 (59.17-59.07)

Computation of sums of squares.

CF = 1291.54° = 69503.15
o4

SSpotal = 554827, == et 57.47% = CF = 69759.97-69503.15 = 256.82.







-_;' o! ()_

Analysis of Variance II
Sources df S8 MS @ F  F.95 F.99
Line 1 0.4 C.14 .01 4 .41 8.29
Sire breed 1 1%:19 1511 1.02
Dam breed 1 0.01 0.01 0.0007
SCA (8ij) 1 0.34 0..3%4 0.03%
Reciprocal (rij) 1 12 .70 12.70 0.99
g£rror 18 2%0.52 12 .81 -
Te 5al 23 256.82

o ——

No significant effect due to any of the components,

Heterosis in Egg Weight at 40 weeks of Age

A. Comparison of crossbred groups with the mean performance

of the parents.

a) Male linec.

(ii) Within SxH group (ii) within HxXS groupe.
Ren I P 1 dev. | %dev. & | SE dev: %dev.
: 5509 £5:05 0.%6 0.67 52,04 =1.65 =3%.07
2 50.79 53%.3%2 2.53 4.98 |[i! 53.68 2.89 5.69

5 ___56.88 54.87 -2.01 -3.53 |i S4.17 -2.71 -4.76
Msan deviation 0.29 0.71 |} -  -0.49 -0.71
S. 3. of deviation 1.31  2.46 : - 1.72  3.24
i
1.3’} 2."‘6 1.72 5.24
O A T
= 0.2248 0.2918 -0.28%5 -0.221'8
t (0-0512) Y, 4-5505-
b) Female line. i
(i) Within SxH group ' (ii) within HxS group
Ren. P H, dev. fdev, 85 dev. %dev,
‘I 50.52 50.54 0.02 0.04 | UE 47 -4.,05 =8,02
2 54.89 54.51 -=0.38 -(C.69 52 47 =242 =441
% 56.82 9.17 2.35 4 .14 59.07 2.25 3.96
Mean deviation 0.66 1.16 - 1.41 =2.82
S.1n. of deviation 0.85 150 - 1.89 8%
0.35 450 1.89 %55
T 4 ™Y
= 0.78" 0.7708 -0.75™% ~0.79"
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Conclusion:

is significant.

None of the hcterosis observed in the groups

B. Within linc comparison of thc crossbred groups,

(deviation in grammes used).

Male line Female linc
Rep. -H"I 82 Hy, 35
c 0.36 <4 65 0.02 -4.05
2 3,63 2.89 1o.28 —2.42
3 -2.01 -2.71 2.35 2.25
x 0.88 147 1499 -4.,22
Y 10.59 18,48 5,67 27,32
% 0.29 -0.49 0.66 1.4
L = 3(40.5?)—0.882; 3(ﬂ8.42)-(—ﬁ.4?2) L= 3(5.67)-1.992;
3(27.32)=(~4+22°)
= 30.94 = 53,51 = 13,05 = 64.15
S%=  30.94 53.10 = 13.05  64.15
3(2) 6 & 6
= 5.16 8.85 2.18 10.69
£2 = (3+43-2)(3(0.88-3(~1.47)4° 65 = (3+43-2)§3(1.99)=(~4.22
(3+4343(30.94453.10)4" (3+4303(13.05+64.15)3
= (4)(49.7) = 0.13 s = (4)(347.08) = 1,00
(6)(252.12) (6)(231.60)
t = v Uo I; = 0-56NS t = '_"ITUU_ - ‘T.OONS

af = 4 £(0.05,4)

Conclusion:

= 2.571.

No significant difference in heterosis for

40 wecks egg weight between the crossbred

groups of both lines.
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APPENDIX VIII

Analysis of Hen - Housed Egg Number

Model: I & II,

Observed Data

Breeding
group A B C D

(ienotype 51 3y H1 Hy, 52 35 H2 H5

—— —

1 12.30 8.25 10,20 9.23 8.37 8.36 9,00 8.53
2 16,10 14.98 15.44 13,55 16.95 10.22 10.16 9.80
3 18.73 16.57 21.64 15,27 19.96 12,93 14,44 11,40
4 14.92 14,53 18,02 13.36 21.00 17.95 17.85 15,07
Total 62.05 54,23 65,30 51.41 66.28 49.46 51.45 44,80

Rep:

Mean 15.51 13.56 16.33 12.85 16,57 12,37 12.86 11.20
S.D, 2.67 2.65 4,81 2.56 5.73 4,17 4,07 2.83
Summary into Breeding groups by line
Line A B C D Total Mean
Male 62 .05 65.30 66.28 51.45 245,08 15,32
Total 116.28 116.71 115.74 96.25 L4 ,98 13.91
Mean 14 .54 14,59 14,47 12.03
Summary into sire breeds and Dam breeds by line
Line S=Sire H=-Sire S=dam H=-dam
Male 127.35 117.73 128.3%3 116.75
Female 105,64 94,26 103,69 96,21
Total 232.99 211,99 232.02 212.96
lMean 14,56 13.29 14,50 13.31
[ Reciprocal Differences

Rep. -_Fale line (H, -32) Female line (H, -55)

1 1.83 (10.20~- 8.37) 0.87 ( 9.23 - 8.36)

3 1.68 (21.64-19,96) 2:.34: (1527 = 12.93)

4 -2.98 (18,082-21.,00) 4,59 (13.36 - 17.95)
Computation of sums of squares,
CF = 4u44,98° = 6187.73
SSpotal = 12,30° 4emm== + 15.07° = CF = 6672.89 - 6187.73 = 485.06
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Model 1
SS = 245.08%°4199,90° - CF = 6251.51 - 6187.73 = 63.78
SSBreeding = 116,28° 4==et 96.252 = CF = 6225.26-6187.73
group )
= 6225.26 = 6187.73 = 37.93.
SS : pod -
line = 62.05 +===t444 , 25 - (CF + SS + S5
x BG T Pline Beg
= 6297.,91 - 6289,04 = 8,87
SSepror = 485,06 - (63,78 + 37.53 + 8.87) = 485.06-110,18=374,88
Model I1.
Ssline = 63,78
58 44 = 232,99 4 211.99° = CF = 6201.51 - 6187.73 = 13.78
16
35,1 = 232,02° + 212.96° = CF = 6199.08 - 6187.73 = 11.35
16
. - 2. __ oel_ (¢ a a
bssij = 116,28 +; +96,25 (CF + ngi + Sugj)
= 6225.,26 = 6212.86 = 12,40
. 2 pd )
rij > S
SSerror = 485,06 =(63.78+=mm=m $27.86) = 355.89
Analysis of Variance 1
Sources daf 88 MS F F.95 F.99
Line 1 63.78 63,78 4,08 4,26 7 .82
Breeding group -3 3753 12,501 0.80 3.01 4,72
Line x Breeding
gTroup 3 8.87 2.96 0,19
Error 24 374 .88 15,62 -
Total 31 485,06

No effect is significant,
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APPENDIX IX

Analysis of Hen - Day Egg Number

Model: I and II.

Observed tata

Breeding

groups A c D
Genotypes “Sl S4 Hy Hy -82 SS H, He
Rep: 1 12.42 8,28 10,21 9,24 8,17 8.36 9,00 8,53
2 16.61 15.39 15,70 13.68 13,81 10.28 1021 9.87
3 19,57 17.15 22,11 15.58 20.09 13.18 14,87 11,70
4 15,70 15.52 19,01 13.73 21,14 19.11 18,84 15.80
Total 64,30 56,34 67,06 52.23 66,61 50,32 52.92 45,50
Mean 16.08 14,09 16,77 13,06 16,65 12.73 13,23 11,48
S.D. 2.3 3,95 5.08 2.69 5.79 4.69 1.52 3,16
summary into Brecdineg group by line
Line A B C » Total Mean
Male 64,30 67,06 66,671 52.92 250.89 15.68
Female 56,34 h2.23 50,93 45 .90 205,40 12 4841
Total 120.64 119,29 117.54 98 .82 456,29 14,26
Mean 15.08 14.91  14.69 12,35 "
Summary into sire breed and Dam breed by line
Line S=Sire H=5ire S=dam Hedam
Male 131,36 119,53 130,91 119498
FPemale 108.57 36 .83 107,27 98,13
Total 239,33 216436 238,18 218,11
Mean 15.00 13,52 14,89 13.32
Reciprocal Differences
Rep. Male line (H1 - 52) Female line (H _SS)
1 1,87 (10,24 - 8.37) 0.88 { 2,24 - 8,36)
2 -1.31 (15.70 - 17.01) 3.40 (13.68 -~ 10.28)
3 \2002 (22911 — 20009) 2-/10 (15.58 - 13.18)
.13 (19.01 - 21.14) ~5.38 (13.73 - 19.11)
f sums of sguares,

N .

AENR .27



Model I. | - =125

55 = 2500892 + 205...402 — CF = 6570,93 - 6506.,27 = 64.60
lire TE —_—

ss .
Breeding 150,642 4omuer 98.82° - CF = 6545.64-6506.27 =39,37
group = 3

55 ol 2
line X:.:‘: 64050 +"-"'—"""+ 45080 b (CF + Ssline + SSBG)
BG 4 o
= FB617,95 =~ 6610.3 = TF,65 .
88 = 541 50 — (64,66 + 39,37 + 7.65) = 541,50 - 111,68
error -
Model II.
Ssline = 64,66
Ssgi = 239u932 + 216.362 — CF = £523.63 = 6506.,27 = 17.36
16 :
5S4 - 23B.18° + 218.11° — CF = 6518486 — 6506.27 = 12,59
1% _ _
55 = 120 642 98 822 (CF + SS + 58 }
81 = u 5-__+ 2 - Sire dam
= 6545.64 - 6536.,22 = 9,42
SS .. = 1.87% tmmmmt (=5.38)° = 60.87 = 30.44
rij b )
S8 = 541,50 ~(A4,66 +m——+ 80,44) = 541.50 - 134.47
error
= 407.03
B | Analysis of Variance I
Sources af 88 M5 F Fa925 F.99
Line 1 64.66 64.66 3.61 4426 7.82
Breeding o '
group 3 39,37 13.12 0,73 3.01 4,72
Line x BG 3 T.65 2.55 .14
Error 21 429,82 17.91 -
Total 31 541,50
Analysis of Variance II
Sources df S5 MS F Fl.95 F.99
Line 1 64,66 64.66 4.13 4,23 Te72
Sire breed 1 17.36 17.36 1.11
Ham breed 1 12,59 12,59 0,80
SCA 1 9.42 3,12 Q.60
Reciprocal 1 30,44 30,44 1.34
Error 26 107,03 15.66 -

Total 31 541,50
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Analysis of variance 11 (Pooled)

Sources

df 35 M3 F F.25 Fe99

Line
GCA .
C (gi + g]

1 64.66 64.66 4,29 4.21 7,68
) 1 29.95 29,95 1.99 '

1 9.42 9.42 .62
1 30.44 30.44 2.02
27 407.03 15.08 -

SCA

Reciprocal

Error

Total 31 541,50

Line effect alone is significant (P/0.05).

Heterosis in Hen-Day Egg Produc tion

A Comparision of the crossbred group with mean performance

of the parents ( on monthly basis).
(1) Male line

{a) Within 8 x H.qroup (b} Within HxS group
Rep « D A dev. %dev. S, dev. #dev,
1 10.71 10.24  =0.47 -4,40 8,37 ~2.23 ~21.85
2 13.41 15,70 2,29 17,08 17,01 - 3.60 26.85
3 17.22 22.11 4.89 28,40 20.09 - 2.87 16.67
4 ’ ‘l7¢27 191‘01 1.14 10-08 21914 3087 22n’l‘1.
Mean deviation - 2,11 12,79 - 2,00 11.02
S.E. of deviation = 1.10 6 .86 1,50 11.15
£ o= 2.11-0 = 2.92"%: 12,790 £ = 2.00-0: 11.02-0
T.70 .86 i 1.5 11,15
- 1.86"° = 1,338% 1 gggN®
t (0.05,3) = 3,182. ‘ o
(i) Female line.
(a) Within S x H group (b)) Within H x S group
— H
Rep. p H4 dev. %dev, Eg deva. %dev,
1 81\41 9-24 0983 9!87 8036 _0005 ""0959
2 12.63 13.68  1.05 8.31 10.28 ~2.35 -18.61
3 14043 15,958 1.15 7«97 130‘18 _1.25 - 8066
4 15,66 13.73 =1.93 -12.32 19.11 3.45 22.03
Mean deviation - 0.28 3.46 - ~-0.0% - 1.46
$.E. of deviation 0.74 5.28 o 1,26 8.65
£ = 0,28-0 = 0.38V%; 13,460 £ = ~0.05-0: ~ 1.46-=0
0.74 SRR PY-1- R A - T 8.65
- 9.66" b = 0.0aN3 0.1743

Conclusion:

No hetcrosis is significant despite the high

values for male lines,
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Compar-sion of the crossbred groups with mecan performance

: or the parents {(weekly basis).
(1} Male line
{a) “ithin § x H crossbred group (b) Within H x S group
Rep. P Hy dev. %dev. S, dev. %da¥ o
1 2.03 2.02 -0.01 -0.49. 1492 -0, 11 --5,42
2 2.34 2.37 0.03 1.28 1.20 -0,44 -18,80
3 2.97 2.55 ~0.12 ~11.14 1.87 - 10 -37.04
4 3,04 2,93 -~0,11 ~- 3,64 2.32 ~0,72 =-23,68
5 2.99 3.39 .40 13.38 3,46 0.47 15,72
6 2.91 3.02 0,11 3.78 3.80 0.89 304585
7 2.82 3.1% 0.34 12.06 4,33 1.51 53.55
8 .82 4.39 0.57 14,92 4,37 0,55 14,40
9 4.06 5.35% 1.29 31.77 14,21 0.15 3.69
10 4,39 5.12 Q473 16.63 4,03 -, 386 - 8,20
11 3.91 5.65 1.71 13,40 4.89 0.75 19,04
12 4.25 5,00 0.75 17.65 5.67 1.42 33.41
13 2,00 5.28 1.28 32,00 4,91 0.94 23.50
14 2230 4.0l 0481 21.32 6.07 227 59,71
15 3,65 4.60 0.95 26,03 5,23 1.58 43,29
16 4,40 5.086 0.66 15.00 5.14 Q.71 16.82
Mean dev, - C.58 114449 - 0,53 13,793
SE of dev. - 0.14 3.71 - 0,23 6.68
t = 0.58=0 = 4.14%*%; 14.44=0 t = 0.53=0: 13.79-0
0,14 3.71 0.23 E.68
= 3.80%e 2.30° = 2,06"°

£ (0.05,15 = 2.131

1

s t(0.01,15) =2.947

Conclusion:

The heterosis by H
{(P/0.01} and that by S

i
2

is-madhly significant
is significant (P/0.05).
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(ii) Female line
Witnin S x H group Within H x S group
Rep. P Hy, dev, %dev, S¢ dev. ¥dev.
1 1.95 1.91 -0.02 ~1.04 | 2.04 0.11 5.70
2 2.00 2.00 0.00 .00} 2.10 0.10 5.00
3 2.20 2.32 0.12 5.45 2.22 0.02 0.9
4 2.22' 2.75 053 23 .87 1.95 -0.27 -12.16
o, 2.45 3.31 0.86 31.62 2.5 -0.30 =12.24
6 2.7 3.40 0.68 25.00| 2.49 -0.23 - 8.46
7 .34 3.02 -0.32 - 9.58| 2.65 -0.67 -20,06
8 5.45 2.98 =0.45 -13.12 2.51 -0.92 -28.82
9 3.32 3.84 0.52 15.66§ 2.93 -0.39 -11.75
10 3.39 4.13 0.74 21.83 S T2 -0.27 - 7.56
11 3.59 4.21 0.62 17.27 ¢ 2.82 -0.77 -21.45
12 3.61 3.6 0.00 0.00} 3.26 -0.35 - 9.70
13 355 3.26 =0.% - 8.73 3.76 0.21 5.92
14 3.73 3.69 ~-0.04 - 1.07} 4.90 1.%7 337
15 385 3.53 ~0.32 Bsd) 4.7 0.86 22.34
16 4,03 2.66 -1.37 -34,00 | 4.61 0,13 B2
Mean deviation 0.08 4,05 - -0.10 -3.61
S.BE. of daviation 0.14 4,35 0.14 3.94

t =

0.08-0 = 0.57Y°
P

4,05=-0 =0,93

NS

t = -0.10-0; -3.61<0
0.4 7.9

=07 = =0,92M°

e

Conc

B.

lusion: ‘None of the

Within line comparison of the

themselve: .

heterosis is significant,

crossbred groups among

a) Male line Female line
Rep Hy 32 Hy, Sg
2 0.03 -0.44 0,00 0.10
3 "0."‘2 -1 .10 0-12 0.02
4 -0.11 -0.,72 0.53 -0.27
S 0.40 Q.47 0.86 ~0.30
6 0.11 0.89 0.68 ~0.23
7 0.34 1.51 -0.,32 -0.67
8 o. 5? 0055 -O.Q‘j ‘-0192
9 1.29 0.15 0.52 -0.39
10 0.r{3 -0-56 0-71‘5 ""0027
12 0.95 1.42 0.00 -0.35
1% 1.28 0.94 -0.31 0.21
14 0.61 2.27 -0,04 1517
15 0.95 1.58 -0.32 0,86
16 0.66 0.74 __=1.37 __0.13

i =
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4X = 9.29 8.54 1,24 -1.57
4x° = 10,46 1734  5.08 4,64
£ = 0.58  0.53 0.08 © «0.10

L = 16(10.46)-9.29%; 16(17.36)-8.543 1L =16(5108)-1.24°; 16(4.g§)

_ . j;-(—1;51
= 81,06 . 204,51 79.74 - 71.78
) o , _
GE o= 81.06 =0,34 204,51 = 0.85 79,74 =0433 71,78 =0.30
TB095) T6(15) | T6(715) T6115)
£2 = (16516-2)£16(9.29~8.54)3%] +2=(16418-2)416¢126)-16(~1.57)}2
(16+16)¥16(61,06+204.51) (16+16)§16(79.76+71.78) )
= (2€) (144 __3)0;03 | (30)(2021.40) = 0.78
%3?5%556%:1 o %3?%{2H25232%
t =y T0F =07 t = 0778 - 0.8

t = (0.05,30) 2.042
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APPENDIX X

Analysis of Feed consumption (G/bird/day).

Model: I and II
Jbserved Data

Breeding o
groups A B G D
Genotypes 51 54 H1 H4 S! 55 H2 HS
Rep: 1 113,42 76.58 73,71 84,37 71.02 70,09 73.24 68.90

2 118.57 98.46 85.12 B81.22 83.42 73.47 94.99 68,21

3L 152.38 107.52 104.96 109,04 106.87 90,38 97.34 68,97

4 151,05 87,02 112,50 110.61 126.46 101.93 116.36 95403
Total 535.42 369.58 376.29 385.24 387.77 335.87 381.93 V1.11
Mean 133,86 92.40 94.07 96.31 96.94 83,97 95.48 75.28

.
SD 20.74 13.47 17.82 15.67 24.66 14.91 17.64 13.17
Summary into Breeding Groups by line
Line A B % D Total Mean
Male 535.42 376.29 387.77 181,93 1681.41 105.09
Female 369.58 385.24 335.87 301.11 1391,.80 86.11
Total 905.00 761,53 723.64 683.04 3073.21 96.04
Mean 113.13 95.19 90.46 85 .38
Summary into Sire breed and Dam breed by line
Line S~=Sire H =Sire S—- dam H- dam
Male 911,71 769 .70 923,19 758,22
Female 754.82 636.98 705,45 LV 35
Total 1666,53 1406 .68 1628.64 1444,57
Mean 104,16 B7.92 101,79 90,29
Reciprocal Differences
Rep. Male Line (H, -52) Female Line (H4 —55)
g I 2.69 (73.71 - 71.02) 14.28 (84.37 - 70.09)
Computation of sums of squares
CF = 3071.2?2 = 295144.37
32
2 2

SS = 113,42 tevccama- + 95,03 - CF =

Total

MCccAmn rcCc

310715.02-295144,37
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Model I
SS - 1681.422 + 1391.802 - CF=2977.65.43 - 295144.37 =2621,06
line -~ 16
85 2 2 .
Breeding = 905.,00° +-====+683,04" - CF = 298643.93 - 295144.37
group 8
= 3499.56
s 2 85 SSs
Ssline . Bg = 335.42 z-——+301.11 - CF + "“line + “"BG)
= 303244.99 - 301264.99 = 1980.00
- - Q29,58 )
SSerror = 15570.65 (2621.08 + 3999,56)+ 1980.00)
= 15570,65 - 8100.,62 = 7470.03
Medel II:
SS)ine = 2621.06
SSgi < 1666.532 + 1406.682 - CF = 297254.43 - 295144,37
16
= 2110,06
Sng = 1628.642 ‘ 1444.572 ~CF = 296203,.17-295144.37 = 1058.80
16
ss 905,002 4o—cut 683.04° ~(CF + S5g1 + SSq3)
sl = "= 7 2 & g/
= 298643.93 -~ 298313,23 = 330.70
S5, . 2560° pemsune + 8.68° = 896.17 = 448,09
13 > '
SS p
errar 15570.65 = (2621.,06 +==—====+ 448,09)
15570.65 - 6£568.71 = 9001.94
Analysis of Variance I,
Sources df S5 MS F ng FQ&_
Line ; | 2621,06 2621.06 8.,24°*" 4,26 7.82
Breeding group 3 3499,56 1166.52 3.75* 3,01 4,72
Line x Breeding
group 3 1980,00 660,00 2,12 -
Error 24 7470,03 311.25 -
Total 31 15570.65
* P/0.05

** B/0.01
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Analysis of Variance II

Sources o df S8 MS F 595 f99
line 1 2621,06 262106 7,57° 4,23 7.72
Sire brezd (gi) 1 2110,06 2110,06 6,0
Dam breed (gj) 1 1058,80 1058.80 3,06
SCA (sij) 1 330,70 330,70 0.96
Rec. (riy) 1 448,09 448,09 1.29
Error 26 5001,94 346,23 -
Total 31 15570 .65
Analysis of Variance II (Pooled)
Sources df 58 MS P f95 Fgg-
Line 1 2621.06 2621.06 7.86°** 4,21 7.68
GCA (ci : gj) s | 3168.86 3168.86 9.50°*
%CA p ! aag.go 330.70 0.99
e - - - -
Ergor 24 9001.9 %%9.9? 13
Total 31 15570.65
* P/0.0S
** P/0.01
Duncans Multiple Range Test
SE ”I %?ﬁ. =I 311.25 = 4.41 Where n « 4 months
s x4 r = 4 rep. pens
Least significant Range at 5% and 1% levels
5% 1%
Values ol
P 2 3 4 2 3 4
SSR (24 edf) 2492 3.07 3415 3.96 4,14 4,24
LSR 12.88 13.54 13.89 17.46 18.26 18,70
1. To test Breeding group means
Significance of means differences
r
3 A B C D
! 113:13 95.19 90.46 85,38
L]
D 27,750 9.81 5,08 -
'
Cc : 22,67 4.73 -
B : 17.94°** i
A -
1
H
Cesmasm = ane s a Aa nb f‘b r\b m AN M
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24 To test genotypes by line

A) | Male line b) Female line
5 >
54 Sy Hy  Hy Hy 4 5 Hg
133.86 696,96 95.48 94,07 96 .31 92.40 83,97 75.28
H,l 39,99+ °2387 1.41 - H5 21,03 17,.12°* 8,65 -
H2 38.38°** 1,40 - SS 12.34 8.43 -
52 36.92.. - 54 3.‘)1 -
5,1 - H4 -
Summary:
a b .b . .b a .ab .ab b
Summary: Sy S; Hy Hy P/0.01 1. Hy 5,7 Sg Hg P/0.01
—w"——
a .a .ab b
2 H4 S4 S5 HS P/0.05

3. To compare Sire-breed means by line in order to determine

if S-Sire birds consumed more fecd on both lines.

Significance of Difference in

means

Line S-Sire H=Sire Difference
Male 113.96 96.21 17.75%»
Female 94,35 79 .62 14,73

On both male and female lines, S-Sired pullets consumed
significantly more feed (P/0.01 and P/0.05 respectively)
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1Heterosis in Feed consumption

A. Comparison of the crossbred group with the mean performance
of the parents.
a) Male line
(i) Within SXH GROUP ‘1D Within HXS group
2
Repe P Hq dev. %dev. S, dev. Rdev,
3. 124,87 104,96 -19.91 =15.94 106.87 -18,.00 -14.41
Mean Deviation -20.60 -=18.28 - ~17.73 -16,.,40
S.E. of deviation 0.49 1,38 - 3.68 4,19
t = =20.60-0; - 18,28-0 t = <17.73-0; =16.40-0
. R % .68 4,19

= =42,04°** = =13,25°*¢ = = 4.,82* = - 3.,91°
t(0.05,3) = 3.182 t0.01,3) = 5.841
b) Female line
(1) Within SXH group (i1) Within HXS group
Rep P Hy dev. %dev. Sg dev., %dev,
%o 72.74 84,37 11.63 15.99 70.09 - 2.65 - 3,64
2e 83.34 81.22 - 2,12 = 2.54 73.47 - 9.89 -11.84
3. 88.25 109.04 20.79 2356 90,38 2:13 2.41
4. 91.03 110,61 19,58 21:51 101593 10.90 11.97
S.E. of deviation 5.27 5.94 4.87 5.02
t = 12.47-03 14 .6 340 t = 0.13-03 =0.28-0

- 2,37V 2 46N> - 0,087 .o osN®
5
Negative values are desirable and regarded as positive

heterosis.
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B. Within line comparis on ofthe crossbred groups

Male line Female line
Rep. H,1 52 H4 S5
3 -19,91 -18.00 20.79 2,13
4 -21,20 - 7.24 19.58 10.90
X -81,39  =70.91 49.88 0.51
# x*  1699.95 1418.84 955.35 227,79
L= 4(1699.95)=(~82.392); 4(1419.84)= | L=4(955.35)-49.88°%; 4(227,79
- 2
(=70.91%) =UaSi
= 11.69 = 651.13 =1333,39 = 910,90
s2 = 11.69 = 0.97; 651.13= 54.26 s? - 1333,392111.12; 910.90
a3) 173) 12 17
= 75.91

> ( ) ( )5
(4135%4{13.3§+351.T§5§
1.28)
NS
t = +/ 0.59 = 0,77
df = 4 + 4 = 2 =6

> 3 ( )5
t =(4%4-2)(4(49,88-0,51))

(4+4) 14(1333,39+910.90) )

(6) (38998.35) = 3.26
(BY (8977 :16)

t s ST = 1.81M°

Cenclusion: Each pair of crossbred groups produced statis-
tically the same heterosis.
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APPENDIX XI

Feed/dozen Eggs)

Model: I and Ii
Observed Data

Breeding A B D
group B
Genotypes 51 84 Hy H4 52 S5 H2 H5
Rep., 1. 3.28 %,34 2.59 3.29 3.06 3.02 2.724 2.90

2 2.57 2.30 1.95 2,14 1.76 2a07 3a35 2.49

3 2.80 2.26 1.71 2452 1,32 2ad7 2.36 2,12
_ 4 1.6 2.02 2.13 2.90 2.15 1.92 2.22 2417
Total 12,11 9.92 .38 10.85% £.83 9.98 10.87 9,68
Mean 3.03 2,48 2.10 2.71 2.22 250 2,72 2,42
S.D. 0.41 0,59 0.37 0.49 0.58 0.45 0,52 0.36
Summary into Breeding groups by line )
Line A B C D Taotal Mean
Male 12.11 3,38 8.89 10.87 40,25 2452
Female 9.92  10.85 9.98  9.68 40,43 2,53
Total 22203 19,23 18.87 20.%5 80.55 252
Mean 2.75" 2.40 2236 2.57
Summary into sire breed ana Dam breed by line
Line 5-8ire H-Sire S5~dam H=dam
Male 20.49 19.76 21.00 19,25
Famale 20.77 19,66 19.%0 20.23
Total 41.2@ 39.42 40.90 39,78
Mean 2.58 246 256 2.18

Réciprocal Differences
RED . Male line (Hiﬂsz) Female Jine (H4~SS)
1 -0047 (2.59"3006) 0.27 (3029 -— 3.02)
2 0,19 (1.,95=1.76) =0.43 (2,14 ~ 2457)
3. —0.21 (1.71%‘.].‘92) 0.0S (2a52 - 2047)
4 -0.02 (2.13-2.15) DL.BB (2,90 = 1,92}
Computation of sums of squares.
CF = 86.68° = 203.41
3 . _ :
2 2

SSTotal = 3,28 R —— + 2.177 = CF = 211.40=203.41 = 7.99
Model I
$S, .o 40.25° + 40.43° = CF = 203,42 = 203.41 = 0,01




SSBreeding = 22.032 e m = + 20,55 - CF
group 8
= 204,19 - 203,41 = Q.78
- 2 2 e
5%1ine x BG 12,11 +_-2_—+ 9,68 - CF + 88, o *+ Sigg)
S8 ror = 7.99 - (0,01 + 1,68 + 0.78) = 7.90-2.47 = 5.52
Model II.
SSline = 0.01 .
55 - 41.26° 4+ 39.42° _ CF = 203.52-203,41 — 0,11
gi 6
s3 = 40.90° 4 39,78% - CF = 203.45-203.41 = 0,04
gJ 1E
ss - 22.03° 4+ 20.55° - (CF + SS_, + SS_.)
(si9) = ® — gi g3
= 204,19 - 203.56 = Q.63
SS = —00472 e 09982 = 1.5213 = 9-76
ril 2 -
SS - 7.99 —— (0.01 o e . ke ek sk F 6.76) = 7.99-—1.55
error
= 6,44
Analysis of Variance I
Sources df SS MS B ?95 ?99
Line 1 .01 0,01 0.04 1,26 7.82
Breedling : '
group 3 0.78 0.26 1.13 3.01 G4.72
Line x o _
Breeding 3 1.68 0.56 2.43
group _ _ _
Erret 24 5.52  0.23 -
Total 31 7438
Analysis of Variance TI
sources df S8 M3 F ng E99
Line 1 0.01 0,01 0.04 4,23 Tq72
Sire breed 1 Call 0.11 0.44
Dam breed 1 0.04 0.04 0,16
SCA 1 0.63 0.63 2052
ReC. 1 0.6 0.76 '3.04
Error 26 6 014 0.25 = .f;".w.
Total 31 7,99

No effect 1s significant.




w1%8-

Heterosis in Feed Effigiency

{negative values are desirable)

of the parents.

a) Male line

Compar ison of the crossbred groups with mean performance

Within H x S group

Within S x H group

kRep, e Hq Dev. #dev. S, dev. »dev,
1 3.11 2,59 =052 =16,72 3.06 -0.05 -1l.01
2 2.96 1.95 -0,01 -34,.12 1.76 =1,20 40,54
3 2.58 171 =3,87 =33.73 1.32 0,66 =25.58
4 2.84 2.13 -0, 71 -25.00 2a15 -0.,69 =24.,30
Mean deviation -0,78 -27.38 - 0,69 ~23.01
S.E. of deviation 0.11 4,13 0.24 8.03
t = =0.78 -0y «~27,39.0 . t= «-0,63-~03 —23.01
0.1 4,1 0.24 . 8.03

= 7.09%s =  —6463%e = 2,71 o 2,878
t (0.05,3) =3.1823 t (0.01,3) = 5841 .
b) Female line

Within: SxH qroup WithinH x S group
Rep. P H, dev, %deva S dev, %de¥.
1 3.12 3.29 Oni? 5045 3002 —0.0l """3'21
2 2.40 2.14 -0,26 =10.83 2.57 0.17 7.08
3 2,19 2,52 0,33 15,07 247 0.28 12,79
4 2.10 2.930 .80 38,10 1.92 -0.18 =B.57
Mean deviation 0.26 11.95 - 0,04 2,02
S.E. of deviation 0,22 10,23 - 0,11 4,84
t = 0.26=03;  11.95-0 = 1,17N° t= 0,04-03 2,02-0

0.02 10,23 0,31 4 .84
- 1.18N3 = 0,360 = 0,420
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B. Within line comparision ofthe crossbred qroups among

themselves.
Male line Female line
Rep H1 52 H4 SS
1 ~0,52 ~0,05 0.17 0410
2 -1.01 ~1.20 -0.26 0.17
3 ~0.87 ~0.66 0.33 0.28
4 ~0.71 ~0.69 0.80  -0.18
4 x ~3,11 —2,60 1.04 0.17
4% 2.55 2.35 0.85 0.15
x -0.78 ~D.65 0.26 0.04
2 2 )
L = 4(2.55)={=3,11)%; 4(2.35)~ L=4(0.85)=1.04"34(0,15)=0.17
(=2.6%)
= 0,53 2.64 2.32 0.57
s? 0.53 2.64 2,32 0.57
YD) v T -
= 0,04 0.22 0,19 - 0.05
i
£2 = (444-2)84(=3.11)-4(=2.60)3% t° = (444-2)14(1.04=0.17)3°
(4+4) 1410.53 + 2.64) (4+4) £4(2.32 + 0.57))
= (6)(4,16) = 0.25 = (6)(12,11) = 0,79
TEY(12.58) (BY(171.56)
£ =y 0.5 = 0.5 Tt YOS - e 20,8908
t (0.05,6) = 2.447
Conclusion: The Kcterosis exhibited by each pair are not

statistically differenta.
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NDIX XTI

Laying House Mortality

Model : I and II.

Observed Data (% Mortality)

Breedilng .
groups A B c
Genotypes Si 54 H1 H4 32 55 H2 H5
Rep: 1 1.27 3,20 1,60 0.86 0 0 0 0
2 1.27 0.80 0.85 1.02 4,00 3.49 5.60
3 1.27 0.80 0 2.56 0] 0,80 3,49 1,60
4 3.80 4.80 4,00 0.85 0 4.00 1.16 1.60
Total 7.61 3.60 5.60 5.11 1.02 8.80 B8.14 8,80
Mean 1.90 2.40 1,40 1.28 0,26 2,20 2,04 2,20
SDDu 1.27 1-96 ‘1989 Op86 OOS‘:L 2::10 T&m 2¢38
Transformation into Arc' sine Angles
Rep: S1 54 H1 H4 52 SS H, H5
1 6.55 10.31 7.27 5.29 0 0 N ¢ 0
2 6.55 5,13 ¢ 5.29 S.74 11,54 10,78 13,69
3 6.55 5,14 0 9.28 0 5.13 10.78 7.27
4 11.24 12.66 11,54 5.29 0 11.54 6.29 7.27
Total 30,89 33.23 18.81 £25.15 5474 28,21 27.85 28,23
Mean 7.72 8.31 1,70 £.29 1.44 7,05 .90 7,06
Summary into Breeding group by line
Line A at C &) Total Mean
Male 30,89 18.81 S.74 27.85 83.2% 5421
Female 33.23 25.15 28 .21 28.23 114,841 7.718
Total 64,12 13 .96 33.95 56 .08 198.11 6,19
Mean 8.02 5450 1,24 7.01
Summary intc Sire breed and Dam breed by line
Line S=Sire H~Sire S—dam H—=dam
Male 435,70 33.59 36.63 46 .66
Female - f...58a38 56.4‘4 61.44 53¢38
Total 108.08 90,03 . 98.07 100,04
Mean 6&13 6.25

.76

5.63

b
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APPENDIX XTI

Laying House Mortality

Model: I and II.

Observed Data (% Mortality!

Breeding A 8 c 5
groups
Genotypes Si 34 H,l H4 32 SS H2 H5
Rep: 1 1.27 3.20 1.60 0.86 0 0 0 0
2 1.27 0.80 0 0.85 1,02 4,00 3.49 5,60
3 1.27 0.80 0 2.56 0 0.80 3.49 1,60
4 3.80 4.80 4.00 0.85 0 4,00 1.16 1.60
Total 7.61 9.60 5.60 Sa 1l 1.02 8.80 B.,14 8,80
Mean ‘1.90 2.40 1.40 1.28 0.26 2.20 2.04 2.20
S'D. 1.27 1.96 1089 0.86 0.51 2.10 1"%‘ 2.38
Transfomation intc Arc’sine Angles
Rep: 81 S4 Hi H4 52 S5 H2 HS
1 6.55 10.31 2227 5.29 0 0 0 0
2 6.55 5.13 0 529 5.74 11.54 10,78 13,69
3 6+55 5,14 0 9.28 0 Del3 10,78 727
4 11.24 12.66 11.54 5429 & 21,54 629 7,27
Total 30,89 33,23 18.81 25,15 5774 28.21 27.85 28,23
Mean 7.72 8.31 4,70 hal9 1.44 7.05 6.96 7,06

Summary into Breeding group by line

Line A 8 e D Total Mean

Male 30.89 18.81 5.74 274,85 83.29 5¢21

Female 33.23 29215 28 .21 28,23 114 .84 7.18

Total 64,12 43.96 33.95 56 .08 198.11 6,19

Mean 8.02 5:50 4.24 7.01

Summary into Sire breed and Dam breed by line

Line - S=Sire H=Sire S=dam H-dam
Male 49,70 33.59 36.63 46.66
Female _ﬁL.58.38 56 .44 61.44 53.38
Total 108.08 90.03 98,07 100.04
Mean 6.76 5.63 6.13 6425
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Reciprocal Differences

Rep. Male line (H, -=S,) Female line (H, -SS)
1 727 (7,27 = 0.00) 529 (5,29 - 0,00)
2 =5.74 (0.00 = 5474) ~6.28 (5.29 = 11.54)
3 0 (0.00 = 0,00) 4.15 (9:.28 =~ 5,13)
Computation of sums of squares
CF = 198.11 = 1226,49
2 2 =
- - 6055° $mmme—t 7.27° = CF = 1821.06 - 1226.49 = 594,57
Model I.
55 83.292 4 114.82° - CF = 1257.55 = 1226.49 = 31.06
line 3
SS 2 2
Breeding= 64.12° +-=~+56,08" - CF = 1292.,68 - 1226.49 = 66,19
group 8
ss 2 2
line xBG= 30.89 +z-—-+ 28.237 -~ (CF + ssline - ssBG)
i T B2 = 1361,52 = 1323.74 = 37.78
_SSerror = 594,57 - (31.06 + 66,19 + 37.78) = 594,57 - 135,03
= .-_"f.r - 459.54
Model II.
SS e = = 31.06
58,5 = 108.08° + 90.03° = CF = 1236.67 = 1226.49 = 10.18
16
5S4 = 98.07% + 100.04° = CF = 1226.61 = 1226.49 = 0.12
16
SS = 64.122 PU—— -+ 56.08° - (CF + S8 + SK )
sij g = sire dam
= 1292.68 - 1236.79 = 55.89
S5, 8 7227 gt (56425)° = 342.31 = 171.15
7 —
SS _
error = 594,57 = (31,06 4=———m—memeaas 171,.15)

594,57 - 268,40 =

326.17
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Analysis of Variance 1

Sources df s8 MS F 595 599
Line 1 31.06 31,06 1.62 4.26 7.82
Breeding
group 3 66,19 22.06 I 3.01 472
Line x
breeding 3 37.78 12.59 D.66
gqroup
Error 24 459,54 19,15
Tolal 31 594,57

Analysis of Variance II.

|3 1 ~

Sources df 85 MS F 395 599
Line 1 31.06 31,06 2e47 4,29 Tal2
Sire breed 1 10.18 10,18 0.18
Dam breed 1 D.,12 Os12 0.01
SCA 1 55.89 §55,.89 4.45"
Reciprocal 1 171.15 171,15 13,64°*+
Error 26 326,17 12.85 -
Total 31 594.57

Juncan's Multiple Range Test

o - jﬁg—— - 1 12.55 = 04,89 Where n = 4 montts
nxr axa
r = 4 rep.
pense
Least Significant Range Va'ues at 5% and 1% level
5% 1%
values of P 2 3 4 2 3 4
LT 2,91  3.06 3.14 3.93 4.11 4.21
LSR 2459 2472 2.79 3.50 3.66 3.75

1. To compare the Reciprocal means

S X H H x 5 Di fference

5,50 4.24 1.26NS
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2. To compare the reciprocal means by line
Significance of differences in mean
Line S % H Hx S Difference
-
Male 4,70 1.44 3,26
N5
Female €.29 7058 0.76
SxH group of male line (Hl? is inferior to its reciprocal (52)

in terms of livability.

3+ To test SCA means.
Significance of dirference in Means
A D B C
8.02 7.01 5.50 4.24
c 3.78% 2.77¢ 1,26N° -
B 2 5295 1,51M° -
D 1,01N8 _
A - Summary:
(1) A* p® g% P ps0.01
(2) A* p® B P pro.0s
tHeterosis in Laying House Mortality
A. SBomparision of the crossbred groups with mean performance
of the parents. Negative values are desirable,
a) Male Line
within SxH group Within HxS group
Rep. P Hy dev. %kdev. s, dev. %¥dev,
1 3,28 7.27 3.99 121.65 0 -3,28 -100,00
2 8.67 0 -8,67 ~100.00 | 5.74 -2.93 - 33,79
3 8.67 0 -8.,67 -100,00 0 -8.67 -100,00
Mean deviation -2.65 - 11.69 - -5.91 - 83.45
S.E. of deviation 3.49 54 .20 1.62 16,55
t = -2.65—0*_ -11,69-<0 t = -5,91=-0: ~ 83,45-0
3.49 54.20 1.6 16.
. 026" T i =  =3.65° = - 5,04°

£ (0,05,3) = 3.182; t (0,01,3) = 5.841]

1

Negative values indicate positive heterosis.
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B) Female line
Within SxH group Within HxS group
Repa P H/1 dev. %deva. 55 dev. %deve
1 5,16 5.29 0.13 2.53 0 54,16 =100.00
2 9,41 5,29 =4,12 ~43.78 11.54 24+23 22.64
3 6,20 9,20 31,08 49,68 513 1.07 =-17.26
4 9.‘;7 5029 -‘4.68 —":16."3‘1 11054 ’1.5’? ‘;5-75
Mean deviation -1,40 -~ 9.63 - =0,63 =19.72
S.2. Df deviation 1.84 22.77 - 1.66 28,14
t = «1,40=0: ~9.63=0 t = =0.63=03 -19,72=0
- 0.76" . _p.42V8 = ~0.38"° . _o.70M°
Note: Transformed data were used,
Be Within line compariscn of the crossbred groups.
Male line Female line
Rep Hy S, Hy Sg
) $.99 -3,.28 D13 -5.16
2 -5.67 ""'2-93 "'4-12 2.13
4 2.77 -‘8.77 ""4.68 1.57
% -10,58 -=23965 -5.59 «2 53
"xz 173,93 171.43 48,38 34,77
X ~2 465 5,91 -1.40 -0.63
Le 4(173.93)=(=10.58%)5 4(171.43)= | L =4(48.38)=(=5.59%)3 4(34J7)
(«23.65) ~(=2.55%)
= 583,78 = 126.40 =162,27 =132,68
s® 583.78 126,40 162,27 132,68
4(3) 1 12 1
t2 = (4+4-2)4(<10.58)= 4(-23.65)3% ] £% -(4+4-20{4(-5.59)-4¢2.53)}2
f4+4)¥4(583.78+126»40)3 (4+4)E4(162.27+132.68)§_
= (6)(2733,20) = 0472 (6)(149.82) = 0,095
o 12) 8 *
ST NS 05T NS
t = '/ - = 0.85 t = Y’ - = 0.31
t (0.05’6) = 2.“4?.

Conclusion:

Within each line,

there is no significant differences

between the hetercsis exhibited by the crossbred

groups.



