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ABSTRACT

All possible crosses (excluding reciprocals) were made between ten maize open-
poilinated populations (differing in droughi tolerance) in 1999 season. In 2000 season, the
parental populations and their 45 F)'s were evaluated in two sowing dates under water-
stress and non-stress conditions {at flowering stage) at the Exp. Sta. of Fac. of Agric., Cairo
Univ., Giza. The objectives were to study performance, combining ability, type of gene
action, heterosis, heritability and expected selection gain for drought lolerance in
populations and their Fy crosses. Estithates of heterobeltiosis were higher in magnitude
under water stress than under control. Maximummn heterobeltiosis for grain yield (38.61 %)
was reached under stress by the cross Cairo-1 X BS-11. General (GCA) was greater in
magnitude than specific (SCA) combining ability variance for all studied traits under both
control and water-stress conditions. GCA variance was more affected by sowing dates than
SCA variance under both stress treatments. Giza-2 and C-87 populations were the best
general combincrs for increasing grain yield of hybrids under stress and control treatments.
The crosses Giza-2 x Tuxpeno, Cairo-1 x BS-11 and Giza-2 x Cairo-1 are supertor in SCA
effects, per se performance and estimates of heterobeltiosis for grain yield under stress and
non-stress conditions and therefore were recommended for use in maize drought tolerance
breeding programs. Variance components estimates were several times larger for additive
(5°4) than for dominance for all studied traits, except ears/plant under control and rows/ear
and grain vield under stress. Degree of dominance was partial in most cases,
Overdominance was manifested by ears/plant under control and rows/ear under stress.
Complete dominance was shown by grain yield, kernels/row and 100-kemnel weight under
stress. No dominance was exhibited by ASI under control and stress and ears/plant under
stress conditions. Heritability ia the narrow sense (h,) under stress ranged from 20.8 % for
ASI to 47.5 % for kernels/row. Estimates of h,, under control were higher than those under
stress for all traits except ASI and ears/plant. Genetic advance estimates from direct
selection under control were higher than those under water stress for grain yield and 100-
kerne! weight. The opposite was true for the rest of studied traits. Predicted gain from direct
selection in ope environment was greater than from indirect selection at another
environment for all studied traits. In none of the studied cases was selection for a secondary
trait predicted to be more effective in improving grain yield than direct selection for grain
yield. Under water stress, responses of grain yicld to selection for ASI was predicted to be
larger than responses of grain yield to selection for any other studied trait, suggesting that
ASI is a valuable adjunct in increasing the efficiency of selection for grain vield under
slress.
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INTRODUCTION

Developing drought tolerant varieties of maize (Zea mays1..) is of
important for the successful production of this crop in the newly reclaimed
lands of Egypt, where irrigation water is limited and soils have low water-
holding capacity.

Information about combining ability and type of gene action of traits
related to drought tolerance are necessary for maize breeder to design an
appropriate breeding programme for improving drought tolerance. If the
estimate of general combining ability (GCA) or additive genetic variance is
of major importance the most effective breeding procedure would be the
intrapopulation selection, whereas a hybrid program may be appropriate if
specific combining ability (SCA) or non-additive variance i1s the major
component (Cockerham 1961). Diallel analysis provides information on (1)
the nature and amount of genetic parameters and (ii) general and specific
combining ability of parents and their crosses, respectively (Singh and
Chaudhary 1999)

Published work on the combining ability, heterosis and type of gene
action of maize traits under water-stress conditions is generally lacking.
Some reports indicate that estimates of additive genetic variance, heterosis,
heritability and expected gain from selection are higher under stressful
environments (Mashingaidze 1984, Younis ef a/ 1988, Sharma and Bhalla
1991 and El-Sayed 1998). Others showed that these genetic parameters
increased under optimum environments (Allen ef al 1978, Blum 1988 and
Bolanos and Edmeades 1996).

Open-pollinated populations of maize are an important source of
extracting elite inbred lines to be used under water stress to develop
improved drought tolerant single and three-way cross hybrids. All possible
crosses (except reciprocals) were made in this study among ten local and
exotic open—pollinated populations of maize differing in drought tolerance.
Populations and their Fi’s were evaluated under water-stress and non-stress
conditions at flowering stage. The objectives were: (i) to evaluate the per se
performance of populations and their Fy’s under two irrigation regimes, (ii)
to determine combining ability, heterosis, type of gene action, heritability
and predicted selection gain under water-stress and non-stress conditions
and (iii) to identify the best populations, and F,’s which could be
recommended for breeding droughr tolerant maize hybrids.

MATERIALS AND METHODS

In 1999 season, ten maize open-pollinated populations viz., Giza-2,
C-87, DTP-1,DTP-2, Cairo-1, BS-10, BS-11, BS-26, Tuxpeno and Pool 27
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(DTP-1, DTP-2, Tuxpeno and Pool 27 were obtained from CIMMYT-
Mexico, BS-10, BS-11 and BS-26 from Dr. A.R. Hallauer, lowa State
Univ., Ames, USA, Cairo-1 and C-87 from Agronomy Dept.. Fac. of Agric.,
Cairo Univ,, and Giza-2 from ARC, Giza, Egypt) were grown and all
possible crosses (excluding reciprocals) were made between them at the
experimental farm of the Faculty of Agriculture, Cairo Univ, Giza. To
insure good sampling, a minimum of 40 plants were used as male parents
and 40 plants as female parents for each cross. Seeds from female plants of
each cross were then mixed, and 45 inter-population crosses were produced.

In 2000 season, the parental populations and 45 population crosses
(a total of 55 genotypes) were field evaluated at the Experimental Station of
Fac. of Agric, Cairo Univ., Giza under drought stress and non-stress
environments in two sowing dates. The first date was on May 14 and the
second was on June 3. The experimental design used in each sowing date
was a split-plot design with three replications. The two soil moisture
regimes (control and stress) at flowering stage were alloted to main plots
and genotypes to the sub-plots. Each sub-plot consisted of one row 6 m long
70 cm wide. The recommended practices for maize production were used.
The trials were harvested after black tayer development.

The data recorded were: anthesis-silking interval (ASI), number of
ears/plant, number of rows/ear, number of kernels/row, 100-grain weight
and grain vyield/plant adjusted at 155 % grain moisture. All yield
components were measured on 5 guarded plants/plot, while ASI was
measured on a plot basis as the number of days between 50 % anthesis and
50 % silking.

The ordinary analysis of variance of a split plot design at each
separate sowing date and the combined analysis of variance over the two
sowing dates were done according to Steel and Torme (1980).
Heterobeltiosis (%) was computed as a percentage of F; superiority over the
better parent. General (GCA) and specific (SCA) combining abilities were
estimated according to method 2, model I (fixed model) of Griffing (1956)
over two sowing dates for each soil moisture regime.

Variance components (additive and dominance variances) were
estimated according to Cockerham (1961). Heritabilities in the narrow (h?,)
sense were estimated according to Haltauer and Miranda (1988). Genetic
advance (GA) from direct selection was calculated according to Becker
(1984) and GA from indirect selection was estimated according to Falconer
(1989). Genetic correlation (ry) used for GA calculation was estimated from
two variances (67 and 6°;) and the covariance (c’j), i.e 17~6"3/(0°6°%).

ic 9

Average degree of dominance “a” was calculated from the following
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equation: a = (c’p/ 6° A)uz‘ The estimates of “a” were used to determine the
type of dominance, as follows: a == 0 indicates no dominance, a <=1
indicates positive or negative partial dominance, a =+ 1 indicates positive
or negative complete dominance ard a >+ 1 indicates positive or negative
over-dominance.

RESULTS AND DISCUSSIONS
Analysis of variance

Combined analysis of variance over two sowing dates (Table 1)
showed that highly significant differences existed among studied genotypes
for all traits. Significant or highly significant differences were also noted
among parents, crosses and the comparison parents vs. crosses for all traits
except ASI and ears/plant for parents vs. crosses. Highly significant
differences were shown among rnoisture regimes for only four traits,
namely: rows/ear, kernels/row, 100-kernel weight and grain yield/plant.
Significant or highly significant differences also existed among sowing
dates for ears/plant, kernels/row and 100-kernel weight.

Mean squares due to sowing dates X moisture regimes interaction
were significant for only rows/ear and 100-kernel weight Significant or
highly significant mean squares were observed for sowing dates x
genotypes, sowing dates x parents and sowing dates X crosses interactions
for all traits except for ears/plant. On the other hand, varnances dueto
sowing dates x parents vs. crosses interaction were not significant for all
traits except grain yield/plant.

All variances due to moisture regimes x genotypes, moisture regimes
x parents, and moisture regimes X crosses interactions were significant or
highly significant for only four traits, namely, rows/ear, kernels/row, 100-
kernel weight and grain yield/plant. In addition, mean squares due to
maisture regimes X parents vs. crosses were significant only for 100-kernel
weight.

All variances due to moisture regimes x sowing dates X genotypes,
moisture regimes X sowing dates X parents, and moisture regimes X sowing
dates X crosses interactions were significant or highly significant only for
three traits, namely, rows/ear, 100-kernel weight and grain yield/plant
except moisture regimes x sowing dates X parents interaction for grain
yield/plant. Thus, the performance of genotypes varies with water supply
and sowing dates, confirming previous results (Denmand and Shaw 1960,
Moss and Downey 1971 and E!l-Sayed 1998).
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Table 1. Mean squares for combined analysis of variance of studied traits for
maize parental populations and population crosses evaluated under
two moisture regimes in 2000 season.

- M.S.
S5.0.V. ASI Ears/ Rows/ Kernely 100-kerncl Grain
plant ear Row wi. yield/plant
Sowing dates (D) 86.55 0.550* 3.550 1850.04** 1285.79** 8860.87
Moisture regimes (VM) 3.64 0.150 51.630%* 2659.23** 2055.31*~ 165189.28+%~
DxM 0.12 0210  3.350 5.60 233.41"* 6631.64
Error 16.31 0.6%0 0.440 10.06 17.54 2315.22
Genotypes (G) 4.47*% 0.080** 7.670** 11577 91.73*+ 3722.08%*
Parents (P) 7.37*=  0.050* 13.150** 190.09** 144.69** 5975.25**
Crosses (C) 3.97%*  0.080%* 6.290** 89.34*" 81.24** 2846.87%"
Pvs. C 0.01 0.002 18.920~* 610.01** 76.63"* 2195285~
GxD 4.68**  0.030 1.240** 18.21** ig.11~~ 876.77*~
DxP 11.67**  0.030 1.240* 18.53%* 8.53" 512.57
DxC 3.35*  0.030  1.250%* 18.03** 10.60** 942.53**
DiPvs. C 0.12 0.050 0.510 23.38 2.63 1262.05*
GxM 1.53 0.02¢6  1.200%" 13.98*" 13.49> 659,33~
MxP 0.96 0.020 1.250~ 27.82** 22.57** 1182.05**
MxC 1.65 0.020 1.170*" 11.26** 11.63** 554.34**
MxPvs. C 1.21 0.050 0.290 9.60 13.83* 574.24
GxDxM 1.99 0.040 0.940* 8.18 8.04** 374.42~
DxMxP 0.94 0.010 1.280* 7.86 11.01*~ 298.34
DxMxC 2.20 0.040 0.89* 8.42 7.48** 386.56*
DxMxPvs. C 1.89 0.050 0.003 0.39 5.99 525.38
Errorg, 2.06 9.025 0.0} 6.42 3.79 264.68

*, ** indicate significance at 6.05 and 0.01 levels of probability, respectively.

Mean performance

Mean performance of parental populations and their diallel crosses
subjected to water stress and non-stress (control) conditions is presented in
Table (2). For grain yield/plant trait, the yield value under stress as a
percentage of yield under control, the relative yield, is considered here as an
expression of the relative drought tolerance or drought index (TI). In this
respect, mean grain yield was significantly reduced due to soil moisture
stress at flowering stage by 24 % over all parental populations and by 20 %
overall crosses.

Claasen and Shaw (1970), Kaul ez al (1972), Nesmith (1991) and El-
Sayed (1998) also found that water stress at flowering stage is very critical
and causes significant reductions in maize grain yield Nesmith (1991)
reported that yield loss due to water stress during anthesis was 90 %. El-
Sayed (1998) reported a yield loss of 33.0 % as a result of drought stress at
flowering stage. Differences among results might be attributed to
differences in the genetic material used and/or differences in the
environmental conditions prevailing during stress in different experiments.
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Table 2. Average performance, highest and lowest values, as well as drought
tolerance index (TI) for parental populations, and their diallel
crosses under stress and control conditions in 2000 season (Data are
combined over two sowing dates).

Trait Control Stress T (%)
Parents Crosses Parents Crosses Parenis Crosses
ASI Highest 6.0 6.7 6.2 6.5 128 130
Lowest 4.2 35 35 3.7 84 1
(days)  Aierage  5.03 5.14 5.07 4.94 101 97
Highest 1.4 1.5 1.2 1.3 109 120
Bars/ St 10 1.0 1.0 1.0 79 85
plant 4\ verage 116 114 1.10 1.13 95 100
Highest  15.5 16.3 15.8 16.0 102 106
Rows/ | owest 130 13.0 12.5 12.4 88 82
car Average 1408 1446 1342 1392 95 96
Kernels/ Highest 38.1 42.5 34.5 39.8 100 97
Lowest 24.1 29.9 21.5 26.4 72 77
row Average 34.08 3627 29.58  32.36 87 89
100- Highest  36.5 3.7 33.5 32.9 95 104
kernel  Lowest 25.6 26.2 22.8 21.9 68 78
wt. (g)  Average 31.8 32.3 27.68 28.91 87 90
Grain  Highest  191.0 205.5 1310 154.0 920 97
yield/ Lowest 87.3 117.3 70.8 92.9 61 61
plant (g) Average 1410 153.6 105.0 123.0 76 80

Grain yield reductions due to drought imposed at flowering stage
were accompanied by significant losses in number of rows/ear, kernels/row
and 100-kernel weight, 1.e. in yield components (Table 2} Reduction in
each yield component, separately, was not as high as reduction in grain
yield. For yield components, maximum reduction due to water stress was
shown by kernels/row and 100-kernel weight. Mean number of kernels/row
decreased by 13 and 11 % and mean kernel weight reduced 13 and 10 % due
to water stress as compared-to control, for parental populations and their
diallel crosses, respectively.

Minimum reductions of 5 and 4 % occurred in number of rows/ear
for populations and their crosses, respectively. Our results are consistent
with those of El-Sayed 1998, who reported that reduction of maize grain
yield due to drought stress at flowering stage was only associated with
reduction in grain number and size. In maize, reduction in grain number has
been found to be a result of abortion of the fertilized ovules after a period of
water stress at flowering stage (Moss and Downey, 1971).
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When both absolute grain yield under stress and relative yield were
taken as an index of drought tolerance in an agronomic sense, the parental
populations BS-26, C-87, DTP-1 and Giza-2 would be regarded as the most
drought resistant parental populations under the present study. Moreover,
the crosses Giza-2 X Tuxpeno, Giza-2 X C-87, Giza-2 X Cairo-1, Giza-2 X
BS-10, C-87 X BS-11, C-87 X BS-10, Giza-2 X BS-26 and Cairo-1 X BS-
11 could be considered the most drought resistant population crosses under
the conditions of the present study. On the other hand, the parental
populations Pool-27, Cairo-1 and Tuxpeno and the crosses DTP-t X Cairo-
1, DTP-1 X Pool-27, DTP-2 X Cairo-1, DTP-2 X Pool-27, BS-26 X Pool-27
and Tuxpeno X Pool-27 could be regarded as the most susceptible
genotypes under the present study. It is worthy to note that Giza-2, C-87 and
DTP-1 populations excelled in absolute yields under stress and excelled also
in their porential yield (under control), i e. in their yield under full irrnigation.
Moreover, the crosses Giza-2 X Tuxpeno, (nza-2 X C-87, Giza-2 X Cairo-1
excelled in absolute yield under stress as well as under control. Superiority
of Giza-2 and DTP-1 under both stress and control conditions was also
reported by El-Sayed (1998). He also found that Cairo-1 was inferior in
drought tolerance in absolute and relative terms.

It is interesting that most superior population crosses in drought
tolerance include at least one of their parental populations showing
superiority in drought tolerance, using both criteria.

Overall genotypes, characters most related to grain yield under both
stress and control conditions were ASI, kernels/row and 100-kernel weight.
In general, the magnitude of correlation coefficients between grain yield and
other traits under stress was lower than that under control. Yield under stress
conditions was significantly negatively correlated with ASI (r =-0.32*) and
significantly positively correlated with kernels/row (r= 0.70**)and 100-
kernel weight (r = 0.50**). The negative correlation between grain yield and
ASI (or asynchrony of pollen and silk) has been reported by several
investigators (Claassen and Shaw 1970, Moss and Downey 1971, Hall et a/
1982, Edmeades et a/ 1993, Bolanos and Edmeades 1996 and El-Sayed
1998). Claassen and Shaw (1970) indicated that the establishment of final
kernel number occurs in a 2-week period following flowering. El-Sayed
(1998) suggested that ASI could be used as an indicator of drought
tolerance.

Heterosis

The contrast mean squares of the parents vs. crosses was significant
for grain yield, rows/ear, kernels/row and 100-kernel weight (Table 1)
_indicating the existence of significant heterosis for these traits. The
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expression of useful heterosis (the degree of superiority of the F, over the
bet_ter parent) avgraged over sowing dates differed according to the studied
trait, the soil moisture regime and the population cross (Table 3). Average

heterobeltiosis estimates over all crosses were generally low in magnitude;
with the highest average heterobeltiosis (6.41 %) shown by grain yield trait
under water stress.

For rows/ear significant positive heterobeltiosis was observed for
only two crossesi.e BS-26 X Tuxpeno (11.3 %) and DTP-2 X BS-10(6.77
%) under control. While under water stress, the number of significant
positive heterobeltiosis estimates for rows/ear was eleven, the highest
estimate was shown by DTP-2 X BS-10 (12.60 %), Giza-2 X BS-11 (11.40
%) and BS-26 X Tuxpeno (11.0 %)

With respect to kernels/row, heterobeltiosis ranged from -20.0 %
(BS-11 x Pool-27) to 16.1 % (Cairo-1 x BS-11) under control and from -
19.3 % (DTP-1 x Pool-27) to 28.03 % (Giza-2 x Cairo-1) under water stress.
Significant positive heterobeltiosis estimates were observed for 7 crosses
under control and 9 crosses under stress conditions. The best 5 crosses in
heterobeltiosis for kermnels/row under stress were Giza-2 x Cairo-1 (28.03
%), Cairo-1 X Pool-27 (24.02%), Cairo-1 x BS-11 (15.75 %), BS-26 x
Tuxpeno (15.36 %) and DTP-2 x B5-11 (15.41 %).

Heterobeltiosis for100-kernel weight ranged from —18.5 % (BS-26 x
Tuxpeno) to 7.4 % (C-87 x Cairo-1) under control and from -23.0 % (DTP-
2 x Pool-27) to 30.4 % (BS-10 x Tuxpeno) under water stress. Significant
positive heterobeltiosis under stress was observed in six crosses: BS-10 x
Tuxpeno (30.4 %), BS-10 x Pool-27 (14.2 %), Tuxpeno x Pool-27 (13.1 %),
DTP-1 x Tuxpeno (10.2 %), BS-10x BS-26 (9.27 %) and BS-10 x BS-11
(8.66 %).

For grain yield/plant, heterobeltiosis ranged from -25.03 % (Giza-2
x Pool-27) to 31.5 % (Cairo-1 » BS-11) under control and from -25.2 %
(BS-26 x Pool-27) to 38.61 % (Cairo-1 x BS-11) under water stress. The
number of crosses showing significant positive heterobeltiosis for grain
yield was six under control and ten under stress. Under both stress and non-
stress conditions, the highest significant positive heterobeltiosis estimates
were exhibited by the crosses Cairo-1 X BS-11, Cairo-1 X BS-10 and BS-10
X BS-11. Moreover, under water stress conditions, the crosses Giza-2 X
Tuxpeno and Giza-2 X BS-10 were also amongst the best 5 crossesin
heterobeltiosis estimates for grain yield (Table 3).
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Table 3. Summary of heterobeltiosis estimates (%) for studied traits of maize
population crosses under stress and non-stress emvironments
(Data are combined over two sowing dates, 2000 season.

Trait Control Stress
Range (%) (-10.3)** - 11.3** (-17.6)** - 12.6**
Rows/ Average (%) 113 % 0.25 %
ear Best 5 crosses BS-26 x Tuxpeno, DTP-2x BS-10, DTP-2 x BS-10, Giza-2 x BS-11,
C-87 x BS-10, BS-10 x BS-26, BS-26 x Tuxpeno, DTP-1 x Cairo-1,
C-87 x BS-26 Giza-2 x Tuxpeno
Range (%) (-20.00)** - 16.10** (-19.30** - 28.03*"
Kernels/ AAverage (%) 028 0.84
row Best 5 crosses Cairo-1xBS-11, Giza-2 x BS-26, Giza-2 x Cairo-1, Cairo-1 x Poal-27,
Cairo-1BS8-26, DTP-1 x Cairo-1, Cairo-1 x BS-11, BS-26 x Tuxpeno,
BS-26 x Tuxpeno DTP-2 x BS-11,
Range (%) (-18.50)* - 7.40* (-23.00)** - 30.40**
100- Average (%) -4.59 2311
kernel  Boct 5 crosses C-87x Cairo-1, DTP-2 x Cairo-1, BS-10 x Tuxpeno, BS-10 x Pool-27,
wt. Cairo-1 x BS-26, Cairo-2 x C-87, Tuxpeno x Pooi-27, IFTP-1 x Tuxpeno,
DTP-1 x Tuxpeno BS-10 x BS-26
' Range (%) (-25.03)** - 31.50"~ (-25.20)%* - 38.61~*
Grain  Average (%) -1.49 6.41
yield/  Best 5 crosses Cairo-1x BS-11, DTP-2 x Cairo-1, Caire-1x BS-11, Giza-2 x Tuxpeno,
plant Cairo-1 x BS-10, BS-10 x BS-11,  Cairo-1 x BS-10, BS-10 x BS-11,
Cairo-1 x BS-26 Giza-2 x BS-10

*, ** indicate significance at 0.05 and 0.01 levels of probability, respectively.

It is interesting that the number of crosses showing significam
positive heterosis estimates for grain yield and its components increased
under stress than that under control. Moreover, in most cases for grain yield
and vyield components the estimates of heterobeitiosis were higher in
magnitude under water stress than the respective estimates under control.
Similar to our results, Younis ef al (1988) found that heterosis increased
under water stress than under full irrigation.

Falconer (1960) pointed out that if crossed populations do not differ
in gene frequencies there will be no heterosis. Hallauer and Miranda (1988),
also stated that abundant heterosis manifested in a cross of two populations
leads to conclusion that the parental varieties are more genetically diverse
than varieties manifest little or no heterosis. Results of this work suggest
wide genetic diversity among some of the populations studied, particularly
between local (G-2 and C-87) and exotic germplasm (Pool-27 and BS-11).
A detailed study of genetic relationships between these populations will be
dealt with in a future publication.
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Combining ability variances

Analysis of variance of combining ability for parental populations
and their diallel crosses under control and water stress is loresented in Table

(4). Highly significant differences due to general (GCA) combining ability
mean squares were observed for all studied traits under both stress and
control conditions with the exception of ears/plant under control. Highly
significant differences due to specific (SCA) combining ability variances
were also observed for all traits under both control and stress conditions,
except for ASI under control and AST and ears/plant under water stress. This
indicated the importance of both additive and non-additive types of genetic
variances in the inheritance of most studied characters under control and
water-stress conditions.

Interaction mean squares due to GCA x sowing dates (D) and SCA x
sowing dates under control were significant or highly significant for all
traits except GCA x sowing dates for ears/plant and SCA x sowing dates for
ears/plant and rows/ear. Under water stress GCA x sowing dates variances
showed significant or highly significant mean squares for four traits (ASI,
kernels/row, 100-kernel weight and grain yield/plant) and SCA x sowing
dates interaction showed highly significant variances for all traits except
ears/plant and rows/ear.

Contribution of the variation due to GCA to the total variation was
greater than the contribution of the variation due to SCA for all studied traits
under both control and water stress conditions as shown by GCA/SCA ratio
(Table 4). The ratio of mean squares due to GCA to mean squares due to
SCA ranged from 2.6 (ears/plant) to 1629 (100-kernel-weight) under
control and from 2.69 (ASI) to 7.10 (kernels/row) under water stress.
Mashingaidze (1984), also found that both general (GCA) and specific
(SCA) combining ability variances were important for drought resistance
traits; with greater GCA variance, indicating a preponderance of additive
gene effects. He suggested that simple selection technique should be
effective in increasing drought resistance in the matenal studied by him.
This conclusion is applicable in the genetic material used in the present
study.

Mean squares due to GCA x sowing dates interaction were greater
than those due to SCA x sowing dates for all studied traits under control and
water stress treatments, where the GCA x D/SCA x D ratio exceeded the
unity except for ears/plant and 100-kernel weight under stress and non-
stress conditions and rows/ear under stress conditions. This suggested that
GCA variance is more affected by sowing dates than SCA variance for most
traits.
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Table 4. Analysis of variance of combining ability computed according to
Griffing (1956) method 2 model 1 for studied traits on maize
populations and their F, crosses evaluated under control and
drought stress over two sowing dates in 2000 season

M.S.
S.0.V. ASI Ears/ Rows/ Kernels/ 160-kernel _Grain
' plant ear Row wt. yield/plant
Control

Sowing dates (D)  40.08** 0.04 0.001 826.03*~ 211.78** 80.61
Genotypes (G) 2.86%%  0.06** 4405~ 54.24%* 54.46** 2592.84%>

GCA 7.53** 0.13 15.948=* 198.05** 250.00~* 10803.41* *

SCA 1.93 .05+~ 2.097%* 25.48+= 15.35** 930.73**

GCAxD 6,95 0.03 1.921** 24.48%= 717 966.47**
. SCAXD 308 003 0775 1143* 811"t 57827%r
GCA/SCA 3.90 2.60 7.61 T.77 16.29 11.36
GCAxD/SCAxD 226 1.00 2.48 2.14 0.88 1.67

Drought stress
Sowing dates (D}  46.59** 0.72** 6.89%= 1029.61**  1307.43*~ 1541190

Genotypes (G) 313 0.04** 4.44** 75.51** 50.76** 1788.57**
GCA 6.56** 0.09** 12.62** 265.27** 166.49%* 5296.49%*
SCA 2.44 0.03 2.81%* 37.56~* 27.62%* 1086.98**
GCAXD 4.82* 0.03 .86 20.24%~ 8.94* TT1.30**
. SCAXD 256 004* 128  1131** 1044 ST562
GCA/SCA 2.69 3.60 4.49 7.10 6.03 4.87
GCAxD/SCAxD 1.88 0.75 0.67 3.65 0.86 1.34

*, ** indicate significance at 0.05 and 0.01 levels of probability, respectively.

General combining ability effects

Estimates of GCA effects of parental populations under control and
water stress are presented in Table (5). Significant positive GCA effects
would be of interest for all studied traits except ASI, where negative GCA
effects would be more agronomically useful. In this sense, with respect to
ASI, although insignificant GCA effects were obtammed, DTP-1, was the
most favorable general combiner under both stress and control conditions.
Insignificant GCA effects for ears/plant under both soil-moisture regimes
could not differentiate among parental populations.

Regarding rows/ear, BS-11 and Pool-27 showed highly significant
positive GCA effects under both irrigation treatments. It is concluded that
these two populations were the best general combiners for increased number
of rows/ear. For kernels/row the best general combiner was BS-26 (followed
by Giza-2) under both control and stress conditions. The best general
combiners for 100-kernel weight were Giza-2, C-87, Cairo-1 and DTP-2
under both control and water stress treatments.

189



Table 5. General combining ability effects for parental populations evaluated under
control and drought stress conditions over two sowing dates in 2000
season.

ASI Ears/plant Rows/ear Kernels/row 100-kernel wt. Grain yield
Cont. Stress Cont. Stress Coni. Stress Cont. Stress Cont. Stress Cont. Stress
1.Giza2 0.09 024 0.02 003 001 024 5149 104 2.71*> 2.18*+ 21.72** 9.94* 7
2.C87 025 -0.26 -0.04 002 -014 016 023 071 1.76** 1.78*= 14.24** 11.84**
3.0TP-1 -0.48 -0.54 004 003 -034 013 -019 021 -0.15 013 -2.57 -0.84
4. DTP-2 -0.18 -0.09 0.04 001 .053* 028 -0.65 -1.41* 1,01 129 .351 -4.43
§. Cairol 021 029 002 005 024 045 047 -L1I7 1.85* 1L17* 5.45 -5.18
6. BS10 -0.14 007 003 003 -0.29 012 019 098 059 -033 -536 5.08
7. B8 11 011 007 -0.01 000 0.93** 0.89** .0.21 0.66 -1.93*+ -0.89 .545 315
8. BS 26 0.21 006 -0.07 -0.86 -020 0.00 199* 2.77** 2.63** 2,04+ 551 0.86
9. Tuxpeno 0.14 13 003 -001 008 -012 111 055 027 -1.19* 386 2.1
10. Pool 27 0.68 053 -0.06 -0.05 0.72** 0.61** -4.06"* -4.34** _2.29** _1.84*+ 22 88** -18.30**

Parents

SEg 039 040 004 004 022 021 074 064 053 053 4.67 4.22
SE grg 038 059 007 006 033 031 110 0% 079 0.79 6.97 6.29
*, ** indicate significance differences from zero at 0.05 and 0.01 levels of probability, respectively.

With respect to grain yield/plant, Giza-2 and C-87 populations
showed significant or highly significant positive GCA effects and therefore
were considered in this study the best general combiners for increasing grain
yield of the hybrids under both control and water stress conditions. 1t is very
interesting that these two populations (Giza-2 and C-87) are also the best
general combiners for 100-kernel weight. In addition, Giza-2 was best
general combiner for kernels/row under both control and water stress. On
the other hand, Pool-27 population was the worst general combiner for grain
yield, 100-kerne] weight and kemnels/row.

It is worthy to note that the superiority of the local populations Giza-
2 and C-87 in their GCA effects for grain yield was also associated with
superiority of these genotypes in their absolute and relative yield under
water-stress as compared to control conditions. Inbred lines may be derived
from these populations characterized by high yielding per se performance
and high vielding potential in hybrid combinations under water stress
conditions,

Specific combining ability effects

The best five population crosses in specific combining ability (SCA)
effects under control and water stress are presented in Table (6). The most
desirable crosses were those showing the highest positive SCA effects for

any of the studied traits, except ASI trait, where favorable SCA effects
should be the lowest negative ones.
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Table 6. The best five crosses in specific combining ability effects (arranged in
descending order} under control and water-stress conditions over two
sowing dates in 2000 seasoen.

Trait Coatrol Stress
BS-10 x BS-11, Cairo-1 x BS-26, BS-10 x BS-11, Giza-2 x BS-10,
ASI DTP-1 x Cairo-1, DTP-2 x Cairo-1, C-87 x Pool-27, BS-11 x Tuxpeno,
DTP-1 x Tuxpeno DTP-2 x BS-11
Giza-2 x DTP-1, Giza-2 x Cairo-1 C-87 x DTP-2, C-87 x Cairo-1,
Ears/plant DTP-1 x BS-10, C-87 x DTP-) Tuxpeno x Pool-27, Giza-2 x DTP-1,
Tuxpeno x Pool-27 DTP-1 x BS-10
BS-26 x Tuxpeno, DTP-1 x Pool-27, DTP-1 x Pool-27, B8-26 x Tuxpeno
Rows/ear Giza-2 x Cairo-1, C-87 x BS-11, C-87 x Cairo-1, DTP-2 x BS-10,
DTP-2 x Pool-27 BS-10 x BS-26
Cairo-1 x BS-11, Cairo-1 x BS-26, Giza-2 x Cairo-1, BS-26 x Tuxpeno,
Kernelsrow  Giza-2 x BS-26, Tuxpeno x Pool-27,  Cairo-1 x BS-10, DTP-2 x BS-10,

BS-26 x Tuxpeno

Giza-2 x BS-26

100-kernel wt.

DTP-] x Tuxpeno, Tuxpeno x Pool-

21,
Giza-2 x BS-11, DTP-2 x Cairo-1,
BS-10 x Pool-27

BS-10 x Tuxpeno, DTP-1 x Tuxpeno,

Cairo-1 x Pool-27, C-87 x Tuxpeno,
Giza-2 x Pool-27

Grain yield

Giza-2 x Tuxpeno, DTP-1 x BS-11,
DTP-2 x Cairo-1, Cairo-1 x BS-11,
BS-26 x Tuxpeno

Giza-2 x Tuxpene, Cairo-1 x BS-11,
Giza-2 x Cairo-1, Cairo-1 x BS-10,
Giza-2 x BS-26

Under stress, crosses exhibiting the highest SCA effect for yield and
its components involved one parent from BS-10, C-87, DTP-1, G-2,
whereas under no-stress, the parents are BS-10, DTP-1, Giza 2, Cairo-1 and

BS-26.

It is interesting that the F; crosses Giza-2 x Tuxpeno, Giza-2 X

Cairo-1,

Giza-2 X BS-26 and Cairo-1 X BS-11 are superior to all crosses in

SCA effects, per se performance and heterobeltiosis estimates for grain

yield under stress and control conditions.

These crosses would be

considered of value in maize drought tolerance breeding.

Components of genetic variance:
Varlance components estimates (Table 7) were many times larger for

additive (c°») than for dominance (c°p) for most traits under control and
water stress treatments as estimated by the oa /*p ratio. This ratio ranged
from 1.18 (rows/ear) to 4.10 (100-kernel weight) under control and from
1. 02 (kernels/row) to 20 52 (plant helght) under water stress. In contrast, the
o’p was larger than o’4 ie the 6’4 /o’y was less than unity for ears/plant
under control and rows/ear and grain yield/plant under stress conditions.
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Table 7. Estimates of variance components and heritability of all traits for
parental populations and their crosses evaluated under control and
drought stress over two sowing dates in 2000 season.

Trait ¢4 Op dyep @  0'aa Gpa GCawbpa I,
Control

ASI 016 (-0.25) a 0.00 0.64 0.36 1.78 19.3

Ears/plaat 0.008 0.012 0.67 1.22 0.00 6.00 0.00 26.7

Rows/ear 1.04 0.88 1.18  0.92 0.20 0.04 5.00 48.4

Kernels/row 13.28 936 142 0.84 2.16 1.38 1.57 51.8

100-Kernels wt.  19.64 4.84 410 050 (-0.16) 145 (.00 76.0
Grain yield/plant 788.72 248.40 3.18 056 64.72 95.62 0.68 67.7

Water stress
ASI 0.16 (-0,08) o 0.60 0.36 0.14 2.57 20.8
Ears/plant 0.004 ({-0.01) o 0.00 0.00 0.007 0.00 36.4
Rows/ear 084 104 0.81 1L.11  (-0.08) 6.24 0.00 40.9
Kernels/row 18.24 1752 1.04 098 1.48 1.92 0.77 41.5

100-Kernels wt. 1168 1144 1.02 099 (-0.24) 2.21 0.00 46.9
Grain yield/plant 334.48 340,92 (98 100 32,6 112558 029 42.5
* any variance estimate preceded by negative sign was considered zero.

Moreover, the magnitude of interaction variance due to additive x
sowing dates (c’aq) was markedly higher than dominance x sowing dates
(Gz])d) for ASI, rows/ear and kernels/row under control and ASI under stress,
indicating that additive type of gene action was more affected by
environment than dominance gene action for these traits. In contrast, the
6°ad /6 pa Was lower than unity for ears/plant, 100-kernel weight and grain
yield /plant under control and ears/plant, rows /ear, kernels/row, 100-
kernel weight and grain yield under stress, indicating that dominance types
of gene action was more affected by environment than additive types of
gene action for these traits.

Degree of dominance “a” (Table 7) was partial in most cases {a < 1).
Overdominance (a > 1) was manifested by ears/plant under control and
rows/ear under stress. Complete dominance of the higher parent was shown
for grain vyield, kernels/row and 100-kernel weight under stress. No
dominance (@ = 0) was manifested by ASI under control, and ASI and
ears/plant under water stress.

Heritability

Heritability estimates in the narrow sense are presented in Table (7).
They ranged from 19.3 % for ASIto 76.0 % for 100-kernel weight under
control and from 20.8 % for ASI to 47.5 % for kernels/row under stress.
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Estimates of h, for grain yield/plant were of higher magnitude (67.7 %)
under control than under stress (42.5 %). Moreover, h, of medium
magnitudes were also detected for rows/ear (48.4 and 40.0 %), kernels/row
(51.8 and 47.5 %) and 100-kerne! weight (76.0 and 46.9 %) under both
control and water stress, respectively. Under control h, was higher than
under stress conditions for all traits except ASI and ears/plant.

Literature includes two contrasting opinions regarding the best
environment for maximizing heritability. Some researchers (Russell 1969,
Stuber and Moll 1977 and Troyer and Rosenbrook 1983 and El-Sayed 1998)
found that heritability for some traits were increased in stressful
environments. In contrast, other investigators reported decreases in
heritability under stress environments (Frey 1964, Subandi and Compton
1974 and Blum 1988). Our results agree with the second opinion for all
studied traits except ASI and ears/plant.

Predicted selection gain

Direct selection

Genetic advance estimates from direct selection under control
treatment (Table 8) were higher than those under water stress for 100-kernel
weight and grain yield/plant. On the other hand, under water stress
treatment, estimates of genetic advance from direct selection were higher
the remaining studied traits. The largest genetic advance was predicted for
grain vield, while the lowest expected genetic advance was shown by ASL

Indirect selection

Predicted gain from indirect selection are used to compare the
response to selection in one environment with performance in another
environment (Table 8). The predicted gain from direct selection in both
stress and non-stress environments was greater than the predicted correlated
gain from indirect selection in the other environment, as indicated by the
relative efficiency values < 100 % for all single environments. It is therefore
concluded that for all studied traits, greater improvement would occur from
direct selection carried out under the target environment than would be
obtained from indirect selection at another environment. Our results are
consistent with those reported by El-Sayed (1998).

There are two contrasting strategies for identifying genotypes that
will be high yielding under drought. The first is to evaluate genotypes under
specified drought conditions, namely, a certain type of drought, to minimize
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Table 8. Genetic advance from direct selection (R) and indirect selection (CR)
for parental populations and population crosses evaluated in 2000

season.
IR v T — |
o ast Gy Rowl Ko W000grel Gy
Direct selection (O)
Control 13.9 15.4 163 177 24.5 33.2
Stress 14.6 18.2 175  23.1 20.3 263
Indirect selection (CR)
a. selection environment vs. response environment.
Control vs. Stress 1.9 12.3 8.4 11.1 14.7 18.12
R. E (%) (13.0) (67.6) (48.0) (48.1) (72.4) {68.9)
Stress vs. Control 1.9 14.6 10.7 151 15.6 18.1
R.E (%) {(13.6) (94.8) (61.1) (85.3) (63.7) (54.6)
b. secondary traits vs. yield
Control 121 14.3 97 182 21.9 -
R. E (%) (-36.4)  (43.1) 292 (54.8) (65.9) -
Stress -19.7 16.6 8.1 14.5 9,7 -

R.E (%) (-749)  (63.1) (30.8) (55.)  (36.9)
Values in parentheses indicate the relative efficiencies (R E) = CR/R x 100

genotype x environment interaction (Ceccarelli 1989) However, in this
approach, lower heritability, particularly across years may result in slow
progress from selection. Second, genotypes may be evaluated under
conditions maximizing heritability, (Braun ef al 1992) but progress from
selection may be counteracted by problems of genotype x environments
interactions. Qur results are in favor of the first strategy in all cases. A third
strategy, currently used at CIMMYT, uses simultaneous evaluation under
near-optimum and drought conditions, and selection of those genotypes that
perform will in both environments (Calhoun ef af 1994 and Byrne ef a/
1995). However, ultimate evaluation must be performed in the target
environment prior to recommendation of a cultivar for commercial
production.

Indirect selection for grain yield

Response of grain yield to selection for secondary traits was
estimated (Table 8) ie selection for reduced values of ASI, increased
ears/plant, rows/ear, kernels/row or 100-kernel weight. Indirect selection for
grain vield under no-stress was greatest for 100 kernel weight. Under «tress,
the greatest indirect response in grain yield was predicted form selection to
lower ASI values. However, n no case was selection for a secondary trait
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predicted to be more effective at improving grain yield than direct selection
for grain yield.

It is evident that ASI is a valuable adjunct in increasing the
efficiency of selection for grain yield under stress conditions. Other
secondary traits which were not considered in this study may deserve further
attention regarding their value in a water deficit breeding program.

REFERENCES

Alien, F. L.; R. E, Comstock and D. C. Rasmussen (1978). Optimal environments for
vicld testing, Crop Sci., 18; 747-751.

Becker, W. A. (1984). Manual of quantitative genetics. 4™ ed. Academic Enterprises.
Pollman, WA, USA.

Blum, A, (1988). Breeding crop varieties for stress environments. Crit. Rev. Plant Sci., 2:
199-238.

Bolanos, J. and G. O. Edmeades (1996), The importance of the anthesis-silking mterval in
breeding for drought tolerance in tropicall maize. Field Crop Res., 48: 65-80.

Braun, H.; W. H. Pfeiffer and W. G. Pollmer (1992). Environments for selecting widely
adapted spring wheat. Crop Sci., 32: 1420-1427.

Byrne, P. F.; J. Bolanose; G, 0. Edmeades and D. L. Eaton (1995). Gains from selection
under drought versus multilocation testing in related tropical maize population.
Crop Sc1., 35: 63-69.

Calhoun, D. S.; G. Gebehu; A. Miranda; S. Rajaram and M. Vann Ginkel (1994),
Choosing evaluation environments 1o increase wheat grain yield under drought
conditions. Crop Sci., 34: 673-678.

Ceccarelli, § (1989). Wide adaptation: How wide? Euphytica, 40: 197-205.

Classen, M. M. and R. H. Shaw (1970). Water deficit effects on corn. I. Vegetative
components. Agron. J. 62: 649-652.

Cockerham, C. C. (1961). Implications of genetic variance in a hybrid breeding program.
Crop Sci., 1: 47-52,

Denmead, O. T. and R. H. Shaw (1960). The effect of soil moisture stress at different
stages of growth on the development and yield of corn. Agron. J.. 52: 272-274.

Edmeades, G. O.; J. Bolangs; M. Hernandez and S. Bello (1993). Causes for silk delay
in a lowland tropical maize population. Crop Sci., 33: 1029-1035.

El-Sayed, M. Y. M. (1998). Studies on drought tolerancc in maize. M. S¢. Thesis. Fac.
Agric., Cairo Univ., Egypt.

Falconer, D.S. (1989). Introduction to quantitative genetics. 3™ Ed. Longman Sci. and
Tech,, Harlow, UK..

Frey, K. J. (1964). Adaptation reaction of vat strains selected under stress and non-stress
envirormental conditions. Crop Sci., 4: 55-58.

195



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

Hatll, A. J.; F. Viella; N, Trapani and C. Chimenti (1982). The effects of water stress and
genolvpe on the dynamics of pollen shedding and silking in maize. Field Crop
Res.. 5: 349-363,

Hallauer, A. R. and J. B. Miranda (1988). Quantitative genetics in maize breeding. 2™
ed. The lowa State University Press-Ames., IA.

Kaul, J. N;; S. 8. Sheema and D. 8. Bains (1972). Effcct of missing irrigation at silking
and grain development stages on compositc maize VIJAY, grown under varying
nitrogen levels, Indian J, Agron,, 17; 143-

Mashingaidze, K. (1984). Combining ability for drought resistance in maize (Zea mays L.)
inbred lincs developed from Zimbabwean and exotic germplasm. Zimbabwe-
Agricultural-Journal 81: 4, 147-152 (C.F. Plant Breeding Abst., 1985, 055-05199).

Moss, G.L and L.A. Downey (1971). Influence of drought stress on female gametophyte
development in corn (Zea mays L) and subsequent grain yield. Crop sci., 11; 368-
372.

Nesmith, D. 8. (1991). Growth response of corn (Zeg mays L.) to intermittent soil water
deficit. Dissertation Abst. Imter., B. Sci, In En., 51 (9): 4114 (C. F. Field Crop
Abst., 44: 7924, 1992),

Russell, W. A, (1969). Hybrid performance of maize inbred iines selected by test cross
performance in low and high plant densities. Crop Sci., 9: 185-188.

Sharma, J. K. and S, K. Bhalla (1991). Hetcrosis in crosses among drought-tolerant
inbred lines of maize (Zea mays L.). Indian ], Agric, Sci. 61: 8, 543-545,

Singh, R. K. and B. D. Chaudhary {2000). Biometrical methods in quantitative genetic
analysis. Kalvani Publishers. New Delhi-110002, India.

Steel, R, G. and J. H. Torrie (1980). Principles and procedures of statistics. 2 ™ ed.
McGraw-Hill Book Company . New York, USA.

Stuper, C. W. and R. IL. Moll (1977). Genetic variance and hybrid predections of maize at
two plant densities. Crop Sci., 17: 503-506.

Subandi and W. A. Compton (1974). Genetic studies in exotic population of comn (Zea
mays L.) grown under two plant densities. |. Estimation of genetic parameters,
Theor. Appl. Genet., 44: 153-159.

Troyer, A. F. and R. W. Rosenbrook (1983). Utility of higher plant densities for corn
performance testing. Crop Sci.. 23: 863-867.

Younis, S. E. A.; M. K Omara; F, M. Saleh and M. F. Saba (1988). Heterosis in dry
malter and grain yield/plant under drought in varietal crosses among maize
populations. Assiut J. Agric. Sci, 19: 1, 239-256.

196



CAlian Aaldll 34 e yilde 3 pde G Ay dlal Gagd) dulas
citiat! Lglasd &
Uae dasa dasa - gty daall dana - jladll Ciada aal
il o ath Aadla-del ) L (ool ad

s L) & Coadl @l il IS (Diallel) 43030 clingil o ) 1939 auge a3

Voor puga Ay ol plad A Cilias gl da ke 80 jilde Sude G (LSedl Cag!
Omifi a0 (B S (o 0 g (a3l Ao pe ) Cilia) Gigpha ciad cagllg Ag et i) anil o3
o RSl adeil arecal b el 5 alAN dada-det ) 0 A8 de ) ey Cpilida Cydlage B cgle ) e
Bloall g Gy gl e 500 g Cuagdt gy ) Jab B gy NN o §0RN 080 Cilaa cils
ot cig ot cad el uall CBU cuaed 58 o culs ciliadl Jaadl GAATNY (ya a8 gl
Jysona ddua A Jual¥t B cpagh B5al A eb o Jpuaal) o g ash ik cad e
5 Aaladl B a1l olS - Cairo-1 x BS-11 (gl daud gy Liliad) a5 (% YA, 5 1) oo gaad)
St A e clivall 0SB (SCA) DIEN) o dualdd 5,080 Culd (48 (GCA) N
Abadl Gl G875 ¥ =5 jumn Ogalaall O pdial) LS L g 58l g ol g Cildad) g e
Cildal Gy b cad cagll A osall Gpana Babj dalall LGNS 500§ A el
o Giza-2 x Caire-1 3 Cairo-1x BS-11 3 Giza-2 x Tuxpeno gl gty .0y 58
i o giand)  geana Adual Aguaifly Gl COU aagdl 558 A By Ll B SCA B @i il
o ciliall Jaatt A G e B Lgalaidols Ao gl cod Mg )5 sl 5 Ciliad) i gk (e JS
ot () D) bl i pal pe Jagada S a8 (870 preanil Cplh <l e il L34
gy oSl giuall 330 g g T80 by b coad haill/o) oSt ase 3o La du g padl cildaall S
Copr B Y ddeal Solpaall Gl e Al 1 36 200 priaath 0l OAS L Cilin ) i b Giad gl
alduall il Leaaia guSafl oIS Ladyy cildall cd gl <t (AST) 5 pall 7 gag BN G
O S Sdo dden B ARIAY Balual) cupgdh Lads cilad) aliea B Ay Balid) CullS LA g
Cobbon 8 Alalsh Balpadt g g ciliad) g b i S cighia 335 5 Jg SH g ol Sl
o Bl dllia o5y alg cilinll g b o A Gl (g chually sl Sae g Ggad  gana
Sy gl 58 Ciagh i ciliad) Cigob cad o S sae g 580 g ciliall gk cad AST ddes
il A gl 2300 % €V,8 g AST ddual %o ¥, A Gn cibiad) Gig b Gad palal Wilineg
Cliaal) S8 cilind) Ch gl iad Lgia o] g i Chgol cad dalad Sy ) gl 36 i ks cilg
Goad plluall GUATNY Cpa ) pl adREN i paET ClS Ll ) e aae g AST e Le du g e
OSs A Ve B s gl Jgeana il cilial) cigd cad Lhe ol g ush Gk

197



g..,,.s‘ti:.ﬁ‘js‘_,éﬁm\gmvlg‘@ﬂswgu.ammmwum
el Cra st B Badly Al dugjaadh clisalt JS ¢ 8T Ay A jdlall b ATV (e O]

JN‘MMH\A@“#JM wmujaaﬁaluiuhﬁﬂ&mui YIPRIN
AST i—iual il pb ASIN Bk p Jguanall e Gpoal) Llaiul Ol €l gy Auds
Aiuall 028 g Sy Laa 8 pdlaa b dduay Jpuanal (puad B Clal) Ly o0 dyield i8] s

ccildadt Cagub il Gl J geanal GAIN BelS 3L ) B Ligh laclua il (ASD)

(Yoo T) 1941V (1) 1 Glil du il 4 pucsall daod

198





