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ABSTRACT 
 
 In order to study the effects of drought stress on yield and qualitative traits of 7 maize inbred lines a field 
trial was conducted under non-stress and different drought stress conditions (stress at vegetative (6-7 leaves), 
pollination and grain filling stages) at the Agricultural College of Islamic Azad University, Shoushtar branch, 
Iran during 2010. The experiment was arranged in a split-plot design by a randomized completely block design 
with 3 replications. Drought stress in grain filling stage had the minimum grain yield that showed severe effects 
of drought stress at this stage of growth. In drought stress condition decreased grain yield and grain starch 
percent but grain protein percent increased. Based on the results of this study, the inbred line K166B produced 
the highest grain yield and grain starch percent and the least grain protein percent and can be recommended in 
future breeding programs for production of drought tolerant hybrids. Correlation between grain yield with grain 
protein percent was negative and significant but with grain starch percent was positive and significant. Stepwise 
regression results for grain yield indicated that grain starch percent in model was input and 97% determined 
variation of grain yield. 
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Introduction 
 
 Maize is an important cereal crop grown all over 
the world [19]. Also, is a stable food and commercial 
crop(1,2,3,4,5,6,7,8,9,10,11,12,13: [40]. Drought is a 
major abiotic factor that limits agricultural crop 
production [30,16,27,31,34,23,22]. 
 No exact figures on yield and economic losses in 
maize due to drought are available. In maize, grain 
yield reduction caused by drought ranges from 10 to 
76% depending on the severity and stage of 
occurrence [14,29]. reported that drought stress was 
at vegetative growth stage the minimal effect and at 
the grain filling stage cause the greatest decrease in 
grain yield. [24]. showed that drought stress at grain 
filling stage effectiveness than drought stress at 
vegetative stage on grain yield. [25]. reported that 
yield decreased under drought stress at reproductive 
stage was greater than the vegetative and grain filling 
stages. 
 Study on maize showed an increase in protein 
percent of grain in drought stress condition [41,31]. 
reported that drought stress in pollination and grain 
filling stages increased grain protein percent.[28,20]. 
reported that correlation between grain yield and 

grain protein content was the negative and 
significant. Protein concentration is positively 
correlated with high temperature and drought stress 
during cereal grain growth [37,41,31]. 
 Maize protein accumulation seems less 
susceptible to stress [15,42]. than does starch 
metabolism. However, considering that starch 
constitutes approximately 80% of the endosperm 
mass and that its accumulation is severely repressed 
by stress. [26]. reported a reduction in grain yield and 
grain starch percent, but; grain protein percent 
increased in heat stress condition. Correlation 
between grain yield with grain starch percent and 
grain protein percent in heat stress condition was 
positive and significant, but correlation between 
grain yield with grain protein percent in heat stress 
was negative and significant. The results of 
regression analysis by stepwise method for grain 
yield showed that grain protein percent in inbred 
lines in two conditions and in hybrids in heat stress 
condition in model were input. 
 The best option for crop production, yield 
improvement and yield stability under drought stress 
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condition is to develop drought tolerant crop varieties 
[33]. Screening and selection of plants of different 
crops with considerable water stress tolerance has 
been considered an economic and efficient means of 
utilizing drought-prone areas when combined with 
appropriate management practices to reduce water 
loss [32]. 
 The goal of this research was to survey response 
of qualitative traits and grain yield in maize inbred 
lines in drought stress condition at growth different 
stages. 
 

Materials and methods 
 
 The present study was conducted at the 
Agricultural College of Islamic Azad University 
Shoushtar branch, Iran during 2010. Experiment 
treatments were compared in a split-plot design by a 
randomized completely block design with 3 
replication. Main factors included of (normal 
irrigation (non-stress), drought stress in 6-7 leaves 
(vegetative) stage, drought stress in pollination stage 
and, drought stress in grain filling stage). Sub factors 
were 7 inbred lines (Table 1).  

 
Table 1: Pedigree/origin of studied inbred lines of maize 

Pedigree sources/origin Inbred lines 
Lancaster Sure Crop (LSC)  

CI. 187–2 × C103 MO17 
Derived from MO17 changes in Iran K18 
Derived from MO17 changes in Iran K19 

Reid Yellow Dent (RYD) 
A B73 back-cross derived line 
[(A662 × B73)(3)] 

A679 

Extracted from late synthetic (Created in Iran) 
SYN-Late(Iran) K3651/1 

Lines extracted from CIMMYT originated materials in Iran 
 K166A 
 K166B 

 
 The inbred lines were grown in three-row plots 
with 10 m length and 75 cm spacing between rows. 
Fertilizer was used based on soil test. Irrigation was 
applied once every 7 days for non-stress and stress 
conditions, respectively. Stress was with cut round 
two of irrigation in each stage.  
 Grain protein percent was determined using 
kejeldal procedure and grain starch percent using 
UV-Vis Spectrometer Jasco V-550 (Galicia et al., 
2008). Data pertaining grain yield, grain starch 
percent and grain protein percent were statistically 
analyzed. Analysis of the variance, correlations and 
stepwise regression using SPSS software was carried 
out and mean separation performed according to 

Dunccan,s Multiple Range Test at 5% probability 
level. 
 
Results and discussion 
 
 Results of ANOVA showed significant 
differences among different levels of drought stress, 
inbred lines and interaction between drought stress 
and inbred lines had for grain yield, grain starch 
percent and grain protein percent under studied 
conditions (Table 2), which demonstrated existence 
of high diversity among inbred lines studied for 
drought tolerance and different between time of 
applied stress.  

 
Table 2: Analysis of variance of traits in maize inbred lines under drought stress condition  

Source of variance Degree of 
freedom 

Grain yield Grain starch percent Grain protein percent 

Block 2 2990** 5.78ns 3.27ns 
Drought stress 3 545** 345.5* 100.5** 

Drought stress error 6 138 12.4 2.76 
Inbred line 6 327.8** 24.6** 9.89** 

Drought stress×Inbred line 18 23.5** 16.9** 4.28** 
Error 48 2.47 1.45 2.25 
Total 83    

    ns, * and **:nonsignificant, significant at 5% and 1% probability levels, respectively. 

 
 Among all inbred lines, K166B (3254.2 kg/ha) 
had the maximum grain yield, but MO17 (750.63 
kg/ha) the minimum grain yield produced in all 
conditions, respectively (Tables 3 and 4). Drought 
stress in grain filling stage had the minimum grain 
yield that showed severe effects of drought stress at 
this stage of growth, but grain yield at vegetative 
stage had no significant difference with non-stress 
condition (Fig. 1A). Drought stress reduced grain 

yield 15%, 40% and 60% at vegetative growth, 
pollination and grain filling stages than non-stress 
condition, respectively (Fig. 1A). In maize, grain 
yield reduction caused by drought ranges from 10 to 
76% depending on the severity and stage of 
occurrence [14,29]. reported that drought stress was 
at vegetative growth stage the minimal effect and at 
the grain filling stage cause the greatest decrease in 
grain yield. [25]. reported that yield decreased under 
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drought stress at reproductive stage was greater than 
the vegetative and grain filling stages. The other 
researcher showed that drought stress declined grain 
yield [35,22].  
 The highest grain starch percent was belonged to 
inbred line K166B and this inbred line with K166A 
had no significant difference (Table 3). Also K166B 
produced highest grain starch percent in non-stress 

condition (Table 4). In non-stress and vegetative 
stress conditions produced the highest grain starch 
percent but, drought stress in grain filling stage had 
the minimum grain starch percent that showed (Fig. 
1B) severe effects of drought stress at this stage of 
growth. Drought stress reduces grain starch percent 
33.3% and 59% at pollination and grain filling stages 
than non-stress condition, respectively (Fig. 1B). 

 

 
 

 
 

 
 

Fig. 1: Main effects of drought stress at growth different stages on studied traits (A: grain yield, B: grain starch 
percent, C: grain protein percent). 

 
Table 3: Mean comparison of simple effects of maize inbred lines 

Treatments Grain yield (Kg/ha) Grain starch percent Grain protein percent 
MO17 750.63 d 45.18 c 12.31 a 
K18 1828 bc 45.45 c 12.55 a 

K3651/1 1384.25 c 45.16 c 12.77 a 
A679 1508.13 c 44.815 c 10.89 c 

K166A 2304.75 b 47.175 ab 10.89 c 
K166B 3254.2 a 47.83 a 9.25 d 

K19 2449.5 b 46 b 11.67 b 
*In each column, means with similar letters do not differ significantly at 5% probability level. 
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 The highest grain protein percent belonged to 
inbred lines MO17, K18 and K3651/1. The inbred 
line K166B showed the least grain protein percent 
(Table 3). However, K166B produced had the 
highest grain yield in all conditions (Table 4). Inbred 
line MO17 had the least grain yield (Table 3). Also 
K18 produced highest grain protein percent in 
drought condition in grain filling stage (Table 4). The 

lowest grain protein percent belonged to non-stress 
condition. But the highest grain protein percent 
belonged to grain filling stage. Drought stress 
increased grain protein percent 47.5%, 50.8% and 
55.4% at vegetative, pollination and grain filling 
stages than non-stress condition, respectively (Fig. 
1C). 

 
Table 4: Mean comparison of different traits in maize inbred lines under drought stress and non-stress conditions 

*In each column, means with similar letters do not differ significantly at 5% probability level. 

 
 Simple correlation coefficients between studied 
traits illustrated in table 5. Results showed that 
correlation between grain yield with grain protein 
percent was negative and significant (r=-0.76*). But 
correlation between grain yield and grain starch 
percent was positive and significant (r=0.99**). 
Correlation between grain starch percent and grain 
protein percent was negative and significant (r=-
0.97**) (Table 5). This results is in agreement with 
[15,42,17,18]. reported similar results of starch 
reduction in maize under heat stress condition, but 
[41,31]. with study on [39] with study on wheat 
reported similar results of protein increase under 

drought stress condition. However, considering that 
starch constitutes approximately 80% of the 
endosperm mass and that its accumulation is severely 
repressed by stress [15,42,38,38,38]. reported that 
protein concentration is positively correlated with 
high temperature during cereal grain growth. [20,28]. 
reported that grain protein percent is negatively 
correlated with grain yield in stress condition. [26]. 
reported correlation between grain yield with grain 
starch percent in heat stress condition was positive 
and significant, but correlation between grain yield 
with grain protein percent in heat stress was negative 
and significant. 

 
Table 5: Correlation coefficients matrix in maize inbred lines under drought stress condition. 

Traits Grain yield Grain starch percent 
Grain starch percent 0.99** 1 
Grain protein percent -0.76* -0.97** 

* and** are significant at 5% and 1% probability levels, respectively. 
 
Table 6: Stepwise regression analysis grain yield (dependent variable) with qualitative traits in maize inbred lines under drought stress 

condition. 
Standard error F R2 b1 Intercept Trait 

363.89 69.03*0.972 64.395 -996.63 Grain starch percent 
*: Significant at 5% probability level. 

Inbred line Stress condition Grain yield (Kg/ha) Grain starch percent Grain protein percent 

MO17 

Non-stress 1121.9 efg 56 c 9.23 efgh 
Vegetative 1002 efg 55.1 d 13.65 bc 
Pollination 586 fg 38.9 g 14.00 b 
Grain filling 293 h 30.7 jk 12.35 bc 

K18 

Non-stress 2639 bc 55.93 c 7.97 gh 
Vegetative 2428 bc 54.8 d 12.10 bcd 
Pollination 1895 de 39.17 fg 12.65 bcd 
Grain filling 350 gh 31.9 j 17.47 a 

K3651/1 

Non-stress 2250 c 56.24 c 10.72 cdef 
Vegetative 1878 de 51.5 e 13.55 bc 
Pollination 1081 efg 39.3 fg 13.55 bc 
Grain filling 328 gh 33.6 i 13.25 bcd 

A679 

Non-stress 2541 bc 56.03 c 8.62 fgh 
Vegetative 1914 de 49.5 e 12.65 bcd 
Pollination 997.5 cd 39.23 fg 10.85 cdef 
Grain filling 580 fg 34.5 h 11.45 bcde 

K166A 

Non-stress 2887 b 57.4 b 7.23 h 
Vegetative 2379 c 56.1 c 10.55 defg 
Pollination 2059 d 39.7 f 13.25 bcd 
Grain filling 1894 de 35.5 h 12.35 bcd 

K166B 

Non-stress 4026 a 58.4 a 7.24 h 
Vegetative 3793 ab 56.5 c 11.2 bcd 
Pollination 3005.8 b 40.8 ef 11.5 bcde 
Grain filling 2192 cd 35.6 h 10.90 cdef 

K19 

Non-stress 3772 ab 56.9 c 7.68 h 
Vegetative 3018 b 54.8 d 12.95 bcd 
Pollination 1996 d 39.6 f 12.65 bcd 
Grain filling 1012 efg 32.7 j 13.40 bcd 
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 Stepwise regression results for grain yield (Table 
6) indicated that grain starch percent in model was 
input. In inbred lines 97% determined variation of 
grain yield by grain starch percent trait. 
Khodarahmpour (2011) reported that grain protein 
percent in inbred lines and hybrids in heat stress 
condition in model were input. 
 
Conclusions: 
 
 In this experiment, drought stress at vegetative 
stage had minimum effect on grain yield but at grain 
filling stage had the maximum effect on grain yield 
that showed severe effects of drought stress at this 
stage of growth, that in agreement with results 
[29][24]. Also line K166B produced the highest 
grain yield and grain starch percent and the least 
grain protein percent and can be recommended in 
future breeding programs for production of drought 
tolerant hybrids. But line MO17 produced the least 
grain yield and grain starch percent and the highest 
grain protein percent. Therefore this line sensitive to 
drought stress. Correlation between grain yield with 
grain protein percent was negative and significant but 
with grain starch percent was positive and 
significant. Results showed that in drought stress 
condition grain starch percent increased and grain 
protein percent decreased. Stepwise regression 
results for grain yield indicated that grain starch 
percent in model was input and 97% determined 
variation of grain yield. Therefore with attention to 
results mean comparison, correlation and regression 
use of grain starch percent trait in drought stress is 
useful. 
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