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ABSTRACT

Five bread wheat varieties representing different agronomic characters were
crossed in a haif-diallel model in 2005/2006 season. The five parents and their 10 F,
crosses were evaluated under normal irrigation and drought conditions in 2006/2007
season to study the mode of gene action for some wheat traits.

Mean squares of genotypes, general and specific combining ability were
significant for all traits under normal and drought conditions, except specific combining
ability for plant height at normal irrigation. The best combiners at both environmental
conditions for of days to heading, days to maturity (earliness), flag leaf area and
spikes number/ptant was Sakha81; for plant shorthess were Sakha8 and Sakha-93;
for kernels/spike, 100-kemel weight and grain yield/plant were Gemmeiza9 and
Giza168. These results indicated that these genotypes could be considered as good
combiners for improving these traits. The best combinations at both conditions for
days to heading was Giza168xGemmeiza9, for days to maturity was Sakha61x
Gemmeiza9; for flag leaf area was Giza168x% Sakha61; for plant height (shortness)
and 100-kemel weight was Sakha61xSakha-93; for spikes/plant and kemels/spike
was Sakha8xGemmeiza9; for grain yield/plant were Giza168 x Gemmeiza9 at normal
condition and Sakha-93xGemmeiza9, at drought condition. These crosses.could be
selected and used in breeding programs to improving these traits.

Both additive and dominance gene effects were significant for most traits at
both conditions. The results showed that the role of partial dominance gene effects in
controlling all traits under both studied conditions, except grain yield/plant at normal
condition, 100-kemels weight at drought stress condition and spikes number/plant at
both conditicns, which controlled by over dominance gene effects. Each-one of
studied characters were govermned at least by one gene group, except days to maturity
and 100-kernel weight at normal condition; flag leaf area and grain yield/plat.at stress
conditions, which were governed at least by two gene groups. Grain:yield/ptant at
normal condition and spikes number/plant at'stress condition were. govemed by at
least three gene groups. Also, spikes numberlplant at normal condmon was governed
by at least four gene group. Heritability in namow sense (h? ns) estimates were
moderate or high for all studied traits at both conditions, reflecting the role of additive
gene action in govemning these traits, therefore selection. for these traits could be
applied in early segregating generations, except spikkes number/plant at both
conditions, which had low values of heritability in narmow sense.

The parents Szkha-61 and Giza-168 and Gemmeiza-9 could be used in
breeding for drought tolerance. Selection for days to heading, days to maturity, flag
leaf area, plant hiight arfd k‘érnelslsplke at both conditions and for grain yield/plant at
drought condition may be practiced in early segregating generations to improved
bread wheat with respect to these genetic materials.
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INTRODUCTION

Hybridization between the local cultivars and exotic materials was
carried out to increase genetic variability because selection among Egyptian
wheat cultivars for increasing grain yield and its components may not be
effective. Quantitative economic traits in wheat are highly influenced by
environmental conditions. Among the environmental stresses, drought is
considered the maost fimiting factor of the plant productivity in the most areas
of the world. When drought is prolonged crops fail and people may starve.

Information on the relative importance of general and specific
combining ability is important in the development of efficient wheat breeding
programs. It is very essential that the breeder evaluated the available
germpiasm per se and in crosses. In this regard, several studies have been
reported in wheat, Mohamed (2004) reported that mean squares due to
general and specific combining ability were highly significant for plant height
and grain yield/plant at normal and drought stress conditions. El-Danasory
{2005) reported that GCA/SCA ratio was more than unity for days to heading
at normal and water stress conditions, number of kernels/spike and days to
maturity at normal and water stress conditions, respectively. Salem and
Abdel-Dayem (2006) showed that the parents Sahel 1, Gemmeiza-9 and
Sakha-61 expressed the highest GCA for kemels spike™”, as Sahel 1 and
Gemmeiza-9 for spikes plant’ , while Giza 164 was the highest for 100-
kernel weight and grain yield plant™, also, Sahel 1 had good potential for
grain yield plant’. And, they added that the highest SCA values, under
drought conditions, were detected for the cross Sahel 1 x Sakha 94 for
kernels number spike™ and 100-kemnel weight, Giza 164 x Sakha-61 for
spikes number plant” and kernels number spike™' , and Sahel 1 x Gimmeiza
9 for spikes piant” and grain yield plant”’. Also, Sultan, et al., (2006) found
that GCA and SCA mean squares were significant for all studied traits at both
normal and drought conditions, except SCA for days to heading, days to
maturity and spikes number plant” under water stress condition, GCA/SCA
ratio were more than unity for all traits at both conditions, except flag leaf
area, kernels/spike under water stress condition, spikes/plant at normal
condition, 100-kernel weight and grain yield/plant under both conditions,
suggesting that additive genetic effects were more important in controliing
these traits. In addition, Salama (2007) showed that the mean squares of
GCA and SCA were significant for all characters (days to heading, flag leaf
area, spikes/plant, grains/spike, 1000-grain weight and grain vield/plant)
under various number of irrigations, and added that, the wheat cultivars,
Gemmeiza 7 and Gemmeiza-2 proved to be‘good general combiners, and
wheat crosses; Sakha-93 x Gemmeiza-9 and Gemmeiza 7 x Sids 1 could be
considered promising crosses and the best crosses combinations displayed
for amount of heterotic effects for grain yield/piant.

Assessment and quantifying the type of gene action in wheat were
detected by some investigators. Ashoush et al (2001) reported that
heritability estimates for plant height, days to heading and yield components
were medium to high (more than 50%). Moreover, Farhat (2005) reported that
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additive gene effects were more important for days to heading, grain filling
period, total chlorophylf content, plant height and 100-kernel weight at normal
and water stress conditions. While dominance gene effects were more
important for days to maturity, grain filling rate and grain yield/ plant. Also,
Sultan, et al. (2006) indicated that the genetic component i.e. additive and
dominance were highly. significant for most studied traits. Their results
showed the role of parttal dominance gene effects in controlling all traits
under both conditions, except number of spikes/plant at normal condition,
number of kernels/spike, grain yield/plant at water stress condition, and 100-
kernel weight at both conditions, which controlled by over dominance gene
effects. Their results clearly showed that each one of studied characters were
governed at least by one gene group, except days to maturity at normal
condition, plant height and grain yield/plant at water stress, which were
governed at least by two gene groups, and piant height at normal condition
and 100-kernel weight at both conditions were governed by at least by three
gene group. And they added that the parents Line 1 and Sakha 94 could be
used in breeding for drought tolerance, and selection for days to heading,
days to maturity, plant height at both conditions may be practiced in early
segregating generations to improved bread wheat. Finally, Salama (2007)
found that mean squares for types of gene action according to method of
Jones (1956), additive genetic variance was significant for all studied traits
under various - irrigation treatments, whereas the dominance genetic
components was significant for all traits except spikes number/plant for
normal irrigation (l,, 6 irrigations). On the other hand, using second degree
stafistic (Hayman, 1954) revealed that dominance genetic variance
accounted for days to heading, spikes/plant {l,, Ig, and l3), grains/spike (I,)
and grain yield/plant (I, and 1) resuiting in (H1ID)°' was more than unity, and
both positive and negative alleles (H./4H,} were not equally distributed
among parents for ail traits, except spikes/plant (I,). In addition, heritability in
narrow sense was more than 50% for flag leaf area and days to heading (l4,
I, and 13) as well as spikes number/plant under drought.

Therefore, the present investigation was designed to measure the
combining ability effects and the mode of gene action in the inheritance of
some traits of wheat, and to estimate the genetic components and heritability
for all suited traits under normal watering and water stress conditions.

MATERIALS AND METHODS

The gehetic materials used in this investigation as parents included
five bread wheat varieties, representing a wide range of diversity for several
agronomic characters. The parents names and.pedigree are presented in
Table (1). In 2005/2006 season, the parental varieties were sown at various
dates in order to overcome the differences in flowering time. All possible
cross combinations excluding reciprocals were made among the five
varieties, giving 10 crosses.

The monthly average amount of rainfall of experimental area is
presented in Table {2).
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Table 1: Parents names and pedigree

No Genotype Pedigreo

1 Giza-168 (P1) MRUBUCH Seri CM 93046-8M-04-OM-2Y-OB-062
2 Sakha-8 (P2) cno szf;r:saa_slgl:ongoaémse

3 | Sakhas1(P3) 'Né%?sﬁszggggg:ss )

4 Sakha-93 {P4) s;::;azg_?g_g-’gg

5 Gemmeiza-9 (P5) N%?&ngzc_ggﬁ:'gﬁgg%sx

Table 2: Monthly average of total rainfall during (2006/2007) at El-
Mansoura City, El-Dakahlia Governorate
Month | Nov.2006 | Dec.2006 | Jan.2007 | Feb.2007 | Mar.2007 | Apr.2007 | May.2007

Rainfall
) 4 2 - 14 2 _— —

In 2006/2007 season, the fifteen entries (5 parents and 10 F,) were
evaluated in two separate irrigation regime experiments. The first experiment
“(normal conditions} was irrigated four times after pfanting irrigation i.e. five
irrigation were given through the whole season. The second experiment
{drought conditions) was given one surface-irrigation 27 days after the
establishment (two irrigations were given through the whole season). Each of
the two experiments was fertilized with 15 kg P,Osffad, 24 kg K;O/fad in one
~ dose during soil preparing and 75 kg N/fad was added in two doses. The first
dose was 30% with sowing and the second was 70% with the first irrigation
(after 27 days from sowing). The two experiments were designed in
randomized complete block design with three replications in the Experimental
Farm at the Experimental Station of the Faculty of Agriculture, Mansoura
University, El-Dakahlia Governorate, Egypt.

Each replicate consisted of 15 rows (genotypes} as well as two rows
{border) 4 m long and 25 cm apart with 20 cm between plants. Twenty grains
were planted in each row and manually drilled in the rows, Each experiment
was surrounded by a wide border (3 m) to minimize the underground water
permeability. All other cultural practices, except irrigation, were applied as
recommended for wheat cultivation. The two outside plants for each row and
the two external rows of each plot were excluded to eliminate the border
effect.

The stud:ed characters were, days to heading, days to maturity, flag
leaf area (cm ), plant height (cm), number of spikes/plant, number of
kernels/spike, 100-kernel weight (gm) and grain yieid/plant (gm). Characters
were determined from 10 plants per piot for all characters, e)gcept flag leaf
area trait, which Wwas determined froni 6 plants | per plot. -

The data obtained for each trait were analyzed on plot mean basis in
both parents and F, generation. An ordinary analysis using Griffing (1956)
method 2 model 1 was applied to estimate general combining ability (GCA)
and specific combining ability (SCA) effects, as shown in Table 3.
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Table 3;: Analysis of variance from method 2 mode! 1 and expected
' mean squares for combining ability analysis.

5.V d.f M.S E.M.S
Genotypes
GCA P-1 M, a’e + (P+2) (1/P-1} 5 g5
SCA P (P-1¥2 M, o'+ 2P (P-1) 5, 5, 8%
Error (r-1){(c-1) M. o

Where: Me= the error mean squares of the main randomized
complete block design divided by number of replications (Me = Mefr) , P=
number of parents.

The relative importance of GCA to SCA was expressed as follows:

K? GCA / K2 SCA = [(MSaca ~MS /(P + 2)] / (MSsca — MSe), where:
MS= mean squares, P= No. of parents and K°= is the average squares of the
effects.

The data were analyzed using Hayman (1954 and 1958) to partition
the total genetic variance to consistent Earts; additive and dominance genetic
effects. Heritability in broad sense (h%,;) and heritability in narrow sense
(h%,s) were estimated using the formula of Mather and Jinks (1982), for the F,
generation as follows:

hZ,s = (1/2D + 1/2H, — 1/2H, — 1/2F) / (1/2D + 1/2H, — 1/4H, — 1/2F + E)
h?,s = (1/2D + 1/2H, — 1/4H, — 1/2F) [ (1/2D + 1/2H, ~ 1/4H, — 1/2F + E)

RESULTS AND DISCUSSION

Analysis of variance for the studied traits under normal irrigation and
drought conditions are presented in Table 4. The results indicated clearly that
mean squares of genotypes were significant for all traits under normal and
drought conditions. These results reflected an indication to the presence of
real differences between the studied genotypes for these fraits. These results
agree with those previously reported by Mohamed (2004), Farhat (2005} and
Sultan, ef al. (2006)

General and Specific combining ability mean squares presented in
Table (4) were highly significant for all studied traits at normal and drought
conditions, except specific combining ability for days to maturity at water
stress condition was significant only, while specific combining ability for plant
height at normal irrigation was non-significant. The GCA/SCA ratio was more
than unity for all studied traits at both conditions except, spikes number per
plant and grain yield per plant at both conditions, and 100-kernel weight at
drought condition were less than unity. This means that studied traits are
predominantly controlled by additive gene action. Therefore, it could be
concluded that selection procedures based on the accumulation of additive
gene effect would be more effective in the early segregating generations. On
the other hand, trait of spikes number per plant and grain yield per plant at
both conditions, and 100-kernel weight at drought condition were mainly
controlled by non-additive ‘gene action. These results are in general
agreement with those previously reported by Mohamed (2004), El-Danasory
{2005), Sultan, et al. (2006) and Salama (2007).
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Table 4: Mean squares from analysis of variance, for general and
specific combining abilities under normal irrigation and
drought conditions of all studied traits.

Days to - Days to Flag leaf area, Plant
S.0vV |df heading maturity em? height, cm
Normal | drought| Normal {drought| Norma! {Drought] Normal ; Drought|
Genotypes| 14 | 21.42" | 16.82° [ 13.27 [ 10.76" [ 71.57 | 134.2" | 4978 | €9.09
GCA 4 | 67.96 | 5591 4471 [ 36.18 | 219.8° | 345.8 168.2 | 2156
SCA 10 | 2.81 1.18 069 | 6.587 | 12.25 [ 49.51 213 | 1046
Error 28 | 037 033 | 0265 | 0.265 | 0.648 | 0733 | 6236 | 4.58
GCA/SCA | - 3.96 9.34 14.94 15.93 2,70 1.01 5.63 5.13
Table 4: Continued .
No. of Kernels No. 100-kernel  |Grain yield/plant,
S0V df | spikes/plant Ispike wel_gpt, gm m
Normal |drought; Normal ;drought| Normal [Drought| Normal | Drought
Genotypes | 14 | 318 324 (5023 [46.17 | 0.23° [o0.1868 | 16.42 | 10.50
GCA 4 | 380 1 245 [1434 [ 1240 | 06811 § 0377 | 28.81 | 24.01
SCA 10 T 2947 | 355 [ 1296 [ 1502 | 0.074 | 0.082" | 11.47 | 5096
Efror 28 | 0232 | 0.2y6 | 0.757 } 0.751 | 0.0009 | 0.022 | 0.181 0.488
GCA/SCA | - 019 0.09 1.67 1.23 1.29 0.83 0.36 0.73

Table 5: Means of studied traits as affected by the interaction between
wheat genotypes and irrigation treatments.

Trait Days to Days !o Flag Ieafz area, _Plant
Genotype headin maturity cm height, cm
Normal | Stress j Normal | Stress | Normal | Stress | Normal | Stress
1-G. 168 91.3 | 89.3 | 1467 | 1427 | 47.30 | 3523 | 113.3 | 104.0
B Skh. 8 947 | 923 | 1503 | 1467 | 53.47 | 41.37 | 1047 | 63.0
3 Skh. 61 903 | 887 | 1463 | 144.0 | 64.37 | 57.37 | 110.7 | 101.7
4-Skh. 93 92.0 1 90.3 | 1493 | 146.3 | 55.47 | 51.97 | 107.3 | 99.0
i Gem. 9 11000 | 97.3 | 1537 | 1497 | 5047 | 35.73 | 120.0 | 108.0
j-G. 168 xSkh.8 | 917 | 90.7 | 148.0 | 1457 | 49.13 | 4537 | 111.3 | 101.0
- G.168xSkh.61 | 91.7 | 90.0 | 1457 | 143.3 | 62.07 | 56.30 | 114.0 | 103.7
B-G.168xSkh.93 | 903 | 89.0 | 147.7 | 144.7 | 53.47 | 44.60 | 111.7 | 98.7
- G.168xGem. 9 | 037 | 023 | 140.7 | 1463 | 40.03 | 4640 | 1173 | 108.7
10- Skh, 8 x Skh. 61] 93.7 | 91.3 | 148.3 | 1457 | 58.73 | 49.40 | 108.7 | 97.0
17- Skh.8x Skh. 93] 92.3 | 91.0 | 149.3 | 147.0 | 5553 | 4747 | 1067 | 93.7
12- Skh.8x Gem.8| 96.3 | 040 | 1507 | 148.3 | 53.37 | 44.87 | 112.3 | 103.0
&'s""" B1x Skh- | 903 | 887 | 1473 | 1460 | 5033 | 56.30 | 109.0 | 953
14- Skh.81x Gem. | 037 | 923 | 1400 | 1460 | 57.43 | 40.03 | 1150 | 105.0
Ei—s""- Bx Gen.| 957 | oay | 1513 1483 | w40 | 4840 | 1127 | 1027
test NS - " NS
1.5D0.05 : 0.54 1.36 -
LSD 0.01 - 1.00 1.62 -
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Table 5: Continued

Trait No. of No. of 100_-kemals Grain yield/plant,

Genotype spikes/plant kernels/spike weight, gm gm

Normal [Stress| Normal | Stress | Normal | Stress | Normal | Stress
1- G. 168 17.33 |14.33] 66.67 | 64.33 4.98 4.80 38.97 [ 2590
[2- Skh. 8 16.67 113.67| 62.00 | 58.67 4.29 4.56 33.87 | 22.70
13- Skh. 61 18.67 |14.33| 63.33 | 61.00 4.44 4.33 35.63 | 18.33
4- Skh. 93 17.33 [14.00]| 66.00 | 64.33 5.02 4.87 36.67 | 2047
5- Gem. 9 16.33 [13.33{ 76.33 | 71.67 4.80 4.63 37.80 | 22.73
{6- G. 168 x Skh. 8 18.67 [14.671 67.33 | 64.33 4.78 4.49 37.93 | 24.70

7- G. 168 x Skh. 61 19.33 | 16.33] 69.33 | 67.67 4.83 4.65 39.70 [ 2347
8- G.168 x Skh. 93 18.67 | 15.33) 71.67 | 65.00 5.1 480 | 4200 | 2510

- G. 168 x Gem. 9 18.67 [15.006| 73.33 | 71.00 5.15 5.01 42.93 | 2543
10- Skh.8x Skh. 61| 19.67 1667 | 64.67 | 61.67 4.52 4.40 37.97 | 22.03
11- Skh.8x Skh.93 | 18.33 |14.67| 64.33 | 62.00 4.82 4.62 37.80 | 22.87
12- Skh.8x Gem. 9 | 18.67 |15.67 | 72.67 | 69.67 4.86 4.65 38.97 | 23.53
13- Skh. 61 x Skh. 93! 19.67 116.67| 66.00 [ 63.00 5.14 497 38.80 | 22.60
14- Skh. 61 x Gem.9| 19.33 [1567| 68.67 | 64.67 4.69 4.37 39.83 | 23.83
15-Skh.93 x Gem.9| 18.33 | 14.67| 70.67 | 68.33 5.24 5.04 | 41.10 | 2563

F-test N.S N.S h
LSD 0.05 - - 0.17 0.94
LSD 0.01 - - 1.13

*and ** = significant at 0.05 and 0.01 probabiiity, respectively.

The results in table 5 indicated that days to maturity, flag leaf area,
100-kernel weight and grain yield/plant had significant interaction between
genotypes and irrigation treatments. Suggested that wheat genotypes
responded differently to water regime and the possibility of selection for the
most tolerant genotypes may be successful and useful.

It could be noticed earliest parents for maturity was Sakha-61, and
the earliest cross was Giza-168xSakha-61 at normal irrigation. While, under
‘water stress condition Giza-168 was the earliest of the parents and Giza-168
x Sakha-61 was the earliest cross for maturity. With respect to flag leaf area,
results showed that Sakha-61 was the best of the parents under normal and
stress conditions, and Giza-168 x Sakha-61 and Sakha-61x Sakha-93 were
the best of the crosses at both conditions. For weight of 100-kerenl, the
results in Table 5 clearly showed that the parent which had the highest weight
of 100-kernel was Sakha-93, and the highest cross was Sakha-93 x
Gemmeiza-8 at both conditions. Concerning grain yield/plant, results showed
that the parent which had the highest grain yield/plant was Giza-168 at both
conditions, and the highest cross was Giza-168 Gemmeiza-9 at normal
irrigation condition and Sakha-93xGemmeiza-9 at water stress condition.

Estimates of GCA effects for parents' varieties for all traits at both
conditions are presented in Table (6). Significant positive and negative GCA
effects were found for all studied traits. Based on GCA estimates, it could be
toncluded that the best combiners at both environmental conditions for days
to heading were Sakha-61, Giza168 and Sakha-93; for days to maturity were
Sakha-61 and Giza-168; for flag leaf area were Sakha-61 and Sakha-93; for
plant height were Gemmeiza-9 and Giza-168 (for plant taliness plant) and
Sakha-8 and Sakha-93 {for plant shortness); for spikes number/plant was
Sakha-61; for kemels/spike were Gemmeiza-9 and Giza-168; for 100-kernel
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weight were Sakha-93 and Giza168; for grain yield/plant were Giza168 and
Gemmeiza-9. These results indicated that these genotypes could be
considered as good combiners for improving these traits.

Estimates of SCA effects of crosses for all studied traits at both
conditions are presented in Table 7. Significant positive and negative SCA

effects were found for all studied traits, except plant height at normal
condition.

Table (6): Estimates of general combining ability (GCA) effects of
parents for wheat traits under hormal irrigation and drought

conditions.
. Flag leaf area, .
Trait Days to heading| Days to maturity em? Plant height, cm
Parent Nommal [DroughtiNormal idrought Normai [Drought INormal drought
iza-168 (P1) -1,295 | -1.105 | -1.286 | -1.562 | -3.041 |-2.970° | 1.590 | 2.038 "
akha-8 (P2) 0.610" | 0467 | 0.524_ | 0.533 | -0.841" | -2.012" | -3.076" | -3.581"

Sakha-61 (P3) 1,285 [-1.248 | -1.476 {-1.038 | 5245 | 5978 | -0.267 | -0.200
Sakha-93 (P4)  |-0.914 | 0771 | 0.143 | 0.343 | 0.6d0 [ 2.397 | -2.171 | -2486
Gemmeiza-8 (P5) [ 2.805 | 2.657 | 2.095 | 1.724 |-2.003 |[-3.303 | 3.824 | 4.229
S.E. (g)’ 0.1720 | 0.112 | 0100 | 0.100_| 0.158 | 0.167 | 0.488 | 0.418
LSD{gig)° 5% 0525 | 0491 | 0441 | 0439 | 0.691 | 0.733 | 2.140 [ 1.835

1% | 0.870 | 0.815 | 0732 | 0.727 | 1.146 | 1.215 | 3.550 | 3.043

Table (6): Continued

No. of No. of 100-kernel Grain yield/plant,
Trait spikes/plant kernels/spike wef_ggﬁ_gm gm
Parent Normal|Drought| Normal  drought) Normat | Drought! Normal | Drought
iza-168 (P1) -0.038 ] 0.000 ! 0829 | 1.162 | 0.107 | 0077 | 1.216 | 1.481
akha-8 (P2) -0.2291-1.143 |-2.314 [-2505 |-0.216 |-0.119 |-1655 | -0.229
akha-61 (P3) 0.724 1 0.571 1-1.881" | -1.933 [-0.143" [ -0.153 | -0.631 | -1.362
Sakha-93 {P4) -0.086 | -0.095 | -0.648 | -0.219 | 0.182 ] 0.166° | 0.150 [ -0.429

Gemmeiza-9 (P5) | -0.371 | 0.333 | 4.114 | 3.495 | 0.089 | 0.030 | 0.821 | 0538

S.E. (g} 0.095 | 0.105 0.170 0.169 0.003 0.028 0.083 0.136
.LSDigl-gj}z_ 0.05 0.411 0.447 0.744 0.741 0.028 0.128 (.364 0.597
0.01 0.681 0.741 1.234 1.229 0.046 0.212 0.603 0.99¢
" Standard error for a GCA effect.

Least significant difference for the difference between estimates of GCA effects.

Based on SCA estimates, it could be concluded that the best
combinations for days to heading {for earliness) were Giza-168 x Gemmeiza-
9, Sakha-61 x Gemmeiza-9 and Giza-168 x Sakha-8 at normal condition, and
Sakha61x*Sakha-93 at drought condition; for days to maturity (for earliness)
were Sakha-8 x Gemmeiza-3 at nommal condition, and Sakha-61 x
Gemmeiza-9 at drought condition; for flag leaf area were Giza-168 x Sakha-
61, Sakha-8 x Gemmeiza-9 and Sakha-93 x Gemmeiza-9 at both conditions;
for ptant height was Sakha-61 x Sakha-93 (for plant sho;tqgss) at drought
condition; for no. of spikes per-plant were Sakha-8 x Gemmeiza-9, Sakha-8 x
Sakha-61 and Sakha-61 x Sakha-93 at both conditions; for no. of
kernels/spike were Sakha-8 x Gemmeiza-9, Giza-168 x Sakha-61 and Giza-
168 x Sakha-93 at both conditions; for 100-kemel weight were Sakha-61 x
Sakha-93 and Giza-168 x Gemmeiza-9 at both conditions; for grain yield per
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plant were Sakha-93 * Gemmeiza-9, Sakha-61 x Gemmeiza-9 and Sakha-

61xSakha-93 at both irrigation and drought conditions. These crosses could
be selected and used in breedlng programs to improving these traits or using
it for direct cultivation as superior hybrids.

It is worthy to note that most of superior F, crosses in their SCA
effects for grain yield and most of yield components traits include at least one
of their parents of high GCA effects for the same fraits. These results are in

- general agreement with those previously reported by Afiah (1999), Mohamed
(2004), El-Danasory (2005), Sultan, et al. (2006) and Salama (2007).

Table (7). Estimates of specific combining ability (SCA) effects for F,
crosses for some traits of wheat under normal irrigation
and drought conditions.
Trait Days to Days to Flag leaf area, Plant
heading maturity cm® height, cm

NormaliDrought| Normal |Drought| Normal {Drought| Normal |Drought|
- G. 168 x Skh. 8 -0.825 ] -0.005 | -0.127 | 0.651 |[-1.916 | 3.02% 1.175 | 1.587
[2- G.168 x Skh, 61 1.079 { 0952 {-0.460 | -0.111 14,932 | 5.971 1.032 { 0.873
3- G.168x Skh. 93 ! -0.635] -0.524 | -0.079 | -0.159 | 0.937 -2.148 | 0.603 | -1.841
M- G.168 x Gern. 9 -1.111 | -0.619 | -0.032 | 0.127 | -0.854 | 5.443 0.175 | 1.444
5- Skh. 8 x Skh.61 [1.175 | 0.714 0.397 [ 0.127 | -0.602 |-1.886 | 0.365 | -0.175
6- Skh.8x Skh.93 |-0540} -0.095 | -0.222 | 0.079 | 0.803 ; -0.238 | 0.270 | -1.222
- Skh.8x Gem.9 |-0.349| -0.524 | -0.841 { 0,032 | 1.279 | 2.952 -0.159 | 1.397
- Skh. 61 x Skh.93 | -0.635]-0.714 | -0.222 | 0.651 |-1.483 | 0.605 | -0.206 | -2.837
9- Skh. 61 x Gem. 9 [-1.11% | -0.476 | -0.508 | -0.730 | -0.740 | -0.871 | -0.302 | 0.016
10- Skh.93 x Gem. % 0.508 | 0.381 | 0.206 | 0.222 | 1.232 1 2.076 | -0.730 | -0.032
S.E (Sij)’ 0.308 | 0.289 | 0.259 | 0.259 | 0406 | 0.431 1.259 | 1.079
LSD (Sij-Sik)*  0.05 | 1.047 | 0.982 | 0.880 | 0.882 | 1.375 | 1.464 | 4.271 | 3.660
0.01 | 1.505 | 1.411 1.264 | 1.268 | 1.976 | 2103 | 6.136 | 5.259
LSD {Sij-Skl)’ 0.05 | 0.955 | 0.896 | 0.803 | 0.803 | 1.258 | 1.337 | 3.897 | 3.341
0.01 [ 13721 1.287 | 1.154 | 1.154 | 1.807 | 1.921 | 5.600 | 4.800

Table {7): Continued

bros’ses

Trait No. of No. of 100-kernel  Grain yield/plant,
Crosses spikesiplant | kernels/splke weight, gm _gm

Normal|drought| Normal |Drought! Normal [Drought Normaiﬁ‘oug_
1- G. 168 x Skh. 8 0.556 | -0.190 | 0.619 | 0.254 | 0.040 [-0.150" [-0.202" [ 0.082
- G.168xSkh. 61 10.270 | 0.762 1 2.286 | 3.016 | 0.020 | 0.040 | 0.451 { -0.008
- G.168xSkh.93 [0.413 | 0429 |3286 |2635 [-0.024 |-0.025 | 1.970 | 0.692
4- G.168 x Gem. 9 0.688 | 0.333 0.190 | 0.921 [ 0.129" [ 0.221 2.132 0.059
5- Skh.8x Skh. 61 [0.794 | 1.238 | 0.762 | 0.688 | 0.037 |-0.017 | 1.589 | 0.268
6- Skh. 8x Skh. 93 )0.270 | -0.095 |-0.905 [-0.698 | 0.006 |-0.109 | 0.641 0.168
i7- Skh.8x Gem.9 }0.889 | 1.143 | 2.667 | 3.254 | 0.162 | 0.050 | 1.037 | 0.132
- Skh, 61 x Skh.93 [0.651 | 1.190 | 0.429 | -0.270 | 0.256 | 0.268 [ 0.617 [ 1.035
9- Skh. 61x Gem. 9 |0.603 | 0.429 [-1.667 |-2.317 |-0.081" {-0.196 | 0.879 [ 1.302
10- Skh. 93 x Gem. 9{0.413 | 0.095 |-1.000 ! -0.365 | 0,148 | 0.155 | 1.365 | 2.168
5.E (Sij)’ 0.243 | 0.265 | 0.438 | 0437 | 0.014 | 0.074 | 0.214 | 0.352
- LSD (Si-SHe”  0.05 {'0.821 [T0.868 | 1:488 | 1.482 | 0.050 | 0.251 | 0.726 | 1.154
001 | 1.180 ] 1.290 { 2439 | 2120 1 0072 | 0.361 | 1.043 | 1.715
SD {Sij-Skl)> 0.05 [ 0.751 [ 0.821 | 1.357 | 1.353 | 0.050 | 0.231 | 0.663 | 1.090
0.01 [ 1.079 | 1.480 | 1.950 | 1.944 | 0.072 | 0.332 | 0.952 | 1.567
¥ Standard error for a SCA effect.
? Least significant difference for the difference between two SCA effects for a common
parent,

* Least significant difference for the difference between two SCA effects for a non-
common parent.
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Results presented in Table (8) indicated that the major assumptions
postulated for diallel analysis appeared to be valid for all traits at both studied
canditions, except days to heading at normal condition. Accordingly, this trait,
which had significant t* value, was removed and its genetic components and
parameters were not estimated.

As in table 8, the regression coefficients were significantly different
from zero for all studied traits, except spikes number/plant at drought stress
condition and grain yield/plant at normal condition. Also, the regression
coefficients were significantly different from unity for all studied traits, except
days to maturity at both conditions and 100-kernel weight at normal condition.

Table (8): Values of £ regression coefficient of covariance (Wr) on
variance (Vr} and t value for b=0 and b=1.

Trait ' - Cond. ¢ %:g';z?;:? tvalue for b=0 | t value for b=1
ays to heading —g— 1565 roa07 | yeeteT 2139
Daystomaturty  —§— 1535523090 | i0008 o168
Flag Leatires  —g—— 0 e 1602
e e o T
No.of spikes/plant : ?ggg ggﬁg;ﬁ -:)21“213 ;:123
No.of kernelslspike% 2 ?Zgg . 1;2:3:; :ggg _ :;gg;
100-kernel weight g "1'%0503 g?gﬁ:g :&; 10531959
rain yield plant —g—+— 0 T 206 a4

b=0 and b=1 indicate difference of regression coefflcient values from 0 and 1,
respectively.
*, ** = significant at 0.05 and 0.01 probability levels, respectively.

Both additive (D) and dominance (H, and H,) gene effects, as
presented in Table (9), were significant for most traits at both conditions,
except additive gene effects for spikes number/plant at drought stress
condition, dominance gene effects (H, and Hy) for days to maturity, flag leaf
area and plant height at normal condition.

The additive gene effects were more important than dominance for all

traits at normal and drought stress conditions, except spikes number{plant at
* both conditions, 100-kemel” weight @t dfought stréss condition and grain
yield/plant at normal condition. E

_ The dominance effect fh?), were highly significant for all traits at both
conditions, except days to heading, days to maturity and 100-kernel weight at
drought stress condition, flag leaf area at normal condition and plant height at
both conditions. The observed positive and significant dominance effect
values indicated that the dominant genes of these characters were due to
heterozygosity and dominance seemed to be acting in positive direction. On
the contrary, the remaining dominance effect values were not significant.
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The results showed that the relative frequency of dominance and
recessive alieles in parents under study revealed significantly negative (F)
values for plant height at stress condition, indicating excess of recessive
alleles among the parents, However, positive and significant or insignificant
values were recorded for other fraits at both studied conditions, indicating
excess of dominant alleles in the parents.

Several ratios and propoertions were obtained in Table 10.-The mean
degree of dominance (H,:’D)“2 is less than one for all traits under both water
studied conditions, which confirms the role of partial dominance gene effects
in controlling these traits, except grain yield/plant at normal condition, 100-
kernel weight at drought stress condition and spikes number/plant at both
conditions, which appeared to be controlled by over dominance gene effects.

Table (9): Estimates of genetic components of variance for the studied
traits at both conditions

Characters |Cond. D F H; H; h* E
Days to N - - - - - -
heading S [12.097x0.20] 21972049 | 1.350.53 | 1.1820.48 | 0.17:0.32 | 0.1020.08
Days to N |ae5+0.09] 050420.23 | 0.46x0.25 [ 0492023 | 0.76 20.15 [0.12"£0.038]
maturity S J715z008] 0482020 | 0531021 | 0463019 | 0.12¢0.13 [0.10 +0.03
Flag leaf N [41.4072314] 0.04:783 [ 15124850 | 14.50¢7.70 | 2.77+5.19 | 0.36+1.28
area S [07.07+6.34[53.24 +15.85(50.04 £17.13| 47.78 £15.54 [51.12 £10.49] 0.46+2 59
Plant height N 41.00::0.70 13.20'}1.74 207£1.70 | 0814171 | 0.2241.20 1.37:10.29
S 2096 1091]-10.60 1227 1248 2245] 8.77 £2.22 | -0.72¢1.50 | 1.63 20.37
No. of N |069x010] 0.007:0.25 | 21772027 | 218 £0.25 | 7.05 0.17 {C.11 $0.05
spikes/plant | S [ 0.05:0.22 | 0.30:0.56 [ 3.167+0.61 | 2.87 +0.55 | 6.48 +0.37 | 0.1430.08
No. of N [31.38 +88] 760 2220 1557 238 13.10 £2.18 [10.09 +1.46] 0.27:0.236
kernels/spike} S (2377 +1.08] 228:271 [17.62 $2.93] 15.27 +2.66 [ 11.46 +1.80| 0.34:0.44
100-kernel N [ 0.11 £0.01 | -0.014:0.02 | 0.08 £0.02 | 0.07 £0.02 | 0.11 +0.01 [0.001+0.003
weight S [004x001] 0031002 [ 0.10 2002 | 0.08+0.02 | 001002 [0.01:0.004
Grain yield N [3.76 20.61 [ -2.1021.53 [10.02 £1.66| $.65 2051 [24.81 21.01] 0.10£0.25
plant S |610:082] 304:204 | 510220 | 403 2200 | 7.19 £1.35 | 0.26+0.23

N= normal irrigation, S=Stress )
*, ** = significant at 0.05 and 0.01 probability ievels, respectively.

The proportion of genes with positive and negative effects in parents
(H2/4H,) was nearly equal to the ratio 0.25 for days to maturity, no. of
spikes/plant, no. of kernels/spike and 100-kernel weight at both conditions,
flag leaf area and grain yield/plant at normal condition, and days number to
heading at drought stress condition, indicating that the recessive and
dominant alleles were equally distributed among the parents. The ather traits
at both conditions were not nearly equal to the ratio 0.25, indicating that the
dominant and recessive alleles were unequally distributed among the
parents. Furthermore, the ratio of dominant and recessive genes in the
parents (Ko/Kr) was more than one for all traits at both conditions,
suggesting the preponderance of dominance alleles. Except, 100-kernel
weight at both conditions, plant height and spikes number/plant at drought
stress condition and grain yield/plant at normal condition, which were less
than one, showing an excess of recessive alleles among parents.
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Heritability in broad sense (hzb,s) estimates had high values (0.88-
0.99) for all studied traits at both studied water conditions, revealing that
most of the phenotypic variability in these traits was due to genetic effects.
Similar results were obtained by Sultan, et al. (2006) and Salama (2007) for
these traits under normal and siress conditions. Heritability In narrow sense
(h2n.s) estimates was moderate or high for all studied traits at both
conditions, reflecting the role of additive gene action in governing these
traits. Therefore, selection for these firaits could be applied in early
segregating generations, except spikes number/plant at both conditions,
which had low values of heritability in narrow sense. These resulis are in
general agreement with those previously reported by Mohamed (2004),
Farhat (2005), Sultan, et al. (2006) and Salama (2007).

Table (10): Proportions of ggnetlc components for the studied traits.

haracters Cond. (!-IJD) HalaH; Ko/Ka h'(b.s) h'(n.s) |
Days to heading : 031 ¥, 7d 0.98 093
e L
Flag Leaf Area S O - % Y -
plant hoight S oe 01 ] o5 | os [ow
o ot pwenient [ oz ot [ ose o
No. of keretsispike | —§——57 1G5 — 10— —Goe T 07d
e S B
Grain vielaiplant | —g—1—5 01— 03— o6
N= Normal hrrigation, S= Stress
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