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ABSTRACT

Six bread wheat genotypes; Sakha 94, Gemnyiza 9, Giza 163, Line 1, Haamua 11
and Angi 3 were crossed in a Ralf-dinilel mating design and were planted under irrigated
as well as water stress conditions to determine their genetic behavior under these
conditions. Data were recorded on days (o keading, days 1o physiological maturity, plant
height, number of spikes per plant, rumber of kernels per spike, 100-kernel weight, grain
yield per plant and the drought susceptibifity index. Data for all traits revealed significant
differences among genotypes under both sowing conditions. The additive and dominance
gene actions were significant for most of studied characters under the two conditions.
Mean degree of dominance (Hy/D)"” indicated over dominance for kernels per spike, and
grain yield per plant under the two conditions and for plant keight under non stress
condition. Partial dominance gene gffects were found fo control the other studied traits,
except 100-kermel weight under non stress condition, which is controfled by complete
dominance gene effects. Moderate to high heritability estimates in narrow sense were
detected for all studied characters under the two conditions except for grain yield per
plant under irrigated condition. General and specific combining ability were found to be
highly significant for all traits under investigation af the fwo conditions indicating the
importance of additive and non-additive gene actions in controlling the performance of
these traits in all genotypey. Two superior crosses Py P; for grain yield and P;x P, for
kernels per spike under water stress were considered as promising kybrids for
improvement purpose. Moreover, they involved good wmbiur parents whick can be
used to improve any of these features.

Key words: Genetic behavior, Wheat, Water stress, Yield components, Heritability, Gene
action.
INTRODUCTION
Wheat (Triticum aestivum 1..) is one of the four main cereals cultivated
worldwide, viz. wheat, rice, maize and barley. Water scarcity is a real threat
to agricultural production in arid and semi-arid arcas. As the world
population continues to grow, the arable land area per capita will further
decrease. Therefore, research on the enhancement of wheat productivity is
still an important task for wheat breeders. The Food and Agriculture
Organization (FAO 1988) estimated that almost two-thirds of the increase in
crop production needed in the next decades must come from higher yields
per unit land area. Hence, deficit irrigation requires more control over the
amount and timing of water application than full irtigation practice.
: Wheat is affected by drought stress, either in the plant development
stages, or through yield development. Furthermore, there is also a difference



in the intensity of the stress that plays a role in both cases. For example,
water stress during seed development affects the yield more than when the
stress is expenenced in the vegetauve stage (Agenbag and De Villiers
1995).

Water stress is recognized as an important factor that affects wheat
growth and yield (Ashraf and Naqvi 1995 and Ashraf 1998). However,
whieat species and culllvars within species show substantial differences in
their’ response to .soil moisture (Rascm et al 1992 ‘and Igbal er al 1999).
" Moreover, reduction in yield and yield components due to water stress have
been reported in both durum and bread wheat (Sinha et al 1986).

_ Substantial losses in grain yield are caused by water deficiency
depending on the developmental stage at which water stress occurs (Ozturk
and Aydin 2004). Water stress at various stages before anthesis can reduce
days to heading as reported by Nabipour et a/ (2002) and plant height as
. indicated by El-Banna et al (2002) Moreover, plant traits of the main tiller
may play an important role in determining grain yield under water stress
condition (Okuyama et af 2005). '
_ . Understanding the genetic behaviour of attributes under water stress
is very important for any breeding program because the progress was less
under water-limiting environments in many regions (Richards et al 2001
and Trethowan et al 2002). In addition, selection for high grain yield and
improved performance under drought is not aiways successful (Coeper et a/
1997). Therefore, genetic improvement of grain yield under water stress
Limitation is still a key objective for wheat breeders (van Ginkel ef al 1998
and Richards et al 2002).

On the other hand, yield has low hentablhty, slow and difficult to be
measured especially in early segregations of a breeding program (Rebetzke
et al 2002). Meanwhile, Arshad and Chowdhry (2003) reported over
dominance and additive gene action for kernels per spike under drought
conditions. In certain cases, over dominance has also been reported by
Kashif and Khaliq (2003) for plant height and grain yield per plant under
normal irrigated conditions. _

The aims of this study were to determine the nature of genetic
mechanisms of some economic traits in wheat crosses exposed to water
stress after tillering stage; and, to identify superior genotypes, which have
good performance for earliness, plant height and grain yield and its
components under water stress.

MATERIALS AND METHODS

A field experiment was conducted at Sakha Agricultural Research
Station, Egypt in 2004/2005 and 2005/2006 growing seasons. Six wheat
parental genotypes were crossed in a haif diallel cross mating design during
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2004/2005 season. In the second season, 2005!2006 two adjacent
experiments were conducted. The first one was irrigated four times after
planting irrigation (control experiment), while, the second experiment was
given one irrigation at tellering stage beside the planting irrigation; i.e., two
irrigations were given through the whole season (stress experiment). The
commetcial names, source, cross name and pedigree of the parents used in
this study are presented in Table (1). S

Table 1. Name, source, cross name and pedlgree, and- drought tolerance

~of six parental wheat genotypes.
Parent |Source " Crom Name&l_’edigne- huthonind
SaklnM.' Egypt Opata / Rayon // Kawuz | | Suseeptibte |
CMBW 90Y3130 -STOPM-3Y-S10M-10M-910Y-6M 05 _

Gemmiza ) Eqypt | oo iom oo oo Susceptible
Giza 168 | Egypt fz‘n’:,’musij omava8 - | susepante
[mer | Eevwe gﬁ:ﬁﬂt@zﬁfslnnnnnx : Tolerant
“"""'“_['C““’A fﬂﬂlﬁﬁ?ﬂ%ﬂqﬂqﬂ%ﬂ-«s Toleraat
Angi3 1‘“@‘ ?m%gmmm4uas Tolerant

Each experiment was designed in a randomized complete block
design using three replicates. Each replicate consisted of 21 rows, 3.8 m
long and 30 cm apart with 20 cm between plants. Twenty seeds were
planted in each row. The six parental genotypes and their 15 Fy's were
planted in both experiments. The data collected on six guarded plants from
each genotype and they were; days to heading (DH), days to physxologlcal
maturity (DM), plant height (PH), number of spikes per plant (SP™),
number of kernels per spike (KS” Y, 100-kemel weight (KW) and grain
yield per plant (GYP™). Drought susceptibility index (SI) was calculated
to characterize the relative drought tolerance of all genotypes. It must be
emphasized that SI provides a measure of drought tolerance based on
mimmization of yield loss under dry condition compared to moist one
rather than on yield level under dry conditions per se. The index was



calculated from genotype means for grain yield (SI) using 2 generalized
formula (Fisher and Maurer 1978) in which:
SI=(1-ya/y,) /D
Where: yq = mean yield in drought environment,
Y,= mean yield in normal condition = potential yield,
D = droughit stress intensity = I - (mean vq of all genotypes / mean
¥p of all genotypes).

, Data obtained from the 15 Fi-progenies and six parents were
subjected to the basic analysis of variance technique (Steel and Torrie
1980). Gene action and determination of genetic components of vaniation
were also estimated according to Hayman (1954) and Jinks (1955). The
combining ability analysis was estimated following model 1, method 2 of
Griffing technique (1956).

RESULTS AND DISCUSSION

Combined analysis of variance _

The combined analysis of variance for studied characters is shown in
Table (2). Statistical analysis revealed high significant effects of urigation
treatments on all studied traits, except kemels per spike, indicating that the
two irrigation regimes had different effects on these characters. In addition,
mean squares due to genotypes were highly significant for all characters,
reflecting the presence of sufficient genefic variability among these
genotypes. Similar resuits were found by El-Gamal (2002).

Analysis of variance

The differences among the genotypes were highly significant for
most of the characters under the two conditions (Table 3). This proved the
presence of sufficient genmetic variability among these genotypes, which
enhance the chance of selecting for drought-tolerant bread wheat genotypes.
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Table 2. Mean squares of combined analysls of variances for studled
characters in wheat genotypes.

KW { GYp*'

DH | DM PH sp? Ks'
Som"ce'ol' D.F
'Variation

MS

Irrigation (I) 1 [ 40354 [2314.29*+]1983.33** | 276.94** | 221.87 j1.83++|2627.66**
Error 4 1.06 142 33 12.74 8495 008 | 22072
Genotypes (G) { 20 {160.26**§ 38.07** | 69.99** | 2636** J152.53**|1.05**| 137.94**
IXG 20 1L62* B.S2ve 9.20** 4.69 1939 10.16**] 39.61**
Error 80 0.95 1.24 1.93 395 25.11 0.06 { 10.87

* and ** indicate significant at p <0.05 and p < 0.01, respectively.
N = Non-stress, S = Stress, DH = Days to heading, DM = Days to physinlogical maturity,

PH = Plaat height and SP' = Namber of spikes per plant, KS* = Namber of kernels per spike,
KW = 100-kernel weight and GYP"' = Grain yield per plant.

Table 3. Mean squares of seven agromomic characters for different
genotypes under two different environments (non-stress and

stress conditions).
Ks?! KW GYp!
vl EE ms
N -4 N L] N ]
Blocks 2 0.51 1.61 327+ | 1097+ 1.47 5.22
Genotypes 20 | 88.62¢¢ | 7328+ | 3902*¢ | 7.56%% | 44.22%¢ | 34.92%+
Error 40 0.96 0.93 0.95 1.518 225 3.60

* and ** indicate significant at p < 0.05 aad p <0.01, respectively.
N = Non-stress, S = Stress, DH = Days to beading, DM = Dxys to physiological maturity,

PH = Plaat height and SP” =

Number of spikes per piant,




Table 3. continued

Ks! KW GYr?

Source of
Variation D.F M5

N s N s N S
Blocks 2 310 167,324+ 0.16 0.01 3827 7.37

Genotypes | 20 | 7718% | 94.63%* | 0.54%%  0r7+= | 84470+ { 9326%*

Ervor 40 3747 12.75 0.08 0.05 13.53 322

* and ** indicste significant at p < 0.05 and p < 0.01, respectively.
N = Non-stress, S = Stress, KS'= Nunberofhnehperspih,KW 100-kernel weight

and GYF! = Graia yield per plast.

Mean performance of wheat parents and F; crosses under stress and
non-stress conditions

Mean performance of the parents and their hybrids of all studied
characters under stress and non-stress conditions are presented in Table
. :

Means of genotypes under water stress condition were,
insignificantly, earlier in days to heading than those at non-stress one.
This result could be due to the rainfall during the vegetative stage.
Meanwhile, water stress condition decreased the mean of most studied
characters for all genotypes. Similar results were obtained by Abd El-
Rahman (2004) for days to heading and days to matwrity and Moursi
(2003) for plant height, Hefnawy and Wahba (2003) and Moursi (2003)
for number of kernels per spike and Gupta ef al (2001) and Abd El-Wahab
(2002) for grain yield per plant.

Among the parental genotypes, Line 1 (P,) was the eatliest in days
to heading (86.7 and 86.3 days) and days to maturity (146.0 and 143.3
days) under non-stress and stress conditions, respectively. Moreover,
crosses P4 x Ps and P4 x Ps were the earliest in days to heading (93.0 and
92.7, respectively) assuming partial dominance toward Py under non-
stress condition, while the same crosses were the carliest (91.7 and 92.2
days, respectively) under stress condition. In addition, under non-stress
and stress conditions, cross P, x P4 had the earliest values in days to
maturity (150.0 and 144.0 days, respectively) assuming additive to partial
dominance effects under the normal condition and partial dominance
towards P; under water stress.
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Table 4. Mean performance of wheat characters for parents and
their Fy 's under non-stress, and stress conditions.

Genotype DH - DM PH Sp!

: N S N S N S N | S
Sakha 94 (P)) 104.0 [ 103.7 { 155.5 | 1467} 117.2 | 111.5 ) 22.7 | 224
Gemmiza 9 (P,) 101.5 | 101.3 | 156.3 | 1463 [ 115.0 { 1053 } 16.7 | 16.6
Giza 168 (Py) 96.7 | 94.8 | 157.0 | 1467|1083 | 989 | 209|175
Line 1 (P) 86.7 | 86.3 | 146.0 1143311142 | 1075217 | 19.8
Haama 11 (Py) 1053 [ 1023 [ 159.0 { 148.7 [ 110.6 | 108.6 | 24.4 | 242
Angi 3 (Py) 104.0 | 1033 | 159.5 | 149.7] 103.3 | 989 |25.0 [ 209
Py xP, 104.5 | 103.3 } 155.3 | 14571 119.7 ] 111.9] 189 | 188
P, %P, 980 | 96.7 §158.0 { 1463 {112.8 | 106.1 ] 21.1 | 16.8
P, xP, 95.0 | 95.0 11500 | 144011186 | 110.8 [ 22.1 | 174
P, xPs 101.5 { 99.7 | 156.3 | 147.3 | 115.6 | 108.6 | 23.3 | 19.0
Py x Py 100.5 1 99.7 | 1515 [ 146.0 { 112.5 | 105.8 | 23.3 | 209
P, x P, 100.5 1 99.3 [ 1573 | 1460 | 115.8 | 106.7 | 18.1 [ 15.2
Py x P, 95.0 | 95.0 ] 151.0] 1443|1194 | 1078 | 18.1 | 154
P, x Py 103.5 { 100.7 { 156.3 | 14571 117.2 ) 109.4 { 209 | 17.6
P, x Pg 103.0 | 102.0 | 1573 | 146.7 | 115.6 | 108.9 { 21.9 | 16.2
P;x P, 90.0 ) 89.7 §151.3 | 145041178 | 10581185175
Py x Py 96.3 | 953 (1583 | 147.7]114.2 | 102.8 | 228 | 184
P, x Pg 96.3 | 96.0 | 1563 | 147.3 | 113.6 | 106.6 { 22.7 1 17.2
P, x Ps 93.0 | 91.7 J152.3 | 1450} 116.1 | 1056 | 22.2 | 18.6
P, x Pg 927 | 92.2 | 150.0 | 144.7 | 117.5 | 107.8 | 224 | 177
Ps x Pg 106.5 | 102.7 | 156.5 | 1483 [ 113.9 ] 107.5 } 23.7 | 21.4
Mean 98.8 | 97.7 | 1548 | 1463 [ 114.7 | 106.8 | 21.5 [ 18.5
New LSD 005{ 14 | 1.4 | 14 | 21 | 22 | 2.9 | 2.7 | 41
New LSD 0011 19 | 1.8 | 1.8 | 28 [ 29 | 3.8 | 3.5 | 5.6
C.V.% i0 | 09 | 06 | 08 | 1.3 | L7 | 77 [121

N = Non-stress, S = Stress, DH = Days to heading, DM = Days to physiological maturity,
PH = Plant height and SP"' = Number of spikes per plant.




Table 4. co_atiuned

Genotype CKS' -} KW oY | o
| N SINISsSINTS
Sakha 94 (Py) 850 | 812 ) 44 | 47 [ 535|496 06
Gemmiza 9 (P;) 833|824 48 | 48 [420 349 14
Giza 168 (P;) 826|814 | 42 | 43 | 461 |307] 26
Line 1 (P9 6811671 ] 51 | - ja08(344] 13
Haama 11 (Ps) 74.8 | 772 ] 43 45 | 36813561 03
Angi 3 (Pg) 833|831 36 ] 40 J425]352] 14
P, x P, 824 [ 773 | 49 | 53 [4861445] 07
P, x Ps 823|733 ) 4.4 | 46 | 430320 2.1
P;x P, n8{711 ) 50| 57 Jaas]344] 19
P, x Ps 814 | 77.1 ) 48 | 48 [ 593 (386 29
Py x Pg 7281715 42 | 45 [ 488|442 07
P, x P, 743 | 729 | 47 | 49 {453 {296 29
P,x P, 693 | 647} 57 | 57 | 441339 19
P, x P; 784 1752 ] 50 | 49 {530 390} 22
P:x Ps 780 | 773} 46 | 48 472 317] 27
P, x P, 770 { 7531 5.0 | 50 } 420 (377) o8
P, x Ps 748 | 27| 46 | 47 (528|410 138
P; x Pg 8221820 48 | 43 {519]407] 138
P, % Py 778 [ 648 | 44 | 55 Jas8 405} 11
P,x P 778 | 721 | 47 | 53 |s08 405 17
Ps x Pg 830|815 44 | 48 |s05 490} 0.1
Mean 782|753 46 | 49 |472 {380 16
New LSD 0.05 1341 57 04 | 03 )59 ) 44| 12
New LSD 0.01 18375 [ o6 {05} 77 (58] 16
C.V. % 79 | 47 1 59 | 46 |78 {75 -

N = Non-stress, § = Stress, KS* = Number of kernels per spike, KW = 100-

kernel weight and GYP' = Grain yield per plant,

On the other hand, cross Pyx P, maintained its superiority for plant
height (119.7 cm and 111.9 cm) under non-stress and stress conditions,
respectively, while, Sakha 94 was the tailest parent under the two

conditions (117.2 cm and 111.5 cm).
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Under non-stress condition, Haama 11 and Angi 3 had the highest
mean values; 24.4 and 25.0, respectively for number of spikes per plant,
while, Maama 11 had the highest value; 24.2 only under stress condition.
Meanwhile, cross P; x Pg recorded the h:ghest values; 23.7 and 21.4 under
non-siress and stress conditions, respectively.

Under non-stress and stress conditions, data in Table (4) showed
that cross P; %X P¢ had the highest mean values (82.2 and 82.0,
respectively) for number of kernels per spike. Furthermore, line 1 and
cross Py x Py recorded the highest mean values under the two condifions.
In addition, they were the best genotypes for 100-kemel weight (5.1 g and

- 5.7 g under non-stress condition and 5.5 g and 5.7 g under stress
condition, respectively).

The highest yield was recorded by Sakha 94, (53.5 g) under non-
stress condition and 49.6g under stressed one. Also, cross P; % Ps had the
highest yield; 59.3 g under non-stress condition, while cross Ps x Pg
estimated 49.1g under stress one. Thus, under the normal condition, the
cross Py x Ps surpassed the higher assuming an overdominance behavior.

From these results, it is clearly that most of genotypes differed in
the magnitude of reduction in all characters in response to water stress.
These results are similar to those obtained by Abd El-Rahman (2004) for
days to heading and days to maturity and Farahat (2005) for plant height,
kernels per spike, 1000-kernel weight and grain yield. :

Low stress susceptibility index (SI<1) is synonymous with the
higher stress tolerance. The results. indicated that the two parents Sakha 94
(P1), and Haama 11 (P5), as well as the hybrids P1 x P2, P1 x P6, P3 x P4
and P35 x P6 had the lowest SI, reflecting the tolerance of these genotypes to
drought. Except for P3 x P4, the tolerant hybrids had one tolerant parent in
the cross. In this respect, Bayoumi et al (2002) reported that drought
susceptibility index ranged from 0.71 to 1.43,

Estimation of genetic componeuts and heritability

The vahdlty of Hayman ’s assumptions was tested using ¢ test. The
7 values (Table © were not significant under the two conditions for all
studied characters. Accordingly, the major assumptiops postulated for
diallel analysis by Hayman (1954) appeared to be valid.

The regression coefficients are expected to be significantly different
from zero, but not from unity if all assumptions are correct. This was true
for days to heading under the two conditions and days to maturity under
stress condition, confirming further validity of diallel assumptions. The
other characters, which msxgmﬁcantly differed from unity and from zero,
showed partial failure of the assumptions.
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Table S, Valaes of , regression coefficient of covariance (Wr). on
variance (Vr) and f-values for b = 0 and b = 1 under non stress

and stress conditions.
| Character Cond. | ¢ ; Mlg' u:l iel nt t\;::‘uf_ t\;:lrne
e b= - b=1
Days to heading (00 [ FYF) NSRS M
Days to matarity S Tisforre, o, —aab | om
Plant height s i fosss was| 1o | 1%
Swikesperplant R HGh N one o |11
Keruel per spike s Toss [ioesaso| 2| o1
100-kernel weight s ToosTorszoas| 26 | o0
Grain yield per plant |~ 17 [ oo osr| w6 | 008
* Significant at 0.05.

N = Non-stress, S = Stress
b=20 and b = 1 indicate difference of regression coefficient vajue from 0 and 1 (unit),
respectively.

‘Estimates of the genetic components of variation for all studied
characters are presented in Table (6). The additive component "D" was
highly significant for all characters under the two conditions. The
dominance components (H, and H,) were significant to highly significant
for most of the studied characters under the two conditions. These
significant values suggest that additive and dominance gene effects play an
important role in the inheritance of these characters. The dominance
variance "H;" was larger than that of "H," indicating that positive beneficial
and negative deleterious alleles do not have the same ratios to the parents.
This result indicates that improving these characters through selection might
be more effective in early generations for improving such characters.
Similar results were obtained by El-Borhamy (2004) for days to heading,
days to maturity, plant height and number of kernels per spike under stress
conditions. ,

The "F" values were significant to highly significant and positive for
each of grain yield under non-stress condition, days to heading under stress
and plant height under the two conditions indicating that the dominant
alleles are more frequent than the recessive ones among the parental
genotypes. Significant or highly significant and negative F-value was
recorded for number of spikes per plant under non-stress condition and 100-
kernel weight under stress conditions. Meanwhile, the insignificant "F"
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Table 6. Estimates of genetic components of variation for the studied
characters of bread wheat genotypes under non-stress and stress

conditions.
Character Cond.] D H, H, F 'y E
N [Pt 1543w (12280 ] 205 | 432 | 031
. - +166 | +421 } 376 | +4.05 | +2.53 | 2063
Days to heading s [#3T%[om0s {750% I 3.81% [ 541 | 032
+).81 +2.04 +1.83 { 197 | 123 | +0.30
N |B5 ) saz | 687 | 404 | 271 [ 035
. +1.89 | 481 | 2420 | 2463 | 289 | 202
Days to maturity s |43 [ 009 020 | 005 [1.85* |06
+0.14 | 2035 ]| 2031 | 0.14 | 2021 { 005
N |25207 [ 286 3175 | 17.66% [ 58.39%%| 074
. 1310 | 2787 | 703 } 758 | 2473 | 117
Flant height s 125955 | B2+ (1616 [2.36% [14.77% | 123
1219 | +556 | +497 | 535 | 2334 | 2083 |
N | 790" | 039 | 003 | -136* | 026 {096+
. £022 § 2055 | 049 § +0.53 | +033 | =008
Spikes per plant s [6az*v | 241 [ 325 | Daa [1420°| 1.94%
067 | +169 | +1.51 | +1.63 | +1.02 | 025
N |3223° [ %009 (35005 { 18.01 | 681 |ilo4*
. +6.02 | £1528 | £13.65 | £14.71 | £9.19 | 1228
Kernels per spike s [P fao3se | 345 [e11i++| 670
265 | 2672 | 2600 | +6.46 | +4.04 | +1.00
N | 0257 [ 025+ 025 | 004 | 031+ | 0.03°
. 002 § 006 | 20.05 } +0.05 | 003 | x001
100-kernel weight s | 0247 [o3*s [012% [ 512%% [ 032°* | oo
+001 | 2003 { +0.03 | =003 | 2002 | 001
N [ 2763157 49.64° [6541%% ) 4.90
o +8.89 | 222.56 | +20.16 { £21.71 | £13.57 | 336
Grain yield per plant s |3796* [iokos*+[si46**| 4108 [ 551 | 2.73
924 } +23.45 ] 2095 | #2257 | #1410 { 33.49

*and ** ludieatelignsﬁunlatp<0.05ndp<wl respectively.
N = Non-stress, S = Stress.

values for the other characters may be a sign of equality in the relative
frequencies of dominant and recessive genes in the parent.

The dominance effect "h®" estimates, which are the measure of
heterozygous loci, were highly significant and positive for each of plant
height, 100-kernel weight under both conditions, and grain yield under the
non-stres$ condition. Moreover, similar effects wére observed for all traits
under stress except for grain yield per plant. The observed positive and
significant "h* values indicated that the dominant genes of these characters
were due to heterozygosity and dominance seemed to be acting in a positive
direction (unidirectional). Contrarily, the remaining h? values were not
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significant indicating that it could be due to the presence ‘of considerable
amount of canceling the dominant effects in the parents.

Estimation of the ratios between the parameters of genetic variance
for the studied characters is provided in Table (7). The mean degree of
dominance (HyD)'? is more than unity for plant height under non-stress
condition and for mumber of kernels per spike and grain yield per plant
under both conditions. These results back up the presence of
overdominance, suggesting early selection might improve of these traits.
Meanwhile, the same patameter for days to heading under non-stress
condition and each of days to heading, days to maturity, plant height,
number of spikes per plant, and 100-kemel weight under stress condition is
less than unity. These results confirm the role of partiai dominance gene
- effects in controlling these traits. Contrary wise, the mean degree of
dominance indicated the presence of complete dominance for 100-kemel
weight under non- stress condition.

Table 7. Proportiouns of genetic components for the studied characters.

Character Cead. | (HV/D)? | Hy4H, | KIVKR ":1’31 r |8
N 056 1 020 | 093 | 035 | 063 | 089
Days to heading
v S 046 J 019 | 120 § 063 | 044 | 091
- a8 | .1 39 52 | 034
Days to maturity N 063 | 01 3t }o 0
S 015 J 025 | 074 [ 935 | 092 | 074
Plant height N J 107 Jo20 | 198 | 254 | 066 ] 050 |
[ 095 [ 017 | 265 ] 091 | 037 | 051
N - 0.02 - 2750 | -0.81 | 082
ikes per plant
Spikes per pla ] 06t [ o025 Jose | 438 | om2 | 052
Kernels per spike N 112 J o2 | 167 1 019 | 050 | 032
, S 128 1025 | 091 | 124 ] 024 | 046
100-kernel welght N 100 | 025 | 118 | 128 | 004 | 0.54
® [ 074 [ 022 | 049 | 265 | 063 | 0.30
N 203 J 017 | 261 | 085 | 041 [ 022
Grain yi t
rain yield per pla [ 169 | 019 § 194 | 007 | 070 ] 035

N = Non-stress, § == Stress

These results are in accordance with those obtained by El-Borhamy
(2004) for kernels per spike and grain yield per plant under stress condition,
Abd El-Rahman (2004) for days to heading and days to maturity under
stress condition, Hassani er al (2005) for days to heading and grain yicld per



plant under non-stress condition and Dere and Ylldmm (2006) for grain
yield per plant under non-stress condition.

The proportion of genes with negative and positive effects in the
parent (Hz/4H,) was equal or near to one quarter for most of the studied
characters under the two conditions, indicating that the negative and positive
alleles were equally distributed among the parents. The proportion of
dominant and recessive alleles in the parents (KI/KR) were found to be
unequal with more dominant than recessive alieles for most characters. The
recessive alleles were more than dominant alleles for days to heading in
non-stress condition and each of days to maturity, number of spikes per
plant, number of kemels per spike and 100-kemel wmght under stress
condition (Table 7).

Concerning number of eﬁ"ect:ve factors (K) that controls the trait and
exhibit dominance to certain degree, the data showed that the gene blocks
governing the traits under non-stress condition ranged between one gene
block for number of kernels per spike to eight genes for number of spikes

per plant under non stress condition. Under stress condition, the gene blocks
rangedfrom one gene forgzmny:eldperplanttotengcnesfordaysto
maturity. :
The correlation coefficient values "r" between the parental order of
dominance (Wr+Vr) and the parental measurement (yr) were negative for
plant height, number of spikes per plant, 100-kernel weight and grain yield
under non stress condition. Moreover, plant height and 100-kemnel weight
followed the same direction under stress condition. These resulis suggested
that the parents contains most increasing genes have the lowest values of
Wr; + Vi, and thus contain most dominant genes controlling these
characters. However, correlation coefficient was found to be positive for the
remaining values indicating that high mean expression is associated with
recessive genes. The possession of recessive gene with high expression is an
advantage in breeding program as it might fac:htaie fixation of the traits in
the early generations. ‘

Moderate to high heritability estimates in narrow sense (h’;) were
detected for ail studied characters under both conditions except for grain
yield per plant under non-stress condition. These results suggest that these
characters are governed by more additive than dominance genes suggesting -
the importance of straight forward phenotypic selection in the early
segregating generations. Moderate heritability estimates were obtained
under water stress by Subbani and Chowdhry (2000) and Subhani er of
(2000) for days to heading, El-Borhamy (2000) for days to maturity, plaat
height and number of spikes per plant and Riaz and Chowdhry (2003) for
1000-kerne! weight. The present resuits are also in agreement with those
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obtained under normal conditions by Hassani et ol (2005) for days to
heading, plant height, 1000-kernel weight and grain yield per plant.
Combining ability analysis

The variances estimated for general combining ability "GCA™ and
specific combining ability "SCA" are presented in Table (8). Mean squares
of GCA and SCA were highly significant for all the studied traits under the
two conditions except for the SCA mean squares for days to maturity under
stress, number of kemeis per spike under non-stress and number of spikes
per plant under both conditions which were insignificant. Both general and
specific combining ability variances were found to be highly significant for
most traits under investipation at the two conditions indicating the
importance of additive and non-additive gene actions in controlling the
performance of these characters in all genotypes.
: The GCA variance was higher than that of SCA vasiance for all
traits under study in the two environments, indicating that additive gene
effects were more important than the non-additive in the expression of these
traits. Howevere, higher estimates of non-additive genetic variation were
noticed only for grain yield per plant under non-stress condition. These
results are in harmony with those obtained by Afiah and Darwish (2002) for
number of kemnels per spike under rainfed stress; El-Beially and El-Sayed
{2002) for days to heading, days to maturity, plant height, number of spikes
per plant and under well water, and Arshad and Chowdhry (2002) for plant
height, number of kemels per spike and 1000-kernels weight under both
sowing conditions.
: The estimates of GCA/SCA matio undier the two conditions were
more than unity for all traits except for grain yield per plant under well
watering. These results suggest that the studied traits are predominantly
controlled by additive gene action. Therefore, it could be concluded that
improving these traits through selection would be more effective in the early
segregating generations. On the other hand, grain yield per plant under
stress condition was mainly controlled by non-additive gene action. These
results are in agreement with those reported by Hassani er al  (2005) for
days to heading, plant height, kemnels per spike and 1000-kernel weight
under well water and Darwish (2003) for kemels per spike under stress
condition (one irrigation).



Table 5. Mean squares of geseral (GCA) and specific combining sbility
(SCA) for the agromomic. characters umder mom-sivess amd

stress conditions.
DH PM PH s
Source of
va D¥ HS
N S N S | N 5 N s

GCA s §319.917 [ 26999" | 13478 { 25647 | 9176 | 1276 | 5453" | 2™
SCA 15 1s2” ] 76” | 70" | 154 s {er)t e | 72
Erver 1 09 | 093 095 | 12 {2z | 39 | ;| sz
GCA/SCA L - ] 2777 J 3501 ] 1898 {1665 ] 326 | 434 | 1366 | st

* and ** indicate sipnificant at p < 0.05 aad p < .01, respectively.
N = Now-stress, S = Stress, DH = Days o heading, DM = Days to physislogical maturity,
PH = Plaat height and SP* = Number of spikes per plant.

Table 8. continned

Kst KW Gyr’
Searce of DF : '
Varistion _ s
N ] N s N s

GCA. 5 1156367208277 ) 136" | 216" | 2T [T
jsca 15 | s07% §s69™ § 027" | 017" ] s233” | el
Errer 4] 356 ] 21§ oo 005 ] 1353 | ;
GCA/SCA - § 308 3.66 504 | 21 | ex L34

*and ** indicste significant at p <085 aad p < 881, respectively.
N = Nea-siress, S = Stresy, KS? = Nassber of kernels per spike,
KW = 108-kernel weight and GYP* = Graim yield per plant.

Combining ability effects
Estimates of GCA effects of parents for each trait in both
environments are presented in Table (9).

Results indicated that Gemmiza 9 expressed high significant negative
effects for days to heading under both conditions. In addition, Giza 168 had
high significant negative effects for days to maturity under normal
condition. Therefore, these genotypes can be considered as good combiners
for developing early genotypes. The cultivar Haama 11 proved to be good
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Table 9. Estimates of general combining ability cffects for the studied

Py

under non-stress and stress conditions.

parents in the F; gemncration for the agromomic characiers

Pareat DH DM rH sr'
N s N s | N s | n| s
Sakba 94 @) | 121%* ] 1.49+¢ L 1080+ J 096+ |04 | o2 | 029 1920+
Gemmiza 9 () [-1.79% |-1.18++] 005 [ 077 [339% ] 3.04%2 | 004 | 100~
Giza168(P) | 2.13% | 1.41% [-071 | 096 {346} 244+ | 068 | 137+
Line 1 (P9 101%> | 052+ | 0.45° | 061* Jaz2*e| 060 fr05% | 206
Haama 11 @9 | 1.5 | 191** J 0.66%* | 0.52* [292%¢ | 095+ | ou1 2250
Augi 3 (P9 134+ | 1.77%¢ | 205% | 1.27%¢ Lseese | 458+ 014 | 098+
S o 0os| 037 | 036 | 037 | 046 | as7 | 071 {0e3 | ans
oo1] 849 | 0o | 00 | 06z | 076 | w95 | ez | 114
SE we 008 | 008 j ot | 03 |19 | e |3 | v:s
Vand ** indicate significant at p < 005 and p< 001, respechively,
N = Non-stress, S = Stress, DH = Days to heading, DM = Days te physislagical matwrity,
Table 9. continued
Parent 7 ks Kw Gy
N s N s N s
Sakha 94 (P) 300* | 452+ { 014vr | 022+ | 103 | 494
Gemmiza 9 (P2) 443+ | 5830+ | 03200 | 03700 | 31300 | 1290
Giza 168 (Py) 330 [310% | 025+ | 004 | 020 | -0
Line1 (P) 002 | 304% | 0u5+{ 037+ [ 133 | .10
Haama 11 (P5) 298 | 227+ | -0.16% | -026%* | -11.83%+ | 575+
Angi 3 () 164 | 195% | 039%s | 024+ | 56800 | -s541%+
S @ 0os] 231 | 13¢ | 010 | aeo | 139 | 108
eo1{ 300 | 130 § 014 | enn | 185 | Lu4
SE @ 313 | 196 | o001 | cose | 113 | ess

* and ** indicate significant at p <085 and p < 881, respectively.
N= Non-stressy, S = Stresy, K5 ' = Number of keruels per spike, KW = 160-kernel weight and
GYP '« Grain yield per piant.
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combiner for both of plant height and number of spikes per plant under
stress condition. As for number of spikes per plant, Line 1 showed high
significant positive effects under non-stress condition. Moreover, Sakha 94
and Gemmiza 9 displayed high significant positive effects for number of
kernels per spike under both conditions. Meanwhile, each of Giza 168,
Line 1, Haama 11 and Angi 3 had high significant positive effects under
water stress condition. Sakha 94 and Gemmiza 9 had also high and / or
significant and positive effects and were the best combiners for grain yield
per plant under the same condition. This may suggest that evaluation of
significance of GCA effects for a specific trait can guide the breeder to
select parents for improving this trait. Similar results were estimated by
Sultan e al (2006) for number of spikes per plant, number of kernels per
spike and grain yield under stress condition.

Specific combining ability effects of the parental combinations were
computed in Table (10). Six crosses; (P1* Ps) (Pi1x Pg), (P3x Ps), (P3x Pe),
(P4 Ps) and (P4x Pg) gave high significant positive estimates of SCA effects
for days to heading under the two stress conditions. Only three crosses, viz
(Pyx Pg), (P2x Ps) and (P4x Pg) exhibited significant or highly significant
negative effect under stress condition. Concerning plant height, the best
crosses were (P2x Pg), (P3x Pg) and (P4x Pg) at both conditions and each of
(P P2), (P3% Py), (P5% Pg) under non stress condition

The crosses (P3x Py) and (Pyx Pg) had high significant positive effects
under non-stress and stress conditions, respectively. Only one cross (P3* Ps)
exhibited significant desirable SCA effects for kernels per spike under stress
condition. The crosses (P,x Ps), (P2x Py) and (P3x Pg) expressed significant
to highly significant positive SCA effects under non-stress condition, while
crosses (P1x P2), (B1x Pa), (Pax Pg) and (Psx Pg) showed significantly
positive effects under stress condition for 100-kernel weight. On the other
hand, the crosses (P3x Ps) and (P3x Pg) had significant or highly significant
positive SCA effects under the two conditions for grain yield per plant. .



Table 10. Estimates of specific combining ability effects for the studied
crosses under non-stress and stress conditions.

Cross DH DM PH sp!
N S N S N S N S

P,xP, 1.46% | 0.99 €07 |-0.10) 1.87* | 1.87 |-0.62| 091
P, xP; 066 | -1.14* | 1.93** | -0.02 | -1.80* | 030 | -025]-1.54
P, x P, 0.78 100« § 002 |-035{ 074 | 104 | 0.62 |-1.67
P, x Ps -1.79** | -1.64** | 005 | 027 | 016 | -098 |-0.02|-223
P, x P 2.220% | 2.21%% | -399*« | -1.19) 068 | -1.67 [ -030] 0.69
P;x P; 1.59%« | 137*¢ | 029 |04 074 | 163 ]-036]-045
{P,xP, 0.53 0.84 004 [019 ] 104 | 064 ]-059])-099
P, % Ps -0.04 0.80 | -1.03* |-1.19) 130 | 1.24 | 0.4t |-098
P, x P 10.03 -0.04 087 |-031} 1.83* | 2.79*«| 109 | -120
P, xP, -0.10 005 | 030 | 027 |268*¢| 1.13 |-1.52} 0.60
Py xPs -2:83*% 1 -1.59** | 031 | 023 153 | -1.73 | 0.58 }-0.59
P, x Pg 227+% | -1.50%* | -0:80 | -023 | 3.76** | 4.15** | 0.19 | -0.77
P,xPs -1.72** ] -146* | 039 | -044 | 020 | -233*]-026]-1.19
P,xP; -1.49** | .146%+ | -1.05* | -0.89 | 3.80** | 1.99* | 034 -1.08
Ps x Pg 3.28%* { 167** | -0.94 | 0.07 | 2.65** | 190 {-0.91} 0.50
Sij 0.05{ 1.01 1.00 101 | 127 ) 156 | 196 | 1.72 | 2.34
001} 136 134 135 | 171 ) 209 | 262 | 231313

SE gij-ii 0.56 0.54 056 | 089 ) 133 | 2.09 | 1.62 | 2.99

* and ** indicate significant at p < 0.05 and p £0.01, respectively.

N = Non-stress, S = Stress, DH = Days to heading, DM = Days te physiological maturity,
PH = Plant height and SP™! = Number of spikes per plant.
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Table 10. continued

Crosses Ks' KW GYP'
N S N s | N S

PixP; 2.04 0.63 007 | 025%°} -025 | 530
P, %P, | 169 1 aarr | 002 | 001 | 6454 | 6.0
P, x P, 2.24 0.68 007 | 030* | -255 | -5.68**
PyxPs 1.53 1.28 033 | 001 | 871%* | da4%s
Py x P 901 | -745** | 007 | 011 | -1.5 153
P:x Py 478 | 450 | 017 | 016 | -049 | 350
P,x P, 414 | -5.65** | 048** | 0.8 0.41 0.63
P, x Ps 0.13 -0.58 0.14 | 002 | 6.07** | 169
P, x Pg 221 457 | on 013 | o5t | 5440
P;xP, -1.42 4.15% 013 | w012 | 233 371t
P3 x Ps 379 | 395+ | 013 009 | 527 | 399+
Psx P, 171 | 2261 | 053 | 004 | ass | 43w
Pyx Py ' 482 | 470t | .04 | 014 147 | 214
P, x Pg 2.95 0.56 0.05 | 025¢ | 565%¢ | 248
Psx P; 328 341 0.14 | o025+ | 214 | a2
Seip 0.05 6.33 369 | 029 | 023 3.80 2.96

0.01 8.47 4.93 038 | 031 5.09 3.97
SE giaity 21.88 7.42 0.04 | 0.03 7.89 4.79

* and ** indicate significant at p < 0.05 and p < 0.01, respectively.
N = Non-stress, S = Stress, KS™ = Number of kernels per spike, KW = 100-kernel we.gm
and GYP'= Grain yield per plant.

Hence, the superior crosses (P1x P3) for grain yield and (P3x Py4) for
kernels per spike under water stress are conmdered promising hybrids, as
they involved good combiner parents.
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