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ABSTRACT 
Thirteen drought tolerance or resistance indices including 

stress tolerance index (STI), stress susceptibility index (SSI), 
tolerance index (TOL), geometric mean production (GMP), mean 
production (MP), harmonic mean (HM), yield index (YI), yield 
stability index (YSI), drought resistance index (DI), sensitivity 
drought index (SDI), relative drought index (RDI), stress 
susceptibility percentage index (SSPI) and modified stress 
tolerance (K1STI and K2STI) were calculated based on grain 
yield under drought and normal irrigation conditions to identify 
the best maize genotypes that can be grown under water stress 
condition. Yield under stress and favorable conditions were 
significantly and positively correlated with MP, GMP, YI, STI, 
KI.STI and K2.STI at Sids and Sakha environments. These results 
indicated that these indices were more effective in identifying 
high-yielding genotypes under drought stress as well as normal 
conditions. Cluster and biplot methods for screening drought-
tolerant genotypes revealed that genotypes G5, G15, G20, G21, 
G22 and G23 at Sids and G3, G5, G8, G10, G11, G12, G13 and 
G21 at Sakha as the most drought tolerant genotypes. Cluster 
analysis divided the genotypes into three groups i.e., tolerant, 
sensitive and semi-sensitive to drought conditions. The tolerant 
group consists of 5 and 9 genotypes, the semi-sensitive group 
consists of 13 and 15 genotypes and the sensitive group consists 
of 12 and 6 genotypes at Sids and Sakha, respectively. 
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Introduction 
Drought stress is the most important 

production constraint in maize production, 
especially in rainfed agriculture. The 
development of genotypes with tolerance to 
drought stress is one of the important goals in 
maize breeding programs. The present study 
was undertaken to identify maize hybrids that 
perform better under drought-stress and normal 
irrigation conditions by using various selection 
indices. These selection indices were calculated 
on the yield (ton ht–1) performance of hybrids 
measured under drought stress and normal 
environments on the yield (ton ht–1) 
performance measured under drought stress and 
normal environments. 

Drought tolerance is a complicated trait 
that is hampered by low heritability and 
deficiency of successful selection approaches 
(Blum 1988, Kirigwi et al. 2004). Therefore, 
the selection of maize genotypes to drought 
stress should be adapted. Moreover, drought 
tolerance mechanisms should be identified 
during the development of new genotypes to 
increase productivity (Rajaram et al. 1996). 
Stable yield performance of genotypes under 
both favorable and drought-stress conditions is 
vital for plant breeders to identify drought-
tolerant genotypes (Pirayvatlou 2001). In 
addition, high-yielding genotypes under 
optimum conditions may not be drought 
tolerant (Mardeh et al. 2006). Therefore, many 
studies preferred the selection under stress and 
normal conditions (Clarke et al. 1992, 
Fernandez 1992, Byrne et al. 1995, Rajaram 
and Van Ginkle 2001). Ali and El-Sadek 
(2016) illustrated that grain yield under drought 
and normal environments were highly 
correlated with MP, GMP, STI, YI, HM, DRI, 
and STI. They found that MP, GMP and STI 
were considered the best indices for the 
selection of relatively tolerant lines. Principal 
component analysis indicated that the first two 
components represented more than 98% of the 
total variations for drought-tolerant indices. 

Several researchers have used different 
ways to evaluate genetic differences for drought 

tolerance. According to Fernandez (1992), the 
best measure for selection in the case of drought 
should be able to separate genotypes that have 
eligible and similar yield in stress and normal 
conditions from other groups and also, the best 
indices which have a high correlation with 
kernel yield under both conditions. Otherwise, 
drought tolerance is defined by Hall (1993) as 
the relative yield of a genotype compared to 
other genotypes subjected to the same drought 
stress. Several selection criteria have been 
proposed to select genotypes based on what 
they perform in stress and normal 
environments. Rosielle and Hamblin (1981) 
demonstrated that a lower stress tolerance index 
(STI), showed that yield in normal irrigation 
and drought condition was close to each other. 
Also, they defined Stress Tolerance (TOL) as 
the differences in yield between stress and 
normal environments and Mean Productivity 
(MP) as the average yield of genotypes under 
stress and normal conditions. Blum (1988) 
defined new indices of Drought Resistance 
Index (DI), which was commonly accepted to 
identify genotypes producing high yields at 
both stress and normal conditions. Because 
drought stress can differ in severity in field 
environments over years the Geometric Mean 
Productivity (GMP) is often used by breeders 
interested in relative performance (Fernandez, 
1992). Fischer and Maurer (1978) suggested 
the Stress Susceptibility Index (SSI) for 
measurement of yield stability that provided the 
changes in both potential and actual yields in 
different environments. Clarke et al. (1992) 
used SSI to evaluate drought tolerance in wheat 
genotypes. They found year-to-year variation in 
SSI for genotypes which could affect their 
ranking pattern. In spring wheat cultivars, 
Guttieri et al. (2001) using SSI, illustrated that 
an SSI> 1 indicated above-average 
susceptibility to drought stress. The Yield Index 
YI; suggested by Gavuzzi et al., (1997) and 
Yield Stability Index (YSI) was suggested by 
Bouslama and Schapaugh (1984) to evaluate 
the stability of genotypes in both stress and 
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normal conditions. The stress tolerance index 
(STI) was defined as a useful tool for 
determining the high yield and stress tolerance 
potential of genotypes (Fernandez, 1992). To 
improve the efficiency of STI a Modified Stress 
Tolerance Index (MSTI) was suggested by 
Farshadfar and Sutka (2002) which corrects 
the STI as a weight. Moosavi et al. (2008) 
suggested Stress Susceptibility Percentage 
Index (SSPI) for screening drought-tolerant 
genotypes in stress and normal conditions. 
Harmonic Means (HM) according to Schneider 
et al., (1997). Mardi e al., (2012) found that 
among drought tolerance indices, MP, GMP, 
STI and HM were the best tolerance indices for 
maize. Naghavi et al., (2013) identified that 
Yield in stress and normal conditions were 
significantly and positively correlated with STI, 
GMP, MP, YI, TOL, DI, RDI, YSI, SSPI, 
K1STI, and K2STI and negatively correlated 
with SSI. Cluster analysis classified the 
cultivars into three groups i.e., tolerant, 
sensitive and semi-tolerant to drought 
conditions. Shahrokhi et al (2020) evaluated 
24 super sweet maize inbred lines with the 
highest yield potential and drought tolerance 
performance, they found that all drought 
indices revealed significant differences among 
inbred lines, except GM. Using the ranking 
method, indicated that STI, GMP, MP, HARM, 
MRP, REI and RDY are appropriate indicators 
because of positive correlations among each 
other and also the highest correlation with grain 
yield (GY) in both environments. The Biplot 
diagram based on PCs, and drought tolerance 
indices showed that MP, GMP, STI, HARM, 
MRP, REI, MSTIK1, MSTIK2 and YI were the 
best indices for screening tolerant inbred lines. 
Bonea (2020) found that yield in normal 
conditions (Yp) showed prominent correlations 
with ATI, SSPI, STI and MP and negative 
correlations with RDI and GM. Yield under 
drought stress (Ys) showed a prominent 
correlation with RDI and GM, and a negative 
correlation with ATI and SSPI. 

This study aimed to (1) compare and 
evaluate yield based on drought-tolerance 

selection indices, (2) identify the most stable 
high-yielding genotypes under both favorable 
and drought stress environments, and (3) 
determine the suitable environment to use 
drought stress to evaluate drought stress 
tolerance. 
MATERIALS AND METHODS 

Fourteen white maize inbred lines derived 
from different drought tolerant populations 
under drought stress conditions at Sids 
Agriculture Research Station. In the 2018 
growing season, these inbred lines were top-
crossed to two inbred lines as testers, i.e., SD-
1185 and SD-1193. The resultant 28 maize 
single crosses and two commercial hybrids 
SC10 and SC2031 were evaluated in the 2019 
summer season under normal irrigation 
(Experiment 1) and water stress (preventing the 
3rd and 4th irrigations) environments 
(Experiment2) using RCBD with three 
replications for each trial at two locations, 
Sakha (North Egypt) and Sids (north upper 
Egypt) Agriculture Research Stations.  Plot size 
was one row, 4 m long and 0.8 m apart, with a 
distance of 25 cm between hills. All the 
recommended agronomic practices for maize 
production were applied at the proper time. 
Data were recorded for grain yield kg/ plot. 
adjusted at 15.5% moisture content and 
converted to ton/ha. 
Calculation of Indices 

Thirteen drought tolerance indices were 
calculated using the next relationships (Fischer 
and Maurer, 1978; Fischer et al, 1998; 
Fernandez, 1992; Rosielle and Hamblin, 
1981; Bouslama and Schapaugh, 1984; Lan, 
1998; Moosavi et al, 2008; Farshadfar and 
Sutka, 2002): 
1- Stress intensity SSI= (1-(Ys/Yp)/SI    SI= 1-(Ῡs/Ῡp). 

The genotypes with SSI are lower than 1 are 
more resistant to drought stress conditions. 

2- Stress tolerance index STI= Ys x Yp/(Yp)2, 
the genotypes with high STI values are 
considered tolerant to drought stress. 

3- Geometric mean productivity GMP= √Ys x 
Yp, the genotypes with a high value of this 
index will   be more desirable. 
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4-Mean productivity MP= (Ys+Yp)/2, the 
genotypes with a high value of this index 
will be more desirable. 

5- Tolerance TOL=Yp-Ys, the genotypes with 
low values of this index are more stable 
under two different conditions. 

6- Harmonic mean HM= (2xYsxYp)/Ys+Yp, 
the genotypes with high HM value will be 
more desirable. 

7- Yield index YI= Ys/Ῡs, the genotypes with a 
high value of this index will be suitable for 
drought stress conditions. 

8- Yield stability index YSI=Ys/Yp, the 
genotypes with high values can be regarded 
as stable genotypes under stress and normal 
conditions. 

9- Sensitivity drought index SDI= (Yp-Ys)/Yp, 
the genotypes with a low value of this index 
will be more desirable. 

10-Drought resistance index DI=((Ys x(Ys/Yp)) 
/Ῡs, the genotypes with a high value of this 
index will be more desirable. 

11- Stress susceptibility percentage index 
SSPI= (Yp-Ys)/2(Ῡs)) x100, the genotypes 
with a high value of this index will be more 
desirable. 

12-Modified stress tolerance index  
MSTI= K1STI, K1=Y2p/Ῡ2p and K2STI= Y2s/Ῡ2s, the 

genotypes with high value of this index will 
be more eligible. 

13-Relative drought index RDI= (Ys/Yp)/(Ῡs/Ῡp), 
the genotypes with a low value of this index 
will be more eligible. 

Where, Ys and Yp represent yield in stress 
and normal conditions, respectively, where 
yield is the mean yield of all genotypes in stress 
and normal conditions respectively. The 
genotypes will be categorized into four groups 
based on their performance in stress and normal 
environments: cultivars express uniform 
superiority in both stress and normal conditions 
(Group A), cultivars perform favorably only in 
normal conditions (Group B), cultivars give 
relatively high yield only under stress 
conditions (Group C), and cultivars perform 
poorly in both stress and normal conditions 
(Group D). The optimal selection criterion 

should distinguish Group A from the other three 
groups. 

Correlation among indices and grain yield 
under the two conditions, principal component, 
biplot of the first two principal components and 
cluster analysis drawing were done by SPSS 
ver. 23 and SAS ver. 9 soft wears, respectively. 
RESULTS AND DISCUSSIONS 
COMPARING GENOTYPES BASED ON 
DROUGHT TOLERANCE INDICES 

There were significant differences among 
genotypes for grain yield (Table 1), which 
demonstrates high diversity among them that 
enabled us to screen drought-tolerant 
genotypes. Results revealed that hybrids G5, 
G13, G15, G20, G21, G22, G23 and G24 at 
Sids; G5, G11, G13, G21 and SC-10 at Sakha 
had the highest grain yield under favorable and 
drought stress environments. Meanwhile, 
genotypes G3 and G4 at Sids; G9, G19 and 
SC2031 at Sakha under stress environment and 
G21, G8, G20 and G22 at Sids; G9, G15, G25, 
G27 and SC2031 at Sakha under favorable 
environment condition had the highest grain 
yield (Tables 2,3). 

Descriptive statistics of drought indices 
under favorable and water stress conditions are 
presented in Table 1. Many studies (Zeynali et 
al., 2004, Mardeh 2006, Talebi et al., 2009, 
Sanjari and Yazdansepas 2008, Nouri et al., 
2011, Mohammadi et al., 2010 and Ali and 
El-Sadek 2016) indicated that these indices are 
the most suitable parameters for screening for 
drought-tolerant high-yielding genotypes.  The 
genotype that possesses high values of STI, 
MP, GMP, YI, K1.STI and K2.STI can be 
considered tolerant to water stress. Meanwhile, 
genotypes G5, G15, G13, G21, G22 and G23 at 
Sids and SC10, G5, G11 and G13 at Sakha were 
ranked as the best based on STI, MP, GMP, 
HM, YI, and K2.STI indices; therefore, it was 
considered the most tolerant and high-yielding 
genotypes under favorable and drought stress 
conditions (Tables 3 and 4). While genotypes 
G1, G12, G16, G17, SC10 and G26 at Sids and 
G4, G6, G18, G24 and G28 at Sakha displayed 
the lowest values for these indices. Other 
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genotypes were identified as semi-tolerant or 
semi-susceptible to drought stress. Also, 
according to the SSPI index, genotypes G1, 
G11, G16, G19, G27 and SC10 at Sids and G15, 
G17, G23, G25, G27 and SC2031 at Sakha 
were the relatively tolerant genotypes 
Meanwhile, according to TOL index, the 
genotypes G2, G6, G13, G15, G20 and G22 at 
Sids and G5, G8, G10, G12, G13 and G21 at 
Sakha are considered relatively tolerant 
genotypes. It seems that using TOL was 
successful in selecting genotypes with high 
yield under water stress conditions.  

For genotypes that ranked differently at 
Sids and Sakha conditions due to high genotype 
× environment interaction, we found that the 
Sakha environment was less discriminative 
than Sids for some indices. Sids environment 
causes a reduction in metabolic activity than 
Sakha which affected yield under drought stress 
for all tested genotypes, this may be due to high 
temperature in summer at Sids along with water 
stress which enhanced water stress effect on 
plants as compared to Sakha climatic 
conditions. Therefore, we recommend using the 
Sids environment to identify drought-tolerant 
genotypes. 

Table 1: Descriptive statistics of drought indices for grain yield at Sids and Sakha locations. 
Drought indices SIDS SAKHA 

Max. Min. Mean 
Standard 
deviation 

Max. Min. Mean 
Standard 
deviation 

YS+ 
YP+ 
SSI+ 
STI+ 
GMP+ 
MP+ 
TOL+ 
HM+ 
YI++ 
YSI+ 
SDI+ 
DI+ 
SSPI+ 

RDI+ 

K1STI+ 
K2STI+ 

9.43 
13.58 
1.48 
1.24 

11.25 
11.45 
5.72 
1.47 
1.55 
0.88 
0.59 
1.37 

28.29 
1.47 
1.81 
2.39 

3.93 
8.07 
0.28 
0.37 
6.14 
6.55 
1.18 
1.29 
0.64 
0.41 
0.11 
0.26 
5.86 
0.68 
0.64 
0.42 

6.09 
10.10 
1.00 
0.62 
7.81 
8.09 
4.01 
1.37 
1.00 
0.60 
0.39 
0.62 

19.84 
0.99 
1.01 
1.06 

1.52 
1.32 
0.29 
0.22 
1.36 
1.29 
1.22 
0.04 
0.25 
0.12 
0.12 
0.26 
6.03 
0.19 
0.27 
0.54 

9.35 
12.45 
1.35 
1.20 

10.78 
10.90 
4.66 
1.51 
1.34 
1.06 
0.39 
1.31 

23.75 
1.49 
1.61 
1.82 

4.86 
7.71 
-0.20 
0.38 
6.12 
6.28 
-0.48 
1.37 
0.70 
0.60 
-0.59 
0.44 
-2.44 
0.85 
0.61 
0.49 

6.93 
9.82 
0.99 
0.71 
8.24 
8.38 
2.88 
1.41 
1.00 
0.71 
0.29 
0.72 

14.67 
1.00 
1.01 
1.03 

1.16 
1.25 
0.34 
0.19 
1.09 
1.08 
1.06 
0.32 
0.17 
0.10 
0.10 
0.21 
5.43 
0.14 
0.26 
0.35 

+(Yp) grain yield (ton hect-1.) of genotypes under favorable condition; (Ys) grain yield (ton hect-1.) of genotypes 

under  drought stress ; (SSI) Stress susceptibility index; (TOL) tolerance; (MP) mean productivity; (GMP) Geometric 

mean productivity; (STI) Stress tolerance index; (YI) Yield index; (YSI) Yield   stability index; (SDI) Sensitivity drought 

index; (DI) Drought resistance index; (SSPI) Stress susceptibility percentage index; (RDI) relative drought index; 

(K1STI) Modified stress tolerance index for favorable condition; (K2STI) Modified stress tolerance index for stress 

condition; and (HM) Harmonic mean. 
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Table 2: Drought tolerance indices of 30 maize genotypes for grain yield at Sids environment.  

Genotypes YS+ YP+ SSI+ STI+ GMP+ MP+ TOL+ HM+ YI+ YSI+ SDI+ DI+ SSPI+ RDI+ K1STI+ K2STI+ 
G1 4.01 9.56 1.46 0.38 6.19 6.79 5.55 1.30 0.66 0.42 0.58 0.28 27.44 0.70 0.90 0.43 
G2 5.61 8.54 0.86 0.47 6.92 7.07 2.93 1.40 0.92 0.66 0.34 0.60 14.49 1.09 0.71 0.85 
G3 5.31 8.91 1.02 0.46 6.88 7.11 3.60 1.37 0.87 0.60 0.40 0.52 17.81 0.99 0.78 0.76 
G4 5.00 9.81 1.23 0.48 7.01 7.41 4.81 1.34 0.82 0.51 0.49 0.42 23.78 0.85 0.94 0.67 
G5 8.60 13.08 0.86 1.10 10.60 10.84 4.48 1.40 1.41 0.66 0.34 0.93 22.19 1.09 1.68 1.99 
G6 5.97 8.56 0.76 0.50 7.15 7.26 2.59 1.41 0.98 0.70 0.30 0.68 12.83 1.16 0.72 0.96 
G7 4.73 8.39 1.10 0.39 6.30 6.56 3.67 1.36 0.78 0.56 0.44 0.44 18.14 0.93 0.69 0.60 
G8 5.58 10.90 1.23 0.60 7.80 8.24 5.32 1.34 0.92 0.51 0.49 0.47 26.32 0.85 1.16 0.84 
G9 5.52 9.21 1.01 0.50 7.13 7.36 3.69 1.37 0.91 0.60 0.40 0.54 18.25 0.99 0.83 0.82 
G10 5.60 9.15 0.98 0.50 7.16 7.37 3.56 1.38 0.92 0.61 0.39 0.56 17.61 1.01 0.82 0.84 
G11 5.48 10.81 1.24 0.58 7.70 8.15 5.32 1.34 0.90 0.51 0.49 0.46 26.35 0.84 1.14 0.81 
G12 5.03 8.08 0.95 0.40 6.38 6.56 3.05 1.38 0.83 0.62 0.38 0.51 15.07 1.03 0.64 0.68 
G13 7.42 9.42 0.53 0.68 8.36 8.42 2.00 1.44 1.22 0.79 0.21 0.96 9.88 1.31 0.87 1.48 
G14 5.84 8.97 0.88 0.51 7.24 7.41 3.13 1.39 0.96 0.65 0.35 0.62 15.49 1.08 0.79 0.92 
G15 9.43 10.62 0.28 0.98 10.01 10.02 1.19 1.47 1.55 0.89 0.11 1.37 5.87 1.47 1.10 2.40 
G16 3.94 9.60 1.49 0.37 6.15 6.77 5.67 1.29 0.65 0.41 0.59 0.26 28.05 0.68 0.90 0.42 
G17 4.69 9.99 1.34 0.46 6.84 7.34 5.30 1.32 0.77 0.47 0.53 0.36 26.22 0.78 0.98 0.59 
G18 5.63 9.54 1.03 0.53 7.33 7.58 3.91 1.37 0.92 0.59 0.41 0.54 19.35 0.98 0.89 0.85 
G19 6.71 12.43 1.16 0.82 9.14 9.57 5.72 1.35 1.10 0.54 0.46 0.60 28.29 0.90 1.51 1.21 
G20 7.81 10.09 0.57 0.77 8.88 8.95 2.28 1.44 1.28 0.77 0.23 0.99 11.26 1.28 1.00 1.64 
G21 8.40 11.66 0.70 0.96 9.90 10.03 3.26 1.42 1.38 0.72 0.28 0.99 16.13 1.19 1.33 1.90 
G22 7.77 10.37 0.63 0.79 8.98 9.07 2.59 1.43 1.28 0.75 0.25 0.96 12.84 1.24 1.05 1.63 
G23 9.32 13.58 0.79 1.24 11.25 11.45 4.26 1.41 1.53 0.69 0.31 1.05 21.09 1.14 1.81 2.34 
G24 7.40 11.10 0.84 0.80 9.06 9.25 3.69 1.40 1.21 0.67 0.33 0.81 18.28 1.11 1.21 1.48 
G25 5.69 9.66 1.03 0.54 7.41 7.67 3.97 1.37 0.93 0.59 0.41 0.55 19.62 0.98 0.91 0.87 
G26 4.39 9.40 1.34 0.40 6.43 6.90 5.01 1.32 0.72 0.47 0.53 0.34 24.80 0.77 0.87 0.52 
G27 4.86 10.34 1.33 0.49 7.09 7.60 5.48 1.32 0.80 0.47 0.53 0.38 27.11 0.78 1.05 0.64 
G28 6.14 10.93 1.11 0.66 8.19 8.54 4.80 1.36 1.01 0.56 0.44 0.57 23.74 0.93 1.17 1.01 
SC10 4.46 9.91 1.38 0.43 6.65 7.18 5.45 1.31 0.73 0.45 0.55 0.33 26.95 0.75 0.96 0.54 
SC2031 6.47 10.55 0.97 0.67 8.26 8.51 4.07 1.38 1.06 0.61 0.39 0.65 20.16 1.02 1.09 1.13 
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Table 3: Drought tolerance indices of 30 maize genotypes for grain yield at Sakha environment.  

Genotyp
es 

YS+ YP+ SSI+ STI+ GMP+ MP+ TOL+ HM+ YI+ YSI+ SDI+ DI+ SSPI+ RDI+ K1STI+ K2STI+ 

G1 6.37 9.33 1.08 0.62 7.71 7.85 2.96 1.41 0.92 0.68 0.32 0.63 15.05 0.97 0.90 0.84 
G2 6.12 9.09 1.11 0.58 7.46 7.61 2.97 1.40 0.88 0.67 0.33 0.59 15.13 0.95 0.86 0.78 
G3 6.64 8.95 0.88 0.62 7.71 7.80 2.31 1.43 0.96 0.74 0.26 0.71 11.78 1.05 0.83 0.92 
G4 5.80 8.80 1.16 0.53 7.15 7.30 3.00 1.40 0.84 0.66 0.34 0.55 15.27 0.93 0.80 0.70 
G5 9.26 10.35 0.36 0.99 9.79 9.80 1.09 1.47 1.33 0.89 0.11 1.19 5.57 1.27 1.11 1.78 
G6 6.00 9.02 1.14 0.56 7.36 7.51 3.02 1.40 0.87 0.67 0.33 0.58 15.35 0.94 0.84 0.75 
G7 6.06 9.01 1.12 0.57 7.39 7.54 2.95 1.40 0.87 0.67 0.33 0.59 15.04 0.95 0.84 0.76 
G8 7.19 9.00 0.69 0.67 8.05 8.10 1.81 1.44 1.04 0.80 0.20 0.83 9.23 1.13 0.84 1.07 
G9 7.48 10.70 1.03 0.83 8.95 9.09 3.23 1.41 1.08 0.70 0.30 0.75 16.43 0.99 1.19 1.16 

G10 7.19 9.12 0.72 0.68 8.09 8.15 1.93 1.44 1.04 0.79 0.21 0.82 9.82 1.12 0.86 1.07 
G11 9.06 11.33 0.68 1.06 10.13 10.20 2.27 1.44 1.31 0.80 0.20 1.05 11.54 1.13 1.33 1.71 
G12 6.65 7.77 0.49 0.54 7.19 7.21 1.12 1.46 0.96 0.86 0.14 0.82 5.70 1.21 0.63 0.92 
G13 8.49 10.54 0.66 0.93 9.46 9.51 2.05 1.45 1.22 0.81 0.19 0.99 10.42 1.14 1.15 1.50 
G14 7.01 9.45 0.88 0.69 8.14 8.23 2.44 1.43 1.01 0.74 0.26 0.75 12.44 1.05 0.93 1.02 
G15 6.79 10.83 1.27 0.76 8.58 8.81 4.03 1.39 0.98 0.63 0.37 0.61 20.54 0.89 1.22 0.96 
G16 5.24 8.21 1.23 0.45 6.56 6.73 2.97 1.39 0.76 0.64 0.36 0.48 15.11 0.90 0.70 0.57 
G17 6.12 10.12 1.35 0.64 7.87 8.12 4.00 1.38 0.88 0.60 0.40 0.53 20.38 0.86 1.06 0.78 
G18 4.86 7.71 1.26 0.39 6.12 6.29 2.85 1.39 0.70 0.63 0.37 0.44 14.49 0.89 0.62 0.49 
G19 7.37 10.41 0.99 0.80 8.76 8.89 3.04 1.41 1.06 0.71 0.29 0.75 15.47 1.00 1.12 1.13 
G20 6.84 10.23 1.13 0.73 8.36 8.53 3.39 1.40 0.99 0.67 0.33 0.66 17.25 0.95 1.08 0.97 
G21 8.62 8.14 -0.20 0.73 8.37 8.38 -0.48 1.51 1.24 1.06 -0.06 1.32 -2.45 1.50 0.69 1.54 
G22 6.58 9.63 1.08 0.66 7.96 8.11 3.06 1.41 0.95 0.68 0.32 0.65 15.57 0.97 0.96 0.90 
G23 8.02 11.93 1.12 0.99 9.78 9.98 3.91 1.40 1.16 0.67 0.33 0.78 19.88 0.95 1.48 1.34 
G24 5.73 9.16 1.28 0.54 7.25 7.45 3.44 1.38 0.83 0.63 0.37 0.52 17.49 0.88 0.87 0.68 
G25 6.97 10.76 1.20 0.78 8.66 8.86 3.79 1.39 1.00 0.65 0.35 0.65 19.30 0.92 1.20 1.01 
G26 6.20 9.75 1.24 0.63 7.78 7.98 3.55 1.39 0.89 0.64 0.36 0.57 18.07 0.90 0.99 0.80 
G27 7.12 11.78 1.35 0.87 9.16 9.45 4.67 1.38 1.03 0.60 0.40 0.62 23.75 0.86 1.44 1.05 
G28 5.53 9.17 1.35 0.53 7.12 7.35 3.64 1.38 0.80 0.60 0.40 0.48 18.52 0.85 0.87 0.64 

SC10 9.35 12.45 0.85 1.21 10.79 10.90 3.10 1.43 1.35 0.75 0.25 1.01 15.78 1.06 1.61 1.82 
SC2031 7.47 11.86 1.26 0.92 9.41 9.67 4.39 1.39 1.08 0.63 0.37 0.68 22.33 0.89 1.46 1.16 
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PRINCIPAL COMPONENT ANALYSIS 

PCA showed that the first two components 
explained about 99% of the total variance. The 
first PCA explained 74.02% at Sids and 62.47% 
at Sakha of the obtained variation and showed 
a positive correlation with Ys, Yp, STI, GMP, 
MP, HM, YI, YSI, DI, RDI, K1STI and K2STI 
indices at Sids and Sakha environments. The 
PC2 explained 25.60% at Sids and 37.06% at 
Sakha of the total variation and had a positive 
correlation with YP, SSI, STI, GMP, MP, TOL, 
YI, SDI, SSPI, K1STIand K2STI indices (Table 
3 and Figure 1).  

Genotypes that possessed high PC1 and 
low PC2 values are considered more stable 
under both stress and favorable environments 
(Golbadi et al., 2006). Results based on the first 
two components analysis (Fig 1) revealed that 
the genotypes G13, G15, G20, G21 and G22 at 
Sids and G8, G10, G11, G12, G13, G21 and 
G23 at Sakha possessed the most stable high 
yield under both environments.  On the 
opposite, G16 and G18 at Sids and G7 and G12 
at Sakha was the most sensitive genotype to 
drought stress. 

 
Table 4.  Principal component analysis for drought tolerance indices of grain yield at Sids and Sakha 

environments. 
 Sids Sakha 

PC1 PC2 PC1 PC2 
Percentage of Variance 74.02 25.60 62..47 37.06 
Cumulative percentages 74.02 99.63 62.47 99.53 

Eigen Values 11.84 4.09 9.99 5.93 
YS+ 0.29 0.09 0.29 0.15 
YP+ 0.14 0.43 0.08 0.39 
SSI+ -0.26 0.18 -0.28 0.19 
STI+ 0.25 0.24 0.22 0.29 

GMP+ 0.26 0.23 0.22 0.29 
MP+ 0.24 0.28 0.21 0.31 

TOL+ -0.20 0.35 -0.22 0.30 
HM+ 0.27 -0.17 0.28 -0.18 
YI+ 0.29 0.09 0.29 0.15 

YSI+ 0.27 -0.18 0.28 -0.19 
SDI+ -0.27 0.18 -0.28 0.19 
DI+ 0.29 -0.02 0.31 -0.02 

SSPI+ -0.20 0.35 -0.22 0.30 
RDI+ 0.27 -0.18 0.28 -0.17 

K1.STI+ 0.14 0.43 0.09 0.39 
K2.STI+ 0.28 0.11 0.29 0.15 
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Sids 

 
 

Sakha 

 
 

Figure 1: Biplot of the first two principal component axes for 30 maize genotypes at Sids and Sakha environments 
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Dendrogram was constructed using Ward's 
method. Based on drought indices, genotypes 
were classified into three groups: tolerant, 
semi-tolerant and sensitive genotypes. The 
cluster analysis based on Ward's method was 
performed to classify the genotypes based on 
drought tolerance indices; the results of cluster 
analysis for studied genotypes at Sids have been 
presented in Fig. 2. As it appears in Fig. 2, 
cluster analysis based on drought tolerance 
indices and grain yield under stressed and 
normal conditions classified the genotypes into 
three groups having 8, 10 and 12 genotypes, 
respectively.  The 30 maize genotypes based on 
grain yield and indices were divided into three 
clusters, each cluster contained highly similar 
genotypes. The first cluster (tolerant) at Sids 
environment consisted of 5 genotypes (G13, 
G15, G20, G21 and G22. These genotypes had 
high STI, MP, GMP, HM, YI, RDI, K1STI and 
K2STI values. In addition, the first group 
(tolerant) at Sakha environment consists of 9 
genotypes (G3, G5, G8, G10, G11, G12, G13, 
G14 and G21). These genotypes were high 
GMP, MP, HM, DI, K1STI and K2STI, thus 
they are considered the most desirable drought-
tolerant genotypes under the two maize growth 
conditions (tolerant group).  The semi-sensitive 
group consists of 13 and 15 genotypes, while 
the sensitive group consists of 12 and 6 
genotypes at Sids and Sakha environments 
respectively.  
CORRELATION ANALYSIS 

Correlation coefficients between grain 
yield and drought indices are shown in Table 4. 
There was a positive significant correlation 
between Yp and Ys (r=0.64 and 0.61) at Sids 
and Sakha respectively. This indicates that high 
yield performance under favorable conditions 
resulted in relatively high yield under stress 
conditions. Both Yp and Ys were significantly 

and positively correlated (P<0.01) with STI, 
MP, GMP, YI, KISTI and K2STI at Sids and 
Sakha environments. This indicates that these 
indices were more effective in identifying high-
yielding genotypes under drought stress as well 
as normal conditions (Tables 5 and 6). The 
correlation between Ys and SDI, SSI and SSPI 
was significant and negative correlation at Sids 
and Sakha environments. Correlated indices 
with both Ys and Yp are most suitable for 
identifying stress-tolerant genotypes 
(Farshadfar and Javadinia. 2011 and 
Andjelkovic et al 2014). The MP, GMP, HM, 
STI, YI, Di, K1STI and K2STI indices, which 
are highly significantly positively correlated to 
grain yield under both favorable and drought 
stress environments, are regarded as the best 
indices. 
Ranking method 

The drought tolerance indices estimate 
(Table 5) indicated that the identification of 
drought tolerance genotypes depending on a 
single criterion may be opposite. So, to 
accurately select the most tolerant genotypes to 
drought tolerance all drought indices, mean 
rank and standard deviation of ranks should be 
estimated. According to these two criteria, the 
most desirable drought tolerance genotypes 
were identified.  Genotypes G5, G15, G20, 
G21, G22 and G23 at Sids and SC10, G5, G11, 
G13 and G23 at Sakha had the best mean rank 
and low standard deviation of rank, hence they 
have identified as the most drought tolerant 
genotypes, while G16 and G18 at Sids and G7 
and G12 at Sakha as the most sensitive 
genotype. Farshadfar et al., 2012 a; Khalili et 
al., 2012 and Naghafi et al 2013, considered 
the mean rank and standard deviation of ranks 
as the best measure of selection for drought 
tolerance. 
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Sids 

 

Sakha 

 

Fig. 2. Dendrogram using the Ward method between groups showing the classification of genotypes   based on 
tolerance/ sensitive indices at Sids and Sakha environments. 

 

40

36

32

28

24

20

16

12

8

4

Dis
tanc

e

G5 G23 G19 G1 G16 G27 G17 SC1
0

G4 G26 G8 G11 G28 G15 G21 G13 G20 G22 G6 G12 G2 G14 G7 G9 G3 G10 G18 G25 SC2
031

G24

40

36

32

28

24

20

16

12

8

4

Dis
tanc

e

G2
1

G3 G1
4

G8 G1
0

G1
1

G1
3

G5 G1
2

G1
7

G1
5

G2
5

G2
3

G2
7

SC
203

1
SC

10
G9 G1

9
G2

6
G2

0
G2

4
G2

8
G1

6
G1

8
G2 G7 G6 G4 G1 G2

2

https://nvjas.journals.ekb.eg/


Abd El-Azeem, et al., 2023                                                                                                       https://nvjas.journals.ekb.eg/ 

NVJAS. 3 (9) 2023, 938-956  949 
 

Table 5. Correlation between different drought indices and grain yield at Sids environment. 

Indices YS YP SSI STI GMP MP TOL HM YI YSI SDI DI SSPI RDI K1 K2 

YS 1.00 0.64** -0.84** 0.95** 0.96** 0.92** -0.56** 0.83** 1.00** 084** -0.84** 0.97** -0.56** 084** 0.65** 0.99** 

YP  1.00 -012 0.84** 0.84** 0.89** 0.28 0.12 0.64** 0.12 -0.12 0.44* 0.28 0.12 0.99** 0.66** 

SSI   1.00 -0.62** -0.64** -0.56** 0.92** -0.99** -0.84** -1.00** 1.00** -0.93** 0.92** -1.00** -0.13 -0.81** 

STI    1.00 0.99** 0.99** -0.27 0.62** 0.95** 0.62** -0.62** 0.84** -0.27 0.62** 0.85** 0.95** 

GMP     1.00 0.99** -0.29 0.64** 0.96** 0.65** -0.65** 0.85** -0.29 0.64** 0.84** 0.95** 

MP      1.00 -0.19 0.55** 0.92** 0.56** -0.56** 0.80** -0.18 0.57** 0.89** 0.92** 

TOL       1.00 091** -0.56** -0.91** 0.91** -0.73** 1.00** -0.91** 026 -0.53** 

HM        1.00 0.83** 0.99** -0.99** 092** -0.91* 0.99** 0.13 0.80** 

YI         1.00 0.84** -0.84** 0.97** -0.56** 0.84** 0.65** 0.99** 

YSII          1.00 -1.00** 0.93** -0.92** 1.00** 0.13 0.81** 

SDI           1.00 -0.93** 0.92** -1.00** -0.13 -0.81** 

DI            1.00 -0.73** 0.93** 0.45* 0.96** 

SSPI             1.00 -0.91** 0.26 -0.53** 

RDI              1.00 0.13 0.81** 

K1               1.00 0.67** 

K2                1.00 
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Table 6. Correlation between different drought indices and grain yield at Sakha environment. 

Indices YS YP SSI STI GMP MP TOL HM YI YSI SDI DI SSPI RDI K1 K2 

YS 1.00 0.61** -0.65** 0.91** 0.92** 0.89** -0.35 0.66** 1.00** 0.64** -0.64** 0.90** -0.36* 0.65** 0.62** 0.99** 

YP  1.00 0.19 0.87** 0.88** 0.91** 0.51** -0.18 0.61** -0.20 0.20 0.23 0.51** -0.19 0.99** 0.60** 

SSI   1.00 -0.29 -0.29 -0.23 0.91** -0.99** -0.64** -1.00** 1.00** -0.90** 0.93** -1.00** 0.18 -0.65** 

STI    1.00 0.99** 0.99** 0.04 0.30 0.92** 0.28 -0.28 0.66** 0.03 0.29 0.88** 0.91** 

GMP     1.00 0.99** 0.04 0.31 0.92** 0.29 -0.29 0.66** 0.03 0.29 0.88** 0.90** 

MP      1.00 -0.11 0.25 0.89** 0.29 -0.29 0.62** 0.10 0.24 0.91** 0.88** 

TOL       1.00 0.93** -0.35 -0.91** 0.91** -0.69** 0.99** -0.90** 0.51** -0.37* 

HM        1.00 0.66** 0.99** -0.99** 0.91** -0.93** 0.99** -017 0.66** 

YI         1.00 0.64** -0.64** 0.90** -0.36* 0.65** 0.62** 0.99** 

YSII          1.00 -1.00** 0.90** -0.93** 1.00** -0.18 0.65** 

SDI           1.00 -0.90** 0.93** -1.00** 0.18 -0.64** 

DI            1.00 -0.71** 0.91** 0.24 0.91** 

SSPI             1.00 -0.93** 0.50** -0.38* 

RDI              1.00 -0.17 0.65** 

K1               1.00 0.61** 

K2                1.00 
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Table 7:  Rank and rank mean (R̅) and slandered deviation of rank (SDR) of drought indices   for grain yield at Sids environment.  

Geno. YS+ YP+ SSI+ STI+ GMP+ MP+ TOL+ HM+ YI+ YSI+ SDI+ DI+ SSPI+ RDI+ K1.STI+ K2.STI+ R̅ SDR 
G1 29 19 29 29 29 27 29 29 29 29 29 29 3 2 19 29 24.31 8.87 
G2 16 28 10 22 22 25 6 10 16 10 10 12 25 21 28 16 17.31 6.98 
G3 21 26 16 23 23 24 11 16 21 16 16 19 20 15 26 21 19.63 4.17 
G4 23 16 23 21 21 17 21 23 23 23 23 24 10 8 16 23 19.69 4.78 
G5 3 2 9 2 2 2 19 9 3 9 9 7 12 22 2 3 7.19 6.03 
G6 12 27 6 18 18 22 4 6 12 6 6 9 27 25 27 12 14.81 8.32 
G7 25 29 19 28 28 29 12 19 25 19 19 23 19 12 29 25 22.50 5.52 
G8 18 7 22 12 12 12 24 22 18 22 22 21 7 9 7 18 15.81 6.04 
G9 19 23 15 19 19 20 13 15 19 15 15 18 18 16 23 19 17.88 2.78 
G10 17 24 14 17 17 19 10 14 17 14 14 15 21 17 24 17 16.94 3.60 
G11 20 8 24 13 13 13 25 24 20 24 24 22 6 7 8 20 16.94 6.81 
G12 22 30 12 27 27 30 7 12 22 12 12 20 24 19 30 22 20.50 7.28 
G13 7 21 2 9 9 11 2 2 7 2 2 5 29 29 21 7 10.31 9.14 
G14 13 25 11 16 16 18 8 11 13 11 11 11 23 20 25 13 15.31 5.24 
G15 1 9 1 3 3 4 1 1 1 1 1 1 30 30 9 1 6.06 9.41 
G16 30 18 30 30 30 28 29 30 30 30 30 30 2 1 18 30 24.75 9.61 
G17 26 14 26 24 24 21 23 26 26 26 26 26 8 5 14 26 21.31 6.82 
G18 15 20 17 15 15 16 15 17 15 17 17 17 16 14 20 15 16.31 1.69 
G19 9 3 21 5 5 5 30 21 9 21 21 13 1 10 3 9 11.63 8.32 
G20 5 13 3 8 8 8 3 3 5 3 3 3 28 28 13 5 8.69 7.98 
G21 4 4 5 4 4 3 9 5 4 5 5 4 22 26 4 4 7.00 6.59 
G22 6 11 4 7 7 7 5 4 6 4 4 6 26 27 11 6 8.81 7.00 
G23 2 1 7 1 1 1 18 7 2 7 7 2 13 24 1 2 6.00 6.66 
G24 8 5 8 6 6 6 14 8 8 8 8 8 17 23 5 8 9.13 4.69 
G25 14 17 18 14 14 14 16 18 14 18 18 16 15 13 17 14 15.63 1.76 
G26 28 22 27 26 26 26 22 27 28 27 27 27 9 4 22 28 23.50 6.79 
G27 24 12 25 20 20 15 27 25 24 25 25 25 4 6 12 24 19.56 7.18 
G28 11 6 20 11 11 9 20 20 11 20 20 14 11 11 6 11 13.25 4.92 
SC10 27 15 28 25 25 23 26 28 27 28 28 28 5 3 15 27 22.38 8.05 
SC2031 10 10 13 10 10 10 17 13 10 13 13 10 14 18 10 10 11.94 2.56 
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Table 8:  Rank and rank mean (R̅) and slandered deviation of rank (SDR) of drought indices for grain yield at Sakha environment.  

 

Geno. YS
+ 

YP
+ 

SSI
+ 

STI
+ 

GMP
* 

MP+ TOL
+ 

HM
+ 

YI
+ 

YSI
+ 

SDI
+ 

DI
+ 

SSPI
+ 

RDI
+ 

K1.STI+ K2.STI
+ 

R̅ SDR 

G1 20 17 13 20 20 20 12 13 20 13 13 18 19 18 17 20 17.06 3.05 
G2 22 21 15 22 22 22 14 15 22 15 15 21 17 16 21 22 18.88 3.24 
G3 18 25 10 21 21 21 8 10 18 10 10 13 23 21 25 18 17.00 5.72 
G4 26 26 20 27 27 27 15 20 26 20 20 25 16 11 26 26 22.38 4.90 
G5 2 11 2 3 3 4 2 2 2 2 2 2 29 29 11 2 6.75 8.89 
G6 25 22 19 24 24 24 16 19 25 19 19 23 15 12 22 25 20.81 3.86 
G7 24 23 17 23 23 23 11 17 24 17 17 22 20 14 23 24 20.13 3.95 
G8 10 24 6 16 16 18 4 6 10 6 6 6 27 25 24 10 13.38 7.81 
G9 7 8 12 8 8 8 20 12 7 12 12 10 11 19 8 7 10.56 3.87 
G10 11 20 7 15 15 15 5 7 11 7 7 8 26 24 20 11 13.06 6.35 
G11 3 5 5 2 2 2 7 5 3 5 5 3 24 26 5 3 6.56 7.11 
G12 17 29 3 26 26 28 3 3 17 3 3 7 28 28 29 17 16.69 10.87 
G13 5 9 4 5 5 6 6 4 5 4 4 5 25 27 9 5 8.00 6.97 
G14 13 16 9 14 14 14 9 9 13 9 9 12 22 22 16 13 13.38 4.04 
G15 16 6 26 11 11 11 28 26 16 26 26 20 3 5 6 16 15.81 8.38 
G16 29 27 22 29 29 29 13 22 29 22 22 28 18 9 27 29 24.00 6.03 
G17 23 13 28 18 18 16 27 28 23 28 28 26 4 3 13 23 19.94 8.04 
G18 30 30 24 30 30 30 10 24 30 24 24 30 21 7 30 30 25.25 7.04 
G19 9 10 11 9 9 9 17 11 9 11 11 11 14 20 10 9 11.25 3.07 
G20 15 12 18 13 13 12 21 18 15 18 18 15 10 13 12 15 14.88 2.91 
G21 4 28 1 12 12 13 1 1 4 1 1 1 30 30 28 4 10.69 11.32 
G22 19 15 14 17 17 17 18 14 19 14 14 17 13 17 15 19 16.19 1.98 
G23 6 2 16 4 4 3 26 16 6 16 16 9 5 15 2 6 9.50 6.82 
G24 27 19 27 25 25 25 22 27 27 27 27 27 9 4 19 27 22.75 6.75 
G25 14 7 21 10 10 10 25 21 14 21 21 16 6 10 7 14 14.19 5.84 
G26 21 14 23 19 19 19 23 23 21 23 23 24 8 8 14 21 18.94 5.06 
G27 12 4 29 7 7 7 30 29 12 29 29 19 1 2 4 12 14.56 10.75 
G28 28 18 30 28 28 26 24 30 28 30 30 29 7 1 18 28 23.94 8.45 
SC10 1 1 8 1 1 1 19 8 1 8 8 4 12 23 1 1 6.13 6.68 
SC2031 8 3 25 6 6 5 29 25 8 25 25 14 2 6 3 8 12.38 9.47 
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Conclusion 
Among various resistance and tolerance 

indices that were evaluated, both Yp and Ys 
were significantly and positively correlated 
(P<0.01) with MP, GMP, YI, STI, KI.STI and 
K2.STI at Sids and Sakha environments. This 
indicates that these indices were more effective 
in identifying high-yielding genotypes under 
drought stress as well as normal conditions 
indicating more appropriateness of these 
indices for the selection of tolerant genotypes. 
Screening drought tolerant genotypes using 
principal components, ranking method and 
Cluster analysis differentiate genotypes G5, 
G15, G20, G21, G22 and G23 at Sids and G5, 
G11, G13, G23 and SC10 at Sakha as the most 
drought tolerant. Thus, they are advisable for 
use as parents for the improvement of drought 
tolerance in other genotypes. In addition, the 
results of this study showed that among drought 
tolerance indices MP, GMP, YI, STI, KI.STI 
and K2.STI can be used as the most appropriate 
indicator for screening drought-tolerant 
cultivars. 
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الانتخابیة الأدلة  باستخدامتقییم طرز وراثیة جدیدة من الذرة الشامیة البیضاء تحت الأجھاد المائي   
 أشرف كمال مصطفى –مجدي احمد عبد المولى  –محمد المھدي محمد عبد العظیم 

 وائل محمد النبوي السید  –أیمن أحمد عبد المطلب  
 قسم أبحاث الذرة، معھد المحاصیل الحقلیة، مركز البحوث الزراعیة، جمھوریة مصر العربیة

 
،  (SSI) ، ومؤشر القابلیة للإجھاد (STI) مؤشر تحمل الإجھادتشمل  لتحمل الجفافثلاثة عشر دلیلا إنتخابیا حساب تم 

، ومؤشر   (HM) ، والمتوسط التوافقي (MP) ، ومتوسط الإنتاج (GMP) ، ومتوسط الإنتاج الھندسي (TOL) التسامحومؤشر  
، ومؤشر الجفاف  (SDI) ، ومؤشر حساسیة الجفاف (DI) ، ومؤشر مقاومة الجفاف (YSI) ، ومؤشر استقرار الغلة (YI) الغلة

  K1STI) وتحمل الإجھاد المعدل (SSPI) ، ومؤشر النسبة المئویة للتأثر بالإجھاد (RDI) النسبي
التراكیب الوراثیة للذرة الشامیة التي  أفضلالمائي والري العادي لتحدید  الاجھادتم تقدیرھا لمحصول الحبوب تحت ظروف 

 تحت ظروف الأجھاد المائي. یمكن زراعتھا 
 ,MPبین كل من المحصول تحت الجفاف والري العادي و الأدلة الإنتخابیة    وإیجابيأظھرت النتائج وجود ارتباط معنوي  

GMP, YI, STI, KI.STI and K2.STI    في منطقتي سدس وسخا . ھذا الأرتباط یدل على ان ھذه الأدلة أكثر فعالیة في
 clusterتحدید التراكیب الوراثیة المتحملة لظروف الأجھاد المائي والظروف العادیة. أظھرت طرق التحلیل العنقودي والثنائیة    

method and biplot       لفحص التراكیب الوراثیة المتحملة للجفاف ان التراكیب الوراثیةG5, G15, G20, G21, G22    
في سخا ھي اكثر التراكیب   G21و    G3,  G5, G8, G10, G11, G12, G13في سدس والطرز الوراثیة         G23و   

الى ثلاثة مجموعات وھي    clusterالعنقوديالأجھاد المائي . قسمت التراكیب الوراثیة بناء على التحلیل    الوراثیة تحملا لظروف
تراكیب وراثیة متحملة ,    9,    5  المتخملة علىالمتحملة للجفاف والحساسة و شبة حساسة لظروف للجفاف. احتوت المجموعة  

   .تراكیب وراثیة حساسة للإجھاد المائي في كل من سدس وسخا على التوالي 6و  12تراكیب وراثیة شبة حساسة و  15,  13
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