


Second Inter. Conf. On Animal Prod. & Health in Semi-Arid Areas

EVALUATION OF PUREBREDS, HETEROSIS, COMBINING ABILITIES,
MATERNAL AND SEX- LINKED EFFECTS FOR SOME PRODUCTIVE
AND REPRODUCTIVE TRAITS IN CHICKENS

By
M.S. Hanafi and M.M. Iraqi

Faculty of Agriculture, Moshtohor, Zagazig University /Benha Branch, Egypt

ABSTRACT

Four pure breeds of chickens namely New Hampshire (NH), White Cornish (WC), White
Plymouth Rock (WP) and White Leghorn (WL) were used in 4x4 diallel crossing experiment. A
total number of 16 males and 128 females randomly chosen from each breed were used as
paternal and maternal lines, respectively. Data of 471 birds (78 cocks and 393 pullets) and 3356
eggs (incubated within five hatches) were used to estimate heterosis, purebreds, general (GCA)
and specific (SCA) combining abilities, maternal ability (MA) and reciprocals or sex-linked (SL)
effects. Body weights at 8 weeks (BW8) and at sexual maturity (BWSM) of birds were studied.
Reproductive traits such as fertility (F%), hatchability (H%) and embryonic mortality percentages
at 1 (EM1%), 2" (EM2%) and 34 (EM3%) weeks during the incubation period were also
studied.

Results showed that breed group was found to have a significant (P<0.01) differences for all
studied traits (except for EM3%). Crossbreds were generally superior for most studied traits than
purebreds. Crossing between NH and WP gave the highest heterosis effect for body weight truits
and F%, while crossing between NH and WL gave generally the highest estimates of heterosis for
H% and the lowest for most of embryonic mortality. On the contrary, crossing between WP and
WC gave the lowest heterosis estimates for F% and H%. Effects of purebred, GCA, MA, SCA and
SL were significant (P<0.01) for body weight traits, while only the SCA effect was significant
(P<0.01) for EM2%. Estimate of GCA for NH purebred was higher for body weight, % and H%
traits; and lower for EM1% than the other purebreds. Estimate of MA for WC was higher for body
weights and lower for both F% and H% than the other purebreds, while WL had the highest
estimates of MA for most reproductive traits. Crossbred between NH and WP gave the highest
estimates of SCA for BWSM, while crossbreds between NH and WC gave the highest estimates of
SCA for reproductive traits. The NH-WC, WP-WC and WL-WP crossbreds had the highest and
positive estimates of SL effect for BWS, BWSM and F%, respectively, while the WL-WC crossbred
gave the best for H% and embryonic mortality. From the previous results, NH as sire breed and
WP as dam breed could be used to produce commercial crosses superior for growth traits and F'%,
while NH as sires and WL as dams could be used to produce commercial strains superior for
reproductive traits.

Key words: Purebreds, heterosis, general and specific combining abilities, maternal, sex-linked
effects and reproductive traits.
INTRODUCTION
For many years much attention has been focused on performance comparisons among poultry
breeds and their crosses. This emphasis is justified because genetic differences among breeds or

strains are large relative to genetic variation within breeds (Dickerson, 1992). These differences
are an important potential source of genetic improvement in the efficiency of human food
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production from chickens through (1) expansion of superior breeds, (2) gains in performance from
complementary breed effects and heterosis in crossbreeding and (3) development of superior new
breeds from selected combinations of several breeds.

Many studies were carried out to determine heterotic maternal effects (Bordas et al., 1996;
Mandour, et a., 1996; Khalil et al., 1999; Nawar and Bahie El-Deen; 2000; Sabri et al., 2000). Few
reports were found in estimation and evaluation of combining abilities, heterosis, maternal ability
and sex-liked effects for reproductive traits (e.g. percentages of fertility, hatchability and
embryonic mortality).

This study aimed to: (1) evaluate genetically some productive (e.g. body weight at 8 wecks and
at sexual maturity of age) and reproductive traits (e.g. fertility, hatchability and embryonic
mortality percentages at 1%, 2" and 3" weeks during incubation period) in 4x4 diallel mating
system, (2) estimate purebreds, general (GCA) and specific (SCA) combining abilities, maternal
ability (MA) and reciprocals or sex-linked (SL) effects on such traits and (3) identify superior
breeds based on single- and combined two-crosses.

MATERIAL AND METHODS

Experimental work and breeding plan

This study was carried out at the poultry farm of college of Agriculture and Forestry, Mosul
University, Hammam, Al-Alil, Iraq. Four pure breeds of chickens named New Hampshire (NH),
White Cornish (WC), White Plymouth Rock (WP) and White Leghorn (WL) were used.

The four breeds were introduced into a 4x4 diallel mating system in such a way that all
possible crosses were used in thirty-two breeding pens. A total number of 16 males and 128
females randomly chosen from each breed were used as paternal and maternal lines, respectively.
Thus, two sires were mated to 16 dams in each breeding pen, to constitute a particular cross and
which was repeated twice.

The pedigreed eggs from each individual breeding pen were daily collected for a scven days
period. Progeny of F, pure breeds, F, cross and F; reciprocal crosses were produced in cleven
hatches.

Data and measurements

Data of 471 birds (78 cocks and 393 pullets) were randomly chosen at 8 weeks of age from the
F| progeny. Individual body weight was recorded at 8 weeks and at sexual maturity.

A total number of 3356 eggs collected from the F; hens of all breed groups were incubated
within five hatches. Fertility, hatchability and embryonic mortality (at 1%, 2" and 3" weeks of
incubation period) percentages were calculated.

Statistical analysis

Data of body weights and reproductive traits were analyzed using SAS program under
windows (SAS, 1996) according to the following linear models:
1- For body weight traits

Y = u+G + H +S +(HS), +e, Model (1)
:th

Where yiu= the 1™ observation on the bird of the k" sex in the j" 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"‘ hatch, Sy= the
fixed effect of the k" sex, (HS)j= the fixed effect of interaction between " hatch and k™ sex, and

eij= the random error of the I bird assumed to be independently randomly distributed (0, o).

2- For reproductive traits

Y =H+G, +H +(GH), +e, Model (2)
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Where yjj= the k™ observation on the measurement of reproductlve trait from i group, (GH);j= the
fixed effect of interaction between i breed group and " j hatch, and euk the random crror of the k™
observation assumed to be independently randomly distributed (0, o2). The terms of p, G; and H;
as defined previously in Model (1).

Least-square means were tested using Duncan’s option in SAS program (SAS, 1996). Heterosis
was estimated for single- and combined two-crosses.

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

Vi =M+, + P+ 8+ g +m +C, 41, +ey, (Model 3)

Where ypij= the k™ observation on the individual bird or measurement from the i' " breed of sire
and the j" breed of dam in the h™ type of breedmg (purebred or crossbred), u= the overall mean,
ap= an effect common to progeny of the h'® type of breedmg, P;i= the effect common to all progeny
of a mating between of the i’ " breed of sire and the i breed of dam, g; (gj)= the effect of general
combining ability (GCA) of the i®(i™) breed, mj= the effect of matemal ablhty (MA) for the ™
breed of dam, cj= the effect of specific combmmg ability (SCA) of the ij™ or ji" cross (i # /). =

the sex-linked or reciprocal effect (SL) of the ij' " cross (i # j) and enijk= the random error.

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

The percentages of reproductive traits were converted to angle with the arcsin transformation
before being analyzed in order to approximate normal distribution. After analyzing such
transformed percentages, means were retransformed to the original scale.

RESULTS AND DISCUSSION

Least-square means
1- Purebreds

Least square means for traits of body weight at 8 weeks (BW8) and at sexual maturity
(BWSM), percentages of fertility (F%), hatchability (H%) and embryonic mortality at 1* (EM1%),
2™ (EM2%) and 3™ (EM3%) weeks are given in Table 1. These results indicate that BWSM of
WC was higher than the other purebreds, followed by WP. While the WL had the lightest weight
compared to the other breeds. The effect of purebreds was significant (P<0.001) for studied body
weights as found by Singh et al. (1983) and Sabri et al. (2000), and non significant for all
investigated reproductive traits (Table 5).
Results in Table 1 show that F% in WC and WL was significantly (P<0.05) higher than in both
NH and WP breeds. The H% in WP was significantly (P<0.05) higher than that of NH. The only
EM1% of NH was significantly (P<0.05) higher than that of WC, while the EM2% and EM3%
differences between purebreds were insignificant. Vick et al. (1993), Sewalem and Wilhelmson
(1999) and Sheble and Soliman (1999) attributed the embryonic mortality to one or more factors of
egg size, shell thickness, shell membrane, development of chicken egg, poor albumen quality and
cuticle and abnormal embryo position in the shell. Generally, results in the present study showed
that most of embryonic mortality percentages were higher in the 1St and 3" weeks than in 2" week
of incubation period (Table 1). Embryonic mortality during the 3" week of incubation is associated
with the condition of incubation and malformation, some of which have a genetic origin (Sewalem
and Wilhelmson, 1999). Therefore, hatch effect was highly significantly different for the only
EM3% (Table 3).

547



(S0°0>d) way1p AUEdIUSIS-joU S8 UWNJOD YOBS Ul SISNS] UIeS ) Yilm SUBSA
‘WOY3T MYM =TM ‘YSILOD MYM =DM D00y YInowkld MMYM =dm ‘1ysdurey MON =HN,

Q9¢YFOI'9  OQBLOEFETT  OQR ITEFBLYL  POGQOELEFO69 P ISTFSEL  POOIEIFOSIVC JoPOq ¥ €CIFL 99 IM-IM
® 95 $F9S°6T OLOEF000  2PAq IZ'EF99'6 POCEFOY9 B SOPF0'66 J60vPF6'8YIT  IPOQ £S0STFO1€9 TA-OM
Qe ZTEF06'81  OqBLITFELT  API LTTFLI'S POQECTFLIL B I98TFY 66 JOUGEFETLIT J3P29 89'9EFS PLI dM-IM
QR TTEFHETI 99 LI'TFISO 3 LTTFI09 Qe CETFY'YS QR I8TFOLE  JPYI6EFYHOTT  JOPO 61°LEFL'SH9 M-dM
298'YFLY'9 9 L0°€F00°0 ® [TEFLILT POEEFIY9 PO SOVFH18 BOI'LLFL'LL8T O 8€'TLF8'8T8 dM-OMm
3G 9S PFHE'6 9 LO€F00°0 qe [T°€FL961 S0£€F8OF P SOYFEOL ®18°08FS'S08C  Oq8 I8'SLFH'88L oM-dm
OQRTTEFLYNT  OQRLITFRL'T  POQLTTFOE'6 PGB ECTFLL QB 98°TF996 360vPFL098]  JOP 9 IHFL'SYS HN-IM
2 TTEFIS9 99 LI'TFSH0 P LTTFSEY BECTFHI8 B O8TFS 66 3 L0 14F9°€961 J2 TS'8EFCSTS TM-HN
oqe 96 YFHETI BLOEFHED SPITEFO6'S PR OEEFS9L  BSOPFO001 PO €6TLFESLET  JOPO TH 89FL 699 HN-OM
Qe 9SHFO0OYT  QRLOEFYEE  PIQ ITEFS6'TI POOEEFYLY 9 SOHFI L6 QTO'ELFF099T P29 0S'89F6TIL OM-HN
dTITEF68'S OLITFETO 9P LTTFBLL Qe EETFOYS Qe 98'TFIL6 AP YLBEFET6ET  POQ bEIETFHOEL HN-dM

9qe TT'EF68 €1 dLITFETO 3 LTTFETS R CETFI08  BIYTFY66  PIQOSTYFICEST  9POq LY 6EFL 669 wﬁmﬁo
OB TTEFISYL  OQRLITFOI'T  9P2QLTTFOSOl PR EETFESL B 9STFH 66 U $S'6EF6 "€691 31 60°LEFL SEY m
OqB 9SPF66 1T 99 LOEFIP 0 ITEFH6T OB 6TEFT08 B SOPFL 66 B GG L8FEVE6T B E1I8F9 €6 oM
296'vF06'9 dLOEF000  °Pd [TEFISS Qe 6T EF6T8 O9QSOVFEL6 29 $SI9FESIT qe €L°LSFS1E8 dm

9qe ZZ'EFO0TI o9 LI'TFI6'] 99 LTTFLT 81 PIEETFL'Y9 PO 98TFL6L 3 v0°TyF$ 8202 vy 6eFR 8y wﬂ&

:spalq
:dnoa8 ad£jouany
A2IM-€ YPM-T ¥IM-1
% All[epow druoAlquy 9, ANjiqeydieq % Ao NSME sme R

"sdno18 2dAjouad ul sjien aAnonpoIdal pue sAnoNpoId J10j SIOLI9 pIepue]s pue sueaw sarenbs-1sea] ' dqel

1bvay puv 1fouvgy

548



Evaluation of purebreds, heterosis, combining abilities, ......

Results in Table 6 show that WC had the heaviest body weight being 263.73 gm for BWS8 and
683.09 gm for BWSM, while the WL gave the highest F% being 9.20 % over the mean. Moreover,
WP had the highest H% being 4.45% over the mean and the lowest embryonic mortality (over all
the three weeks of incubation period) being 3.18% below the mean (Tables 1&6). The NH had the
inferior for traits of F% (-13.5%), H% (-6.38%), EM1% (7.53%) and EM2% (3.48%).

2- Crossbreds

Results in Tables 1 and 2 indicate that body weights for most crossbreds were
significantly higher than those NH and WL purebreds. The WC-WP crossbred gave the heaviest
body weight, while NH-WL crossbred gave the lightest one. Significant (P<0.05) body weight
differences were obtained for crossbred of WP-WC compared to most other crosses (Table 1),
which may be due to the heaviest WC breed.

Table 2. F-ratios of least-squares analysis of variance of factors affecting body weight
at 8 weeks and at sexual maturity.

Source of variation BW38 BWSM

d.f F-value d.f. F-value
Breed group 15 6.61"" 15 44.81""
Hatch (H) 10 0.92™ 10 0.99"™
Sex 1 0.08"™ 1 403.56""
Hatch x Sex 10 091™ 10 1.04"
Remainder d.f. 434 434
Remainder M.S. 56605.537 64322.626

"= non significant; ***= P<0.001.

The F% was the highest when crossed WC with NH, while it the lowest when crossed WP with
WC. Moreover, NH-WL crossbred gave the highest H%. Thus, it is considered of the lowest
embryonic mortality over the three weeks of incubation period. In general, the embryonic mortality
ranged from 0.0% to 29.56% in all crosses (Table 1). From the previous result, one can
recommend that utilizing the crossbreds of WC-WP, WC-NH and NH-WL in breeding program
to improve body weight, F% and H% traits, respectively.

Heterosis

Heterosis was measured as the comparison of purebreds with crossbreds (Table 5). Heterosis
effect was not significant for all studied traits (Table 5). On the contrary, Singh et al. (1983) found
that heterosis effect was significant (P<0.01) for body weight at sexual maturity. Results in Table 6
show that estimates of purebreds were higher by 1.67 gm, 68.64 gm and 1.80% over the mean for
BW8, BWSM and H% traits, respectively, while it reduced by 0.58%, 0.18% and 0.53% below the
mean for EM1%, EM2% and EM3%, respectively. Generally, crossbreds were relatively superior
over purebreds for only F% trait. Therefore, we can conclude that F% could be improved by
crossbreeding program. Nordskog and Phillips (1960) concluded that crossing improve fertility
percentage. El-Gendy (2000) and Hossari and Dorgham (2000) found a positive heterotic effect on
fertility and hatchability traits. However, Nestor et al. (1997) concluded that heterosis appeared to
be more important for reproductive traits than for growth traits in Turkey.

Heterosis estimates (computed as a percent increase of the crossbred above their parent breeds)
based on single cross (superiority) and combined two-cross for body weight and reproductive traits
are given in Table 4. When considering single cross, results indicate that crossbreds of NH-WL,
WC-WP, WC-NH and WC-WL had the highest estimates of heterotic effects for H%, EM1%,
EM2% and EM3% traits, respectively. On the contrary, crossbred of NH-WL had the lowest
heterosis for the embryonic mortality during the three weeks of incubation period.
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Table 5. F-ratios of least-squares analysis of variance for genetic and non-genetic factors affecting
productive and reproductive traits.

Source of d.f. BWS BWSM  Fertility Hatch % Embryonic mortality %
variation %

WK 2"wK 39wk
Het 1 0.014™  3.159™  0.046™  0.322™  0.172™ 0.036™ 0.088™
PB 3 25546 21.023"  1.585™  0.521™  2.170™  1.161™ 0212™
GCA 3 52727 10.959°°  1.390™  1.384™  1.925™ 2.043™ 0.479™
MA 2 0.183" 25162 1.205™ 0270™  0.600™ 1.164™ 0.492™
SCA 3 0.001™  24.940" 2.078™  0.527™  1.804™ 7.066" 1.551™
SL 3 0276™ 17.218"  0.439™  0.827™  0.641™ 0296™ 2.024™
Remainder d.f. 455 455 99 99 99 99 99
Remainder M.S. 44843 327164 519.74 317.09 127.79  63.807 22225

Het= Heterosis; PB= Purebreds; GCA= General combining ability; SCA= Specific combining ability;
MA= Maternal ability; SL= Sex linked.
"= non significant; **= P<0.01.

When considering combined two-crosses, estimates of heterosis for crossbred of NH-WP
were the highest for BW8, BWSM and F%. These indicate that high non-additive genetic
variabilities appeared between crossbreds of the two breeds (Hanafi et al., 1991; Sabri et al.,
2000). Moreover, crossbreds of NH-WL had the highest percentage of heterosis for H% and the
lowest for EM3% trait. On the other hand, the lowest percentages
of heterosis were obtained for BW8 in WP-WC, for BWSM in NH-WL, for most reproductive
traits in WP-WC. Thus, crossbreds of NH-WL increase H% and reduce the embryonic mortality,
while crossbred of NH-WP could be used to improve body weight and F% traits (Table 4).

General combining ability (GCA)

The GCA was only significantly different (P<0.01) for body weight traits (Table 5), which
are in agreement with findings of Singh et al. (1983), Hanafi et al., 1991 and Sabri et al. (2000)
for body weight traits. This indicated that additive gene effect was very high on body weights
and very low for reproductive traits (Table 5).

Results in Table 6 show NH gave the highest estimates of GCA for BWSM, F% and H%
traits. Therefore, we can conclude that NH had higher additive gene effects than the other
purebreds. On the contrary, the WC had the lowest estimates of GCA for BWSM and H% traits
and the highest EM1% and EM3% traits.

Estimates of GCA ranged from —360.98 to 240.38 gm for body weights, -5.32 to 8.94% for
fertility, -6.22 to 5.82% for hatchability and from —4.58 to 4.643% for embryonic mortality.

Maternal ability (MA)

Effect of MA was significantly (P<0.01) different for BWSM and non-significant for the
other studied traits (Table 5). Hanafi et al. (1991) and Khalil et al. (1999) and Sabri et al. (2000)
showed significant effect of MA on body weights. Moreover, El-Gendy (2000) found that
significant effect (P<0.01) of MA on fertility and hatchability traits.

Estimates of MA were the highest in WP and WC for body weight traits, and it was the
highest in WL for most reproductive traits. Thus, we can conclude that dams of WP and WC had
the best mothering ability to improve body weight, while dams of WL could be considered to
improve most of reproductive traits. The MA effect was the lowest performing of NH for BWSM
(-119.72 gm) and EM2% (1.94%). However, MA effect of WC was the lowest for F% (-
10.62%) and H% (-3.88%) and it was the highest effect for EM1% (1.9%) as shown in Table 6.
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Table 6. Least-squares constants (Con.) and standard errors (SE) for factors affecting productive and
reproductive traits.

Item* BWS BWSM Fertility %  Hatch % Embryonic mortality %
1" WK 2" WK 3 WK

Con£S.E. Con.£S.E. Con+S.E. ConzS.E. Con#S.E. Con#S.E. Con.#S.E.

~

K 678.2+9.76 2034.9+26.4 77.31£2.13  59.95+1.66 18.31x1.05 4.6410.74 20.06+1.39
Heterosis:
Pure 1.67£19.5 68.64+52.7 -0.58+4.56 1.204£3.56 -0.56+2.26 -0.18+1.60 -0.53+2.98
Cross -1.67£11.3 -68.64+30.4 0.58+2.40 -1.20+1.88 0.56+1.19 0.18+0.84 0.53+1.57
Purebreds:
NH -231.112£32.7  -285.01+88.3 -13.49+£7.21 -6.37+5.63 7.5343.57 3.48+2.53 0.73+4.71
WP 151.58+48.6 258.00%131 -3.89+10.2 4.45+7.96 -0.79+5.06 -4.46%3.57 -4,3046.67
wC 263.73£70.6 683.09+191 8.19+10.2 2.45+7.96 -7.89+5.06 -0.57+3.57 0.68+6.67
WL -184.20+£30.6  -656.08+82.6 9.20+10.2 -0.53%7.96 1.15+£5.06 1.55%£3.57 2.89+6.67
GCA:
NH -42.49+14.8  240.38+39.9 8.94+3.22 5824252  -4.58+1.60 1.44%1.13 0.71£2.11
WP 72.19+14.6 177.71£39.4 -5.3243.22 -1.39+2.52 0.67+1.60 -3.82+1.13 -3.39+2.11
wC 52.25+24.1 -360.98+65.2 -2.79+4.16 -6.22+3.25 4.64+2.06 0.37+£1.46 2.49+2.72
WL -81.94+14.5 -57.11£39.3 -0.83+3.22 1.79£2.52 -0.73+£1.60 2.001.13 0.19+2.11
MA:
NH 7.07£20.7 -119.72455.8 -0.35+4.56 0.47+3.56 0.2242.26 1.94+1.60 -2.864+2.98
WP 9.48+21.1  -565.38+56.9 4.89+4.56  0.58+3.56  1.20£226  0.591.60 2.53+2.98
wC 4.62+40.0 751.75+108 -10.62+5.89 -3.88+4.6 1.90+2.92 0.57+2.06 -1.76+3.85
WL -21.18+19.4 -66.65+52.4 6.09+4.56 2.82+3.56 -3.33£2.26 -3.10£1.60 2.08+2.98
SCA.:
NH-WP 0.27+22.1 198.83+£59.6 -0.38+5.10 1.4323.98 -0.97+2.53 -2.77%1.79 0.20+£3.33
NH-WC -0.85+41.5 196.00+112 6.55+7.21 1.45+5.63 -2.33+3.57 4.72+2.53 3.49+4.71
NH-WL 0.57£22.6  -394.83+61.0 -6.17£5.10 -2.894+3.98 3.30+2.53 -1.95+1.79 -3.69+3.33
WP-WC 0.57+44.2  -394.83x119 -6.17£721 2894563  3.30+£3.57  -1.95£2.53 -3.69+4.71
WP-WL -0.85+21.6 196.00+58.4 6.54%5.10 1.46+3.98 -2.33+2.53 4.72+1.79 3.49+3.33
WC-WL 0.27+40.0 198.83+108 -0.37£7.21 1.43+5.63 -0.97£3.57 -2.7742.53 0.20+4.71
Reciprocal:
NH-WP -16.83+33.1 312.90+89.3 -0.38+7.21 -1.34+5.63 -1.92+3.57 0.694£2.53 1.21+4.71
WP-NH 16.83+29.7  -312.90480.1 0.38+7.21 1.34+5.63 1.9243.57 -0.69+2.53 -1.21+4 .71
NH-WC 22.80+58.7 -310.35+159 0.24+10.2 -0.75%£7.96 2.5945.06 -1.33+3.57 3.81+6.67
WC-NH -22.80+58.7 310.35+159 -0.24+10.2 0.75+7.96 -2.5945.06 1.33+£3.57 -3.81+6.67
NH-WL -5.97+30.9 -2.55+83 .4 0.14+7.21 2.09+5.63 -0.67+3.57 0.63+2.53 -5.03+4.71
WL-NH 5.97+33.1 2.55+89.3 -0.14x7.21 -2.09+5.63 0.67+3.57 -0.63+2.53 5.03x4.71
WP-WC -17.78+63.8 549.14+172 4.02+10.2 -4.67+7.96 -3.04+5.06 0.01£3.57 3.58+6.67
WC-WP 17.78+61.1 -549.14x165 -4.02+10.2 4.67+7.96 3.04+5.06 -0.01+3.57 -3.5846.67
WP-WL 0.95+30.6  -236.24+82.6 -4.40+7.21 3.3245.63 1.12+3.57 0.68+2.53 -2.36+4.71
WL-WP -0.95+30.6 236.24+82.6 4.40+7.21 -3.3245.63 -1.1243.57 -0.68+2.53 2.36+4.71
WC-WL 5.03x43.2 238.79+117 426+102  -5.41£7.96  -0.45+5.06  -1.31x3.57 7.39£6.67
WL-WC -5.05+106 -238.79+286 -4.26+10.2 5.41+7.96 0.45+5.06 1.31+3.57 -7.3946.67

~ "NH= New Hampshire; WP= White Plymouth Rock; WC= White Cornish; WL= White Leghorn.

Specific combining ability (SCA)

Effect of SCA was significantly (P<0.01) different for BWSM and EM3% traits (Table 5).
Similarly, Singh et al. (1983), Hanafi et al., 1991 and Sabri et al. (2000) showed the same result
for body weight traits. Estimates of SCA presented in Table 6 showed that crosses of NH-WP
and NH-WC were superior for BWSM, while NH-WC crossbred was superior for reproductive
traits. These crosses had the highest and positive estimates of SCA. The WP-WC crossbred had
the lowest SCA for BWSM, F% and H% traits, and the highest embryonic mortality percentages.
These results indicate that NH could be crossed advantageously with WP to improve body
weight and with WC to reduce embryonic mortality.

Reciprocals or sex-linked effect (SL)

The BW8 and reproductive traits were found to be non-significantly affected by sex-linked
(Table 5). Consequently, an advantage may be obtained by using certain breeds (as either male
or female parents) in crossbreeding program. Similarly, some studies (Amrit, 1978; Sharma,
1978; Sabri et al., 2000) reported non-significant differences in body weight due to SL effects.
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On the contrary, many findings (i.e. Manglik et al., 1980; Singh et al., 1983; Hanafi et al., 1991)
showed significant differences in reciprocal crosses for body weight. However, our results
showed in Tables 5&6 indicate significant effects of SL for BWSM. Thus, the sex-linked genes
were of major important in affecting body weights, consequently, the choice of sire breed and
dam breed would be important in planning crossbreeding programs. It is clear that NH-WC, WP-
WC and WL-WP crossbreds had the highest and positive estimates of SL for BW8, BWSM and
F% traits, respectively, while the WL-WC had the best estimates of SL for both H% and
embryonic mortality (Table 6). These crosses were superior compared to their reciprocals at most
traits, which reflect the existence of better maternal ability for these crossbreds.

CONCLUSION

1- Based on heterotic effect, NH as sire breed and WP as dam breed could be used to produce
commercial crosses superior for traits of body weight and F%, while NH as sires and WL as
dams could be used to produce commercial strains superior for reproductive traits.

2- Most effects of purebred, GCA, MA, SCA and SL were significantly different for body
weight traits, while the only SCA effect was significantly (P<0.01) different for embryonic
mortality percentages. This reflects an important of genetic and non-additive genetic effects
for body weights and only non-additive genetic effects for reproductive traits in chickens.

3- Generally, crossbreds were relatively superior to purebreds for F% trait, which prove that F%
could be improved by crossing.
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