J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Combining Ability of wheat yield and Some yield Attributes Under
Normal and Water Stress Conditions

EL-Banna, M.N.', M.A. Gomaa', M.A. Nassar’, H.A. Ashoush?and Y.A. EL-Gohary?
1- Plant Production Dept., Faculty of Agriculture, Saba Basha, Alexandria University, Egypt.
2- Wheat Research Dept., Field Crops Research Institute, Agricultural Research Center, Egypt.

ABSTRACT: A half diallel cross among six parents of wheat (Triticum aestivum L.) was achieved
for combining ability under recommended irrigation and water stress at Etay EL-Baroud Agricultural
Research Station, Agricultural Research Center, Egypt, during 2009/2010 and 2010/2011 seasons in
RCBD with three replications. Data were recorded from F; generation for days to heading, days to
physiological maturity, plant height, flag leaf area, spike length, number of spikelets spike'l, number of
kernels spike'l, number of spikes plant'l, 1000-kernel weight and grain yield plant'l. Mean squares for
genotypes, parents, crosses and parent vs. crosses were significant for all the studied traits in both
irrigation treatments. General combining ability (GCA) and specific combining ability (SCA) mean
squares were significant for all the studied traits in both irrigation treatments. High GCA/SCA ratios
which largely exceeded the unity were detected for all studied traits, except for grain yieldplant'1 under
the study in both conditions. Wheat genotype Line 1 (Pg) showed the maximum desirable GCA values
for days to heading, days to physiological maturity, flag leaf area, spike length, under water stress,
number of kernels spike'land 1000-kernel weight under both conditions. For shortness, the cultivar
Sakha 93 (P,) proved to be the best general combiner for plant height under both environments.
Meanwhile, Sham 6 under normal conditions and Sahel 1 under water stress conditions were the best
combiners for plant height concerning breeding for tallness. The cultivar Gemmeiza 9 proved to be a
good general combiner for number of spikelets spike™ under both conditions. The cultivar Misr 1 found
to be the best general combiner for number of spikes plant™ and grain yield plant™ under normal
condition, while the cultivar Sakha 93 found to be the best general combiner for number of spikes
plant™ and grain yield plant™ under water stress condition. The cross (Sahel 1 x Sham 6) showed the
maximum desirable SCA values for days to heading and days to physiological maturity under both
water regime treatments. The cross (Misr 1 x Line 1) exhibited the maximum SCA for plant height
under normal conditions, while (Sahel 1 x Gemmeiza 9) showed the maximum SCA for plant height
under water stress condition. The cross (Sahel 1 x Misr 1) showed maximum SCA value for flag leaf
area under both environments. The cross (Sham 6 x Line 1) was the best specific combiners for spike
length under normal conditions, while (Sahel 1 x Sham 6) was the best for spike length under stress
conditions. The best specific combiner for kernels spike™ under both conditions was the cross (Misr 1 x
Line 1). The cross (Sakha 93 x Misr 1) showed the best SCA for number of spikes plant™ under
normal conditions while the cross (Sakha 93 x Line 1) was the best one under water stress conditions.
For 1000-kernel weight the cross (Gemmeiza 9 x Misr 1) was the best specific combiner under both
irrigation conditions. The cross (Sakha 93 x Line 1) exhibited the maximum SCA for grain yield plant'1
under normal conditions while the cross (Sakha 93 x Gemmeiza 9) was the best one under water
stress conditions. The crosses (Sakha 93 x Gemmeiza 9), (Sakha 93 x Line 1) and (Misr 1 x Line 1)
were prospective in wheat breeding programs since they expressed significant and desirable (S;)
effects for most traits.

Keywords: Bread wheat, General combining ability (GCA), Specific combining ability (SCA), Normal
irrigation, Water stress.

INTRODUCTION

Wheat (Triticum aestivum L.) is the most important cereal crop in Egypt as well
as in most countries over the world. Egypt's strategy is to minimize the food gap of
this crop particular throughout vertical improvement and horizontal expansion.
Although the cultivated area is restricted, enormous activities in new land reclamation
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and cultivation succeeded to add more land for food production. But, the limited
water resources put limitations. Moreover, drought is a worldwide issue that impacts
seriously on the security of food production and the global climate change makes this
even worse (Elisabeth et al., 2009). Therefore, breeding and correct cultivation of
cultivars having high yield potentialities are the main way to produce wheat crop to fill
the gap between production and increased population.

Breeders should concentrate on development of productive wheat varieties by
crossing good general combining lines for grain yield and selecting transgressive
segregates from the resulting hybrids. Information regarding general and specific
combining ability of wheat genotypes is a prerequisite to launch a successful wheat
breeding program. Diallel mating design has been extensively used to analyze the
combining ability effects of wheat genotypes and also to provide information
regarding genetic mechanisms controlling grain yield and other traits.

Significant differences due to GCA and SCA were observed for the studied
traits (Pang et al., 2010). Saeed et al. (2010) observed significant differences among
genotypic mean in all of the traits under both conditions, they reported that; GCA and
SCA differences were significant for all the traits under study except spike density
and 100-grain weight in both conditions. Khan et al. (2007) found that, the additive
gene effects were operating in plant height, biomass plant™, number of grains spike™
and grain yield plant®, while number of tillers plant® and 1000-grain weight were
controlled by non-additive gene effects. Golparvar (2013) found that GCA to SCA
mean square ratio was significant for non of traits, indicating that non additive effects
of genes were more important than additive effect for all studied traits.

The objectives of the present investigation were to assess the variations
among wheat genotypes and available crosses for water stress tolerance
characteristics, find out the good general combining genotypes for sound breeding
program and to select high yielding combiners for the development of productive
wheat varieties and mark crosses with better specific combining ability for yield
related traits by employing diallel cross technique and to determine suitable
measurements for drought resistance in wheat genotypes.

MATERIALS AND METHODS

The present investigation was carried out at Etay EL-Baroud Agricultural
Research Station, Agricultural Research Center, Egypt, during the successive wheat-
growing seasons, 2009/2010 and 2010/2011. Six common wheat genotypes
(Triticum aestivum L. em Thell) representing a wide divergent were selected to
establish the experimental materials for this study. The names, pedigree and origin of
these varieties and/or lines are presented in Table (1).
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Table (1): Code number, names, pedigree and origin of six parents of bread
wheat

No. Name Pedigree Origin

NS.732/PIMA/NVEERY"S"
Pl Sahell  gp735 45D-15D-15D-0SD Egypt

Sakha 92 / TR 810328
P2 Sakha93 g0 15.05.15. 05 Egypt

P3  Gemmeiza 9 Ald “S”/ Huac// Cmh74A .630/ Sx Eavot
CGM4583 -5GM-1GM- 0GM ayp

OASIS/SKAUZ//4*BCN/3/2*PASTOR
P4 Misr 1 CMSS00Y01881T-050M-030Y-030M- Egypt
030WGY-33M-0Y-0S.

o hamg  W-3918-AIJUPATECO-73 Svria
CM-39992-8M-7Y-OM-0AP-0SYR y

. KAUZ/PASTOR
P6 Line# 1 c\MSSB0025S-48Y-010M-010Y-010M-9Y-0M CIMMYT

In 2009/2010 season, grains for each of the parental genotypes were sown at
various dates at 7 days interval for 4 weeks to provide synchronized flowering among
the genotypes. All possible cross combinations excluding reciprocals were made
among the six genotypes to produce their fifteen F; crosses. Hybridization was made
by hand for enough number of spikes on main stems of each parent after 2-5 days
from hand emasculation according to weather conditions.

In 2010/2011 wheat growing season, the six parents and their fifteen F; hybrid
seeds were sown on 1% of December in two experiments. The twenty one (21)
entries were evaluated in two separate irrigation regime experiments. The first
experiment was given one surface-irrigation 29 days after the establishment one at
the tillering stage (water stress conditions, S). The second experiment was irrigated
four times after sowing irrigation (normal conditions, N). In each experiment, the
genotypes were grown in a randomized complete block design (RCBD) with three
replicates. Each replicate consisted of 36 rows, 3 m long and 30 cm apart with 20 cm
between plants. Sixteen grains were sown in each row and manually drilled in the
rows. Each experiment was surrounded by a wide border (12m) to minimize the
underground water permeability. All other cultural practices, except irrigation, were
applied as recommended for wheat cultivation. The two outside rows of the two
external rows in each plot were discarded to eliminate the border effect.

Ten guarded plants for each parent and cross were tagged at random from
each replication and data were recorded on heading date, maturity date, plant height,
flag leaf area, spike length, number of spikelets per spike, number of spikes per plant
number of the kernels for the highest spike, 1000 kernel weight and grain yield per

664

Vol. 19 (4), 2014



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

plant. Monthly average temperature and amount of rainfall and mechanical and
chemical analysis of experimental soil are shown in Tables (2) and (3).

Table (2): Meteorological data at Etay EL-Baroud location during 2010/11
growing season

Air temperature (C°) Mean soil temperature (C°)

Rain
Month Mean Extreme RH% ¢t  5cm  10cm  20cm
Max. Min. Max. Min. (mm) depth depth  depth

Oct. 31 20.2 33 17 52.32 0 23.61 23.35 24.27
Nov. 278 169 30 14  53.77 0 21.55 21.52 21.58
Dec. 219 111 25 9 54.1 12 15.08 16.13 19.1
Jan. 1955 9.74 21 8 53.84 10 13.92 14.05 19.24
Feb. 19.07 9.5 21 8 53.1 8 14.09 14.02 18.88
Mar. 20.64 104 23 9 52.19 6 15.13 15.34 20.35
Apr. 23.07 122 30 10 51.03 3 17.78 17.87 22.22
May 2542 135 29 12 49.6 0 19.13 19.34 22.4

Table (3): Mechanical and chemical analysis of experimental soil in 2010/11
season at Etay EL-Baroud Research Station

Mechanical analysis

Clay % 52.6
Silt % 26
Sand % 21.4
Textural class Clay
Chemical analysis

Available N mg/kg 58.6
Available P mg/kg 7.8
Available K mg/kg 214

The recorded data were subjected to the analysis of variance technique following
Steel et al. (1997) to determine the significant differences among crosses and parents.
General and specific combining ability estimates were estimated according to Griffing
(1956) diallel cross analysis designated as method 2 model 1 for each experiment where
genotypic differences were found significant.
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REASULTES AND DISCUSSION

Analysis of variance and mean performance
Analysis of variance for all studied traits for each of normal and stress
environments are presented in Table (4).

Mean squares for genotypes, parents, crosses and parents vs. Crosses were
found to be significant for the ten measurements in both irrigation treatments
indicating wide diversity between the parental genotypes used in the present study
for these traits. Significant variations among genotypes for grain yield and related
traits in different varieties of wheat were also reported by Ahmadi et al. (2003); Joshi
et al. (2004); Hakim et al. (2007); Mohammadi et al. (2007); Seboka et al. (2009) and
Saeed et al. (2010).

The mean performances of six wheat parental genotypes and their F1 at
normal and stress irrigation conditions are presented in Table (5). The water stress
treatment decreased the mean of days to heading and days to physiological maturity
for parents and their hybrids. Line 1 (Ps) followed by Sakha 93 (P,) were the earliest
under the two irrigation conditions, while the parental genotype Sham 6 (Ps) was the
latest one. The two crosses (P2 X Pg) and (P1 X Pg) were the earliest in days to
heading under both irrigation conditions. Meanwhile, the latest ones were the cross
(P1 x P3) under normal conditions, (P3z x P4) and (P3 x Ps) under stress conditions.
These results indicated that the parental genotype Line 1 (Pg) possessed gene (S)
controlling earliness of days to heading, while parental genotypes Sham 6 (Ps) and
Gemmeiza 9 (P3) have gene (s) for lateness.

Regarding days to physiological maturity, among parents, the earliest in
maturity were Line 1 (Pg) and Misr 1 (P4) under both irrigation conditions, while Sham
6 (Ps) was the latest one for this trait under the two irrigation conditions. Concerning
crosses, three crosses (P4 X Pg), (P1 X Pg) and (P1 x P4) showed the lowest values
(desirable) under both irrigation conditions.

For plant height, Sham 6 (Ps) was the tallest stature followed by Sahel 1 (P,)
and Gemmeiza 9 (Ps). However, Sakha 93 (P;) was the shortest under the two
irrigation conditions. Regarding crosses, two crosses (P1 x P») and (P2 x P4) had the
shortest plants under both irrigation conditions. However, crosses (P3 X Ps), (Ps X Pg)
and (P3; x Pg) had the highest mean values under normal irrigation meanwhile,
crosses (P1 X P3), (P1 X Ps), (P1 X Pg) and (P3 x Pg) showed the same performance
under stress conditions. The reduction in plant height of stressed plants may be due
to the reduction in internodes length and/or due to the reduction in moisture
absorption, nutrient uptake and photosynthesis under drought stress condition.

The parents and crosses stressed for water had mean value of flag leaf area
lower than plants under normal condition. For the parents, Line 1 (Pg) and Sham 6
(Ps) were the highest for flag leaf area under both irrigation conditions. Concerning
crosses, the three crosses (Ps x Pg), (P4 X Pg) and (P3 x Ps) had the highest value
under normal conditions, meanwhile crosses (P4 x Pg) and (Ps x Pg) were the highest
under water stress conditions. Cross (P3s x P4) had the lowest value of flag leaf area
under both irrigation conditions.

666

Vol. 19 (4), 2014



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Table (4): Mean squares for the studied traits under each of normal (N) and water stress (S) conditions

Days to
Days to heading physiglogical Plant height Flag leaf area Spike length
maturity
S.0.V. d.f N S N S N S N S N S

Rep. 2 1.63 1.02 0.49 0.91 2.44 1.62 0.46 2.11 0.85 0.74
Genotypes 20 58.74** 43.76** 24.85** 35.71* 151.45** 107.26** 403.12** 409.31* 7.70**  5.89**
Parents 5 148.46* 113.07** 58.23* 49.96** 271.73** 146.97** 760.44** 836.91* 13.57** 13.73**
Crosses 14 20.63* 12.60* 13.99** 31.75** 100.14** 76.10** 293.40** 213.46** 5.86** 3.32**
Pvs.C 1 143.81** 133.49** 9.91** 19.91* 268.51** 344.90** 152.57** 1013.33** 4.20**  2.65**
Error 40 0.68 0.73 0.33 1.03 3.08 2.23 1.21 3.17 1.22 1.12
** indicate significance at 0.01 levels of probability.
Table (4): Cont....

Number O.f Number Qf N.umber of 1000-!<ernel Grain yield/plant

spikelets/spike kernels/spike spikes/ plant weight
S.0.V. d.f N S N S N S N S N S
Rep. 2 0.15 0.26 1.84 4.06 0.83 0.89 0.9 0.68 4.09 3.37
Genotypes 20 3.17** 2.84* 516.37** 502.77** 49.13** 30.47** 59.34** 90.36** 226.65** 142.01**
Parents 5 6.28* 4.24*  731.68* 631.59** 69.18** 35.08** 97.01** 128.94** 254.12** 14.52
Crosses 14 2.19* 2.46*  467.92** 485.97* 37.82* 28.23* 28.22** 63.08** 62.23** 127.01**
Pvs.C 1 1.33* 1.18* 118.27* 93.92** 107.13** 38.90** 306.67** 279.36** 2391.17** 989.48**
Error 40 0.39 0.48 3.74 5.45 1.29 1.27 1.03 0.45 10.02 10.5
* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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Regarding spike length, Line 1 (Ps) had the tallest spike under the two
irrigation conditions. Cross (Ps x Pg) had the tallest spike under normal conditions
followed by four crosses i.e. (P3 X Pg), P4 X Pg), (P2 X Pg) and (P2 x P3). Meanwhile
crosses (P4 x Pg), (P2 X Pg), (P3 X Pg) and (P1 X Pg), respectively had the tallest spike
under stress conditions, cross (P3 x P4) showed the lowest value for this trait under
both conditions.

For number of spikelets per spike, Gemmeiza 9 (P3) followed by Sahel 1 (P)
and Line 1 (Pg) were the highest among parents under both irrigation conditions.
Crosses (P1 x P3) and (P3 x Pg) had the highest number of spikelets per spike under
normal conditions. On the other hand, crosses (P1 X P3), (P1 X Ps), (P2 X P3), (P3 X Ps)
and (P3 x Pg) exhibited the highest one under stress conditions.

Concerning number of grains per spike, Line 1 (Pg) ranked the first under both
irrigation conditions; the two crosses (P1 X Pg & P4 X Pg) ranked the first and the
second respectively, under both irrigation conditions followed by (Ps x Pg) and (P2 X
Pes) under normal conditions. The high number of grains per spike in these crosses
cold be attributed to superiority of the parent Line 1 (Pg) in this trait. It is clear from
the data that water stress treatment decreased the mean of number of grains per
spike for parents and their hybrids. This reduction may be due to the effect of water
deficit on pollination and fertilization processes, which lead to decreasing number of
grains per spike.

Concerning number of spikes per plant, the two parents Shame 6 (Ps) and
Misr 1 (P4) owned the highest number under both irrigation conditions. Meanwhile,
the parent Line 1 (Pg) owned the fewest number of spikes per plant. Under normal
conditions cross (P, x P4) owned the highest number followed by cross (P1 X P»).

For 1000-kernel weight, the parental genotype Line 1 (Pg) was the superior parent
under both irrigation conditions. All the five crosses that contain the parent Line 1 (Pg)
in addition to the two crosses (P3 x P4 and P, x P4) exhibited the highest values for
this trait under normal conditions, cross (P3 x Pg) ranked the first under both
conditions. It's clear that the parental genotype Line 1 (Ps) possess gene (S)
controlling high kernel weight. The high 1000-kernel weight in this parent could be
attributed to its high flag leaf area.

Concerning grain yield per plant, the parent Misr 1 (P4) showed the highest
value of grain yield per plant under normal conditions. Meanwhile, the parent Sham 6
(Ps) had the highest value of grain yield per plant under stress conditions. Under
normal conditions crosses (P1 x P3) and (Ps x Ps) ranked first and second
respectively, followed by the two crosses (P2 x P3) and (P2 x Pg) under both irrigation
conditions.
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Table (5): The genotypes mean performance for the studied characters under normal (N) and water stress (S) conditions

Days to Days to . .
Genotypes heading physi_ological Plant height Flag leaf area  Spike length
(days) maturity (days) (cm) (cm?) (cm)
N S N S N S N S N S
Sahel 1 (Py) 102.00 95.33 152.33 140.00 107.10 97.58 59.97 48.20 13.43 1242
Sakha 93 (P) 93.00 90.67 151.33 143.67 84.42 7958 68.15 6253 13.67 12.94
Gemmeiza 9 (P3) 104.33 99.00 151.33 143.33 105.79 9430 51.11 3554 15.02 13.53
Misr 1 (Py) 96.33 93.00 147.00 137.00 97.17 88.82 5994 4485 13.13 12.63
Sham 6 (Ps) 106.00 103.67 153.33 144.33 110.70 98.67 88.05 62.13 15.15 14.50
Line 1 (Pg) 88.00 86.33 141.67 134.33 97.73 91.89 89.53 82.67 18.87 18.11
1x2 93.67 90.00 151.67 142.67 94.30 89.43 70.32 68.67 14.69 13.86
1x3 100.67 93.33 149.67 141.33 106.88 105.08 56.05 54.55 15.02 13.92
1x4 95.67 89.67 147.33 135.67 103.11 96.00 76.60 67.70 1450 13.80
1x5 95.00 89.00 148.67 137.67 104.90 103.00 72.64 72.19 14.65 14.82
1x6 92.67 88.67 146.00 135.00 106.20 102.36 71.99 5195 16.40 15.56
2x3 93.00 91.67 149.67 144.33 100.00 93.00 69.80 67.50 1450 14.03
2x4 93.67 91.67 150.67 137.33 97.00 88.10 7191 60.30 13.59 13.11
2x5 95.67 91.67 150.33 144.00 100.00 94.35 76.12 67.78 14.80 14.15
2X6 90.33 88.33 146.67 142.00 100.35 94.23 79.00 71.79 16.89 16.10
3x4 97.67 94.67 148.33 139.00 107.87 93.00 56.66 47.00 13.97 12.90
3x5 97.67 94.67 152.33 140.33 113.23 9840 81.05 63.15 1550 13.85
3x6 95.67 93.33 147.33 137.67 111.30 102.30 66.23 64.60 17.41 15.85
4x5 97.00 92.67 149.33 137.33 109.58 99.25 66.74 64.31 1457 14.10
4x6 92.33 90.67 145.00 133.67 108.30 99.39 83.73 77.00 17.00 16.27
5x6 93.33 91.67 146.33 140.00 112.82 96.90 94.72 7450 18.29 14.85
Mean of parents 98.28 94.67 149.50 140.44 100.49 91.81 69.46 55.99 14.88 14.02
Mean of crosses 94.93 91.44 148.62 139.20 105.06 96.99 7290 64.87 1545 14.48
Mean of genotypes 95.89 92.37 148.87 139.56 103.75 9551 7192 62.33 1529 14.35
L.S.D. at 5% 1.36 1.41 0.94 1.67 2.90 2.46 1.81 294 056 057
L.S.D. at 1% 1.82 1.89 1.26 2.24 3.88 3.29 243 393 075 0.77
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Table (5): Cont....

Number Number Number 1000-kernel :
: Grain
Genotypes of of of weight yield/plant (g)
spikelets/spike kernels/spike spikes/plant (9)
N S N S N S N S N S

Sahel 1 (P,) 26.31 2421 95.67 89.67 1292 1042 4048 37.22 38.89 32.09
Sakha 93 (P) 2448 23.70 80.44 75.80 13.78 11.77 4393 37.37 37.77 34.50
Gemmeiza 9 (P3) 28.00 26.36 9529 81.18 1331 9.33 4563 4335 48.02 30.85
Misr 1 (P4) 2420 2297 8583 79.22 17.14 13.10 43.80 3897 58.77 33.05
Sham 6 (Ps) 2480 2431 84.29 78.00 17.75 13.33 46.67 39.37 48.00 36.22
Line 1 (Ps) 26.22 25.21 12350 11433 4.33 411 57.04 5437 33.58 30.50
1x2 26.24 2490 89.42 8391 20.30 1495 47.75 39.80 56.50 45.40

1x3 2787 2594 9238 8180 17.00 13.75 49.15 4525 65.00 41.00

1x4 2496 2435 8598 78.00 17.68 1535 4885 4510 57.35 49.14

1x5 2493 2422 82.07 86.21 17.75 1535 4735 4250 57.53 46.09

1x6 26.70 25.92 11750 113.67 1033 8.01 5140 49.30 59.70 46.67

2x3 26.30 25.81 90.37 80.00 17.67 15.33 49.65 46.25 61.73 50.10

2x4 2493 2290 77.03 67.67 2350 13.68 51.05 4135 57.26 42.73

2x5 25.03 2422 78.18 73.16 16.00 12.75 4945 41.70 4525 39.00

2X6 26.38 25.04 9956 90.00 1352 1210 56.50 49.25 60.00 49.47

3x4 2587 2450 80.34 69.69 1555 13.76 53.80 5159 52.00 37.90

3x5 26.11 2556 89.62 77.00 17.62 10.48 50.85 42.62 59.53 33.50

3x6 27.14 2550 8950 8572 1350 745 5835 5640 62.07 31.00

4x5 2554 2340 7757 7356 17.73 13.21 4950 4540 5795 38.09

4x6 26.13 24.89 110.97 107.00 1030 7.65 52.05 5040 57.75 44.00

5x6 2570 2430 106.56 87.57 1294 745 5145 49.60 57.50 30.50

Mean of parents 25.67 24.46 94.17 86.37 13.21 10.35 46.26 41.77 44.17 32.87
Mean of crosses 2599 2476 91.14 8366 16.09 12.08 51.14 46.43 57.81 41.64
Mean of genotypes 2590 24.68 92.00 84.44 1527 1159 49.75 4510 5391 39.13
L.S.D. at 5% 1.87 1.86 3.19 3.85 1.87 1.86 1.67 1.11 5.22 5.35
L.S.D. at 1% 2.51 2.48 4.27 5.15 2.51 2.48 2.24 1.49 6.99 7.15

Vol. 19 (4), 2014

670



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

Combining ability

Analysis of variance for combining ability in normal and stress conditions is
presented in Table (6).Mean squares associated with general combining ability
(GCA) and specific combing ability (SCA) were found to be significant for all studied
measurements in both irrigation conditions. It is evident that additive type of gene
action was more important part of the total genetic variability for these traits in both
normal and stress irrigation conditions. High GCA/SCA ratios which largely exceeded
the unity were detected for all traits, except for grain yield/plant under the study in
both irrigation treatments, such results indicated the predominance of additive and
additive x additive types of gene action in the inheritance of such traits. These results
are in agreement with those found by Abd Elnour (2005). Significant differences due
to general combining ability and specific combining ability were observed for the
studied traits (Pang et al., 2010).

General combining ability effects:

General combining ability effects (g, ) for individual parental line and/or cultivar

for all studied measurements at normal and stress irrigation conditions are presented
in Table (7). Such results are being used to compare the average performance of
each parent with other genotype and facilitate selection of parents for further
improvement to drought resistance. High positive values would be of interest for all
measurements in question except days to heading and days to physiological maturity
where high negative effects would be useful from the breeder point of view.

The two parental genotypes Misr 1 (P4) and Line 1 (Ps) expressed significant
negative (g,) effects for days to heading and days to physiological maturity under

both normal and stress conditions, indicating that both parental genotypes could be
considered as a good combiners for developing early genotypes.

For plant height, under the two irrigation conditions significant negative (g;)

effects were detected for Sakha 93 (P,) and Misr 1 (P4) respectively, revealing the
possibility of utilizing these parents to release short stature varieties. On the other hand,
considerable significant or highly significant positive values were detected for the other
parents under the two irrigation conditions, except Sahel 1 (P;) at normal irrigation
conditions, showing that these genotypes are suitable in breeding programs towards
releasing varieties for higher plant height under the previous conditions. Yet releasing
cultivars with short plants may be of special interest for such purpose.

Regarding flag leaf area, highly significant positive GCA effects were detected
by Sham 6 (Ps) and Line 1 (Pg) at both conditions and Sakha 93 (P,) under normal
condition for showing that these parents appeared to be good combiners for this trait
at the previous conditions. The other four parents gave significant negative or in
significant ( g, ) effects for this trait.
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Table (6): Mean squares of general and specific combining ability from diallel cross analysis for all studied traits
under normal (N) and water stress (S) conditions

Days to
SOV df Days to heading physiological Plant height Flag leaf area Spike length
maturity
N S N S N S N S N S
Geno. 20 58.74** 43.76** 24.85** 35.71** 151.45** 107.26** 403.12** 409.31** 7.70** 5.89**
GCA 5 57.30** 35.09** 28.26** 38.05** 157.94** 98.49** 408.46** 311.65** 9.56** 6.63**
SCA 15 7.01** 7.75** 1.62** 3.19** 14.67** 14.84** 43.01** 78.03** 0.24** 0.41*
GCA/SCS 8.17 4.53 17.4 11.93 10.77 6.64 9.5 3.99 40.51 16.19
Error term 40 0.23 0.24 0.11 0.34 1.03 0.74 0.4 1.06 0.04 0.04
Table (6): Cont....
Number of Number of Number of 1000-kernel Grain yield/plant
S.0.V. d.f  spikelets/spike kernels/spike spikes/plant weight
N S N S N S N S N S
Geno. 20 3.17** 2.84** 516.37** 502.77** 49.13** 30.47** 59.34* 90.36** 226.65** 142.01**
GCA 5 3.48** 3.08* 555.08** 543.49** A45.47** 29.84** 47.84** 90.09** 37.75** 37.95**
SCA 15 0.25%* 0.24* 4447 42.29* 6.68* 3.60* 10.43** 10.13** 88.15** 50.46**
GCA/SCA 13.93 12.96 12.48 12.85 6.81 8.3 4.59 8.89 0.43 0.75
Error term 40 0.03 0.06 1.25 1.82 0.43 0.42 0.34 0.15 3.34 3.5
** indicate significance at 0.01 levels of probability.
GCA refers to general combining ability.
SCA refers to specific combining ability.
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Concerning spike length, only two parents i.e. Sham 6 (Ps) and Line 1 (Pe)
exhibited highly significant and significant positive ( g, ) effects under normal irrigation

conditions only. Meanwhile, the other parents gave highly significant negative or in
significant ( g, ) effects for this trait.

For number of spikelets/spike, under both normal and water stress conditions, the
parental genotypes Gemmeiza 9 (P3) and Line 1 (Ps) gave the desirable (§,) effects.

Meanwhile, the parent Sahel 1 (P;) showed the same result under normal irrigation
condition only. The other parental genotypes gave undesirable (§,) effect under both

irrigation conditions for this trait.

Regarding number of grains/spike, the parental Line 1 (Pg) was the best
combiner of number of grains/spike, it gave the highest significant positive (g, )

effects under the two irrigation conditions followed by the parental genotype Sahel 1
(P1). Therefore, they could be considered as the best combiners for this trait.

Regarding number of spikes/plant, the parental Sakha 93 (P,), Misr 1 (P4) and
Sham 6 (Ps) showed the desirable (g, ) effects under normal conditions, in addition to

the previous parents the parent Sahel 1 (P;) showed the desirable (§,) effects under

stress conditions. The parental Line 1 (Ps) was the inferior for this trait and appeared to
be bad combiner for this trait at the previous conditions.

For 1000- kernel weight, two parental genotypes i.e. Gemmeiza 9 (P3) and
Line 1 (Ps) expressed highly significant positive (§,) effects under both irrigation

conditions. However, Line 1 (Ps) was the superior one indicating that these genotypes
could be considered as good combiners for this trait. While, Sahel 1 (P;), Sakha 93
(P2), Misr 1 (P4) and Sham 6 (Ps) showed highly significant negative effects in both
irrigation conditions, suggesting that these genotypes could not be considered as
good combiners for developing this trait.

The estimates of GCA effects for grain yield per plant are highly significant and
positive in Gemmeiza 9 (P3) and Misr 1 (P4) under normal irrigation conditions. It
could be noticed that Sahel 1 (P;) and Sakha 93 (P») indicted desirable (g;) under

water stress conditions. Negative and significant estimates of GCA effects were
obtained for Line 1 (Pe) under the two irrigation conditions. These results are patrtially
in harmony with Sultan et al., (2011) who pointed to the importance of additive gene
effects in the inheritance of plant height and spikes number plant™, while, additive,
dominance and epistasis were the important in the inheritance of grains number
spike™, 100-grain weight and grain yield plant™ at most cases under both normal and
water stress conditions. Moreover, additive genetic variance played the greatest and
the important role in the inheritance of plant height, spikes number plant™ and grain
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Table (7): Estimation of general combining ability (GCA) effects for studied parents under normal (N) and water

stress (S) conditions

Days to
Traits Days to heading physiological Plant height Flag leaf area Spike length
maturity
Parents N S N S N S N S N S
P1 (Sahel 1) 1.31** -0.65** 0.74** -0.57* 0.42 2.81** -449** -3.11* -0.61* -0.46**
P2 (Sakha 93) -2.36**  -1.49**  1.19** 2.60* -8.22** -6.28*  0.00 3.10*  -0.65** -0.41*
P3 (Gemmeiza 9) 2.76*  2.39* 0.99** 1.56** 3.08* 1.48** -8.93* -855** -0.07 -0.35**
P4 (Misr 1) -0.28**  -0.15 -0.93** -2.49** -0.76* -1.90** -3.49** -3.79** -0.89** -0.62**
P5 (Sham 6) 2.43*  2.56*  1.44** 1.39** 4.46*%* 259** 799 373**  0.14* 0.04
P6 (Line 1) -3.86** -2.65** -3.43* -2.49** 1.02** 1.30** 8.91** 8.61* 2.09* 1.80**
LSD (gi)o.os 0.31 0.32 0.21 0.38 0.66 0.56 0.41 0.67 0.13 0.13
LSD (gio.o1 0.42 0.43 0.29 0.51 0.88 0.75 0.55 0.9 0.17 0.17
LSD (9i-i)o.0s 0.48 0.5 0.33 0.59 1.02 0.87 0.64 1.04 0.2 0.2
LSD (gi-go.o1 0.64 0.67 0.45 0.79 1.37 1.16 0.86 1.39 0.26 0.27
Table (7): Cont....
Traits Number of Number of Number of 1000-kernel Grain vield/olant
spikelets/spike kernels/spike spikes/plant weight y b

Parents N S N S N S N S N S
P1 (Sahel 1) 0.26** 0.13 1.83*  3.98** 0.25 0.89** -2.85** -2.42* -0.44  2.32**
P2 (Sakha 93) -0.43** -0.31* -6.07** -559** 1.46** 1.41** -0.75** -2.83** -2.64** 2.72**
P3 (Gemmeiza 9) 1.00**  0.91** -1.40* -4.31* 0.13 -0.21  0.60**  1.64** 2.37* -2.34*
P4 (Misr 1) -0.68** -0.85** -5.06** -459** 152 1.09* -0.67** -0.49** 2.81* 0.5
P5 (Sham 6) -0.55* -0.30** -5.18* -4.69* 1.33* 0.60* -0.79* -1.90* -0.45 -1.79**
P6 (Line 1) 0.40**  0.42* 15.88* 15.20** -4.70* -3.78** 4.45** 6.00* -1.65** -1.41*
LSD (gi)o.os 0.11 0.16 0.73 0.88 0.43 0.42 0.38 0.25 1.19 1.22
LSD (gi)o.o1 0.15 0.22 0.97 1.18 0.57 0.57 0.51 0.34 1.6 1.63
LSD (9i-gi)o.os 0.18 0.25 1.13 1.36 0.66 0.66 0.59 0.39 1.85 1.89
LSD (9i-9i)o.o1 0.24 0.33 1.51 1.82 0.89 0.88 0.79 0.53 2.47 2.53

* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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yield plant® at most cases under both water conditions. On the other hand,
dominance genetic variance was the greatest and the important in the inheritance of
grains number spike® and 100-grain weight at most cases under both water
conditions. Kulshreshtha and Singh (2011) indicated that both additive and non-
additive gene action were found to be important in the inheritance of yield and yield
attributes under normal as well as saline irrigation conditions. On the other hand,
Igbal and Khan (2006) found that general combining ability effects were significant for
spike length, number of spikelets per spike, number of grains per spike, spike density
and grain yield. They added that the specific combining ability (SCA) variances were
greater than general combining ability (GCA) variances, which showed the
predominance of non-additive gene effects.

Specific combining ability effects:

Specific combining ability effects (§;) of the parental combinations computed
for all the studied measurements under normal and stress irrigation conditions are
shown in Table (8). Seven and six crosses exhibited significant and negative (SCA)
effects for days to heading in normal and stress irrigation conditions, respectively.
Such results indicate that cross (Sahel 1 x Sham 6) followed by cross (Gemmeiza 9 x
Sham 6) could be considered as good crosses for developing line to early heading
date.

Under normal irrigation conditions, six crosses exhibited negative and
significant (§;) effects for days to physiological maturity, two crosses out of them
didn’t gave significant negative (§;) effects for days to heading. Five crosses exhibited
significant (§;) effects for days to physiological maturity under water stress conditions,
also two crosses out of them didn’t gave significant (§;) effects for days to heading.
Such results confirm the viewpoint that it is not necessary that the genotype that have
early heading date, have early maturity date also. Hence, maturity date could be
reliable as a selection criterion for earliness than heading date. Earliness if found in
wheat is favorable for escaping injuries by stress conditions (especially drought) and
for intensive production.

Concerning plant height, among fifteen crosses, four crosses viz. (Sakha 93 x
Line 1), (Gemmeiza 9 x Line 1), (Misr 1 x Sham 6) and (Misr 1 x Line 1) showed
significant positive (§;) effects at stress and normal irrigation conditions. The cross
Misr 1 x Line 1 followed by Gemmeiza 9 x Line 1 and Sakha 93 x Line 1 showed
highest significant positive (S;) under both irrigation conditions.

The most desirable (§;) effects were recorded by the crosses (Sahel 1 x Misrl),
(Sakha 93 x Gemmeiza 9), (Gemmeiza 9 x Sham 6) and (Misr 1 x Line 1) under both
normal and stress irrigation conditions for flag leaf area showing that these crosses
appeared to be the best crosses for this trait.
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Table (8): Estimate of specific combining ability effects "§;"

Stress irrigation (S) treatments for the traits studied.

for the studied fifteen crosses under normal (N) and

Days to physio.

Traits Days to heading . Plant height Flag leaf area Spike length
Crosses maturity
N S N S N S N S N S
Sahel 1 x Sakha 93 -1.17**  -0.23 0.86** 1.08* -1.65 -2.60* 2.89* 6.35** 0.66** 0.38*
Sahel 1 x Gemmeiza 9 0.71 -0.77  -0.93** 0.79 -0.36 5.29**  -2.45* 3.88** 0.41* 0.38*
Sahel 1 x Misr 1 -1.256**  -1.89** -1.35** -0.83 -0.30 -0.42 12.66** 12.26** 0.71** 0.53**
Sahel 1 x Sham 6 -4.63** 527 -2.39* -2.71** -3.73* 2.10* -2.78* 9.23** -0.16  0.88**
Sahel 1 x Line 1 -0.67 -0.39 -0.18 -1.50** 1.01 2.74** -4.36** -15.88** -0.37* -0.14
Sakha 93 x Gemmeiza 9 -3.29* -1.60** -1.39** 0.63 1.39 2.30**  6.81* 10.62** -0.07 0.45*
Sakha 93 x Misr 1 0.42 0.94* 1.53** -2.33** 2.23* 0.77 3.48** -1.34 -0.16 -0.20
Sakha 93 x Sham 6 -0.29 1,77 -1.18** 0.46 0.01 2.54*  -3.79** -1.38 0.03 0.17
Sakha 93 x Line 1 0.67 0.11 0.03 2.33* 3.80** 3.70** -1.83** -2.25* 0.16 0.36*
Gemmeiza 9 x Misr 1 -0.71 0.07 -0.60* 0.37 1.80 -2.09**  -2.84** -2.99**  -0.36* -0.47*
Gemmeiza 9 x Sham 6 -3.42**  -2.64* 1.03** -2.17** 1.94* -1.17 10.07** 5.64** 0.15 -0.19
Gemmeiza 9 x Line 1 0.88* 1.23*  0.90** -0.96 3.45%*  4.01** -5.67** 2.21* 0.10 0.05
Misr 1 x Sham 6 -1.04* -2.10**  -0.05 -1.13* 2.13* 3.05%* -9.68** 2.03* 0.03 0.33
Misr 1 x Line 1 0.58 1.11* 0.49 -0.92 4.28*  4.48** 6.39** 9.85** 0.51** 0.74**
Sham 6 x Line 1 -1.13* -0.60 -0.55 1.54*  3.59** -2.49** 5 90** -0.17 0.78* -1.34**
LSD(S;)0.05 0.85 0.89 0.59 1.05 1.82 1.54 1.14 1.84 0.35 0.36
LSD(S;)0.01 1.14 1.18 0.79 1.40 2.43 2.06 1.52 2.47 0.47 0.48
LSD(S;)0.05 0.70 0.73 0.49 0.87 1.50 1.27 0.94 1.52 0.29 0.30
LSD(S;)0.01 0.94 0.98 0.65 1.16 2.01 1.70 1.26 2.04 0.39 0.40
LSD(Si-S;j)0.05 0.96 1.00 0.67 1.18 2.05 1.74 1.28 2.08 0.40 0.40
LSD(Si-S;)0.01 1.29 1.34 0.89 1.58 2.74 2.33 1.72 2.78 0.53 0.54
LSD(Sj-Sik)0.05 1.27 1.32 0.88 1.56 2.71 2.30 1.70 2.75 0.52 0.53
LSD(Sj-Si)0.01 1.70 1.77 1.18 2.09 3.63 3.08 2.27 3.68 0.70 0.72
LSD(S;j-Sk)0.05 1.18 1.22 0.82 1.45 2.51 2.13 1.57 2.55 0.48 0.50
LSD(Sj-Sk)0.01 1.58 1.64 1.09 1.94 3.36 2.85 2.10 3.41 0.65 0.66
* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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Table (8): Cont....

. Number of Number of Number of 1000 kernel .

Traits ) ) ) , . Grain yield/plant

Crosses spikelets/spike kernels/spike spikes/plant weight
N S N S N S N S N S
Sahel 1 x Sakha 93 0.52** 0.40 1.66 1.08 3.32** 1.06 1.59** -0.06 5.67* 1.23
Sahel 1 x Gemmeiza 9 0.72** 0.22 -0.05 -2.31 1.34* 1.48* 1.64** 0.93* 9.15* 1.89
Sahel 1 x Misr 1 -0.51** 0.39 -2.80**  -5.83** 0.64 1.78**  2.62** 2.91* 1.07 7.19**
Sahel 1 x Sham 6 -0.68**  -0.28 -6.59** 2.48* 0.90 2.27** 1.24* 1.71**  451* 6.43*
Sahel 1 x Line 1 0.15 0.70**  7.78* 10.05** -0.49 -0.69 0.05 0.62 7.88**  6.63**
Sakha 93 x Gemmeiza9 -0.17 0.53* 5.84** 5.46* 0.81 2.55** 0.04 2.34**  8.08** 10.59**
Sakha 93 x Misr 1 0.14 -0.62**  -3.84** -6.59** 5.25* -0.40 2.72%* -0.43 3.18 0.37
Sakha 93 x Sham 6 0.11 0.15 -2.57* -0.99 -2.06* -0.84 1.24* 1.32** 557 -1.06
Sakha 93 x Line 1 0.51** 0.25 -2.25*  -4.04**  1.50* 2.89 3.05**  0.98** 10.38* 9.03*
Gemmeiza 9 x Misr 1 -0.35* -0.24  -5.20** -5.85** -1.37* 1.29* 4.12** 534* -7.09*  0.61
Gemmeiza 9 x Sham 6 -0.24 0.27 -4.20** 1.57 0.88 -1.50* 1.29* -2.23* 3.70* -1.50
Gemmeiza 9 x Line 1 -0.16 -0.50* 16.98** -9.60** 2.80** -0.15 3.55*%*  3.67** 7.43** -4.38*
Misr 1 x Sham 6 0.87** -0.13  -4.19** -1.59 -0.39 -0.07 1.21* 2.69** 1.68 0.24
Misr 1 x Line 1 0.51** 0.64* 8.14* 11.95* -1.79** -1.25* -147** -0.21 2.68 5.78**
Sham 6 x Line 1 -0.05 -0.49*  3.85** -7.37** 1.04 -0.96  -1.96** 0.40 5.69*%*  -5.43**
LSD(S;)0.05 0.32 0.44 2.00 2.41 1.17 1.16 1.05 0.70 3.27 3.35
LSD(S;)0.01 0.42 0.59 2.68 3.23 1.57 1.56 1.40 0.93 4.38 4.48
LSD(Si;)0.05 0.26 0.36 1.65 1.99 0.97 0.96 0.87 0.58 2.70 2.77
LSD(S;;)0.01 0.35 0.49 2.21 2.67 1.30 1.29 1.16 0.77 3.62 3.70
LSD(Si-S;)0.05 0.36 0.50 2.26 2.72 1.33 1.31 1.18 0.79 3.69 3.78
LSD(Si-S;j)0.01 0.48 0.67 3.02 3.64 1.77 1.76 1.58 1.05 4.94 5.06
LSD(Sj-Si)0.05 0.47 0.66 2.99 3.60 1.75 1.74 1.57 1.04 4.89 5.00
LSD(Sj-Si)0.01 0.63 0.88 4.00 4.82 2.35 2.32 2.09 1.39 6.54 6.69
LSD(Sjj-Sk)0.05 0.44 0.61 2.77 3.34 1.62 1.61 1.45 0.96 4.52 4.63
LSD(Sj-Sk)0.01 0.58 0.82 3.70 4.46 2.17 2.15 1.94 1.29 6.05 6.20
* and ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
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Four crosses i.e. (Sahel 1 x Sakha 93), (Sahel 1 x Gemmeiza 9). (Sahel 1 x Misr
1) and (Misr 1 x Line 1) had significantly positive (S;) effects for spike length under
normal and water stress conditions. The cross (Sahel 1 x Sham 6) expressed the
highest (S;) effects for spike length under water stress conditions.

Regarding number of spikelets/spike, five crosses out of the fifteen crosses
exhibited significant desirable (S;) effects under normal irrigation conditions. Meanwhile,
three out of the fifteen crosses exhibited significant desirable (S;) effects under stress
conditions, only the cross (Misr 1 x Line 1) exhibited significant desirable (§;) effects for
this trait under both normal and stress irrigation conditions.

From the same Table (8), it could be noticed that the three crosses; (Sahel 1 x Line 1),
(Sakha 93 x Gemmeiza 9) and (Misr 1 x Line 1) under normal and water stress
conditions are considered to be promising hybrids for improving number of kernels/spike,
as they showed highly significant positive (S;) effects. The cross (Gemmeiza 9 x Line 1)
was the worst cross for this trait under both irrigation conditions.

Regarding number of spikes/plant, four crosses exhibited significant positive (5;)
effects under normal irrigation conditions, the cross (Sakha 93 x Misr 1) had the highest
(Sy) effect. Meanwhile, under water stress conditions five crosses exhibited significant
positive (§;) effects, the cross (Sahel 1 x Gemmeiza 9) was the only cross which
expressed significant positive ($;) effects for number of spikes/plant under both normal
and water stress conditions.

Eight crosses exhibited significant positive (S;) for 1000-kernel weight under both
normal and water stress conditions. The crosses (Gemmeiza 9 x Misr 1) and
(Gemmeiza 9 x Line 1) could be considered as the best crosses for this trait.

Concerning grain yield/plant, nine parental combinations showed significant
positive (§;) effects under normal irrigation conditions. Also six crosses showed desirable
(8j) effects under water stress conditions. The two crosses (Sakha 93 x Gemmeiza 9)
and (Sakha 93 x Line 1) seemed to be the best combinations for this trait under both
normal and stress conditions.

CONCLUSION

The results revealed that there was significant genotypic variation among the
genotypes for the studied traits. The genotype Line 1 (Ps) could be used as donor parent
for the improvement of days to heading, days to physiological maturity, flag leaf area,
spike length, number of kernels/spike and 1000-kernel weight for normal and water
stress conditions. The cultivar Misr 1 (P4), showed potential for the improvement of grain
yield/plant under both irrigation conditions, and grain yield/plant under water stress
conditions. The crosses (Sakha 93 x Gemmeiza 9) and (Sakha 93 x Line 1) have
potential for the improvement of number of spikes/plant and grain yield/plant for water
stress conditions. The cross (Sahel 1 x Misr 1) holds a promise for yielding better
segregates with improving flag leaf area.
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