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WHEAT UNDER NORMAL IRRIGATION AND DROUGHT
CONDITIONS
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ABSTRACT

Seven parents of bread wheat were used in a dinallel cross without reciprocals in
2008/2009 season. In 2009/ 2010 season, the 7 parents and their 21 F, crosses were
grown lo study heterosis, combining ability and nature of gene action for ten iraifs under
fwo different water regimes, Le. normal irrigation (plants gave 5 irrigations during
growth season) and water stress (plants gave 3 irrigations where the 2" and £
irrigations were prevented during vegetative and anthesis stages, respectively). A field
experiment was devoted for each irrigation treatment and laid out in a randomized
complete blocks design with three replicates. Mean squares due lo parenis vs. crosses
(average heterosis) were significant for all studied traits under both irrigation treatments
as well as their combined data except for spike length and no. of spikelets/ spike under
both water regimes, no. of spikes/ plant and grain yield/ plant under normal irrigation
and 1000-kernel weight under normal irrigation and combined data. The variance due to
interaction of parents vs. crosses with irrigation regimes was significant for all studied
traits except for spike length, no. of spikelets/ spike and no. of spikes/ plant. The mean
squares due to general (GCA) and specific (SCA) combining ability were significant for
all studled traits under each treatment and combined data. The ratios of GCA/SCA
variances were less than unity under both water regimes and combined data for all
studied traits except spike length and no. of spikelets/ spike, indicating that the main
genetic variation for these traits was due to non-additive gene action. The two crosses;
Giza 168 (Py) x Sakha-94 (Ps) and IB18 (Pg x Maryout 5 (P3) was identified as promising
Jor wheat breeding for improving yielding ability under target environments because the
parental cultivars and crosses possessed the highest general and specific combining
ability effects for grain yield and its contributors. The high expression of heterosis for the
two crosses also reflected that the genetic compaosition of the parents was different with
respect fo favorable additive genes. All traits were under the control of both additive and
non-additive gene effects under the two Irrigation regimes. Besides, the dominance gene
effects played a major role in the inheritance of most traits. Overdominance and
dominant genes were exhibited in most traits under both irrigation regimes. The narrow
sense heritability estimates in narrow sense were relatively high to moderate for most
fraits giving values ranging from 33.74% for plant height to 83.75% for spike length
under drought conditions,

Key words: Wheat, Triticumn aestivum, Water regimes, Drought tolerance, Heterosis,
General and specific combining ability, Types of gene action, Heritability

INTRODUCTION
Increasing wheat production to decrease national gab between
production and consumption could be achieved through increasing the
production per unit area, via improving agronomic management practices as



well as the genetic potentiality of cultivars. Irrigation is one of the most
important limiting factors in wheat production. For starting a breeding
programme to improve any crop variety, the breeders need to know the type
of gene action and genetic system controlling the inheritance of the interest
characters. Therefore, many genetic models were introduced to estimate the
different genetic parameters such as heterosis, combining ability and nature
of gene action. Abd El-Aty (2000), Koumber and Esmail (2005), Salama
(2007) and El-Hosary ef al (2009) studied heterosis, combining ability,
gene action and other genetic attributes that controlled yield and yield
contributing characters under normal irrigation and drought conditions.

The investigation aimed to: 1- estimate better parent heterosis under
the two water regimes, 2- evaluate the general (GCA) and specific (SCA)
combining ability and their interactions with irrigation treatments and 3- to
get some information on the nature of genetic system controlling vield and
yield contributing characters and the importance which should be given to
the wheat studied materials in a breeding programme.

MATERIALS AND METHODS
The field work of this study was conducted at the Experimental
Farm of the Faculty of Agriculture, Ain Shams University, at Shalakan,
Kalubia Governorate, Egypt. Seven different bread wheat genotypes
representing a wide rang of genetic variability were used during the two
successive growing seasons {2008/2009 and 2009/2010). Name and
pedigree of the seven parental genotypes are presented in  Table (1).

Table 1. Names, pedigree and / or selection history of the seven bread
wheat parents used in the study.
Name Pedigree and / or selection history

Giza 168 (P)) MRL/Buc//Seri CM93046-8M-0Y-oM-2Y-0B

Cham 6 (P;) CM39992-8M-7Y-OM-OAPMex/syr/orgin
Line-1 (P;) Giza 157 x Bow “S"//YD "S7/ZZ “8"
Line-2 (P) MD689/B/Chere “S” x KvZ/Con/Pj 62
Sakha-94 (P;) OPATA/RAYON//KAUZ

IB18 {Pg) ICWE8-040b-OL-2AP-OL-OAP

Maryouts (P;)  Improved Check

In 2008/2009 season, all diallel crosses without reciprocals, were
made among seven parents to produce 21 hybrids. In 2009/2010 season, the
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parents and their respective F crosses were grown under two different water
regimes, i.e. normal irrigation (plants gave 5 irrigations durinlﬁ growth
season) and water stress (plants gave 3 irrigations where the 2™ and 4™
irrigations were prevented during vegetative and anthesis stages,
respectively). A field experiment was devoted for each irrigation treatment
and each experiment was designed in a randomized complete blocks with
three replications. Each parent and hybrid was sown in three rows in each
replicate and row was 3 m long. Plants spaced 15 c¢m within row and the
rows were 25 c¢m apart and one plant left per hill. Sowing date was on
November 17" and the preceding summer crop was maize. The other
cultural practices were followed as recommended for wheat production in
the region. Data were collected on ten random competitive plants of each
parent and F, hybrid from each replicate to determine number of days to
heading, flag leaf area (cm?), relative water content % , plant height (cm),
spike length {cm), number of spikes/ plant, number of spikelets/ spike,
number of kernels/ spike, 1000-kernel weight (g) and grain yield/ plant(g)
Heterobeltiosis was estimated according to Mather and Jinks (1982) as
follows: _ _

B Heterobeltiosis (heterosis over the better parent (BP) = { F, - BP/

BP) x 100. The variation among parents and F; crosses was partitioned into
general and specific combining ability as illustrated by Griffing (1956),
method {2), model (1). The relative importance of GCA to SCA was
expressed as explained by Singh and Chaudhary (1995). Also, type of gene
action, genetic ratios and heritability were calculated as developed by
Hayman (1954).

RESULTS AND DISCUSSION

Heterosis

The analysis of variance for each normal and drought conditions as
well as for the combined data for all studied characters are presented in
Table (2). Mean squares due to irrigation, genotypes, parents and crosses
were significant for all the studied characters under the two irrigation
regimes as well as for the combined data. The mean squares, due to the
interaction of genotypes, parents and crosses with the two irrigation regimes
were significant for days to heading, flag leaf area, relative water content,
number of kernels/ spike, 1000-kernel weight and grain yield/ plant (except
for parents x irrigation), indicating inconsistent responses of these
populations from normal irrigation to drought conditions. Mean square due
to parents vs. crosses (average heterosis) were significant for all studied
characters under both irrigation treatments as well as their combined data
except for spike length and no. of spikelets/ spike under both experiments,
no. of spikes/ plant and grain yield/ plant under normal irrigation and 1000-
kernel weight under normal irrigation and combined data, The variance due
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to interaction of parents vs crosses with irrigation regimes was significant
for all studied characters except for spike length, no. of spikelets/ spike and
no. of spikes/ plant. It could be concluded that the test of potential parents
for the expression of heterosis would be necessarily conducted across a
number of envircnmental conditions. These findings are in agreement with
those of Hendawy (1994), Awaad (2002), El-Borhamy (2005), Dawwam et
al 2007 and El-Hosary et al (2009).

Heterosis expressed as the percentage deviation of the F;
performance from its better parent for all studied traits under the two
irrigation treatments are presented in Table (3). High positive percentages of
heterosis would be of interest in most traits under investigation, however for
days to heading, high negative values would be useful from the breeders
point of view. For days to heading four and six out of the 21 crosses
exhibited negative significant heterosis ranging from -2.53% (P2 x Ps) to -
4.35% (P, x Py) and from -2.81% (P; x Pg) to -7.44% (P> x P,) under normal
and drought conditions, respectively.

With respect to flag leaf area one cross P; x Ps (8.53%) expressed
significant positive heterotic effect under normal irrigation while, six out of
the 21 crosses exhibited positive significant heterosis ranging from 9.79%
(P; x P;) to 39.94% (Ps x P;) under drought conditions. Regarding relative
water confent, two crosses (P4 X P; andPs x P;) expressed significant
positive heterotic effects under normal irrigation while, five out of 21
crosses showed positive significant heterosis ranging from 14.63% (P, x P7)
to 63.52% (P x P7) under drought conditions. For plant height one cross P,
x P; (9.00%) and two crosses. (Py x P; and Py x P3) out of the 21 crosses
expressed significant positive heterotic effects under normal and drought
conditions, respectively. Concerning spike length and no. of spikelets/ spike,
non of the hybrids exhibited significant positive heterotic effect under both
water regimes. For no. of spikes/ plant, one cross only Ps x P7 (16.86%)
expressed significant positive heterotic effect under normal irrigation.
Regarding the number of kernels/ spike, one cross P, x P4 (16.28%) and two
crosses (P; x Ps and Pg x P;) out of the 21 crosses expressed significant
positive heterotic effects under normal and drought conditions, respectively.
With respect to 1000-kernel weight, one cross P; x Ps (11.79%) and two
crosses (P, x Ps and Py x Pg) out of the 21 crosses exhibited significant
positive heterotic effects under normal and drought conditions, respectively.
Regarding grain yield/ plant, two crosses P, x P; (17.43%) and P¢ x P
(24.00%) showed positive significant heterosis under normal irrigation;
while one cross Pg x P7 (24.25%) exhibited positive sngmﬁcant heterosis

under drought condition.
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Table 2. Mean squares of single and combined analysis of variance
across the two irrigation regimes for the traits studied in

bread wheat genotypes.
D1 Days to heading Flag leaf area
SOURCE § Comb. 1, I;  Combined I I; Combined
Irrigation (I} 1 68002+ 3055.10** -

Genotypes (G) 27 27  19.21%% 2836%% 39.95%* 109.23** 107.68%* 163.29%*
Parents(B) 6 6  3241%% 6042%* 8608** 187.663%¢ S1.87+¢ 206.62%*
Crosses(C) 20 20  1434% [0.64%*  1821%* 85.24%% 129.50%% 156.51%*
PVSC 1 1 37.33%% 190.32%% 198.13%+ 118.62%* 428+  3892+s

GXI 27 7.61%* 53.62%*
PXI 6 6.76++ 3287
CXI 20 6,77 58.33%*
PVSCXI 1 29.53%+ 83.99**
GCA 6 6 48.49%*% 43.85%*  B633%* 286.42%* 196.06** 44495+
SCA 21 21 10.84*%* 23.93**  26.70** 58.58** 82.40%* §2.79%*
GCAXI 6 6.01%* 37.52%%
SCAXI1 21 8.07+* 58.19++
Error 54 108 0.38 0.55 0.23 0.59 0.52 0.28
GCA/SCA 0.51 0.21 0.36 0.55 0.27 0.60
SOURCE Relative water content Plant height
Irrigation (I) 1 5326.31%* 1639.43*

Genotypes (G) 27 27 198.90** 135.55%% 25623%% 47.56%* 33.04%%  75.01%*
Parents(P) 6 6  270.75%* 389.56** 606.36** 92.08%* 77.60%*  165.88*+
Crosses (C) 20 20 179.49** 61.90% 163.73%* 3030 20.04%* 44.88**
PVSC 1 1 155.86** B4.40%*  544%%  125.54%% 25.62%%  132.27%*

GX1I 27 78.21%* 5.59
PX1 6 53.95%+ s 3.31
CcXI 20 77.66%* 547
PVSCXI1 1 234.814* 18.88++
GCA & 6 211.34%* 137.75%% 203.81** 85.58%** 63.29%% 14420
SCA 21 21 19535%* 134.91%* 27121** 36.69%* 24.39%%  S552)*
GCAXI1 6 145.28%+* 4.59%*
SCAXI 21 59.05%» 5.38%*
Error 54 108 0.02 03 0.08 13 1.34 1.12
GCA/SCA 0.12 0.11 0.08 0.27 030 0.29
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Table 2. Cont,

D.f Spike length No. of spikelets/spike
SOURCE 8 Comb. I, I Combined I, I, Combined
Irrigation (T) 1 16.16* 113.63%+

Genotypes (G) 27 27  2.58%% 244%  49]%  277% 445 6480
Parents(F) 6 6  S3B¥* 4520  974v  509%  S13er  10,08%+
Crosses(C) 20 20  1.B6%* 194%  369%  217¢+ 4.40%  572%+

PVYSC 1 1 0.26 0.01 0.15 0.71 L4 0.07
GXI 27 0.13 0.75
PXI 6 : 0.16 0.14
CXI1 20 0.12 0.86

PVSCXI 1 0.12 2.06
GCA 6 6 1033%+ 981**  2001** 10.05%* 14.65** 23.53++
SCA 21 21 0.37#%  0.34%* 0.58%* 0.69%%  ].54%¢ 1.61%*

GCAXI 6 0.13** 1.15%*

SCAXI 21 013+ 0.62%*
Error 54 108 0.08 0.06 0.04 0.22 0.21 0.11

GCA/SCA 393 87 4.11 232 1.21 1.713
SOURCE No. of spikes/plant No.of kernels/spike
Irrigation (I) 1 110.66* 668.28*+

Genotypes (G) 27 27  270% 323%  530%% 9] 82%* S57.53%*  119.95%+
Parents(P) 6 6 748%  T.03%*  14.01**  33.14*% 26.10%*  3222%*
Crosses(C) 20 20 135%  169*  247%*  9575% 6543** 13196+

PVS C 1 1 111 1L15%*  9.63**  365.28* B83.09** 406.06**
GXI 27 0.63 29.4]1++
PXI 6 0.49 27.02++
CXI 20 0.57 20.23*+

PVSCXI 1 2.62 47.30%*
GCA 6 6 7.63%*  7.72%*  13.95%F 36.64%* 67.83** GRB.GT*
SCA 21 21 1.30%* 105+ 2.84%¢  107.59%% 54.60%* [34.63%¢

GCAXI [ 1.39** 35.80%*

SCAXI 21 041 27.56%*
Error 54 108 0.22 0.26 0.12 0.32 0.85 0.29

GCA/SCA 0.76 0.49 0.56 0.04 0.14 0.06
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Table 2. Cont.

D.f 1000-kernel weight Grain yield/plant
SOURCE S Comb, 1, L Combined I; I, Combined
Irrigation (L) 1 499.52%* 787.80**

Genotypes (G} 27 27 26.55%% 2339%* 3751 12.49%  B.01** 14.00%+
Parents (F) 6 6 3830%* 40.04%%  TFLTS*F 6.99%+ 4554+ 998+
Crosses (C) 20 20 24.33%+ 1924%%  28.72%*  14.67¥+ B.54%* 16.32%*

PVS C 1 1 0331  41.77% 1.67 196 1821** 16.07**
GXI 27 12.43%+ 5.60+*
PXI 6 5.69* 1.56
CXI 20 14.86%* 6.89**

PVSCXI 1 4.45* 4.10*
GCA 6 6 33.22%% 3599%% 6741+ 911 1399%  16.54%
SCA 21 21 24.66%* 19.78** 2B.96*+  13.49%* 631+ 14.44*+

GCAXI 6 1.81+* 6.56**

SCAXI 21 15.48%* 534+
Error 54 108 0.49 0.69 0.29 0.25 0.24 0.12

GCA/SCA 0.15 0.21 0.26 007 0.25 0.13

I, and I,: Normal irrigation and drought condition, respectively.
*and** denote significant differences at 0.05 and 0.010f probability levels, respectively.

From the previous results, it is indicated that three hybrids were of
common superiotity under normal and drought conditions (P; x P4, P1 x Ps
and Pg x P;) and showed considerable heterosis for grain yield/ plant and
most of the studied traits. Therefore, these three crosses would be efficient
and prospective in wheat breeding programs for improving these traits.
Heterotic effect has been extensively investigated in wheat by many
researches (Abd El-Aty 2000, Salama 2000, Awaad 2002, El-Borhamy
2005, Dawwam et al. 2007 and El-Hosary et af 2009).

Combining ability

The analysis of variance of combining ability for two irrigation
treatments and combined data for all studied traits is shown in Table (2).
General and specific combining ability mean squares were found to be
highly significant for all studied traits at each environment and combined
analysis indicating the importance of both additive and non-additive gene
effects in the expression of these traits. The ratios of GCA/SCA variance
were less than unity under both water regimes and combined data for all
studied traits except spike length and no. of spikelets/ spike, indicating that
the inheritance of these traits were mainly controlled be the non-additive
gene effects. The mean squares of interaction between irrigation treatments
and both GCA and SCA were also highly significant for all studied traits,
revealing that the variance magnitude of different types of gene action were
fluctuated from one irrigation treatment to the other, These results are
generally in agreement with those obtained by Yadav and Singh (1988),
Hendawy (1994), Abd El-Aty (2000), Salama (2000), Koumber and Esmail
(2000), Salama (2007) and El-Hosary et al (2009).
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Table 3. Heterosis percentage relative to better parent for the traits studied in a seven-parent diallel cross of bread wheat
under normal irrigation (I1) and drought conditions (I2).

Days to heading Flag leaf area Relative water content Plant height Spike length
Crosses 1 I I, L L I I L L L
P1x P2 1.92% 0.42 -23.79**  13.60** ~23.46%* -8.65** 9.00** 7.45%* -5.63 -2.05
P1xP3 0.79 3.73%x 3.72 -7.63* -18.71%* -17.99*+ 2.85 6.28** -9.47%* -4.10
P1xP4 1.53 4.16%* -4.76* 24 06** -15.78** -16.92** 1.77 2.40 -1.19 5.69
PIxP5 0.77 4,57%% §.53%* 14.90%* -15.51%* 30.02*%* -3.21 -3.15 -0.47% -3.64
P1xP6 0.38 4.98*%* -17.59*+ -0.48 -5.50* 0.150 -7.36* -240 -4.27 -2.61
P1xP7 3.10%* 2.91* -15.85%% 2339+ -2,08%* 14.63%* -4.72 -4.75*%  -10.36** -5.29
P2xP3 37> 241+ -10.96%%  -17.48** -30.37** -17.28%% 0.89 1.80 -4.11 -6.11
P2xP4 -4.35** <7.44%* -3.87 -1.92 223,524 -18.47** 5.36 1.24 -14.45%% )37
P2xP5 -2.53* S5.49%% 25 72% 33610 -29.04%* -20.63** -2.77 -1.84 -7.22* -9.82%
P2x P6 0.74 -3.48%* -0.93%% L1547 -6.81** -20.46** 4.41 -1.23 -6.37 -8.95*
P2xP7 -3.87*% -2.40 -8.05%# 14.56%* -21.944% -11.88*+* -4.44 S713% 0 19154 -16.20%*
P3x P4 1.19 -2.41 -2527%% 932+ -23.14%* -18.37** 1.79 1.09 -12.02%* -8.48*
P3IxP5 3.96** 3.61%* -6.63**  -16.75%*  -]5.42%+ -14.27%+ -1.18 -3.23 -4.81 -9.61*
P3x P6 4.74%* -2.81* <24 24%+* -741* 2257 -17.81%+* 0.57 -0.75 -6.65 -9.43*
P3x P7 -1.58 <241 -28.61%* 2.03 -25.86*%* -7.16%* -3.49 -7.76 -14.72%%  _11.59%¥
P4 xP5 -2.90%* -5.21%* S21.57* J31.00% -10,13 -30.34%+ -0.68 -0.52 -8.30* -5.14
P4 x P6 -1.48 -2.32 ~19.99%* 14 71** -12.98** -26.81*+ -2.11 -7.45%% -7.35% -4.15
P4 x P7 5.81%* 3.60%* -16,27¥%* 9.79%# Q.90+ ~10.10%* -0.23 -4.31* -1.58 -5.80
P5xP6 -1.48 -6.56%%  -28.59%% 3244+ -1.52%* 15.76** 0.55 -3.15 -1.94 -5.84
P5x P7 1.55 -1.60 -28.61*%  -9.09** -3.12%* 20.09%* -0.83 -575%%  14.32%% 1330
P6 x P7 -0.38 041 -22.22%% 39,04+ 38.93+* 63.52** -4.79 -4.56* -5.06 -2.47
Heterosis mean 0.53 -0.77 -15.73 -4.85 -12.32 -5.38 -0.41 -1.80 -8.02 -6.79
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Table 3. cont.

No. of spikelets/spike No. of spikes/plant No. of kermels/spike  1000-kernel weight Grain yield/plant
Crosses I I I 5 I, | I I 0 I
PixP2 034 0.00 ~32.10%*%  -33.12**  -12.88** 2.81 -15.46%* 445 -10.87* -10.04
P1xP3 -0.89 -0.91 9.16 -24.40* -6.84%* -8.38% 0.77 -14.75%+ 5.70 -26.10**
P1x P4 0.06 -0.67 -23.40* -19.52* 16.28*+ -2.01 231 -3.63 -13.58%+ -1.69
P1xPS -0.50 -1.33 4.28 .86 =3.77%» 7.30%+ 11,79%* 15.28%* 6.09 0.79
P1xP6 -0.33 -0.44 0.14 -14,17 -11.33**  .14.96** -0.11 6.87% -0.08 1.46
P1xP7 -0.22 -0.58 424 21,77 <1177 -2.12 -3.33 -3.50 -17.07++ -11.96
P2xP3 -0.33 -0.73 -19.98%¢  .33,12%* -28.94%*  .1595%*  -10.99** =1.73%* <3047+ -34.86%*
P2xP4 -1.17 -2.89%* -12.12 <2481 -5.86%+ -§.14%* 2.8 3.03 -3.87 -14.54*
P2xPS 0.12 -1.56* -20.08** -33.12%*  .10.51**  -14.16**  -16.66** -6.48* -22.07*+  -25.62%*
P2x P6 -0.28 0.67 -25.28%*  -31.95** -23.40%+ -1.99 -10.77+* -2.67 -5.17 «17.19%*
P2xP7 -1.33* 2.11** -16.86%%  -27.26** -5.94++ 343 -7.33¢ 279 17.43%+* -13.57*
P3IxP4 -2.00** -3.72%* -15.16% -27.20%*  -30.08%+  .21.42%*  .16.10** -6.04* -23.85%%  -30.84%*
P3xPS -0.55 -1.34¢ -14.61* -25.96* -11.57* -5.8]% -1.75 -6.09* 334 -49.50**
P3xP6 -1.01 0.78 -13.87* -19.57 -16.31%*  -13.66** -3.55 ~11.88%*  .36.24%*  .33.48**
PIxP7 -L.11 2,114 -19.41%*  -2008%*  -1737** 2.7 -7.51%* -§.37%+ -5.24 -36.54**
P4xPS -0.39 -1.55* -14.13 -13.98 <20.19**  -22.00** -1.04 -16.18** -3.38 -11.82
P4xP6 0.72 -1.23 -18.43* -19.52 ~17.87%¢ -23.05** -10.35%* =11.74%* -19.48** 9.51
P4xP7 0.28 1.05 -5.52 9.70 5,490 -3.65 2.81 -4.24 -4.55 444
P5xP6 -0.44 -0.45 -9.70 -24.89% 029 <1.69** 298 324 -12.25#% -18.14*
P5x P7 -1.00 -1.34* -831 - -2647* -11.59%+ 1241 -2.92 1.17 -20.31** -15.06*
P6xP7 0.1 0.61 16.86 7.01 2.01 9.43%* 236 2.33 24.00%%  24.25*
Heterosis mean -2.49 -5.06 -12.27 -21.59 -11.15 - -7.39 -4.18 -3.06 -8.19 -15.69

*and** = denote significant differences at 0.05 and 0.01 levels, respectively.

P, (Giza 168), Py (Cham 6), P; (Line 1), P, (Line 2), P; (Sakha 94), P (IB 18) and P; (Maryout 5).
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Estimates of GCA effects of each parental genotype for all studied
characters under normal and drought environments as well as their
combined data are presented in Table (4). High positive values of GCA
effects would be of interest in all characters studied except days to heading,
negative values would be preferred from the wheat breeder point of view.
For days to heading, significant negative GCA effects were detected for P,
(Giza 168), P; (Line 1) and P; (Maryout 5) under both irrigation treatments
and their combined data, indicating that the three genotypes could be
considered as good general combiners for developing early wheat
genotypes. Regarding flag leaf area, the three genotypes P, (Cham 6), Py
(Line 2) and P; (Maryout 5) under both water regimes as well as the
combined data and cultivar Giza 168 (P;) under drought condition and
combined data gave the highest significant positive GCA effects. Therefore,
these parental genotypes were considered as the best general combiners for
this trait. For relative water content, significant positive GCA effects were
detected for P, and P4 under both irrigation treatments and their combined
data, P under drought condition and combined data and P2, Ps and P7 under
normal irrigation. Therefore, these genotypes were considered as the best
general combiners for this trait. Concerning plant height, the two parental
cultivars Ps (Shakha 94) and P; (Maryout 5) under both water regimes as
well as the combined data and the cuitivar Giza 168 (P)) under drought
condition expressed significant positive general combining ability effects
for this trait. For spike length, the three genotypes P;, P4 and P7 under both
irrigation treatments as well as the combined data and cultivar 1B (P¢) under
drought condition and combined data gave significant positive GCA effects.
With respect to no. of spikelets/ spike, the best general combiners were the
line 2 (P4) and the cultivar Maryout 5 (P;) under both regimes and combined
data, P; (Giza 168) under drought condition and combined data and the
cultivar 1B (Ps) under drought condition. Parental cultivar P; (Cham 6) and
the parental line 2 (P4) expressed significant positive general combining
ability effects for no. of spikes/ plant under both water regimes and their
combined data. Regarding no. of kenels/ spike the two cultivars Giza 168
(P:) and Maryout 5 (P7) under both treatments and combined data, the cv.
Shakha 94 under normal irrigation and the two genotypes P, and P4 under
drought condition expressed significant positive GCA effects for this trait.
Concerning 1000-kernel weight, the three genotypes P,, P4 and P7 showed
significant positive GCA values under both water treatments and combined
data. Therefore, these genotypes were considered as the best combiners for
this trait. With respect to grain yield/ plant, the parental line 2 (P4) under
both irrigation treatments and combined data, the cultivar Cham 6 (P2)
under drought condition and combined data and the cultivar Maryout 5 (P7)
under normal irrigation gave significant positive GCA effects. Therefore,
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Table 4. Estimates of general combining ability effects of parents for all traits studied under normal irrigation (I1)

and drought conditions (12) and their combined data.

Days to beading Flag leaf area Relative water content

Parents I, | 5 Combined I, i Combined I, I, combined
P1{Giza 168) -0.43* -1.33%» -0.88%¢ 031 1.61** 0.96%* 547 -1.23%+ -3.35%*
P, (Cham 6) 0.80%+ 0.67¢ 0.73%* 2264 1.00** 1.63%* 0.70** 2.87%* 1.78%+
P;(Line 1) -2.06* -1.37%e -1.72%+ 0.01 -1.11%* 0. 55 -1.38%+ 2.02%* 0.32%*
P.(Line2) 1.24%+ 1.26** 1.25%* 211 1.4]%* 1.76*+ 3.36%¢ 2.06%* 2,714+
Py (Sakhs 94) 1.28%* 1.82%+ 1.55% -4.96%* =531 -5.14%+ 0.78%* -2.16** -0.69%*
P, (IB) 0.65%* 0.19 0.23 -3.70%* -0.48¢ =209 1.60%* -2.67** 0,534+
P, (Maryout 8) =147+ -0.85%* -1.16%* 3.67+ 2.89%* 3.434+ 0.42%* -0.894%* 0.24**
SE(gh 0.1% 0.23 0.15 024 0.22 0.16 0.04 0.17 0.09
LSD (gi-g)) 0.05 0.58 0.70 045 0.73 0.68 0.49 0.13 0.52 027

.01 0.78 0.94 0.60 0.97 0.91 0.65 0.18 0.70 0.35

Plant helight Spike length No. of spikelets/apike

P1(Giza 168) 0.15 0.94* 0.54 0.49%¢ 0.55+* 0.52%# 0.28 0.524% 0.40%*
P; (Chim 6) -1.84%+ -1.91%+ -1.88%¢ {.874¢ +0.90%# -0.88¢* -0.54%* -0.79%* -0.66%*
P;(Line 1) 021 0.45 .12 “0.64%* 0,534+ -0.59%# -1.02%+ -1.09%* -1.05%+
P,(Line 2) 0.73 -0.60 HD67* 0.34%¢ 0.19* 0,274+ 0.46** 0.41%+ 0434+
P;{Sakha 94) 1.20* 0.77+ 0.99%* -0.27%* 0310 «{), 204+ 0.15 _-0.29% 0.07
P, (1B 18) -2.05¢ -1.32%+ -1.68%* 0.12 0.23%* 0.17%+ -0.09 0.33* 0.12
P; (Maryout 5) 3.06%* 2.57¢+ 2.82%¢ 0.83%* 0.77%% 0.80%* 0.76%+ 0.91%* 0.84%*
S.E(gi) 0.55 0.36 0.33 0.09 0.08 0.06 0.14 0.14 0.10
LSD (gi-g}) 0.05 1.68 1.10 099 0.27 024 0.18-- 0.44 0.43 0.30

0.01 2.24 1.46 1.31 0.36 0.33 0.24 0.59 0.57 040
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Table 4. cont.

No. of spikes/plant No. of kernels/spike 1000-kernel weight
Parents L I - Combined | 1 L Combined I I Combined
P1 (Giza 168) -0.59** -0.31 -0.45%* 0.96%* 0.94%+ 0.95% -0.33 -0.50 <0.42%
P, (Cham 6} 0.90%* 0.87** 0.88%* -0.37* 0.91** 0.27 0.53* 1.10*+ 0.82%~
P;(Line 1) 0.28 -0.3 -0.01 -0.21 -1.12%* 0674 -0.49* -0.05 -0.27
P,(Line 2) 0.31* 0.60** 0.46** -1.03** 1.24*+ 0.10 1.43%+ 1.02%» 1.23»»
P;(Sakha 94) -0.04 -0.07 -0.06 0.654* -2.23%¢ .79 0.87 -0.92e -0.89%>
P, (IB 18) -0.47%* -0.19 -0.33%* -1.67** -1.54* -1.60** -1.54%* -1.82%* -1.68%*
P, (Maryout 5) -0.39%* D.61** +{.50%* 1.67** 1.80** 1.74** 1.26"* 1.17¢* 1.21**
S.E{gi) 0.14 0.16 0.11 0.17 0.29 0.17 0.22 0.26 017
LSD (gi-g) 0.05 0.44 0.49 033 0.54 0.38 0.51 0.67 0.79 0.5
0.01 0.59 0.65 0.43 0.71 1.17 0.67 0.89 1.05 0.63
Grain yield/plant

Pl (Giza 168) -0.45%* 0.01 -0.22*
P, (Cham 6) 0.25 (.93 0.59%+
P, (Line 1) 021 AL16%  -0.68%*
P,(Line 2) 0.84** 0.78%* 081+
Ps(Sakha 94) -0.07 -(.54** -0.30**
P; (1B 18) -0.87%+ 0.03 -0.42%*
P, (Maryout %) 0.51%* -0.04 0.24*
S.E(gi) 0.15 0.15 0.11
LSD (gi-gj) 0.08 0.47 0.46 0.33

0.01 0.63 0.61 0.43

*and** =denote significant differences at 0.05 and 0.01 levels, respectively.

96



these parents appeared to be the best combiners for grain yield/ plant and
can be utilized as promising progenitors for high yielding ability.

Estimates of the specific combining ability effects of the F, hybrid
for the studied traits under normal and drought conditions as well as their
combined data are presented in Table (5). Significant negative specific
combining ability effects under both water regimes and their combined data
were obtained for days to heading in the crosses; P; x Ps, Po X P, P3 x Py, Py
x Ps and Ps x Pg followed by the three crosses; P; x P2, P, x P; and P5s x Py
under drought condition and combined data. Also, the two crosses; P; x Ps
and Pg x P7 under norma!l irrigation and the cross Py x Ps under drought
condition exhibited significant negative SCA effects. These crosses are
considered to be promising for earliness as they showed highly SCA effects
and involved at least one parent as a good general combiner. Regarding flag
leaf area, the four crosses P; x Py, P; x Ps, P, x P; and Py x Ps manifested
significant positive SCA effects under both water regimes and combined
data as well as the two crosses Py x P; and Ps x P7 under all environments
except under normal and drought conditions, respectively. Also, the two
crosses P; x P, and P x P under normal irrigation and the two crosses P; x
P> and P4 x P7 under drought conditions manifested significant positive SCA
effects, therefore they considered as good F; hybrids for improving this trait.
Out of these crosses, the cross Py x P; included high x high general
combiner parents, while five of the above crosses included only one good
general combiner parent. For relative water content, the five crosses; P x
Py, Ps x P4, P5 x Ps, Ps x Py and P x P7 exhibited significant positive SCA
effects under both water regimes and combined data as well as the three
crosses P; x Py, P; x P4 and P, x Pg under normal irrigation and combined
data and the cross P, x Ps under drought conditions and combined data.
Also, the three crosses; P x P4, P; x P; and P3 x P7 under drought conditions
had significant positive SCA effects.
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Table 5. Estimates of specific combining ability effects of F; crosses for all
traits studied under normal irrigation (I;) and drought conditions
. {1,) and their combined data,

Days to heading Flag leaf area Relative water content
Crosses i
PxP; 0.36 -2.58%* 111+ -7.05%* 491** .1.07¢ (.82%% 3.53%¢ 2 ]7%*
PxP, 045  2.12* 083 4.86% -2.58%% 1.14% 3 84*¢ -261** 0.62*
P, xP, -0.42 017 030 2.60%* 769%+ 5156« 123 043 0.83%+
Pix Py -Li2* 040 <076 7.14%% B39%¢ 777 (15 §.92%+ 439+
PxPg -0.83 1.93#+ 0.55  -435% -128 -2.81%* 2.21%% 2.87%+ .2.54%%
PxP, 262%+ 094 1.78%% 028  -10.69*+-549%+ .379%+ ] 3128+ .| 230
Px P, 032 221** -0.94% 077  -3.04% -1.91%% 8.26%% -4.744* -6.50%
P;xl"‘ -1.97*F 2. 84%% 241% 107 021 043 -3.06** 4.60** -6.33**
PPy 034 040 037 2.69%F 437 353%% 047%F 2 5]%% _550%¢
Pyx Py 129 -107 01) 3418 297 022 5.76%%  _-1.9]1%* 1.93%+
Px Py 4.60%* -2.40% -3.50%* 1.85%% 397+ 201%* 307 131¢ 133
Pyx PP, -1.79** .2.81** -2.30** -6.80** -0.95 -3.87** -7.96%F -3.68** -5.82%*
Pyx Py 0.51 1.64* 1.08* 5.61** 144+ 353 013 042 0.14
PxPg 1.80%* -1.69* 0.06 =3.32%% 042  -1.87% -5.00%* -1.07* -1.40
Pyx Py -142* 069 -106* -6.65** 0.41 S3.12%F -6.98%¢ 3.14** .1 92%*
Pyx Py ALI2¢ -1.99%% -1.56%* 008 -4.11%* 2,10 -L11%* -6.59%* -3 85+
P.xPg -115* 066 -0.91* -0.59  -3.40** -2.00%* -3.90%* -400%* -395¢
Px Py 3.294% 201** 2.65* -231* 1.56* -0.37 13.13%* 4,13%*¢ 853+
PsxPg «1.19%  -4.88%* 3 03%* _477¢* 4850 A R|** 17T J3Tee 257
Psx P, -0.42  2.8B%* -165% -169* 095  -037 1.93%*% 3.33% 263
P xP, -1.45** (.79 -033 039 12.30*%* 6.35%* 16.88** 16.84** 16.36**
S.E(sij) 0.55 067 043 069 065 047 013 049 026

LSD (sij-sik)0.05  1.65 199 127 2.05 1.93 1.39 0.38 1.48 0.5
0.012.20 2.66 1.69 274 2.57 1.84 051 1.97 1.00
LSD (sij-sk0.05 1.35 1.86 1.19 192 1.80 1.30 0.35 1.38 0.71
8.012.06 249 158 256 240 1.13 0.47 1.84 0.94
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Table 5. Cont.

Plant height Spike length No. of spikelets/spike
Crosses 1 I, Combined 1, 1, Combined I, . L Combined
| 7% 3 4 8.88** 6.23**  7.56%* 0.76**0.79%* 0.77** 0.87* 1.18%* 1.02*¢
PxPy 1.43  3.82¢* 263** 008 020 014 012 057 0.34
P,x P, 1.43 0.81 112 007 0353* 030 037 002 018
P, xPy =245  -2.17¢ 231 029 003 013 -0.55 -0.66 -0.60*
P xP, =5.26** -231* -3.78** 007 040 023 -025 -038 -0.31
P x P, 203 -L63 -1.53  -0.67* -0.27 -047** 001 -043 -0.21
P x P, 1.25 145 . 135 -006 002 -004 04 -01 -0.25
Px P, 270 1.94 232 026 029 -028 -0.05 092* -048
Pyx Py -0.07 179 08 010 -003 004 0.89* 034 027
PP, 3.62* 149 256 021 027 024 007 016 0.11
Px Py 023 029 -0.03 -042 010 -026 -029 065 047
Psx P, 092 036 064 021 011 -0.16 -0.4 -1.46** 093**
Pyx Py 068 -08 076 012 037 -0.13 0.7 017 T
Pyx P 1.18 042 08 004 014 009 -0.18 034 0.08
Py Py 094 -231* 162 -009 007 -001 041 -035 003
PoxPs 0.71 1.59 115 -0.15 002 -006 -045 -009 -027
PP 299 -488** 393%* 043 031 -037* -0.04 038 -0.21
Pix Py 307 090 1.98* 059" 003 031 0.32 1.32%% (.82%+
Psx P 314 009 161 010 001 006 -012 -0.13 -0.12
P;x P, 0.58 -1.76 -0.59 -040 -035 -038* -0.64 -038 -0.51
Psx Py 0.10 1.40 0.75 038 038 038* 0.71 0.96% 0.83**
S.E(sif) 159 104 095 025 023 017 042 041 029

LSD (sij-sik) 0.05 4.74 in 279 076 069 0,51 1.26 122 0.86
0.01 6.32 4.14 3.71 .01 092 067 1.68 1.62 L15
LSD (sij-skl) 0.05 4.44 291 2.61 0.71 0.65 0.47 113 1.4 0.81
0.01 35.91 3.87 347 095 086  0.63 1.57 1.52 1.07




Table 5. Cont.

No. of spikes/plant No. of kernels/spike 1000-kernel weight

Crosses L I3 Combined I I, Combined 1 L Combined
P xP; -1.02* 054 0.78% 241 2.26%* .08 2368 247 -0.61
PixPy 076 -0.32 022 3.48%*  -1.43 1.03* 2.47%%  -3.44% -0.49
PxP, 067 -0.16 -0.41 10.74%%  371%  723%s 3 |5%e 1.24 2.19**
PxPs LO3* 101+ 102+ 0.29 594+ 3 12%¢  305%¢  504%F  450%
P xPg 012 037 012 -5.00%*  .6.24**  .5.62+* -0.96 1.35 0.20
Pxr 002 056 <029 -A440% 224%r 332 -0.70 -0.91 -0.8
l';_ P -0.61  -0.55 -0.58  -9.19%*  -5.46%% .7.33%* -1.08 =157 -1.32%»
P;x P, 019  0.67 -0.24 3.85++ 1.35 2.60%+ 1.48* 2.95%* 221+
PoxPs 03 078 -054 066  -3.63%  -2.15%  380%r 228%*F 3,04+
Pxx P, -0.42 -0.55 -048 -6.18** 2.1§* -2.00%* 0.0% 0.42 0.25
Pix P, 0.39 0.31 035 1L10* 1.73* 1.41%e -0.83 0.49 -0.17
Pyx P, -0.69 -0.78 -0.74*  -925%  546%  .7.35%*F  .640** 042 -3.41%*
Pyx Py -029  -0.67 -0.48 0.79 3120 1.95%+ 1.73%+ 1.26 1.50*+
P3x P 025 01 017 011 -L78¢* -084  148* 071 0.39
P;x Py -0.38 035 037 -3.90** 0.7 -1.57 2.69%*  -].95%  .232%+
Pex Ps 037 004 017 ST9% 46B** 6.04%% | 92%F 460%  -1.34%*
PyxPg -0.33 -0.28 D31 -5.86%* -598%  5.92%%  232% 149 -L91%*
Pyx Py 0.76 0.91 0.83%* 0.76 1.90* 1.33%= 1.83%* 0.73 0.55
Psx Pg -0.2 .78 -0.4% 5314+ -0.29 2.51%* 0.08 1.15 0.61
Pyx Py -0.17  -0.47 =032 -3.98%F  _4.46%%  -422%* 0.05 1.74* 0.89
Psx P, 1.09%  1.26** 1.17*  6.50*  6.20%*  6.40%%  3.46%% 3 18%*  332%*
S.E(sij) 042 046 031 051 083 0.49 0.63 0.75 0.49

LSD (sijsik) 005 126 138 092 152 248 143 189 224 144
001 168 183 122 202 330 1% 252 298 192
LSD (sij-skl) 005 118 129 08 142 232 134 L77 209 135
001 157 172 114 189 309 178 236 279 179
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Table §. cont.

Grain yield/plant

Crosses I, L Combined
P, xP; : -0.28 0.66 0.19
PixP; 2.36%* 024 1.31%*
P.xP, 026 0.67 021
P xPs 1.74%+ 1.10¢ j420"
P,x P . 029 0.12 0.09
PixP, 238+ 147+ -1.93%+
Px P, -3.36%+ -1.26%* <2.31%+
PxP, 0.63 0.67 -0.02
Px P, 2350 £0.13 <154
Px P, 1.00* 025 0.38
Px Py 3.03%+ 027 1.65%¢
PyxP, 2.17%¢ -LA4ee -1.81%*
Pyx Py 2445 2.29%+ 0.09
PxPs -3.13%* -1.08¢ -2.10%*
PsxP, 0.22 -1.35%¢ 0.57
PxPs : 1.02¢ 0.08 055
Pex P S -0.80 023 -0.51
Px P, 0.25 141 0.834+
Psx P 047 0.83 0.65*
Pax P, 3.00%* 046 -1.73%*
Pyx Py 3.78%+ 2.35%¢ 3.07%*
S.EGsij) 0.45 0.44 0.31
LSD (sij-sik) 0.05 1.34 1.30 0.92
0.01 1.79 174 122
LSD (sij-ski) 0.05 1.25 1.22 0.36
0.01 1.67 : 1.63 1.14

*and** =denote significant differences at 0.05 and 0.01 levels, respectively.
P, (Giza 168), P, (Cham 6), Py (Line 1), P, (Line 2), Ps (Sakha 94), P; (IB 18) and Py (Maryout 5).

Thus, these crosses are considered as good F; hybrid for improving
this trait. Concerning plant height, the cross Py x P, showed significant
positive SCA effects under both water regimes and combined data as well as
the two crosses Py x P; and P, x Pg under all environments except under
normal and drought conditions, respectively. With respect to spike iength,
the cross P; x P, manifested significant positive SCA effects under both
water regimes and combined data as well as the two crosses Py x Pyand P; x
Py under normal and drought conditions, respectively which were
considered as the best Fi- cross combinations for this trait. For no. of
spikelets/ spike, the cross P; x P, showed significant positive SCA effects
under both water regimes and combined data as well as the two crosses Py x
P and P¢ x Py under drought conditions and combined data and the cross P,
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x Ps under normal irrigation. For no. of spikes/ plant, the two crosses; Py x
Ps and Ps x P; exhibited significant positive SCA effects under both water
regimes and combined data. Regarding no. of kernels/ spike, the three
crosses; Py x Py, P2 x P7 and P¢ x P; manifested significant positive SCA
effects under both water regimes and combined data as well as the three
crosses Py x Py, P; x P4 and Ps x P4 and Ps x Pg under normal irrigation and
combined data. Also, the two crosses Py x P; and P; x Pg under drought
conditions had significant positive SCA effects. Thus, these crosses are
considered as good F; hybrids for improving this trait. For 1000-kernel
weight, the three crosses; P; x Ps, P, x P4 and P4 x P; exhibited significant
positive SCA effects under both water regimes and combined data as well as
the two crosses P, x P4 and P; x Ps under normal irrigation and combined
data, Also, the two crosses P; x P; and P4 x P; under normal irrigation and
the two crosses P; x Py and Ps x P; under drought condition manifested
significant positive SCA effects. Concerning grain yield/ plant, the two
crosses Py x Ps and Pg x P; manifested significant positive SCA effects
under both water regimes and combined data as well as the two crosses Py x
P; and P; x P7 under normal irrigation and combined data, the cross P4 x P,
under drought condition and combined data and the two crosses P, x Pg and
P; x Ps under normal irrigations, revealing that these crosses seemed to be
good Fy-cross combinations for increasing grain yield/ plant under -their
respective environments. Out of these crosses, the two crosses, P; x P and
P4 x P7 included high x high general combiner parents whereas the two
crosses P x Pg and Ps x Py included high x low general combiner parents for
this trait. In such crosses especially the two crosses P; x Pz and P x Py
desirable transgressive segregates could be expected in the segregating
generations and high yielding genotypes may be raised.

Types of gene action, genetic ratios and heritability

According to Hayman (1954), the half diallel analysis provides six
genetic components, i.e., D, Hi, H, F, h? and E and several ratios could be
derived from the analysis. As shown in Table (6), the values of additive
genetic component (D) were significant for all traits under the two irrigation
treatments (normal and drought conditions), except no. of spikes/ plant and
grain yield/ plant under both water regimes and flag leaf area under drought
condition the value of component (D) was insignificant. The presence of
dominance effects were substantiated by significant estimates of H; for all
traits under both water regimes except spike length under both water
regimes and days to heading and no. of spikelets/ spike under normal
irrigation was insignificant. These results illustrated that both additive and
dominance genetic components are important in the inheritance of the traits
studied. However values of H; were greater than the respective D for all
studied traits under both water regimes except spike length and no. of
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Table 6. Estimates of genetic and environmental componentis 01 vanauon anda
some of its derived ratios in F, diallel crosses amalysis for the traits
studied in bread wheat genotypes under normal irrigation (I1) and

drought conditions (12).
Daystoheading  Fiag leafares Relative water Piant height
Traits content
Genetic
parameters 1 I; 1 L | I I I,
D 9.96%%  10.19%* G1.94%** 16.59  90.23* 120.53%% 2512% 24.46**
H, 11.84  28.54%  7969* [113.47** 316.24% 23063** 3809  35.58*
H,; 1120 2125%*  68.57* 103.91%* 208.04* 133.86* 2823 23.02
F 442 2239*+ 3398 830 15993  2U569% 2597  29.74¢
W 654  3502% 2183 0.46 2909 1559* 2068 410
E 0.85 097 0.59 0.69 0.04 03t 557 1.40
(H/DY** 1.09 1.22 113 262 1.87 1.33 123 1.21
Hy/4H, 0.24 0.19 022 0.23 0.15 0.15 0.19 0.16
h*/H, 0.58 1.65 0.32 0.00 0.14 0.12 omn 0.18
KD/XKR 321 2091 3273 920  -158.46 21407 2455 B3
Hna. 4589 2456 5242 3924  27.00 13.57 2632 33N
R 0.18  083** 006 0.25 D.38*  -0.41* 087t .0.66%
¢ 0.03 0.69** 0.00 .06 0.14 0.i7 0.75%  0.44*
Spike length . m::",’: ike  No-of spikesiplant  No. of kerselapike

D 1.63%*  142**  142%¢  146° 219** 20** 10.12 187
H, 0.08 029 0.22 152¢ LI7%*  183%¢  143.01% 7477+
H, 0.15 0.22 0.32 137 0.33%* 132 124.57%% 6344+
F 0.15 0.05 0.06 069 76 166 2128 635
» -0.03 0.04 0.00 0.14 0.05 192%  6799* 1605
E 0.16%  008%* 027%*  025%* 031 (.32% 0.32 0.83
™ 0.22 045 0.39 1.02 0.73 0.93 3.65 308
Hy/4H, 0.45 0.19 0.37 0.23 0.18 0.18 0.22 0.21
/i, -0.21 018 0.01 0.10 0.06 145 0.55 025
KD/KR 1.05 0.99 .o 146 021 022 2000 52
Hn.s. 7827 8175 6588 6599 4264 40.01 11.13 27.78
R 0.28 0.39%  -0.52%%  058% 049+ 0.02 0.01 0.75%*
[ 0.08 0.15 0.27 0.33 0.24 0.00 0.00 0.57+*

1000-kernel weight Grain yield/plant
D 1225*  12.67+ 1.96 1.21
H, 36.02%*  28.64* 17.68%*  9.20%*
H, 28.19¢  2135% 16.55%*  5.60%*
F 15.72 15.39 1.81 1.81
b* -0.19 0.73 0.18 3.25¢
E 0.52 0.70 0.37 032
(H/D)™* £7 1.50 3.01 2.76
Hy4H, 0.20 0.19 0.23 0.15
h/H, -0.01 0.03 0.01 0.58
KD/KR <1435 -13.98 -0.65 -0.54
Hns. 2233 27.42 12.39 46.57
R 0.43* 0.27 -0.09 -0.31
r 0.18 0.07 0.01 0.10
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spikes/ plant under both water regimes and no. of spikelets/ spike under
drought condition, indicating that the dominance gene effects played the
major role in the inheritance of the most traits. These findings coincided
with those obtained previously from variance analysis of combing ability.
The component of variation due to dominance effects associated with gene
distribution (Hy) was significant for all studied traits under both water
regimes except plant height and spike length under both water regimes, no.
of spikelets/ spike under normal irrigation and no. of spikes/ plant under
drought condition. Moreover, H, values were smaller than H, values for all
traits except spike length and no. of spikelets/ spike under normal irrigation,
which mean that the positive and negative alleles at the relevant loci are in
unequal proportion in the parents for these traits. The covariance of additive
and dominance gene effects in the parents revealed significant and positive
“F” values for no. of spikes/ plant under both water regimes and days to
heading, relative water content and plant height under drought condition,
indicating excess of dominant alleles in the parental genotypes while, the
other cases for the studied traits under their respective environments
exhibited insignificant values for this parameters revealing that no excess of
either dominant or recessive alleles was verified. The overall dominance
effects of heterozygous loci (h%) was significant for days to heading, relative
water content, no. of spikes/ plant and grain yield/ plant under drought
condition and no. of kernels/ spike under normal irrigation, illustrating that
the dominance effect was mainly attributed to heterozygous phase in.all
crosses for these traits. On the hand, (%) was insignificant for the other
studied traits, revealing the little importance of dominance effects in the
inheritance of these traits. The environments effects indicated by (E) values
did not reach the significant level in all traits under both water regimes
except spike length, no. of spikelets/ spike and no. of spikes/ plants,
revealing less sensitivity of the most studied traits to environmental
changes.

The degree of dominance (Hy/D) ** was less than unity for spike
length and no. of spikes/ plant under both water regimes and no. of
spikelets/ spike under normal irrigation, indicating the presence of partial
dominance for these traits. On contrast, the ratio was higher than unity for
the other traits under their respective environments revealing the presence of
over dominance in the expression of these traits. Values of Hy/4H, under
both water regimes for all traits were less than 0.25 except spike length and
no. of spikelets/ spike under normal irrigation, revealing asymmetric
distributions of positive and negative alleles among parents. The )5 8
values for all studied traits under both water regimes suggested that there
was about one pair of gene affecting the inheritance of these traits. The ratio
of (KD/KR) that represent the total number of dominant to recessive alleles
in the parents was more than unity for the studied traits under both water
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regimes, suggesting greater frequency for dominant genes as compared with
recessive ones in the parents, except no. of spikes/ plant and grain yield/
plant under both water regimes and spike length under drought conditions
for this proportion was less than unity, indicating that the proportion of
recessive alleles was greater for these traits. The correlation (r) between the
parental order of dominance (Wr+Vr) and the parental mean performance
(Yr) was found to be positive and significant for no. of spikes/ plant and
1000-kernel weight under normal irrigation and days to heading, no. of
spikelets/ spike and no. of kemels/ spike under drought conditions,
revealing that the dominant genes were operating towards decreasing these
traits under these water treatments. On the other hand, significant negative
correlation coefficients were detected for relative water content and plant
height under both water regimes, no. of spikelets/ spike under normal
irrigation and spike length under drought conditions, indicating that the
dominant genes were operating towards increasing these traits under these
specific environments. However, the other traits were insignificant,
indicating ambidirectional dominance. The square values of () were less -
than unity for all traits studied under both water regimes, suggesting that
none of parental genotypes was completely dominant or recessive for genes
controlling any of traits under both water regimes. Similar results
concerning components of variation and ratios derived from Hayman's
analysis were obtained for one or more of the studied traits by El-Marakby

et al (1993), Awaad (2002), Hamada (2003), Koumber and Esmail (2005)

and Salama (2007).

High estimates of narrow sense heritability (Hn.s) were detected for
spike length and no. of spikelets/ spike under both water regimes and flag
leaf area under normal irrigation. Values of heritability for these traits
ranged from 52.42% for flag leaf area under normal irrigation to 83.75% for
spike length under drought conditions, indicating the importance of additive
gene effects in the inheritance of these traits. However, moderate heritability
values were obtained for no. of spikes/ plant under both water regimes; flag
leaf area, plant height and grain yield/ plant under drought conditions and
days to heading under normal irrigation giving values ranging from 33.74%
for plant height to 46.57% for grain yield/ plant under drought conditions.
On the other hand, low heritability values were found for relative water
content, no. of kernels/ spike and 1000-kernel weight under both water
regimes; plant height and grain yield/ plant under normal irrigation and days
to heading under drought conditions giving values ranging from 11.13% to
27.78% for no. of kemels/ spike under normal and drought conditions,
respectively. These results are generally in agreement with those obtained
by El-Marakby et al (1993), Awaad (2002), Hamada (2003), Koumber and
Esmail (2005) and Salama (2007).
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