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ABSTRACT: The aim of this study was to assess the variations among set a half diallel
cross using eight varieties for drought characters, estimating combining ability and
genetic components. For this objective, the investigation was carried out at the
Experimental Farm of Etay El-baroud Agricultural Research Station during the two
seasons of 2015/2016and 2016/2017, Eight diverse wheat varieties (Triticum aestivum, L.)

and 28 F;'s were planted in two experiments. The first experiment was normally irrigated

4 irrigations (Non stress) and the second one was irrigated one time after planting
irrigation (Stress). General (GCA) and specific (SCA) combining ability mean squares

were highly significant for all studied traits in both environments as well as the combined
analysis. Such results indicated that both types of combining ability are important in the
inheritance of these traits.It could be concluded that the parent P7 (Giza 171) seemed to
be the best general combiner for grain yield/ plant and most of yield components.

N. kernel / spike in both exuberant and the combined only s , 1000 kernel weigh and
harvest index in the drought treatment and the combined ability and grain yield in the
normal irrigation.

The best Sij effects were detected for the crosses P6 (Misrl )x P7 (Gizal7l), P7 x P8
(Gizal68) and P1 (Gemmeiza) x P6 Misr 1 at both conditions and their combined for grain
yield and some traits stadied.
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INTRODUCTION consumption necessitates increasing

Wheat (Triticum aestivum, L.) is the wheat production in Egypt. To overcome
major cereal crop in Egypt as well as this problem is to increasing the
several other countries. World average productivity of wheat through an efficient
cultivated area of wheat reached 221.73 breading program.

million hectares in 2017; the total
production was 751.36* million metric
tons, with an average productivity of
3.39* metric tons per hectare. Egypt grew
in 2017, 1.25* million hectares that
produced 8.10* million metric tons of
grains, with an average yield of 6.43*
metric tons per hectare. With increasing
population, it could hardly satisfy only
55% of local requirements. The
increasing gap between production and

Drought-resistant genotypes are able
to maintain metabolic activities in their
tissues with low water potential (Sairam
et al., 1990). Drought resistance in
genotypes recently developed through
breeding programs is mostly related to
the plant’s ability to protect itself from
water loss under dry conditions, rather
than plant tolerance against water loss.
Protection from water loss is a result
from different structural characteristics
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(root length, seedling power, plant
height, leaf area, flowering duration, etc.)
related to plant development phenology
and physiology (Blum, 2006). In
environments where drought is
experienced during the early growth
periods, plant characteristics able to
ensure  germination—emergence and
survival of seedlings should be taken
into consideration (Monneveux and
Ribaut, 2006).

Plant breeders focus on development
of high vyielding wheat -cultivars by
crossing good general combining lines
and selecting desirable transgressive
segregants from resulting hybrids for
grain yield and other traits. Some
researchers determined that the general
combining ability effects for yield and
other characters have played a
significant role in selecting parents for
grain yield (Akbar et al., 2009).

The knowledge of combining ability is
useful to assess differences among the
genotypes and also, elucidate the nature
and magnitude of gene actions involved.
It has an important role to select parents
and crosses and it helps to decide
breeding methods to be followed to
choose desirable individuals (Salgotra et
al., 2009).

The major objectives of the present
investigation therefore to estimate gene
action and the importance which should
be given to these materials in a breeding
program.

MATERIALS AND METHODS

The investigation was carried out at
the Experimental Farm of Etay El-baroud
Agricultural Research Station during the
two seasons of 2015/2016and 2016/2017,
Eight diverse wheat varieties (Triticum
aestivum, L.) and 28 F;'s were planted in
two experiments. Table (1).
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In 2015/16 growing season, grains
from each of the parental varieties were
sown at a various sowing dates in order
to overcome the differences in time of
heading. During this season, all possible
parental combinations without
reciprocals were made among eight
parents giving a total of twenty-eight
crosses. In 2016/2017season, the eight
parents and their twenty-eight possible
F, crosses were sown on 17" Nov. 2016.
Two adjacent experiments were
conducted. The first experiment was
normally irrigated 4 irrigations (Non
stress) and the second one was irrigated
one time after planting irrigation (S
tress). Each experiment was designed in
arandomized complete block design with
three replications. Each plot consisted of
one ridge; three meters long with 20 cm
between ridges and plants within ridge
were 20 cm. apart allowing a total of 15
plants per plot. The dry method of
planting was used in this concern. The
other cultural practices of growing wheat
were practiced. The studied raits.

1-
2-
3-
4-
5-
6-

Number of spikes / plant
Number of the kernels for
1000-kernel weigh.

Grain yield per plant.
Biological yield

Harvest index.

Statistical analysis:

The data of all experiments were
subjected to proper statisical analysis of
varince according to Snedecor and
Cochran (1967). The combined analysis
across the two experiments (stress and
normal irrigation) were performed
according to Cochran and Cox (1957).For
comparason between means. General
(GCA) and specific (SCA) combining
ability estimates were obtained by
employing Griffing (1956) diallel cross
analysis designated as method 2 model
1.
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Table (1): The name pedigree and source of the parental varieties.

genotypes
name

Pedigree

Gemmeiza 7

CMH74 A. 630/5x//Seri 82/3/Agent (Gemiza 7)

Gemmeiza 9

ALD"S"/HUAC//CMH74A-630/SX

Gemmeiza 11

BOW"S"/KVS"S"/[TC/SERI82/3/GIZA168/SAKHAG1
GM-7892-2GM-1GM2GM-1GM-0GM

Gemmeiza 12

OTUS /3/SARA/THB/VEE
GMSS97Y00227S-5Y-010M-010Y-010M-2Y-1M-0Y-0GM

Sids 12

BUC//7C/ALD/5/MAYA74/ON//1160-
147/3/BB/GLL/4/CHAT"S"/6/MAYA/NVUL//ICMH74A.630/4*SX.
SD7096-4SD-1SD-0SD

Misr 1

OASIS / SKAUZ //4*BCN/3/2*PASTOR
CMSS00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0S

Giza 171

Sakha 93 / Gemmeiza9
GZ003-101-1GZ-1GZ-2GZ-0GZ

Giza 168

RESULTS AND DISCUSSION
Analysis of variances: Mean
squares of different wheat genotypes for
all studied characters in each
environment and their combined data are
presented in Table (2). Statistical
analysis revealed significant of irrigation
treatments for all studied characters,
indicating that the two irrigation regimes
behaved differently for these characters.

In addition, mean squares due to
genotypes were highly significant for all
traits, providing evidence for presence of
large amount of genetic variability, which
considered adequate for further
biometrical assessment.  Significant
differences for all traits were found
among the parents at both conditions
and their combined.

Meanwhile, significant differences of
crosses mean squares were detected for
all characters, reflecting the diversity of
the parents for these studied characters,
and that these diversities could be
transmitted to the progenies. Also, mean
squares of parents vs. crosses showed

MRI/BUG/SEPICM933046-8M-0OY-OM+2Y-03-0OGZ.
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significant differences for all traits,
indicating the presence of hybrid vigor of
the studied barley genotypes .

For all traits, mean squares of
genotypes X environments interactions
were significant, indicating that

genotypes responded differently to water
regime for these traits and reflecting the
possibility of selecting the most tolerant
genotypes. Mean squares of parents Xx
environments, crosses X environment
and parent vs. crosses X environment
were highly significant for alltraits,
except parent vs. crosses x environment
for 1000 kernel weight, revealing the
performance of parents and most
crosses were changed from environment
to another.

Mean performances of the eight
parents and their F, at stress and normal
irrigation as well as their combined data
are presented for all the studied
characters in Table (3). It is clear that
water stress condition decreased the
mean number of spike per plant (NS/P),
for the parents and hybrids. The highest
NS/Pbelonged to parent 8 at the normal
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Table (3): The genotypes Mean performance for all traits studied.

Number of spikes |\ mper of grains per
per plant spike 1000-Kernel weight
Genotypes NS S |[Comb.| NS S Comb. NS S Comb.
(P Gemmeiza 7 | 12.00 || 9.97 | 10.98 [|73.32| 50.31 || 61.82 || 44.79 | 41.91 || 43.35
(P,) Gemmeiza9 | 12.00 || 8.24 | 10.12 |67.90| 53.57 || 60.73 || 43.67 | 38.86 || 41.26
(P3) Gemmeiza 11| 6.90 || 6.50 || 6.70 [|85.35| 48.65 || 67.00 || 43.23 | 36.60 || 39.91
(P;) Gemmeiza 12 || 8.83 | 10.68 | 9.76 [66.90| 55.32 || 61.11 || 32.62 | 29.89 || 31.26
(Ps) Sids 12 7.70 | 5.70 || 6.70 |[85.60| 79.25 || 82.43 || 48.63 || 36.61 || 42.62
(Pe) Misr 1 11.70 || 10.54 || 11.12 | 70.54 | 53.83 || 62.19 || 42.63 | 35.75 | 39.19
(P;)Giza 171 13.17 || 8.03 | 10.60 || 75.95| 73.88 || 74.92 || 43.40 | 40.84 | 42.12
(Pg) Gemmeiza 7 || 14.79 | 8.58 | 11.68 [|59.02| 47.97 || 53.49 || 32.44 | 27.70 || 30.07
1x2 13.47 | 4.80 || 9.13 [73.80| 43.50 || 58.65 | 40.19 | 40.70 || 40.44
1x3 10.93 || 5.50 || 8.22 [68.23| 60.20 || 64.22 | 42.28 | 39.52 || 40.90
1x4 9.80 || 7.87 || 8.83 ||70.83| 60.50 | 65.67 || 42.73 || 39.71 || 41.22
1x5 10.93 | 8.63 || 9.78 [60.67| 52.48 || 56.57 || 39.93 | 34.53 || 37.23
1x6 11.33 || 8.75 | 10.04 [|53.63| 43.42 || 48.53 || 43.97 | 40.83 || 42.40
1x7 13.67 || 8.63 | 11.15 || 71.51| 60.00 || 65.76 || 41.59 || 35.21 | 38.40
1x8 13.87 | 5.72 || 9.79 [69.45| 54.53 || 61.99 || 41.13 | 38.02 || 39.57
2x3 14.13 || 6.03 | 10.08 |56.67| 54.37 || 55.52 || 42.32 | 40.92 | 41.62
2x4 18.22 || 7.22 | 12.72 [|62.90| 58.20 || 60.55 | 43.22 | 39.12 | 41.17
2x5 1581 | 6.85 | 11.33 |66.13| 57.93 || 62.03 || 43.55 | 38.94 | 41.24
2x6 11.44 | 9.73 | 10.59 [|65.09| 59.30 || 62.19 || 42.44 | 38.05 || 40.25
2x7 1593 | 6.92 | 11.43 [|63.35| 69.10 || 66.23 | 37.65 | 36.27 | 36.96
2x8 1290 | 6.65 || 9.78 [ 75.60| 60.87 || 68.23 || 44.75 | 36.64 || 40.70
3x4 11.15| 8.89 | 10.02 || 75.43| 53.64 || 64.54 | 41.34 | 40.45 || 40.90
3x5 1254 | 6.27 || 9.41 [61.63| 79.77 || 70.70 || 45.28 | 40.82 || 43.05
3x6 18.60 || 8.37 | 13.48 | 73.77| 59.43 || 66.60 || 43.44 | 37.27 || 40.36
3x7 12.64 | 7.20 || 9.92 [73.10| 59.57 || 66.33 || 40.37 | 36.01 || 38.19
3x8 1413 | 4.13 || 9.13 [70.18| 51.80 || 60.99 | 47.15 | 40.66 | 43.91
4x5 13.65| 7.00 | 10.33 |79.85| 63.43 || 71.64 || 40.67 | 37.00 | 38.83
4x6 11.47 | 7.15 || 9.31 [|60.23| 60.03 || 60.13 || 42.39 | 34.91 | 38.65
AX7 13.93 | 7.87 | 10.90 |61.80| 53.99 || 57.89 || 44.00 | 35.20 || 39.60
4x8 13.69 | 5.25 || 9.47 [ 66.40| 60.87 || 63.63 || 43.32 | 41.43 || 42.38
5x6 9.12 || 5.17 || 7.14 |[72.99| 49.32 | 61.15 || 42.22 || 38.03 | 40.12
5x7 7.27 || 7.32 || 7.29 |[89.90| 63.57 || 76.73 || 45.75 || 34.93 [ 40.34
5x8 10.73 || 5.25 || 7.99 [74.98| 68.37 || 71.67 || 43.47 | 41.73 || 42.60
6x7 12.35| 9.90 | 11.13 (|82.77| 41.98 || 62.37 || 46.69 | 33.52 || 40.11
6x8 11.70 || 11.13 || 11.42 |63.27| 50.53 || 56.90 || 42.54 | 36.94 || 39.74
78 14.03 || 11.08 || 12.56 || 71.17| 64.77 || 67.97 || 42.86 | 40.18 || 41.52
mean of parent 10.89 | 8.53 || 9.71 [ 73.07| 57.85 || 65.46 || 41.43 | 36.02 || 38.72
mean of cross 12.84 || 7.33 || 10.08 |[69.12| 57.69 || 63.41 | 42.76 || 38.13 | 40.44
mean of Genotypel|l 12.40 || 7.60 | 10.00 |[70.00| 57.73 || 63.86 || 42.46 || 37.66 | 40.06
L.S.D 5% 1.64 | 1.47 || 1.53 | 6.32 || 5.45 5.82 3.11 3.02 3.02
L.S.D 1% 218 || 1.94 | 2.01 | 838 | 7.23 7.63 4.13 4.00 3.96

*and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS= non stress
S=stress, Com=combined
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Table (3): Cont.

Grain yield per plant BIOIOgI;?;XtIe'd Pe! Harvest index

Genotypes NS S Comb.| NS S Comb.|| NS S Comb.
(P1) Gemmeiza7 | 22.13 | 12.65 || 17.39 | 72.70 || 40.63 || 56.67 || 30.65 || 31.14 || 30.89
(P,) Gemmeiza 9 || 25.10 || 11.94 || 18.52 || 69.83 || 46.27 || 58.05 || 35.94 || 25.76 || 30.85
(P3)Gemmeiza 11 || 23.40 || 16.58 || 19.99 |102.32( 30.84 || 66.58 || 22.85 || 53.80 || 38.32
(P4) Gemmeiza 12| 21.30 || 17.57 || 19.43 ||116.72| 57.52 || 87.12 || 18.60 || 30.46 || 24.53
(Ps) Sids 12 20.47 || 12.01 || 16.24 || 66.23 || 38.43 | 52.33 || 30.89 || 32.47 || 31.68
(Ps) Misr 1 20.70 || 14.73 || 17.72 | 77.42 || 53.58 || 65.50 || 27.55 || 27.44 | 27.50
(P;) Giza 171 22.07 || 9.38 || 15.72 | 79.54 || 55.47 || 67.51 || 27.73 || 17.06 || 22.40
(Pg) Gemmeiza 7 | 21.93 | 10.99 || 16.46 || 61.67 || 42.41 || 52.04 || 35.56 || 25.94 || 30.75
1x2 15.63 || 10.40 || 13.02 || 87.04 || 45.07 || 66.06 | 17.98 || 23.26 || 20.62

1x3 14.00 || 13.10 || 13.55 || 65.65 | 45.59 || 55.62 || 21.64 || 28.75 || 25.20

1x4 21.10 || 17.00 || 19.05 || 69.00 || 59.21 || 64.10 || 30.57 || 28.67 || 29.62

1x5 21.70 || 10.43 | 16.07 || 45.37 || 38.83 || 42.10 || 47.83 || 26.87 || 37.35

1x6 29.07 || 15.83 || 22.45 || 71.60 || 65.39 || 68.49 || 40.59 || 24.25 || 32.42

1x7 23.67 || 15.08 || 19.37 || 89.37 || 55.00 || 72.18 || 26.50 || 27.41 || 26.95

1x8 26.20 || 11.57 || 18.88 || 79.65 || 42.43 || 61.04 || 32.93 || 27.32 || 30.13

2x3 26.67 || 11.63 || 19.15 || 85.30 || 44.73 || 65.02 || 31.25 || 26.12 || 28.69

2x4 33.63 || 10.37 || 22.00 || 92.07 || 45.72 || 68.89 || 36.56 || 22.92 || 29.74

2x5 30.57 || 16.41 || 23.49 |119.44( 49.96 | 84.70 || 25.73 || 32.64 || 29.19

2x6 2513 || 17.63 || 21.38 ||106.21( 48.46 || 77.34 | 24.04 || 36.34 || 30.19

2x7 30.53 || 17.75 || 24.14 || 95.65 || 61.40 || 78.53 || 31.97 || 29.62 || 30.79

2x8 27.17 || 13.72 || 20.44 || 93.62 || 50.00 || 71.81 || 29.36 || 27.22 || 28.29

3x4 2597 || 20.49 || 23.23 | 78.43 || 63.85 | 71.14 || 33.29 || 32.49 || 32.89

3x5 30.23 || 17.50 || 23.87 || 91.61 || 56.93 || 74.27 || 33.26 || 30.63 || 31.95

3x6 29.23 || 17.63 || 23.43 || 95.37 || 55.33 || 75.35 || 30.58 || 31.87 || 31.23

3x7 25.77 || 16.50 || 21.13 || 95.17 || 48.40 || 71.78 || 27.14 || 34.20 || 30.67

3x8 26.27 || 10.40 || 18.33 || 76.30 || 52.40 || 64.35 || 34.38 || 19.87 || 27.13

4x5 37.03 || 12.13 || 24.58 ||102.30( 48.97 || 75.63 || 36.20 || 25.22 || 30.71

4x6 29.40 || 11.74 | 20.57 || 81.23 || 39.52 || 60.38 || 36.21 || 29.62 || 32.91

ax7 27.43 || 11.81 || 19.62 || 89.52 || 38.82 || 64.17 || 30.68 || 30.39 || 30.53

4x8 38.63 || 9.97 || 24.30 ||106.61( 31.17 || 68.89 || 36.37 || 32.25 || 34.31

5x6 23.37 || 9.93 || 16.65 || 88.62 || 41.83 || 65.23 || 26.80 || 23.91 || 25.35

5x7 29.73 || 12.87 || 21.30 || 84.59 || 49.05 || 66.82 || 35.23 || 26.54 || 30.88

5x8 31.60 || 15.75 || 23.68 || 81.58 || 41.28 || 61.43 || 38.53 || 38.18 || 38.36

6x7 37.13 || 12.04 | 24.59 || 85.55 || 38.43 || 61.99 || 43.42 || 31.25 || 37.34

6x8 25.53 || 16.68 || 21.11 || 82.73 || 57.39 || 70.06 || 30.99 || 29.09 || 30.04

7x8 28.83 || 18.02 || 23.43 ||104.33| 57.43 || 80.88 || 27.62 || 31.41 || 29.52

mean of parent 2214 || 13.23 || 17.68 || 80.81 || 45.64 || 63.22 || 28.72 || 30.51 || 29.62
mean of cross 27.54 || 14.09 || 20.81 || 87.28 || 49.02 || 68.15 || 32.06 || 28.87 || 30.46
mean of Genotype| 26.34 || 13.90 || 20.12 || 85.84 || 48.27 || 67.06 || 31.32 || 29.23 || 30.28
L.S.D 5% 3.05 2.99 2.98 781 || 691 | 7.26 | 5.19 | 6.39 || 5.73
L.S.D 1% 4.05 3.97 3.91 || 1035 9.16 || 952 | 6.88 | 8.47 | 7.52

*and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS= non stress ,
S=stress, Com=combined
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irrigation as well as the combined
analysis. While, parent 5 showed the
smallest NS/P at the normal irrigation as
well as the combined analysis. Abd El-
Aty and El-Borhamy (2007) found
significant differences among wheat
genotypes in NS/P. The highest NS/P was
obtained from the following crosses; psx
ps under normal environment and pgX
pgat the drought condition.

With regard to number of kernels per
spike (NK/S), the parents 5 showed the
highest values at the two conditions and
their combined while, parent 8 revealed
lowest number of NK/S at the drought
conditions. Also crosses; ps X p7
showed the highest values at the normal
condition and combined analysis and p3
X ps gave the highest value at the
drought condition. While, ps x p7 showed
the lowest values at the drought
condition.

With regard to the parents for 1000-
kernel weight, the heaviest were obtained
from parent 5 under the normal condition
and parent lunder drought condition as
well as the combined analysis. The
heaviest 1000-kernel weight of wheat
hybrids were obtained from ps; x pgat
normal irrigation and ps x pg under the
drought condition. While, the lightest
1000- kernel weight of wheat crosses
were relative to pg X p7.

As a result of water stress condition,
the average of grain yield/plant (GY/P) for
parents and their hybrids was decreased.
Several investigators reported that
drought stress reduced photosynthesis
and translocation rates and increased
respiration, which reduced available
assimilates for grain filling and finally
decreased GY/P. Abd EI-Aty and EI-
Borhamy (2007) found similar results.
The highest GY/P were showed by parent
2 under the normal condition and parent
4under drought as well as the combined
analysis. While, the lowest GY/P was
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obtained by parent 7 under drought data.
The hybrids, p4 X pg at normal condition,
ps X p4at drought condition and pe X p7
at the combined analysisyielded more
than the other crosses. While, ps X pe
gave the lowest values under drought
condition. The highest GY/P of these
parents and crosses could be attributed
to the highest GY/P of psand p4, which
may possessed the genes controlling in
GY/P.

With regard to number of biological
yield/plant, the parents 4 showed the
highest values at the two conditions and
their combined while, parent 3 revealed
lowest number of biological yield/plant at
the drought conditions. Also crosses; p,
X ps showed the highest values at the
normal condition and combined analysis.
While, p4 X psg showed the lowest values
at the drought condition.

For harvest index, the parents 2
showed the highest values at the normal
condition and parent 3 under drought
condition and the combined analysis.
while, parent 7 revealed lowest number of
harvest index at the drought condition.
Also crosses; psx ps showed the highest
values at the drought condition and
combined analysis. While, psz X ps
showed the lowest values at the drought
condition.

Mean performance of F1 crosses for
all studied traits in each treatment as well
as combined data are presented in Table
(3). Regarding number of spikes plant-1,
the highest mean values in normal
irrigation (N/S) (18.6), were detected for
the cross P3 x P6. And P6xP8 in(S ) data
(11.13).

For No. of grains/ spike, the cross P5
x P7 gave the highest values (89.9),
(76.73), under (N/S) condition and
combined analysis, and the cross P3 x
P5 gave the highest values (79.77) in(S).

The parental combination P3 x P8
gave the highest mean values for 1000-
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kernel weight in (N/S) treatment, and,
gave higher value the cross P5 x P8(S).

For grain yield/ plant the cross P4 x P8
gave the highest values (38.63 g) under
normal condition. However, the highest
mean values for grain yield/ plant (20.49)
were detected by P3 x P4. Moreover the
cross P6 x P7 exhibited the heavier grain

yield plant in the combined analysis
being 24.59.
The highest mean values for

biological yield / plant were detected by
the cross P2 x P5 under normal condition
and combined analysis (119.44g), (84.70).

For harvest index, the cross P5 x P8
gave the highest values (38.18), (38.36),
under drought stress and combined
analysis, and the cross P1 x P5 gave the
highest values (47.83) in normal
environment.

Combining ability analysis: Combining
ability implies the capacity of parent to
produce good progenies when crossed
with the other parent.

Analysis of variance for combining
ability as out lined by Griffing (1956)
method 2 model 1 in each environment
as well as their combined for all the
studied traits in Table (2).

The results indicate that mean
squares of general combining ability
(GCA) and specific combining ability
(SCA) were highly significant for all the
studied traits under the two
environments and their combined.

The ratios between GCA and SCA
exceeded the unity for all studied traits
except for straw yield and harvest index
at normal irrigation and grain yield/ plant,
biological yield/ plant1000-kernel weight,
straw yield, in the drought condition and
straw yield at combined analysis,
revealing that additive and additive Xx
additive types of gene action are more
important than non-additive gene action
in controlling these traits. These results
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were coincident with those reported by
Gomaa et al (2014) and El Hosary et al.
(2015).

General combining ability effects:
Estimates of GCA (§i) effects of all wheat
parental genotypes for each trait in
combined data are presented in Table (4).
Such effects are being used to compare
the average performance of each parent
with the other and facilitate selection of
parents for further improvement to
drought tolerance.

Results indicated that the parent P1
gave significant and positive §i effects
forl000-kernel  weight in  drought
condition and the combined analysis.
The parental P, exhibited significant and
positive gi effects for no. of spikes per
plant and biological yield per plant in
normal irrigation environment and the
combined analysis and1000-kernel
weight under drought and combined
analysis. The parent P53 exhibited
significant and positive §i effects for
grain yield per plant under drought
environment condition. Also, this parent
considered the best combiner for
biological yield per plant, No. of grains
per spike at normal irrigation treatment
and the combined analysis. The parent
P, expressed significant and positive gi
effects for grain yield per plant and
biological vyield per plant in normal
environment and the combined analysis.
The parent Psexpressed significant and
positive §i effects for number of grains
per spike in both and across
environments, 1000-kernels wight,
harvest index in normal and combined
analysis. The parent pg expressed
significant and positive gi effects for No.
of spikes / plant, biological yield / plant
under drought and combined analysis.
The parent P, exhibited significant and
negative §i effects for No. of spikes /
plant, biological yield / plant and number
of grains per spike both and across
environments, grain yield / plant in
normal and combined analysis. The
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parent Pg seemed to be the best general harvest index under normal environment
combiner for No. of spikes / plant and as well as the combined analysis.

Table (4): Estimates of general combining ability effects for all studies treats.

Number of spikes per | Number of grains per
plant spike

Parents NS S Comb.| NS S Comb. NS S Comb.
(P1) Gemmeiza 7 | .0.36* | 0.15 | -0.11 | -1.52* |-4.43**| -2.98** | -0.08 | 1.34** | 0.63**
(P2) Gemmeiza 9| 1 43+ | -0.37* | 0.53** |-3.06**| -0.92 | -1.99** | -0.07 | 0.94** | 0.44*
(Ps)Gemmeiza 11| _0.37* |-0.90**|-0.63**| 1.97** | -0.35 | 0.81** | 0.65 | 0.99** | 0.82**
(P,)Gemmeiza 12 | -0.21 | 0.42** | 0.11 |[-1.87**| 0.17 | -0.85** |-1.93**|-1.13**| -1.53**

1000-Kernel weight

(Ps) Sids 12 -1.62%% | -1.05%* | -1.33**| 4.74* | 7.38** | 6.06** | 1.60** | 0.03 | 0.81**
(Pe) Misr 1 -0.22 | 1.29% | 0.53** | -1.72* | -4.79**| -3.25** | 0.68* | -0.79* | -0.05
(P;) Giza 171 0.45* | 0.66** | 0.56** | 3.55* | 4.12** | 3.83* | 0.35 | -0.59 | -0.12
(Ps) Gemmeiza 7 | 0.90** | -0.20 | 0.35%* |-2.00%* | -1.19% | -1.64** | -1.21%* | -0.79* | -1.00**
L.S.D(0.05) gi 034 | 031 | 013 | 1.32 | 1.14 | 048 | 065 | 0.63 | 0.25
L.S.D(0.01) gi 046 | 041 | 017 | 1.75 | 1.51 | 064 | 0.86 | 0.84 | 0.33

L.S.D(0.05) gi-gj | 0.52 | 0.46 | 0.24 | 2.00 | 1.73 0.92 0.98 | 0.96 0.48

L.S.D(0.01) gi-gj | 0.69 | 0.62 | 0.32 | 2.65 | 2.29 1.21 1.31 1.27 0.63

*and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS=non stress,
S=stress, Com=combined

Table (4): con.

Biological yield per
plant

Parents NS S Comb.| NS S Comb.| NS S Comb.
(P1) Gemmeiza 7 | .4 15%| -0.63* |[-2.39** |-11.95* -0.17 |-6.06**| -0.25 | -1.43* |-0.84**
(P2) Gemmeiza 9 | 024 | -0.33 | -0.04 | 4.64** | 0.34 | 2.49** | -1.31* | -1.34* |-1.33*
(Ps)Gemmeiza 11 | .1 pox«| 153 | 0.16 | 1.99* | -0.55 | 0.72* |-2.46** | 4.84** | 1.19*
(P,) Gemmeiza 12 | 1.87** | 0.36 | 1.11** | 8.00** | 0.79 | 4.39** | -0.48 | -0.06 | -0.27

Grain yield per plant Harvest index

(Ps) Sids 12 0.81* | -0.60 | 0.10 |-2.66**|-3.07*|-2.87*| 2.35% | 0.58 | 1.47*
(Pe) Misr 1 0.32 | 0.59 |0.45* | -0.64 | 1.91* | 0.63* | 0.59 | -0.19 | 0.20
(P;) Giza 171 1.02*% | -0.22 | 0.40%* | 3.07** | 2.50** | 2.79* | -0.38 |-1.81**|-1.10**
(Pg) Gemmeiza 7 | 1 10+ | -0.70% | 0.20 |-2.44**| -1.75* |-2.10**| 1.95** | -0.59 | 0.68**
L.S.D(0.05) gi 064 | 063 | 025 | 1.63 | 1.45 | 061 | 1.09 | 1.34 | 048
L.S.D(0.01) gi 0.85 | 0.83 | 033 | 217 | 1.92 | 0.79 | 1.44 | 177 | 0.63

L.S.D(0.05) gi-gj | 0.97 | 0.95 | 0.47 | 2.47 | 2.18 | 1.15 | 1.64 | 2.02 | 0.91

L.S.D(0.01) gi-gj 128 | 1.26 | 0.62 | 3.28 | 2.90 151 | 218 | 2.68 1.19

*and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS=non stress , S=
stress , Com=combined
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Specific combining ability effects

(Sij):

SCA (Sij) of the parental combinations
computed for seven traits in combined
analysis are presented in Table (5).

Table (5): Estimates of specific combining ability effects for all studied traits .

Number of spikes

Number of grains per

1000-Kernel weight

per plant spike
crosses NS S |[Comb.| NS S Comb. NS S Comb.
P1xP2 0.00 |-2.58**|-1.29**| 8.39** | -8.88** | -0.25 | -2.13* | 0.75 -0.69
P1xP3 -0.74 |-1.34**|-1.04**| -2.22 | 7.25* | 2.52 -0.75 | -0.47 | -0.61
P1xP4 -2.04**| -0.30 |-1.17**| 4.23* | 7.03** | 5.63** | 2.27* 1.84 | 2.05*
P1xP5 0.51 | 1.94* | 1.22** |-12.55**| -8.20** |-10.37**| -4.05** | -4.49** | -4.27**
P1xP6 -0.49 | -0.28 | -0.38 |-13.13**| -5.09** | -9.11** | 0.90 | 2.62** | 1.76*
P1xP7 1.17* | 0.23 | 0.70* | -0.52 2.59 1.03 -1.15 | -3.20** | -2.18**
P1xP8 0.93 |-1.82**| -0.45 | 3.07 2.42 2.75* | -0.05 | -0.19 | -0.12
P2xP3 0.67 | -0.30 | 0.19 |-12.24**| -2.10 |-7.17* | -0.72 1.33 0.30
P2xP4 4.59* | -0.43 | 2.08* | -2.16 1.21 -0.48 | 2.76** | 1.65 | 2.20*
P2xP5 3.60** | 0.67 |2.13**| -5.54** | -6.26** | -5.90** | -0.44 0.31 -0.07
P2xP6 -2.17**| 1.21* | -0.48 | -0.13 | 7.28* | 3.57* | -0.63 0.24 -0.20
P2xP7 1.65**| -0.97*| 0.34 | -7.13**| 8.17* | 052 |-5.10** | -1.74 | -3.42**
P2xP8 -1.83**| -0.38 |-1.10**| 10.76** | 5.24** | 8.00** | 3.57* | -1.17 1.20
P3xP4 -0.68 | 1.77**| 0.55 | 5.33* | -3.91* | 0.71 0.15 | 2.93* | 1.54*
P3xP5 2.13**| 0.62 | 1.37**|-15.08**| 15.00** | -0.04 0.57 2.14* 1.36
P3xP6 6.79**| 0.38 |3.58**| 351 | 6.84** | 517 | -0.35 | -0.59 | -0.47
P3xP7 0.15 | -0.16 | 0.00 | -2.42 | -1.93 | -2.18 | -3.09** | -2.04* | -2.57**
P3xP8 1.20* |-2.36**| -0.58 | 0.30 | -4.39* | -2.05 | 5.25** | 2.80** | 4.03**
P4xP5 3.07**| 0.03 | 1.55**| 6.99** | -1.85 2.57 -1.47 0.44 -0.51
P4xP6 -0.50 |-2.16**|-1.33**| -6.18** | 6.92** | 0.37 1.18 -0.83 0.17
PAxP7 1.28* | -0.81 | 0.23 | -9.88** | -8.03** | -8.95** | 3.11** | -0.73 1.19
P4xP8 0.59 |-2.57**|-0.99**| 0.36 4.15* 2.26 | 3.99** | 5, 70* | 4.84**
P5xP6 -1.45%*|-2.67**|-2.06**| -0.03 |-11.00**| -5.52** | -2.652* | 1.13 -0.70
P5xP7 -3.97*| 0.11 |-1.93*| 11.61**| -5.66** | 2.98* 134 | -2.16* | -0.41
P5xP8 -0.95 | -1.09* |-1.02**| 2.33 4.45* | 3.39* 0.62 | 4.84* | 2.73*
P6xP7 -0.28 | 0.35 | 0.03 |10.93*|-15.08**| -2.07 | 3.20** | -2.76** | 0.22
P6xP8 -1.38*| 2.44**| 0.53 | -2.93 | -1.22 | -2.07 0.60 0.86 0.73
P7xP8 0.28 | 3.02** | 1.65**| -0.29 | 4.11* 1.91 1.25 | 3.91* | 2.58**
L SD5%(sij) 1.05 | 094 | 0.70 | 4.05 3.50 2.64 2.00 1.94 1.37
LSD1%(sij) 140 | 1.25 | 091 | 5.38 4.64 3.46 2.65 2.57 1.80
LSD5%(sij-sik) | 1.56 | 1.39 | 1.03 | 6.00 5.18 3.90 2.95 2.87 2.03
LSD1%(sij-sik) | 2.07 | 1.85 | 1.35 | 7.96 6.87 5.12 3.92 3.80 2.66
LSD5%(sij-ski)| 1.47 | 1.31 | 0.34 | 5.66 4.88 1.30 2.79 2.70 0.68
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LSD19%(sij-ski)| 1.95 | 1.74 | 045 | 750 | 6.47 | 1.71 | 369 | 358 | 0.89 |

*and **indicate significant at 0.05 and 0.01 levels of probability, respectively. NS= non stress ,

S=stress, Com=combined
Table (5): con.

Grain yield per

plant Biological yield per plant Harvest index
crosses NS S |Comb. NS S Comb. NS S Comb.
P1xP2 -6.81** -2.54* |-4.67**| 8.51* | -3.38 256 |[-11.78**| -3.20 | -7.49**

P1xP3 -6.98** -1.70 |-4.34**|-10.23**| -1.97 | -6.10** | -6.96** | -3.89 | -5.43**

P1xP4 -2.97**3.38*| 0.21 [-12.89**| 10.32** | -1.29 -0.01 0.93 0.46

P1xP5 -1.31 | -2.23*|-1.77* | -25.86**| -6.20** |-16.03**| 14.42** | -1.51 | 6.45**
P1xP6 6.55**| 1.98* |4.27**| -1.65 | 15.37** | 6.86* | 8.93** | -3.36 2.79*
P1xP7 0.45 | 2.04* | 1.25 | 12.41**| 4.39 8.40** | -4.19* 1.42 -1.38
P1xP8 2.90**| -1.00 | 0.95 | 8.20** | -3.92 2.14 -0.08 0.10 0.01
P2xP3 1.29 |-3.47** -1.09 | -7.17** | -3.33 | -5.25** | 3.71* | -6.61** | -1.45

P2xP4 5.17**1-3.56**| 0.81 | -6.42* | -3.68 | -5.05** | 7.02** | -4.91* 1.06

P2xP5 3.17%*| 3.44** | 3.31**| 31.62** | 4.42 | 18.02**| -6.63** | 4.17* -1.23

P2xP6 -1.77 |3.47**| 0.85 | 16.37*| -2.06 | 7.15** | -6.56** | 8.64** 1.04
P2xP7 2.93**14.41**|3.67**| 2.10 |10.28** | 6.19** 2.35 3.54 2.94*
P2xP8 -0.52 | 0.85 | 0.16 | 5.58* 3.14 4.36** | -2.60 -0.08 -1.34
P3xP4 -1.03 |4.70**| 1.83**|-17.40**| 15.35** | -1.03 | 4.91** | -1.52 1.69

P3xP5 4.30%*|2.67**| 3.48**| 6.44* | 12.28* | 9.36** 2.05 -4.03 -0.99

P3xP6 3.79**| 1.61 |2.70**| 8.18** | 5.71* | 6.94** 1.14 -2.01 -0.44

P3xP7 -0.38 | 1.29 | 046 | 4.27 -1.83 1.22 -1.33 1.94 0.31
P3xP8 0.04 |-4.33**|-2.15** -9.09** | 6.43** | -1.33 3.58* [-13.62**| -5.02**
P4xP5 8.01**| -1.52 | 3.25**| 11.12** | 2.98 7.05* | 3.01 -4.54% | -0.77
P4xP6 0.87 [-3.10** -1.12 |-11.97**|-11.44**|-11.71**| 4.78** 0.63 2.71*
PAxP7 -1.80 | -2.22*|-2.01**| -7.39** |-12.74**|-10.07**| 0.23 3.03 1.63
P4xP8 9.32**|-3.59** 2.86** | 15.20** |-16.14**| -0.47 3.59* 3.67 3.63**
P5xP6 -4,10**|-3.95**-4.03**| 6.08* | -5.28* 0.40 | -7.46** | -5.72** | -6.59**
P5xP7 157 | -0.20 | 0.68 | -1.66 1.35 -0.16 1.94 -1.46 0.24

P5xP8 3.35**| 3.16**|3.25**| 0.84 -2.17 -0.67 2.92 8.95** | 5.93*

P6xP7 9.46**|-2.22*|3.62**| -2.71 |-14.25*| -8.48* | 11.90** | 4.02 7.96**

P6XxP8 -2.23*(2.89*| 0.33 | -0.02 | 8.96* | 4.47* | -286 | 063 | -1.11

P7xP8 0.37 |5.05%|2.71%| 17.86%* | 8.41** | 13.14* | -5.26** | 4.58* | -0.34
LSD5%(sij) 196 | 1.92 | 1.35 | 501 | 443 | 329 | 333 | 410 | 260
LSD1%(sij) 2,60 | 255 | 1.77 | 664 | 588 | 432 | 441 | 543 | 3.41

LSD5%(sij-sik) | 2.90 | 2.84 | 2.00 7.41 6.55 4.87 4.92 6.06 3.85

LSD1%(sij-sik) | 3.84 | 3.77 | 2.62 9.83 8.70 6.39 6.53 8.04 5.04
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LSD5%(sij-ski) | 2.73 | 2.68 | 0.67 | 6.99

6.18 1.62 4.64 5.71 1.28

LSD1%(sij-ski) | 3.62 | 3.55 | 0.87 | 9.27

8.20 2.13 6.16 7.58 1.68

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

S=stress, Com=combined

For number of spikes/ plant, nine, five
and eight crosses expressed significant

and positive 8ij effects in normal
irrigation, drought stress and the
combined analysis, respectively.

However, the best §ij effects were
detected for the cross P3 x Pg (6.79) in
normal irrigation treatment, and
combined analysis (3.58). For number of
grains per spike, seven crosses in
normal irrigation treatment, eleven
crosses in drought stress condition and
seven in the combined analysis
expressed significant and positive §ij
effects. Moreover, the cross Ps x P; gave
the most desirable §ij effects for this trait
in normal irrigation (11.61), the cross P3
X P5 in drought stress (15.00) and the
cross P2 x P8 combined data (8.00).
Regarding 1000-kernel weight, seven,
seven and eight cross combinations
expressed significant and positive S§ij
effects in normal irrigation, drought
stress and the combined data,
respectively. The cross Pz x Pg gave the
most desirable §ij effects for 1000-kernel
weight in normal irrigation, the cross
P4xP8 in drought treatment, and the
combined analysis being 5.25, 5.70 and
4.84, respectively. Eleven, eleven and
eleven cross combinations exhibited
significant and positive §ij effects for
grain yield / plant in non-stress, stress
water environments, and the combined
analysis, respectively. However, the best
§ij effects were detected for the crosses
Ps¢ x P;, P; x Pg and P; x Pg for the
respective environments, respectively.
Twelve, nine and eleven cross
combinations exhibited significant and
positive 8ij effects for biological yield/
plant in non-stress, stress environments,
and the combined analysis. For harvest
index, nine crosses in normal irrigation

NS= non stress ,

treatment, four cross in drought stress
condition and seven in the combined
analysis expressed significant and
positive §ij effects. Moreover, the cross
P, x Ps gave the most desirable S§ij
effects for this trait in normal irrigation
(14.42), the cross P5 x P8 in drought
stress (8.95) and the cross P6 x P7
combined data (7.96).
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	Statistical analysis:
	Gemmeiza  7
	ALD"S"/HUAC//CMH74A-630/SX

	(P1) Gemmeiza 7
	(P8) Gemmeiza 7
	(P1) Gemmeiza 7
	(P8) Gemmeiza 7
	(P1) Gemmeiza 7
	(P8) Gemmeiza 7
	(P1) Gemmeiza 7
	(P8) Gemmeiza 7



