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ABSTRACT

Six wheat cultivars and their all half dialle! possible cross combinations
were used to estimate general and specific combining ability for earliness and yieid
components under favorable (F) and drought stress {S) conditions, Drought stress
conditions caused reduction in the Fy hybrids average about 5.56%; 17.12%; 7.16%
and 18.71% for heading date; number of spikes per plant; 1000 grain weight and grain
vield per plant, respectively. Estimates of drought susceptibility index (DS!) based on
grain yield per plant showed that Giza 164{Ps) and the cross combinations inciuding
{P1x Ps; P2 x Pa; P3 x Ps; Pax Ps and Ps x Pg) gave susceptibility index (DSI) values
less than the unity, indicating that these genotypes were relatively tolerant to drought
stress. Correfation coefficients between drought stress susceptibility index (DSI) and
each of grain yield per plant and heading date were - 0.15 and 0.18, respectively. The
results showed that mean squares due to genotype x environment interaction were
highly significant, suggesting a differential response of the genotypes under favorable
(F) and drought stress (S) environments. The results indicated that GCA and SCA
mean squares were highly significant for ail studied traits under each environment
and their combined data. The interactions of GCA x E and SCA x E mean squares
were found to be highly significant for all studied trails except SCA x E in grain yield
per piant, Moreover, the ratio of GCA x E /SCA x E was more than one for all studied
traits, revealing that non additive genetic effects are more stable over the
environments than additive ones. Estimates of general combining ability effects
exhibited that Gemmeiza 3 (P;) was excellent general combiner for earliness under
the two environments. For yield components, Gemmeiza 3 (P4}, Giza 164 (Ps) and
Gemmeiza 7 (Pg} were considered the best parents under both environments. The
results indicated that the crosses (P2x Ps) and (P4 x Pg) under favorable conditions as
well as (P: x P2} and (P3 x P4} under stress conditions exhibited significant SCA
effects for earliness. The crosses (P3 x P4) and (P4 x Pg) revealed significant SCA
effects for number of spikes per plant under the two environments. Desirable SCA
effects for 1000 grain weight were obtained by the cross (P2 x P3) under each of the
two environments. Concerning grain yield per plant, the cross (P: x P} was the most
promising under the two environments. While, the cross (Ps x Pg) exhibited desirable
SCA effect for the same trait under drought stress conditions. It is interesting to note
that the promising crosses which showed desirable SCA effeclts were also
significantly earlier and higher yield than their mid and better parents under the two
environments. Generally, estimates of GCA and SCA in these promising
popuiations proved that selection for drought tolerance could be effective in early
segregating generations.

INTRODUCTION

Drought is a major stress factor limiting wheat production in Egypt as
in many areas of the world. Thus, developing of drought tolerant cultivars in
wheat is an important goal for wheat breeders in this area. Combining ability
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studies are frequently used to evaluate and identify genotypes that yield well
under drought. Therefore, it is necessary to assess combining ability and
combining ability x environment interaction for yield and its components to
ensure better prediction and gain under selection.

Several investigators studied GCA and SCA and their interaction
with environments for earliness, grain vield and its components. For
instance, El-Sherbeny (1989); Sharma et al (2002); Darwish (2003); Ei-Seidy
(2003} and Bayoumi {2004) reported that the interactions of GCA x E and
SCA x E mean squares were significant for earliness and yield components,
suggesting that the magnitude of additive and non additive gene fluctuated
from favorable to drought stress conditions. Dhanda and Sethi {1996);
Sharma and Tandon (1997); Joshi et al (2002) and El-Sherbeny (2004)
stated that the ratio of GCA x E /SCA x E was more than one for earliness
and yieid components, revealing that non additive genetic effects are more
stable over the environments than additive ones.

The correlation coefficient between drought susceptibility index (DS1)
with grain yield per plant and heading date were studied by many authors.
Kheiralia {1984); Sharma and Bhargava {1996}, Kheiralla et al {1997) and E!-
Sherbeny {1998} found that drought susceptibility index (DSI) was positively
and negatively correlated with heading date and grain yieid per plant,
respectively. The present study was carried out to estimate the relative
importance of general and specific combining ability for earliness and yield
components under favorable and drought stress. Drought susceptible index
{DS)) for all genotypes and its correlations with graln yieid and heading date
was aiso estimated.

MATERIALS AND METHODS

The present investigation was undertaken at the Experimental
Research Farm of Sohag Faculty of Agriculture, South Valley University. Six
bread wheat cultivars (Triticum aestivum L)) representing a wide range of
diversity were used in this study as parents. These parents are: Gemmeiza 3
(Py), Sakha 8 (P2), Giza 168 (P3), Sakha 69 (P,), Giza 164 (Ps) and
Gemmeiza 7 (Pg).

In 2003/2004 season, the six parents were crossed in all possible
combinations excluding reciprocals to produce 15 F, hybrids. All parental
genotypes were also self pollinated to increase seeds from each one.

In 2004/2005 season, seeds of the six parents and their 15 F,
hybrids were evaluated under two separate irrigation regime experimenis.
The first experiment was irrigated at all growth stages (favourabie conditions).
in the second experiment (drought stressed conditions), two irrigations were
skipped; one at tillering stage and another at spike initiation stage.

In each experiment, the parents and their 15 F, hybrids were sown
in a randomized complete block design with three replications. Each replicate
contained 21 plots. Each plot consisted of one row with 3 m long and 20 cm
apart between rows. Planis were spaced by 10 cm within row. Al
recommended cuitural practices were applied in the two environments.
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Heading date was measured as the number of days from planting to
the day when 50% of the heads were extruded from the flag leaf sheath. At
maturity, data were recorded on 10 guarded plarts chosen at random from
each plot in each replicate for number of spikes per piant (5/P), 1000 grain
weight (1000 GW) and grain yield per piant {GY/P).

In each environment, dala were subjected {o the analysis of variance
in order to test the significance of the diffarences among the 21 genotypes {
six parents and their 15 F, hybrids) according to Cochran and Cox (1957).
Combined data over the two environments wera also subjected to the
combined analysis of variance in order to test the interaction of genotypes
with environments.

General combining ability {GCA) and specific combining ability (SCA)
variances were partitioned from total genotypic variance in each environment
according to Griffing [1956) as method 2, model 1. The combined analysis
over the two environments was calcuiated o partition the mean squares of
genotypes and the interaction of genotypes with environments into sources of
variations due to GCA, SCA and ther interactions with the environments
{GCAXE and SCAXE). Moreover, GCA effect {g) for each parent and SCA
effect (sy) for each cross were also estimated.

Drought susceptibility index {DS!) was computed according to Fisher
and Maurer {1978) as follows:

DSI=]{1- Y4/ Y,) /D]
Where:
Y4 = mean yield in stress environment.
Yy = mean yieid in non stress snvironment.
D = 1-{mean yield of all genotypes in stress / mean yield in non
stress).

RESULTS AND DISCUSSION

Genolypic variaticns

The analysis of vanance of the twe experiments and their combined
data for aii studied traits are presented in Table 1. Mean squares of
environments were found ic be highly significant for all studied traits with
overall means of favourable environment higher than those of drought stress
conditions. The differences among genotypes under each environment and
its combined data were highly significant for ali studied traits. Moreover,
mean squares of genolype x environment interaciion were highly significant,
suggesting a differential response of the genotypes under favourable (F) and
drought stress {S) environments. Similar results were obtained by Ei-
Sherbeny (1999); Sheikh ef al. (2000); Singh {2002) ; Joshi et al, {2002) and
Bayoumi (2004).
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Table 1: Analysis of variance and mean squates of the six parents and thelr F; hybrids for al! studied traits under
favorable environment (F) and drought siress environment (S) as well as thelr combined data

S.V D.F Heading date No. of spikes/plant 1000 grain weight Grain yield/plant
' S |IC F ] C F S C F S C F S [+
Environ, (E) | - |1 - - 753.39 | - - 14112 - . 386.92 - . 1070.12
Reps/E 2 |4 542 | 336 | 439 |032 ;041 |0.37 | 611 458 | 535 | 3.89 | 256 3.23
Genotypes |20 [20 21.50** [15.47** [20.93"* [2.51** [2.23** [3.04"* [60.59*" |43.92** |64.09** 148.79** |25.54** |45.30**
(G)
GxE - RO - - 16.04"* | - - .73 - - la0.42* . . 29.03*
Error 40 |BO | 3.96 4.23 410 |0.19 |0.34 (0.26 | 4.32 6.72 5.52 5.51 6.28 5.89

*** Significant a

t 5% and 1% levels of probability, respectively.

‘YD ‘Auaqays-i3



J. Agric. Sci. Mansoura Univ., 31 (2), February, 2006

Performances of parents and their crosses

The mean performances of the six parents and their 15 F, crosses
for all studied traits are given in Table 2. The results indicated that the mean
performances of all genotypes were variable from favorable to drought
conditions. Drought stress conditions caused reduction about 6.28%;
23.25%; 7.57% and 6.88% in parental average for heading date; number of
spikes per plant; 1000 grain weight and grain yield per plant, respectively.
While, reduction in the F; hybrids average was 5.56%, 17.12%; 7.16% and
"18.71% for heading date; number of spikes per plant; 1000 grain weight and
grain yield per plant, respectively.

The results indicated that Gemmeiza 3 {P1) was found to be the
earliest parent under both environments. In both environments, Gemmeiza 3
(P1) and Gemmeiza 7 {P6) were found to be the best parents for number of
spikes per plant, 1000 grain weight and grain yiekd per plant, respectively.
Regarding the F1 hybrids, the cross combinations (P1xP3), (P3xP4} and
(P4xP8) at normal conditions as wel! as {P1xP2), (P1xP5), (P2xP5) and
(P3xP4) at drought stress conditions were the eariiest hybrids. The crosses
{P1xP5), {P1xP6), {P4xP8) and (P5xP8) were the highest hybrids in number
of spikes per plant under both the two environments. For 1000 grain weight,
the crosses {P1xP4), (P1xP5), (P1xF6) and (P5xP6) under the iwo
environments were the most promiging hybrids. The crosses {P1xP4j,
{P1xP86), (P3xP6) and {P4xP6) were the best yielding hybrids under favorable
environments. While, the crosses (P1xP5), (P3xP6), (P4xP6) and {P5xP§)
were the most promising hybrids for grain yield per plant at drought stress
conditions.

Drought susceptibifity index {DSI)

The estimates of drought susceptibility index (DS1) based on grain
vield per plant are presented in Table 2. The results showed that Giza
184(P;) was drought stress tolerant parent. On the other hand, other
parenis were susceptible to drought stress. Concerning the F, hybrids,
{PaxP;), {P2xPs), (PaxPs), (PuxPs) and {PsxPg) crosses were relatively tolerant
to drought stress. Whereas the other hybrids were susceptible to drought
stress.

In general, it could be noticed that all cross combinations including
Giza 164 (P;) gave {DSI) values less than the unity. These resuits indicate
that the tolerant parent Giza 164 (P;) transmitted its genes controiling drought
tolerance. In addition, the crosses (PxPs), and (PsxPs) gave the highest yield
under drought stress conditions with drought susceptibifity index (DS} less
than unity. Therefore, these crosses could be considered as promising
populations for isclating useful segregates to be cuftivated under drought
stress conditions. The correlation coefficients between drought susceptibility
index {DS!) and each of grain yield per plant and heading date were also
estimated. Grain yield per plant under drought stress conditions was
negatively correlated with drought susceptibility index { r = - 0.15 ). This
indicates that grain yield per plant was the most variable trait for selection
under heat stress conditions. On the other hand, heading date was positively
corretated with (DS1) values (r = 0.16), suggesting that early genotypes were
less susceptible to drought siress than late ones. These results are in
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accordance with those reported by Kheiralla {1994); Sharma and Bhargava
(1996); Kheiralla et al {1997) and El-Sherbeny (1999).

Table 2: Mezn performance of the six parents and their F, hybrids for
studies traits under favourable {F) and drought stress {S)
conditions as well as their combined data {C) in addition to the
estimates of drou ?msuschbim index (DS{).

Heading date 1000-grain Grain yleld/

Genotypes spikes/plant weight _plant | DSl
F S F S F S F S

meiza3d (P, 8621 [ 784 | 642 | 456 | 546 | 434 | 315 | 218 | 163
kha 8 (P 914 | 836 | 365 | 272 | 368 | 346 | 206 | 164 | 1.05
iza 168 {P5)| B7.2 | 825 | 473 { 664 | 403 | 365 | 257 | 208 | 1.00
69 (P) 856 | 813 | 556 | 4238 | 445 | 412 | 291 | 226 | 1.18
164 (Ps}f 905 | 808 | 681 5.77 494 [ 468 ! 244 | 235 | 021
emmeiza 7 (P)| 883 | 85.1 712 { 526 | 51.7 | 476 | 345 | 257 132

mean 875 1 820 | 572 | 439 | 462 | 427 | 276 | 257
PixPy 845 | 771 5.86 502 | 493 | 471 29.7 238 1.05
P:xPy B12 | 780 | 613 [ 466 | 476 | 468 | 334 | 262 | 113
PixP, 828 | 796 | 664 | 469 | 525 | 462 | 349 258 1.37
P:;xPs 844 | 762 | 705 | 608 | 528 | 477 a2z 275 1 074
Pix Py 833 j 805 | 7.24 5.31 549 | 465 | 354 253 1.47
P2xP; 866 | 797 { 506 | 401 | 458 | 446 | 248 | 205 § 0.89
Pax P 87.1 834 { 5.01 396 | 449 | 417 28.7 22.8 1.05
P:xP; 858 | 786 | 582 { 513 ; 468 | 455 | 263 | 244 § 037
P:xPy 862 | 825 | 6.02 | 516 | 497 | 436 | 297 | 237 | 1.05
PyxP, B25 | 782 { 636 { 504 ; 454 | 403 } 312 | 253 | 0.99
PaxPs 853 | 796 | 589 | 554 | 462 | 445 275 236 | 0.74
PsxPs 845 81.1 6.14 522 | 484 | 444 338 265 110
PyxPs 841 | 826 | 658 | 578 | 509 | 463 | 303 | 254 | 084
PaxPs 822 } 805 | 720 | 596 ) 464 ]| 457 | 348 | 276 | 108
Ps X Py 867 | 798 | 666 | 609 | 518 | 454 326 | 298 | 0.45

Hybrids mean 845 | 798 | 6.25 | 518 | 489 | 454 | 310 | 252

P.SD 5% 327 | 339 | 0.1 095 | 343 | 428 | 3288 4.12

1% 437 | 454 | 095 | 127 | 459 | 572 | 518 | 5.51

R % P 6.28 23.25 7.57 6.88
F4 5.56 17.12 7.16 18.71

R% : Percentage of reduction due to drought stress.
: ( M.Py —M.Pr/ M-Pm) % 100.
H { “.F:m — M.F;m’ M.th) x 100.

Estimates of heterosis

Estimates of heterosis over mid and better parent for all studied traits
at favourable and drought stress conditions are shown in Table 3. The results
indicated that ten and eight out of 15 crosses were significantly flowered
earlier than their mid parents with the maximum negative heterosis values of
-5.66% (P;xPs) and -4.81% (P,xP;) under non stress and drough! stress
conditions, respectively. Compared to eariier parent, the crosses (P;xP;) and
(PsxP,) exhibited high significant useful heterosis values of -5.19% and -
3.39% under favourable and stress conditions, respoctively.

Concerning number of spikes per plant, 14 and 15 out of 15 crosses
showed positive significant heterosis values relative to mid parents ranged
from 2.08% to 23.49% and 4.92% to 37.91% under non stress and drought
stress conditions, respectively. For better parent, six and seven out of 15
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crosses revealed positive significant heterosis values under normal and
stress environments, respectively. The cross combination (P;xP,) gave the
maximum useful values of 14.39% and 15.07% at favourable and stress
conditicns, respectively. _ :

Regarding 1000 grain weight, 12 and 11 out of i5 crosses were
significantly heavier than their- mid parents under non stress and drought
stress conditions, respectively. The cross (P2xP3} exhibited the largest useful
heterosis values of 1B.29% and 2546% under nommal and stress
" environments, respectively. Compared to the better parent, the cross
{P.xP;) showed also the maximum heterosis values of 13.15% and 22.19%
under favourable and stress conditions, respectively.

With respect to grain yield per plant, ail crosses were significantly
befter in yield than their mid parents under the two environments. The cross
combinations {P,xP;) and {P;xP;) revealed the largest heterosis values of
16.78% and 16.89% under normal and drought stress conditions,
respectively.

Table 3: Estimates of heterosis over mid parents {(above) and better
parent {below) for all studied traits under favourable (F) and
drought stress (S) conditions.

Qm‘;[ Heading date No. spikes/piant | 1 in weight | Grain yleld/piant
F 3 F ] F ) F S
259 | 481" | 1627 { 37.91~ | 7.8~ | 1214~ | 1401~ | 2336~

PP, | 292 -166 | -872 } 1009 | -9.71* | -465" | -571" | B.25"

407" -2.55 9.86% | 13.66% 0.32 8.96™ 16.78* | 23.00™
PxP,{ -1.09 -0.51 452" | 219" 1-1282" 1 -526™ | 603" | 20.18™
-1.25 0.3 1085 | 492> 595" 1.99 15.18*° | 1522
PP, 0.85 1.53 3.43" 2.85"" -3.85" -6.43" § 10.79"" | 14.16""
-2.20 -4.27 6.49* | 17.60" 1.54 -0.83 14.35"" | 21.41°
PyxPs 2.80 -2.81 asa 537 -3.30 -3.44 1.90 17.02
-2.23 -1.53 8.94" 8.15™ .29 -4.12" 7.27* 6.53™

P, xPy 1.46 268 168 0.95 0.55 -5.87 2.61 -1.58
-3.02° -4.03" | 20.76™ | 26.10™ | 18.29* | 2546 | 7.13" 10.21**

PxPs { 068 -3.39" 6.98" | 10.16°" | 13.157 | 22.19°" -3.50 -1.44
-1.58 1.15 8.68" 11,55 | 10.46™ | 10.03" { 1549 | 15.90™

PaxPy 1.75 2.58 -0.89° | -9.59" 0.90 1.21 -1.37 0.88

-5.66°" | -4.38" | 1128 | 20.70™ ; BS58™" | 11.79" | 16.89" | 2230
P,xPs | -5.19* -2.72 | -14.54* | -11.09*" | -5.26™ -2.78 7.79™ 343

-4.06™ -2.19 11,69 | 29.32™ | 1232 | 6.08™ 7.80" 12.59™
PxPs | -2.38 -132 | -15.45™ | -1.80 -3.87* -840 { -13.91" ) 778"
-4.51" { -452*" ; 23.49™ | 2569 | 707 502 1387 | 16.59"
PixP, | -3.62° -3.81* 14.39** | 15.07* 202 -0.97 7.22™ 11.95™
-3.99° -2.51 208"  17.62 a.or 6.84 9.75™ 8.55™

PaxPs -2.18 -1.49 | -13.51* 1 -3.99" | 648" -4.91" 7.00™ 0.42
370 -3.22° 372" | 1820 [ 5.22™ 5.59™ 1225 , 13.98"

PyxP,s | -3.00° -169 1-13.76 1 076 -6.38" | 572" -2.03 3.11
-4.49* 1.9 630" | 13.78 | 841 8§23 { 1327 1 1019

PxPs | -1.75 2.23 ~3.38™" 017 3.03 -1.07 412 8.09~

-5.46" 1 -325° | 14.98" | 23.85"7 | -3.53" 2.3 943" | 14.28™
PPy | -3.97 -0.98 239 | 1331 {-10.25" 1 -3.99 0.87 7.39™
XPs -3.02° | -3.80° | 445" | 1033 | 769" | 4667 | 10.707 | 21.14™
-1.81 -124 | 648" | 554 0.19 3.78 -5.51* | 15.95*
%™ Significant at 5% and 1% levels of probability, respectively.
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While, the crosses (PuxP,), (PyxPa), (PxPs), (PaxPs) and {PsxPg) were the
most promising hybrids under drought stress conditions with heterosis values
of 23.56%, 23.00%, 21.41%, 22.30% and 21.14%, respectively. As for the
better parent heterosis values for six and eight out 15 crosses had significant
values under favorable and drought stress conditions, respectively. The
crosses (PyP3), (PP, (PyxPs) and {PsxPs;) showed the best heterosis
values of 20.18%, 14.16%, 17.02% and 15.95%, respectively, under drought
stress conditions.

Generally, these results indicated that the majority of crosses were
significantly earfier and higher in yield than their mid and better parents under
the two environments. This finding reflects the important role of non additive
gene action in the inheritance of these traits.

Combining ability analysis

Results of combining ability analysis in Table 4 showed that both
GCA and SCA mean squares were highly significant for all studied traits
under each condition and their combined data. This indicates that ail types
of gene action are involved in the inheritance of these trails. In addition, the
ratio of GCA/SCA was found {o be greater than unity for all studied traits
under both environments, indicating that additive gene action played a major
role in the expression of these traits.

The interactions of GCA x E and SCA x E mean squares were found
to be highly significant for all studied traits except SCA x E in grain vield per
plant, suggesting that the magnitude of all types of gene action fiuctuated
from favourable to drought stress conditions. Moreover, the ratio of GCA x £
{SCA x E was more than one for all studied traits, revealing that non additive
genetic effects are more stable over the environments than additive ones.
Therefore, selection for these traits under more environments would be
effective to improve these traits. In this trend, similar findings were reported
by El-Sherbeny (1998); Joshi et al (2002); El-Seidy {2003); Bayoumi {2004)
and El-Sherbeny (2004).

GCA effects (g)

Estimates of generai combining ability of each parent (gi) for ail
studied traits under the two environments are presented in Table 5. The
results showed that Gemmeiza 3 {P,) was exceilent general combiner for
earliness under the two environments. Moreover, Sakha 69 {P,) seemed to
be a good general combiner for earliness under non stress conditions. For
yield cornponents, Gemmeiza 3 (P,), Giza 164 (P;) and Gemmeiza 7 (Pg)
were considered to be the best parents under both environments. Whereas,
Sakha 8 {P,) and Giza 188 (P,} were the poorest general combiners for
these traits under the hwo environments. Consequently, the previous parents
which exhibited useful general combining ability effects, could be utilized in
breeding programs 1o improve earliness and yield components under non
stress and drought stress conditions.
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Table 4; Combining ability analysis of variance for all studied traits under favorable {F) and drought stress (S)

conditions as well as their combined data

sv DF Heading date No. of spikes/plant 1000 grain weight Grain yleld/plant
S|C F S c F S ] F S c F ] c

|GCA 5|5(13.49**(7.23**]11.66**| 1.94**| 1.34** | 2.04** | 40.23"*| 26.13"*| 30.22*"| 53.49"*{ 20.29**| 39.92"*
[SCA 15|15] 5.06** |4.46™*| 5.42** | 0.47**|0.55**|0.67**[13.51**|10.82**| 18.41**| 3.85" | 4.58" | 6.83"
GCA x E -5 - - 9.06** - - 1.24*" - - 36.14" - - 33.86**
ISCAXE -5 - - 410" . - |0.35 - - 5.82*" . - 1.682
Error 40180{ 1.62 (141 ) 1.37 1006 | 011 | 0.09 { 1.44 | 224 | 184 | 1.84 | 2.09 | 1.96
GCA/SCA -1 267 | 162 2151 413 | 244 | 3.04 | 298 { 241 164 | 13.89 | 443 | 584
GCAXE/SCAXE |- |- - - 2.21 - - 3.54 . - 6.10 - - 20.90
*** Significant at 5% and 1% levels of probability, respect/valy.
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Table 5: Estimates of general combining ability effects{gi) of each
parent for all studied traits under favourable (F) and drought
stress (S) conditions.

Parents He:du:gdate No;pllus@sam 100F0gmnwesi;ggt Gﬁ;n_ywdd_lgland

Gemmeiza 3(Py) |-213|-1.82°] 0.39" | 0.03 | 368~ { 260 227 | 031

Sakha8(P;) 11951067 | 095" [ 074~ | 337~ | 258" {-3.74"! 274
Giza 168(Ps) | -0.38 | -0.15| 046 | £.36" { -2.88™ | -2.28" | 1.03° | 073
Sakha63(Ps) |-084" | 0471 0.04 006 { -Co7 § -1.15 | 097" 1 0.3
Giza164{Py) | 124 {060 037" | 0.69™ | 1.31°" ; 134" |-150° ] 102

Gemmeiza 7(Pg) | 0.25 |143"| 061" { 0.45" | 222~ | 1.56" | 3.92" | 1.85™

SE (gi) 037 038 ] 008 [ 011 | 039 | 048 | G44 | 047
** Significant at 5% and 1% tevels of probability, respectively.

SCA elfects (Sy)

Estimates of SCA effects (S;) of each cross for all studied traits at the
two environments are given in Table 6. The results indicated that the crosses
{P.xP5) and {P;xPs} under favorable conditions as well as {PxP.) and (P3xP,)
under stress conditions, which resuitted from crossing (good x poor) generai
combiners, exhibited significant SCA etfects for eariiness. The cross {PaxP,)
involving two poor general combiners and the cross {P.xPs) resulting from
{poor x good) general combiners, revealed significant SCA ettects for number
of spikes per plant uncer the two environments. Desirable SCA effects for
1000 grain weight were obtained in the cross {PoxP;), which include two poor
general combiners under each of the two environments. In addition, the two
crosses (P.xPg) and (P,xPs) which included one poor and one good general
combiners, showed desirable SCA effects for the same trait under normal
environment. Gonceming grain yield per plant, the cross (P.xP2!, which
resulted from crossing {good x poor) general combiners, was the most
promising under the two environments. While, the cross {PsxPg}, involving
two good combiners, exhibited desirable SCA effect for the same trait under
drought stress conditions.

it is interesting to note that the promising crosses which showed
desirable SCA efiects exhibited {as previously mentioned) high heterosis
values for these studied traits. it could be aiso observed that the excellent
cross combinations in this study were cbtained from {(good x good), {good x
poor) and {poor x poor} general combiners. Therefore, it is net necessary
that parents having estimates of GCA effects would also give high estimates
of SCA etffects in their respactive cross combinations. Similar resuits were
obtained by Sheikh et al {2000); Singh {2002); Joshi et al, (2002) and E!-
Sherheny (2004].

t could bg concluded that the toleranmt parent Giza 164 (P:)
transmitted its genes controlling drought tolerance to the cross combinations
including it (P4 x g Pax Pg; Pyx Ps and Ps x Pg). Drought susceptibility index
{DSY) was positively correlated with heading date, suggesting that early
genotypes were less susceptble to drought stress than late ones.
Consequentiy, these crosses could be considered promising populations for
isolating usefu! segregates to be cultivated under drought stress conditions.
Estimates ¢f GCA and SCA in these promising populations under favorabie
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and drought stress conditions proved that selection for drought tclerance
could be effective in early segregating generations.

Table 6: Estimales of specific combining ability effects (Sij} of each
cross for all studied traits under favorable {F) and drought
stress (S) conditions.

Crosses Heading date [No. spikes/plant] 1000grain weight |Grain yieid/plant
] F S F S F S F S
PP, -0.67 ] -2.20" 033 1 0.79"* Q.87 2.46 1.12 1.81
P1xP; -1.64 -0.09 0.10 0.05 -1.32 1.86 2.91" 3.40"
P:xPq Q.52 0.50 0.11 -0.22 1.66 0.13 1.60 0.97
PixPs -0.05 -1.84 0.20 0.42 -0.31 -1.35 1.37 1.85
PixPg 0.93 0.44 0.14 -0.12 0.88 -2.28 -0.05 -1.08
PyxPs -0.32 -1.27 0.37 0.17 373 1483 ] -048 -0.25
P.xP, 0.75 1.81 -0.18 -0.19 1.11 0.81 1.42 .82
PaxPs -2.73" | -1.92 0.30 0.24 0.74 1.62 1.58 1.90
PaxPg -1.34 10.05 0.26 0.50 273" 0.01 0.27 0.37
PaxP, -153 ) -2.57° | 0.67 | G.71" 1.13 -0.39 1.20 1.51
P3xPs -0.90 -0.11 -0.12 0.27 .35 0.32 0.07 -0.92
PixPg -0.82 -0.64 1 -0.12 0.22 0.94 0.50 1.68 1.16
PuxPs -1.54 | 228" 0.0/ 0.21 2.44" 1.00 0.87 -0.14
PixPg -2.45" | -1.85 0.54* 062" |-2.97*"1 0867 0.65 1.23
PsxPg -0.13 -1.49 -0.42 0.01 0.15 1.38 1.02 2.71"
SE (81)) 1.02 1.05 0.22 0.29 1.06 1.32 1.20 1.28

*** Significant at 5% and 1% levels of probability, respectively.
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