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ABSTRACT: A crosshreeding experiment involving Baladi Saudi (S, and
Whire Leghorn (1) chickens was carried out in EI-Qassim region in Saudi
Arabia 1o evaluate the growith performance and livability traits of the resulting
crossbreds. Data of bi-weekly body weights, daily gains in weight and
livabilities were collected on 1281 chicks from the age of 0 to 12 weeks. The
genctic model of Dickerson was used 1o estimate the heterotic components of
this experiment in terms of heterosis (H‘r) and direct (G!) and maternal breed
(G} additive effects. Chicks of L breed had superior performance in body
weights (P 0.001) and daily gains in weight (P 0.01 or P 0.001) and
livability traits studied compared 1o the S chicks. Crossing of S chickens with L
ones was associated with significani positive direct heterosis for some growth
traits especially those weighis and gains of early ages (0-6 weeks), while at
later ages of 8-12 weeks, crossbred chickens recorded negative H' for the same
traits. Heterotic cffects decreased generally with advance of chick’s age. The
percentages of H' ranged from 1.7 to 3.0% for body weights and gains at early
ages of 0-6 weeks, while they ranged from -3.110 0.0% at later ages (6-12
weeks). In contrast to that found in body weights and gains, estimates of H' for
livability were mostly negative during the early ages of 0-4 weeks, while at
later  ages of 6-12 weeks they were positive and significant and ranged from
2.8 10 4.2%. Under hot climatic conditions, additive maternity (G") for studied
traits was generally significant and in favour of the S breed since chicks
produced from LxS matings had better growth and livability traits than those
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produced from SxL matings. The direct additive effects significantly affected
mos! weights and gains. L-sired chicks had high direct additive effects (')
compared 1o the S-sired chicks _for all growth and livability traits studied.

INTRODUCTION

Crossbreeding between standard breeds and Saudi chickens raised under
the hot conditions of Saudi Arabia is not widely carried out. To date,
publications concerning crossbreeding of local chickens with standard breeds
{e.¢ White Leghorn) seem to be not available. Direct and maternal heterosis,
maternal and direct additive effects from crossbreeding experiments including
Saudi chickens were expected to be important especially for growth
performance and cgg production. In hot climate countries, White Leghorn
breed was found to exhibit an outstanding maternal ability (Jain e7 al, 1981;
Jain and Choudhary, 1984; Al-Sobayel, 1985). To get crossbred layers
including Saudi blood, it was necessary to investigate their growth rates up to
sexual maturity, which in turns affects their weights and ages at which they lay
the first egg Thercfore, this study was conducted to evaluate the importance of
heterosis, maternal and direct additive effects on growth and livability traits in
a crossbreeding experiment involving local Saudi and White Leghorn chickens.
Data collected for egg production on crossbred hens will be published later.

MATERIAL AND METHODS

A crossbreeding experiment was carried out in the poultry farm of the
Research Center of the Agricultural Experiments (RCAE), College of
Agriculture and Veterinary Medicine, King Saud University, Saudi Arabia.
This experiment started in January 1997 and is still running with the data of
egg production being collected.

Breeding plan:

Chicks used in this study represent one local breed (Baladi Saudi, S) and
one exotic breed (White Leghorn, L) Two parental stocks of S (600 chicks)
and L (400 chicks) were taken from the Poultry Farm of the College of
Agriculture at Riyadh, King Saud University. Details and description of
general features of the two breeds raised under conditions of Saudi Arabia are
reported by Al-Sobayel (1985). Chicks of the parental stock were raised up to
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the age of five months in the rearing house. At the beginning of the
crossbreeding experiment (October, 1997), breeding hens of each of the two
breeds were randomly divided into two breeding groups. The first group of
hens of each of the two breeds was artificially mated with cocks from their own
breed, while the second group was artificially mated with cocks from the other
breed. Consequently, eggs of four mating groups of LxL, Sx§, LxS, and SxL
were collected and placed in two hatches. Throughout the two hatches, each
cock was aliowed to sire all his chicks from the same dams, 1.e. separate cocks
were used in each ofthe four breed groups. The distribution of breeding hens
and cocks and number of chicks hatched in the four genetic groups are
presented in Table 1. Two subsequent hatches were obtained during November
and December 1997.

Management and feeding:

All chicks of one-day old were wing-banded and floor brooded and
reared in closed houses up to the age of 16 weeks (11 chicks per 1 m’).
Temperature was controlled using separate electric heaters and air-
conditioners, while the ventilation was controlled using electric extractor fans.
Chicks were vaccinated against New Castle disease via the drinking water
during the first week (strain Hitchner) and at 8 weeks (strain Lassota) and they
were regularly vaccinated thereafter every three months. All chicks were
subjected to the same managerial, hygienic and climatic conditions. They were
treated and medicated similarly and regularly.

At the age of 5 months, pullets were individually housed in breeding pens in
three-tier battenies equipped with feeding hoppers and drinking nipples. The
pedigreed eggs from each individual hen were collected and recorded regularly.

During the brooding and rearing periods, all chicks were fed ad-libitum using
a standard starter ration (21% crude protein and 12.1 MJ Metabolizable energy per
kg of feed) up to 8 weeks of age and a finisher ration (14% crude protein and 11.1
MIJ Metabolizable energy per kg of feed) thereafter up to 18 weeks. -

Data and statistical analysis:

Data on body weights of 1281 chicks over two hatches were taken at 0, 2,
4, 6,8, 10 and 12 weeks (W0, W2, W4, W6, W8, W10 and W12, respectively).
Daily gains measured included gains at intervals of 0-2 (G2), 2-4 (G4), 4-6
(G6), 6-8 (GB), 8-10 (GI10), and 10-12 (G12) weeks of age, respectively. The .
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livability traits were also measured at intervals of 0-2 (L2), 2-4 (L4), 4-6 (L6),
6-8 (L8). 8-10 (L10) and 10-12 (L12) weeks of age, respectively. Livability
percentages were subjected to arc-sin transformation to approximate normal
distribution before being analysed. Data of all growth traits and livabilities
were analysed using the following sire-dam model (Harvey, 1990):

Yiiume= pt Bit+ Sjj + Dt Hrt At (BH)i+ (BA)im™ (HA)im + €ijiaimn

Where:

Yikn = T'he observation on the ijklmn"' hatched chick

L = The overall mean

B; = The fixed effect of the i breed group

Sij = The random effect of the j sire nested within the i"" breed group

Dy = The random effect of the k™ dam nested in the random effect of the j
sire nested within the i breed group

H; = The fixed effect of the I hatch (i=1,2)

A, = The fixed effect of the m™ sex

BH;, BA;, and HAyy,- All possible interactions

€ilmn = T'he random deviation particular to the n® chick, i.e. NID (0, 102.,).

Pedigrees of sires and dams were not available in the data, therefore the
relationship coefficient inverse matrix (A”) was not included in the model.
Breed group was tested against sires within breed group, while sires were
tested against dams within sires. Other fixed effects were tested against the
remainder. HARVEY's least-squares and maximum likelihood cemputer
program (Harvey, 1990) was used. The mixed model equations (MME) of the
sire-dam model (in matrix notation) described above were:

(XRX ) XR2, X'R'Z, M1 [XRYT]
ZsR1ZsHo /% ZgRIZ, Us| = | zoRY
i ZsR'ZHeJo% | [Ua| | Zo RTY |
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Where:

Y = nx1 vector of ubserved growth or livability trait; n= number of records.

B = px1 vector offixed effects of breed group, hatch and sex and all possible

interactions; p= number of levels for fixed effects.

Us or Ug = gx1 vector of random effects of sire or dam; g= number of levels for
random sire or dam effects.

Zs or Zy = Design incidence matrix of order mxp, which relates recordsto

random sire or dam effects.
e = nx] vector of random error.
o’s, o’d. and c’e = variance components for sire, dam and remainder,
respectively,
I = identity matrix corresponding to n observations, and often Io’e = R.

Genetic model and estimation of crossbreeding effects:

Heterotic components (maternal breed additive, direct additive and direct
heterosis) for different growth and livabilities traits were estimated according
to Dickerson’s methodology (Dickerson, 1992). Such a genetic model permits
the derivation of a selected set of linear contrasts, i.e. direct additive effect,
maternal breed additive effect and direct heterotic effect were estimated as:

Direct heterosis contrast:
H'ls inunits=[(1.xS+SxL)-(LxL+Sx8S)]
H'Ls in percentage = {[(LxS + SxL) - (LxL +SxS)}/ (LxL +SxS)}x 100

Maternal breed effect (dam-breed effect):
(GM. - GMy) = (S xL)-(Lx S]. i.e. reciprocal crosses differences or breed
genetic maternal effect.

Direct ad'dirwe effect:
(Gh-G's)= {I(L x L)+(L x S)] - [(S xS)+(Sx L]}, i.e. Breed group of sire
differences.

Where G' and G™ represent direct additive and maternal additive effects,
respectively, of the subscripted genetic group. Each single degree of freedom
contrast was tested for significance with the Student's t-test.
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RESULTS AND DISCUSSION

Genetic-groups comparison

Genetic-group least-squares means and contrasts among purebreds for
growth traits and livabilities are presented in Table 2. The LxL genetic group
resulted in heavier body weights and gains (P<0.001) compared to the SxS
matings. In comparison of growth performance of S and L chickens raised in Saudi
Arabia, Al-Sobayel (1985) found that Baladi chicks showed higher weights and
gains at the early ages (0-8 weeks), while Leghorn chicks showed higher rates of
growth at the later ages (12-16 weeks). The linear contrasts given in Table 2
evidenced that breed of L had superior performance in body weights (P<0.001) and
daily gains in weight (P<0.01 or P<0.001) compared to the S chickens. These
results were expected and reflect that L used in this study may became more
adapted to the conditions of Saudi Arabia since several generations of this breed
were produced locally. More investigations are needed in this respect. Significant
differences 0f 6.0, 9.5, 25.7, 52.3, 88.2, 121.2 and 136.3 grams were in favour of L
breed at 0, 2, 4, 6, 8, 10 and 12 weeks of age, respectively. The same trend was
observed for most daily gains and livability traits.

Direct heterosis (1I')

Estimates of direct heterosis (H' calculated in actual units and
percentages) for growth and livability traits are presented in Table 3. These
estimates indicate that heterosis had a little effect on the variations of body
weights and gains, while it had a considerable effect on the livability traits in
most cases. However, estimates of H' indicated also that crossing of L and S
chickens was generally associated with an existence of heterotic effects on’
some growth traits, especially those weights measured at early ages (2-6 weeks)
and livabilities of later ages (6-12 weeks). These results may be an encouraging
factor for the poultry producers in Saudi Arabia to cross their native breeds with
the exotic Leghorn. This observation was also reported in the other results
obtained from crossing of local chickens with the exotic ones in our Arabian
area (Hanafi er al, 1977; Abd El-Gawad et al, 1979; Kosba ef al, 1981, Hanafi
et al, 1991). In India, results of crossing native breeds with other exotic ones
(e.g. Aggarwal ef al, 1978; Sharma, 1978; Singh et al, 1982) also showed
varying degrees of heterosis for body weights at different ages.
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For body weights and gains (Table 3), estimates of heterosis showed that
heterotic effects decreased generally with advance of chick 's age Percentages

of heterosis for body weights and gains were positive for the early ages, while
they were negatl\ e at the later ages. At the early ages (0-6 weeks), the positive
percentages of H' ranged from 1.7 to 3.0%, while at later ages (6-12 weeks) the
negative estimates ranged from -3.1 to 0.0 %. High common environmental
effects of the dam that appearing in early ages of growth might be had negative
non-additive effects at the later stages of growth. In Egypt, Hanafi er al. (1991)
from a 4x4 diallel crossing experiment showed that crossing between exotic
breeds (New Hampshire and Plymouth Rock) with two local Egyptian ones
(Dandarawi and Silver Montazah) was usually associated with an existence of
heteroﬂc effects on body weights at 4, 8, 12 and 16 weeks of age; estimates of
H' ranged from 8.2% to 24.9% for different ages. In contrast to that found for
body weights and gains, estimates of heterosis for livability traits showed a
reversible trend where the significant positive estimates were recorded at the
later ages (6-12 weeks), while negative and insignificant estimates were
recorded at the early ages (0-4 weeks), heterosis percentage for livability was
0.5% at 0-4 weeks and ranged from 2.8 t0 4.2% at 6-12 weeks of age.

Maternal breed effect (GM

The estimates of G" (expressed as contrasts for the differences between
the two reciprocal crosses) for growth and livability traits are presented in Table
4. The contrasts for body weights and gains were statistically significant and
they were mainly in favour ofthe S breed. The estimates obtained (Table 4)
showed that additive breed maternity had a meaningful effect on the variations
of body weights (especially at the late ages of 4-10 weeks). Bahie El-Deen ez al.
(1998) observed an evidence for the significant maternal effects on body
weights and gains. '

Under hot climatic conditions, the favourable maternity recorded for the S
breed may be attributable to better pre-ovipositional maternal effects in terms of
oviductal factors such as egg size, egg weight, shell quality and yolk composition
(Aggrey and Cheng, 1994). Also, the S breed may have better pre-hatching
maternity in terms of prenatal growth and embryo survival and immunities
transmitted to the hatched chicks relative to the L breed. The common
environmental effects of the full-sib families become the determining factor in
this respect. Viability is an example of these specific maternal environmental
effects that persisted almost through the growth period of the chick.

497



Saudi chickens, Crossbreeding, Heterotic components, Growth and Livability.

The G"% [ie. percentages of G contrast relative to *(SS+LS)] were
moderate for body weights and daily gains in weight and small for livability traits
(Table 4) These percentages were mostly in favour of the S breed and they
ranged from 1.0 to 7.2 % for body weights, 2.1 to 12.1% for daily gains in weight
and from 13 to 3.7 % for livability traits. Also, chicks of the LxS matings had
generally better growth performance and livability traits than those from the SxL
matings. These notations gave an indication to that S breed could be used as a
dam-breed to get heavier weights and higher livability rates. However, the
insignificant additive breed maternal effects on most livability traits indicated that
both breeds of the present study could be used as breed of dam under the
conditions of Saudi Arabia. Hanafi eral (1991) reported that White Plymouth
ranked first in maternal ability for body weights, followed by Silver Montazah,
Dandarawi and New Hampshire in a 4x4 diallel crossing experiment.

Direct additive effect (G')

Results of G' for growth and livability traits are presented in Table 5. The
linear contrasts of sire additive effects for all body weights and gains (from 0-
12 weeks of age) were highly significant (P<0.001), ie. a considerable
contribution of sie-breed effect in the inheritance of these traits was recorded
in favour of thel. breed. Results of Bhushan and Singh (1995) confirmed also
this trend. In crossbreeding experiment using two lines of quails in Egypt,
Bahie El-Deen er al. (1998) stated that direct additive effects on body weights
and gains from 2 to 6 weeks of age were important for most growth traits
studied For most livability traits, limited and insignificant differences in direct
additive effects between the two breeds were observed. In general, L-sired
chicks had higher values of direct additive effects than S-sired chicks for all
growth and lhivability traits.

The G'% [i.c. percentages of G contrast in grams relative to *(LL+LS)]
for all body weights and daily gains studied were moderate and they ranged
from 4.9 to 10.2 % for body weights and from 3.5 to 14.6 % for daily gains in
weight (Table 5). On the other hand, these percentages for livability traits were
low for most age-intervals studied (except G2) and they ranged from 0.3 to
3.3%. The observed direct additive effects of the L breed on growth traits (body
weights and gains) from hatching up to 12 weeks of age lead to suggest that L
chickens could be used as a terminal sire-breed in any crossbreeding program.
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Conclusion

The estimates of direct additive (G') and maternal breed additive (GY)
lead to the conclusion that it is preferable to use White:Leghorn as a sire-breed
and Baladi Saudi as a dam-breed in any crossbreeding stratification system in
Saudi Arabia to obtain crossbred hens characterized by high growth rate and
early sexual maturity associated with an early age to lay the first egg

Table (1): Number of cocks, hens and chicks hatched in the four breed-

groups of the study
Mating group Cocks Hens Chicks hatched
B 1¥ hatch 2" hatch
LxL 3 72 179 86
SxS§ 43 102 157 171
LxS§S 39 94 154 . 202
SxL 42 85 &0 252
Total 155 353 570 711

- s

" L = White Leghorn; S = Saudi; Breed of cock listed first.
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Table (2): Purebred and crossbred means (£SE) for growth traits and
livabilities

Purebred groups " Crossbred groups
Leghom Saudi LXS SXL
Trait Symbol MeantSE MeantSE ContrasttSE® MeantSE MeantSE

Gedy weight (grams): )
0 dav WO 355404 2954032 6.04+1.67 32.0+032 324104
2 weeks W2 122+15 113412 95412 120412 118414
4 weeks W4 269441  243+33 2574397 268+32 256438
6 weeks W6 451455 3984435  52345.0™7 443443 42151
% weeks W8  658+81 57067  882+737 63763  593+76
10 weeks W10  876+10 755486  121.249.4 838+82 791498
12 weeks W12 1074+13 938+108 136.3+10.9™ 1018+104 994+126
Daily gain in weight (grams):
0-2 weeks G2 6.2+0.10 59+0.08 025+0.08" 634008  6.1+0.1
2-4weeks G4 1054024 934020 11440257 10540.19 98102
4-6weeks  G6 1294029 11.04025  1.89+0317" 1254023 120403
6-8weeks  G8 1484027 1234023 2561028 13.9+0.21 12.3+03
8-10 wecks G10 1564029 1324025 2.36+0.28"" 1444023 141303
10-12 weeks G12 1394035 1294030 10140417 1284028 1335403
Livability (%): '
0-2 weeks L2  100£0.38 99.8+03  0.32+0.04NS 100+0.3 988403
2-4weeks L4 98.0+£1.0 993408  -1.25+0.12NS 994408 97.3+09
4-6weeks L6  954+15 929412  2.50+0.17NS 99.0+1.2 97.2+14
6-8 weeks L8 954415 929+12  252+0.17NS 98.8+12 97.2+14
8-10weeks L10 954415 929412  2.52+0.17NS 988+1.2 972414
10-12weeks L12  923+18 900415  231+022NS 954+15 920+18

L]

? Leghorn mentioned first.
NS= Non-significant,; *=P<0.05; **=P<0.01; ***=P<0.001.
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Table (3): Estimates of direct heterosis (H') for
growth and livability traits

Direct heterosis contrast

Trait® ' . o
Units +SE % Significance
Body weight (grams):

Wwo -0.5910.2 -0.9 -
W2 3.2941.7 14 *
W4 11.89+2.7 23 *
Wé 142846 8 17 "
W38 2.68+10.1 02 NS
W10 . -202£129 0.0 NS
Wi2 -0.22+15.2 0.0 NS

Daily gain in weight (grams):

G2 0.28+0.12 23 ”
G4 0.60+0.36 30 NS
G6 0624042 26 NS
G8 -0.85+0.39 -3.1 *
GI0  -0.34x040 -12 NS
G12  -0.59+057 -22 NS

Livability (%):
L2 -0.96+0.06 -0.5 NS
14 -0.52+0.16 -03 NS
L6 7.87+0.24 42 wye
L8 7.66+0.24 4.1 e
L10 7.6610.24 4.1 S
L12 5.11+0.32 28 *

* Traits as defined in Table 2.

® H' %= [H" in units / parents]x100
NS= Non-significant. *=P<0.05; **=P<0.01; ***=P<(.001].
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Table (4): listimates of maternal additive effects (GM) for
growth and livability traits

- Maternal additive contrast
Trait

Units +SE %" Significance
Body weight (grams):
W0 . 0314001 1.0 *
w2 -2.33+1.20 2.0 "
W4 -12.44£3.79 4.8 *Ek
Wé -21.6+4.73 5L *E%
W8 -43 8+6.96 7.2 Vit
W10 4794889 6.0 TR
Wi2  -246+105 2.3 ¥
Daily gain in weight (grams):
G2 -0.19+0.08 8.8 *
G4 -0.7240.25 7.3 k¥
G6 -0.54+0.29 3.0 *
G8 -1.5940.27 12:1 *E%
Gi0  -0.2940.27 2.1 .
G12 0.77+0.39 6.0 %
Livability (%):
L2 -1.3340.04 13 Fes
14 -2.1540.16 22 *
L6 -1.78+0.17 19 NS
L8 -1.5440.17 1.6 NS
L10  -1.5440.17 1.6 NS

L12  -3.444022 3 NS

* Traits as defined in Table 2.
*GM %= [G™ in units / average of SS+LS breed groups]x100
NS= Non-significant; *=P<0.05; **=P<0.01; ***=P<0.001.
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“Table (5): Estimates of direct additive effects (G') on growth
and Livability traits

~ Sire additive contrast
Trait* : > =i
Units £SE % Significance
Body weight (grams):
Wwo 2.8740.01 8.5 *E
W2 5.91+0.86 49 kb
W4 19.1£2.72 2 *is
W6 36.943.43 83 e
W3 66.0£5.04 10.2 .
W10 8451645 98 e
Wi2 - 8044757 77 b
Daily gain in weight (grams):
G2 -0.2240.06 35 e
G4 0.9310.18 8.9 ke
G6 1.2240.21] 9.6 paa
G8 2.08+0.19 14.6 s
G10 1.3240.20 8.8 b
G12 1.1240.29 84 Su
Livability (%):
L2 0.83+0.03 08 **
14 0.45+0.08 05 "NS
L6 2.1410.12 22 NS
L8 2.0310.12 2.1 NS
Li0 2.0340.12 21 NS
Li2 2.8740.16 3.1 NS

* Traits as defined in Table 2.
*G' %= [G" in units / average of LL+LS breed groups]x100
NS= Non-significant; *=P<0.05; **=P<0.01; ***=P<0.001.
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