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ABSTRACT

Combining ability analysis was practiced in F; of 8 x 8 diallel set for
grain yield and four of its attributes in bread wheat under two irrigation
treatments (stress irrigation and normal irrigation).

The variances associated with general (GCA) and specific combining
ability (SCA) were significant for all traits recorded in both irrigation
treatments as well as the combined analysis, indicating that additive and
additive 1 additive types of gene action were more important then nen-
additive genetic effects for these traits.

Sham 6 (P,) was the best combiner for no. of kernels/spike under
irrigation and the combined analysis; 1000-kernel weight in normal irrigation.

The parent P; (Sk 8) gave significantly positive g; effects for grain yieid in

stress irrigation and in the combined analysis. The parent SK 69 (P;) was the
best combiner for grain yield in both irrigation and the cembined analysis.

Six F» hybrids expressed significantly positive s, effects for grain vield
in both irrigations as well as the combined analysis P; x Ps, P, x P5, P, x P, Ps
xP,PixPsand Psx Ps.

Application of the drought stress susceptibility index (DSI) over both
irrigation treatments (stress and normal irrigations) indicated that P;, P, P;
and P, as well as 16 crosses had low susceptibility index of stress irrigation.
The best hybrids were P xP,, P x P-;, P:x Ps, P3 x P, and Psx P,

The variance associated with general and specific combining ability
was highly significant for all traits of stress susceptibility index.

The parents P;, Ps and P; gave significant negative values for grain
yield and most studied traits. The parent P, showed a significant negative
value for no. of spikes/plant and 1008-kernel weight of DSL

The crosses Py x Py, Py X Py, Py x Py Py x P, Py s Py, P x Pyand Pox Py
exhibited significantly negative S for grain yield of drought susceptibility
index.

Key words: Wheat, Irrigation, Drought, Stress, General and Specific Combining
Ability.



INTRODUCTION

Wheat, the most important cereal crop in Egypt, covered one million
hectares with a total annual production of 6.3 million tons in 1999 (Gomaa
1999). This amount satisfies around 55% of the fast growing population.

Drought is a major stress factor which limits crop production in most
areas of the world. Wheat production under rain fed or minimum irrigation
conditions became an objective in Egypt as well as many areas world wide
due to increasing limitations of water supply. Breeding wheat cultivars
within proved drought tolerance is challenged by inadequate screening and
tolerance quantification procedures. Using yield components as a
quantification and selection criterion should be superior to using yield under
drought. Sadiq ef a/ (1994) found high grain yield proved to be the best
indicator of drought tolerance. Yadav and Mishra (1993) found positive
associations were recorded between grain yield/plant and number of
tillers/plant, number of spikelets/spike and 1000-grain weight. Many
investigators reported significant differences among wheat cultivars in their
response to the environmental conditions and, hence, their grain yield
(Darwish 1998 and Afiah 2002).

In some self-pollinated species, producing enough F; grains is a time
consuming and laborious procedure. But, F; generation grains can be
obtamned easily and in a relatively larger quantities. In such species, it is
easier to collect data from the F, generation of a diallel cross. Therefore, F;
diallel cross technique have been used to obtain considerable information on
the genetic parameters and/or to gain a better understanding of the nature of
gene action involved in controlling quantitative characters by many
investigators. Abdalla et a/ (1999) reported that F, and F; diallel cross
analysis in faba bean had similar efficiency. Owing to the likely multiplicity
of factors and factor interactions contributing to drought resistance in the
field, plant breeders selecting for drought resistance are mostly guided by
grain yield and its stability under dry conditions. This is necessarily a slow
and difficult process. Also, high yield under dry conditions (yq) could arise
as a result of drought escape or high yield potential (yield in the absence of
drought Yp) as well as drought resistance mechamsms. Separation of these
inflaences upon yield under drought could in itself facilitates breeding and
selection.

Selection for both low drought susceptibility index value with high
mean performance of any trait under stress environment would be a useful
criterion to exploit more drought resistant genotypes.

It is hoped that the present study helps wheat breeders for producing
new genotypes of high yielding ability under stress, and normal irrigations.
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Besides, the relative importance of general and specific combining ability
for yield and its attributes as well as the susceptibility index of all traits
were investigated.

MATERIALS AND METHODS

The genetic materials used in this investigation as parents included
eight bread wheat cultivars and/or lines (Triticum aestivum L.), representing
a wide range of diversity for several agronomic characters and drought
resistance. The names, pedigree and origin of these cultivars and/or lines are
presented in Table 1. All possible cross combinations excluding reciprocals,
were made between the eight parental genotypes through study (Darwish
1998).

Table)i. Names, pedigree, sources and origins of the parental cultivars and/or lines.

No. |Entry name/cross Pedigree 1 Source | Origin
1 PFAUSERI/BOW CM 85295-0/0/Y-2M-OY-Om-1Y.OM. WOL92 |Mexico
2 |KVZ7 CfiJam 8" CM 78457-03AP-300 AP-4AP-300 L-3AP-300-0AF | WOL9Z |Mexico
/ Syria
3  PATIWVALD CM78688-29TOPM-5y-OH-0SY-1M-OY WOLS2 [Mexko
*§*/PAT1300/2/PVN
"S"/4/URES/S/PVAY "S*
4 |Sham 6 (Improved check) |- - 8
5 |Kea "S"/4/i4/KVZ3{cc/inia[FCW 84-0300,08AP-300L-2AP-OL WOL92 | Syria
tich/ Elgaw/SNG4 e
6 Sakha 8 |induay 66 x Norteno "S"-IK348 1979 | Epypt
7 [Gua1s7 G.155 (pitic 62* x L.R. 64") x T2 pp-knott IT - Egypt
8 |Skha69 Infa RL 4220 x 7Cfyr "8". CM 1548-25-65.05. - Egypt

In 1998-1999 season, the eight parents and their F» cross
combinations were sown at the Faculty of Agriculture, Minufiya University,
Shebin El-Kom. Two adjacent experiments were conducted. The first
experiment (stress experiments) was irrigated one time after planting
irrigation (i.e, two irrigations were given through the whole season).

Meanwhile, the second experiment (non-stress or normal
experiment) was irrigated four times after planting irrigation. Each
experiment was designed in a Randomized Complete Block Design with
three replications. The F,’s were represented by four rows while narents by

two rows. Each row containing 48 plants spacsg about 7.5 cm. with 20 cm.
a part between rows. The amounts $f total rainfall during 1998-1999 season

were recorded in Tabie 2,
Table 2. Monthly average of total rainfall during (1998-1999) ai Shibin E-Kom,

Mouths Nov. 99 [Dec. 99 [Jan. 2000 [Feb. 2000 |Mar, 2000]Apr. 2000 [May 2000
Rainfall (ml) - - 3 L - - -
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During harvest, data were recorded for random samples of thirty
guarded, plants in each replicate for grain yield/plant and four yield
attributes i.e. plant height, number of spikes/plant, number of kernels/spike
and 1000-grain weight. The drought susceptibility index (S) was used to
characterize the relative stress resistance of all genotypes. The susceptibility
indices were calculated independently using original data for yield and yield
components using a generalized formula (Fischer and Maurer 1978) as
follows:

S=(1-YdYp)D
Where:
S = An index of drought susceptibility.
Yd =Performance drought stress, experiment of a genotype.
Yp =Performance from normal irrigated experiment of a genotype.
D =Drought intensity = 1-(mean Yd of all genotypes/mean Yp of all genotypes).

The data obtained for drought susceptibility index values for each
trait were analyzed on individua! plant mean basis. An ordinary analysis of
variance, and the combined analysis was performed between the two
experiments (stress and normal irrigation) according to Snedecor and
Cochran (1980). It was carried out whenever homogeneity of error was
detected. For comparison between means, L.S.D. test was used. General and
specific combining ability estimates (GCA and SCA) were obtained by
employing Griffing’s diallel cross analysis (1956) designated as method 2
model 1.

RESULTS AND DISCUSSION

The analysis of variance for each of the two treatments of irrigation
(stress and normal irrigations) as well as the combined analysis for all
studied traits are presented in Table (3). Results indicated that irrigation
mean squares were highly significant for the studied traits in both
treatruents, indicating all over differences between the stress and normal
irrigation treatments. Mean squares for genotypes, parental variety, F;
hybrids and parents vs. crosses were highly significant for all the studied
traits in both irrigation treatments as well as the combined analysis
indicating wide diversity between the parents used in the present study for
these traits except mean squares due to parent x irrigation for no. of
kemels/spike and parents vs. crosses for no. of spikes/plant and no. of
kernels/spike. Such results indicated that the tested genotypes varied from
each other, and ranked differently in the two different experiments.

The mean performances of the eight parents and twenty eight F;
hybrids of wheat at stress and normal irmigation as well as the combined
analysis data are presented in Table (4).
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Table 3. Mean squares from analysis of variance, for main effects and for general and specific combining ability of all studied traits.

S.0.V. D.F Plant h No. of spikes/plant No. of kernels per spike Grain yleld/plant 1{ kernel weight
S| C I 1l C L | { C I I C 1 1l C I 11 C
Irripation -1 1 3128+ 2165+ 80.42** 59454+ 31200
Replication 2| 4| 395 | 359 | 377 | 106 4.0 253 | 375 | 630 | 503 | 3.02 7.6 531 | 147 | 175 | 823
Gehotype 35| 35 |224.2*% (261.4%* | 446** | 11.3** | 209%* | 26.3%* | 107.7%* | 128.5%* | 210.54% ] 66.1** | 76.5%* | 76.6** | B4.3** | 67.7** |127.6**
Parent T 7 |257.6%%| 76.6** |284.7*% [12.13°* | 13.69** [ 18.57** | T8.3** | 46.0** |119.2%%| 41.4** | 2285+~ |37.77+*[18.28+*| 9.43 |24.94**
Crosses (F,8) 271 27 | 97.5%% | 99.4%+ |164.7%% | 7.29** |20.56%* | 22.08** | 105.2°* | 134.2%* | 207.6** | TAT1** | 87.56** | 140.8%* | 63.6** | 61,85+~ | 95 7w
P.V.5. 1] 1 | 3414~ | 59325 19173+ |113.4%* [ 81.6** |193.6%* |383, 1| 552+ |926.6%*| 22** | 153** (114.8**| 1105** | 634*~ | 1706"*
Irtigation x Genotype | - | 35 39.6** 5,95%n 2570 34.2%n 29.84
I x Parent -1 7 49.4%* 7.26%* 508 26.5** 277
[x(Fi%) 27 310 9.48%% 317 2120 29.74n
LP.V.S 1 173** | 3.687 (13.51**] 135 8.5 60.2%* 222**
G.C.A. 7 |1263**| 79.1** |196.6** | 13.19** | 29.46"* | 6.03** [154,79**[158.856%*(282.2** | S8,93** [ 23.81** B7.754%*|43.67** | 17.73** | 47.14**
5.C.A. 28 [248.7** [307.1* | S08.3%* 31.31%* [93.45% [120.85**| 192.5%* | 248.3** | 89.65%* | 86.26** [84.83* | BO.2** | 14.77**
G.CA 3T ? 8,794 11.16** 41.44** 3513 14,274
SCA xI 28 4454 11.35*+ 21,79* 251,77+ 17.3542
Errors 701140 | 2.84 2.48 2.66 1.04 0.53 0.785 3.92 J.08 1.5 2.286 3.44 2.86 1.91 2.0 1.96
GCA/SCA 0.507 0.26 3.386 (.28 0.459 .20 1.76 1.31 1.465 | 0.237 § 0.265 .44 0.52 0.22 0.32
I = Normal irrigation, IT = ane irrigation {stress), C = the combined analysis
§ = Separate
C = Combined
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Table 4. The genotypes mean perfermance for all studied traits in both irrigation treatments.

Genotypes Plant height No. of spikes/plant No. of kernels per spike Grain yicld/plant, pm 100 kernel wi
I II C I II C I 1 C I [11 C 1 11 C

P; 93.7 108.6 1012 12.0 21.3 16.65 60.6 7.3 66.5 27.8 41.3 356 51.5 43.5 4.5
P2 103.0 114.0 108.5 150 .3 18.15 61.6 74.0 67.8 30.2 374 338 50.7 441 47.4
Py 107.0 { 2118.6 112.8 12.3 193 158 58.6 69.0 63.8 26.0 354 30.7 50.5 41.0 458
Py 108.3 116.0 1122 16.0 203 18.15 68.6 79.0 738 334 40.3 369 47.0 413 44.0
Py 80.7 103.3 92.0 12.7 23.0 17.85 65.0 76.0 70.5 27.6 3587 317 50.6 435 47.0
Ps 102.6 107.0 104.8 153 19.6 17.45 516 66.3 58.9 315 383 349 50.1 4.3 47.2
Py 105.6 114.0 109.8 10.0 16.0 13.0 60.3 73.3 668 253 39.9 32.6 4.3 394 41.85
P 105.0 1120 1088 13.0 183 15.65 65.0 73.6 69.3 294 43.4 36.4 49.5 432 46.4
ix2 75.0 92.7 83.9 17.6 24.0 0.8 9.3 82.6 75.95% 3.4 355 32.9 5%.4 51.7 55.6
1x3 20.0 94.3 92.1 150 20.5 17.8 7840 850 81.5 30.4 387 34.5 £3.7 433 48.5
1x4 22.0 94.0 93.0 18.0 23.4 20.7 72.0 78.6 75.3 7.7 41.9 348 61.4 517 56.6
115 87.0 88.7 87.8 152 254 20.3 750 80.6 77.8 383 48.5 43.4 60.1 49.0 4.6
1x6 93.0 1033 98.2 153 20.6 17.95 73.0 9.3 8115 36.5 40.3 38.4 523 50.0 5.7
1x7 856 %0.3 87.9 17.6 219 19.7% 7040 763 73.2 27.4 48.7 3805 64.5 523 58.4
118 84.0 86.7 85.4 13.7 18.9 6.3 65.0 71.0 80.6 253 344 27.8 613 L7 56.5
2x3 8.7 86.7 84.2 193 251 22 67.0 1.0 5.0 36.2 48.5 43.4 64.8 5104 57.9
2x4 80.7 9.7 1734 | 151 19.6 17.35 66.6 8.0 7.3 6.2 34.4 3.3 854 53 54.4
23S 853 85.7 855 13.4 19.3 1635 723 3.0 1.7 336 384 359 52.1 403 46.2
2x6 923 94.0 93.2 15.5 23.2 19.35 66.0 78.3 722 358 41.9 39.1 60.0 49.0 545
2x7 86.0 90.7 88.4 144 183 16.35 63.6 82.0 T8 351 48.2 41.6 53.6 43.7 48.7
2x8 85.0 922.7 88.9 16.7 2.7 19.7 61.6 80.6 1.1 345 38 36.7 61.6 403 50.9
3xd 8.6 106.3 97.5 16,1 212 18.64 63.6 75.6 69.6 34.5 46.0 40.3 53.0 49.0 51.0
315 87.0 %03 88.7 14.6 24.9 19.7% 59.6 69.6 69.6 28.7 45.5 34.6 60.1 56.7 58.4
316 94.0 958.7 94.9 14.03 23,9 18.96 55.0 61.3 58.65 244 40.8 32.6 47.3 44.3 4538
3x7 843 950 89.7 188 26.5 22.65 53.6 64.0 588 176 323 25.45 58.7 51.0 548
318 873 91.0 89.2 14.2 18.2 16.18 72.6 82.0 773 22.7 282 255 52.7 473 502
418 86.6 92.0 9.3 13.9 18.6 16.4 70.3 82.0 76.15 21403 386 29.8 553 477 51.5
436 8.0 9.3 84.7 14.6 18.9 16.75 63.3 740 68.65 .7 36.4 319 58.3 48.3 533
437 89.0 933 91.2 16.5 221 19.3 68.0 826 753 257 41490 334 62.0 56.00 59.0
4x8 863 903 853 15.6 256 20.06 56.6 72.6 64.6 336 48.1 40.9 3.7 433 48.5
5x6 80.7 94.7 87.7 158 22.3 19.05 65.3 73.0 69.2 324 4.7 38.6 59.7 48.00 53.85
5x7 92.3 983 953 16.3 154 20.85 67.3 82.0 74.7 28.06 4.3 36.2 553 49.3 52.3
5x8 95.0 100.0 978 16.1 24.2 2045 64.6 84.0 74.3 27.9 45.8 369 46.6 43.0 448
6x7 88.0 933 .7 146 19.07 16.84 G5.6 84.6 75.1 2903 »7 3387 576 40.3 48.95
6x8 102.7 111.7 1072 152 19.2 17.2 61.0 1.6 66.3 397 44.3 92.6 52.6 48.7 50.7
7x8 82.6 93.0 87.8 172 23.13 2017 66,7 76.0 68.4 370 45.03 41.0 57.3 53.3 553
L.8.D. 5% 2.78 2.57 1.66 1.765 1.188 1.926 3.23 2.865 3.08 2.469 3.03 2.749 2.256 2309 2.283
LS.D. 1% 3.66 342 3.54 2.21 1.581 189 4.38 3.1 4.06 3.28 4,03 3.65 100 3.07 3.04

I = Normal irrigation, Il = one ir_r?gatinn {stress), C = the combined analysis
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The mean squares for combining ability GCA, SCA ratio for the
studied traits in both irrigation treatments and the combined analysis are
presented in Table (3). The mean squares associated with general and
specific combining ability were significant for all studied traits. The results
showed that, with the exception of kernels/spike in both irrigation
treatments as well as the combined analysis, high GCA/SCA ratio, largely
exceeding the unity were obtained for all studied traits, indicating that the
fargest part of the total genetic variability associated with those traits was of
the additive type of gene action. For the exceptional cases, however, non
additive type of gene action seem to be more prevalent. These results are in
general agreement with those previously reported by Chowdhry er al (1996).

The mean squares of interaction between irrigation treatments and
both types of combining ability were significant for all traits indicating that
the magnitude of all types of gene action varied from irrigation treatment to
another. 1t is fairly evident that ratios for SCA x irrigation/SCA was much
higher than ratios of GCA x irrigation/GCA for plant height and grain yield
plant. Such results indicated than non additive gene effects were more
influenced by the irrigation treatments than the additive genetic ones.
Specific combining ability was studied by several investigators to be more
sensitive to environmental changes than GCA (Gilbert 1958).

Kheiralla (1994) and Darwish '(1998) found highly significant
differences among genotypes under water stress treatments and their
interaction for all the studied traits (yield and yield components).

Estimates of GCA effects (g; ) for individual parents for each trait at
stress and normal irrigation as well as the combined analysis are presented
in Table (5).

Highly significant positive values would be of interest for all traits
studied except plant height in question from the breeding point of view.

The parental line (1) expressed significantly positive g; effects for
1000-kernel weight in both irrigation treatments as well as the combined
analysis, no. of kemels/spike in normal irrigation and the combined
analysis, and grain yield/plant in normal irrigation. However, it gave
significantly negative §; effects for plant height in both irrigation
treatments and the combined analysis.

The parental line (2) expressed, significantly, positive g; effects for
1000-kernel weight no. of spike/plant and grain yield in stress irrigation and
the combined analysis. However, it gave significantly negative g; effects
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Table 5. Estimates of general combining ability effects for all studied traits.

Parents Plant helght No. of spikes/plant No. of kernels per spike Grain yield/plant 100 kernel weight
1 11 C 1 I1 c i Il C 1 11 C I 1 C
Py -1.808** | .1 325* [.1.5665+*{ -0.0466 | -0.3583 | -0.2088 | 3.916** | .1.3666* [1.2747** | -1.733* | 3.033** | 0.55 [24.583**13.283** |18.933+*
| -2.008** |.1.7583% 18831~ 132.853** | (.09166 (1.1972**1 0.5166 | 3.1+ | 1.808** |1R766%* | -6.166** | 6.3** [10.216**{5.7833~*]2.1663+*
| 1.4916% | 1.6083** [ 1.5499*+ | 0402 | 0.5083* | 0.2441 [-1.7833**| _3.5** |_2.654** |-165.83**| -16.9*" |-16.866**| -6.916%* | 1.2833** [ .2.8163++
Py 0.0083 | 11467 | D.5666 | 0.5866 [ 03783 | 0.0541 | 1.3166* | 1.70%* | 1.508*" | -6.433"" | -0.666 |-3.5495**| 4.9%** (R.0839*" | 1.5666%*
Ps -2.875% | 2425 | -2.65** | -0.5466 | 1.225** | 03392 | 1.983** | 1.166* |1.85745%*].7.867%* { 9.533** | (.833 (-7.683**| 245+ |.50665*"
Ps 2.9916* | 1.7416** | 2.366%* 0,12 |-0.738%¢ | -0.42% | -3.183%* | -2.566** |-3.0245%*| 20.70** | -2.966%* | 8.867** | -1.35** | -6.116** | -3.733**
P, 0.725 | 0.14166 | 0.4333 <0133 | -0.545+ | -033% |-1.5166*) -0.033 | -0.7748 |-12.566**]10.433*~] -1.2165" | -04166* |} 135+ 04662
Py 14916** | 0.875 1.183* 0.14 |-0.5216* | 0.3308 | -125* | -0.9333 } -1.0915 | 6.266** | 3.70~* | 4.983** [-13.383**| D.45*» |.11.4165
L.S.D. g 5% 0996 0,932 0.964 0,605 0430 0.516 1171 1.838 1,10 0.894 1.097 0.965 0817 0.8336 D.826
LSd. g1% 1.361 1.239 1.30 0.802 0.578 0687 1.587 1.38 1.468 1,189 1.45 1.32 1.087 1113 1.1
E:S.d. (Erg) 5%| 1.507 1.408 1.45 0912 D.651 0.782 1.77 1.569 1.67 1352 1.659 1.505 1.236 1.265 125
S.d._gu) 1%] 2.00 1,873 1.94 1.213 0.866 1.04 2,38 1.66 2.520 1.7898 | 2.0006 2,002 1.644 1,682 1.663
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for plant height in both irrigation treatments as well as the combined
analysis.

The parental line (3) expressed significantly positive g; effects for

no. of spike/plant and 1000-kernel weight in normal irrigation. The parental
variety Sham 6 (4) seemed to be the best gene combiner for no. of
kemels/spike in both irrigation treatments as well as the combined analysis,
1000-kernel weight in normal irrigation and the combined analysis.

The parental line (Ps) expressed significantly positive g; effects for

no. of kernels/spike in both irrigation treatments and the combined analysis,
no. of spikes/plant in grain yield in normal irrigation.

The parental variety SK 8 (Ps) expressed significantly positive g;
effects for grain yield under stress. irrigation and the combined analysis.
The parental variety Giza 157 (P;) expressed significantly positive §;
effects for grain vield and 1000-kernels weight in normal irrigation.

The parental variety Sk 69 (Pg) seemed to be the best combiner for
grain yield in both irrigation treatment and the combined analysis.

Specific combining ability effects of the parental combinations
computed for all traits in both treatments of irrigation as well as the
combined analysis are presented in Table 6.

For plant height, fifteen, twenty one and seventeen crosses had
significantly negative (Sij) effects in stress, normal irrigation treatments as
well as the combined analysis, respectively. The best combinations were P;
x P3, Ps x Ps and P; x Pg for number of spikes/plant. Eight, fourteen and
eight crosses had significantly positive (Sij) effects in stress, and normal
irrigation treatments as well as the combined analysis, respectively. The best
combinations were Py x Pg, Py x P4, P2 X P3, P3 X P7, Ps x P7, Ps x Pg and P7 x
P; (Table 7).

For number of kernels/spike, eight crosses had significantly positive
(Sy) effects for each of stress, and normal irrigation treatments as well as the
combined analysis. The best combinations were Py x P3, Py x P, P x P53, P
x Pg, P& x Py and P x P2,
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Table 6. Estimates of specific combining ability effects for all traits in beth irrigation treatments as well as the combined analysis.

Genotypes Plant hel No. of spikes/plant No. of kernels per spike Grain vield/plant 100 kernel weight
1 II C I i C 1 11 C I I C I 14 o)
Pix P2 -11.45*» =209 -6.75** | 1,982* 201>~ 1,99+ -0.08 1.013 0.466 -1.696 | -5.01** | -3.35* 0.58 3886~ 2.23*
PixF3 0086 | -3.78* 1 -1.94 0145 | -1.91*+ 1.3 110.886*% | 9.946%* | 10.41** 193 -73 0.598 | -338* | 4442 | 3914
Pix P4 3587 | -3.66%~ | 0.036 | 2.348*~ | 1.91** 2.13%* 1.786 -1.586 0.10 -1.809% 0.81 0,449 | 4.0864* 2.48+ 3.28**
P1xP5 1453 |(-5426**} -1.986 0.548 1.24** 1.39* 4.12% 0.946 .53 8.9 642 765 3.06%+ 0.866* 196
PixPé 1.587 1.522 155 0.222 -0.53 -0.154 | 7.62*% [13.646** | 10.63** | 4.21** -0.56 1.83 1.626 | 2.233* 1.92
P1xP? -3.48*% | -633** | -4.905* | 2.268** 0.61 1.439* 2.62 -2.186 0.217 -1.49% | 6.532%* 2,52 676 382 5.29%
PixPs -0t | 1073 | -8.32%% | -1.291 | -2.48** | -1L.B8* -2.65 | B6.62%% | A4 | 5540w | 700% | 53100 | 4.796% | 423%* | 4.5
P2x P3 -B.046%% | -11.3%% | 9.54%* | 3,622+~ | 2,923** | 3.272+* 328 6.213%% | 4.75%% | K47 | 9.95%% | .79~ 9.16** 4.43* 6.79%*
P1xP4 -7.55** | -4.56** | -6.06** | -E.118 |-1.6%6**| -1.39* 0.146 | 6.013*= 2.93 -5.392%% | -8.72%% | 556 -0433 6,07 281
P2xPs 588 | L7994 | -6.94* | -1.751*% | -3.526%* | -2.64*~ | 4.85** 1.546 | 3.19** | 2.184* -2.76 -0.288 | -10.16 | -5.87** | -8.01**
P2xPé6 112 -383er | -1.36 0111 | 227+ 1.08 3.686* 0.913 229 1.227 2.926 .99 377 | 3.6 | 3.464*
P2x PT -2.946%* | -5.56%* | -4.25** | -1.164* | -2.79** |-1.977** | 0.028 | -1.746 | -0.882 | 4.15%* | 695" | 555~ <272 -2.97%% | 282
Pzx P8 ~4.71%% | 429 | 4.5 1075 | 1.55*+ 1113 -2.58 1.313 .63 1.73 -1.84 005 | 6.543** |.5.173** | 0.68
P3xP4 -3.08%% | 574 1.35 0.388 - 507 A.059 | -0.846- Q.28 -028 6.46** | £.90** | 6.68** | -1.13** | 1.013 -0.058
P3xPS -1.B46 | -6.69% | -4.24%* -0.045 | 1.656** 0.80% 5513+~ | -5.18*% | 535 0.772 535 3.06* 6.176%% | 9.73* T.A5*
P3IcP6 -0.713 | -S83% | 3,02% | -1.038 | 2586 | 0.721 |-5013** | -BdA8** | L7854 | 637 192 -22 -1.223 | -2.23* | -4.73*
P3IxP7 S8.043% ] 48590 | 6354 | 3775 | 499*~ ; 4.38** | -8.01** | 9.65* | -B.83I** ;i 0177 | -794** | -3.838%* | 405 | 455 | 4.31**
P3x P8 -58B** | .933%* | .7.61*" | -0.B85 |-3.296%* | -2.09** | 10.72** | 9.22%* | 9.97*~ |.0.602** | -11.36** | 8.96** | -0.653 11 0.22
P4x PS5 -0.346 [ -4.56% | 2453 | -1.284 | -3.79%* | 2.54%* | 2.053 195 200 {-7.896%% | 31T+ | 853+ 1.2% 0.053 0.65
P4z P6 -15214* | .9.38=~ | 12.3** 0.978 | -1.56** .27 0.22 2.02 -0.9 -4.38%% | 4.6%* [ -4.22** | 03238 | 1.086 0,702
P4x P7 -1.95 | -579** | -3.87** | 0.968 -1.48* 1.22 3228 ] 3893 | 3E2ax | 276370 | -0K3 -1.796 | 7.18** | 8.00** | 7.59~
P4x PB -11.384 | 953 | -10.45** | 0.042 | 5.023++ | 2,53** | -0.838 -5.28 -39+ | 3324 | 6976** | 5.1+ 0.15 358+ | 171
P5x P6 -1.68 249+ -2.08 1.2555 | D.027 0.641 1.553 -2.486 -0.47 | 0.724%+ | 3.10* 1.94 5220 1.806 | 3.51**
P5x P7 4.253 %= 2,77 351+ 1.802*% | 3.143** | 2.473** 1.886 3.68** 2,78 -0.219 1.45 .61 0.793 3.14*~ 1.96
PSx P8 6153+ | 3.706** | 4.9** | 2.408** | 1.95*= | 2.18** | -1.04% | 6.56** 278 -2.233 | 3.59* 0.678 |-6.576*| -2.86 | -4.71**
P6x P7 -5.946%* 1 639%* | 617 | 0109 1.193 0.542 | 5386 | 10.38*> | 7.88*% | -2.t4 | -2.93* 2.52 249 | £24** | -1.87
P6x P8 7.95%+ | 11.21** | 958+ | {(.248 -1.083 | -0.418 0.453 -1.72 -0.63 |} 6.646** | 3.406* 5.3+ -121 | 3173 0.98
P7x P8 -9, 784+ 2176 | -5.77*~ | 2.262°* | 2.950** | 2.61** | -0.141 -0.22 -0.18 7.30%* 2.766 | 5.03** | 3363 | 7.993** | 5.678**
r..S.D. (SH) 5% | 2.653 2482 2.567 1.608 1.147 138 3.123 2.768 294 2.384 2.925 2.654 2.179 .23 220
1% | 3.526 3.30 3.41 2.14 1.525 1.83 4.15 3.68 391 2.172 3.8 3.03 2.899 2.966 2.93
L.S.D. 5% | 3.69 345 EX ) 2234 1.594 191 433 3.84 4.08 3.3 4.06 32.68 3.03 3.0 3.06
§~i]-8Mk) 1% [ 4.91 4.588 4,75 .97 2.12 2.54 5.76\ 511 544 4.40 5.04 4.7¢ 4.03 4,12 4.07
L.S.D. S% | 4.5 %225 437 2.736 1.97 2.35 213 1.953 234 5312 4.709 501 4.054 3.79 3.92
54f-$ k1) 1% [ 6.01 5.62 582 3.64 2.62 3.13 3.638 2.598 3.118 7.068 6.26 5.66 5.39 5.05 522

*, **gignificant 0.05 and 0.01 level, respectively.
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Table 7. Mean squares from analysis of variance, general and specific combining of
susceptibility index for all studied traits.

No. of splkes No. of Grains 1000-kernels
S.0.V. D.E. | Plant height plant kernelsispike | yieid/plant welght

Replication 2 0.010 0.009 0.082 0.020 0.088

Genotypes 35 1217+ 0.180+* 0.278** 0.484** D975

Parents 7 1.600%* 0.282%* 0.132%~ 0.437** G111

Crosses (FS) 27 1.083** 0.140* 0325** 0.512*+ 1.238*+
P.V.S. 1 2.100%* 0.510** 0.018 0.059 0.002

G.CA T 0.326** 0.286+* 0.503*+ 0.650** 0.472%*

S.CA 28 1438+ 0.155** 0.225%* 0.442%* 1.100**
Errvor 70 ! 0.026 0.029 0.027 0.025 0.034

For 1000-kernels weight, fifteen, fifteen and eleven crosses had
significantly positive (S;) effects in stress, and normal irrigation treatments
as well as the combined analysis, respectively. The best combination were
Pix P4, Prx P';, P x Ps, Pg X Ps, P2x Pﬁ, P3x Ps, P:; X P7, P4 X P7 and P-,r X Ps.
Regarding grain yield/plant nine, ten and seven crosses had significantly
positive (S;) effects in stress, normal irrigation treatments as well as the
combined analysis, respectively. The best combination were Py x Ps, P, x P,
P; xP7, Py x Py, Py x Py and P; x Po.

Two of the previous crosses (P4 x Pg and Pg x Pg) had two good
combining parents and the other four crosses involved only one good
combiner. Such combinations would show desirable transgressive
segregates, providing that additive genetic system present in the good
combiner as well as the complementary other epistatic effects present in
these crosses, act in the same direction to reduce undesirable plant
characteristics and maximize the character in question.

Genetic analysis of the susceptibility index

Mean squares of genotypes and its components for drought stress
susceptibility index (DSI) were significant for all studied traits except mean
squares due to parents vs. crosses for no. of kernels/spike, grain yield/plant
and 1000-kerne] weight.

The variance associated with GCA and SCA for susceptibly index
were significant in all traits, To get an idea about the predicted performance
of a single cross progeny in each trait, the relative magnitude of general to
specific combining ability mean squares may be helpful. High ratio, which
- exceeded the unity, was obtained for DSI in number of spikes/plant, no. of
kernels/spike and grain yield/plant, indicating that largest part of the total
genetic variability associated with those of DSI in the three traits was a
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result of additive and additive by additive types of gene action. However,
for plant height and 1000-kernel weight, low ratios, which were less than
unity were detected for DSI, revealing that large part of the total genetic
variability was associated with these traits due to the non additive type gene
action.

The mean performances for DSI of all genotypes calculated for all
studied traits are presented in Table 8.

The previous index was used to estimate the relative stress injury
because it was counted for variation in yield potential stress intensity. Low
stress susceptibility (LSS) < 1 is synonymous with higher stress resistance
(Fischer and Maurer, 1978), Farshadfar ef of, 1995 and Darwish 1998.

Application of DSI over both, irrigation levels (stress and normal)
indicated that ', P4, P7, Pg and eighteen hybrids had resistance to the stress
irrigation condition for plant height, respectively. The best crosses were P; x
Py, PixPs, PaxPs, P3xPs, PsxPsand P3 x Py in the same order.

Regarding DSI for no. of spikes per plant, P, Ps and Pg and twenty
hybrids had resistance of stress irrigation respectively. The best crosses
were P; x P; and Ps x Py in the same order.

Three parents P4, Ps and Ps and fourteen crosses had the desirable
DSI for no. of kernels per spike respectively. The best crosses were P; x P3,
P] X P4, P] X Ps, P] X P';r, P] XPg, Pz X Ps, Py XPg and Psx PG, in the same
order. Regardirg grain yield/plant , the four parents Pz, P4 (Sham 6), Ps, and
(Ps) SK 8 and sixteen crosses had low susceptibility of stress irrigation,
respectively. Also, the best hybrids for resistance to irrigation stress were Py
x P2, P; x Py, Py X Ps, P3 x P7 and Pg x Pg in the same order.

Estimates of GCA effects §; for individual parents per each trait of

(DSI) are presented in Table (9). Highly significant negative values would
be of interest for all measurements of drought susceptibility indices in
question from the breeders point of view.
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Table 8. Genotypes mean performance of susceptibility index calculated for all studied

traits,
Genotypes Plant N&. of No. of kernels | Grain yield por | 10080-kernels
heipht spikes plant per plant plant weight
P, 1.78 1.49 1.53 125 1.207
P 9.300 1.01 118 0.723 1.00
P, 1.26 1.21 0.95 1.03 1.493
P, 0.846 0.727 0.83 0.52 1.073
Ps 2.82 153 0.92 0.876 1.08
- 0.518 0.747 1.4 0.56 1.017
P, 10.936 128 1.12 1.42 Rd6
Py 0.800 0.947 0.743 1.25 0.99
ix2 2.48 8.8% 1.016 0.54 0.864
1x3 0.590 0.91 0.526 0.89 1.407
Ixd 0.27 0.786 0.53 1.3 110
Ix5§ 0.24 137 0.443 0.823 132
£x6 1.29 0.883 1.126 0367 1.083
1x7 0.66 0.67 0.526 1.0 135
Ix8 0.396 0.8% 0.536 1.03 L09
213 0.743 0.78 1.213 0.983 1.58
1x4 1.66 0.78 1.53 0.93 0.229
2x5 0.346 1.08 0.80¢ 0.48 1.686
2x6 9.227 108 1.00 0.67 1.31
2x7 0.642 0.87 141 1.05 133
218 1.07 0.80 1.49 0.43 3.9
3xd 214 0.813 0.99% 0.593 0.483
3xS§ 0.473 1.41 0.906 1.436 0.353
3x6 0.22 1.41 0.743 1.52 0.3n
3x7 145 1.06 1.023 0.551 0.869
3x8 0.52 0.853 0.713 0.747 0.667
415 0.746 0.863 0.5%6 1.766 4.930
436 1.87 0.80 0.91 0.966 1.204
4x7 0.597 0.836 1.12 1.457 0.626
418 1426 1.42 139 1.18 138
£16 a.75 0.9% 0.663 107 1.417
5x7 0.786 1.27 1.13 1.42 0,703
5x8 0.64 0.96 1.473 1.513 0.481
6x7 0.73 0.8%6 1.416 0.963 1.505
6x8 104 0.733 0.936 0.403 0.483
7x 8 1.43 0.880 1.276 0,686 0.435
L.SD. 5% 0.263 6278 0.268 0.258 0.301
L.SS. 1% 0,350 0.369 0.357 0.343 0.4¢
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Table 9. Estimates of general combining ability effects of susceptibility index calcnlated

for all studied traits.
Parent Plant No. of spikes | No. of kernels |Grain yield per| 1000-kernet
height pler plant per apike pHant welght
F, 0.5525%* 0.41°¢ 2195+ 04045+ | 0.8575%
P 0.71825%%. | 075334+ 1.895* 217716+ 2.323%*
P, 0z414%+ .62+ 0915 0.06616 -1.0308%*
P 1.5016%* 1.06% 0.0916 0.40783% | -1.66916%+
Ps 07219+ 1,923+ 007716 1.536%* 071816+
Pe 17304 0,706 0.0592 19645 0.6538**
P, 074340+ 0.01 1.2116% 19878+ | 028616+
Py 078475 | 04437 -0.03166 02296** | 0.16283%=
= i% | 00959 0.1007 0.097 0.0935 0.109
YBi LSD.( e, | 927 . 01339 0.129 0.124 0.145
= = % 0144 0.152 0.146 0.141 0.0165
LED.(Zi-8)) 1% | o1 0202 0.195 0.187 0219

*, +*significant 0.65 anil 0.01 level, respectively.

The parent (P;) showed significantly negative g; effect of DSI for
no. of kernel per spike. While, the parental line (P2) seemed to be the best
combiner for DSI in no. of spikes/plant and grain yield. The parental line
(P5) showed significantly negative g; effect of DSI for plant height, no. of
spikes/plant and 1000-kernel weight. However, the parental variety Sham 6
(P4) showed significant DSI for no. of spikes/plant and 1000-kernels weight.
The parental line (Ps) showed significantly negative DSI for 1000-kernel
weight. The parental Sakha 8 (Pg) showed significant negative effects for
no. of spikes and grain yield.

The parental variety Giza 157 (P;) expressed significantly negative
g; effects for drought susceptibility indices with respect to 1000-kernel
weight. The parental cultivar Sakha 69 (Ps) gave significantly negative
g; effects for four traits studied except no. of kemels/spike.

It could be indicated that parents P;, Ps, and Ps could be considered
as good general combiners for grain yield and most of its components. Also,
the parental cultivars Sham 6 (P;) was the best general combiner for drought
susceptibility incex in number of spikes per plant and 1000-kernel weight.

Specific combining ability effects of the parental combinations for
drought susceptibility index of all studied traits are presented in Table (10).

For plant height, fourteen crosses expressed significantly negative
Sij effects. The best crosses were P1x P 4, Py x Ps, P2 x Ps, P2 x Ps and P7xPs.

The cross (P} x P7) exhibited significantly negative S; effects for
DSI of no. of spikes/plant. For number of kennels/spike, seven crosses

266



expressed significantly negative Sy effects. The best crosses were P1 x Ps,
P1 xPsand P1 x P+.

Seven crosses exhibited significant §;; effects for DSI of 1000-kernel
weight. The best crosses were P2 x Py, P; x Pg, P x P and P; x Py,

Table 10. Estimates of specific combining ability effects (S5ij) for drought
susceptibility index calculated for all studied traits.

Genotypes Plant No. of No. of kernels |Grain yield pex} 1000-kernels
hetght spikes per plant plant weight
plant
SI
PixP2 134+ 0.067 0.049 0.415%* -0.539%=
PixP3 0.43e> -0.191 577w 0.13% 0.338*
P1xP4 -0.926%=- -0.146 -0.403** 0.512% 0.09
P1xPS 0.875%= 0.135 £.792= 0.108 0.221
PixPs 0.4194+ -0.085 0.154 -1.267 0.154
P1xP7 0,313+ D31 -0.517** 0.786%+ 0.205
Pis P8 A.S5TL* 0.098 -0,462%% 0.238 -.066
P2xP3 -H295% 0204 0.225 -0.128 0.365"
Pzx P4 04474 0.036 0.709+* - .280* -0.921**
P2x P5 .78 -0.115 0.312 0.643+* 0.441%*
P2x P6 -0.662~* 0128 0.145 £.599++ -0.073
P21 P7 0.342=* -0.050 0.483*+ £0.273 0.038
P2x P8 0.086 -0.078 0.608** 0,774 1791**
P3x P4 1,023+ £.140 0.03% -0.336 -0.333
P3IxPS L1101~ 0.161 H0.349%* 8594 -0.557
PIxPe 0.573%* 0.418** 0.24% (.585= -0.99%*
P3xP7 05544+ -068 -0,041 A48+ -0.007%
B3x P8 -0.368%* -0.162 -0.308* £.243 -0.298*
P4x P5 0,467+ -0.22 019 0823+ 10835
PaxP6 09052+ -0.021 0.085 £0.119 02198
P4x 7 D471 -0.056 0020 0.315~ -.2663
P4x PR 0.364** -0.042 0,539+ 0.089 0.487**
P5xPé -0.013 -9.211 -0.64 0.07 0337+
PSx P7 -0.203 0.012 -0.064 0.353** -285
PSx P8 0345 -0.186 0323 0.046 -0.047
P6x P7 0.0044 -0.031 Q. 4854 -0.235 1.38**
P61 P8 0306+ £0.150 0.050 -0.743=* -.06853%*
P7x P8 0.587%* 0.074 0.318* £.514%* -0.068**
D. (8 5% 0.254 0.0268 0.2592 0D.249 0.291
1% 0.338 0.356 3.345 0.332 0386
L.S.D. (5¢5a) 5% 0.353 0.343 0.360 0.345 0.484
1% 0.469 0.496 4478 0.461 0.537
L.S.D. (S8y-Sy) 5% 0.433 0.457 0441 0424 0.496
1% 0.575 0.607 0.586 0.564 0.658

+, =*significant 0.05 ard 0.01 level, reapectively.
Regarding grain yield, the crosses P1 x Py, P; X Py, P3 x Py, P3 x P,
P3 x Pg, P¢ x Pg and P; x P; exhibited significantly negative S;;.

Stress resistance genotypes, as defined by DSI values, need not have
a high yield potential since drought susceptibility index provides a measure
of resistance based on minimization of yield loss under stress rather than on
stress vield per se. Genotypes identified as stress resistant using DS, should
possesses resistance mechanisms, which may need to be incorporated into
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germplasm with higher yield potential for development of high yielding
stress resistant cultivars. '

REFERENCES

Abdalla, M.MLF., D..S. Darwish, M.M. El-Hady and E.H, El-Harty {1999).
Investigation on faba beans, Vicia faba L. 12- Diallel crossed materials
grown under cages. Proceed. First Pl. Breed. Conf. December 4, Giza,
Special Issue of Egypt. J. Plant Breed,, 3: 213-229,

Afiah, S.AN. (2002). Genctic parameters and graphical analysis of F, wheat
dialle! cross under saline stress. Egypt. J. Genet. Cytol. 31(2) In Press.

Chowdhry, M.A.,, M.T. Mahmood and 1. Khaliq (1996). Genetic analysis of
some drought and yield related characters in Paldstam spring wheat varietics,
Wheat Information Service 1996 No. 82, 11-18.

Darwish, L.HI. (1998). Breeding wheat for tolerancc to some environmental
stresses. Ph.D. Thesis, Fac. of Agric., Menufiva University.

Farshadfar, E., B. Koszegi, T. Tischner and J. Sutka (1995). Substitution
analvsis of drought tolerance in wheat (Triticum aestivum L.). Plant
Breeding 114(6): 542-544.

Fischer, R.A. and R. Maurer (1978). Drought resistance in spring wheat
cultivars. 1- Grain yield responses. Aust. J. Agric. Res., 29: 897-912.

Gilbert, N.E.G. (1958). Diailel cross in plant breeding. Heredity, 12: 477-492.

Gomaa, A.S.A. (1999). Wheat improvement in Egypt: History and future
prospects. Proc. 1% Pl. Breed. Conf. December 4, Giza, Special Issue of
Egypt. J. Plant Breed. 3: 1-14.

Grififing, J.B. (1956). Concept of gencral and specific combining ability in
relation to diallel crossing systems. Australian. J. Biol. Sci. 9: 463-493.

Kheiralla, K.A. (1994). Inheritance of carliness and its relation with yield and
drought tolerance in spring wheat. Assiut. J. Agric. Sci. 25(5): 129-139,

Sadiq, M.S., K.A, Siddiqui, C.R. Araln and A.R. Azmi (1994). Wheat breeding
in a water-stressed environment. I. Delineation for drought tolerance and
susceptibility. Plant Breeding, 113(1): 36-46.

Snedecor, G.W. and W.G. Cochran (1980). Statistical methods. 7% ed.) Iowa
State Univ. Press, Ames. lowa, USA.

Yadav, R.K, and R K. Mishra (1993). Genetic analysis of wheat varieties for
yield and its components under mainfed conditions. Agric. Sci. Digest.
(Karnal), 13(1): 6-8 (C.F. Plant Breeding Abst. 65: 5891 (1993)

268



el dgaifly gl 5 0 ildlaa Ciad D gab (B Aglah cagd Gl
g pall g e skl
4 il Analn ¢ 401530 A8 ¢ uooladd s
G G A i 6 TR o Auataly Lalad 60 A0 P Sl b Gty
& S (Ao AT 1o el (B Sl g e LBy Ae Sy Cikidl A Gy A il
4y Aty (Al dga¥l) Blaly du; gy BB & paiy Aot 3 Ay 3 AdLdiY (b i) <y
g pbf Jaskli Kay Agh Aabbuadd) Clhual e day g il i grad Jpusane hiual dllly de1 3
Tk b
M Alpaall Clhal ARSI gine il o Luali y Adad 5000 oo IS o ) OAGD Gt
MﬁJMMMwJ‘M‘M“‘ g fdal Juladll dlisy o N Aldaa
<ol van A g pSad SN
AS A Ul (0 cgald axe lheal Cilih e Al 50 b sUTE peaad () L Chluad (RS- ¥
i il 5 LS gapulill o0 B dua Voo s Al & dal ladh dling o 0 Aldaa
el sy & Sakad Jylaih dfisy dad dga¥l B ipead Jpona Abuad iy e Leill A
o il Jpladh dBSy ooy jaal NS b copiall S Ahaad Liagas L gise LilS 14 Liv il
Juiath g (PsX P) « (Pox Ps) ¢ (Ps XPo} < (P2 X P} o (P2 x Psj o (Py 2 Ps) o s
ol ity s ) (ldan (3a IS (A Auad a8 Cad ok
dyeanad slall ekl Surad A8 4 59 4S5 111 QRS A Al Al i) cplamany— ¢
« (PraPy) ¢ (PyXPy) ¢ (Ps X Py) oagd 030 ol CuiSy A Labbiaal Cilinall pliney cogiad
(P2 Ps) « (Pyx Py)
Al Acag el Clheal JOI A4 gine Cillid o dealil y Adlall 8 R0 oo JS gl A oS-
Chial s Juall Py, P, Pz oUW ) (S dgadld Lndinad) o cililpd 3 90 Julaid gl
19 SRl JRiaad bl 2L Sl Py Y (AS 1S ¢ daug jtad cilieal plimss o gyadi (§gsaae
s Ay Gl e dpding dLali B0 Sl d Angs B LT 034 S G LS e i)
il LA Jadl A gl ARG OSas ¢ dpeanall qupgall slaih o 2 gtall ARAE Y jad igday
ol dga¥t Lyl

Voot ol 17 5 -l Ly 30 SR jaTiedl alpe
(el s3e) YT4=Yor if1) v Clidll Ly it &y juand Lnaf

269





