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ABSTRACT

Six wheat genotypes of diverse origin were crossed in half diallel Parents and
their 15 F, hybrids were planted and irrigated one (strexs) or irrigated three times
(normal irrigation). Results showed thet the mean performance for all genotypes were
decreased under stress conditions. Highly significant effects of irvigation treatments were
exhibited on all studied traits, indicating that the two irrigation regimes affected
differently on these traits. Mean squares due to genotypes, genolype X environments
imteraction were significant for all studied traits. The best genmeral combining ability
effects for grain yield/plant and one or more of its sitribmtes was found in the parent Giza
168, while the best general combiner for earliness was Sakha 93 under both conditions.
The best specific combining ability effects for earliness were shown by the hybrid Sakha
93 x Gemmeiza 9, Onomly x Sids Ifor number of kernels spike, Sids I x Gemmeiza 9 for
100 kernels/weight and Sakha 93 x Giza 168for grain yicld/plant, under both irrigation
treatmenis. Drought susceptibilily index across the two irrigation treatments (normai and
drought) indicated that for days to maturity the best parent was Sids 1, meanwhile the
best cross was Onomly x Gemmeiza 9, while for grain yield/plant the best parent was
Gemmeiza 9, and the best cross was Onomly x Sids 1.Mean squares due to genotypes,
general and specific combining abilities of susceptibility index were highly significant for
all traits except 100 kernels weight .the parent Sids 1 pave significant negative general
combining ability effect for drought susceptibility imdex for grain yield/plant and
earliness, while the parent Giza 168 pave significant negative effects for plant height
and number of kernels/spike. Significant or highly significant negative specific
combining ability effects for drought susceptibility index expressed in earliness were
found in the crosses Giza 168 x Gemameiza. 9, Dobary x Onomly, Dobary x Sids | and
Onomly x Gemmeiza 9, for plant keight was Giza 168 x Dobary, for number of kernels
spike were Giza 168 x Gemmeiza 9 and Dobary x Sids I and for grain yieldiplant were
crosses Sakha 93 x Giza 168 and Onomiy x Sids 1. It is of great interest to note that the
most kybrids, which included parents Giza 168 and Dobary, were tolerant expressed in
" most traits, indicating the importance of these parenis for this target.
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: INTRODUCTION
- Wheat is the major cereal crop in Egypt. covering one million
hectares with a total annual production of 6.7 million tons in 2005/2006
(Statistical data, 2006, ARC, Giza), which satisfies about 35% of national
wheat consumption. Therefore, the efforts of wheat breeders must be



continued to increase the productivity of unit area to face the gap between
wheat production and consumption in Egypt.

Drought remains one of the most important factors threatening the
food security of people through the world Fashedfar et al (1995).

Wheat production under minimum irrigation conditions become an
objective in Egypt due to increasing limitations of water supply. Using yield
components as a quantification and selection criteria should be superior to
using yield under drought. Sadiq et al (1994) found high grain yield proved
to be best indicator of drought tolerance. Nabipour et al (2002) showed that
1000-kernel weight, number of kernel / spike, grain yield and plant height
decreased with drought. Darwish and EL-Hosary (2003) and Mohamed
{2004) concluded that significant differences among wheat cultvars in their
response to the environmental conditions and, hence their grain yield. Farhat
(2005) showed that water stress treatment decreased the means of days to
heading, days to maturity, plant height, grain yield and its components

The objectives of this investigation were to identify superior parents
and cross combinations from 6 x 6 diallel cross of bread wheat parental
genotypes grown under water deficiency, estimate combining ability and
type of gene action of genotypes under normal and water stress
environments, estimate of the susceptibility index (SI) for yield and some
related agronomic traits and produc new genotypes of high yielding ability
under normal and drought stress irrigations.

MATERIALS AND METHODS

The present investigation was performed during the two seasons
2004/2005 and 2005/2006 at the experimental Farm, Fac. of Agric., Kafr El-
Sheikh University. Six parental genotypes of spring wheat were used four
local wheat cultivars (Sakha 95, Giza 168, Sids | and Gemmeiza 9) and two
Russian cultivars (Onomly and Dobary). In 2004/2005 season, the six wheat
genotypes were used as parents in half dialle! cross mating design and seeds
of 15 F s were produced.

In 2005/2006,seeds of the parenis and their 15 F, hybrids were
planted in two adjacent experiments. The first experiment was irrigated one
time after planting irrigation (at the tillering stage) (stress experiment). The
second was irrigated three times after planting irrigation (normal irrigation).
Each experiment was designed in a randomized complete black design with
four replications. Each parent and F, was represented by two rows per
replicate. Each row was 2.5 m long, spacing between rows was 20 cm with
20 cm between plants.

All the recommended agronomic practices for wheat production
were applied at the proper time. Ten guarded plants were randomly sampled
from each entry to collect data on heading and maturity dates, plant height

652



(cm), number of kernels/spike, 1000 grains weight (g), and grain yield/plant

(8.
Data of yield and some related agronomic traits were used to

estimate the drought susceptibility index (DSI) as suggested by Fischer and

Maurer (1978) as follows:
osi=(1- %)
Y

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

An ordinary analysis of variance for each experiment and the
combined analysis across the two experiments (stress and normal irrigation)
were performed according to Snedecor and Cochran (1967), whenever
homogeneity of error was detected.

Combining ability analysis was performed according to Griffing
(1956} using method 2, model 1.

RESULTS AND DISCUSSION

Mean squares due to genotypes for all the studied traits under each
environment (normal and stress irrigations) and their combined data are
presented in Table (1}.

~ The mean squares due to irrigations were highly significant for all
the studied traits, indicating that the two irrigation regimes behaved
differently for these traits. Moreover, the mean squares due to for genotypes
were highly significant for all traits, except for days to maturity and plant
height under normal irrigation, indicating the presence of genetic variability
among the studied genotypes. This variability reflects good possibilities to
improve grain yield and its related characters (using) selection. Results also
showed that mean squares due to for parents and crosses were significant
under all conditions, except for days to maturity and plant height under
normal irrigation and combined conditions as well as 100 kernels weight
under normal irrigation.

Mean squares due to of genotypes x environments, parents X
environments and crosses X environments interactions were highly
significant for all studied traits, except 100 kemnels weight, indicating that
the genotypes responded diffe.enily to water regime tor these traits.
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Table 1. Mean squares from analysis of variance in each experiment, from their combined analysis across two
experiments and from analysis of general and specific combining ability for all studied traits.

S.0.V. d.f. Heading date (day) Maturity date (day) Plant height (cm)
s“’:"‘ Comb| N S |Comb. | N| s | Comb | N s | Comb.
3 - 6.58 1.22 - 585 2.81 - 24.39 2.14 -

- 1 - - 1482.15%*) - - 325952 %* - - 1722.88%*
- 6 - - 390 - - 433 - - 13.27
20 20 74.68** |66.04** | 124.3%% [ 20.36 | 46.54** | 38.34** | 21.56 | 86.49** | 66.74**

5 5 141.47** |128.60**| 245.33* | 16.87 | 99.14** 73.19 10.67 | 128.24*% | 88.74
14 14 56.10** | 47.50** | 89.59** | 22.79 [296.95** 28.48 26.55 [58.73**] £0.89
1 1 0.85 12.8 3.69 3.79 15.8 2.13 6.15 266.38 | 178.64
- 20 - - 16.49** - - 28.56%* - - 41.41**
- 5 - - 24. 74+ - - 42.82%* - - 50.17*
- 14 - - 14.01** - - 24.26%* - - 34.39
- 1 - - 9.96 - - 17.46 - - 25.89
5 5§ | 128.09** [211.26%*{ 328.02** 26.76*|134.80** 123.49** | 18.95 [225.48**| 160.94**
1% i5 56.88** [17.63** | 56.30** | 18.23 | 17.12*+ 9.95 22.43 |40.16** | 3522
- s - - 11,33+ - -] 38.07+ - - 83.44ww
- 15 18.21+* 4.6 - 50,85+

60 120 | 2417 3.239 2.828 [10.762| 4.281 7.521 1790 | 21.01 [ 19453

- - 0.288 1.82 | 076 |0.268| 127 5.97 0.99 1.33 1,127
83 167

* and ** significant at 0.05 and 0.01 tevels of probability, respectively.
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Table 1. Continued.

5.0.V. d.f. No. of kernel/splke 100 kernel weight Grain yield/plan (gm)
Separate}Comb.| N S | Comb.! N Comb. | N § | Comb.
plicattion 3 . 0.808 | 2.81 L - 0,208 | 0.151 - 740 | 3.84 L -
rrigations(l) - I - - 46.56*% - . 8,704 - - 73,654+
p. with trrig. (E,) - 6 - . 12.80 - . 0.179 . - 8.62
enotypes(g) 20 20 19.30% | 49.74%* 1 43,72%% 1 0.304** | 0,351** | 0.576** | 8.93 |31.14%*|27.18**
arents(p) 5 S | 2091* [34.28%% | 42,75 |0.803%*| 0.53%* | 1,200** | 5,46 |67.08**| 46.46
rossesd 14 14 119.68%* ) 58.82%* 146.94**| 0,120 | 0.24* | 0.296"* |10.43]20.13%*; 21.45%
¢ 1 1 593 0.08 3.49 0.39 1.01 138 | 828 473 | 1100
ar, xIrrig, - 20 - 1 = 1383 . - 0.079** | . = 112,804
rosses x Irrlg. - 5 - - 12.44* - - 0.133 - - 26.08%*
.C xIrrig. - 14 - - 31.56** - - 0.064 - - 9,114
CA, - 1 - - 2.56 - - 0.019 - - 0.01
C.A, 5 5 [21.84%*%113.32** 84.60%* |0.364%%| 0.290%* | 0.571** [10.31181.40%*| 56.45++
C.A. X1 15 15 | 18.46%%| 28.55%* | 30.09%*: 0.284**| 0.371** | 0.577** | 8.46 | 14,39%*]17.42%*
WC.A. xI. - 5 - - 50.56%* - - 0.083 - - 35.26%*
rror - 15 - - 16.92%% - - 0.078 - - 543
60 120 | 5.610 | 4,717 | 5.164 { 0.099 | 0.081 0.090 [5.119( 3,287 | 4.19
IGCA/SCA - - 0.158 | 0.569 | 0398 | 0,179 | 0.204 0.123 10.194| 0.877 [ 0.443
{Total 83 167

* and ** significant at 0.05 and 0.01 levels of probablity, respectively.
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Mean squares due to combining ability (general (G.C.A) and specific
(S.C.A) combining abilities) for the studied traits in each environment and
their combined as well as the interactions between environment and each of
general and specific combining ability were highly significant with some
exceptions, indicating the presence of both additive and non-additive types
of gene effects in the genetic system controlling these traits. Mean squares
due to of GCA were higher than those of SCA for all the studied traits under
both irrigation treatments. These results suggest a predominant role of
additive type of gene action for these traits. Similar results were obtained by
Hamada et al. (2002), Darwish (2003), EL-Borhamy (2004) and Abd El-Aty
and Hamad (2006).

' GCA/SCA ratios of less than unity were detected for all studied
traits except days to heading, days to maturity and plant height under stress
conditions, indicating the predominance of non-additive gene action in the
inheritance of most studied traits (Table 1).

Mean performance

The mean performance of the six genotypes and their F; crosses
under normal and stress conditions as well as combined data are presented
in Table (2).

The mean performance for all genotypes were generally, decreased
due to stress conditions and deficiency of soil moisture.

Regarding heading and maturity dates, Sakha 93 was the earliest
variety while Gemmeiza 9 was the latest under both conditions. The earliest
crosses were obtained under both conditions from Sakha 93 x Giza 168 and
Sakha 93 x Dobary.

These results revealed that the variety Sakha 93 possessed genes
controlling earliness for heading and maturity, while Gemmeiza 9 has genes
for lateness. Similar results were obtained by Mohammed (2001), Moursi
(2003) and El-Dansory (2005).

With respect to plant height, the tallest parents were Giza 168 and
Sids 1 under normal conditions and for combined data, while Giza 168 and
Onomly were the tallest under stress conditions. '

The tallest crosses were; Sakha 93 x Onomly, Giza 168 x Sids 1 and
Dobary x Onomly under normal conditions, while Giza 168 x Onomly,
Dobary x Onomly and Onomly x Sids 1, as well as Giza 168 x Onomly,
Giza 168 x Sids 1, Dobary x Onomly and Onomly x Sids 1 were the tallest
under stress and for combined analysis. These results indicated that there
were differences among genotypes in plant height under the two irrigation
treatments. The reduction in plant height due to water stress may be
attributed to the reduction in internode length, because of the deficiency of
soil moisture. Similar results were obtained by Moursi (2003), Mohamed
(2004) and El-Dansory (2005).

- 656



Table 2. Mean performance of paveats and their F, crosses for all studied
trails under each irrigation regime and across the two regimes.

Genstypes date ! dute (dusy) | Plast )
N S [Combf| N S 1 Comb. N S Comab.
SLID ] WS | SLGR | 1520 | 14150 | 1463 | 1IAS 108 108.1
LS § SLED | 959 | 1540 ] 14558 ] 1498 | 1188 113.8 1163
AS |9 | M | IS [14.0] 1&S | 1175 1953 1114
ME3 (M| s ] 1558 | 1478 1504 | 1163 1148 1155
MEIN] L3 | LS | 1530 | 1529 | I5S25 ] 1209 1125 1363
1S |2 W] 1965 | 1578 | 1528 ] 1S53 | 1175 10538 1116
95 | LSS | 955 | I518 | 195 ] 1478 | 15D 1070 111.1
990 (9250 ] 958 | I35 | 1440 | 1RE | 1158 1065 1108
MAS |8 | %Y | 1543 ] 1445 | 1004 | 1213 1135 1174
M3 | vRSS | 164l | 1548 | 1415 ] LK1 1183 119 1154
Y18 | TLE0 | 953 | 1538 | 1443 | 101 | 1O .S 1143
S (W[ %74 [ ISB3 | 1428 ] 1585 | 1173 1138 1155
WL S| WMé 1555 | 109 ] 193 | IRS 1175 118.0
MAS ] YAED | HAG | 155 | 1468 | 1531 | TISS 123.8 1196
MLS 1ML LS | 1532 | 1478 | 1SAE | 163 1iL.9 1i3.6
978 | % | 971 1525 | 158 ] 1468 | 10D 63 | 1s1
A3 | MW | W3 | 1549 | 193 ] 1516 | NVVS 113 114.9
LS | 29 ] 38 | 1578 | 145 | 153 1159 1128 1154
S [ | 4 | 1S4S ] 1488 | 1513 | 1183 1173 1180
NS %W | 73 | 1533 | 1503 ] 1528 | 1195 108.8 114.1
M5 e s ] 18 | 1478 | 1533 ] 1178 1148 1153
AR | 25K2 | 1366 | 44K | 191 | 3BS9 | TG | S1IB 6.206
2900 | 3360 | 3199 | 6124 | 382 | 5127 | 345 | €796 | 8233
N : Nermal S:Sovems
Table 2. Cont.

Genstypes Mo ol ievuellaplir 100 herwel wei Graim yi
N S |Comb]| N S |Comb] N S Comb.
) aEX{anlar| sss | s | 553 | 136 | a1 | 3408
@) T |6 LTS | 52 | 4 [ S |28 | 90 | W34
[1 4] EW M| aTZ|sTBSs | sa2z] a2 | 3665 | 3847
[ A M8 1GMWI 95| 5T SI2 | S41 | 4145 | S0 | 098
[ ) QST S {67 ] AT | AT [ 4ATE | 3075 | 3750 | 3863
[ ] AW M| 49 |43 |42 ] 4w | 3951 | 3991
= Gl 168 S| 2| ST | 4 | S87 |G | A% | 2200
x Dubury S| EXE| M3 S8 | 5| s2s|3mis | 38| 3508
x Ounmlly CIES |65 | 6hA3 | S64 | S5 | 568 | 4106 | M4 | ITRZ
= Sals 1 600 |3 [ X0 | S62 | 525 | 543 | 4121 | 37.16 | .18
x Gomsncies 9 MBI AP s [ sS4 533 | 264 ] 353 | 329
= Dabary G130 | SIS AR | 509 § 553 | 561 | 4015 | 3764 | 3RO
x Owamlly. Kpses|ies| s ]s»wiss | »oe | wis | 1Y
x Sidln i GBSz 577 | 27| 52 | A2 | 37 | 39.20
x Gommeizn® axsjan|a] sl 525 | 537 | 413 | A17 | 4168
= Ouamlly Gl AMIAR | 55 |47 ] 59 | A5 | B2 | 38
x Sids 1 SIS ] 520 | 507 | 54 | A | 3725 | 8.0
= Gomsnries % MBS ]ICLM] 564 | 527 | 54 | 4015 | 3507 | 4013
be — 71 N IEIS|[ATE] S0 | 4% | 54 | IS | 0 | 07
1 Gomine G eS| asl| s |4 s | aM | 13 | €13
= Larynmeion % AT |CLIS 6515 ] S4B | S25 | 546 | 4133 | 3175 | 40.04
ass A3 (A |31 a3 | & (042 ] 1992 | 2599 | 18379
s 44 M 4242 JoSEE | 0519 | 0560 | 26403 | 3368 | 350




egarding 100 kernel weight, the heaviest parents were Sakha 93, Giza 168,
Dobary and Onomly under all conditions.

On the other hand, the heaviest 100 kernel weight for crosses under
all conditions was shown by Sakha 93 x Onomly, Giza 168 x Dobary, Giza
168 x Onomly and Giza 168 x Sids 1.The decrease in grain weight due to
drought conditions could be attributed to reduced grain filling period and/or
reduction in photosynthesis and translocation of reserves to grains (Keim
and Kronstad, 1981). The results agreed with those obtained by Moursi
(2003} and El-Dansory (2005). With respect to number of kernels/spike,
parents Giza 168, Sids | and Gemmeiza 9 had higher number of
kemels/spike under all conditions, while the crosses Giza 168 x Gemmeiza
9 and Onomly x Sids 1 were the best crosses.

Decreased mean number of kernels/spike may be due to effect of
water deficiency on pollination and fertilization processes. Similar results
were obtained by Weber and Hrysnozuk (1999), Mohammed {(2001), Moursi
(2003) and El-Dansory (2005).

Regarding grain yield/plant (g), Giza 168 was the highest yielder
{42.38 and 40.84 g) followed by Onomly (41.45 and 39.98 g) under normal
and combined conditions, while Gemmeiza 9 gave (39.81 g) followed by
Giza 168 (39.30) were the best under stress conditions.

With respect to crosses, Sakha 93 x Giza 168 and Giza 168 x
Gemmeiza 9 were the highest yielding crosses under both irrigation
conditions. Morcover, crosses Sakha 93 x Gemmeiza 9 and Onomly x
Gemmeiza 9 under normal conditions, Dobary x Gemmeiza 9, and Onomly
x sids 1 under stress conditions were the best crosses, for grain yield.
Similar results were obtained by Darwish (2003) and El-Dansory (2005).

Kheiralla (1994), Darwish (1998) and El-Dansory (2005) reported
highly significant ~differences among genotypes under water stress
treatments for grain yield of bread wheat.

Combining ability
General combining ability effects

The general combining ability effects are given in Table (3). Since
negative value of GCA effect would be of interest for earliness, the varieties
Sakha 93 and Dobary under normmal irrigation for days to heading, and
Sakha 93 under both conditions as well as Giza 168 and Dobary under stress
conditions for days to maturity which could be considered the best general
combiners,i.e for improving earliness, by their hybrids under the previous
conditions.

Highly significant positive GCA effects for plant height were
detected in Onomly and Sids 1 and Giza 168 under water stress conditions,
showing that these genotypes are suitable to breeding programs for tailness
under stress conditions.
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Table 3. Estimates of general combining ability effects of ail parents for all studied traits in euch

nvironment, ‘

aractory Days to heading 1 Days maturity Plant helght
parents Normal Stren Comb, Normal Strens Comb, Normal Stress Comb,
Sakha 93 31184 3927 «3, 5260 <1852 | D T19% CRELLL 0,604 A 031** 231880
Glea 168 D344 1490 0,917 0.292 0,969 0.339 £.260 1538 0.839
Dobary 1 1884 0.615* {.901** 0,388 L34 £.479 0.854 £.719 «A.786
Onomly 0.863% 0.698* 0.630* 0.882 0.500 0,26 0.417 181 1.620»*
Sids1 1938% | 30420 | 24900 0,388 1813+ 1.09%# 12n 1.844%* 1887
Gompeiza 9 21860 | 3292¢ | 22 | Lod3e 27190 | 18804 .01 18447 911
LaD. gl 0.08 0.499 0878 0.496 1.033 0.664 0737 1617 1,168 1.079
9,01 0,662 0.767 0.688 1,397 0,083 0978 3.158 1,849 1433
L.A.D, gi-g] 0.08 0113 0998 0.769 1.632 1.029 1.141 1.820 1.809 1,672

\ 1,026 1,187 1.020 1,168 [ 1,368 1514 3344 3401 _J‘.'_.!Il

Raracters No. of kernela/apike 1000 kernals weight (g Graln ylsld/plant

parsats _— —
Norme) | Stress | Comb | Normpl | Strese | Comb . Normg) | Stres | Comp |

Sakin 13 0.078 £0.083* 0,486 0.067 0.117* 0,093%* .09 2,966 1 8LTee
Glma 168 0,186 1472 08894 0,049 0.068 0.089 0,737 L13pe 0,999%*
Dobary -0,989* «3, 3034 2106 0,048 0,03 0.041 0,648 0,392 0.519
Onomly 4,703 184 0341 0.068 0,018 0.048 00,078 0.267 0.096
8ids 1 0,689 12000 | 0934 | 0067 | 0060 | 0036 | a8y 0,618 0.029
Gemimeisa 9 1A% [ 0089 | 0839 | Q101% | OS0% | DI26% | 0878 | LI69Y | N9Ie
LS.D.gi 008 0.761 0.697 0.644 0.101 0.091 0.069 0,723 0,579 n.529

0,01 1.019 0,924 0.8584 0.135 0,121 0.091 0.963 0,768 0.702 -
L.S.D. gi-g) 0.08 1178 1.080 0.997 0.187 0.141 0.108 1136 0.897 0.819

0.01 1.563 1.433 1.324 0.208 0.187 0139 1.493 1191 1,087

* and *~ significant at 0,05 and 0.01 levels of probability, respectively,
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The varieties Giza 168, Onomaly and Sids 1 showed highly
significant positive GCA effects for number of kemels/spike under stress
conditions, while Gemmeiza 9 was the best combiner for kemels/spike
under non-stress conditions.

The variety Sakha 93 expressed significant or highly significant
positive G.C.A effects for 100 kernels weight under stress conditions.

With respect to grain yield/plant, significant or highly significant
positive GCA effects were detected by Giza 168 under both stress and non-
stress and by Gemmeiza 9 under stress conditions, indicating that they
possess favorable genes for yield and that improvement in yield can be
attained by their use in breeding programs.

Specific combining ability effects

Table (4) presents the estimates of SCA effects for the'studied
characters in the crosses under normal and stress conditions.

Results indicated that, the best combinations under both conditions
for days to heading were Sakha 93 x Gemmeiza 9 and Onomly x Gemmeiza
9 which exhibited the lowest SCA effects for earliness. On the other hand,
the best crosses for earliness in maturity under the stress conditions were
Sakha 93 x Sids 1, Giza 168 x Onomly, Sids 1 x Gemmeiza 9 and Sakha 93
x Gemmeiza 9.

Table 4, Estimates of specific combining ability effects for F; crosses for all
studied traits in each environment and their combined data.

E

Cresws #lﬂe@_ﬂﬂ Maturity date (day} Piant height (cm 1
Nevmal | Stress Comb. Stress | Comb. | Normal | Stress [Comb.

93 1 Gia 168 a.LE7 [T [ -1.906 1330 -0.188 | -1.397 | 3513 2208

93 x Debary L P «isl 3z -0.250 1955+ | 0.8523 | -1.55 | -0357 L0955

93 x Owemily [P ] 4553 A0 1.438 0612 1825 | 3415 112 b.lﬁ*

93 xSasl 76164 | 300t | 5310 1900 | -3.701** { -1.350 | 0071 2.580 | 1.326

93 1 Gemmriza® | -LI0G** | 24096 | 3299 | 065 -1.357* | -1.257 | 2571 2.768 12670

izn 168 x Debary azia | -Lse A.658 2.656 -1.045 0806 | -3.147 | 4.424** | 0.638
168 x Omemly. ~L.29%9 2599 454 0844 | 2638 | -0.897 | -04679 2143 (0732

i 168 xSads 1 s | 1 3201 | 3.906** -0.201 1§53 | 4.728* 0112 2420
izn 168 1 Gemmriza ¥ [-18844~ 1 38T 451 ~L500 0,107 -1.304 | -L522 -0.761 |-1.112
. x Onemly A4 | et | - | 2259 -0.263 -1.257 | 2418 1549 | 2.482

x Sids 1 e -1.e58 4.1% -1.688 2.674% | 0.493 | -0.929 | -0.482 {-0.70%

ry. x{emmcim.9 | 2968 [ T 1 18264 1406 1.018 1212 0.821 3.705% 12,2663

. xSkl SN2 | 23 | 159 | 0259 -0.420 0,338 | -0.960 0587 (003

s Gemmein$ |15 3IFIN* | 2958 | -Lise 424 0366 | 10410 | -3.826* {-1393

1 x Cemmeiza 9 | -1665* 536 A565 1406 | 2533 | -0.241 | -1.504 233 10295
D.sij s 1371 1311 1.363 2.8%3 1525 2023 3.690 3208 2964
an Lsis L738 1092 3438 2421 2.684 4.39%6 4.256 13.932

LS.Dsij-skl 085 L 193 1904 3,7 1521 3019 6.174 4433 |a424
as 2513 1909 2492 4383 3.344 4.006 8.191 659  |5.869

L-S.D.sjjsik W8S 2046 1 1.5 4318 273 3019 6.669 4.787 14424
L1 s R D 0% 5T 3613 4,006 2.347 6351 |5869

and ** siguificant 2t 0.05 and .01 levels of probability, respectively.



Table 4. Cont..

Cresses Ne. of 108 terwel Grain ynld-’phlt[g}___
Norwmal Stresm. Comsl. [Nevmal] Stres Comb.. | Normal| Stress

9 1Gas 168 13% [ L1as |-a325* | aamer |aanee| 23260 | 4628 | 3a7ee

93 x Debery asdl | -3earr | c1sn | aaas ] e212 | 0180 | -1.867 | 20017 [-1.942%
kha 93 x Owamly 1653 2351~ | 2ea2* | 6023 | &9~ | o210+ | 0376 | 0001 | 0187
kha 93 x Sids 1 460 0ws | am7 | axe oS a6l | o900 | 2331 | Le1s+
293 x Cemmein® | 9763 a5 | [een | ooese | oo | 1195 | 0123 § 0536
168  x Dobary LIz 4z87 | 293 | ewe ] a5 | a216¢ | 0843 | 041 | 0627
iza 168 x Omemdy 3299 | 3924 | 3o | ez sy 0145 | -2.138* | -2.560%* | 23494
izn 168 x Sids 1 2997~ | 429 | -1615 [odes]| wi1ed (o2se ] 0267 | 1353 | -0310
iza 168 3 Grmmriza® | 9360 s 230 a6l § w22 w1l | 0913 | o4se | osss
ry. xOuemly a7 o= | Lo | a570 | a9 | oasste| 0354 | 1143 | 0748
ry. :Sidsl -5y az% |21 {-01% [ Lo 4076 | 065 | 0178 | 0239
Dobary. x Gemmcien9 az1s et § 7 | sast | o313 | 8247 | 0341 | o004 | 0572
Onomly. 1 Shis1 3065 | 23000 [0 ] aome | 8093 | -0086 | -1622 |1 1408 | 0107
- % Gemmeing % -ars -L5%3 A0S | 0856 [ 0988 2031 | 1633 | 1513 ] 0060

1 xGemmeiray e | -2set | ev lades | @352+ | 0409~ | 0408 | 0339 | o
D.sij as 2888 LS e | ez | eise 0186 | 19695 | 1592 | 1453
(1] TN 254 247 o | win 0246 | 2647 | 20011 | 1928

WS.Dsif-skd  48S 2896 2657 2639 | 8384 | a3 0276 | 2757 | 2199 | 2168
am asm asti i jew | wu» 0367 1 3657 | 2917 | 2877

SDS§Sk a8 aus b ) 16 eS| I 8276 | 2978 | 2375 | 2169
st 4136 am e | ase [ V. 3 0367 | 3951 | 34m | 2877

* and ** significant st 6.85 sud £.0] kevels of probubility, respertively. .

Significant or highly significant and positive effects for plant height
were detected by cross Giza 168 x Sids | under normal conditions and Giza
168 x Dobary and Dobary x Gemmeiza 9 under stress conditions.

For number of kernels/spike, the crosses Sakha 93 x Onomly, Giza
168 x Gemmeiza 9, Dobary x Onomly and Onomly x Sids 1 under water
stress conditions, and Onomly x Sids 1 and Giza 168 x Dobary under
normal conditions are considered the promising hybrids for improving
number of kemels/spike, as they showed significant or highly significant
positive SCA effects. -

With respect to 100 k::mcls welght, h:ghly sngmﬂcant posmvc SCA
effects were obtained from crosses Sakha 93 x Onomly, Giza 168 x Dobary
and Dobary x Gemmeiza 9 and Sids 1 x Gemmeiza 9 under siress conditions
and Giza 168 x Sids 1 and Sids 1 x Gemmeiza 9 under normal conditions.
For grain yield/plant the cross Sakha 93 x Giza 168 under both conditions
and cross Sakha 93 x Suds 1 under stress conditions exhibited positive and
significant or highly significant SCA effects. Similar results were obtained
by Afish and Darwish (2002), Hamada et al. (2002), Darwish (2003) and
El-Dansory (2005).

Drought susceptibility index (DSI)

Mean squares due to genotypes, general and specific combining
ability for drought susceptibility index (DSI) expressed by all studied traits
were highly significant except those for 100 kemels/weight. (Table 5) Such
results indicated a wide diversity between the genotypes used in this study
in DSI expressed by different studied traits.
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Table 5. Mean squares form analysis of variance, and geseral and specific combining
. ﬁﬂ&ylﬂyﬁsdwﬁﬂymﬁrﬂmdﬂmm

Plant Grain
SOV |dr l""’"" “"“'i height IN'"‘"‘" kernels yield/plant
(cam) weight(®) | (g)
Goms| 3| 8233 | eeey | 751 | 2848 | 3053 | 0235
20| 0.874% | 07145 | 2056+ | 4763** | 0094 | 1.982%+
) | 5{ 1327 | 1120+ | 266 2423 | 1741 | 4230+
resses(c) | 14| 0735+ | a590+ | 164 | sse3*s | 0863 | 1321%+
vs.C. 1] as7 042 | 43¢ | ose3 | 1093 | o0.004
.CA. 5 [ a78aee | 1019+ | 43130+ [ 9775+ | 123 | 5393+
CA. 15 0904* | agi3e+ | 1383 | 3009+ | 1.08¢ | 0345
Error |60] 0177 | e200 | 1122 | 116 | 1528 | o594

* and ** sigaificant »t .55 snd 0.8 Mevcks of profubility, respectively.

A drought susceptibility index (DSI) which provides a measure of stress

resistance based on minimization of yield loss under stress as compared to

. optimum conditions, rather than on yield level under stress, has been used to
characterize the relative drought tolerance of wheat genotypes (Fisher and
Maurer: 1978). reported that genotypes identified as stress tolerance using stress
_susceptibility index should possess tolerance mechanisms which may need to
be incotporated into germplasm with higher yield potential for development of
high yielding and stress tolerant cultivars. This index was used to estimate the
relative stress injury because it accounted for variation in yield potential and
stress intensity. This index could be estimated based on many traits. Lower
stress susceptibility index then unity (SI < I)is a synonymous to high stress
tolerance, while hlgher stress smepublllty index than unity (SI > 1) means
high siress sensitivity.

. The mean performance for (DSI) of all genotypes calculated for all
studied traits is presented in Table (6).

_ Data indicated that the parents Sakha 93, Dobary, Onomly and Sids 1,
the crosses Sakha 93 x Gemmeiza 9, Giza 168 x Gemmeiza 9, Dobary x -
Onomly, Dobary x'Sids 1 and Sids 1 x Gemmeiza 9 showed resistance to the
stress irrigation conditions for days to heading, the best parent was Sids 1,
while the best cross Dobary x Onomly. For maturity date all parents possessed
(DSI) lower-than"one, except Sakha 93 and Dobary, revealing that these two
patenlswerempnble expressed by days to maturity, while the crosses
Dobary x Sids 1 and Onomly x Gemmeiza 9 showed the highest tolerance for -
thls trait.

" Regarding (DSI) for plant height parenls Giza 168 and Onomly ‘and
crasses Giza 168 k Dobary and Giza 168 x Onomly showed the highest
mistmce to stress conditions -

Two parental varieties (Giza 168, Onomly) and nine crosses showed the
highest tolerance to stress umronmems expressed by number of
kemelslsplke



Table 6. Drought susceptibility index (DSI) of all studied traits for all genotypes.

: N.of
Daysta { Daysto ’I‘h-thgll’ 100 kernels [Graim yield./|
Genotypes headiog | maeuriey | (e | oo | weight) | pinmt )
Sakha 93 (Py) 0.9 122 2.33 142 0.78 297
Giza 68 &) 141 0.7 070 o4 T L4 o030
Dobary P3) 0.64 164 19 209 1.86 091
Oromly (PJ) 0.99 02 0.19 008 1.52 0.77
Sids 1 Ps) 217 0,11 115 123 0.01 0.63
Gemmeiza 9 (Ps) 132 8.54 183 1.43 147 -0.08
Sakha 93 xGiza 168 139 [T 1.39 a6 095 087
Sakha 93  x Dobary 113 108 134 290 124 1.89
Sakha93  x Ouomly 133 111 117 0.43 £.10 1.80
Sakha93  xSids1 L62 1.50 0.99 0.79 0.95 1.07
Sakha 93  x Gemm9 083 106 1.73 125 0.957 183
Giza 168  x Dobary L40 172 458 1.75 037 0.66
Giza 168  x Onomly 105 141 018 -0.01 078 . 092
Giza 168  xSids1 1.54 139 L16 .69 123 083
Giza 168  x Gemm.9 033 .67 0.80 034 9.60 0.75
Dobary. x Ounomly [ %] 0.se 054 93y .99 S
Dobary. 1 Sids 1 099 053 0.56 .05 031 058
Dobary. x Gemm.9 121 1.03 081 329 97 0.54
Onomly.  xSids1 103 0.74 022 0.31 0.86 225 -

Owomly,  x Gemm.9 1.9 028 1.62 1.26 105 1.47
: x Gemm.9 041 121 0.50 230 1.10 0.68

|1.sn 0,05 0583 0.520 146 . 2121 1L.M3 1.068

0.01 0767 0816 1.93 2925 2.604 1.406

Two parents (Sakha 93 and Sids 1)and ten crosses had desirabie DS
values for 100 kernel weight. The best parent was Sids 1 while the best
cross was. Sakha 93 x Onomly in DSI values for 100 kemel weight.

Regarding grain yield/plant all parents except parent Sakha 93 and
eleven crosses showed low susceptibility (SI < 1) to stress conditions.

The parents Sids I, Onomly and Giza 168 and crosses Giza 168 x
Gemmeiza 9, Onomly x Sids 1, Dobary x Sids 1, and Dobary x Onomly,
had the highest tolerance to stress environment (DSI) for most studied traits.

In general, it could be concluded that; selecting genotypes that are
superior to the average yield and its attributes under different environments
{normal, stress) include the genotypes, successfully and adapted to be grown
in the environmental stress condmons and could be used in wheat breedmg
programs for stress conditions. _

Estimates of general combining ability effects of DSI ‘expressed by
all studied traits are presented in Table (7). The genotypes which have highly
significant negative GCA effect for drought susceptibility indices for the
desirable traits are of interest for breeding programs.

Highly significant negative GCA effect of DSI for days to heading was
found in Sids 1. Moreover, the parental genotypes Sids 1 and Gemmeiza 9 gave
significant negatwe GCA effects for ‘drought susceptibility index in days to
maturity. .
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Table 7. Estimates of general combining ability effects (gl) of drought
susceptibility index for all studied traits.

Parents Dayste Daysio | Plant height | N of kermel | 100 kernels | Grain yield
headiog | maturity (cmm) fspike weight(g) | /plant(g)
Sakha 93 0.167 0.145% | -0.553** 0.256 -0.137 0.819**
Giza 168 0.202** 0.140 -0.359* | -0.635* | -0.055 -0.151
Dobary -0.085 | 0.195** | -0.006 0.723* 0.231 -0.059
Onomly -0.028 -0.112 0D.378* | 0.567** 0.112 -0.094
Sids 1 -0.209** | -0.168* -0.102 0.195 -0.271 -0.300*
Gemmeiza 9 -0.046 -0,199** 0.292 0.419* 0.121 £.215
LS.D.gi 005 0.135 0.144 0.340 0339 0.397 0.248
0.01] 0179 0.1990 0.451 0.450 0.527 0.329
LS.D. gi-gj 0.05J 0.210 0.222 0.527 0.525 6.165 0.383
0.01] 0.278 0.295 0.699 0.697 0.815 0.508

* gnd ** significant at 0.05 and 0.01 levels of prolmbility, respectively.

The parental genotypes Giza 168 and Onomly showed significantly
negative GCA effect of DSE for plant height and number of kernels/spike.

The parent Sids 1 showed negative and significant GCA effect of DSI
for grain yield/plant, _ '

The parent Sids 1 could be considered as good combiner. for DSI
expressed by both earliness and grain yield/plant.

Estimates of specific combining ability effects of the crosses for
drought susceptibility index are presented in Table (8). The cross combinations
Giza 168 x Gemmeiza 9 and Dobary x Onomly were the best crosses for days
to heading for drought susceptibility index, while for maturity date were crosses
Dobary x Sids 1 and Onomly x Gemmeiza 9 were the best in S C A effects.

For plant height cross Giza 168 x Dobary expressed significant negative
S C A effects for DSI. For number of kernels/spike, crosses Giza 168 x
Gemmeiza 9 and Dobary x Sids | were the best concerning S C A effects for
drought susceptibility index. With respect to grain yield/plant, the crosses
Sakha 93 x Giza 168 and Onomly x Sids 1 showed significant negative SCA
effects for DSL '

_ In this respect Saadalla (1994), Esmail and El-Tabakh (1995), Abui-
Naas et al. (2000),EL-Borhamy (2000), Darwish (2003) and El-Dansory (2005)
evaluated some bread wheat genotypes for drought resistance under different
water regimes and reported that the entries exhibited a wide range of response
to drought using stress susceptnb:hty index based on grain yleld and some of its
components.
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Table 8. Estimates of specific combining ability effects (sij) for drought
susceptibility index expressed by all studied traits.

Days ta Daysto |Plant beight[N. of keracty 100 kernels [Grain yield.,

Crosses heading | matw (cm) spike | weight(g) | plani() |

x Giza 168 0.029 -0.352 0.141 0.014 0.190 -0.778*

x Dobary. 0.056 -0.250 -0.173 0.9549 0.191 0.156

x Onomly. 0.201 0.085 0.209 -0.221 -1.022 0.100
x Sids 1 0.677** | 0.528** -0.435 -0.243 0.410 -0.430
x Gemm.9 -0.231 0.122 -0.083 -0.390 0.0034 0.246
x Dobary. 0.299 0.395* -1.180* 0.695 -0.761 -0.09%
x Onomly. -0.109 0.3% -0.408 0.220 -0.226 0.150
x Sids 1 0.557+* 0.431* 0.653 -0.830 0.611 0.301

x Gemm.9 | -0.814** | -0.257 -0.103 -1.589* 0.420 0.136
x Onomly. | -0.656** | -0.208 -0.048 £.733 0.443 -9.239

x Sids 1 0299 | -0.485% | -0.055 ] -1.446%* | 0.502 0.242
x Gemm.9 0351 2.042 -0.443 1.172* 0598 £.161
x Sids 1 0.280 0.028 0263 0.105 20331 | -0.831*
x Gemm.9 0.17 0395 | 0738 0.445 0.071 0.80%*
xGemm.9 | -0330 | 059+ | -0.661 1.100* -0.127 0.215
0.05 0.371 0.395 0934 0.932 1.089 0.679
0.01 0.492 0.523 1.239 1.236 1.445 9.901
[L.S.D. sij-ski  0.05 0.512 0.545 1.290 1.287 1.506 0.939
0.01 0.680 0.783 L712 1.708 1.998 1.246
S.D. sij-sik  0.05 0.554 0.539 1394 1.390 1,626 1.015
0.01 0.734 0.781 1.850 1845 2158 1.346

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