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ABSTRACT 

 

Terminal drought stress is one of the most important environmental stress factors which can cause a 

significant reduction in maize productivity. Therefore, to identify the best selection indices for drought 

tolerance in maize under terminal drought conditions, this research was conducted in two field 

experiments with some maize hybrids in two cropping seasons (2014 and 2015) under two moisture 

levels (normal irrigation and water deficit-water stress) at grain filling stage. Results of study revealed 

that, yield and major yield traits of hybrids adversely affected due to terminal drought stress, it also 

causing a reduction in productivity with compare normal irrigation conditions. Water stress significantly 

affected on maize hybrids and there were high variation among hybrids, which could be befits for 

screening the genotypes. The special attention was paid to hybrids 71May69, Aaccel and Calgary were 

showed less reduction of grain yield under terminal drought stress. Concerning the genotypes with high 

stress susceptibility index (SSI) and tolerance index (TOL) were considered as high susceptible to 

drought and only suitable for irrigated conditions. Accordingly, the positive relationship between stress 

indices, drought resistance index (DRI) , geometric mean productivity (GMP) , harmonic mean (HM), 

mean production (MP), stress tolerance index (STI)  and Yield index (YI) , and grain yield could be 

used as the best selection indices for identifying the tolerant hybrids under terminal drought stress. 
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1 Introduction 

 

Maize (Zea mays L.) one of the most important summer crops 

in Turkey and about 18% of its demand will fulfill by imported 

(FAO, 2013). Improving of Maize for drought-stress tolerance 

is one of the most important obstacles as the global need for 

food, fiber, and fuel increases. Seed companies are succeeding 

and endorsing drought-tolerant genotypes, but the mechanism 

of physiological drought-tolerance mechanisms for genotypes 

are not well understood (Roth et al., 2013). 

 

Environmental stresses adversely affect the growth and 

productivity of plants (Islam et al., 2011).The performance of 

crops are  highly complex phenomenon under water stress 

condition and negative affected (Reynolds et al., 2006). 

Therefore, research on irrigation and water management has 

concentrated on crop productivity responses to water provide 

(Chen et al., 2010; Köksal, 2011). It is a fact that when drought 

stress starts to influence on the plant at reproductive stage, the 

plant reduces the demand of carbon by reducing the size of 

sink. As a result, reduction in leaf size, stem extension and root 

proliferation, flower may drop pollen may die and ovule may 

abort (Blum, 1996; Farooq et al., 2009). The production of 

grain yield reduced 60% due to stress condition at grain filling 

stages (Khodarahmpour & Hamidi, 2012). The yield reduction 

under drought stress was greater at the reproductive stage than 

at the vegetative and grain filling stages (Fatemi et al., 2006). 

 

Drought stress tolerance development is difficult due to the 

phenomenon of well-built interactions between genotypes and 

the environment conditions. Therefore, based on yield loss 

under water stress conditions with compare to normal 

conditions, various drought indices were determined that have 

been used for identification of drought tolerant genotypes 

(Mitra, 2001), others investigation recorded in a target stress 

condition (Mohammadi et al., 2011). While others experiments 

yet have chosen a mid-point and think in selection under both 

favorable with combined stress conditions (Sio-Se Mardeh et 

al., 2006). Several selection criteria are suggested to designate 

genotypes on the basis of their performance in stress and non-

stress conditions (Fernandez, 1992).  

 

Genotypes Identification for water stress tolerance at grain 

filling stage for higher production is very necessary for crop 

breeding (Menezes et al., 2014). Various previous 

investigations revealed that, the advantage of these indices for 

classified genotypes with more stable of productivity under 

water-limited conditions (Golabadi et al., 2006). Several 

indices have been recorded as benefits to identify maize to 

drought stress tolerance (Moradi et al., 2012). The 

identification of genotypes for drought tolerance is more 

difficult due to the interactions between genotypes and the 

environment and there is not having enough knowledge about 

the role of mechanisms to stress tolerance, therefore, several 

scientists have used various techniques for assessment role of 

genetic variations in drought tolerance (Fernandez, 1992). 

Thus, by keeping in view the above facts, the present study 

was undertaken to assess the selection criteria for identifying 

drought tolerance in maize hybrids and to distinguish high 

yield maize hybrids which are compatible with stressful and 

optimal conditions in the Mediterranean condition. 

 

2 Materials and Methods 

 

2.1 Plant material and growing conditions 

 

The current study was conducted at agricultural experimental 

area of Cukurova University, Adana, Turkey, during 2014 and 

2015 growing season of the second crop. Climatic conditions 

of   this region have been presented in (Table 1).The 

methodologies have been followed as described previously by 

EL Sabagh et al. (2015). The design of experiment was 

randomized complete block design in a strip-split plot manner 

with four replications. The material of experimental was 

comprised of 7 hybrids of maize viz. Sancia, Indaco, 71May69, 

Aaccel, Calgary, 70May82 and 72May80. These hybrids were 

evaluated at grain filling stage under two moisture levels 

(normal irrigation and water deficit-water stress), application  

method and amount of water and time has presented in (Table 

1). Each plot was of 10m in length and 5.6 m width including 

plant stand (Intra row: 70 cm, Inter row: 17 cm). Hybrids were 

sown during first and the second year on 28 June, 2014 and 12 

June, 2015, respectively. Regular agronomic practices which 

are  necessary for of the maize crop are carried out. During 

experiments, nitrogenous fertilizer was utilized within two 

times of planting, 100 kg N and P2O5 ha
-1

 (20-20-0) and V6-

growth stage 200 kg N ha
-1

 (Urea).  

 

2.2 Sampling and measurements of grain yield traits 

 

At harvesting time, data on various yield components was 

collected by using standard procedures, the number of plants 

and ears were counted separately.Yield components plant 

height (cm), ear height (cm), ear-up stem length (cm), ear 

diameter (mm), kernel number (row
-1

), kernel row (ear
-1

), 

kernel number (m
-2

), grain weight (mg), grain yield (g m
-2

), 

biomass (g m
-2

) and harvest index (%) were measured.  

 

2.3 Measurements of indices 

 

Drought tolerance indices  such as, tolerance index (TOL), 

mean production (MP) were calculated according to the 

method give by Rosielle & Hamblin (1981). While the 

geometric mean productivity (GMP), mean productivity (MP) 

and stress tolerance index (STI) was measured according to the 

method given by Fernandez (1992). Further, yield index (YI) 

and yield stability index (YSI) was calculated as stated by 

Bouslama & Schapaugh (1984) and Gavuzzi et al. (1997). 

Stress susceptibility index (SSI) was measured according to the 

method give by Fischer & Maurer (1978) and drought 

resistance index (DI) was calculated according to Bidinger et 

al. (1987). 
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Table 1 Amount of irrigation and climatic traits during 2014 and 2015 growing season. 

 

Growing period  Max.T. (°C) Min.T. (°C) Mean T. (°C) SR (cal cm
-2

) MH (%) FI (mm) DI  (mm) 

 2014 growing season 

Sowing-Anthesis 33.5 25.1 28.6 535 70.1 240 240.0 

Anthesis-PM 32.5 22.6 27.0 428 64.9 287.4 191.4 

Sowing-PM 33.1 24.1 27.9 491 67.9 531.1 435.1 

 2015 growing season 

Sowing-Anthesis 32.9 23.5 27.7 578 68.8 337.1 313.1 

Anthesis-PM 35.2 24.6 29.4 464 63.4 476.9 308.9 

Sowing-PM 34.1 24.1 28.5 518 66.2 814.0 622.0 

(T) temperature; (SR) Solar radiation;  (MH) Mean humidity; ( FI) Full irigation: Rain + Irrigation, mm;  (DI)Deficit irrigation: Rain + 

Irrigation, mm.(Source: Meteorological Service of Turkish State) 

 

2.4 Statistical analysis 

 

All data collected for two years average and obtained results 

were calculated to analyses of variance according to Gomez & 

Gomez (1984). Significant means were separated by the Least 

Significant Difference (LSD) at the 0.05 significance level 

(P≤0.05).The estimation of correlation for traits was calculated 

by MSTAT-C computer software package. 

 

3 Results and Discussion 

 

3.1 The influence of irrigation regime on yield traits 

 

For yield components, maize hybrids were significantly 

influenced by irrigation treatments and, water stress lead to a 

significant reduction in yield traits over control (Table 2). 

Yield traits such as ear-up stem length, ear height, kernel 

number per row, grain weight, grain yield, biomass yield and 

harvest index were adversely affected by water deficit 

condition except plant height, kernel row ear
-1

 and kernel 

number  m
-2

. It was found that grain weight was significantly 

affected by water stress and the highest grain weight (275 mg) 

was observed under control and the lowest (253mg) under 

water stress condition. Low grain weight due to drought stress, 

as found in present experiments, may indicate that the plants 

were unable to fully meet the demand of the growing grain. 

Irrigation regimes effect was the most important source of 

grain yield during grain growth stage. With respect to grain 

yield, it was observed that water stress caused significant 

reduction in grain yield (-16.36%) as shown in Table 2.  

 

 

Table 2 Agronomic traits of maize hybrids under irrigation regime (Two years average). 

 

  PH 

(cm) 

E-SL 

(cm) 

EH 

(cm) 

KNR 

(row
-1

) 

KRN 

(ear
-1

) 

KNA 

(m
-2

) 

GW 

(mg) 

HI 

(%) 

GY 

(g m
-2

) 

BY 

(g m
-2

) 

Water regimes                    

Irrigated 145 244 100 38.2 14.9 4764 275 53.2 1292 2435 

Deficit irrigated 141 237 96 35.3 14.9 4332 253 50.5 1081 2154 

P value ns * ** * ns ns * 0.052 *** ** 

Drought effect(%) -2.97 -2.86 -3.59 -7.47 0.11 -9.07 -7.96 -4.99 -16.36 -11.53 

Hybrids           

H1 140 224 84 36.2 15.5 4825 242 51.5 1149 2239 

H2 146 244 98 37.2 14.6 4320 283 52.0 1219 2343 

H3 151 238 86 34.9 16.3 4709 261 53.3 1217 2294 

H4 140 241 101 36.5 14.2 4278 281 54.8 1191 2176 

H5 142 241 102 37.7 15.6 5084 238 51.5 1199 2332 

H6 145 245 99 39.7 13.3 4119 293 49.3 1198 2448 

H7 138 251 113 35.1 14.5 4499 255 50.7 1132 2230 

Mean 143 240 98 36.8 14.9 4548 264 51.9 1187 2295 

LSD0.05 6.0 6.2 4.9 1.52 0.41 310.9 15.4 1.83 40.1 94.6 

CV % 4.1 2.6 5.0 4.1 2.7 6.7 5.8 3.5 3.3 4.1 

*,** and *** significant P<0.05, P<0.01 and P<0.001 levels respectively; ns, not significant; CV, coefficient of variation; PH, plant 

height; E-SL, ear-up stem length; EH, ear height; KRN, kernel row number per ear; KNR, kernel number per row; KNA, kernel number 

per area GW, grain weight; HI, harvest index; GY, grain yield; BY, biomass yield.H1,Sancia; H2, Indaco; H3, 71May69; H4,Aaccel; 

H5, Calgari; H6, 70May82 and H7, 72May80. 

 

 

Evaluation of maize hybrids to terminal  drought stress tolerance by defining drought indices                612 

 



 

 

_________________________________________________________ 

Journal of Experimental Biology and Agricultural Sciences 

http://www.jebas.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Pearson correlation coefficient between grain yield and agronomic traits of maize hybrids under irrigation regimes (Two years 

average). †, significant P=0.057 level; PH, plant height; E-SL, ear-up stem length; EH, ear height; KRN, kernel row number per-ear; 

KNR, kernel number per row; KNA, kernel number per area; GW, grain weight; HI, harvest index; GY, grain yield; BY, biomass yield. 

 

The obtained results showed significant differences in kernel 

number per row among irrigation regime with compare to 

water stress that caused reductions in kernel number (-7.47%) 

per row. In this study, a significant differences in harvest index 

between the irrigation regimes and the lowest values for 

harvest index (50.5%) were obtained in water stress condition 

and the highest values (53.2%)  were recorded when crop 

grown under control condition (Table 2). Various 

investigations have been recorded that grain yield and yield 

attributes of maize were significantly influenced by irrigation 

regime treatments (Moser et al., 2006; Abd El-wahed et al., 

2015; Barutcular et al., 2016;  Rashwan et al., 2016). Further 

researcher reported that drought stress conditions decreased 

total productivity of maize due to reduction of kernel number 

per row and total kernel number per ear (Shoa Hoseini et al., 

2007; Golbashy et al., 2010; ELSabagh et al., 2015). Further, 

yield losses were associated with the reduction in kernel 

number and kernel weight under deficiency of water at 

vegetative and reproductive phases of growth (Pandey et al. 

(2000). 

 

3.2 Comparative evaluation of various hybrids of maize under 

irrigation regiemes 

 

Significant differences with respect to grain yield and yield 

traits were observed among various genotypes, and highest 

reduction in yield was observed in hybrid variety 72May80 and 

Sancia (Table 2). Grain yield is the result of the expression and 

association of several plant growths attributes. According to 

grain weight, the hybrids Indaco, 70May82 and Aaccel were 

showed more positive effect of grain weight. Achieved results 

revealed that kernel number per area was significantly 

influenced by water stress conditions and that maximum value 

of kernel number per area was found in Calgary (5084 grains 

m
-2

) and minimum in 70May82 (4119 grains m
-2

). The 

obtained results in the same table revealed that maximum value 

of kernel rows per ear was found in 71May69 (16.3 rows ear
-1

) 

and minimum rows in 70May82 (13.3 rows ear
-1

), while, the 

hybrid 70May82 produced higher values of kernel number per 

row (Table 2). In this experiment, the hybrid Aaccel was 

achieved the highest value of harvest index. The decrease in 

harvest index under water deficit stress showed the fact that 

both grain yield decreased under drought stress (Table 2). The 

varietal differences were found by other investigators include 

in which indicated actuality of high variety among hybrids 

studied for drought tolerance (Golbashy et al., 2010). 

Mostafavi et al. (2011) in a similar experiment observed that 

drought stress adversely influenced on the yield attributes and 

yield of maize hybrids. Perhaps, in addition to the reduction 

that happens in dry matter, water deficit disrupts the 

partitioning of carbohydrates to grains and hence, decreases 

harvest index. When maize plants were exposed to drought 

stress at tasseling stage, lead to substantial reduction in yield 

and yield components such a kernel number per row, kernel 

weight, kernels per cob, grain yield per plant, biological yield 

per plant and harvest index (Anjum et al., 2011; Abd El-

Wahed et al., 2015). 

 

3.3 Correlation analysis 

 

Correlation coefficients between the studied variables and total 

yield showed that only kernel row number and ear height were 

negatively correlated with grain yield under drought condition. 

While, the highest correlations were observed for grain yield 

and grain weight (Figure. 1). It was observed, under control 

conditions the kernel number per m
2
 was highly correlated 

with grain yield therefore, the hybrids with larger kernel 

number should be selected under irrigated condition to increase 

grain yield. Therefore, kernels per row and grain weight could 

be used as an important trait for prediction of grain yield under 

drought stress at the grain growth stage (Figure. 1). This 

finding is in agreement with the results of Shoa Hoseini et al. 

(2007) and Golbashy et al. (2010). 
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Figure 2 Pearson correlation coefficients between grain yield and  drought indices(Two years average). **, significant P<0.01 level; SSI, 

stres susceptibility index; TOL, tolerance index; YR, yield reduction ratio; DI, drought resistance index; GMP, geometric mean 

productivity; HM, harmonic mean; MP, mean productivity; STI, stres tolerance index; YI, yield index; YSI, yield stability index. 

 

3.4 Assessment, of maize hybrids by drought stress tolerant 

indices 

 

For determining suitable stress tolerance indices to identify the 

hybrids for drought stress tolerance, grain yield of maize 

hybrids under stress conditions were calculated todetermine the 

various sensitivity and tolerance indices to provide the 

appropriate criterion for drought stress tolerant (Table 3 and 

Figure. 2). The high positive correlation was observed between 

grain yield and DRI, GMP, HM, MP, STI, YI and YSI and 

while, negative correlation was recorded between TOL, SSI 

and YR and grain yield in drought condition (Figure. 2). It was 

found that, genotypes, 70May82 and Indaco were recorded the 

high values of stress tolerance index (STI), geometric mean 

productivity (GMP) and mean productivity (MP), therefore, it 

could be identified astolerant hybrids to water stress 

conditions.Values of SSI lower than 1.0 denotes low drought 

susceptibility (or high yield stability) and values higher than 

1.0 indicate high drought susceptibility (or poor yield 

stability). In the meantime the genotypes, 71May69, Aaccel 

and Calgary showed the lowest value in yield reduction ratio 

(YR) and therefore, would be more tolerant to water stress and 

could were identified as drought resistant genotypes. Finally,  

the genotypes with high values of yield stability index (YSI), 

drought resistance index (DI) and harmonic mean (HM) can be 

selected as tolerant genotypes to water stress  such as 

71May69, Aaccel and Calgarywere identified as drought 

tolerant genotypes because, these genotypes had greater values 

for DI, YSI and HM (Table 3). The genotypes with low value 

DSI values are drought tolerance because they have lesser 

reduction in grain yield under stress condition (Fayaz & 

Arzani, 2011). SSI value more than 1.0 indicated above-

average sensitivity to water  stress conditions (Guttieri et al., 

2001). Abdipour et al. (2008) reported that using MP, GMP, 

and STI for screening drought stress tolerant as the most 

suitable indices. Kargar et al. (2004) identified GMP and STI 

as the best indices in separation superior genotypes in stress 

and nonstress condition. Kharrazi & Rad (2011) reported that 

MP and STI indices   are benefits to  classified the tolerant 

genotypes. 

 

Table 3 Calculated stress indices based on grain yield of maize hybrids.(Two years average). 

 

Hybrids SSI
(†)

 TOL
(†)

 YR
(†)

 DI
(§)

 GMP
(§)

 HM
(§)

 MP
(§)

 STI
(§)

 YI
(§)

 YSI
(§)

 

H1 1.075 222 0.176 0.662 1143 1138 1149 1.075 222 0.176 

H2 1.138 250 0.186 0.689 1212 1206 1219 1.138 250 0.186 

H3 0.995 216 0.163 0.719 1212 1208 1217 0.995 216 0.163 

H4 0.880 185 0.144 0.728 1188 1184 1191 0.880 185 0.144 

H5 0.763 160 0.125 0.758 1197 1194 1199 0.763 160 0.125 

H6 1.035 222 0.169 0.699 1193 1188 1198 1.035 222 0.169 

H7 1.109 226 0.181 0.646 1127 1121 1132 1.109 226 0.181 

 (†) and (§), low and high index values showed more tolerant cultivars for each indices, respectively. (SSI) Stress suscptibility index; 

(TOL) Tolerance index; (YR)Yield reduction ratio; (DI) Drought Resistance Index; (GMP)Geometric Mean Productivity; (HM) 

Harmonic Mean; (MP) Mean Productivity; (STI) Stress tolerance index; (YI )Yield Index; (YSI) Yield Stability Index.H1,Sancia; H2, 

Indaco; H3, 71May69; H4,Aaccel; H5, Calgari; H6, 70May82 and H7, 72May80. 
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Conclusions 

 

In the light of above results, water stress during grain filling 

stage can lead to loss in grain yield and causing a reduction of 

the productivity with compared to the full-irrigation condition 

of maize hybrids. there were high variation among hybrids, 

which could be befits for identifying drought-tolerant 

genotypes, and the hybrids 71May69, Aaccel and Calgary were 

more stable and appeared to more tolerant to drought stress 

with respect to grain yield loss , and  Accordingly, the 

genotypes had high stress susceptibility index (SSI) and 

tolerance index (TOL), thus they were susceptible to drought 

and only suitable for irrigated conditions. Furthermore, GMP, 

MP, YI, STI, SSI and TOL were appropriate indices to identify 

maize hybrid tolerant to drought stress conditions. The results 

from this study, drought indices are very useful for planning 

future maize breeding programs especially, terminal drought 

stressin Mediterranean conditions. 
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