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ABSTRACT

Two local breeds, namely Fayoumi (F) and Dandarawi (D)and two
exotic ones named Rhode Island Red (R)and White Leghom (L) were used in
4x4 diallel cross mating system. Thirty-two breeding pens were used. Two sires
were mated to 16 dams in each breeding pen. Progeny of F, of all breed groups
(16 groups) were produced in three hatches within two years. A total number of
7284 chicks were used to estimate purebreds, heterosis, general (GCA) and
specific (SCA) combining abilities, maternal ability (MA) and reciprocal or sex-
linked (SL) effects on body weight. Traits of body weight at hatch, 2, 4, 6 , 8 and
12 weeks of age were studied.

Results showed that RR had the heaviest body weight at all ages,
followed by LL chickens. Differences between means of body weights of exotic
and native breeds were significant (P<0.05). Most of crossbreds had higher body
weights than purebreds. Heterotic effect was highly significant (P<0.01) on all the
studied traits beyond BWO.- Crossing between LL and FF gave the highest and
positive heterosis estimates for most body weight traits. Significant (P<0.01)
differences among purebreds and for the effect of MA, GCA, SCA and SL were
obtained on all traits. The LL breed gave the highest and positive effect of GCA
on all body weight traits, followed by RR breed. The RR had superior estimates
for MA in most studied traits. Clearly, the RRxDD and LLXFF crosses gave the
highest and positive estimates of SCA for most traits of body weight compared to
the other crossbreds. The LLXFF cross had superior SL effects for most traits,
followed by DDXLL cross. From the previous results, it could be conclude that
LL sires (as an exotic breed) and FF dams (as a native breed) would be selected to
produce heavy broilers in Egypt through crossbreeding programs.

Key words: Purebreds, heterosis, general and specific combining abilities,
maternal, sex-linked effects and reproductive traits.
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INTRODUCTION

Growth can be regarded as a direct fitness trait that increases productive
efficiency and thereby decreases production costs. Crossing is one method that
can improve growth performance in poultry. In Egypt, some workers (Hanafi et
al., 1991; Mohamed, 1997, Nawar and Abdou, 1999, Sabri ef al., 2000) crossed
native breeds or strains of chickens with exotic adapted ones under Egyptian
conditions. Most of these reports evidenced that crossing local breeds with either
local or exotic ones was associated with the existence of heterotic effects.
Because native chicken breeds had high non-additive genetic variance (Shebl ef
al., 1990, Hanafi et al., 1991, Sabri et al., 2000). This would encourage the
Egyptian breeders to improve local breeds through crossbreeding.

Nowadays, we need more workers for crossing Egyptian native breeds
with exotic ones to determine the superior breeds, gains in performance from
complementary breed effects and heterosis and to develop the superior new
breeds through selecting the best combinations of several breeds. On the other
hand, ignoring any source of variation (genetic or non-genetic effects) in the
model would increase the sampling errors in genetic parameters (Dickerson,
1992). Some previous studies (e.g. Hanafi et al., 1977; Hanafi et al., 1991;
Mohamed, 1997) ignored h ic and purebred effects in the genetic model.
This might increase biased in estimates of genetic parameters. Therefore. all
source of variations should be considered in the genetic model (Harvey, 1979).

The objectives of this work were to: (1) evaluate genetically traits of
body weight in 4x4 diallel mating system among two local (Fayoumi and
Dandarawi) and two exotic (Rhode Island Red and White Leghomn) breeds, (2)
identify superior breeds based on single crosses, (3) evaluate heterotic effect
based on reciprocal crosses and (4) estimate constants for purebreds, general and
specific combining abilities, maternal ability and reciprocals or sex-linked effects
on body weight traits.

MATERIALS AND METHODS

Breeding plan and management

This study was camied out at El-Qanater Poultry Research Station,
Animal Production Research Institute, Ministry of Agriculture, Egypt. Two local
breeds namely Fayoumi (F) and Dandarawi (D) and two exotic ones named
Rhode Island Red (R) and White Leghomn (L) were used in 4x4 diallel mating
system.

All possible purebreds (4 groups) and crossbreds (12 groups) were made
among the four breeds. Thirty-two breeding pens were used. In each breeding
pen, two sires were mated to 16 dams to constitute a particular cross which was
repeated twice. All eggs produced from each breeding pen were individually
recorded according to breed group and collected daily for aten days period.
Progeny of F, of all breed groups (16 groups) were produced in three hatches
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within two years. On day of hatch, all chicks were wings banded to keep their
breed groups. The chicks were brooded and reared from hatch up to 12 weeks of
age at the floor and fed ad libitum using ration contained 22.4 % crude protein,
4.8 % fat and 6.8 % fibers. All chicks were medicated and subjected to the same
managerial conditions.

Data and statistical analysis

Body weight of 7284 chicks were individually recorded (in grams) at
hatch (BWO0), 2 (BW2), 4 (BW4), 6 (BW6), 8 (BWS) and 12 (BW12) weeks of
age. Data of body weight traits were analyzed using SAS program under windows
(SAS, 1996) according to the following lincar models:

Yy =H+ G +H 8, + Y 4(GH), H(G), +(HD), (@), v, Mk ()

where yun= the m™ observation on the bird hatched in the I year of the k" sex
in lhe " hatch of the i breed group, p= the overall mean, G= the fixed effect of
the i" breed group, Hj= the fixed of the j* j" hatch, S,= the fixed effect of the k*
sex, Y= the fixed eﬂ‘ecl of the i year, (GH);= the fixed effect of interaction
between 1 breed group and j" hatch, (GS)s= the fixed effect of interaction
between | breed group and k" sex, (HS)y= the fixed effect of interaction
between j hatch and k sex, and (GHS),;= the fixed effect of i mlcracuon
among i" breed group, j* hatch and k" sex, and €= the random error of the m®

bird assumed to be independently randomly distributed (0, o', ).

Genetic analysis
Data adjusted for the fixed effects were analyzed using the following
model suggested by Kidwell ef al. (1960):

Yujg U+, + Py + 8+ g +m +Cp 41 +e,, (Model 2)
where yp= the k™ observation on the mdmdual bird produced from the i breed
of sire and the j* breed of dam in the h™ type of breeding (purebred or crossbred),
p= the overall mean, a,= an effect common to progeny of the h* type of breedmg
Pi= the effecl commion to all progeny of a mating between of the i breed of sire
and the i® breed of dam, 8i(g))= the effect of general combining ablhty (GCA) of
lhc i"G™) breed, m;= the effect of maternal ability (MA) for the j* j breed of dam,
= the effect of specific combining ability (SCA) of the ij" or ji" cross (i # ).

r;,-= the sex-linked or reciprocal effect (SL) of the ij” cross (i # j) and ey~
random error.

This model was used to test the significance and to estimate the effects
of heterosis, purebreds, maternal, GCA, SCA and SL by applying the restrictions
suggested by Harvey (1979).
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RESULTS AND DISCUSSION

Means of genetic groups

Least-squares means of body weight traits in purcbred and crossbred of
chickens are presented in Table 1. For purcbreds, means showed that RR had the
heaviest body weight at all ages, followed by LL chickens. On the contrary. the
other two local breeds were lighter in body weights. The differences between
means of body weight of exotic and local breeds were significant (P<0.05).
Moreover, effects of breed group were highly significant (P<0.01 or P<0.001) on
all the studied traits (Tables 2 & 4). Means of body weights of purebreds in this
work were higher than those reported by Sabri ef al. (2000) for DD and FF. On
the other hand, it was lower than those reported by Hanafi ef al. (1991) and
Mohamed (1997) for LL and FF. However, DD chickens had heavier body weight
at early ages (from hatch to 4 weeks) than FF while at later ages (from 6 to 12
weeks) the reverse was observed (Table 1). This might be due to the maternal
effects of FF were better than DD at the early ages (averaged -2.25 vs —0.65
during the period from hatch to 4 weeks) as found in Table 5..

For crossbreds, least-squares means in Table 1 indicated that LLXFF
cross gave the highest weight at 2, 4 and 12 weeks of age. When comparing
purcbreds with crossbreds, most of crossbreds were higher in body weight than
purebreds (Table 1). This is in agreement with what reported by Sabri et al.
(2000) in this concern. Moreover, least-squares constants in Table 5 showed that
cross increased the overall mean by 0.058, 1.8, 6.42, 16.1622.92, and 37.10
grams in BWO, BW2, BW4, BW6, BW8 and BWI12, respectively. Several
Egyptian reports (Hataba, 1980; Kosba et al., 1981; Hanafi et al., 1991, Sabri er
al., 2000) have confirmed the superiority of crossbreds over purebreds, but some
others (Shawer and Khalifah, 1976; El-Turky, 1981, Hanafi and Iraqi. 2001)
found a reverse trend or no effect of crossing on body weight traits.

Heterosis

Heterosi i (computed as a percent increase of the crossbreds
above their parental breeds) based on single crosses (superiority) and on each two
reciprocal crosses for body weights are given in Table 3. Heterosis recorded
highly significant (P<0.01) effect on all body weight traits beyond BWO (Table
4). Similarly, Manglik et al. (1980), Singh ef al. (1983) and Sabri et al. (2000)
found significant heterotic effects (P<0.01) on body weights. On the contrary,
Hanafi and Iraqi (2001) found non-significant heterotic effects on body weight at
8 weeks of age.

When combining each two reciprocal crosses, percentages of heterosis
(H%) show that crossing between exotic (LL) and native (FF) breeds gave the
highest and positive heterotic estimates for body weight at early ages (from hatch
to 6 weeks) also crossing between LL and DD (as native breed) gave the highest
heterotic effects for body weight at the later ages (BW8 and BW 12, at marketing
age). Estimates of H % ranged from —6.5 10 26.2% for body weights. Most of the
reviewed Egyptian studies (Hanafi et a/, 1991; Mohamed, 1997) showed that
crossbreds (obtained from crossing between exotic and local breeds) were
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associated with positive heterotic effects on body weights. When considering
single-crosses, results in Table 3 indicated that crossing between LL sires and FF
dams gave superior performances (superiority averaged 19.79% for all body
weight traits) for most body weights compared to the other crossbreds. Thus, one
can recommend poultry breeders in Egypt to utilize LL sircs (as foreign breed)
and FF dams (as native breed) to produce heavy broilers through crossbreeding
programs. On the contrary, the RRXLL cross gave the lowest heterotic effects on
body weights (superiority averaged ~2.25% for all traits).

Table (3): Estimates of heterotic percentages (%) for body weights at

different ages.

Breed group BWO BW2 BW4  BW6 BWS BWI2

Singlecross’:
RR-LL -15.49 -8.35 -3.09 421 3.14 6.11
LL-RR 2.54 0.43 0.37 237 350 503
RR-FF -14.50 -0.51 3.62 7.10 823 9.00
FF-RR 4.43 10.07 10.53 12.65 12.56 15.57
RR-DD -12.69 4.10 8.96 16.88 11.85 13.16
DD-RR 9.01 9.85 8.51 5.70 14.55 14.71
LL-FF 12.27 13.86 20.89 26.35 23.89 21.49
FF-LL 14.89 7.53 14.41 23.84 15.04 11.41
LL-DD -10.36 6.72 10.85 22.12 29.12 19.22
DD-LL 17.15 6.39 18.20 2748 2335 22.74
FF-DD 338 . 6.44 8.03 7.57 6.36 6.232
DD-FF -1.24 -3.19 3.89 7.48 529 3.524

Combined two crosses™:
RR-LL -6.48 -3.96 -1.36 3.29 3.32 5.57
RR-FF -5.04 4.78 7.08 9.88 10.39 12.29
RR-DD -1.84 6.97 873 11.29 13.20 13.93
LL-FF 13.58 10.70 17.65 25.10 19.47 16.45
LL-DD 3.40 6.55 14.53 24.30 26.23 20.98
FF-DD 1.07 1.62 5.96 7.52 5.82 4.88

“First letters denoted to breed of sire and second denoted to breed of dam.
"Heterosis (superiority) percent= [(single cross — midparent)/midparent] x 100
"Heterosis percent= [(cross — midparent)/midparent] x 100.

General combining ability (GCA)

The estimates of GCA reflect the importance of additive gene effects of
breeds on body weight at different ages. Results in Table 4 showed highly
significant (P<0.01) effects of GCA on all body weight traits. Similarly, Hanafi,
et al. (1977), Hanafi et al. (1991), Sabri et al. (2000) found significant effects of
GCA on body weight traits. Estimates of least-squares constants in Table 5
showed that LL gave the highest (best) positive effect of GCA for all body weight
traits, and FF gave the lowest estimates of GCA. This could be encourage the
poultry breeders utilizing the LL as a sire breed in crossbreeding programs. In
general, estimates of GCA ranged from -17.75 to 30.30 grams. These results arc
in agreement with those of Hanafi er al. (1991) and Sabri er al. (2000) with
crosses among cxotic and native chicken breeds in Egypt.
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Maternal ability (MA)

Effect of MA effect was significant (P<0.05 or P<0.01) on BWO, BW2,
BW8 and BW12, but non-significant on BW4 and BW6 (Table 4). This indicated
that mothering ability is very important on body weights which is thought to
expressed through egg size, egg shape, egg contents and egg shell thickness
(Shebl and Soliman, 1999; Vick et al., 1993). Some Egyptian studies (e.g. Hanafi
et al., 1977, Hanafi et al., 1991; Sabri et al., 2000, Hanafi and Iraqi, 2001) and
some non-Egyptian ones (Manglik ef al, 1980; Singh ef al, 1983) found
significant effects of maternal ability on body weight at different ages. Also,
results in Table 5 showed that RR recorded the superior estimates of MA on most
studied traits as compared to the other three breeds of the study. This would
reveal that among the four breeds used, RR chickens exhibited the best maternal
ability. Thus, it could be recommended that RR breed is to be used as a dam
breed in crossbreeding programs using local and exotic breeds of the study (Sabri
et al., 2000)

Specific combining ability (SCA)

Effect of SCA was highly significant (P<0.01) differcnt on all body
weight traits (Table 4). Most of Egyptian studies (e.g. Shebl et al., 1990: Hanafi
et al., 1991; Sabri et al., 2000; Hanafi and Iraqi, 2001) found significant effect of
SCA on body weights. Conversely, other studies (e.g. Hanafi et al., 1977 and Jain
et al, 1981) found non-significant effects of SCA on body weights when crossed
among exotic breeds.

Estimates of least-squares constants of SCA are given in Table 5. These
constants revealed that RRxDD and LLXFF crosses gave highest positive
estimates of SCA for most body weight traits compared to the other crosses. Also.
RRXFF and LLXDD scored the highest positive estimates of SCA for BW8 and
BWI12. This indicates that non-additive genetic effects (e.g. dominance, over-
dominance and epistasis) of those crossbreds were high on body weight traits.
Thus, utilization of such crosses that exhibited high non-additive gene effects on
commercial broilers production is quite possible. Hanafi ef al. (1991) and Sabri ef
al. (2000) concluded the same results.

Reciprocals or sex-linked effect (SL)

Results in Table 4 show that the effect of SL on all body weight traits
was significant (P<0.01) . This indicate that SL genes played an important role in
affecting body weights of chickens, consequently, the choice of sire breed and
dam breed would be important in planning crossbreeding programs. Similarly,
Manglik et al. (1980), Singh er al. (1983) and Hanafi er al. (1991) found
significant differences in body weights caused by sex-linkage effect. While.
Sharma (1978), Sabri er al. (2000) and Hanafi and Iraqi (2001) showed non-
significant effect for SL on body weight traits.
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Table 5. Least-squares (Con.) and standard er ror (5.£.) for body wetghis at different ages

Ttem’ ___BWoO __Bw2

. Con. +S.E.  Con. 2S.E.

» 31.883+0.06 91.62+0.31

Type of mating:
Pure -0.058+0.11 -1.80+0.60 6426012 1616169 -2202:213 3710400
Cross 0.058:0.07 1.80+0.36 642+0.67 1616 £1 06 23924124 37.10:2 32

Purebreds
RR 5.875+0.21 547:1.18 14.78 +2.06 286314288 31481379 4623:722
LL 1.47540 33 1.68+2.02 4384331 933502 1508:595 1002:107
FF ~4.02540.18  -743+0.99  -12.53+:2.00 1588341 -18.73:407 -5.88 :7 85
DD -3.325+0.21 028+1.17 6624214 19084301 27R3I:403 0 .SO3T.TA?

GCA
RR -2.038£0.09 -254+0.49 -3.15+090 S335a1 4 -176+165 471300
LL 16500 10 298:0.58 640 £1 06 1738 +1 68 3030:198 22554370
FF 0.238+0.09 -0.10+048 -2.09+089 6614 -1775:1.66 15 66 :3.06
DD 0.150+0.10 -033:052 ~1.16:096 8364148 ~179:1.80 11.60:3 36

MA:
RR 4850+0.13 4.68 +0 68 2974129 S 21208 785:237 1695 130
Ll 0.725:0.15 -3.49 088 -1.03+1.57 282242 1302:204 -8 17:582
33 -2.100 =012 -3.05 1064 -160:119 L9342 00 208:224 116113
DD -3475:0 14 187:078 035139 3254207 22:2 56 9884 77

SCA
RR-LL -1.142:0.15 -474:089 968160 19824255 S3016:2.99 1353580
RR-FF 0417014 1514078 344144 K612 4, 238:475
RR-DD 1.558+0.17 323:089 6.2:4+1.66 1021254 2118572
LL-FF 1.558+0.19 323:1.01 624189 21e3 03 127522354 20 18:6 44
LL-DD -0.417:0.22 150117 3444215 861319 17.64:393 AN
FF-DD -1.142:0 14 -4 7440 78 -968:1.42 -19.82+2 2y -30016:2.71 43 832500

Reciprocal
RR-L1 -1138:0.22 -0.01 £1.28 -0.80:232 BEERERT] 9.79:4.49 1586 :9.01
LL-RR 1.138:022 0.01+123 0.80:219 [NERSRA) “979:400  -1586:7 59
RR-F} 0.375+0.19 -0.84:108 =276 £1.94 STREEY IR -§26+352  -1198:639
FF-RR -0.375+0.22 084112 2761214 781379 $:2643 92 1198+7.09
RR-DD 0.762+0.23 0.85+1.32 3561228 896 £3 85 ~153:4 15 -389:786
DD-RR -0.762+0.24 -0.85+1 20 -3.56:242 -8 9043 76 453446 389:834
LL-FI 1013024 253+126 5.09:247 53130 740166 2496:8 34
FF-LI -1.013 030 -2.53+1 68 -509:205 -5 340l 70543 L2406 -9 K1
LL-DD -2.150+0.31 22544158 -5 894+3.00 -6 160430 239:564 O 100s
DO-1E 2.150:0.32 2.54+175 64h:192 2230:5 55 910.:9 96
FF-DD 1.388:0.22 1.69+124 SsneiT 214390 12,99:7.21
DD-FF -13881:0.17 -1.69:1.00 250132° 204370 S1290:7.10

P o A DS | A G L L £ 220232

First letters refer to breed of sire and second refer to breed of dam.



Evaluation Of Heterosis & Combining Abilities For .... 867

Estimates of SL in Table 5 show that LLXFF single crosses had superior
performance for most body weight traits, followed by DDXLL crosses. This
indicatc an existence of better maternal ability for these crossbreds. Conversely,
DDXFF cross gave the lowest and negative estimates of SL for most body weight
traits.

CONCLUSION

Results of heterotic effects indicated that crossing between LL sires and
FF dams as well as between DD sires and LL dams gave the highest heterotic
effect on body weight traits. This could be encouraging the poultry breeders in
Egypt to utilizing these breeds in crossbreeding programs. Based on highly
significant effects of purebreds, GCA, SCA, MA and SL on body weights,
therefore, these effects should be considered before planning any crossbreeding
program. Generally, crossing among native and exotic breeds of chicken, usually,
are associated with high heterotic effects on body weight traits. This indicates that
our local breeds had high non-additive genetic effects. Therefore, we need more
crossbreeding programs in Egypt using native breeds (or newly improved strains)
and exotic ones to expansion of superior breeds and to develop of supcrior strains
from selected combinations.
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