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Abstract: Twenty-one F; hybrids of a
diallel cross involving 7 elite inbred lines,
were grown over 10 environments with

different moisture stress  conditions.
Several agro-physiological traits were
recorded including: eighth leaf area

(ELA), leaf area index (LAI), ear leaf area
(ErLA) and grain yield/plant (GY).

All traits were reduced due to moisture
stress with the greatest reduction being in
grain yield/plant (70.81%) followed by
LAI (54.82%), ErLA (43.7%), and ELA
(42.3%).

Genes with mainly additive effects
were controlling LAI which appeared to
be the most promising trait for selection
for grain yield improvement since it did
not show genotype X environment
interaction and was also genetically
correlated with grain yield/plant under
water stress conditions.

Two cycles of directional phenotypic
selection for increased as well as
decreased LAI were performed in the F,’s
of the highest three F; hybrids in grain
yield/plant under favourable (F) and
moisture stress (S) conditions. Positive
responses to selection for increased LAI in
the favourable environment were obtained
in the three populations, which averaged

9.62% and 7.13% of the control mean in
the first and second cycles of selection,
respectively. Such responses were greater
than those obtained under strongly
stressed conditions (4.78% and 3.74%,
respectively). A reverse situation was
obtained in the decreasing direction.
Under the strongly stressed environmental
conditions, greater responses to selection
(14.43 and 12.53%, respectively) were
obtained in mean LAI under stress than
under favourable conditions (7.92 and
7.09, respectively). Consistent and parallel
correlated responses were obtained in
ELA, ErLA and grain yield. Correlated
response to selection for increased LAI in
grain yield/plant amounted to 13.07% and
12.53% under favourable conditions
whereas it reached 17.09% and 7.18%
under stress. However, selection for
decreased LAl produced concurrent
response in grain yield/plant which was
reduced by an average of 10.6% and
11.50%. Reduction in grain yield in the
stressful ~ environment amounted to
15.48% and 9.4% for the first and second
cycles, respectively. Results indicated that
partitioning assimilates was not consistent
in the different populations and should be
considered while practicing selection for
increased LAI
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Introduction

Despite intense selection for
increased grain yield of maize (Zea
mays L) by plant breeders in the past
century, selection has not resulted in a
genetic increase in photosynthesis per
unit leaf area. Increased biomass
accounted for most of the increase in
grain yield (Russel, 1991 and
Tollenaar, 1991). Harvest index is
thought to be already close to the
maximum value in maize and any
further increase may only be counter-
productive as it may also reduce
biomass. It is therefore appropriate to
focus on ways to increase biomass
and thereby crop photosynthesis
genetically (Richards, 2000). Devising
ways to increase assimilate supply to
meristems and to select actively
growing tissues deserve attention. One
way is to divert assimilates away from
competing sinks of lesser importance.
A second way for increasing
assimilate supply to selected organs is
to increase their duration of growth. If
the total crop duration cannot be
changed this may need to be at the
expense of other less important
organs.

The objectives of this investigation
were:-

1-to evaluate 21 F;'s resulting from
diallel cross involving 7 elite inbred
lines under favourable and water
stressed environments.

2- to study the genotype x
environment interaction for leaf area
index.

3- to assess the possibility of
increasing biomass and yield using a
physiological  breeding  approach
through selecting for leaf area index.

4- to study the genetic correlation
coefficients among different leaf area
criteria as well as yield.

Materials and Methods

This study was carried out during
the summer seasons of 1999 through
2003 at Assiut University Farm
(favourable, clay-loam soil), El-
Ghoraieb Experimental Station (in the
eastern desert, 25 km south of Assiut,
stressful sandy-calcareous soil) and at
Mallawy Agricultural Res. Station
(moderately stressful). Seven elite
maize inbred lines were used namely:
Sids-2 (P,), Sids-7 (P,), Gemmeiza-18
(P3), Sids-34 (Pg), Sids-63 (Ps),
Gemmeiza-1002 (Pg) and Gemmeiza
1021 (P;) yellow, which were
obtained from Sids Exp. Station.

In the summer season of 1999 all
possible cross combinations among
the 7 inbred lines were produced
excluding reciprocals. In the seasons
2000 through 2003, the 21 F; hybrids
of the diallel cross were grown in
Assiut  University Farm and El-
Ghoraieb Experimental ~ Station
environments using a randomized
complete block design RCBD with
three replications in each
environment. Each F; was represented
by a plot of two rows of 3 m long with
rows set 70 cm from each other and
plants spaced 30 cm apart. Irrigation
was applied each 12 day in the
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favourable environment and each 10
day in the stressful sandy soil.
Fertilizers were applied at the rate of
120 kg nitrogen/feddan, before the
first and second irrigations. Normal
agronomic practices were adopted as
recommended.

In each of the two following
summer seasons 200land 2002,
hybrids were sown in three different
environments, namely Assiut
University Farm, El-Ghoraieb
Experimental Station and Mallawy
Agricultural Res. Station. Irrigation
was applied each 12 days in the
favourable and moderately stressed
environments and each 8 days in the
stressful sandy soil.

In May 2001, 500 F, seeds of each
of the three highest F; grain yielder
under the favourable and the strongly
stressed environments were used.
Before flowering, the 10% plants
exhibiting highest and lowest eighth
leaf area were selected in each
population. Then selected plants were
reduced at flowering to only 5% based
on leaf area index. Selected plants in
each direction were polycrossed
together and were left until maturity.
Two cycles of selection were adopted
and t test was used for determining the
significance of the deviations from the
control (F, populations).

Data were recorded on individual
plant basis for the following
characters:

1 — Grain yield per plant (g).

2- The eighth leaf area (ELA) and Ear
leaf area (ErLA) (cm?) measured
according to Francis et al., (1969)
using the equation: (ELA and ErLA) =
leaf length x maximum leaf width x
0.75.

3- Leaf area index (L.A.l) was
measured as: (The ear leaf length x
maximum leaf width x 0.75 x number
of leaves per plant) / 70 x 30

1- Evaluation of F;’s:

The general and the specific
combining ability values for each
single environment were calculated
according to Griffing Method 4 model
| (1956).

2- Stability analysis:

Stability parameters for studied
characters on the 21 F;’s in the 10
environments were calculated
according to the model of Eberhart
and Russell (1966).

3- Correlations:

Genotypic correlation coefficients
were calculated among general (GCA)
as well as specific combining (SCA)
ability estimates for all studied traits.

Results and Discussion
Leaf area index (LAI)

Averaged over the 21 F;'s, the leaf
area index recorded in the 10
environments ranged from 7.057
under the favourable condition (E1) to
3.188 in the strongly stressed
environment (E4) indicating a 54.82%
average reduction due to moisture
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stress (Table 1). Generally, the F;
plants showed comparably greater leaf
area index in the favourable
environments E1, E3, E6 and E9
(7.057, 6.488, 5.772 and 5.685,
respectively) than in the stress
environments E2, E4, E7 and E10
(4.781, 3.188, 4.627 and 4.411,
respectively). The average leaf area
index over all environments ranged
from 4.403 for hybrid (PsxPs) to 5.868
for the white commercial hybrid
(P,xPs). The combined analysis of
variance revealed that the differences
between environments as well as
among 21 F,’s were highly significant
whereas no significant G x E
interaction was found.

For grain vyield per plant, the
genetic analysis revealed that under
the favourable environments the
general combining ability (GCA)
variance was greater in magnitude
than the specific combining ability
(SCA) variance indicating mainly
additive gene effects in accordance
with Omara et al. (1991) and Abd El-
Sabour (1997). However, in the stress
environments, the reverse was true
indicating that gene effects were
mostly non-additive.

Under both favourable and
stressful  conditions, the (GCA)
variance was uniformly larger by far
than the (SCA) variance for leaf area
index (LAI) in the four seasons,
indicating that additive gene effects
were predominating under both
conditions which reveal the feasibility
of selection for such trait. The additive

component of variance (GCA) was
greater in magnitude than non-
additive component (SCA) for the 4
seasons under both favourable and
moisture stressed environments for
LAI. These results agree well with
Rutger et al., (1971) results. They
found that the general combining
ability accounted for a larger
proportion of the variation for leaf
measurements than for grain yield. A
similar trend was observed for ErLA
but in 2 out of 4 seasons. That grain
yield/plant was mainly governed by
genes with additive effects under
favourable conditions agrees with the
results of El-Hosary(1989), El-Zeir et
al. (1993a), El-Sherbieny et al.
(1996), Mathur et al. (1998), Tulu and
Ramachandrappa  (1998),  Gado
(2000) and Amer et al. (2003) who
found a GCA/SCA ratio for the gene
effects controlling that trait.

Genetic correlation:
a- Among GCA estimates

Genetic correlations between GCA
estimates for all studied traits under
favourable and strongly stressed
conditions are presented in Table (2).
A highly  significant  genetic
correlation coefficient was found
between the GCA values of eighth
leaf area (ELA) and those for leaf area
index (LAI) under both favourable
and strongly stressed conditions. A
significant correlation was also found
between GCA values for ear leaf area
(ErLA) and those for (LAI) under
favourable  condition.  Significant
correlation coefficients were found
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Table(2): Genetic correlation among GCA estimates for all studied traits for
the 21 F,’s grown under favourable (F) and stressed (S )

conditions
°o E Ear leaf Leaf area Grain
Traits g E area index yield/plant
w [
) F 0.706 0.897** 0.554
Eighth leaf area
S 0.930** 0.940** 0.695
F 0.908** 0.423
Ear leaf area
S 0.961** 0.847*
. F 0.429
Leaf area index
S 0.739

*, ** Significant and highly significant at 5% and 1% level of probability,

respectively.

Table(3): Genetic correlation among SCA estimates of all studied traits for
the 21 FI’s grown under favourable (F) and stressed (S)

environment

Traits g § Ear leaf Leaf area Grain
2 £ area index yield/plant
L
) F 0.505* 0.414 0.586**
Eighth leaf area
S 0.728** 0.665** 0.480*
F 0.503* 0.456*
Ear leaf area
S 0.741** 0.650**
) F 0.386
Leaf area index
S 0.675**
) F 0.540*
100-kernel weight
S 0.407

*, ** Significant and highly significant at 5% and 1% level of probability,

respectively.
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between ear leaf area and eighth leaf
area, leaf area index and grain
yield/plant under the strongly stressed
condition.

Positive and highly significant
correlations were obtained between
GCA values for LAI and those for
eighth leaf area and ear leaf area in
both environments.

b- Among SCA estimates.

Genetic correlation coefficients
among SCA estimates for all studied
traits over the four seasons under both
favourable and strongly stressed
conditions are presented in Table (3).
Positive correlation was obtained
between eighth leaf area (ELA) and
ear leaf area (ErLA), leaf area index
(LAI), and grain yield/plant under
both favourable and strongly stressed
conditions, except with leaf area index
(LAI) where it was non-significant
under favourable conditions. Positive
and significant correlation coefficient
was obtained between ear leaf area

and leaf area index and grain
yield/plant under the favourable
conditions. Meanwhile a highly

significant correlation was found
between ear leaf area and leaf area
index, and grain vyield/plant under
strongly stressed. A significant
correlation coefficient was found
between SCA estimates for leaf area
index (LAI) and ear leaf area under
favourable conditions similar
correlations were obtained between
LAI and eighth leaf area, ear leaf area,
and grain yield/plant under strongly
stressed conditions.

Generally, dry matter/plant was
genotypically correlated with all of
LAI, ErLA, ELA and grain yield/plant
under both favourable and moisture
stressed environments. Grain
yield/plant was genotypically
correlated with ELA and ErLA under
both favourable and moisture stressed
environments and was correlated with
LAI only under stress. LAl was
genotypically correlated with ErLA
under both favourable and moisture
stressed  environments.  Positive
genetic correlations between GCA or
SCA  estimates in  favourable
conditions and their corresponding
estimates in  strongly  stressed
environments for all of LAI, ErLA,
ELA, and grain yield were obtained
indicating the possibility to select for
such traits under either one of these
two environments and expecting to
have a similar response in the other.
Selection under irrigation was as
effective as selection under dryland
conditions for increasing vyield in
moisture-stressed environments and
resulted in greater responsiveness of
selected populations to favorable
environments (Johnson and
Geadelmann 1989).

Response to selection for leaf area
index (LAI):

Leaf area index (LAI) values were
normally distributed in the F, (500
plants) under both favourable and
water-stressed environment. Under
the  former environment, the
variability, as reflected by C.V. values
(1551, 1835 and 17.34% for
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populations PyxP,, PoxPs, and P,xPs,
respectively), was lower than that
recorded under strongly stressed
condition (21.46, 22.91 and 23.424%
for populations PixPs, P,xPs, and
PP,  respectively). Under the
favourable environment, LAI ranged
from 2 to 8 and under water stress
conditions it ranged from 1t0 6 .

Under both favourable and
strongly stressed environments, the
selection for increased leaf area index
was  effective and  produced
significant responses in the three
populations (Tables 4, 5 and Figure 1
a and b). The positive response
obtained in the  favourable
environment amounted to 0.33 and
0.39 in the first and second cycles of
selection, for population (P:xPy)
which represented 7.32% and 8.55%
of the control mean, respectively.
Similar responses of 0.53 and 0.20 in
the first and second cycles of selection
were obtained for population (P,xPs)
which represented 11.04% and 4.02%
of the control mean, respectively.
Responses of 0.48 and 0.39 were
obtained in the S1 and S2 cycles, for
population  (P,xP;)  representing
10.50% and 8.82% of the control
mean, respectively.

Meanwhile under the strongly
stressed conditions the positive
responses to selection for increased
LAl in the three populations were less
than those obtained under favourable
conditions and amounted to 0.21 and
0.18 in the first and second cycles for
population  (P;xP¢)  representing

554% and 4.88% of the control
mean, respectively. Similar responses
of 0.18 and 0.13 were obtained in the
first and second cycles for population
(P4xPs) which represented 4.40% and
3.02% of the control mean,
respectively. Responses of 0.18 and
0.13 were obtained in the first and
second cycles for population (P4xP-)
representing 4.41% and 3.32% of the
control mean, respectively.

However, under the favourable
conditions, selection for decreased
leaf area index (LAI) was effective in
reducing the mean by 0.24 and 0.31 in
the first and second cycles for
population (P;xP,) which represented
5.32% and 6.80% of the control mean,
respectively. Similar responses of 0.55
and 0.46 in the first and second cycles
were obtained in population (P.xPs)
which represented 11.45% and 9.26%
of the control mean, respectively.
Responses of 0.32 and 0.23 were
obtained in the first and second cycles
for population (P,xP;) representing
7.00% and 5.20% of the control mean,
respectively (Table 4 and Fig.1b).
Meanwhile in the strongly stressed
environment greater responses of 0.63
and 0.52 were obtained the first and
second cycles for population (P;xPg)
representing 16.62% and 14.09% of
the control mean, respectively.
Similarly, greater responses of 0.47
and 0.54 were obtained the first and
second cycles for population (PsxPs)
which  represented 11.49% and
1253% of the control mean,
respectively. The obtained responses
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of 0.62 and 0.43 the first and second
cycles for population  (P4xP;)
represented 15.19% and 10.97% of
the control mean, respectively
(Table 5 and Fig. 1a).

Correlated response in grain yield

Under both favourable and strongly
stressed environments, selection for
increased leaf area index (LAI)
produced significant  correlated
responses in the grain yield per plant
in the three populations (Tables 4
and 5). The correlated responses
obtained in  the favourable
environment amounted to 17.47g
and 14.89g for the first and second
cycles for population (P:xP;) which
represented 13.09% and 11.46% of
the control mean, respectively.
Similar responses of 13.06g and
15.15¢g were obtained in the first and
second cycles for population (P,xP5)
which represented 11.54% and
12.18% of the control mean,
respectively. Correlated responses
of 18.43g and 18.39g were obtained
in the first and second cycles for
population  (P,xP;) representing
14.58% and 14.02% of the control
mean, respectively. Meanwhile
under the strongly  stressed
condition, the correlated responses
were smaller than those obtained
under favourable conditions in the
three populations. In the increasing

direction, such responses amounted
to 6.62g and 10.85g in the first and
second cycles for  population
(P1xPs), which represented 8.94%
and 10.54% of the control mean,
respectively. Similar responses of
19.22g and 5.67g were also obtained
in the first and second cycles for
population (P4xPs), which
represented 18.82% and 5.52% of
the control mean, respectively.
Correlated responses of 23.21g and
6.05g were obtained in population
(P4xP7) representing 23.50% and
5.47% of the control mean,
respectively.

Meanwhile, selection for
decreased leaf area index (LAI)
under both favourable and strongly
stressed conditions produced
significant correlated responses in
grain vyield/plant. The correlated
responses obtained in the favourable
environments amounted to 24.86g
and 25.20g in reductions in the first
and second cycles of selection for
population  (P;xP,) representing
18.62% and 19.39% of the control
mean, respectively. Similar
responses of 14.80 g and 10.44 were
also obtained in the first and second
cycles for population  (P,xPs)
representing 13.07% and 8.39% of
the control mean, respectively.
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Table(4): Response to selection in the high (increase) and low (decrease)
directions for leaf area index, eighth leaf area, ear leaf area, and
grain yield/plant in the favourable environment.

Response to selection
Traits Pop. Sg:lsgltézn Absolute values % of control mean
Increase Decrease Increase Decrease
S; 0.33 0.24 7.32%* 5.32**
PxP,
S, 0.39 0.31 8.55** 6.80**
S 0.53 0.55 11.04** 11.45**
. PoxPs
Leaf area index S, 0.20 0.46 4.02** 9.26**
S; 0.48 0.32 10.50** 7.00**
P,xP;
S, 0.39 0.23 8.82** 5.20**
S 31.50 85.00 5.26** 14.20**
PxP,
S, 13.82 76.24 2.03** 11.17**
S; 98.72 42.68 16.63* 7.19**
PxP
Eighth leafarea| ~ = | S, 82.87 36.79 1301 | 5777
S; 371.72 47.47 6.00** 7.55**
PoxP;
S, 19.80 53.39 2.94** 7.94**
S 75.71 64.75 12.31** 10.52**
PxP,
S, 40.84 51.04 6.16** 7.70**
S; 87.50 49.17 13.47** 7.57**
PxP
Ear leaf area ae S, 86.67 45.84 13.45** 7.11%*
Si 95.26 32.69 15.16** 5.20**
P2XP7
S, 66.87 31.89 10.70** 5.10**
S 17.47 24.86 13.09** 18.62**
P1xP,
S, 14.89 25.20 11.46** 19.39**
Grain yield S; 13.06 14.80 11.54** 13.07**
Iol P2XP3
plant S, 15.15 10.44 12.18* 8.39**
Si 18.43 0.58 14.58** 0.10™
PoxP;
S, 18.39 8.83 14.02** 6.73**
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Table(5): Response to selection in the high (increase) and low
(decrease)directions for leaf area index, eighth leaf area, ear
leaf area, and grain yield/plant in the strongly stressed
environment.

Response to selection

Absolute values

% of control mean

Traits Pop. Sél;((::ltézn
Increase | Decrease | Increase Decrease
PP S, 0.21 0.63 5.54** 16.62**
e TS, 0.18 0.52 4.88%% | 14.09%*
Leaf area PP S, 0.18 0.47 4.40** 11.49%*
index XFs S, 0.13 0.54 3.02** 12.53**
PP S, 0.18 0.62 4.41%* 15.19**
AT S, 0.13 0.43 3.32%* 10.97**
P.xPs S; 12.10 87.23 2.25** 16.23**
S, 41.86 88.08 7.96** 16.74**
Eighth leaf BxP S, 51.55 96.76 9.44** 17.73**
area XFs g, 31.64 7332 | 546%* | 12.66*
PP, S, 42.80 78.78 7.33%* 13.50**
S, 22.25 26.29 4.16** 4.91*
PP S, 13.06 59.07 2.40* 10.84**
e S, 18.07 59.48 3.20* 10.55**
* **k
cotetaen | o, |5 SU08 | S687 | S5 | 14207
PP S, 50.02 54.94 8.66** 9.51**
A S, 53.89 22.9 9.93** 4.22%*
P xP S 6.62 5.55 8.94"™ 7.49"
e TS, 10.85 8.40 10.54** | 8.16**
Grain yield b 4P S, 19.22 14.21 18.82** | 13.92**
Iplant XFs g, 5.67 571 550% 5.56%
b P S, 23.21 24.72 23.50** | 25.03**
T S, 6.05 16.01 5.47™ 14.48*
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Fig. (1,a): Average response to
selection for leaf area index of S

and Sp in three different
populations grown in favourable
and strongly stressed
environments.
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Fig. (1,b): Response to selection
percent (from the control) for leaf
area index of Sq and So in three

different populations grown in
favourable and strongly stressed
environments.
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Responses of 0.58g and 8.83g
were also obtained in the first and
second cycles for population (P,xP-)
which represented 0.10% and 6.73%
of the control mean, respectively
(Table 4). Meanwhile, under the
strongly  stressed  environment
responses of 5.55g and 8.40g were
obtained in the first and second
cycles for population (P;xPg) which
represented 7.49% and 8.16% of the
control mean, respectively. Similar
responses of 14.21g and 5.71g were
obtained in the first and second
cycles for population  (P4xPs)
representing 13.92% and 5.56% of
the control mean, respectively.
Greater responses of 24.72g and
16.01g were obtained in the first and
second cycles for population (P4xP-),
which represented 25.03% and
14.48% of the control mean,
respectively in the strongly stressed
environment (Table 5). As for grain
yield/plant, what was not expected is
the non-significant difference in
grain yield of the first cycle (for
population P,xP;) of decreased
plants in LAI and the control. But
the explanation came from Richards
(2000) who concluded that high
yields can still be achieved despite
substantial reduction in
photosynthetic area. Photosynthesis
is more easily regulated through the
control of leaf area and leaf
senescence and through the daily
duration and extent of stomatal
opening (Richards 2000).

Strikingly,  the phenotypic
association between leaf area index
and eighth leaf area was consistently
present in the Fj,'s (r=0.585** for
P.xP,, r=0.175** for P3xP,, r=
0.130* for P,xP,), as well as in the
first cycle of selection (r=0.219**
for PixP,, r=0.429** for P3xP,, r=
0.566** for P;xP,) and second cycle
of selection (r=0.144* for PyxP,,
r=0.281** for P3;xP,, r= 0.284** for
P-xP,) cycles of selection under
favourable conditions in the positive
direction indicating that selection for
increased leaf area index did not
alter such association.

Improved biological efficiency of
crops might be associated with an
increase in seasonal absorption of
incident radiation through an
increase of LAl and leaf area
duration. LAI appeared to be the
most promising trait for indirect
improvement of grain yield in the
present material since it was not
affected by genotype x environment
interaction over the 10 environments
used, was mainly governed by the
additive genetic component under
both favourable and water stressed
conditions and was also genetically
correlated with grain yield/plant
under water stressed conditions.
Consistent and parallel correlated
responses were obtained in ELA and
ErLA, which increased wherever
LAI increased and decreased in the
same manner. What deserved
attention was the correlated response
in grain vyield. The correlated
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response under both favourable and
stressed environments was expected
as a result of increasing total leaf
area exposed to incident light which
increases photosynthesis per unit
ground area. Maize increase in
biomass account for most of the
increase in grain vyield (Russel,
1991, Tollenaar, 1991 and Richards,
2000). When the leaf area of well-
watered wheat plants was halved 5
days after anthesis no reduction in
grain number and no reduction in
grain weight was found (Richards,
1996).

References

Abd  El-Sabour, A.G. (1997).
Genetic structure of (Zea mays
L.) populations adapted to dry
conditions. M.Sc. Theses, Fac. of
Agric., Assiut Univ., Egypt.

Amer, E.A.; AA. EI-Shenawy and
AA. Motawei (2003).
Combining ability of new maize
inbred lines via line X tester
analysis. Egypt. J. Plant Breed. 7
(1): 229-239.

Eberhart, S.A. and W.A. Russell
(1966). Stability parameters for
comparing varieties. Crop Sci., 6:
36-40.

El-Hosary, A.A. (1989). Heterosis
and combining ability of six
inbred lines of maize in diallel
crosses over two years. Egypt. J.
Agron., 14 (1): 47-58.

El-Sherbieny, H.Y.S.; G.M.A.
Mahgoub and M.A.N. Mostafa

(1996).  Combining  ability
between newly developed white
inbred lines of maize. Bulletin of
Faculty of Agriculture,
University of Cairo, 47 (3): 369-
378. (C.F. Plant Breed. Abst., 66:
12599, 1996).

El-Zeir, F.A.; M.A. Younis; F.M.
Omer and A.A. Galal (1993,a).
Estimation of genetic variability
in a composite variety of maize
using design-1 and S, families. J.
Agric. Res., Tanta Univ., 19 (1):
114-122.

El-Zeir, F.A; A.A. Abd El-Aziz and
A.A. Galal (1993,b). Estimation
of heterosis and combining
ability effects in some new
topcrosses of maize. Menofiya J.
Agric. Res., 4 (1): 2179-2190.

Francis, C.A.; J.N. Rutger and
A.F.E. Palmer (1969). A rapid
method for plant leaf area
estimation in maize (Zea mays
L.). Crop Sci., 9: 537-539.

Gado, H.E. (2000). Estimates of
combining ability of some yellow
maize inbred lines in topcrosses.
J. Agric. Sci. Mansoura Univ., 25
(3): 1495-1510.

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

Johnson, S. S. and J. L. Geadelmann
(1989). Influence of water stress
on grain yield response to

260



Assiut Journal of Agricultural Science, Vol 37, No 2, 2006

recurrent selection in maize.
Crop Sci., 29: 558-564.

Mathur, R.K.; Chunilal; S.K.
Bhatnagar and V. Singh (1998).
Combining ability for vyield,
phonological and ear characters
in white seeded maize. Indian
Journal of Genetics & Plant
Breeding, 58 (2) 177-182. (C.F.
Plant Breed. Abst., 68: 12885,
1998).

Omara, M.K.; Tahany H.l. Sherif;
E.M. El-Frash; M.Y. Hussein and
N.T. Hamdoon (1991). A genetic
analysis of flowering
characteristics in maize hybrids
and its relationships with yield
under drought stress. Assiut J.
Agric. Sci. 22 (2): 307-327.

Richards R.A. (1996). Increasing the

yield potential in  wheat:
manipulating sources and sinks.
In:  Rajaram MP, McNab

S,Reynolds A, eds. Increasing
yield potential in wheat: breaking
the barriers. Mexico, DF:
CIMMYT , 134-149.

261

Richards R.A. (2000). Selectable
traits to increase crop
photosynthesis and yield of grain
crops. J. Experimental Botany
51:447-458.

Russel, W.A. (1991). Genetic
improvement of maize yields.
Advances in Agronomy 46: 245-
298.

Rutger, J.N.; C.A. Francis and C.O.
Grogan (1971). Diallel analysis
of ear leaf characteristics in
maize (Zea mays L.). Crop Sci.,
2:194-195.

Tollenaar, M. (1991). Physiological
basis of genetic improvement of
maize hybrids in Ontario from
1959 to 1988.Crop Sci. 31:119-
124.

Tulu, L. and B.K. Ramachandrappa
(1998). Combining ability of
some traits in a seven parent
diallel cross of selected maize
(Zea Mays L.) populations. Crop
Research,  15(2/3): 232-237.
(C.F. Plant Breed. Abst., 68:
11715, 1998).



Assiut J. of Agri. Sci. M. M. El-Defrawy et al.,( 247-262)

Aga) ci gl cand dsalil) oJﬁ\ué;\ﬁJj\MMJﬁﬁuwm ]
dya;d\uisz\.iﬂugaﬁ)

Fgala cladll Gala G d dielewd G Sl s sl ) G 3 sane a2

_‘);AA‘B).:\.;“GAT.\D\J‘}”&_’;}“‘}S‘)AAaﬁﬁm\z‘)ﬂ\?d#bwihb61&‘)}\2&56%‘)_}3‘?&3

133;..5Qj).iﬂ\jh\j\&_)j_BJM\QABJ';;ASA@QYL@“QH@)S\JMHJ;)?S
-1 A claall e sl sl i Calide Jle dlea) Cag oyl Jia ciliy pde L dadll)
4 (D 5p) SN dabia -3 (5 2) A5l Aalue o 2D (& 5 ) AU 28 ) 6l Aals
ddﬂ\ﬁuﬂu#\dw

sl e b il \}u w\ uM\ S5 ko ;L@A\muumn dsu}u}
%42.3 Jhsias Lialtl 33 ) dalise A 9643.7 Ssias 35S0 4 55 abne A «%54.82

Al Al e el 8 sae] ) cileaall HT S A8 gl Aalie Jala o s

Ol LS i) lae e 880,55 Al o Jelily ) e e oS 4l s gl J geanal

lea) oy yla g 4 sl Gy Al (e IS cind Cancadd) 31 o) () Sl AL L sSa o)<
a8 Sgay) Cig kst Ll G gl J paane e Gy 5 Lo 33 Ll (1S

Y poman (it A0 ol (Lt 52850 e s (i 8 51 AT 53
Lon sl i) CuilSs, dlga¥) gl ni Y geane (A0 e 5 4 gall G lall 3
(%7.13 5 %9.62 ) yibe SO (5 s Ao Jas siall & A3 )l dalisa Jals dlo 33 3
S AN 5 9 5 sal) 8 A sall gy all cant el (3 aall) aalall e il ailS
Aaally Ll (V53 e %3745 %4.78) osdal) gl Cagyla caat Lgie (LA
Alea¥) Gy yda caas A1 Y (LuSlae sl yelal 28 28 5l dalise July (msdd Alatu
it s Les (%12.53 5% 14.43) ST 4850 dalse dily & (alisiy) (S sk )l
4l Aabie e IS (8 A 30 Al iS5 (% 7.09 5 %7.92) A sall okl
LA Aaiul) ae A )l sie s Aduia dal ) clall gaad) (3555 580 48 ) 5 daliss 5 ALl
Jsana (85205 A8 )5l dalise Joda 50l Y Alaial) pa a B85, A8 ) ol Jola Aalise 30 )
Ly 230 sall gy al) cans AT (5550 B (%12.53 5 %13.07) L laie aal sl bl
Jsasall & Rl W (%7.18 5 %17.09) (s2sbll sleal) Cayyk can 5aly 5 S
@i (%11.505 %10.60) () duas 288 43 ) 5l Aaliss Jods (8 aliai¥) alia G20
G QSN (550 (4 (%9.40 5 %15.48) () 0=laaiY) Jha s Loty 4380 sall g HLal)
S o (sl el e Al o) sall g5 O @l sl st M) dgad) g sl
4855l Aalise Jla 52l 31 LAY die e ) 8 Wb 38 a5 Adliall ildall L T
Jsaaal bl e Gauadll vie

262



