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Abstract: The major objective of this study was to assess grain yield and its
components in some genotypes of maize under different levels of drought stress.
Therefore, eight medium maturity hybrids of maize were evaluated using a split-plot
arrangement in randomized complete block design with four replications in three
stress (the vegetative, reproductive and grain filling phases) and normal conditions,
at the Agricultural Research station of Miando'ab, West Azerbaijan, North West of
Iran. Seme phenological and morphological characteristics were recorded during
cropping season. Analysis of variance and mean comparisons revealed that yield
loss due to drought stress at vegetative growth phase recorded highest role in crop
yield reduction comparing to other stress media. The analysis of variability
parameters revealed presence of substantial variability for all traits. The phenotypic
correlation coefficients unfolded positive and significant associations of grain yield
with 300-kernel weight, kernel girth, kermnel rows/ear and kernels/row, at normal
conditions. The maturity traits recorded significant and negative correlation with
vield, at stress prone conditions. The path analysis revealed that the most
important direct effects on grain yield are number of kernels/row, ear length, ear
girth and kernel rows/ear thus, should be used as target traits for tailoring an ideal
plant type for higher yield of maize exposed to drought stress at vegetative period.
According to the results, at drought condition, anthesis to silking interval, days to
silk emergence, green cover percentage and much more kernel number in row are
major traits which recommended for selecting drought tolerant hybrid varieties of
COITL,
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INTRODUCTION

Corn 18 currently the third most important crop in the world in terms of cash receipts and
was grown on about 129 million hectares worldwide in 2004. Average productivity of this
crop is 6.7 t ha™' in developed countries and 2.4 t ha™' in developing countries, including
Iran (Food and Agriculture Organization of the Unmited Nations, 2005).

Drought 1s a major constramt to increase yield in crop plants. Improving drought
tolerance is therefore of outmost importance for breeding. However, the complexity of the
trait allowed only marginal progress. Genetic improvement of adaptation to drought is
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addressed through the conventional approach by selecting for yield and its stability over
locations and vears. Such selection programs are slow in attaining progress because of the
low heritability of yield under stress, the mherent variation in the field and the limitation that
there 1s usually only one experimentally droughted crop per year (Tollenaar et al., 2004).

Alternatively, yield improvements in water-limited environments could be achieved by
identifying secondary traits contributing to drought resistance and selecting for those traits
in a breeding program. The effectiveness of selection for secondary traits to improve yield
under water-limiting conditions has been demonstrated m maize (Zea mays L.)
(Venugopal et al., 2003), wheat (Triticum aestivum 1..) (Moghaddam et al, 1997;
Richards et al., 2002) and sorghum (Sorghum bicolor 1.. Moench) (Galeta et al., 2005).

A number of studies in maize have been conducted to elucidate the nature of
assoclation between yield and its compenents which identify traits like ear length, ear
diameter, kernel /row, ears/plant, 100-kernel weight and rows/ear as potential selection criteria
in breeding program aiming at higher yield (Najeeb et al., 2009; Tollenaar et al., 2004).
Estimation of simple correlation between various agronomic characters may provide good
mnformation necessary for maize breeders, when selection i1s based on two or more traits
simultaneously (Singh and Singh, 1993). Information obtained from correlation coefficients
for these characters could also be useful as indicators of the more important ones under
consideration. The association among traits may be measured by genotypic and/or
phenotypic coefficients correlation depending on the types of studied materials and the kind
of experimental design used (Agrama, 1996).

Since drought resistance is a quantitatively inherited performance based trait, selection
needs to be practiced with advanced generation lines in replicated trials over years and
locations (Denmead and Shaw, 1960). Drought resistance can only be estimated by
comparing the performance of breeding lines under stress and non-stress (irrigated)
conditions. Using data from the two water treatments, breeders can calculate drought
mntensity index for the experiment and the different susceptibility indices and means to assist
n selection of drought resistant genotypes (Abdmisham et al., 2004).

Owr intention from this investigation was to study performance of grain yield and its
components of eight maize hybrids in four different levels of soil moisture contents as well
as, to assess the association between traits and path analysis of grain yield at those
conditions.

MATERIALS AND METHODS

Site Characteristics

This study was carried out during Spring and Summer of 2006 at the Miandc'ab
Agricultural Research Station, 46°09' N, 36°58' E and 1371 m altitude, in the province of West
Azerbaijan, North West of Iran. An open pan evaporation class A was used to avoid of side
effects of climatically parameters on the wrigation periods. The pan was installed ma 15 m
distance apart from the experiment. Each period of irrigation in the non-stressed treatments
was conducted after 90+£5 mm evaporation of the pan, which was approximately equal to
10 days evaporation during June-July and for stressed plots in a 20 days intervals equal to
18045 mm open pan evaporation during different growth phases.

Experimental Design

A split plot arrangement in randomized complete block design with four main plots,
different levels of urigation, including complete nrigation, stress at vegetative phase, stress
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at reproductive phase and stress at grain filling period and eight sub plot, consist of eight
medium maturity hybrids of com (SC 604, SC 647, SC 686, SC 687, SC 688, SC 689, SC 690 and
SC 691), with three replications was performed.

Data Collected

Each hybrid was raised in two rows of 5 m length with a spacing of 60 cm between the
rows and 20 cm between plants within the rows. Recommended package of practices were
followed to raise the crop and normal cultural practices were followed through out the crop
growth. Five plants were randomly selected from each hybrid, replication-wise for recording
observations on fifteen characters, viz., days to silk emergence, plant height, ear length,
number of rows per ear, number of kernels per row, number of branches per tassel, total
number of leaves, number of leaves per ear, number of dry leaves, kernel depth, green cover
percentage, leaf rolling, 300 kemels weight, single plant yield and Anthesis to Silking Interval
(ASD.

Data Analysis

Standard statistical procedures were used for the analysis of variance and mean
comparisons of the selected cultivars were conducted using Fisher’s L.SD. The phenotypic
correlation coefficients for yield and yield components were evaluated using the formula
suggested by Tha et al. (1998). Further, the path coefficient analysis which measure the direct
influence of one variable upon another and permits the separation of the simple correlation
coefficient into components of direct and indirect effects was done according to Wright
(1921) and Dewey and Lu (1959).

RESULTS AND DISCUSSION

The results of analysis of variance showed highly sigmificant differences for most of the
traits (Table 1). Effects of drought stress at different stages of growth, on traits such as
300 kernels weight, ASI, number of kernels per row, number of branches of tassel, green
cover percentage and grain yield; and on characters like number of kernel rows, kermel depth,
plant height and ear length, were significant at 5 and 1% levels, respectively. Therefore, the
performance of aforementioned traits in destined hybrids under drought stress treatments
(vegetative, reproductive and grain filling periods) toward normal condition has changed.
There were significant differences between hybrids regarding to 300 kernels weight, ASI,
mumber of kernel rows, number of branches of tassel, number of kernel rows, green cover

Table 1: Phenotypic variation in different characters of maize hybrids

Characters Range Mean SE(#) CV (%) F-vale for hybrds F-value for stress levels
300 kernels weight (g) 84.11-92.08 87.18 3.17 5.88 31.08%* 343.5]1%%
ASI 2.25-3.42 296 13.82 2049 137.26%* 4.4 5k
No. of kernel per row 41.5846.67 4416 2.29 532 22.30%* 5.01%%
No. of rows per ear 15.01-16.83 15.63 0.92 7.57 6.02* 3,188
No. of tassel branch 11.50-12.48 1211 1.21 6.24 30.73%% 3.55%%
Kemel depth (mm) 11.44-12.65 11.92 2.08 7.67 4,73 <
Days to silk emergence 54.83-55.84 5541 0.88 1.13 <] 2.43%
Green coverage percent 73.92-77.67 76.29 0.6 417 3.28 4.03%%
No. of leaf per plant 13.25-13.92 13.55 1.24 4.47 3.24m <]
Plant height (cm) 181.50-187.25 184.26 0.59 2.99 8.81* 1.14=
No. of topside leaves 4.42-6.17 575 0.15 7.62 <] 2.32%
Ear length (cm) 23.01-24.33 23.48 0.71 4.46 9.61* 2.45%
Grain yield (tha™") 9.87-12.31 11.02 821 1025 66.13%* 7.40%%

ns: Not significant; *: Significant at p = 0.05; **: Significant at p=0.01
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Table 2: Performance of each character of maize hybrids in nommal situation and different levels of drought stress
Levels of drought stress

Nonmmal Stress at Stress at Stress at grain
Characters (non-stress) vegetative phase reproductive phase filling period
300 kemnels weight (g) 101.40 91.27 89.13 80.730
ASI 2.29 2.73 2.48 4.330
No. of kemel per row 4773 4552 A6.46 45020
No. of rows per ear 16.54 15.67 15.38 15.170
No. of tassel branch 11.31 11.81 11.63 13.100
Kemel depth (mm) 1230 11.84 12.05 11.450
Days to silk emergence 59.81 59.75 59.65 59.600
Green cover percentage 82.06 77.38 79.52 71.400
No. of leaf per plant 13.90 1342 13.96 13.210
Plant height (cm) 195.20 184.70 196.40 177.800
No. of topside leaves 598 6.08 6.04 6.188
Ear length (cm) 23.98 23.56 24.27 13.400
Grain yield (t ha™") 1231 1091 10.98 9.870

percentage and gram yield at 1% sigmficant level and also for number of days to silk
emergence, ear length and number of top leaves at 5% level, showing presence of variation
for these traits among hybrids. Number of days to silk emergence and AST had lowest and
highest coefficients of variation, respectively. In general, results of ANOVA showed that
there were a dramatically genetic variation among investigated hybrids and it could be
exploited to select genotypes for drought prone environments.

Mean grain yield among the trials ranges from 9.9 to 12.3 tha™ (Table 1, 2). Interaction
of hybrid=stress levels was significant for AST and ear length (data not shown). Overall mean
of different characters for each single cross have showed m Table 3. Hybrid number six (SC
686) produced higher grain yield and lowest ASI (2.25 days). This genotype was superior
over others regarding to some traits such as 300 kernel weight, number of kernel per row,
number of rows per ear, kernel depth, green cover percentage and ear length. Hybrid number
five (SC 687), showed highest value of ASI (3.42 days) and lowest number of kemels per
row (41.58). Westgate (1994) and Edmeades et al. (1994) reported negative correlation
between ASI and number of kernels per row. However, with ASI duration more than
8 days, number of kemels per row will be decrease significantly to produce even
seedless ears.

Simple correlation coefficients among traits at different moisture contents were shown
in Table 4-7. The coefficients of correlation for grain yield vs. 300 kernels weight, green cover
percentage, number of kemel per row, leaf number and plant height were 0.63, 0.77, 0.57, 0.54
and 0.42, respectively and significant. Whereas correlation for grain yield vs. ASI and
number of branches of tassel were negative and significant (Table 4). Bolanos and Edmeades
(1996) found positive and significant coefficients of correlations between grain yield vs.
number of kernel per row and one-hundred kernels weight at drought stress condition.

In the present study, correlation between grain yield vs. 300 kemnels weight (0.51),
number of kemel per row (0.72), kernel depth (0.54) and green cover percentage (0.41) were
positive and significant at vegetative phase stress (Table 5). Also, correlation coefficient
between grain yield and AST was negative (-0.53) and significant (p = 0.05). Abrecht and
Carberry (1993) in their study on effect of drought stress on different properties of maize
reported that, moisture stress at vegetative phase increases association between grain yield
and ASL.

Correlation coefficients between grain yield against 300 kernels weight (0.63), number
ofkemels per row (0.66), plant height (0.63) and ear length (0.41) were sigmficant. Correlation
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Table 3: Response of maize hybrids

Hybrid 300 kernels No. of kemel No. of No. of Kernel Days to silk  Green coverage No. of Plant No. of topside Ear Grain
name/number  weight (g) AST  perrow rows per ear_tassel branch depth (mm) emergence  percent leaf plant~! height (cm) leaves length {cm) vyield (t ha™!)
SCa91 87.57 2917 4500 15.17 12.25 12.02 55.52 7525 13.33 181.5 5.75 23.42 11.17
SC 690 89.50 3.17 44.08 15.67 12.84 11.84 55.50 77.67 13.58 183.4 4.42 23.08 11.58
SC 689 86.33 3.08 44.50 15.17 11.75 11.83 5525 75.67 13.25 184.8 5.83 23.08 10.83
SC 088 84.00 3.25 43.08 15.83 12.32 11.44 55.67 73.92 13.67 183.9 5.83 23.17 9.83
SC 687 83.58 342 41.58 16.17 12.00 11.59 5583 74.42 13.58 182.8 6.07 2375 9.88
SC 686 92.08 2.25 46.67 16.83 11.50 12.65 54.83 79.67 13.92 187.1 0.17 24.33 11.82
SC o7 86.08 2.92 43.08 15.00 12.25 11.98 55.50 76.83 13.42 183.9 592 23.00 9.76
SC o 88.67 2.67 45.25 15.17 11.92 11.86 5517 76.92 13.67 187.2 0.08 24.01 11.42
Table 4: Phenotypic correlation coefficients between grain yield and some yield components and growth characters of maize hybrids under drought stress at normal condition

Characters X1 X2 X3 X4 X5 Xo X7 X8 X9 X10 X11 X12 X13 X14
300 kemels weight ®1 1

ASI X2 -0.155 1

No. of kemel per row X3 0.443% -0.166 1

No. of rows per ear X4  -0.152 -0.113 0.551#+ 1

No. of tassel branch X5  -0.461* 0.514*  -0.436* -0.548%# 1

Kemel depth X0 0.593%%  0.286 0.437% 0.009 -0.620y%* 1

Days to silk emergence X7 0.104 -0.214 -0.027 0.373 -0.680** 0.073 1

Green coverage percent X8  0.480*%  -0.192 0.585%+ 0.596%*  -0.447* 0.097 0.393 1

No. of leaf per plant X9 0.171 0.260 0.641 %% 0.308 0.100 0.451% -0.40 0.365 1

Plant height X10 -0.200 0.138 -0.122 0.221 0.303 0.410% 0.235 0.485% -0.251 1

Leafrolling X11 -0.198 -0.468%  -0.629%# -0.403 -0.092 -0.007 0.563*%*%  .0.448% -0.697%%  .0.083 1

No. of topside leaves  ¥X12  -0.427+ 0.035 -0.060 -0.328 0,52 %% -0.030 S0A2%F L0635 0189 -0465% 20134 1

No. of leaves perear X13 -0.091 0.016 0.249 0.451% 0.103 0.528* 0.294 0.674%* 0387 0.894#+% .0.213 -0.497* 1

Ear length X14 0.066 0.110 0.323 0.098 0.223 -0.539%%  .0.036 0.224 -0.200 0.624*%*  -0.246  -0.160 0.605%* 1
Grain yield K15 0777+ -0.419+ 0.668%* -0.052 -0.298 0.417% 0.168 0.535%%  0.235 0.003 -0.160  -0.238 0.247 0.385
*Significant at p = 0.05; **significant at p = 0.01

Table 5: Phenotypic correlation coefficients between grain yield and some yield components and growth characters of maize by brids under drought stress at vegetative phase

Characters X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14
300 kemels weight ®1 1

ASI X2  -0.198 1

No. of kemel per row X3 0.509%%  _0.686%* 1

No. of rows per ear X4 0168 -0.676%% 0,021 1

No. of tassel branch X5 0.161 0.467%  -0.441* -0.273 1

Kemel depth X0 0.221 -0.558%% (. 583%* 0.445% -0, B3 6% 1

Days to silk emergence X7 0.270 0.331 0.084 -0431* 0.650%* -0.320 1

Green coverage percent X8  -0.034 -0.301 0.482% 0.039 -0.026 0.058 0.024 1

010Z '69-09 (Z) Z 19§ dod)) r upisy



£9

Table 5: Continued

Characters X1 X2 X3 X4 XS5 X6 X7 X8 X9 X10 X11 X12 X13 X14
No. of leaf per plant X9  -0.2% -0.642%% .04 0.918%* -0.427* 0.515* -0.501*  0.255 1

Plant height X10 0.405* -0.908%* (. 722%* 0.413# -0.219 0.306 -0.078 0.303 0.305 1

Leaf rolling X11 0018 -0.378 0.170 0.115 0.117 -0.204 -0.209 -0.028 -0.160 0.585%% 1

No. of topside leaves X12 -0.344 0.186 -0.533%%  (,528%+ -0.085 0.227 -0.182 -0.099 0.546%*  -0.467 -0.476% 1

No. of leaves perear X13 0.574 -0.254 0.491+ -0.110 0.518%* -0.218 0.568%*  0.509* -0.231 0.523*%  0.480*% 0.470* 1

Ear length X14 0.480* -0.401 0.703 *# -0.284 -0.284 0.187 0.172 0.458* -0.257 0.610%% (.19 -0.698%% (.428*% 1
Grain yield X15 0.499* -0.498%  (.716** 0.075 -0.286 0.546%*  -0.116 0.404* 0.218 0.255 -0.175  -0.222  0.339 0.239
*Significant at p = 0.05; **significant at p = 0.01

Table 6: Phenotypic correlation coefficients between grain vield and some vield components and growth characters of maize hybrids under drought stress at reproductive phase

Characters X1 X2 X3 X4 XS5 X6 X7 X8 X9 X10 X1 X12 X13 X14
300 kemels weight X1 1

ASIT X2 -0.742%* 1

No. of kemnel perrow X3  -0.823%%  -0.750%* 1

No. of rows per ear X4  -0.074 0.150 -0.071 1

No. of tassel branch X5  -0.544%*  0.150 -0.327 -0.32 1

Kemel depth X6 0.722%F  0.563**  0.669%* -0.146 -0.010 1

Days to silk emergence X7 -0.854%* .0 756%* .0.847*% 0.001 0.348 -0.566%F ]

Green coverage percent X8 0.640%% 0. 799%%  0.861%* -0.231 0.122 0.753%%  -0.7]%* 1

No. of leaf per plant X9 -0.149 -0.625%%  0.093 -0.116 0.060 -0.260 -0.076 0.207 1

Plant height X10 0317 -0.269 0.488* 0.436*  -0.572 -0.040 -0.244 0.099 0.325 1

Leafrolling X11 -0.08 0.098 -0.331 0.185 0.001 0.286 0.361 0.351 -0.781%% -0.339 1

No. of topside leaves  X12 0.141 0.005 0.195 -0.450%" 0.027 0.482* 0.207 0.159 -0.288 -0.093 -0.467% 1

No. of leaves perear X13 0.322 -0.281 0.398 0.178 0.091 0.153 -0.365%%  0.410%  -0.327 -0.157 -0.149  -0.284 1

Ear length X14 0329 -0.388 0.056 0.349 -0.717%  -0.127 -0.283 -0.307 -0.001 0.239 0.098  -0.553*%* 0021 1
Grain yield X15  0.627%%  -0.844%*  0.663%* 0.053 -0.803** 0.369 -0.520%%  0.342 0.144 0.633%*  -0.066 0.144 -0.082  0.414*

*Rignificant at p = 0.05; **Significant at p = 0.01
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Table 7: Phenotypic comrelation coefficients between grain yield and some yield components and growth characters of
maize hybrids under drought stress at grain filling phase

Characters X1 X2 X3 X4 X5 X6
300 kemels weight X1 1

ASI X2 -0.280 1

No. of kemel per row X3 0.830 -0.148 1

No. of rows per ear X4 0.458% -0.456% 0.288 1

No. of tassel branch X5 -0.371 0.202 -0.200 -0.252 1

Kemel depth X6 0.671 *# -0.482% 0.534+* 0.831#* -0.552%# 1
Days to silk emergence X7 0.287 -0.137 -0.060 0.569%* -0.246 0.202
Green coverage percent X8 0.147 0.410% 0373 0.397 -0.180 0.297
No. of leaf per plant X9 0.88] -0.388 0.809+* 0.402+ -0.392 0.612%
Plant height X10 0.247 -0.310 0.200 0.179 -0.619%# 0.131
No. of leaves per ear X11 0.183 -0.274 0.220 0.267 -0. 814+ 0.425%
Ear length X12 0.127 -0.227 0.094 0.257 -0.882%# 0.399
Grain yield X13 0.636 -0.151 0.771%* 0.402+ -0.016 0.300
Characters X7 X8 X9 X10 X11 X12
300 kemnels weight X1

ASI X2

No. of kemel per row X3

No. of rows per ear X4

No. of tassel branch X5

Kemel depth G

Days to silk emergence X7 1

Green coverage percent X8 0.309 1

No. of leaf per plant X9 0.001 0.091 1

Plant height X10 0.355 0.273 0.412+ 1

No. of leaves per ear X11 0.001 0.307 0.451* 0.781#* 1

Ear length X12 0.141 0.304 0.327 0.792%% 0,975 1
Grain yield X13 0.393 0.571 #* 0.542%* 0.424* 0.108 0.042

*Significant at p = 0.05. **Significant at p =0.01

between grain yvield and AST (-0.84), as well as grain vield and number of branches of tassel
(-0.81) were significant (p = 0.01). Meanwhile, correlation of ASI with yield components and
green cover percentage was negative and sigmficant, but with number of branches of tassel
and days to silk emergence was positive and significant (Table 6). As shown in Table 7,
stress at kemel filling period brought positive and significant correlation between grain yield
and 300 kernel weight (0.78), number of kernel per row (0.67), kernel depth (0.42) and green
cover percentage (0.53). According to Claassen and Shaw (1970), stress at kernel filling
period has not any effect on kernel number, but due to low leaf photosynthesis and less
remobilization of assimilate toward seeds at this condition, weight of kernels will be
decreased. Three key functions for water deficiency in maize are intensity and duration of
drought stress, rate of stress development and phonological timing of stress (Galeta et al,,
2005; Bolanos et al., 1993). Present analysis and several investigations show that, anthesis
and silking phase (two weeks before emergence of silks), are most tender stages to
drought and stress in these scenes will induce prolonged interval between anthesis to
silking, decline of kernel number and thereby, reduced gram yield (Abdmisham et al., 2004,
Cavalieri and Smith, 1985; Downey, 1977; Kabdal et al, 2003; Venugopal et al, 2003;
CIMMYT, 2000).

The simple correlation coefficients between grain yield and some yield component and
growth characters of under study single cross hybrids of maize were partitioned into direct
and indirect effects using path analysis (Table 8-11). The estimated residual effects had
indicated that the characters chosen for path analysis were appropriate. Moreover, the
values of dmect effects indicating the mmimum inflation due to multi  co-linearity
(Mohammadi et al., 2003). The path analysis on grain yield of drought stress at reproductive
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Table 8: Phenotypic comrelations with grain yield, direct and indirect effects of yield components at reproductive phase
stress conditions

Characters X1 X2 X3 X4 X5 Phenotypic correlation
300-kermels weight X1 0.333 0.851 0328 -0.019 -0.863 0.627**

ASI X2 -0.244 -1.151 -0.331 0.039 0.807 -0.844+*

No. of kemel/row X3 -0.271 0.863 0411 -0.018 -0.848 0.663%*

No. of rows per ear X4 -0.024 -0.173 -0.028 0.261 0.010 0.053

Days to silk emergence X5 -0.281 -0.919 -0.336 0.003 1.011 -0.522%*

Bold values have direct effects. *Significant at p = 0.05. **Significant at p = 0.01, Residual effect: 0.107, R = 0.93

Table 9: Phenotypic comrelations with grain yield, direct and indirect effects of yield components at grain filling phase
stress conditions

Characters X1 X2 X3 X4 X5 X6 Phenotypic correlation
300-kemels weight X1 0.080 0.205 -0.061 0.083 -0.382 -0.099 0,777 %%

No. of kemnel/row X2 0.304 0.461 -0.045 0.102 -0.142 -0.014 0.668**
Kemel depth X3 0.407 0.202 -0.102 0.017 -0.101 -0.007 0.417%

Green cover percentage X4 0.331 0.272 -0.010 0.171 -0.080 -0.151 0.53] %

No. of leaf per plant X5 0.121 0.300 -0.046 0.060 -0.222 0.041 0.252
Leafrolling X6 -0.290  -0.028 0.003  -0.111 -0.042 0.233 -0.238

Bold values have direct effects. *Significant at p = 0.05. **Significant at p = 0.01, Residual effect: 0.107, R* = 0.81

Table 10: Phenotypic correlations with grain yield, direct and indirect effects of yield components at vegetative phase
stress conditions

Characters X1 X2 X3 X4 X5 X6 Phenotypic correlation
300-kemels weight X1 0.24 0.003 0.133 0.069 -0.009 0.009 0.45%

ASI X2 -0.05 -0.02 -0.162  -0.184 -0.078 -0.004 -0.49%

No. of kemel/row X3 0.13 0.14 0.241 0.192 0.125 0.007 0.72%%

Kemel depth X4 005 0.01 0.139 0.331 0.015 -0.003 (.55%#

Green cover percentage X5  -0.01 0.006 0.116 0.019 0.261 0.008 0.40%

No. of topside leaves X6 014 0.005 0.118  -0.072 0.008 0.016 0.34

Bold values have direct effects. *Significant at p = 0.05. **Significant at p = 0.01, Residual effect: 0.004, R =0.72

Table 11: Phenotypic correlations with grain vield, direct and indirect effects of vield components at non-stress conditions

Characters X1 X2 X3 X4 X5 X6 Phenotypic correlation
300-kemels weight X1 0.2000  0.6809 -0.6901 0.0368 0.3847 0.0235 0.63%*

No. of kemel/row X2 0.1660  0.8200 -0.5459 0.0298 0.2419 0.0592 0. 774

Kemel depth X3 0.1340 0.4346  -1.0300 0.0193 0.6972 0.0475 031

Plant height X4 00494 01640  -0.1339  0.1490 0.1503 0.0432 0.42%

No. of rows per ear XS5 00916 0.2361 -0.8549 0.0266 0.8400 0.0624 040

Green cover percentage X6 0.0294  0.3034 -0.3059 0.0402 0.3276 0.1600 0.57%*

Bold values have direct effects. *Significant at p = 0.05. **Significant at p = 0.01, Residual effect: 0.102, R = 0.94

phase (Table 8), revealed that 300 kernels weight (0.33) recorded high positive direct effect
on grain yield and its indirect effects on grain yield via kernels/row (0.32) and AST (0.85) was
positive and via days to silk emergence was negative (-0.86). The ASI had negative direct
effect (-1.15) and negative indirect effects on grain yield via 300 kernel weight (-0.24) and
kernels/row (-0.30). Direct effect of this trait proved to have impact on its correlation with
grain yield at mentioned conditions. Therefore, simultaneously screemng for ASI and days
to silk emergence might be accomplished to select shorter ASI and drought tolerant single
crosses of maize.

Considering drought stress at grain filling stage, 300 kernels weight (0.69), kernels/row
(0.45), green cover percentage (0.17) and leaf rolling (0.23) had direct effect on grain yield
(Table 10). On the other hand, indirect effects of green cover percentage via 300 kernel
weight and kemnels per row was more than its direct effect on grain yield. So, it could be
concluded that, at grain filling period of drought prone condition, high green cover
percentage plants with broad blade level are capable to produce more photosynthetic
assimilates and remobilization them from vegetative organs to the grains and ears, which
ultimately increase 300 kemnels weight. The obtained outcomes are in consistent with those
reported by Abdmishani et al. (2004).
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At vegetative period drought stress, 300 kernels weight recorded medium level of direct
effect and low level of indirect effect via kernels per row on gram yield. The path analysis
revealed that, number of kernels per row (0.24) recorded positive direct effect and positive
indirect effects via 300 kemnels weight, kemel depth and green cover percentage on grain
vield. Regarding to positive direct and indirect effects of this trait on grain yield and its
components, it could be exploited for selection at drought resistance programs. The results
presented by Singh and Singh (1993) emphasized that number of kernels per row; kernels
welght and number pf ear per plant are the most important traits, respectively.

Number of kernels per row proved to have a high direct effect on grain yield (0.82) and
its indirect effects via 300 kernels weight, mumber of kernels per row and kemel depth
exhibited positive and noteworthy.

From the foregoing discussion, it may be concluded that, drought resistance dedicating
traits are polygenic since drought tolerant single crosses had got highest yields at all
moisture stress conditions (SC 686, SC 690 and SC 604, respectively). Moreover, the present
study revealed that phenotypic correlations of important traits with each other and with grain
vield at normal and stressed conditions mostly were concurrent. Though, wvalues of
correlations of ASI, number of kernels per row, days to silk emergence and ear length with
grain yield at drought prone conditions varied considerable, which showing divers response
of hybrids at different situations of moisture, since, sign and value of association of these
traits affected sorely by media and stage of growth as well as mtensity of drought stress.
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