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ABSTRACT

The aim of this study was aimed to assess the variations amongst a half diallel
cross using six varieties for pollution characters, estimating combining ability and
heterosis. This investigation was carried out at two locations i.e., the first, at Zarzora
Farm, El-Behira Governorate (normal condition) and the second at Kafr El-Zaiyat area
El-Gharbia Governorate, Egypt (pollution condition) during the two seasons 2008/09
and 2009/10. Six diverse wheat varieties (Triticum aestivum, L.) and 15 Fi's were
planted in two experiments. The ratios of GCA/SCA were greater than unity under the
two environments and the combined analysis for all traits, except total chlorophyll and
1000-grain weight under stress and the combined analysis, plant height under normal
and the combined analysis, flag leaf angle, NO. of spikes per plant and grain yield per
plant under the two environments and their combined. These results suggested
predominant role of additive type of gene action for these traits and the potential for
obtaining further improvements of these traits by using pedigree selection program.
The best parental combinations were ; Ug2 X Sahell, Ug2 x Gem.9 and Ug3 x Sahel
1 for most studied traits. The crosses; Ug2 X Sahell, Ug2 x Gem.9 and Sids 1 x
Sahel 1 expressed parental heterosis for most traits which indicates that these
crosses could be used in breeding program for pollution tolerance.

Keywords: Triticum aestivum vulgare, Hetrosis, GCA, SCA, stress, pollution,
tolerance, wheat.

INTRODUCTION

During the last few decades, the contamination of Egyptian soils with
heavy metals has been a steadily increasing problem due to industrial
development. In Egypt, there are many industrial aggregates adjacent to
different agricultural soils such as Kafer El-Zaiyat, (city) belong to El-Gharbia
Governorate. Soil quality and productivity at this area has been dramatically
reduced. Middle Delta region of Egypt (El-Gharbia Governorate) contains
many industrial factories which are the main source of soil pollution either
from atmospheric emissions or through discharge points drainage water.
Heavy metal contamination of soil in this region is typically quantified and
regulated on the basis of total content, regardless of solubility. However, the
relative differences in the contents of heavy metal ions between plant species
and cultivars are genetically controlled and can be due to various factors,
inducing type of soils and their properties, metal availability, surface area of
roots, root exudates and the rate of evapotranspiration (Kapata-Pendias and
pendias, 1992). Colver and wheat plants grown in soils adjacent to factories,
at Kafr El-Zaiyat area, were affected by heavy metals emission from industrial
complex (Rania et al., 2010). The aim of this study was to assess the
variations amongst a half diallel cross using six varieties for pollution tolerant.
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MATERIALS AND METHODS

This investigation was carried out at two locations i.e., the first, at
Zarzora Farm, El-Behira Governorate (normal condition) and the second in
the middle Nile Delta, at Kafr El-Zaiyat area El-Gharbia Governorate, Egypt
(pollution condition). The second location was contaminated by heavy metals
resulted from the industrial activities either from atmospheric emissions or
throw discharge point of drainage water. During the two successive seasons,
2008/09 and 2009/10, six wheat varieties and /or lines (Triticum aestivum, L.)
i.e; Sham 6 (P;), Ug2 (P,), Sids 1 (P3), Ug3 (P4), Gem.9 (Ps) and Sahel 1 (Ps)
and representing a wide range of diversity for several agronomic characters
and pollution tolerance measurements were selected for this study.

In 2008/09 growing season, grains from each of the parental varieties
and/or lines 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 six parents giving a total
of fifteen crosses.

In 2009/10 season, the six parents and their fifteen possible F, crosses
were sown on 15" November in each locations. The experiment was
designed in a randomized complete block design with three replications.
Each plot consisted of two rows; 1.5 meters long with 30 cm between rows
and plants within row were 15 cm. apart allowing a total of 20 plants per plot.
The dry method of sowing (Afir) was used in this concern. The other cultural
practices of growing wheat were practiced.

The following characters were recorded at 50 % heading stage for ten
guarded plants chosen randomly per plot in each replicate: Relative water
content (RWC %), measured as described by Barrs and Weatherley(1962).
Total soluble solids; values of the total soluble solids of the cell sap were
obtained from the pressed sap of the (fourth upper leaf) of tested plants using
the Abbe Refrectometer, total chlorophyll: Minolta SPAD-502 meter.

Flag leaf angle (FLa): it was determined by using the protractor, Flag
leaf area (cmz), plant height (cm); as well as yield and some of its
components; number of spikes/plant (NS/P), number of grains/spike, 1000-
kernel weight (g) and grain yield /plant (g).

Statistical analysis:

The data of both experiments were subjected to proper statisical
analysis of variance according to Snedecor and Cochran (1967). The
combined analysis across the two experiments (stress and normal condition)
were performed according to Cochran and Cox (1957). For comparason
between means, Duncan’s multiple range test was used, as proposed by
Duncan (1955). General (GCA) and specific (SCA) combining ability
estimates were obtained by employing Griffing (1956), diallel cross analysis
designated as method 2 model 1. The amount of heterosis was expressed as
the percentage deviation of F; mean performance from the mid-parent,
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F, —MP
MP
Appropriate L.S.D. values were calculated to test the significance of the
heterotic effects according to the following formulae:

L.S.D. for mid-parental heterosis ((F1— MP) =t(~3MSe/2r ), MSe: is the
mean squares of the experimental error and r is the number of replication.

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 Tables (1 and 2). Statistical analysis revealed significant of
pollution treatments (locations) for all studied characters, indicating that the
two pollution 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.
Highly significant differences among the parents for all traits were found at
both conditions and their combined, except grain yield per plant under normal
condition and relative water content under stress condition.

Meanwhile, highly significant differences of crosses mean squares
were detected for all characters, reflecting the diversity of the parents for
these studied characters, and that these diversity could be transmitted to the
progenies. Also, mean squares of parents vs. crosses showed significant
differences for all traits, except flag leaf angle under normal condition, total
chlorophyll under stress condition, relative water content under combined
analysis and NO/ of grains per spike under normal and stress as well as the
combined analysis, indicating the presence of hybrid vigor of the studied
wheat genotypes .

For all traits, mean squares of genotypes X environments
interactions were highly significant, except for NO. of grains per spike and
grain yield per plant, indicating that genotypes responded differently to
pollution regime for these traits and reflecting the possibility of selecting the
most tolerant genotypes. Mean squares of parents X environments, crosses x
environment and parent vs. crosses x environment were highly significant for
most traits, revealing that the performance of parents and/or most crosses
were changed from environment to another.
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Mean performances of the eight parents and their F; at stress and normal
conditions as well as their combined data are presented for all the studied
characters in Tables (3 and 4). The results showed that, the highest values
for total soluble solids were recorded by Sham 6, Sahel 1 under two
conditions and their combined. Also hybrids, Ug2 X Sahell, Sids 1 x Sahel 1,
Sham 6 x Gem.9, Sham 6 x Sidsland Ug2 x Sids 1 observed the highest
values at the two conditions and their combined. For total chlorophyll, the
highest values belonged to Ug2, Gem.9, Ug3 and Sids 1 at the two conditions
and their combined analysis. Also crosses, Ug2 X Sahell, sham 6 x Sahel 1,
Sids 1 x Sahel 1 and Ug3 x Sahel 1 gave the highest values at the two
conditions and their combined analysis. Yong et al. (2010) revealed that
decrease in photosynthesis was accompanied by significant declines in
chlorophyll contents and growth parameters. In respect to relative water
content, the highest values were detected for Sham 6 and Sidslat the two
conditions and their combined analysis normal and for Ug2, Sahel 1 and
Gem. 9 under stress condition. With regard to flag leaf area, the highest
values were recorded by Sids 1, Sham 6 and Gem. 9 under two conditions
and their combined. Also hybrids, Sids 1 x Ug3 and Ug2 X Sahell observed
the highest values at the two conditions and their combined.

Table (3): The genotype mean performance for total soluble solids, total
chlorophyll and relative water content in both environments as
well as the combined data.

Genotypes Total soluble solids Total Chlorophyl Relative water content
N S |[Comb N S Comb N S Comb

Sham 6 11.17 | 6.33 | 8.75 | 40.77 | 48.97 | 44.87 | 85.95 | 82.37 | 84.16
Ug2 8.17 | 893 | 855 | 51.17 | 51.17 | 51.17 | 64.55 | 81.84 | 73.19
Sids 1 4.67 | 9.50 | 7.08 | 38.47 | 53.47 | 45.97 | 82.80 | 79.73 | 81.26
Ug3 6.13 [12.20| 9.17 | 51.40 | 43.23 | 47.32 | 61.35 | 76.72 | 69.04
Gem 9 8.20 | 9.07 | 8.63 | 39.47 | 56.00 | 47.73 | 75.15 | 80.16 | 77.66
Sahel 1 8.83 |11.17 | 10.00 | 38.43 | 46.03 | 42.23 | 67.94 | 81.20 | 74.57

Sham 6 x Ug2 7.00 | 10.63 | 8.82 | 41.97 | 49.00 | 45.48 | 85.39 | 82.46 | 83.93
Sham 6 x sids1 | 11.37 | 10.00 | 10.68 | 41.90 | 50.37 | 46.13 | 83.26 | 75.74 | 79.50
Sham 6 x Ug3 7.00 | 7.77 | 7.38 | 46.87 | 48.80 | 47.83 | 81.00 | 55.29 | 68.14
Sham 6 x Gem 9 | 12.17 | 10.00 | 11.08 | 41.03 | 51.60 | 46.32 | 67.29 | 73.49 | 70.39
Sham 6 x Sahel 1| 9.13 | 857 | 8.85 | 46.53 | 55.13 | 50.83 | 76.54 | 81.34 | 78.94
Ug2 x Sids 1 10.23 | 11.00 | 10.62 | 48.37 | 49.40 | 48.88 | 75.79 | 79.71 | 77.75
Ug2 x Ug3 7.57 | 11.23 | 9.40 | 41.07 | 49.17 | 45.12 | 61.26 | 82.13 | 71.69
Ug2 x Gem 9 6.13 | 857 | 7.35 | 41.80 | 49.70 | 45.75 | 78.58 | 83.10 | 80.84
Ug2 X Sahell 11.37 [ 12.13 | 11.75| 53.10 | 50.93 | 52.02 | 67.26 | 81.37 | 74.31
Sids 1 x Ug3 9.17 | 10.30 | 9.73 | 44.73 | 47.80 | 46.27 | 62.13 | 80.48 | 71.31
Sids 1 xGem 9 |10.13|10.23|10.18 | 44.27 | 46.23 | 45.25 | 82.31 | 83.40 | 82.85
Sids 1 x Sahel 1 | 11.17 | 12.10 | 11.63 | 46.97 | 54.67 | 50.82 | 92.02 | 75.83 | 83.93
Ug3 x Gem 9 8.37 | 9.33 | 8.85 | 46.83 | 47.73 | 47.28 | 53.85 | 76.69 | 65.27
Ug3 x Sahel 1 7.00 | 11.23 | 9.12 | 42.83 | 56.83 | 49.83 | 69.29 | 67.22 | 68.25
Gem 9 x Sahel 1 | 7.70 | 9.40 | 8.55 | 42.87 | 47.27 | 45.07 | 84.97 | 84.59 | 84.78

Mean 8.70 | 9.99 | 9.34 | 44.33 | 50.17 | 47.25 | 74.22 | 78.33 | 76.27
L.S.D.5% 0.52 | 0.55 | 0.53 | 3.61 3.90 3.67 3.75 | 4.26 3.92
L.S.D.1% 0.70 | 0.73 | 0.70 | 4.83 5.14 4.85 5.02 | 5.61 5.18

N= normal, S= stress and Comb= Combined.
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Table (4): The genotype mean performance for flag leaf area, flag leaf
angle and plant height in both environments as well ast he
combined data.

Genotypes Flag leaf area Flag leaf angle Plant height (cm)

N S Comb N S Comb N S | Comb

sham 6 59.66 | 52.75 | 56.20 | 32.67 | 26.00 | 29.33 [103.42| 98.93 |101.18
Ug2 49.78 | 45.97 | 47.87 | 22.50 | 35.67 | 29.08 |100.67| 87.89 | 94.28
Sids 1 63.53 | 62.27 | 62.90 | 23.00 | 26.00 | 24.50 |101.64| 98.90 [100.27
Ug3 40.44 | 30.74 | 35.59 | 20.00 | 28.50 | 24.25 | 99.19| 96.98 | 98.09
Gem 9 52.24 | 48.79 | 50.51 | 25.00 | 32.00 | 28.50 | 97.42| 96.11 | 96.76
Sahel 1 49.07 | 45.32 | 47.20 | 18.50 | 22.00 | 20.25 | 98.86| 95.88 | 97.37

Sham 6 x Ug2 | 44.45 | 39.47 | 41.96 | 22.33 | 33.50 | 27.92 | 94.58 | 89.97 | 92.28
Sham 6 x sids1 | 62.36 | 51.83 | 57.10 | 21.33 | 17.00 | 19.17 |104.38|100.33|102.36
Sham 6 x Ug3 | 35.79 | 25.37 | 30.58 | 20.50 | 32.50 | 26.50 [105.98/101.23|103.61
Sham 6 x Gem 9| 56.98 | 48.81 | 52.89 | 12.50 | 11.67 | 12.08 |104.83| 99.77 |102.30
Sham 6 x Sahel 1| 52.91 | 36.32 | 44.62 | 39.50 | 27.50 | 33.50 |106.17|104.47|105.32
Ug2 x Sids 1 51.24 | 45.10 | 48.17 | 19.33 | 30.00 | 24.67 [103.78| 97.53 |100.65
Ug2 x Ug3 42.04 | 39.99 | 41.01 | 20.00 | 17.67 | 18.83 |102.25| 97.07 | 99.66
Ug2 x Gem 9 51.55 | 41.65 | 46.60 | 30.50 | 21.00 | 25.75 [107.39|104.86|106.12
Ug2 X Sahell 54.62 | 50.46 | 52.54 | 24.50 | 25.50 | 25.00 [106.80/101.04/103.92
Sids 1 x Ug3 65.18 | 57.02 | 61.10 | 28.50 | 26.50 | 27.50 |106.08|103.71|104.90
Sids 1xGem 9 | 45.14 | 36.52 | 40.83 | 41.50 | 31.00 | 36.25 |103.47(100.93|102.20
Sids 1 x Sahel 1 | 45.56 | 35.68 | 40.62 | 28.00 | 19.00 | 23.50 |108.75|108.35|108.55
Ug3 x Gem 9 42.10 | 35.58 | 38.84 | 23.00 | 26.50 | 24.75 |102.50| 96.57 | 99.54
Ug3 x Sahel 1 57.58 | 47.80 | 52.69 | 20.00 | 24.00 | 22.00 [105.61|103.49|104.55
Gem 9 x Sahel 1 | 50.73 | 40.37 | 45.55 | 22.50 | 25.00 | 23.75 [104.78|102.32|103.55

Mean 51.09 | 43.70 | 47.40 | 24.56 | 25.64 | 25.10 [103.26| 99.35 |101.31
L.S.D.5% 3.70 | 0.00 2.58 546 | 3.71 4.57 256 | 2.05 | 2.27
L.S.D.1% 4.95 | 0.00 341 731 | 4.89 6.05 343 | 2.70 | 3.00

N=normal , S=stress and Comb= Combined.

For Flage leaf angle, the lowest values belonged to Sahel 1, Ug3 and Sids 1
at the two conditions and their combined analysis. Also crosses, sham 6 x
sidsl, Ug2 x Ug3, Ug3 x Sahel 1, Sids 1 x Sahel 1 and Gem. 9 x Sahel 1
gave the lowest values at the two conditions and their combined analysis.
Talanova et al. (2001) showed that, treatment with increasing doses of
heavy-metal ions results not only in growth retardation, but also in a
disturbance of water relations. This disturbance is caused by a decrease
either in the hydraulic conductivity of roots, in the water-holding capacity of
leaves, or in the formation of lateral roots and root hairs. For plant height
were recorded by Sham 6, Sids 1 and Ug2 under two conditions and their
combined. Also hybrids, Sids 1 x Sahel 1, Ug2 x Gem.9 and Sidsl x Ug3
observed the highest values at the two conditions and their combined. Wang
et al. (2007) recorded that, ambient air pollution has been shown to reduce
the growth and economic yield of awide range of major rice crop species.
Yong et al. (2010) showed that plant height decreased significantly compared
to control due to the presence of Cd and/or O3.
Yield and yield components:

It is clear from the data in Table (5) that pollution condition decreased
the mean number of no. of spike per plant, for the parents and hybrids.
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The highest NO. of spikes per plant belonged to Gem.9, Ug3 and Sham 6 at
the two conditions and their combined while, Sahel 1 revealed lowest number
of spikes per plant at the two conditions and their combined. Also crosses;
Ug2 x Gem.9, Ug2 X Sahell, sham 6 x Gem.9 and Ug3 x Sahel 1 showed
the highest values at the two conditions and their combined. While, Ug2 x
Ug3 and sham 6 x Ug3 showed the lowest values at the two conditions and
their combined.

With regard to number of grains per spike, the parents Gem.9 and
Ug2 showed the highest values at the two conditions and their combined.
Also crosses; Ug2 X Sahell, sham 6 x Ug2 and sham 6 x Sahel 1 showed
the highest values at the two conditions and their combined.

Results showed that the mean values of 1000 -grain weight for the
parents and hybrids under normal condition were higher than that under
pollution condition. With regard to the parents, the heaviest 1000- grain
weight were obtained from Gem.9, sham 6, Sidsl and Ug2 under the two
conditions and their combined. While, the grains of Ug3 at the two conditions
and their combined were the lightest. The heaviest 1000-grain weight of
wheat hybrids were obtained from Ug3 x Gem.9, Sids 1 x Ug3, Ug2 x Gem.9
and Sids 1 x Gem.9 under the two conditions and their combined. While, the
lowest 1000- grain weight of wheat crosses were relative to Sham 6 x Sidsl
and Sids 1 x Sahel 1 at the two conditions and their combined.

As a result of pollution condition, the average of grain yield per plant
for parents and their hybrids was decreased. The highest grain yield per plant
were showed by Gem.9 and Ug2 under the two conditions and their
combined , While, the lowest grain yield per plant was obtained by Sahel 1 at
the two conditions and their combined. The hybrids, Ug2 x Gem.9, Ug2 X
Sahell and Ug2 x Sids 1 yielded more than the other crosses under the two
conditions and their combined. While, Sids 1 x Gem.9 and Gem.9 x Sahel 1
gave the lowest values under normal and stress condition as well as the
combined analysis. These results were agreement with Akram et al. (2008) in
Faba bean.

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 1lin each environment as well as their combined for all the
studied traits are presented in Tables (6 and 7). The results indicate that
mean squares of general combining ability (GCA) and specific combining
ability (SCA) were significant for all the studied traits under the two
environments and their combined indicating the presence of both additive and
non additive types of gene effects in the genetic system controlling of these
traits.

The ratios of GCA/SCA were greater than unity under the two
environments and the combined analysis for all traits, except total
chlorophyll and 1000- grain weight under stress and the combined analysis,
plant height under normal and the combined analysis, flag leaf angle, NO. of
spikes per plant and grain yield per plant under the two environments and
their combined.
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These results suggested predominant role of additive type of gene action for
these traits and the potential for obtaining further improvements of these traits
by using pedigree selection program. These results were coincident with
those reported by Abd EI-Aty and El-borhamy (2007).

The mean squares of interaction between environment and each of
GCA and SCA were significant for all the studied traits, except GCA x Env,
SCA x Env for NO. of spikes per plant, NO. of grains per spike and grain yield
per plant revealing that the magnitudes of different type of gene action were
varied from one environment to another.

General combining ability effects: Estimates of GCA{|) effects of all
wheat parental genotypes for each trait in both locations and the combined
data are presented in Tables (8 and 9). 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 pollution tolerance.

GCA (@i) in this study was found to be significantly differed from zero
in all traits. High positive values would be highly appreciated under all the
studied traits, except flag leaf angle where high negative effects would be
useful from the breeder’s point of view. It could be concluded that the parent
sahel 1 was the best combiner for flag leaf angle indicating that this variety
considered as a good tolerant combiner for pollution.

Table (8): Estimates of general combining ability effects of parents for
total soluble solids, total chlorophyll , relative water content,
flag leaf area, flag leaf angle and plant height in both
environments as well as the combined data.

pParent Total soluble solids Total Chlorophyl Relative water content

N S Comb. N S Comb. N S Comb.

Sham 6 1.01* | -1.28* | -0.13** | -1.31** | 0.21 | -0.55** | 5.73* | -1.90** | 1.91**
Ug2 -0.28** | 0.19** | -0.05 | 2.29** | -0.08 | 1.11* |-2.77* | 3.02** | 0.12
Sids 1 0.06 | 0.34* | 0.20** | -0.89* | 0.53 -0.18 | 5.19** | 0.79 | 2.99*

Ug3 -1.19** | 0.55** | -0.32** | 1.86** | -1.80** | 0.03 | -8.66** | -4.13** | -6.40**
Gem 9 0.00 | -0.53**| -0.26** | -1.82** | 0.42 | -0.70** | -0.28 | 1.66** | 0.69**

Sahel 1 0.39** | 0.73** | 0.56** | -0.14 0.72 0.29 0.80 0.56 | 0.68**
LSDgi5% | 0.12 0.12 0.06 0.82 0.88 0.40 0.86 0.96 0.43
LSDgil1% | 0.16 0.17 0.08 1.10 1.17 0.53 1.15 1.28 0.57

LSD gi-gj 5%| 0.19 0.19 0.09 1.28 1.36 0.65 1.33 1.48 0.69
LSD gi-gj 1%| 0.25 0.26 0.12 1.71 1.82 0.86 1.77 1.98 0.92

pParent Flag leaf area Flag leaf angle Plant height
N S Comb. N S Comb. N S Comb.
Sham 6 1.77* | 0.46* | 1.11* | 1.20 | -0.67 027 |-0.01]| -023 | -0.12
Ug2 -1.77* | 0.54* | -1.16** | -1.28* | 2.44* | 0.58* | -0.84**| -3.65 | -2.24**
Sids 1 4.86** | 0.167 | 2.,51* | 1.60* | -0.50 | 0.55* | 0.86** | 1.65** | 1.26**
Ug3 -4.26** | -0.79** | -2.52** | -2.49**| 0.58 | -0.95** | -0.25 | 0.07 -0.09
Gem 9 -0.83 | -0.38* | -0.23 1.01 | -0.04 049 | -0.63* | 0.15 -0.24

Sahel 1 0.24 | -0.33* 0.28 -0.05 | -1.81** | -0.93** | 0.87** | 2.00** | 1.43**
LSD gi 5% 0.84 0.31 0.30 1.25 0.83 0.50 0.59 0.46 0.25
LSD gi 1% 1.13 0.42 0.37 1.67 1.12 0.66 0.78 0.62 0.33

LSD gi-gj 5% | 1.31 0.48 0.40 1.93 1.29 0.81 0.91 0.71 0.40
LSD gi-gj 1%| 1.75 0.64 0.64 2.58 1.73 1.07 1.21 0.96 0.53
N=normal , S=stress and Comb= Combined.
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Table (9): Estimates of general combining ability effects of parents for
no. of spikes/plant, no of grains/spike, 1000-grain
weight and grain yield/plant in both environments as well as
the combined data.

No of spikes/plant No of grains/spike
Parent N s Comb. N s Comb.
Sham 6 - 0.56 -0.43* -0.50** -1.44* 0.73 -0.36
Ug2 0.62 -0.10 0.26 5.34** 4.56** 4.95%*
Sids 1 -0.67 -0.51* -0.59** -3.56** -4.93** -4.25**
Ug3 -0.78 -1.05** -0.91** -3.22*%* -4.71% -3.96**
Gem 9 1.64* 1.86** 1.75** 1.24* 2.03* 1.64**
Sahel 1 -0.25 0.22 0.02- 1.64* 2.32%* 1.98**
LSD gi 5% 0.92 0.41 0.34 1.16 0.93 1.04
LSDgi 1% 1.24 0.55 0.45 1.55 1.24 14
LSD gi-gj 5% 143 0.63 0.55 1.8 1.44 1.6
LSD gi-gj 1% 1.92 0.85 0.72 2.4 1.93 2.16
1000 grain wieght Grain yield/plant
Parent N s Comb. N s Comb.
Sham 6 -0.28 -2.70** -1.49** -2.75** -2.62** -2.68**
Ug2 -0.19 0.24 0.02 4.64** 3.68** 4.16**
Sids 1 -0.13 0.43 0.15 -1.85* 0.07 -0.40
Ug3 0.62 0.57 0.60** -1.76 -2.34** -2.05**
Gem 9 1.90** 2.87* 2.39* 0.78 0.52 0.60
Sahel 1 -1.91% -1.42*%* -1.67** -0.06 0.69 0.41
LSD gi 5% 0.70 0.63 0.31 143 1.33 1.38
LSDgi 1% 0.93 0.84 0.41 191 1.78 1.84
LSD gi-gj 5% 1.08 0.97 0.51 221 2.06 2.13
LSD gi-gj 1% 1.44 1.30 0.67 2.95 2.75 2.85

N=normal , S=stress and Comb= Combined.

With respect to the traits, which the positive direction are interested, one
parent Sidsl for plant height, Gem.9 NO. of spikes per plant, NO. of grains
per spike, 1000- grain weight and grain yield per plant. Therefore, the two
parents Sidsl and Gem.9 could be considered as excellent parents in
breeding programs aimed to release parents to pollution tolerance.

Specific combining ability effects (Sij):

SCA (Sij) of the parental combinations computed for seven traits in
combined analysis are presented in Tables (10, 11 and 12).

Under the two environments and the combined analysis, significant
positive SCA effects were found in the crosses; Sham 6 x Gem.9 followed by,
Ug2 X Sahel 1; Sids 1 x Sahel 1, Sham 6 x Sidsl, Ug2 x Sids 1, Sids 1 x
Gem.9 and Ug2 x Ug3 for Total soluble solids, Sham 6 x Sahel 1 and Sids 1
x Sahel 1 for total chlorophyll, Gem.9 x Sahel 1 and sham 6 x Ug2 for
relative water content, Sids 1 x Ug3, Ug3 x Sahel 1, Ug2 X Sahell, Sham 6 x
Gem.9 and Sham 6 x Sidsl for Flag leaf area. Significant negative SCA
effects were detected in two parental combinations Sham 6 x Gem.9 and
Sham 6 x Sidsl for flag leaf angle. Highly significant positive SCA effects
were found in the crosses; Ug2 x Gem.9, Sids 1 x Sahel 1, Ug2 X Sahell,
sham 6 x Sahel 1, sham 6 x Ug3 and Sids 1 x Ug3 for plant height, two
crosses Ug2 x Gem.9 and Ug3 x Sahel 1 for NO of spike/plant . One parental
combination; Ug2 X Sahel 1 for NO of grains per spike.
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Five crosses; Sids 1 x Ug3, Ug3 x Sahel 1, Ug3 x Gem.9, Ug2 x Gem.9 and
Ug2 x Sids 1 for 1000- grain weight, Ug2 x Gem.9, Ug2 X Sahel 1, Ug2 x
Sids 1, Ug3 x Sahel 1 and Sids 1 x Sahel 1 for grain yield. Generally, the best
parental combinations were ; Ug2 X Sahell, Ug2 x Gem.9 and Ug3 x Sahel 1
for most studied traits. These crosses could be successfully need for
breeding to pollution tolerant in wheat. The results obtained herein
concerning general and specific combining ability effects indicated 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.

Hetrosis

Hetrosis relative to mid-parent in normal and stress conditions as well
as the combined analysis are presented in Tables (13 and 14).

Its evident from Tables (14 and 15) that negative highly significant
heterotic values relative to mid parent were observed in two crosses (Sham
6 x Gem.9 and sham 6 x sidsl) in normal and stress condition as well as the
combined analysis for flag leaf angle ranging from -1.09% to -59.77%.

It could be observed from the data that highly significant heterotic
values in positive direction were found for other remained pollution
measurements overall environments.

Results revealed that six crosses exhibited highly significant heterosis
as deviation from mid-parent for total soluble solids. Such estimates ranged
from 25.65% to 65.43%, 10.23% to 29.87% and 26.86% to 36.20% in both
pollution conditions as well as the combined analysis, respectively, two
crosses; Sham 6 x Sahel 1 and Sids 1 x Sahel 1 gave highly significant
heterosis as deviation from mid-parent for total chlorophyll ranged from
9.88% to 22.15%.

Three crosses; Ug3 x Sahel 1, Sids 1 x Ug3 and Ug2 X Sahell
showed highly significant positive heterosis over the mid-parent for the flag
leaf area, ranged from 10.52% to 28.66%, 10.55% to 25.68%, and 10.53% to
27.29%, at normal and stress condition as well as the combined analysis,
respectively.

For plant height, eleven crosses; expressed highly significant mid-
parental heterosis ranged from 2.60% to 8.48%, 2.30% to 13.98% and 3.37%
to 11.10% under normal, stress conditions and their combined data,
respectively. Two crosses; Ug2 X Sahell and Ug2 x Gem.9 had highly
significant heterosis deviated than corresponding mid-parents for NO. of
spike per plant.

Only one cross, Ug2 X Sahell showed highly significant positive
heterosis over the mid-parent for the NO. of grains per spike, at normal and
stress condition as well as the combined analysis.

Seven crosses expressed highly significant mid-parental heterosis for
1000- grain weight ranged from 8.32% to 24.38%, 10.42% to 41.24% and
10.92% to 29.44% under normal, stress conditions and their combined data,
respectively.
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For grain yield, five crosses expressed highly significant mid-parental
heterosis ranged from 36.78% to 49.22%, 35.46% to 61.61% and 40.93% to
54.50% under normal, stress conditions and their combined data,
respectively.

However, it could be concluded from the above results that the
crosses; Ug2 X Sahell, Ug2 x Gem.9 and Sids 1 x Sahel 1 expressed
parental heterosis for most traits which indicates that these crosses could be
used in breeding program for pollution tolerance.

REFERENCES

Abd El-Aty, M. S. M. and H. S. El-Borhamy (2007). Estimates of combining
ability and susceptibility index in wheat diallel crosses under stress and
normal irrigation treatments. Egypt. J. Plant Breed. 11(2): 651-667.

Akram, A.; A. Alfarhan; 1. Aldjain; N. Bokhari; W. Al-Taisan; K. Al-Rasheid
and S. Al-Quraishi (2008). Photosynthetic responses of pea plants
(Pisum sativum L. cv. Little marvel) exposed to climate change in
Riyadh city, KSA. African Journal of Biotechnology 7 (15), pp. 2630-
2636.

Barrs, H. D.; and P.E. Weatherley (1962). Arc-examination of the relative
turgidity technique estimating water deficits in leaves. Asut. J. Biol. Sci.
15:413-428.

Cochran, W. G. and G. M. Cox (1957). Experimental Design, 2" ed. John
Wiley, N.Y. USA. 611p.428.

Griffing, B. (1956). Concept of general and specific combining ability in
relation to diallel crossing system. Aust. J. Biol.Sci. 9: 463-493.

Kapata-Pendias, A. and H. Pendias (1992). Trace elements in soils and
plants, 2""ed. CRC Press, Boca Raton, Fla ( C.F. Alloway, 1995).

Rania, M. I. E.; M.M. Ibrahim; T. R. El-Beshbeshy; S. A. Mashali and Karl
Stahr (2010). Studies on the pollution by heavy metals in some
adjacent soils to factories at El-Gharbia Governorate, Egypt. Ph.D.
Thesis Fac. of agric. Tanta Uni., Egypt.

Snedecor, G. W. and W. G. Cochran(1967). Statistical methods (6th ed) Oxford
and IBH Publishing Co.,395 pp.

Talanova, V. V.: A. F. Titov and N. P. Boeva (2001). Effect of increasing
concentrations of heavy metals on the growth of barley and Wheat
seedlings. Russian J. of Plant Physio. 48 (1): 100-103.

Wang, X., O. Zheng, F. Yao, Z. Chen, Z. Feng and W.J. Manning(2007).
Assessing the impact of ambient tozone on growth and yield of a rice
(Oryza sativa L.) and a wheat (Triticum aestivum L.) cultivar grown in
the Yang tze Delta, China using three rates of application of ethylene di
urea (EDU). Environmental Pollution148:390-395.

Yong, L.; L. Caihong ; Z. Yanhai; W. Guanglei; W. Tana; X. Hong; H. Xinhua
and J. Gaoming (2010). Cadmium pollution enhanced ozone damage
to winter wheat: Biochemical and physiological evidences. Journal of
Environmental Sciences 23(2): 1-11.

170



J. Plant Production, Mansoura Univ., Vol. 3 (1), January, 2012

sty eaill (e Ailiaal) 48150 S A o elinall ol sedl Eigli s
Lol caed)

Jeaall Jial) v 2ol

e il Gaals = Ze | ) IS — Judaal) ol

A 5 ¢ (Rl A ) 5pad) Ailaay 5555, Sisag e de ) ey (V1 Ol ja3 el
(sl can A A jal) Aailae (il ) S S e
B3 iy ¢ oma ) ) (pe Adlidall A1 5 gl () elal s a anall 03 (e gl
. ebiall gl il cias el s @ o camyl e
Ol 5oal s ¢ Ailine &l 5o (8 20092008 ans sall (A el (o Cilial Aiu del )
Gl LY de) ) &5 201002009 o sall (A5 AU A3y Hhall ) oo sal) 1956 ity syl Wida e
5 e duadll Leina
oo LS il al sl oS
e da lae A s paall clieall JSI 4 il e o) (e JS3 aad 1) ol of gl cojlal -
(b L) At AW Al 5 (il 3N JES) gl A el Al cpy DAY
3l Lsina OIS gl JSD Cpngdl 358 Lo sia o) e cmgdl Qi oLDU aand ) il ) i) Camaa b ¥
Ciad G gaall Jpeana lae Lad ¢ & jidall Julal) SIS oy jadl) 6 cilieall JSI 3G ginall e
O e du lea o yidal) Judaill 5 cpitinl) SIS at Al i gaal) d2e dia g ¢ il pae g la
oliiual) cilacall Gl aie cilacall JSI s ya (S pagll 568 Jass gia
Y e Aalall 5 jaill aal I Gl) ) Aaladl 35080 aad Sl cplill G Al o gl ekl - ¥
daliag ¢ 48 )5l ALl 5 ginall ¢ A/ gadl 23e 18 Cliia duued] msiall 2al gl e S
Lae (i yall Cag yla s 2SN dliall o) gall dual § & el Jilall gy yadl) SIS 3 alall 43 )
Capaal) il Jadl) ) as  cliall s3] 481 ) 5l CEAY) (3 1S 6 3a o Sle
Jadll e daad) JS) Cancaa i) sl Jadll S 288 cilial) 80 Lo ¢ Ciucaddl X Cancadll
R s
e o4 liaiudl g 3 nan Lw Caiall o &Y e dale 58 (LY Juadl S -7
¢ Bald ¢ Losaws L) OIS Laiy @ yidiall Jibaill 5 iy paill DS 8 dm Y (55 ¢ <aly/ i)
AAQcAﬂ\ﬁ)}&;h}&\__\ﬂ\z&)\mMdmy‘&@bhbﬁjﬁjhzgeﬁj
o3 JR Sy < idall dalaill g o 2l O (A (N sil) e @pal) Jsana 5 Aliin/ sl
o shll e gl il Jaluiin Cangd (A Ay 5l gl o (3 LY
X 2535) 1 @ yidall dalaill g il aae g gl g yla s gl Juall o)) il Cama gl - A
e 4 Alial Y e daldll sl Alle Lad gaaedl 3o el Sun (98 ea
2e g alill plin ) g leal (1 dalux 2 ) conedly bl g las ) g cly/diiud)
S sine 5 Al Abiall o sall 5 ) gl ) ldal (Tdale X 1peas) Ginedl s Alin/c sl
Gl g8 ) 5 b/l ase oy lbal (1dale X 3 am) Genedly  JASH Jid g, <l
L plall A8 )5 daliay daa V) )55 gl Jpanag

Eal) aiSaty o6

5y saaiall Luals — Ze ), 4,08 Cad vl e /4]
Leis dnala — jeifia de) 348 a3 puciall 3o e /3]

171






J. Plant Production, Mansoura Univ., Vol. 3 (1): 151 - 171, 2012

Table (1): Observed mean squares from the analysis of variance for total soluble solids, total chlorophyll, relative
water content, flag leaf area, flag leaf angle and plant height in both environment treatments as well
as the combined data.

SOV df Total soluble solids Total Chlorophyll Relative water content
T S | Comb. N D Comb. N D Comb. N D Comb.
Env. 1 52.20** 1,074.79** 530.64**

Rep x Env. 2 4 0.17 0.46* 0.31* 3.38 4.44 3.91 37.31* 5.63 21.47*
Genotypes (G) | 20 20 12.64** | 6.80** | 10.40** | 54.58** | 36.75** 38.34** 320.66** | 132.37** | 228.82**
Parents (P) 5 5 15.16** | 12.36** | 5.46** | 117.39** | 67.05** 54.13** 300.72** 12.38 183.55**
Crosses (F1) 14 14 11.38** 4.94* | 11.41** | 34.10** 28.32** 33.69** 347.81** | 177.41** | 260.84**

Pvs Fl1 1 1 17.67** | 5.16* | 20.96** | 27.36* 3.19 24.61* 40.40** | 101.80** 6.97

GXxEnv. 20 9.05** 52.99** 224.21*

PxEnv. 5 22.06** 130.31** 129.55**

F1xEnv. 14 4.91* 28.74** 264.38**
p vsF1 x Env. 1 1.87* 5.94 135.22**
Error 40 80 0.10 0.11 0.11 4.78 541 5.09 5.17 6.46 5.81
SOV df Flag leaf area Flag leaf angle Plant height
T S | Comb. N D Comb. N D Comb. N D Comb.
Env. 1 1,719.53** 37.24* 482.84**
Rep x Env. 2 4 0.40 3.73 2.07 5.78 4.75 5.26 0.41 0.39 0.40
Genotypes (G) | 20 20 191.17** | 237.21** 408.5** 143.37** | 108.96** | 161.74** | 37.77** | 68.50** | 96.01**
Parents (P) 5 5 202.63** | 321.12** | 510.30** 74.82** | 70.95** | 78.29** | 13.92** | 50.09** | 37.21**
Crosses (F1) 14 14 197.40** | 196.34** | 376.10** | 176.49** | 117.02** | 200.26** | 32.06** | 57.06** | 84.27**

Pvs F1 1 1 46.62** | 389.85** | 353.04** 22.48 | 186.20** | 39.64* | 236.93** | 320.64** | 554.41**

GXxEnv. 20 19.88** 90.59** 10.25**

PxEnv. 5 13.45* 67.48** 26.79**

F1xEnv. 14 17.64** 93.24** 4.85**

p vsF1 x Env. 1 83.42** 169.03** 3.16
Error 40 80 5.03 4.34 4.69 10.95 4.90 7.93 2.42 1.50 1.96

*and ** significant at 0.05 and 0.01 respectively
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Table (2): Observed mean squares from the analysis of variance for No of spikes/plant , No of grains/spike,
1000-grain weight and grain yield/plant in both environment treatments as well as the combined data.

SOV df No of spikes/plant No fo grains/spike
T S Comb. N D Comb. N D Comb.
Env. 1 131.18** 1,823.01*
Rep x Env. 2 4 9.16 1.65 5.41 22.54 6.02 14.28
Genotypes (G) 20 20 25.63** 32.47* 55.25** 189.03** 234.18* 406.46**
Parents (P) 5 5 13.98 21.94** 34.97* 262.16** 276.37* 530.34**
Crosses (F1) 14 14 29.07** 37.05** 62.47** 175.89** 235.63** 391.21*
Pvs Fl1 1 1 35.60* 20.97* 55.60** 7.27 2.92 0.49
GXxEnv. 20 2.84 16.75**
PxEnv. 5 0.95 8.19
F1xEnv. 14 3.65 20.31**
p vsF1 x Env. 1 0.96 9.70
Error 40 80 6.03 1.18 3.60 9.48 6.09 7.78
df 1000-grain weight Grain yield/plant
S.O.V. S Comb. N D Comb. N D Comb.
Env. 1 1,596.95** 1154.73**
Rep x Env. 2 4 0.90 21.02** 10.96* 3.88 0.66 2.27
Genotypes (G) 20 20 37.31* 91.94** 110.96** 221.61** 189.45** 393.24*
Parents (P) 5 5 17.67* 26.00** 38.04** 70.39** 82.21** 128.5**
Crosses (F1) 14 14 33.26** 103.54** 112.86** 206.15** 203.05** 397.02**
Pvs Fl1 1 1 192.22** 259.19** 448.91** 1194.18** 535.21** 1664.14**
GXxEnv. 20 18.28* 17.81
PxEnv. 5 5.63 24.11
F1xEnv. 14 23.93** 12.18
p vsF1 x Env. 1 2.50 65.23*
Error 40 80 3.43 2.79 3.11 14.32 12.41 13.37

*and ** significant at 0.05 and 0.01 respectively
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Table (5): The genotype mean performance for no. of spikes/plant, no. of grains/spike, 1000-grain weight and
grain yield/plant in both environments as well as the combined data.

Genotype No of spikes/plant No of grains/spike 1000 grain weight (g) Grain yield/plant (g)
N S Comb N S Comb N S Comb N S Comb
sham 6 18.67 16.61 17.64 65.33 59.01 62.17 44.38 35.73 40.06 37.50 33.13 35.32
Ug2 18.33 17.19 17.76 82.33 72.97 77.65 41.27 36.80 39.04 45.00 39.54 42.27
Sids 1 19.16 16.18 18.54 70.20 62.98 66.59 42.87 35.93 39.40 37.13 41.09 39.11
Ug3 21.10 19.52 20.31 73.90 61.23 67.56 40.28 32.55 36.42 41.62 37.21 39.41
Gem 9 22.94 21.54 22.26 91.33 84.50 87.92 46.99 39.67 43.33 49.17 44.57 46.87
Sahel 1 16.91 13.66 15.29 72.86 64.37 68.61 41.88 31.58 36.73 38.16 30.36 34.26
Sham 6 x Ug2 21.83 19.63 20.73 82.67 74.28 78.48 48.10 33.27 40.68 45.08 35.53 40.31
Sham 6 x sids1 21.56 18.32 19.94 76.53 71.21 73.87 42.78 32.33 37.56 51.33 42.44 46.89
Sham 6 x Ug3 16.92 14.51 15.71 73.93 69.37 71.65 47.12 37.70 42.41 47.67 39.67 43.67
Sham 6 x Gem 9| 22.17 21.06 21.61 77.25 73.60 75.43 46.98 35.85 41.42 49.17 43.73 46.45
Sham 6 x Sahel 1| 20.67 18.47 19.57 75.58 74.27 74.93 43.95 37.90 40.93 47.92 47.21 47.56
Ug2 x Sids 1 21.66 18.08 19.88 75.89 64.90 70.39 48.04 43.23 45.64 60.67 54.61 57.64
Ug2 x Ug3 16.92 11.15 14.03 78.50 70.55 74.52 44.88 32.33 38.61 48.42 41.11 44.76
Ug2 x Gem 9 25.47 24.50 24.56 74.44 72.05 73.25 50.60 47.10 48.85 69.42 58.41 63.91
Ug2 X Sahell 23.38 21.02 22.20 94.76 83.72 89.24 44.24 42.47 43.35 61.76 56.48 59.12
Sids 1 x Ug3 18.08 15.59 15.99 62.25 50.03 56.14 51.71 46.43 49.07 44.75 34.26 39.51
Sids 1 x Gem 9 17.94 11.65 14.30 67.03 55.17 61.10 48.67 46.33 47.50 41.81 32.72 37.26
Sids 1 x Sahel 1| 22.00 17.85 19.93 77.58 68.22 72.90 41.94 33.33 37.64 56.17 50.12 53.15
Ug3 x Gem 9 22.08 19.42 18.75 64.53 53.83 59.18 52.41 47.83 50.12 44.72 38.39 41.56
Ug3 x Sahel 1 22.50 21.30 22.0 75.44 71.06 73.25 48.21 45.29 46.75 54.56 49.27 51.91
Gem 9 x Sahel 1| 20.56 19.47 20.01 72.22 67.49 69.86 42.52 36.62 39.57 40.22 37.55 38.89
Mean 20.52 17.94 19.10 75.46 67.85 71.65 45.71 38.59 42.15 48.20 42.26 45.23
L.S.D.5% 4.05 1.82 3.08 9.92 4.13 7.47 3.05 2.80 2.86 11.33 5.90 8.87
L.S.D.1% 5.42 2.40 4.08 13.28 5.45 9.87 4.09 3.69 3.78 15.16 7.78 11.72

N=normal , S=stress and Comb= Combined
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Table (6): Mean squares from general and specific combining ability from diallel cross analysis for total soluble
solids, total chlorophyll , relative water content, flag leaf area, flag leaf angle and plant height in both
environments as well as the combined data.

S.0.V. df Total soluble solids Total Chlorophyll Relative water content
S | Comb N S | Comb. N S | Comb. N S Comb.
GCA 5 5 4.29% | 4.67* | 1.77* | 23.25** | 6.79* 6.82** | 229.25** | 53.63** 174.40%
SCA 15 15 4.19% | 1.47* 4.03** 16.51** | 14.07* | 14.77* 66.10** 40.95** 43.57**
GCA x Env. 5 7.19% 23.22%* 108.49**
SCA x Env. 15 1.62** 15.81** 63.49**
Error 40 80 0.03 0.04 0.04 1.59 1.80 1.70 1.72 2.15 1.94
GCA/SCA 1.02 3.18 0.44 141 0.48 0.46 3.47 131 4.00
GCAXxEnv./ GCA 4.07 3.40 0.62
SCAXEnv./ SCA 0.40 1.07 1.46
GCAXEnv/ SCAXEnv. 4.43 1.47 1.71
SOV, df Flag leaf area Flag leaf angle Plant height
S | Comb N S Comb. N S Comb. N S Comb.
GCA 5 5 78.12** | 89.05** | 160.32** | 20.54** 16.42** 8.69** 4.27* | 32.19* | 28.01**
SCA 15 15 58.92** | 75.74* | 128.12** | 56.87* | 42.95* 68.99** | 15.36** | 19.71* | 33.34**
GCA x Env. 5 6.85** 28.27** 8.45*
SCA x Env. 15 6.55** 30.84* 1.74*
Error 40 80 1.68 0.00 0.84 3.65 1.63 2.64 0.81 0.50 0.65
GCA/SCA 1.33 1.18 1.25 0.36 0.38 0.13 0.28 1.63 0.84
GCAXEnv./ GCA 0.04 3.25 0.30
SCAXEnv./ SCA 0.05 0.45 0.05
GCAXEnv/ SCAXEnv. 1.05 0.92 4.86

N=normal , S=stress and Comb= Combined.
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Table (7): Mean squares from general and specific combining ability from diallel cross analysis for for no of

spikes/plant , no fo grains/spike, 1000-grain weight and grain yield/plant in both environments as well as
the combined data.

df No of spikes/plant No of grains/spike
S.0.V S Comb N S Comb. N S Comb.
GCA 5 5 7.26** 8.07* 14.60** 92.63** 123.63** 207.88**
SCA 15 15 8.97** 11.74** 19.69** 53.13** 62.87** 111.36**
GCA x Env. 5 0.72 8.38*
SCA x Env. 15 1.02 4.65
Error 40 80 2.01 0.39 1.20 3.16 2.03 2.59
GCA/SCA 0.81 0.69 0.74 1.74 1.97 1.87
GCAXxEnv./ GCA 0.05 0.04
SCAXEnv./ SCA 0.05 0.04
GCAXEnv/ SCAXEnv. 0.71 1.80
df 1000-grain weight Grain yield/plant
S.0.V. S Comb. N S Comb. N S Comb.
GCA 5 5 12.47* 28.97** 35.41** 54.,96* 42 .52%* 94,79**
SCA 15 15 12.43** 31.20** 37.51** 77.35%* 70.02** 140.55**
GCA x Env. 5 6.03* 2.69
SCA x Env. 15 6.11* 6.83
Error 40 80 1.14 0.93 1.04 15.72 4.14 9.93
GCA/SCA 1.00 0.93 0.94 0.71 0.61 0.67
GCAXxEnv./ GCA 0.17 0.03
SCAXEnv./ SCA 0.16 0.05
GCAXEnv/ SCAXEnv. 0.99 0.39

N=normal , S= stress and Comb= Combined.
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Table (10): Estimates of specific combining ability effects of crosses for total soluble solids, total chlorophyll and

relative water content in both environments as well as the combined data.

Cross

Total soluble solids

Total Chlorophyl

Relative water content

N S Comb N S Comb N S Comb
Sham 6 x Ug2 -2.43** 1.74% -0.35** -3.35** -1.30 -2.32%* 8.21* 3.02* 5.61*
Sham 6 x sids1 1.59** 0.96** 1.27* -0.23 -0.54 -0.38 -1.88 -1.48 -1.68
Sham 6 x Ug3 -1.52** -1.48** -1.50** 1.99 0.22 1.11 9.71* -17.01* -3.65**
Sham 6 x Gem 9 2.45* 1.83* 2.14% -0.17 0.80 0.32 -12.38** -4.59** -8.49**
Sham 6 x Sahel 1 -0.97** -0.87** -0.92** 3.65* 4.04** 3.85* -4.21%* 4.36** 0.07
Ug2 x Sids 1 1.75% 0.48** 1.12%= 2.64* -1.22 0.71 -0.86 -2.43 -1.64
Ug2 x Ug3 0.34* 0.51** 0.43** -7.41%* 0.87 -3.27** -1.53 4.91* 1.69
Ug2 x Gem 9 -2.28** -1.08** -1.68** -3.00* -0.81 -1.91* 7.42% 0.09 3.75*
Ug2 X Sahell 2.56** 1.22%= 1.89* 6.62** 0.13 3.37* -4.99** -0.54 -2.76**
Sids 1 x Ug3 1.59** -0.57* 0.51* -0.56 -1.10 -0.83 -8.62** 5.50** -1.56
Sids 1 x Gem 9 1.37* 0.44* 0.90** 2.65* -4.88** -1.12 3.17* 2.62 2.90**
Sids 1 x Sahel 1 2.01* 1.04* 1.53* 3.67* 3.25% 3.46** 11.81** -3.85** 3.98*
Ug3 x Gem 9 0.86** -0.67** 0.09 2.47* -1.06 0.71 -11.43* 0.83 -5.30
Ug3 x Sahel 1 -0.90** - 0.03 -0.47** -3.21% 7.75% 2.27* 2.94* -7.54** -2.30*
Gem 9 x Sahel 1 -1.39** -0.79** -1.09** 0.50 -4.04** -1.77* 10.23** 4.05** 7.14%
LSD Sij 5% 0.33 0.34 0.23 2.26 241 1.63 2.35 2.63 1.74
LSD Sij 1% 0.44 0.46 0.31 3.03 3.22 2.16 3.15 3.52 2.30
LSD sij-sik 5% 0.49 0.51 0.35 3.37 3.59 2.43 351 3.92 2.59
LSD sij-sik 1% 0.66 0.68 0.46 4.51 4.80 3.22 4.70 5.25 3.44
LSD sij-skl 5% 0.45 0.47 0.13 3.12 3.32 0.92 3.25 3.63 0.98
LSD sij-sik 1% 0.61 0.63 0.17 4.18 4.45 1.22 4.35 4.86 1.30

N=normal , S=stress and Comb= Combined.
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Table (11): Estimates of specific combining ability effects of crosses parents for flag leaf area, flag leaf angle and
plant height in both environments as well as the combined data.

Cross Flag leaf area Flag leaf angle Plant height
N S Comb N S Comb N S Comb
Sham 6 x Ug2 -6.64** -4.74% -2.85** -2.15 6.09** 1.97 -7.83** -5.50** -6.67**
Sham 6 x sids1 4.64** 1.90% 3.27* -6.02** -7.48** -6.75** 0.26 -0.44 -0.09
Sham 6 x Ug3 -12.81** 2.19* -5.31** -2.77 6.94** 2.08* 2.98* 2.04** 2.51*
Sham 6 x Gem 9 4.95** -2.31% 1.32* -14.27* -13.27* -13.77* 2.21% 0.49 1.35%
Sham 6 x Sahel 1 -0.19 -2.60** -1.39* 13.79** 4.34% 9.06** 2.04* 3.35% 2.69**
Ug2 x Sids 1 -2.94* -2.43** -2.69** -5.54** 2.42* -1.56 0.49 0.18 0.33
Ug2 x Ug3 -3.02* -1.81** -2.42%* -0.79 -11.00** -5.89** 0.08 1.29* 0.69
Ug2 x Gem 9 3.07* 0.36 1.71% 6.21* -7.04** -0.42 5.59** 9.01* 7.30%*
Ug2 X Sahell 5.07* -2.93** 1.07 1.27 -0.77 0.25 3.50** 3.34* 3.42*
Sids 1 x Ug3 13.49** -2.51%* 5.48** 4.83* 0.77 2.80** 2.21% 2.64** 2.43*
Sids 1 x Gem 9 -9.99** -1.68** -5.83** 14.33** 5.90** 10.12** -0.02 -0.22 -0.12
Sids 1 x Sahel 1 -10.63** 4.36** -3.14%* 1.90 -4.33** -1.22 3.75* 5.35% 4.55%
Ug3 x Gem 9 -3.90** 1.27* -1.31* -0.08 0.32 0.12 0.12 -3.01* -1.44%*
Ug3 x Sahel 1 10.51** 3.32% 6.91* -2.02 -0.41 -1.22 1.73* 2.07* 1.90*
Gem 9 x Sahel 1 0.23 -1.18** -0.48 -3.02 1.21 -0.90 1.27 0.82 1.05*
LSD Sij 5% 2.32 0.85 1.22 3.42 2.29 2.03 1.61 1.27 1.01
LSD Sij 1% 3.10 1.14 1.61 4.58 3.06 2.69 2.15 1.69 1.34
LSD sij-sik 5% 3.46 1.27 1.82 5.11 3.42 3.03 2.40 1.89 1.50
LSD sij-sik 1% 4.63 1.70 241 6.83 4.57 4.01 3.21 2.53 1.99
LSD sij-skl 5% 3.21 1.17 0.69 4.73 3.16 1.14 2.22 1.75 0.57
LSD sij-sik 1% 4.29 1.57 0.91 6.33 4.23 1.52 2.97 2.34 0.75

N=normal , S=stress and Comb= Combined.
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Table (12): Estimates of specific combining ability effects of crosses for no. of spikes/plant, no. of grains/spike,
1000-grain weight and grain yield/plant in both environments as well as the combined data..

Cross

No of spikes/plant

No of grains/spike

1000-grain wieght

Grain yield/plant

N S Comb N S Comb N S Comb N S Comb
Sham 6 x Ug2 1.06 1.49* 128 | 3.31* | 1.15 2.23 | 2.87* | -2.86** | 0.002 -5.12* -7.78** |-6.45**
Sham 6 x Sids1 2.08 0.59 1.34 | 6.09* | 7.57* | 6.83** | -2.51* | -3.98** | -3.25** 6.63** 2.73 4.68*
Sham 6 x Ug3 -2.45 | -2.68** |-2.57*| 3.14 | 5.50* | 4.32* | 1.08 1.24 1.16 3.96* 2.37 3.17
Sham 6 x Gem 9 0.37 0.96 0.67 2.00 | 3.00* | 250 | -0.34 |-2.91*| -1.63* 2.92 3.57 3.24
Sham 6 x Sahel 1 0.77 2.02* 1.40* | -0.07 | 3.37* | 1.65 0.44 | 3.43* | 1.94* 2.22 6.88** | 4.55*
Ug2 x Sids 1 1.02 0.01 0.52 | -1.34 | -2.58* | -1.96 | 2.66** | 3.98* | 3.32* 8.57* 8.61** | 8.60*
Ug2 x Ug3 -3.63**| -6.38** | -5.01**| 0.92 | 2.84* | 1.88 | -1.25 |-7.07*| -4.16** - 2.68 -2.49 | -263
Ug2 x Gem 9 6.50** | 5.23* | 5.86* | -7.60** | -2.39 |-4.99** | 3.19** | 5.40** | 4.29* 15.77* | 11.96** |13.87*%
Ug2 X Sahell 2.30 2.22% | 2.26% |12.32*| 8.99** | 10.65**| 0.64 | 5.06* | 2.85* 8.67* 9.85** | 9.36**
Sids 1 x Ug3 -1.17 -1.22* -1.20 | -6.43** | -8.18** | -7.30** | 5.52** | 6.84** | 6.18** -0.85 -5.73** | -3.18
Sids 1 x Gem 9 -3.74% | -3.37% | -3.55%% | -6.11** | -9.77** | -7.94** | 1.19 | 4.45% | 2.82* -6.33** | -10.12* |-8.22**
Sids 1 x Sahel 1 2.22 3.47% | 2.84* | 4.05* | 2.98* | 3.52* | -1.72 |-4.26**| -2.99** | 10.91** 7.11% | 9.01*
Ug3 x Gem 9 0.51 -0.06 0.23 | -8.95** |-11.34**|-10.15**| 4.18* | 5.80** | 4.99* -2.50 -2.05 -2.27
Ug3 x Sahel 1 2.83* | 4.46** | 3.64* | 157 | 5.60* | 3.58* | 3.80** | 7.55* | 5.67* 7.98* 8.65** | 8.31*
Gem 9 x Sahel 1 -1.54 -1.27* -1.41* |- 6.12%*| -4.70** | -5.41** | -3.18** | -3.42** | -3.30** -8.91** -5.92*%* |-7.41**
LSD Sij 5% 2.54 1.12 1.37 3.18 2.55 2.87 1.91 1.73 1.27 3.91 3.64 3.77
LSD Sij 1% 3.40 1.50 1.81 4.26 341 4.39 2.56 231 1.68 5.24 4.88 5.06
LSD sij-sik 5% 3.79 1.68 2.04 4.75 3.81 494 2.86 2.58 1.89 5.84 5.44 6.64
LSD sij-sik 1% 5.07 2.24 2.71 6.36 5.10 6.73 3.82 3.45 251 7.82 7.28 7.55
LSD sij-skl 5% 3.51 1.55 0.77 4.40 3.53 3.96 2.65 2.39 0.72 541 5.04 5.22
LSD sij-sik 1% 4.69 2.08 1.02 5.89 4.72 5.30 3.54 3.19 0.95 7.24 6.74 6.99

N=normal , S=stress and Comb= Combined.
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Table (13): Percentage of heterosis over mid-parent for total soluble solids, total chlorophyll, relative water
content, flag leaf area, flag leaf angle and plant height in both environments as well as the combined data.

Total soluble solids

Relative water content

Cross Total Chlorophyll
N S Comb N S Comb N S Comb
Sham 6 x Ug2 -27.59* 39.30** 1.93 -8.70* 2.13- -5.28 13.47% 0.43 6.67*
Sham 6 x Sids1 43.58** 26.32** 34.95** 5.76 -1.66 1.58 -1.32 -6.55* 3.88-
Sham 6 x Ug3 -19.08** -16.19* -17.58* 1.70 5.86 3.78 9.97* -30.50* | -11.04*
Sham 6 x Gem 9 25.65** 29.87** 27.52* 2.29 -1.68 0.04 -16.46** -9.56** -13.00**
Sham 6 x Sahel 1 -8.67** -2.10 -5.60 17.51* 16.07* 16.72% -0.53 0.54- -0.54
Ug2 x Sids 1 59.48** 19.35% 35.82** 7.92 -5.58 0.65 2.87 -1.33 0.67
Ug2 x Ug3 5.83 6.31* 6.11% -19.92% 4.17 -8.38* 2.69- 3.60 0.81
Ug2 x Gem 9 -25.05** -4.81 -14.45* -7.76 -7.25 -7.48* 12.51** 2.59 7.18*
Ug2 X Sahell 33.73** 20.73** 26.68** 18.53* 4.80 11.38* 1.54 -0.19 0.58
Sids 1 x Ug3 69.75** - 5.07 19.79** - 0.45 1.14- -0.80 -13.79** 2.89 -5.11
Sids 1 x Gem 9 57.51** 10.23* 29.59** 13.60%* -15.563* -3.42 4.22 4.32 4.27
Sids 1 x Sahel 1 65.43** 17.10% 36.20** 22.15% 9.88* 15.23* 22.10** -5.76* 7.71%
Ug3 x Gem 9 16.74% -12.23* - 0.56 3.08 -3.80 -0.51 -21.10* -2.24 -11.01*
Ug3 x Sahel 1 -6.46 -3.85 -4.87 -4.64 27.33** 11.30** 7.19*% -14.87* -4.94
Gem 9 x Sahel 1 -9.59** -7.08* -8.23** 10.06* -7.35 0.19 18.76% 4.85 11.39%
Flag leaf area Flag leaf angle Plant height
Crosses N S Comb N S Comb N S Comb
Sham 6 x Ug2 -18.76** -11.11 -18.18** -19.03 8.65 -4.42 -7.31** -3.68** - 5.58**
Sham 6 x Sids1 1.25 47.83** 3.98 -23.35% -34.62** -28.79** 1.81 1.43 1.62
Sham 6 x Ug3 -28.49** 130.77* | -21.88* -22.15% 19.27% -1.09 4.62* 3.35** 3.99*
Sham 6 x Gem 9 1.83 -65.52** -3.52 -56.65** -59.77* -58.21* 4.40* 2.30% 3.37
Sham 6 x Sahel 1 -2.67 -63.64** -6.53 54.40** 14.58 35.13** 4.97* 7.25%* 6.09**
Ug2 x Sids 1 -9.55** -92.31* -15.43* -15.02 -2.70 -7.93 2.60*% 4.42* 3.47*
Ug2 x Ug3 - 6.81 -100** -12.01% -5.88 -44.94* -29.38** 2.32 5.01* 3.61*
Ug2 x Gem 9 1.07 -37.5%* -2.59 28.42* -37.93* -10.56 8.43** 13.98* 11.10%
Ug2 X Sahell 10.52** -100** 1.93 19.51 -11.56 1.35 7.06** 9.96** 8.45*
Sids 1 x Ug3 25.38** -100** 20.74** 32.56* -2.75 12.82 5.64** 5.90** 5.77*
Sids 1 x Gem 9 -22.03* -57.14* -24.65** 72.92%* 6.90 36.79** 3.96** 3.52% 3.74*
Sids 1 x Sahel 1 -19.08** 128.57* -10.44* 34.94* -20.83** 5.03 8.48** 11.25% 9.85**
Ug3 x Gem 9 -9.15* 33.33 -6.57 2.22 -12.40% -6.16 4.27* 0.03 2.17
Ug3 x Sahel 1 28.66** 227.27* 36.48** 3.90 -4.95 -1.12 6.65** 7.32% 6.98**
Gem 9 x Sahel 1 0.14 -40.74** -3.19 3.45 -7.41 -2.56 6.77* 6.59** 6.68**

N=normal , S=stress and Comb= Combined.
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Table (14): Percentage of heterosis over mid-parent for No. of spikes/plant, No. of grains/spike, 1000-grain weight
and grain yield in both environments as well as the combined data.

No of spikes/plant No of grains/spike 1000-grain weight Grain yield/plant
N S Comb N S Comb N S Comb| N S Comb

Cross

Sham 6 x Ug2 18.02 16.19** 17.14 11.96** | 12.57**| 12.25%*|12.32**| -8.28* | 2.87 | 9.29 | - 2.21 3.91

Sham 6 x Sids1 13.97 6.14 10.23 12.94** | 16.76** | 14.75**| -1.92 | -9.76* | -5.46 | 37.57*| 14.36 | 26.00**

Sham 6 x Ug3 14.92- | -19.69** | -17.19* 6.20 15.39** | 10.46**| 11.33**| 10.42* |10.92*% 20.50*| 12.80 | 16.88*

Sham 6 x Gem 9 6.54 10.11* 8.25 1.38- 2.57 0.51 285 | -491| -0.66 | 13.46| 12.56 | 13.04

Sham 6 x Sahel 1| 16.18 35.26** | 24.95** 9.39* | 20.39**| 14.58**| 1.91 |12.61**| 6.60 |26.67*%48.72**| 36.73**
Ug2 x Sids 1 15.63 3.01 9.53 0.50- -4.52 | -2.39 |14.21**18.88**|16.37*%47.74*% 35.46**| 41.66**
Ug2 x Ug3 -14.20 | -39.25** | -26.28** 0.49 5.14 2.64 |10.08**| -6.76 | 2.34 | 11.80| 7.13 9.60

Ug2 x Gem 9 42.80%* | 32.16** | 37.64** | -14.27* | -8.49** |-11.52** 14.67**| 23.17**|18.62*47.43** 38.89** | 43.40**

Ug2 X Sahell 32.66** | 36.25** | 34.34* | 22.12% | 21.92**| 22.03**| 6.40 |24.21**|14.44*%48.53*%61.61**| 54.50**

Sids 1 x Ug3 -10.17 | -15.08** | -12.54 | -13.60** |-19.44**|-16.30** 24.38**| 35.60**|29.44*% 13.66 | 12.49- | 0.62

Sids 1 x Gem 9 -14.76 -15.83 -15.28* | -17.01** |-25.18**|-20.91* 8.32* |22.57**|14.83*% - 3.11 |-23.59**| -13.31

Sids 1 x Sahel 1 21.98 38.38** | 29.64** 8.47* 7.15% | 7.84* | -1.02 | -1.24 | -1.12 |55.42*440.31**| 44.88**

Ug3 x Gem 9 0.28 -5.61 -2.56 -21.89% |-26.12**|-23.87** 20.11**| 32.45**|25.70*% 1.47- | - 6.10 | -3.67

Ug3 x Sahel 1 18.39 34.42** | 25.86** 2.82 13.16**| 7.59* |17.35%*| 41.24**|27.83*%36.78*% 45.84**| 40.93**

Gem 9 x Sahel 1 3.15 10.33* 6.52 -12.03* | -9.32** |-10.74** 4.32- | 2.78 | 1.16- | -7.88 | 0.24 -4.13
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