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ABSTRACT

A diallel cross set was carried out at the Experimental Farm of Gemmeiza Agriculture Research
Station, Agriculture Research Center, (ARC), Egypt, during the two winter seasons of 2017/2018 and
2018/2019 to assess the variations among six wheat genotypes and their new combinations to estimate
heterosis, general and specific combining abilities to determine suitable measurements for drought tolerance
in wheat genotypes. Genotypes and the resulted crosses mean squares were found to be either significant or
highly significant for all the studied traits under normal and stress environments as well as the combined
analysis, except for chlorophyll-a under drought. General combining ability and specific combining ability
were found to be significant for all the studied characters under both conditions, except plant height for
(SCA) under normal condition, chlorophyll-a for GCA under normal and drought as well as combined
analysis and SCA under water-stress condition. The GCA/SCA ratios were found to be greater than unity,
suggesting that, additive was much larger and more important than non-additive gene effects in the
inheritance of these traits. The two parents Line 1 and Line 3 could be considered as excellent parents in
breeding programs aimed to release drought tolerance cultivars. P1, Ps, P4, Ps and P6 had the lowest drought
susceptibility index value and F1 crosses P1xP2, P1xPs, P1xP4, P1xPs, P2xPeand PaxPswould be classified as
drought tolerance due to the least reduction in yield under water stress compared to normal condition, such

results might be useful for improving drought tolerance in wheat breeding program.

Keywords: Wheat, Heterosis, General and specific combining ability and Drought susceptibility index.

INTRODUCTION

Wheat is considered as the first strategic food crop
all over the world as well as in Egypt. Exposure wheat plants
to various stresses during the growing season caused
reductions in crop yield. Wheat cultivars that can withstand
abiotic stresses will be able to fulfill the food demand in
coming years (Ali et al., 2020). Increasing wheat production
under certain abiotic stress condition, i.e., drought stress, has
become important during recent years, since wheat
production in these areas with optimum growth conditions
does not meet the needs of over increasing population of
Egypt EI-Hawary (2015).

Drought resistance is defined by Hall (1993) as the
relative yield of a genotype compared to other genotypes
subjected to the same drought stress. On the other hand,
drought susceptibility of a genotype is often measured as a
function of the reduction in yield under drought stress
(Blum, 1988). Productivity improvement of wheat cultivars
under drought conditions becomes one of the important
objectives in wheat breeding program.

Knowledge of general and specific combining
ability along with the mode of gene action in the available
breeding material is very important to start the effective
wheat breeding programs (Kumar et al. 2017). The diallel
analysis method has been frequently used for parent
selection as an appropriate scheme to obtain genetic
information of yield traits in a short period of time, which
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can be used for improving efficiency in wheat breeding
programs (Kohan and Heidari, 2014).

The main objectives of the present investigation
were to assess the variations between six wheat genotypes
and their new combinations for drought tolerance traits, to
estimate the magnitude of superiority, heterosis, general
combining ability and specific combining ability for yield
and its components and drought susceptibility index for
grain yield.

MATERIALS AND METHODS

Plant materials

A diallel cross set was carried out using six bread
wheat parents on the Experimental Farm of Gemmeiza
Agricultural Research Station, Field Crops Research
Institute (FCRI), Agricultural Research Center (ARC),
Egypt in 2017/2018 and 2018/2019 growing seasons.

The parental genotypes, representing a wide range of
diversity for several traits were crossed in a half-diallel
mating without reciprocals in 2017/2018 season, giving
seeds of 15 F; crosses. The names, pedigree and source of
the parents used in this study are presented in Table(1). In
the second season, 2018/2019, two experiments were
conducted. The first experiment (normal irrigation) was
irrigated four times after planting irrigation while, the
second experiment (stress irrigation) received one irrigation
at tillering stage beside the planting irrigation. Each
experiment was designed in a randomized complete blocks
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design (RCBD) with three replications. Each plot consisted
of one row of 1.5 meters long and 30 cm apart and plants
within rows were 10 cm apart totaling 15 plant. Two —row
border rows were included. Each treatment was surrounded

by a wide border (20 m) to minimize the literal water
movement. All other agricultural practices, except
irrigation, were applied as recommended for wheat
cultivation in the area.

Table 1. Name, pedigree and source of bread wheat genotypes used as parents in this study.

No. Genotypes Pedigree and selection history Origin
1 Gemmeizall (P1) BOW"S"/KVZ"S"/[TC/SERI82/3/GIZA168/SAKHAGL Egypt
2 Giza 171 (P2) Sakha 93/ Gemmeiza 9 Egypt
3 Sakha 95 (P3) PASTOR//SITE/MO/3/CHEN/AEGILOPS SQUARROSA(TAUS)//BCN/4/WBLL1 Egypt
4 Line 1 (P4) OPATA M85 /Gem#9 Egypt
5 Line 2 (P5) PBW343*2/KUKUNA//SRTU/3/PBW343*2/KHVAKI/4/\VORB/FISCAL// CIMMYT
AKURI #1/5/ PBW343*2/KUKUNA //[SRTU/3/ PBW343 *2/KHVAKI
* *
6 Line 3 (P6) UP2338*2/SHAMA/3/MILAN/KAUZ//CHIL/CHUM18/4/UP2338*2/ CIMMYT

SHAMA*2/5/PBW343*2/KUKUNA*2//[FRTL/PIFED

Ten guarded plants were randomly selected from
each plot for subsequent measurements as follows: number
of days to heading, number of days to maturity, plant height
(cm), number of spikes per plant, 1000-kernel weight (g),
number of kernels per spike, grain yield per plant (g), flag
leaf area (cm?) which was measured according to Watson et
al., (1963), chlorophyll a and chlorophyll b which
determined according to Lichtenthaler and Wellburn (1983)
using spectrophotometer.

Drought susceptibility index (DSI):

DSI was used to characterize the relative drought
tolerance of all genotypes. It must be emphasized that DSI
provides a measure of drought tolerance based on
minimization of yield loss under stress compared to normal
conditions rather than on yield level under dry conditions
per se. This index was calculated from genotype means for
grain yield (SI) using the generalized formula reported by
Fisher and Maurer (1978) in which:

DSI=(1-Yd/Yp)/D.
Where:
Yd = Performance of a genotype under drought stress, Yp =
Performance of a genotype under normal irrigation, D = drought stress
intensity = 1 - (mean Yd of all genotypes / mean Yp of all genotypes).

The obtained data were statistically analyzed for
analysis of variance by using computer statistical program
MSTAT-C. General and specific combining abilities
estimates were calculated according to Griffing (1956)
diallel cross analysis designated as method 2 model 1 (fixed
model) for each experiment. The combined analysis of the
two experiments was carried out whenever homogeneity
test of error variance was detected (Gomez and Gomez,
1976). Heterosis was calculated for individual crosses as the
percentage deviation of F1, mean performance from better-
parent value according Mather and Jinks (1971).

RESULTS AND DISCUSSION

The analysis of variance for each normal and stress
treatment as well as the combined analysis are presented in
Table (2). Irrigation mean squares were found to be highly
significant for all studied traits indicating that overall
differences between normal and stress condition for all
traits.

Genotypes mean squares were found to be either
significant or highly significant for most studied traits in
normal and stress environments as well as the combined
analysis, except chlorophyll a under drought stress,
indicating the wide diversity among the parents used in the
present study. Parents mean squares were found to be either
significant or highly significant for all studied traits under
normal and stress conditions as well as the combined
analysis, except for days to heading, chlorophyll a and
chlorophyll b under normal condition, days to maturity, flag
leaf area and chlorophyll a under the stress conditions
indicating that these genotypes were genetically different for
genes controlling yield and related traits. Crosses mean
squares were significant for all studied traits except
chlorophyll under normal and stress environments as well as
the combined analysis revealing an overall difference
between these hybrids. Parents vs. crosses mean squares as
an indication to average heterosis overall crosses, were
found to be highly significant or significant for number of
days to heading, number of spikes per plant, grain yield per
plant, flag leaf area and chlorophyll a under normal and
stress conditions as well as the combined analysis, plant
height was highly significant under drought stress as well as
the combined analysis. Also, chlorophyll b was highly
significant under normal condition and combined analysis.
This mean that the genetic constitutions of the parents as
well as their crosses are widely different and the parents had
a wide range of genetic variability.

For all traits, mean squares of genotypes x
treatments interaction were significant except chlorophyll a,
indicating that genotypes responded differently to water
regime. In addition, mean squares of crosses x treatments
interaction were significant for all traits except chlorophyll
a. Mean squares of parents x treatments interaction were
significant for most traits except chlorophyll a. Meanwhile,
significant differences among parents vs. crosses Xx
treatments were detected for plant height and grain yield per
plant. These results reveal that the performance of parents
and crosses had changed from treatment to another.

The previous results were similar to the present
findings by Gomaa et al., (2014), EI-Hawary (2015) and El-
Gammaal (2018).
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Table 2. Mean square estimates of analysis of variance for all studied traits under normal and stress as well as

combined data.

SOV d.f. Days to heading Days to maturity Plant height

T S. Comb. Normal Stress Comb  Normal  Stress Comb  Normal Stress Comb
Treatment (T) 1 430.87** 690.67** 1143.78**
Reps 6.49 2.59 2.7 7.54** 3.11 17.93*
El 4 454 5.13* 10.52
Genotype (G) 20 20 8.02** 7.78**  11.97** 10.05** 3.56** 10.72*  23.99** 34.74**  41.60*
Parents (P) 5 5 2.06 7.69** 5.25* 2.77 2.06 3.31* 25.31** 36.73**  43.56*
Crosses (C) 14 14 8.77** 6.09**  11.00** 12.95%* 434**  13.99** 24.90** 31.18** 39.72**
PvsC 1 1 27.24** 32.01** 59.15** 591* 0.19 1.98 456  7454** 58.00*%*
GxT 20 3.83* 2.89* 17.13*
CxT 14 3.86** 3.30** 16.36**
PxT 5 4.49 151 18.48**
PvsCxT 1 0.096 411 21.11*
Error 40 80 2.09 1.87 1.98 141 0.92 1.17 5.95 4.48 5.22
Total 62 125

Table 2, continued

SOV df. No. of spikes /plant 1000-kernel weight No. of kernels per spike
T S Comb. Normal Stress Comb Normal  Stress Comb Normal  Stress Comb
Treatment (T) 1 653.31** 906.41** 4706.78**

Reps 2 151 0.02 2.05 2.32 5.66 3.66
El 4 0.77 2.19 4.66
Genotype (G) 20 20 13.69** 8.41**  18.46** 30.48** 31.60**  47.84** 152.21** 100.25** 166.10*
Parents (P) 5 5 13.71%*  12.24** 20.75** 20.44** 34.64** 39.96%* 166.24** 181.29** 303.08**
Crosses (C) 14 14 12.38** 6.81**  16.02** 3591** 32.70** 53.72** 156.66** 77.42** 129.03**
PvsC 1 1 32.01** 11.74*%*  41.26** 453 0.97 4.86 19.88 14.57 0.21
GxT 20 3.64** 14.23* 86.36*
CxT 14 3.17* 14.89** 105.05**
PxT 5 5.20** 53.72** 44.45
PvsCxT 1 2.49 0.65 34.24
Error 40 80 1.59 1.46 1.53 1.71 2.35 2.03 20.90 19.84 20.37
Total 62 125
Table 2. continued
SOV, d.f. Grain yield / plant Flag Leaf area Chlorophyll-a Chlorophyll-b

S Comb. Normal Stress Comb Normal Stress Comb Normal Stress Comb Normal Stress Comb
Treatment (T) 1 2050.76** 4378.24** 60.55** 88.19**
Reps 2 574%* 245 20.96 8.07 599 0.60 3.29 184 164
El 4 4.09* 14.52 174
Genotype (G) 20 20 59.89** 29.14** 57.15** 289.91** 143.13** 382.98** 956** 562 11.96* 551** 936** 9.36*
Parents(P) 5 5 2210** 5857** 7183** 157.84** 933 107.70* 461 271 6.64 084 880 6.83*
Crosses(C) 14 14 69.25%* 17.26™* 55.44** 34201** 179.21** 471.20** 418 3.16 333 640*%* 10.03** 9.77**
PvsC 1 1 117.93** 4828** 7.65* 220.79** 307.03** 524.28** 109.67** 54.62** 15954** 16.44** 276 16.33**
GxT 20 31.89** 50.06* 321 551*
CxT 14 31.07** 50.02** 401 6.66**
PxT 5 8.85** 59.47** 0.68 2.80
PvsCxT 1 158.55** 355 475 2.87
Error 40 80 0.86 2.06 146 1540 16.17 15.78 3.79 334 357 156 141 148
Total 62 125

*and ** significant at 0.05 and 0.01 levels of probability, respectively.

Mean performance

Mean performance of the six parents and their fifteen
crosses under normal and stress conditions as well as
combined data for all studied traits are given in Table 3. The
data illustrate that the water stress conditions decreased the
means of all studied traits in all cases except, the means of
chlorophyll b in P2xP6 which was increased under water
deficit condition.

Wheat breeders prefer low values of days to heading,
and maturity. For heading date wheat cultivar Sakha 95 was
the earliest under normal condition. Meanwhile, the parent
Gemmeiza 11 gave the earliest heading date under drought
condition as well as the combined analysis. Also, the parental
combination that incorporated earliness of those F; hybrid in
heading date was PixP2, P1xPs and plxp6 under normal
condition and plxp4 under drought condition. The data

demonstrated clearly that there were marked differences
among genotypes in heading date and also varied in their
response to the environmental conditions.

The shortest period of maturity was detected in Sakha
95 under normal condition and Line 1 in stress condition.
Also, the parental combination that incorporated earliness of
those F1 hybrids were P1xP, under normal condition and
P1xP3 and PsxP4 under stress condition. These results suggest
that the genes controlling early maturity have been transferred
from the parents to their F1 progeny. Therefore, these
genotypes are promising ones in breeding for early maturity.

The tallest mean values for plant height was obtained
for the parent Line 3 under normal, drought and the combined
analysis. Also, the parental combination that incorporated
tallest of these F1 hybrids were p5xp6 under normal condition,
P3xPs under drought stress and P1xPs in combined analysis.
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Table 3. Mean performance of all genotypes under normal and stress as well as combined data.

Genotypes Days to heading (day) Days to maturity (day) Plant height (cm)
P Normal  Stress Comb Normal  Stress Comb Normal Stress Comb
Gemmeiza 11 (pl) 92.67 85.67 89.17 140.33  137.33  138.83 91.80 80.20 86.00
Giza 171 (p2) 93.33 90.00 91.67 140.00 136.33  138.17 92.00 81.73 86.87
Sakha 95 (p3) 91.00 88.00 89.50 139.67 136.00 137.83 88.17 83.93 86.05
Line 1 (p4) 91.67 88.67 90.17 140.00 135.00 137.50 87.77 83.77 85.77
Line 2 (p5) 92.00 90.00 91.00 140.67  137.00 138.83 94.03 84.50 89.26
Line 3 (p6) 91.67 88.33 90.00 14233  136.67 139.50 94.73 90.43 92.58
P1XP2 88.33 85.67 87.00 138.33 13533  136.83 92.22 89.77 91.00
P1XP3 88.33 85.33 86.83 138.67 13433  136.50 91.23 87.86 89.55
P1XP4 89.33 85.00 87.17 137.67 13567 136.67 91.32 87.80 89.56
P1XP5 91.00 85.33 88.17 139.33  136.33  137.83 96.63 88.18 92.41
P1XP6 88.33 85.33 86.83 140.00 135.33  137.67 96.48 89.93 93.21
P2XP3 92.00 87.33 89.67 14167 137.33  139.50 90.94 85.57 88.26
P2XP4 93.00 88.00 90.50 14400 138.00 141.00 88.97 84.16 86.57
P2XP5 92.33 87.67 90.00 142.00 13767 139.83 89.42 88.07 88.74
P2XP6 90.00 87.67 88.83 142,67  137.67  140.17 92.00 87.79 89.89
P3XP4 89.00 86.00 87.50 140.67 13433  137.50 89.83 82.87 86.35
P3XP5 90.67 87.33 89.00 14267 136.00 139.33 92.00 91.93 91.97
P3XP6 91.00 88.00 89.50 14033 13533  137.83 91.93 82.24 87.09
P4XP5 91.33 89.00 90.17 143.00 137.33  140.17 87.23 82.77 85.00
P4XP6 93.67 86.00 89.83 14233 13633  139.33 92.61 81.00 86.80
P5XP6 90.67 89.33 90.00 14433  137.00 140.67 97.36 87.60 92.48
L.S.D 5% 2.39 2.26 14.60 1.96 1.59 11.21 4.02 3.49 4.79
Table 3. continued
Genotypes No. of spikes /plant 1000-kernel weight (g) No. of kernels per spike

P Normal  Stress Comb Normal  Stress Comb Normal Stress Comb
Gemmeiza 11 (pl) 17.13 10.00 13.57 47.77 38.55 43.16 61.17 55.33 58.25
Giza 171 (p2) 17.67 10.11 13.89 4791 4557 46.74 55.13 40.93 48.03
Sakha 95 (p3) 16.00 12.15 14.07 42.25 36.24 39.25 65.50 42.67 54.08
Line 1 (p4) 18.72 14.67 16.69 4261 39.93 41.27 66.87 53.00 59.93
Line 2 (p5) 16.93 12.67 14.80 45,01 36.65 40.83 46.90 34.73 40.82
Line 3 (p6) 12.53 9.40 10.97 42,74 40.55 41.64 62.00 47.67 54.83
P1XP2 14.75 10.47 12.61 46.18 41.94 44,06 60.33 52.00 56.17
P1XP3 16.33 12.81 14.57 46.00 34.80 40.40 63.56 56.80 60.18
P1XP4 12.33 9.57 10.95 46.21 41.61 4391 54.97 53.33 54.15
P1XP5 13.00 10.42 11.71 48.36 37.73 43.04 53.00 48.87 50.93
P1XP6 16.75 11.33 14.04 45.07 41.45 43.26 50.27 38.27 44.27
P2XP3 17.33 9.40 13.37 44.27 40.18 42.23 60.00 46.73 53.37
P2XP4 11.90 7.47 9.68 4473 42.65 43.69 62.33 49.33 55.83
P2XP5 13.67 8.80 11.23 41.50 36.33 38.92 53.00 40.73 46.87
P2XP6 14.67 10.93 12.80 51.58 47.80 49.69 54.93 48.40 51.67
P3XP4 15.67 11.93 13.80 43.18 36.03 39.60 64.07 41.47 52.77
P3XP5 15.27 12.00 13.63 40.97 37.02 39.00 49.13 45.67 47.40
P3XP6 19.33 12.40 15.87 42.04 39.22 40.63 54.17 49.27 51.72
P4XP5 13.53 9.29 11.41 42.03 40.54 41.29 68.96 45.00 56.98
P4XP6 13.37 9.67 11.52 44,74 38.64 41.69 74.22 43.33 58.78
P5XP6 15.89 11.67 13.78 52.79 41.90 47.35 52.33 42.60 4747
L.S.D 5% 2.08 1.99 12.82 2.16 2.53 5.01 7.54 7.35 7.33
Table 3. continued
Genotypes Grain yield / plant (g) Flag leaf area (cm?) Chlorophyll-a Chlorophyll-b

P Normal Stress Comb Normal Stress Comb Normal Stress Comb Normal Stress Comb
Gemmeiza 11 (pl) 2368 1713 2040 50.80 3271 4176 1427 1348 1387 8.62 4,94 6.78
Giza 171 (p2) 2394 1560 19.77 4233 3431 3832 1194 1159 1176 9.39 8.13 8.76
Sakha 95 (p3) 2439 2134 2286 39.09 3312 3610 1514 1310 1412 993 8.31 9.12
Line 1 (p4) 29.67 2755 2861 5552 3719 4635 1314 13.04 13.09 9.62 9.36 9.49
Line 2 (p5) 2148 1725 1937 4047 3460 3753 1512 1450 1481 9.86 9.76 9.81
Line 3 (p6) 2479 2194 2336 54.00 3636 4518 1426 1352 1389 892 8.66 8.79
P1XP2 2466 19.26 2196 6192 4174 5183 1494 1471 1483 8.76 7.71 8.23
P1XP3 2478 21.72 2325 4937 3626 4281 1664 1485 1575 9.70 9.29 9.49
P1XP4 2226 1594 1910 4438 4041 4239 1767 1537 1652 1329 9.07 11.18
P1XP5 2464 1750 2107 4877 36.71 4274 1941 1392 16.66 11.97 8.90 10.44
P1XP6 3787 2324 3056 5218 39.15 4567 1658 1619 1638 1066 10.38 10.52
P2XP3 3478 17.04 2591 47.00 3208 3954 1673 1624 1649 952 9.07 9.30
P2XP4 31.04 1511 23.08 5490 4574 5032 1664 1386 1525 1196 866  10.31
P2XP5 2190 1506 1848 50.02 4327 46.64 1913 1534 1724 1290 9.75 11.33
P2XP6 2162 17.70 1966 76.03 5561 6582 1667 1568 16.17 9.95 10.33 1014
P3XP4 28.40 16.88 22.64 4385 3212 3798 1607 1501 1554 879 8.32 8.56
P3XP5 2582 2029 2306 3575 2871 3223 1740 1727 17.33 10.08 10.10 10.09
P3XP6 27.02 1681 2191 3269 2880 30.75 1647 1630 1639 9.97 9.06 9.52
P4XP5 2845 19.86 2415 6093 49.13 5503 1562 1454 1508 1139 8.21 9.80
P4XP6 29.61 16.83 2322 57.87 37.03 4745 1733 1374 1553 8.86 8.30 8.58
P5XP6 3244 19.72 26.08 52.02 4726 4964 1614 1593 16.04 9.99 2.70 6.35
L.S.D 5% 153 237 1254 648 663 6.91 2.67 2.28 5.29 2.06 1.96 1.98
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The parent Line 1 under normal, drought and
combined analysis recorded the highest number of spikes per
plant Also, the cross PsxPs under normal and the combined
analysis, as well as P1xPs under drought stress recorded the
highest values.

For 1000-kernel weight, wheat cultivar Giza 171
under normal, drought and their combined analysis recorded
the greatest mean value. The crosses P2xPs under drought
and combined analysis, as well as PsxPs under normal
condition had the highest mean values.

Line 1 under normal and the combined analysis as
well as Gemmeiza 11 at stress condition recorded the
highest number of kernels per spike. While, the crosses
PsxPs under normal condition showed the highest mean
values, as well as PixPs under stress and the combined
analysis showed the highest mean values.

For grain yield per plant, parent Line 1 under normal,
drought and the combined analysis had the greatest mean
values. The cross PixPs under normal, drought and the
combined analysis had the greatest mean value. These
results suggest that these genotypes were more tolerant to
drought stress.

The parent Line 1 under normal, drought and the
combined analysis expressed the highest values of flag leaf

area. Also, P,xPs under normal, drought and the combined
analysis recorded the high mean values of flag leaf area.

For chlorophyll &, the parent Sakha 95 under normal
condition as well as Line 2 under drought stress and the
combined analysis recorded the highest mean values. The
crosses P1xPs under normal condition as well as p3xp5
under drought stress and the combined analysis had the
greatest mean value.

The parental Sakha 95 under normal condition as
well as Line 2 under drought stress and the combined
analysis expressed the highest values of chlorophyll b. Also,
P1xP4 under normal condition, P1xPs under drought stress
and P,xPs under the combined analysis recorded higher
mean values of chlorophyll b.

In general, the mean values under normal condition
were found to be relatively higher than that under drought
stress in most studied traits under investigation. A similar
conclusion was reported by previous investigators Abd El-
Rahman (2007) and Gomaa et al., (2014).

Heterosis

Useful Heterosis expressed as the percentage
deviation of F1 mean performance of the better parent for all
studied traits is presented in Table (4).

Table 4. Heterosis percentage relative to better parent values for the studied characters under normal and stress as
well as combined analysis in wheat crosses studied.

Genotypes Days to heading Days to maturity Plant height

Normal Stress Comb Normal Stress Comb Normal Stress Comb
P1XP2 -4.68** 0.00 -2.43 -1.19 -0.73 -0.97 0.24 9.84** 4,76
P1XP3 -2.93 -0.39 -2.62 -0.72 -1.23 -0.97 -0.62 4.68* 4.06
P1XP4 -2.55 -0.78 -2.24 -1.67 0.49 -0.61 -0.53 4.81* 414
P1XP5 -1.09 -0.39 -1.12 -0.71 -0.49 -0.72 2.77 4.36* 3.52
P1XP6 -3.64* -0.39 -2.62 -0.24 -0.98 -0.84 1.85 -0.55 0.68
P2XP3 1.10 -0.76 0.19 143 0.98 121 -1.15 1.95 1.60
P2XP4 1.45 -0.75 0.37 2.86** 2.22* 2.55** -3.30 0.47 -0.35
P2XP5 0.36 -2.59 -1.10 143 0.98 121 -4.90 4.22* -0.59
P2XP6 -1.82 -0.75 -1.30 1.90* 0.98 1.45 -2.89 -2.93 -2.91
P3XP4 -2.20 -2.27 -2.23 0.72 -0.49 0.00 1.89 -1.27 0.35
P3XP5 -0.37 -0.76 -0.56 2.15* 0.00 1.09 -2.16 8.80** 3.03
P3XP6 0.00 0.00 0.00 0.48 -0.49 0.00 -2.96 -9.06** -5.94*
P4XP5 -0.36 0.38 0.00 2.14* 173 1.94* -71.23** -2.04 -4.78*
P4XP6 2.18 -2.64 -0.19 1.67 0.99 133 -2.24 -10.43** -6.24*
P5XP6 -1.09 1.13 0.00 2.61** 0.24 1.32 10.93** 457* 7.82*%*
L.S.D 5% 2.92 1.95 2.80 2.40 137 2.15 4.93 3.03 455

Table 4. continued

Genotypes No. of spikes /plant 1000-kernel weight No. of kernels per spike
Normal Stress Comb Normal Stress Comb Normal Stress Comb
P1XP2 -16.51 3.52 -9.22 -3.61 -7.97** -5.74 -1.36 -6.02 -3.58
P1XP3 -4.67 5.42 3.53 -3.72 -9.72%* -6.40 -2.97 2.65 3.31
P1XP4 -34.11*%*  -34.77** -34.40** -3.27 4.20 1.73 -17.80* -3.61 -9.65
P1XP5 -24.12*%*  -17.76* -20.89* 1.22 -2.13 -0.28 -13.35 -11.69* -12.56
P1XP6 -2.24 13.33 3.50 -5.65* 222 0.23 -18.92* -30.84** -24.01**
P2XP3 -1.89 -22.61** -5.02 -7.60**  -11.82**  -9.66** -8.40 9.53 -1.33
P2XP4 -36.42**  -49,09** -41.99** -6.65* -6.41* -6.53* -6.78 -6.92 -6.84
P2XP5 -22.64**  -30.53** -24.10** -13.38**  -20.27**  -16.74** -3.87 -0.49 -2.43
P2XP6 -16.98* 8.13 -7.84 7.64%* 4.89 6.30* -11.40 154 -5.78
P3XP4 -16.30*  -18.64** -17.32* 1.34 -9.76%* -4.03 -4.19 -21.76** -11.96
P3XP5 -9.84 -5.26 -7.88 -8.98** 1.01 -4.49 -24.99** 7.03 -12.36
P3XP6 20.83* 2.09 12.74 -1.63 -3.26 -2.42 -17.30* 3.36 -5.68
P4XP5 -27.69**  -36.67** -31.64** -6.62* 1.52 0.04 3.12 -15.09* -4.93
P4XP6 -28.58**  -34.09** -31.00** 4,68 -4.70 0.11 11.00 -18.24** -1.93
P5XP6 -15.11* -20.45** -17.46* 23.90** 494 14.73** -21.73** -19.62** -20.80**
L.S.D 5% 2.55 1.73 2.46 2.65 2.19 2.84 9.24 6.37 8.98
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Table 4. continued

Genotypes Grain yield / plant Flag leaf area Chlorophyll-a Chlorophyll-b
Normal  Stress Comb  Normal Stress Comb Normal Stress Comb Normal Stress Comb
P1XP2 2.99 12.46* 7.63 21.88** 21.66* 24.12* 474 915 6.89 675 512 -6.00
P1XP3 1.62 1.80 1.70 -2.83 9.47 2.52 996 1021 1156 -236 1176 4.07
P1XP4 -24.98** -42.15** -33.25%* -20.05** 8.65 -8.54 2387 1408 19.11 38.21** -3.15 17.81
P1XP5 4,07 1.45 3.28 -4,01 6.10 235 2837 -403 1251 2136 -8.76 6.38
P1XP6 52.79** 595 30.80**  -3.36 7.68 1.08 16.21 19.79* 17.97 19.60 19.78* 19.68
P2XP3 42.62** -20.16** 13.32* 11.02 -6.51 3.17 1053 24.02* 16.79 -4.14 9.12 1.90
P2XP4 459  -4515** -19.36** -1.11 23.01** 8.56 2668 633 1654 2438 -751 8.65
P2XP5 -8.51* -12.72*  -6.52 18.15 25.05** 21.71* 26.52* 580 16.37 30.80* -0.04 15.46
P2XP6 -12.77** -19.33** -15.85** 40.80** 52.96** 4570** 16.89 1598 16.45 5.99 19.20 15.36
P3XP4 -431 -38.75** -20.89** -21.01** -13.64 -18.06* 6.15 1459 1006 -1151 -11.15 -9.84
P3XP5 5.87 -4.89 0.85 -11.66 -17.02* -14.13 1492 19.07* 17.03 145 3.48 2.84
P3XP6 9.01* -23.38** -620 -39.46** -20.77* -31.94** 883 20.63* 16.09 040 4,52 431
P4XP5 -413 -27.93** -1558** 976 32.12** 1873* 334 023 182 1547 -15.88 -0.12
P4XP6 -0.21  -38.91** -18.84** 4.23 -0.42 2.37 2154 163 118 -780 -11.36 -9.56
P5XP6 9.32** -28.42** -8.85* -6.30 27.07** 7.08 2289 2222* 2255 390 -71.15** -33.13**
L.S.D 5% 1.87 2.05 2.40 7.93 5.75 791 3.93 261 376 252 1.69 2.42

*and * * significant at 0.05 and 0.01 levels of probability, respectively.

High positive values of Heterosis would be of interest
inall studied traits except for heading and maturity dates where
negative values would be useful from the wheat breeder point
of view. As for days to heading, two out of the fifteen studied
crosses showed significant negative useful heterotic effects
under normal condition. The useful Heterosis ranged from -
3.64 to -4.68% relative to respective better parent values.
These superior two crosses were P1xP, and p1xp6. Hence, it
could be concluded that these crosses may be valuable in
breeding for earliness. As for days to maturity, no useful
heterosis was found in normal and drought as well as
combined analysis. Concerning plant height, heterotic effects
were found in P5xP6 in normal and P1xP2, P1xPs, P1xP4, P1xPs,
P2xPs and P3xPs under stress condition. Most of the hybrid
combinations studied were found to be taller than their
respective better parents. However, crosses P4xPs at normal
and combined analysis as well as P3xPs and P2xPs under stress
and their combined data showed significant negative heterosis.
Wheat breeders are interested with short stem uniform plants
because of their lodging resistance and positive response to
chemical fertilizers and irrigation.

Significant positive heterosis relative to the better
parent for number of spikes per plant, the cross PsxPgs exhibited
significant useful heterosis under normal condition.
Concerning 1000-kernel weight two hybrid combinations
P2xPs and PsxPs showed significant heterosis under normal
and combined analysis.

No useful heterosis was found in number of kernels per
spike, in normal, drought as well as combined analysis.

Concerning grain yield per plant, crosses P1XPs and
P2XPs under normal condition and their combined data as well
as P3XPg and PsXPgs under normal condition only and PixP;
under drought stress showed significant heterosis. The
heterosis was found in grain yield / plant could be attributed
the heterosis in one or more yield component such as number
of spikes per plant and 1000-grain weight.

For flag leaf area, crosses P1XP, and P2XPg under
normal condition and drought stress as well as their combined
data and PxPs under drought stress as well as combined data
and PoxP, under drought stress showed significant heterosis.

Significant useful heterosis for chlorophyll a recorded
for the crosses p1xp5 and p2xp5 under normal condition as
well as P1XP6, PzXPs, P3XP5, P3XPg and PsXPg under drought
stress. Concerning chlorophyll-b, three hybrid combinations
P1XP. and P2XPs under normal condition as well as P1XPs at
stress showed significant heterosis.

The development of high yielding varieties of bread
wheat depends upon the recovery of desirable segregates from
crosses among high yielding cultivars. The inheritance of
heterosis can help to isolate some superior parents and their
cross combinations further, exploitation in a breeding program
for selecting desirable segregates. Significant favorable
heterosis was also reported by previous investigators such as,
Omar et al., (2010), Nassar et al., (2012), Adel and Ali (2013)
and Gomaa et al., (2014).

Combining ability analysis:

Analysis of variance of the general (GCA) and specific
(SCA) combining ability for all the studied traits are presented
in Table 5. GCA and SCA were found to be significant for all
studied characters under both conditions, except plant height
for SCA under normal condition, chlorophyll-a for GCA
under normal and stress as well as combined analysisand SCA
under stress condition. Also, chlorophyll-b at stress as well as
combined analysis for GCA. These results are in general
agreement with those previously reported by Abd EL-Hamid
(2013), Katta et al., (2013), Gomaa et al., (2014), El-Hawary
(2015) and EI-Shamy et al., (2019)

The importance of both additive and non-additive
genetic variance in determining the performance of all studied
traits. GCA / SCA ratio as used to clarify the nature of the
genetic variance involved in most the studied traits under both
conditions. The GCA / SCA ratios were found to be greater
than unity, suggesting that, the additive gene effect was much
larger and more important than non-additive gene effects in the
inheritance of these traits. These results are in agreement with
those obtained by Burungale et al., (2011) Mandal and
Madhuri (2016) and Ljubici¢ et al., (2017). It is interesting to
note that breeding procedures that take advantage of additive
genetic variance would be recommended for wheat breeding
programs to improve tolerance for water stress traits.

General combining ability (GCA) effects

It is primarily a function of additive genetic variance;
it helps in the selection of suitable good general combining
parents for hybridization. Estimates of GCA effects of
studying traits are presented in Table 6. Data showed that
Gemmeiza 11 appeared highly significant negative GCA
effects for heading date under normal and stress conditions as
well as combined data and maturity date under normal as well
as combined data, revealing that this variety may be
considered as good combiners for developing early

genotypes..
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Table 5. Mean squares for general and specific combining ability under normal and stress conditions of all studied

traits.

SOV d.f. Days to heading Days to maturity Plant height

T S Comb. Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.
GCA 5 5 2.51** 6.53**  7.98**  6.36** 1.85**  6.21**  21.66** 8.87** 28.21**
SCA 15 15 2.72%* 1.28* 2.66%*  2.34** 0.97**  2.69** 3.44 12.48** 9.08**
Error 40 80 0.70 0.62 0.66 0.47 0.31 0.39 1.98 1.49 1.74
GCA /SCA 0.92 5.08 3.00 271 1.92 2.30 6.30 0.71 3.10
Table 5. continued
SOV df. No. of spikes /plant 1000-kernel weight No. of kernels per spike

T S Comb. Normal Stress Comb. Normal Stress Comb.  Normal Stress Comb.
GCA 5 5 2.32%* 3.23**  4.08** 13.78** 2756** 32.52** 104.10**  64.10**  129.39**
SCA 15 15 5.31** 2.66**  6.85**  8.95** 4.86*%* 10.42**  32.95** 23.19%* 30.69**
Error 40 80 0.53 0.49 0.51 0.57 0.78 0.68 6.97 6.61 6.79
GCA /SCA 0.44 1.21 0.60 1.54 5.67 3.12 3.16 2.76 4.22
Table 5. continued
SOV, d.f. Grain yield / plant Flag leaf area Chlorophyll-a Chlorophyll-b

S Comb. Normal Stress Comb. Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.

GCA 5 5 1115%* 1021** 1854** 16205** 6657** 20531** 154 142 266 138 093 111
SCA 15 15 2290 955** 1922** 7483** 4142** 101.78%* 373** 202 443** 199* 385** 379**
Error 40 80 0.29 0.69 0.49 5.13 5.39 5.26 126 111 119 052 047 049
GCA /SCA 0.49 1.07 0.96 2.17 1.61 2.02 041 070 060 070 024 029

*and * * significant at 0.05 and 0.01 levels of probability, respectively.
Table 6. Estimates of general combining effects for parents evaluated under normal and stress as well as combined

data.
Parents Days to heading Days to maturity Plant height
Normal  Stress Comb. Normal  Stress Comb. Normal Stress Comb.
Gemmeiza 11 (pl) -0.81**  -1.65**  -1.23** -153** -0.31 -0.92** 1.08* 0.41 0.74**
Giza 171 (p2) 0.65* 0.64* 0.65** 0.22 057**  0.40** -0.67 -0.24 -0.45*
Sakha 95 (p3) -0.51 -0.15 -0.33* -0.44 -0.60**  -052**  -1.33** -0.30 -0.81**
Line 1 (p4) 0.32 0.01 0.17 0.10 -0.31 -0.10 -2.18**  -1.82** -2.00**
Line 2 (p5) 0.36 0.93**  0.65**  0.72**  053**  0.62** 0.97* 0.86* 0.92**
Line 3 (p6) -0.01 0.22 0.10 0.93** 0.11 0.52**  2.12** 1.09** 1.60**
LSDgi 0.05 0.54 0.52 0.25 0.45 0.36 0.19 0.92 0.80 0.40
0.01 0.73 0.69 0.33 0.60 0.48 0.25 1.23 1.07 0.54
LSD gi 4 0.05 0.84 0.80 0.40 0.69 0.56 0.31 142 1.24 0.66
0.01 1.13 1.07 0.54 0.93 0.75 0.41 1.90 1.65 0.87
Table 6. continued
Parents No. of spikes /plant 1000-kernel weight No. of kernels per spike
Normal  Stress Comb.  Normal Stress Comb. Normal Stress Comb.
Gemmeiza 11 (pl) -0.02 -0.14 -0.08 1.42** -0.48 0.47** -0.81 4,32*%* 1.75**
Giza 171 (p2) 0.01 -1.05**  -052**  1.01** 2.70** 1.86** -1.26 -0.79 -1.02*
Sakha 95 (p3) 1.04**  0.89** 0.97**  -1.88** -234** -211** 1.37 -0.01 0.68
Line 1 (p4) -0.42 0.19 -0.11 -1.23%* 0.11 -0.56** 5.92** 1.64 3.78**
Line 2 (p5) -0.30 0.22 -0.04 -0.04 -1.45**  -0.75**  -5,09*%* -4.13**  -461*
Line 3 (p6) -0.31 -0.11 -0.21 0.71** 1.46** 1.09** -0.13 -1.02 -0.58
LSD i 0.05 0.48 0.46 0.22 0.49 0.58 0.25 1.72 1.68 0.80
0.01 0.64 0.61 0.29 0.66 0.77 0.34 2.30 2.24 1.06
LSD &4 0.05 0.74 0.71 0.35 0.76 0.89 0.41 2.67 2.60 1.30
0.01 0.99 0.94 0.47 1.02 1.20 0.54 3.57 3.48 1.72
Table 6. continued
Parents Grain yield / plant Flag leaf area Chlorophyll-a Chlorophyll-b

Normal  Stress Comb. Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.

Gemmeiza 11 (p1) -0.77** 0.08 -0.34** 1.03 -0.97 0.03 017 -0.09 0.04 0.03 -0.56* -0.26*

Giza 171 (p2) -0.73**  -1.99**  -1.36** 3.07** 245%* 276** 056 -046 -051** 0.06 026 0.16
Sakha 95 (p3) 0.23 0.52 0.37** -7.89** -540** -6.65** 0.14 039 027 -043 035 -0.04
Line 1 (p4) 142**  1.06**  124**  2.88** 142 215 035 -052 -043* 0.27 020 0.24*
Line 2 (p5) -1.44*%*  -0.54*  -0.99%* -2.69** 0.86 -0.92* 0.69 041 055** 0.58* -0.06 0.26*
Line 3 (p6) 1.30**  0.86** 1.08**  3.60** 164 262** -009 027 009 -051* -020 -0.35**
LSD g 0.05 0.35 0.54 0.21 1.48 151 0.70 0.73 0.69 0.33 0.47 045 0.22
0.01 047 0.72 0.28 1.98 2.03 0.93 0.98 092 044 0.63 0.60 0.29
LSD gi-gj 0.05 0.54 0.84 0.35 2.29 2.35 114 114 1.07 054 0.73 069 035

0.01 0.72 112 0.46 3.06 3.14 151 1.52 143 0.72 0.97 093 046

*and * * significant at 0.05 and 0.01 levels of probability, respectively.
For plant height, the parental varieties Line 2 and Line  stress conditions as well as combined data proving to be good
3 showed significant positive GCA effects under normaland  combiners for tallness. On the other hand, Line 1 exhibited
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the negative GCA effects, i.e. for decreasing plant height of
its F1 crosses, under normal and stress conditions as well as
combined data proving to be good combiners for shorting.
Concerning number of spikes per plant, Sakha 95 exhibited
significant GCA effects under normal and stress conditions as
well as combined data

For 1000-kernel weight, the two parental varieties
Giza 171 and Line 3 showed highly significant estimates of
GCA effects under normal and stress conditions as well as
combined data. For number of kernels per spike the parental
Gemmeiza 11 at stress condition as well as combined data
and Line lunder normal condition and combined data
showed significant GCA effects. For grain yield per plant,
Line 1 and Line 3 exhibited highly significant GCA effects
under normal and stress conditions as well as combined

data. Proving to be a good combiner for in this grain yield
per plant. For flag leaf area, Giza 171 and Line 3 exhibited
highly significant GCA effects under normal and stress
conditions as well as combined data. Concerning
chlorophyll-a, the parental Line 2 exhibited significant GCA
effects at combined data. For chlorophyll-b Line 2 exhibited
significant general combining ability effects in normal
conditions and combined data.
Specific combining ability (SCA) effects

It is mainly a function of dominance variances; it
helps in the identification of superior cross combination for
commercial exploitation of heterosis. The estimates of SCA
effects of F1 hybrids were determined for all studied traits
are illustrated in Table 7.

Table 7. Estimate of specific combining ability effects for the fifteen crosses studied under normal and stress as well

as combined data.

Genotypes Days to heading Days to maturity Plant height

Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.
P1XP2 -2.53** -0.64 -1.58** -1.35* -1.23* -1.29** -0.03 3.79*%* 1.88*
P1XP3 -1.36 -0.18 -0.77 -0.35 -1.07* -0.71 -0.36 1.94 0.79
P1XP4 -1.20 -0.68 -0.94 -1.89** -0.02 -0.96* 0.58 3.40** 1.99*
P1XP5 0.43 -1.26 -0.42 -0.85 -0.19 -0.52 2.74* 111 1.92
P1XP6 -1.86* -0.55 -1.21* -0.39 -0.77 -0.58 1.45 2.62* 2.03*
P2XP3 0.85 -0.47 0.19 0.90 1.06* 0.98* 1.10 0.28 0.69
P2XP4 1.01 0.03 0.52 2.70** 1.43** 2.07** -0.03 0.40 0.19
P2XP5 0.30 -1.22 -0.46 0.07 0.27 0.17 -2.73* 1.63 -0.55
P2XP6 -1.65* -0.51 -1.08* 0.53 0.68 0.61 -1.29 112 -0.09
P3XP4 -1.82* -1.18 -1.50** 0.03 -1.07* -0.52 1.49 -0.83 0.33
P3XP5 -0.20 -0.76 -0.48 1.40* -0.23 0.59 0.51 5.56** 3.03**
P3XP6 051 0.61 0.56 -1.14 -0.48 -0.81 -0.70 -4.37**  -253*%*
P4XP5 -0.36 0.74 0.19 1.20 0.81 1.00* -3.41** -2.08 -2.75%*
P4XP6 2.35%* -1.55* 0.40 0.32 0.23 0.27 0.82 -4.09** -1.63
P5XP6 -0.70 0.86 0.08 1.70*%* 0.06 0.88* 2.42 -0.16 1.13
LSD5%(sij) 1.50 141 1.01 123 0.99 0.78 2.52 219 1.64
LSD1%(sij) 2.00 1.89 1.34 1.65 133 1.03 3.38 293 2.18
LSD5%(sij-sik) 2.23 211 151 1.84 1.48 1.16 3.77 3.27 245
LSD1%(sij-sik) 2.99 2.83 2.01 2.46 1.98 154 5.04 4.37 3.25
LSD5%(sij-ski) 2.07 1.95 0.57 1.70 1.37 0.44 3.49 3.03 0.93
LSD1%(sij-ski) 2.77 2.62 0.76 2.27 1.84 0.58 4.66 4.05 1.23

Table 7. continued

No. of spikes /plant

1000-kernel weight

No. of kernels per spike

Genotypes Normal Stress Comb.  Normal Stress Comb. Normal Stress Comb.
P1XP2 -0.61 0.84 0.12 -1.39* -0.06 -0.73 3.70 1.99 2.84
P1XP3 -0.06 1.24 0.59 131 -2.16** -0.42 4.29 6.01* 5.15**
P1XP4 -2.60** -1.30* -1.95%* 0.88 2.20%* 1.54* -8.85** 0.90 -3.97
P1XP5 -2.05** -0.48 -1.27** 1.83** -0.12 0.86 0.20 2.20 1.20
P1XP6 1.71* 0.77 1.24** -2.21*%* 0.69 -0.76 -7.50** -11.51** -9.51**
P2XP3 0.91 -1.25* -0.17 0.00 0.04 0.02 1.18 1.05 112
P2XP4 -3.06%*  -2.49*%*  277** -0.19 0.06 -0.06 -1.03 2.00 0.49
P2XP5 -1.41* -1.19 -1.30** -4,61%* -4,69** -4,65** 0.64 -0.83 -0.09
P2XP6 -0.40 1.28* 0.44 4.71** 3.87** 4.29** -2.39 3.73 0.67
P3XP4 -0.33 0.03 -0.15 1.15 -1.52 -0.18 -1.93 -6.64** -4.28**
P3XP5 -0.85 0.07 -0.39 -2.25** 1.03 -0.61 -5.85* 3.33 -1.26
P3XP6 3.24%* 0.81 2.02**  -1.94** 0.33 -0.80 -5.78* 3.82 -0.98
PAXP5 -1.12 -1.94** -1.53** -1.83** 2.10* 0.13 9.42** 1.01 5.22**
P4XP6 -1.27 -1.23 -1.25** 0.12 -2.71*%* -1.29* 9.73** -3.76 2.98
P5XP6 1.13 0.74 0.94* 6.97** 2.12** 4 55** -1.15 1.27 0.06
LSD5%(sij) 1.30 1.25 0.89 1.35 1.59 1.03 473 461 3.25
LSD1%(sij) 1.75 1.67 1.18 1.81 2.12 1.36 6.33 6.16 431
LSD5%(sij-sik) 1.95 1.87 1.33 2.02 2.37 1.53 7.06 6.88 4.85
LSD1%(sij-sik) 2.61 2.50 1.76 2.70 3.17 2.03 9.44 9.20 6.43
LSD5%(sij-ski) 1.80 1.73 0.50 1.87 2.19 0.58 6.53 6.37 1.83
LSD1%(sij-ski) 241 2.31 0.67 2.50 2.93 0.77 8.74 8.52 2.43
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Table 7. continued

Genotypes Grain yield / plant Flag leaf area Chlorophyll-a Chlorophyll-b
Normal Stress Comb. Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.
P1XP2 241**  0.88 7.82%* 2.05 494* -073 059 -007 -147 -153* -052 -1.03*
P1XP3 2.37%* 044 6.23**  4.42* 533* 027 -012 0.07 0.05 -0.10 0.97 0.44
P1XP4 -3.95%* -458**  -952 1.75 -3.89 179 131 155 144 280** 0.90 1.85**
P1XP5 -0.79 -0.38 0.43 -1.38 -0.47 249 -108 071 143* 1.16 1.00 1.08*
P1XP6 3.54** 7,03** -245** 0.27 -1.09 044 134 0.89 1.05 095 261** 1.78**
P2XP3 -0.25 4.11** 1.83** -3.18 -0.68 108 164 136 -016 -0.31 -0.07 -0.19
P2XP4 -2.71%*% 041 -1.04* 3.66 131 149 017 083 2.08** 1.43* -0.33 0.55
P2XP5 -1.17*  -1.95* -0.36 175 070 293* 072 183 132 206 1.03 1.54**
P2XP6 0.07 -2.85** 19.36** 13.31** 16.34** 125 120 122 0.64 021 174 0.97*
P3XP4 -3.45%*  -176* -1.13* -2.11 -1.62 021 046 034 -118 -1.24 -0.75 -1.00*
P3XP5 1.56**  0.89 -3.66** -495* -430* 050 179 115 -025 -0.27 1.29* 0.51
P3XP6 -3.33** -2.33** -13.01** -564** -933** 036 097 0.66 0.57 0.72 0.38 0.55
P4XP5 0.59 112  10.76** 8.65** 970** -0.77 -0.03 -040 0.52 0.34 -0.46 -0.06
P4XP6 -3.84**  -1.89* 139**  -423* -1.42 171 -069 051 -1.07 -1.09 -0.23 -0.66
P5XP6 065 320 1.11* 6.55** 3.83 -052 058 003 -030 -0.28 -557** -2.92**
LSD5%(sij) 0.96 1.49 0.87 4,06 4.16 286 201 1.89 1.36 1.29 1.23 0.88
LSD1%(sij) 1.28 1.99 1.15 5.43 5.56 379 269 253 1.80 1.73 1.64 1.16
LSD5%(sij-sik) 143 222 1.30 6.06 6.21 427 300 282 2.03 1.92 1.83 131
LSD1%(sij-sik) 191 2.97 1.72 8.11 8.30 566 402 3.78 2.69 2.58 2.45 1.73
LSD5%(sij-ski) 1.32 2.05 0.49 5.61 5.75 161 278 261 0.77 1.78 1.69 0.49
LSD1%(sij-ski) 1.77 2.75 0.65 751 7.69 214 372 350 1.02 2.38 2.27 0.66

*and * * significant at 0.05 and 0.01 levels of probability, respectively.

Significant negative SCA effects would be the best
cross combinations of days to heading, and would be useful
from the breeder point of view. It could be concluded that
the best cross combinations for heading date (earliest) were
(P1XP2), (P1XPs), (P2XPg) and (P3XPs) under normal
condition as well as combined data, (PsXPs) under stress
condition showed significant and negative SCA effects. For
days to maturity, (P1XP2) under normal, stress as well as
combined data, (P1XPs3) under stress, (P1XP4) under normal
as well as combined data and (PsXP4) at stress condition
showed significant and negative SCA effects.

Significant negative SCA effects may be the best
crosses for plant height (shortness). The best cross for plant
height was (P2XPs) under normal condition, (PsXPs) at
stress and combined conditions, (P4XPs) under normal as
well as combined data and (P4XPs) at stress condition,
where it recorded significant and negative SCA effects for
this trait.

Significant positive SCA effects would be the best
crosses for number of spikes per plant and would be useful
from the breeder point of view. The best cross combinations
were (plxp6) under normal as well as combined, (p2xp6)
under stress and (p3xp6) under normal as well as combined
as they exhibited significant and positive SCA effects for
this trait.

For 1000-kernel weight, (p1xp4) at stress as well as
combined, (p1xp5) under normal, (p2xp6) at both condition
as well as combined, (p4xp5) and (p5xp6) at both condition
as well as combined showed significant positive estimates
of SCA effects.

For number of kernels per spike, (p1xp3) at stress as
well as combined, (p4xp5) under normal as well as
combined and (p4xp6) under normal exhibited significant
positive estimates of SCA effects.

The preferable significant SCA for grain yield were
observed in (p1xp2) and (p1xp3) under normal as well as
combined, (plxp6) at both conditions, (p2xp3) at stress
condition as well as combined, (p2xp6) at combined data,

(p4xp6) at combined data and (p5xp6) at stress condition as
well as combined.

Significant positive SCA values may be the best
crosses for flag leaf area. The best cross combinations were
(p1xp2) at stress condition, (plxp3) at both condition,
(p2xp5) at combined, (p2xp6) at both condition, (p4xp5) at
both condition and (p5xp6) under normal condition.

For chlorophyll-a, positive estimates of SCA effects
were detected in (p1xp4), (p1xp5) and (p2xp4) at combined
data.

For chlorophyll-b, (p1xp4) under normal condition
as well as combined, (p1xp5) at combined, (p1xp6) at stress
condition as well as combined, (p2xp5) under normal and
combined data, (p2xp6) at stress condition as well as
combined and (p3xp5) at stress condition.

The obtained results here concerning general and
specific combining ability effects could indicate that the
excellent hybrid combinations were obtained from the three
possible combinations between the parents of high and low
general combining ability effects, i.e. high x high, high x
low and low x low. Consequently, it could be concluded that
general combining ability effects of the parental lines were
generally unrelated to the specific combining ability effects
of their respective crosses. Similar conclusion was also
drawn by El-Seidy et al., (2009), EI-Gammaal, (2018) and
Es’haghi et al., (2019)

Drought susceptibility index:

Drought susceptibility index (DSI) was used to
estimate the relative stress injury because it accounted for
variation in yield potential and stress intensity. Mean
performance of drought susceptibility indices (DSI) are
presented in Table 8. Results indicated that P1, Ps, P4, Ps and
Ps had values lower than unity. The results indicated that the
larger value of (DSI) represented relatively more sensitivity
to water stress, thus a smaller value of (DSI) were favored.

The F1 crosses showed the lowest values of DSI
were P1XP2, P1XP3, P1XP4, P1XP5, PzXPe and P3XP5. The
other tested crosses exhibited high degree of susceptibility
to drought and showed more reduction in grain yield more
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compared by the non-stress traits. Selection based on (DSI)
favors genotypes with a relatively low yield potential under
non stress treatment and a relatively high yield under stress
treatment. These results agree with those obtained by
Mohammadi, et al., (2012), Gomaa et al., (2014), El-
Hawary, (2015), and EImassry et al., (2016).

Table 8. Drought Susceptibility index (DSI) for grain

yield per plant.

Genotype Normal Stress DSI

Gemmeiza 11 (P1) 23.68 17.13 0.919
Giza 171 (P2) 23.94 15.60 1.158
Sakha 95 (P3) 24.39 21.34 0.416
Line 1 (P4) 29.67 27.55 0.238
Line 2 (P5) 21.48 17.25 0.655
Line 3 (P6) 24.79 21.94 0.382
P1XP2 24.66 19.26 0.728
P1XP3 24.78 21.72 0.410
P1XP4 22.26 15.94 0.944
P1XP5 24.64 17.50 0.963
P1XP6 37.87 23.24 1.284
P2XP3 34.78 17.04 1.695
P2XP4 31.04 15.11 1.706
P2XP5 21.90 15.06 1.038
P2XP6 21.62 17.70 0.603
P3XP4 28.40 16.88 1.348
P3XP5 25.82 20.29 0.712
P3XP6 27.02 16.81 1.256
P4XP5 28.45 19.86 1.003
P4XP6 29.61 16.83 1.434
P5XP6 3244 19.72 1.303

Generally, the results indicated that the parents and
crosses had values lower than unity were less sensitive to
water stress, such results might be useful for improving
drought tolerance in wheat breeding program.
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