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Ten Egyptian wheat genotypes were grown under two water regime conditions to evaluate their mean 
performance, drought tolerance indices and the water use efficiency. Results of combined analysis of 
variance over years revealed that, the grain yield was highly significantly affected by water regime and 
genotypes. Under stress conditions, the mean grain yield of wheat cultivars varied from 4.14 ton ha-1 for 
cultivar Beni Sueif 1 to 5.08 ton ha-1 for cultivar Beni Sueif 4, while under non-stress conditions the mean 
grain yield of the cultivars ranged from 6.16  ton ha-1 related to Beni Sueif1 to 9.08 ton ha-1 attributed to 
cultivar Misr 1. The results showed that cultivars Misr1, Beni Sueif 4 and Beni Sueif 6 were superior than 
the other cultivars under stress and non-stress conditions. Results indicate that decreasing the amount 
of irrigation water from 5714 m3 ha-1 to 2857 m3 ha-1 significantly reduced grain yield by 38%. Combined 
analysis over years exhibited significant differences among cultivars and the water regime treatments for 
water use efficiency (WUE), the highest values of WUE was obtained under stress  as compared to non-
stress conditions,  it ranged between 1.44 kg m-3 for Beni sueif1 to 1.77 kg m-3 for Beni sueif4 under 
stress conditions. Five drought tolerance  indices include susceptible stress index (SSI), tolerance index 
(TOL), mean productivity (MP), geometric mean productivity (GMP) and stress tolerance index (STI), 
were applied on the basis of grain yield under stress and non- stress conditions. Significant positive 
correlation was detected between STI, GMP and MP and grain yield in stress and non-stress conditions 
while, SSI and TOL were negatively correlated with grain yield under both conditions. Results showed 
MP, GMP and STI indices were more effective in identifying high yielding cultivars in diverse water 
scarcity. Achieved results from calculation of drought tolerance and drought sensitive indices show that 
MP,GMP and STI, which their high values indicated stress tolerance, introduced Misr 1, Beni Sueif 4 and 
Beni Sueif 6 with yields of 5.05, 5.08  and 4.99 ton ha-1 respectively as stress tolerance cultivars. Based 
on the mean rank of five different drought tolerance indices Misr1. Beni Sueif 4, Beni Sueif 6 and Beni 
Sueif 5 had the best rank with medium standard deviation values. 
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INTRODUCTION 

In arid and semi-arid regions like Egypt and 
some other developing countries, wheat (Triticum 
sp.) is considered the most strategic crop. At 
present, water demand has significantly 
increased, while available water resources are 

becoming increasingly scarce.  The water 
shortage is one of the major environmental factors 
that limit wheat production by affecting many 
agronomic traits like reduction in plant height, 
number of tillers plant-1, grain yield plant-1, 1000-
kernels weight, harvest index, grain yield, 
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biological yield, protein yield, grain protein content 
and water use efficiency (Shrief and Abd El-
Mohsen, 2015). On the other hand, Golabadi et 
al., 2006 mentioned, the variation in wheat yield 
potential could arise from factors related to 
genotype adaptation rather than drought per see.   

To avoid the  water shortage, it is urgent need 
to develop  new genotypes with traits that could 
not only tolerate serious drought stress at various 
stages of growth but can also produce higher 
grain yield under drought stress conditions (Abd 
El-Mohsen et al., 2013). Selection different 
genotypes under stress conditions is one of the 
main tasks of plant breeders for exploiting the 
genetic variations to improve the stress tolerant 
cultivars (Clark et al., 1992). 

To evaluate the mean performance of 
different genotypes under limited water resources, 
several selection criteria (water use efficiency and 
drought tolerance indices) have been proposed to 
select genotypes based on yielding ability under 
stress and non-stress environments. 

Concerning the water use efficiency in crop 
plants, the great challenge for plant breeders is 
how to increase the water use efficiency, which 
lead to increase the area of irrigated land and 
hence increase overall crop production in using 
the same amount of available water. Panda et al., 
2003 mentioned, water use efficiency of wheat 
was the highest when irrigation was scheduled to 
occur with the 45% depletion of the available soil 
water. On the other hand, other studies have 
suggested that with increase the amount of 
irrigation, the water use efficiency initially 
increased and then decreased, whereas the soil 
water depletion continued to decline (Han et al., 
2009). 

Under limited water supply conditions, the 
timing and the amount of irrigation are considered 
the two critical factors for improving the water use 
efficiency, reducing irrigation to improve water use 
efficiency, while maintaining or even increasing 
the yield of winter wheat with the available water 
is essential for ensuring food security (Wang, 
2017). 

To select stable genotype according to the 
mean performance under favorable and drought 
stress conditions, many selection indices based 
on a mathematical relation between stress and 
optimum conditions has been proposed 
(Mursalova et al., 2015). Fischer and Maurer 
(1978) suggested the stress susceptibility index 
(SSI) for measurement of yield stability that 
apprehended the changes in both potential and 
actual yields in variable environments, Rosielle 

and Hamblin (1981) defined two tolerance indices, 
the 1st, tolerance index (TOL) as the differences in 
yield between stress and non-stress conditions 
and the 2nd, mean productivity (MP) as the 
average yield of genotypes under stress and non-
stress conditions. Moreover, Fernandez (1992) 
suggest two stress tolerance indices, i.e., stress 
tolerance index (STI) as a useful tool for 
determining high yield and stress tolerance 
potential of genotypes, and geometric mean 
productivity (GMP) is often used by breeders 
interested in relative performance, since drought 
stress can vary in severity in field environments 
over years.  

Keeping in view the facts stated above and 
the importance of production of wheat crop, a 
study was carried out to investigate the effects of 
two different water regimes on wheat grain yield 
and water use efficiency of ten wheat cultivars 
grown in Egypt. The objectives of the study were 
to (i) evaluate wheat cultivars reaction and water 
use efficiency to drought stress (ii) determine the 
efficiency of tolerance indices to classify wheat 
cultivars  into sensitive and tolerant and (iii) study 
interrelationships among the tolerance indices. 
 
MATERIALS AND METHODS 

Description of experimental area   
Two field trials were conducted at the Agricultural 
Experiments and Research Station, Faculty of 
Agriculture, Cairo University, Giza Governorate, 
Egypt (30º 02' N latitude and 31º 13' E longitude 
with an altitude of 22.50 meters above sea level). 
The soil of the experimental site was a clay loam 
with pH value of 7.9 and 8.03 in the first and 
second growing seasons, respectively.  

Experimental materials and cultural practices 
Five bread wheat (Triticum aestivum L.) cultivars 
(i.e., Giza 168, Misr 1, Sids13, Gemmeiza 10 and 
Misr 2)and five durum wheat (Triticum durum L.) 
cultivars (i.e., Sohag 3, Beni Sueif 1, Beni Sueif 2, 
Beni Sueif 4 and Beni Sueif 6)  were sown  during 
two successive seasons 2012/13 and 2013/14 to 
evaluate the grain yield, water use efficiency and 
five selection indices under two different water 
regimes conditions (stress and non-stress 
conditions). In non-stressed condition (normal 
irrigation), the time number of irrigation 
applications and amount of irrigation water given 
over the total growing season were 6 times (every 
21 days after sowing) and 5714 m3 ha-1, 
respectively; whereas under stress condition, they 
were 3 times (every 42 days after sowing) and 
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2857 m3 ha-1, respectively. The seeds were 
obtained from Wheat Research Section, Field 
Crops Research Institute, Agriculture Research 
Center, Ministry of Agriculture, Giza, Egypt. 
The experimental design was a split plot in a 
randomized complete block with three 
replications. The two irrigation treatments (full 
irrigation and 50% water requirement) were 
applied in the main plots and the sub plots were 
devoted for the ten wheat cultivars each one of 
them was planted in fourteen rows of 3.5 meter 
length and 25 cm apart, the net experimental unit 
(sub plot) area was 12.25 m2. 
Cultivars were sown by a seed drill at the seed 
rate of 140 kg ha-1. Sowing dates were 10th and 
5th of December in the two successive seasons, 
respectively. The plants were subjected to 
recommended package of agronomic and plant 
protection practices to obtain a healthy crop. 
Calcium super phosphate (15.5% P2O5) was 
applied during soil preparation at the rate of 150 
kg ha-1 P2O5. Irrigations were added during growth 
by flooding system and surface irrigation was 
used at both seasons. Total nitrogen fertilization 
was applied at a rate of 160 kg ha-1 N as Urea 
(46.5%) in two equal doses, before sowing and 
the second after 42 days from sowing. All the 
recommended cultural practices were followed up 
to harvest. 

Studied characters and its measuring method 
At harvest in both years, the total area of each 
plot was harvested to determine potential grain 
yield (Yp) and stress yield (Ys) plot-1 and then 
converted to grain yield ton ha-1. Water use 
efficiency (WUE expressed in; kg m-3) on grain 

basis was determined by dividing the grain yield 
(kg ha-1) by quantity of water applied (m3 ha-1) 
(Vietes, 1965). 

Statistical Analysis, Calculations and  data 
Interpretation  

Analysis of variance 
Collected data were subjected to the proper of 

statistical analysis of variance (ANOVA) of split 
plot design as mentioned by Gomez and Gomez 
(1984) using MSTAT-C software package (Freed 
et al.., 1989). Data were tested for violation of 
assumptions underlying the ANOVA. Data for the 
2 years were tested for homogeneity using 
Bartlett's (1937) test of homogeneity and it was 
found to be homogeneous so the data were 
combined for analysis. The combined ANOVA 
was carried out according to Steel et al., (1997). 
Duncan’s multiple range test (Duncan, 1955) was 
applied to detect the significant differences among 
irrigation and cultivar treatment means, when the 
F-test for these treatments was significant at 5% 
probability level. 
 
2. Calculation of Drought Tolerance Indices 

Five drought tolerance indices including stress 
susceptibility index (SSI), tolerance index (TOL), 
mean productivity (MP), geometric mean 
productivity (GMP) and stress tolerance index 
(STI). The relative decrease in yield were 
calculated based on grain yield under drought 
(Ys) and irrigated (Yp) conditions. Drought 
tolerance indices were calculated by using the 
equations cited in Table 1. 

Table 1. Drought tolerance indices and their abbreviation and formula: 
Index name Outcome Abbreviation and formula Reference 

Stress Susceptibility 
Index (SSI) 

The genotypes with SSI<1 are 
more resistant to drought stress 

conditions. )Y/Y(1

)Y/Y(1
SSI

ps

ps






 

(Fisher and Maurer, 1978) 

Tolerance index (TOL) 
The genotypes with low values 
of this index are more stable in 

two different conditions. 
TOL = YP - YS (Rosielle and Hamblin, 1981) 

Mean Productivity (MP) 
The  genotypes with high value 

of this index will be more 
desirable 2

YY
MP

ps 


 

(Rosielle and Hamblin, 1981) 

Geometric Mean 
Productivity (GMP) 

The genotypes with high value 
of this index will be more 

desirable 
)()( sp YYGMP 

 
(Fernandez, 1992) 

Stress Tolerance Index 
(STI) 

The genotypes with high STI 
values will be tolerant to 

drought stress 
STI=(YP×YS)/( Y

P)2 (Fernandez, 1992) 
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Key note for Table1: Ys and Yp are the mean yield of all genotypes under stress and non-stress 

conditions, respectively. sY
 and pY

are the mean yield over all genotypes under stress and non-stress 
conditions, respectively.  

 
 
Reduction percentage was calculated as 

follows: 

Reduction %=       

100.
p

sp

Y

YY 

               
(Choukan et al., 2006). 

Where, pY
 and sY

 the mean yields over 
replications for each genotypes under non-stress 
and stress conditions, respectively. 

3. Ranking Method 
For screening drought tolerant genotypes a 

rank mean (Rm) was calculated by the following 
relationship: 

Rank mean= Rank sum (RS) /n 
Standard deviation of ranks (SDR) was 

measured as: 

SDR= 

2

iS
 (Farshadfar and Elyasi, 2012). 

1

)(
1

2

.2





 

n

RR
S

m

i iij
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Where Rij is the rank of in vivo drought 

tolerance indicator and Ri. is the mean rank 
across all drought tolerance indicators for the its 
genotype  

Spearman's rank correlation coefficients were 
computed for each possible pair-wise 
comparisons of the drought tolerance indices and 
the significance of the rank correlation coefficient 
was tested according to Steel et al., (1997). 
 
RESULTS  AND  DISCUSSION 

Combined analysis of variance  
In each year, the mean data over replication 

of cultivars and water regimes for grain yield and 
water use efficiency were subjected to statistical 
analysis. The data was tested for normality and 
uniformity of variance. Statistical analysis showed 
that the Bartlett's test confirmed the homogeneity 
of variance between the two years so that a 
combined statistical analysis was applied. In this 
study, the main effects of irrigation regimes, and 
cultivars on grain yield and water use efficiency 
were highly significant (P≤ 0.01) (Tables 2 and 3). 

The results of the combined analysis of 

variance for grain yield under water-stressed and 
non-stressed environments over two consecutive 
growing seasons (2012/2013-2013/2014) are 
presented in Table 2. The effects due to the 
irrigation regimes (I), years (Y), cultivars (C), IY 
interaction, IC interaction and YC interaction were 
found to be significant (P≤ 0.01). A close view of 
results in Table 2, the irrigation regimes (I) effect 
was the most important source of yield variation, 
accounting for 75.24% of the total sums of 
squares (TSS%) followed by cultivar effect and  
years which accounted for 9.22% and 2.21% of 
TSS%, respectively (Table 2).  

It is obvious from Table (2) that, the highly 
significant differences among cultivars for grain 
yield indicate the existence of genetic variation 
and the possibility of selection for suitable 
cultivars in both types of environments (water-
stressed and non-stressed conditions). The 
significance of the water regime × cultivar 
interaction (IC) may be due to the different 
responses of each cultivar to the different 
irrigation regimes. The water regime and year 
effects were also found to be highly significant 
(Table 2), demonstrating that the ranks of cultivars 
are influenced by both factors.  Awad et al. (2000) 
found that increasing the amount of water 
irrigation from 60 to 100%, significantly increased 
grain yield and its components. Ouda et al. (2007) 
in their study reported that, the amount of wheat 
yield reductions as a result of water stress were 
affected by genotypes and the stage of grain 
development. Singh et al. (2009) found that, grain 
yield and yield components of wheat were 
decreased with decreasing irrigation water 
amounts as well as its quality.  

Based on results of combined analysis of 
variance over years for water use efficiency 
presented in Table 3 pointed out highly significant 
to significant differences among the tested 
cultivars and between irrigation regime treatments 
at P ≤ 0.01 and significant differences between 
years at P ≤ 0.05 (Table 3), thus indicating 
substantial variability among these cultivars for 
water use efficiency. 
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Table 2. Combined analysis of variance for grain yield across two years of 10 wheat cultivars 
under water-stressed and non-stressed environments. 
 

S.O.V. df Sum of squares Mean squares TSS% 

Years (Y) 1 7.987 7.987** 2.21 

R (Y) 4 3.518 0.880  

Irrigation regimes  (I) 1 270.726 270.726** 75.24 

YI 1 2.219 2.219*  

Error a 4 0.705 0.176  

Cultivars (C) 9 33.208 3.690** 9.22 

YC 9 5.763 0.460*  

IC 9 9.558 1.062**  

YIC 9 3.882 0.431ns  

Error b 72 22.237 0.309  

Total 119 359.803   

Key note for Table 2: ** Significant at 1% level of probability, * Significant at 5% level of probability; 
ns: not significant, %TSS–Percentage relative to total sum of squares. 

 
Table 3. Combined analysis of variance for water use efficiency across two years of 10 wheat 
cultivars under water-stressed and non-stressed conditions. 

S.O.V. Df Sum of squares Mean squares TSS% 

Years (Y) 1 0.371 0.371* 5.07 

R (Y) 4 0.280 0.070ns  

Irrigation regimes  (I) 1 2.892 2.892** 39.54 

YI 1 0.021 0.021ns  

Error a 4 0.108 0.027  

Genotype (C) 9 1.630 0.181** 22.29 

YC 9 0.276 0.031ns  

IC 9 0.179 0.020ns  

YIC 9 0.165 0.018ns  

Error b 72 1.392 0.019  

Total 119 7.314   

Key note for Table 3: ** Significant at 1% level of probability, * Significant at 5% level of probability ; 
ns: not significant. , %TSS–Percentage relative to total sum of squares. 

 
Moreover, the results in Table 3, showed the 
irrigation regimes (I) effect was the most important 
source of WUE variation, accounting for 39.54% 
of the total sums of squares (TSS%) followed by 
cultivar effect (22.29%) and years which 
accounted for 9.22%  

Cultivars performance evaluation  
The results in Table 4 showed that grain yield 
varied from 6.16 ton ha-1 (Beni Sueif 1) to 9.08 ton 
ha-1 (Misr 1) under normal conditions and from 
4.14 ton ha-1 (Beni Sueif 1) to 5.08 ton ha-1 (Beni 
Sueif 4) in stress conditions. Mean grain yield 
under non-stress condition was 7.77 ton ha-1, 
while under water stress condition it was 4.77 ton 
ha-1, indicating a reduction of 38.62% compared to 
non stress conditions (full-irrigation). The data 
showed that drought stress in wheat can 
significantly reduce grain yield. Maralian et al. 

(2010) reported that if water stress occurred at 
tillering or heading stages, the seed yield 
decreased more than 37%. Ouda et al. (2007) 
reported that, the wheat yield reductions as a 
result of water stress were affected by genotypes 
and the stage of grain development. 
According to the average of the two years, grain 
yield under stress condition, the cultivars can be 
divided into three groups: (1) tolerant cultivars ( 
Misr 1,  Beni Sueif 4, Beni Sueif 5, Giza 168 and 
Beni Sueif 6) producing more than 4.77 ton ha-1, 
(2) moderately tolerant cultivars ( Sohag 3, 
Gemmeiza 10 and Sids 13) producing 4.5 - 4.77 
ton ha-1 and (3) non-tolerant cultivars (Misr 2 and 
Beni Sueif 1) which are capable of producing only 
less than 4.5 ton ha-1. In conclusion, considerable 
wheat production can be achieved under stress 
condition provide appropriate cultivars are 
selected. 
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Table 4. Grain yield, yield reduction and water use efficiency of the ten wheat genotypes under 
non-stress and stress conditions. 

Cultivars 

Mean grain yield (ton ha-1) Water use efficiency (kg m-3) 

Irrigation regimes 

Mean 

Grain yield 
reduction% 

Irrigation regimes 

Mean 
Non-stress 
 condition 

Stress 
condition 

 
Non-stress 
 condition 

Stress 
condition 

Giza 168 7.72 c 4.99 f 6.36 35.3 1.34 fg 1.74 ab 1.54 

Misr 1 9.08 a 5.05 f 7.07 44.8 1.58 bcd 1.76 ab 1.67 

Sohag 3 7.82 c 4.74 fg 6.28 39.39 1.36 f 1.65 abc 1.51 

Beni Sueif 4 8.66 ab 5.08 f 6.87 41.34 1.51 cdef 1.77 a 1.64 

Sids 13 8.00 bc 4.55 fg 6.28 43.13 1.39 ef 1.59 abcd 1.49 

Gemmeiza 10 7.67 c 4.75 fg 6.21 38.1 1.33 fg 1.65 abc 1.49 

Beni Sueif 6 8.16 bc 4.97 f 6.57 39.1 1.42 def 1.73 ab 1.58 

Beni Sueif 5 7.66 c 5.04 f 6.35 34.2 1.33 fg 1.76 ab 1.55 

Misr 2 6.82 d 4.41 fg 5.62 35.4 1.18 gh 1.54 cde 1.36 

Beni Sueif 1 6.16 f 4.14 g 5.15 33.79 1.07 h 1.44 def 1.26 

Mean 7.77 4.77 6.27 38.62 1.35 1.65 1.5 

Key note for Table 4: Means in each column, followed by similar letter(s) are not significantly different at 5% 
probability level, using Duncan's Multiple Range Test (DMRT). 

 
According to the average of the two years, 

grain yield under stress condition, the cultivars 
can be divided into three groups: (1) tolerant 
cultivars ( Misr 1,  Beni Sueif 4, Beni Sueif 5, Giza 
168 and Beni Sueif 6) producing more than 4.77 
ton ha-1, (2) moderately tolerant cultivars ( Sohag 
3, Gemmeiza 10 and Sids 13) producing 4.5 - 
4.77 ton ha-1 and (3) non-tolerant cultivars (Misr 2 
and Beni Sueif 1) which are capable of producing 
only less than 4.5 ton ha-1. In conclusion, 
considerable wheat production can be achieved 
under stress condition provide appropriate 
cultivars are selected. 

According to Fernandez (1992) theory, the 
result based on grain yield performance in both 
stress and non-stress conditions as it is shown in 
Figure1 which presents a biplot that possesses 
four sectors, the wheat cultivars Misr1, Beni Sueif 
4 and Beni Sueif 6 which are placed on (A) region, 
were identified as high yielding ability cultivars 
under  both conditions. genotypes Sohag 3 and 
Sids 13 with high yield under non-stress (group B) 
or genotypes Giza 168 and Beni Sueif 5 produce 
high yield under stress conditions (group C). On 
the other hand, wheat cultivars Misr 2, Gemmeiza 
10 and Beni Sueif 1 which are placed on (D) 
region, were identified as drought sensitive 
genotypes and low yielding ability, due to location 
in sensitive to drought stress and low yield region. 

From the above results in Table (4) and Fig. 
(1) it could be demonstrated, the cultivars Misr 1, 
Sids 13, Beni Sueif 4, Beni Sueif 6 and  Sohag 3 
showed higher grain yield under non-stress 

conditions, with yield averages higher than 7.77 
ton ha-1, and the cultivars Beni Sueif4, Misr 1, 
Beni Sueif 5, Giza 168 and Beni Sueif 6 recorded 
higher grain yield in stress environment, with grain 
yield averages as higher as 4.77 ton ha-1. The 
cultivars Misr 1, Beni Sueif 4 and Beni Sueif 6 
showed good performance under both water 
conditions.  

Based on grain yield, the findings of present 
study showed that the breeders should pay 
attention to cultivars Misr 1, Beni Sueif 4 and Beni 
Sueif 6. These cultivars exhibited high grain yield 
under both stress and non-stress conditions. 

So under drought stress (Ys) environments in 
mean of two years. 

these cultivars should be involved in breeding 
programs for developing new tolerant varieties to 
water stress 

Water use efficiency (WUE) 
The water use efficiency (WUE) is consider  

as a one of the most important indices for 
determining optimal water management practices; 
its use has been reviewed by (Taylor et al.., 1983 
and Musick et al.., 1994).The water use efficiency 
presented in Table 4 is expressed as kg grainsm3 
water consumed by the wheat crop. This criterion 
has been used to evaluate the crop production 
under different applied treatments per unit of 
consumed water by the crop. 

The obtained results, as shown in Table 3, 
indicated that there were significant differences 
among cultivars for water use efficiency under 
stress conditions, it ranged from  1.44 kg m-3 for 
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Beni Sueif 1 to 1.77 kg m-3 for Beni Sueif4 (Table 
4). 

 

 
 

Figure. 1. The relationship between seed yield under non stress (Yp) and seed yield 
 
The obtained results, as shown in Table 3, 
indicated that there were significant differences 
among cultivars for water use efficiency under 
stress conditions, it ranged from  1.44 kg m-3 for 
Beni Sueif 1 to 1.77 kg m-3 for Beni Sueif4 (Table 
4). Also, the results from Table 4 showed that, the 
cultivars Misr1 and Beni Sueif 4 which exhibited 
the highest grain yield under both conditions, 
exhibited also the highest values of WUE under 
stress and non stress conditions. Moreover, the 
results in Table 4 howed a predominance of WUE 
values under stress conditions as compared to 
normal conditions. Several studies reported that 
the water use efficiency (WUE) values were 
higher under water deficit as compared to the full 
irrigation condition, especially when irrigation is 
applied in the critical growth stages of plant (andal 
et al., 2005). Haikel and El-Melegy (2005) 
concluded that the maximum grain yield and 
minimum water use efficiency of wheat was 
recorded by irrigation with recommended 
requirements under sandy soils conditions and 

sprinkler irrigation system. It has been concluded, 
that the impact of limited irrigation and soil water 
deficit on crop yield or WUE depends on the 
particular growth stage of the crop, and the most 
sensitive stage can vary region-by-region due to 
regional variability in environment and agronomic 
practices (Singh et al., 1991). 

Yield reduction 
The results in Table 4 revealed that, although, 
Misr 1 gave the highest seed yield and the highest 
WUE under both conditions, it exhibited the 
greatest reduction (44%) in grain yield under 
stress conditions. The lowest depression in grain 
yield due to stress conditions compared to the 
grain yield under normal irrigation has been 
registered for Beni Sueif 1, Beni Sueif 5, Misr 2, 
and Giza 168 cultivars by 33, 34, 35 and 35%, 
respectively, but the highest depression recorded 
for Misr 1, Sids 13 and Beni Sueif 4 (44, 43, and 
41%, respectively). 
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Screening drought tolerant cultivars and 
indices 

To select stable genotypes according to their 
performance under stress and non-stress 
conditions many studied have been used drought 
tolerance indices (Farshadfar et al., 2013 and 
Mursalova et al., 2015) 

To investigate the suitable stress resistance 
indices for screening the different cultivars under 
drought condition, grain yield of the cultivars 
under both non-stress and stress conditions were 
measured for calculating different sensitivity and 
tolerance indices (Table 5). Accordingly, high 
levels indicators Yp, Ys, STI, MP and GMP, 
values and low index of TOL and SSI indicator of 
resistance to stress conditions were figured.  

The results in Table 5 showed that the highest 
MP, GMP and STI indices were observed in Misr 
1, followed by Beni Sueif 4 and Beni Sueif 6 and 
the lowest values was detected in Beni Sueif 1, 
followed by Misr 2 and Gemmeiza 10. Mevlüt and 
Sait (2011) indicated that the genotypes with high 
STI usually have high difference in yield in two 
different conditions. In general those reported, 
similar ranks for the genotypes were observed by 
GMP and MP parameters as well as STI, which 
suggests that these three parameters are equal 
for selecting genotypes. 

Concerning to SSI and TOL indices, the 
genotypes with low tolerance index (TOL) would 
be more tolerant to water stress. At the same 
time, stress susceptibility index (SSI) estimates 
the rate of change for each genotype in yield 
between the stress and non-stress conditions 
relative to the mean change for all genotypes. 
Values of SSI lower than 1 denotes low drought 
susceptibility (or high yield stability) and values 
higher than 1 indicate high drought susceptibility 
(or poor yield stability). 

In our study, the estimates of SSI indices 
revealed that, the cultivars Beni Sueif 1, Beni 
Sueif 5 Giza 168 and Misr 2 had the lowest SSI 
value and therefore these cultivars had low 
susceptibility and high yield stability under stress 
condition. In contrast, cultivar Misr 1, followed by 
Sids 13 and Beni Sueif 4 with the highest SSI 
values could be identified as highly susceptible to 
water stress indicating that this cultivar had a 
larger yield reduction under stress condition and 
higher drought susceptibility. It has been evident 
in literature that SSI could be a more useful index 
in discriminating better cultivars under drought 
stress condition (Golabadi et al., 2006; Talebi et 
al., 2009; Nouri et al., 2011). 

Clarke et al., (1992) used stress susceptibility 

index (SSI) for evaluation of drought tolerance in 
wheat genotypes and found year-to-year variation 
in SSI for genotypes and their ranking pattern. 
Guttieri et al., (2001) used SSI criterion and 
suggested that SSI more than 1 indicated above-
average susceptibility to drought stress. 

Ranking method for screening drought 
tolerant cultivars 

Statistical analysis of the data  revealed that 
selection indices showed different ranks for 
cultivars, consequently these could be classified 
into two groups according to the cultivars 
discriminations , the first one contain stress 
susceptibility index (SSI) and tolerance index 
(TOL), the second contain mean productivity 
(MP), geometric mean productivity (GMP) and 
stress tolerance index (STI). 

The drought resistance indices and their ranks 
based on the indices over two years are 
presented in Table 6. Differences in ranking 
cultivars were found from one drought resistance 
index to another, indicating that the indices differ 
in discriminating drought tolerant cultivars. 

The estimates of indicators of drought 
tolerance (Table 5) indicated that the identification 
of drought-tolerant cultivars was contradictory 
based on a single criterion. Different indices 
introduced different cultivars as drought tolerant. 
The following ranking method was used to have 
an overall judgment. To determine the most 
desirable drought tolerant cultivar according to the 
all indices, mean rank (R̅), and standard deviation 
of ranks (SDR) of all drought tolerance criteria 
were calculated. Based on these criteria, the most 
desirable drought tolerant genotypes were 
identified (Table 6). In consideration to all indices, 
cultivars Misr1, Beni Sueif4 followed by Beni Sueif 
5, Beni Sueif 6 and Giza 168, exhibited the best 
mean rank and almost medium standard deviation 
of rank. 

Therefore, they are recommended to be used 
as parents for genetic analysis and improvement 
of drought tolerance in wheat. Ranking method 
has been used for screening drought tolerant 
cultivars in bread wheat by Farshadfar and Elyasi 
(2012) Farshadfar et al., (2012) and Abd El-
Mohsen et al., (2015 and in canola by Khalili et al. 
(2012) in canola. 
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Table 5. Resistance indices of 10 wheat cultivars under stress and non-stress environments for 
grain yield  over two years. 

Cultivar 
 

Yp 
(kg.ha-1) 

Ys 
(kg.ha-1) 

SSI TOL MP GMP STI 
 

Giza 168 7.72 4.99 0.91 2.73 6.36 6.20 0.64 

Misr 1 9.08 5.05 1.15 4.03 7.06 6.76 0.76 

Sohag 3 7.82 4.74 1.02 3.08 6.29 6.09 0.62 

Beni Sueif 4 8.66 5.08 1.07 3.59 6.87 6.63 0.73 

Sids 13 8.00 4.55 1.11 3.45 6.28 6.04 0.60 

Gemmeiza 10 7.67 4.75 0.99 2.92 6.21 6.03 0.61 

Beni Sueif 6 8.16 4.97 1.01 3.19 6.57 6.37 0.67 

Beni Sueif 5 7.66 5.04 0.89 2.63 6.35 6.21 0.65 

Misr 2 6.82 4.41 0.92 2.41 5.62 5.48 0.50 

Beni Sueif 1 6.16 4.14 0.85 2.02 5.15 5.05 0.42 

Key note for Table 5: Yp = yield under optimal conditions; Ys = yield under stress conditions; SSI = stress 
susceptibility index; TOL = tolerance index; GMP = geometric mean productivity; MP = mean productivity; 

STI = stress tolerance index. 
Table 6. Rank, rank mean (R̅), and standard deviation of ranks (SDR) of         drought tolerance 

indices. 

Cultivars YP
 YS

 SSI TOL MP GMP STI R  
SDR 

Giza 168 6 4  3 4  4  5  5 4.43 0.98 

Misr 1 1 2  10 10  1  1  1 3.71 4.31 

Sohag 3 5 7  7 6  6  6  6 6.14 0.69 

Beni Sueif 4 2 1  8  9  2  2  2 3.71 3.30 

Sids 13 4 8  9  8   7  7  8 7.29 1.60 

Gemmeiza10  7 6  5  5  8  8  7 6.57 1.27 

Beni Sueif 6 3 5  6  7   3  3  3 4.29 1.70 

Beni Sueif 5 8 3  2     3  5  4  4 4.14 1.67 

Misr 2 9 9  4  2  9  9  9 7.29 2.98 

Beni Sueif 1 10 10  1  1  10  10  10 7.43 4.39 
Key note for Table 7: YP = Yield under non-stress condition, YS = Yield under water stress condition, STI = Stress tolerance index, 

TOL = Tolerance index, MP = Mean productivity, GMP = Geometric mean productivity, SSI = Stress susceptibility index. 

Relationships of drought tolerance indices 
Selection based on a combination of indices 

may provide a more useful criterion for improving 
drought resistance of wheat but study of 
correlation coefficients is useful in finding the 
degree of overall linear association between any 
two attributes. A suitable index must have a 
significant correlation with grain yield under both 
conditions (Mitra, 2001). Generally, indices having 
high correlations with plant response in stress and 
non-stress conditions are introduced as the best 
ones (Abd El-Mohsen et al., 2015) 

Spearman's rank correlation showed that 
grain yield under non stress conditions (YP) and 
grain yield under water stress conditions (YS) had 
a positive and highly significant correlation with 
stress tolerance index (STI), mean productivity 
(MP) and geometric mean productivity (GMP) 
over two years, indicating that these criteria are 

able to discriminate group A (genotypes that 
express uniform superiority in non-stress and 
stress conditions) ( Fernandez 1992), although it 
is recommended that, the selection be done 
based on using several indices instead of only 
one index information. Also, indicated that with the 
increasing of these indices, grain yield would be 
increased. 

Moreover, the results in Table 7 exhibited that 
grain yield under stress condition (YS) was 
significantly correlated with non-stress condition 
(YP) (r = 0.66* and R2= 0.44), Also, Fig.2 
represents a linear relationships between seed 
yield under non-stress and seed yield under 
stress conditions (R2=0.69), suggesting that a 
high yield under non-stress conditions does result 
in improved yield under stress conditions.. 
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Table 7. Spearman's rank correlation coefficients of drought tolerance indices with grain yield of 
10 wheat cultivars over two years. 

 YP
 YS

 SSI TOL MP GMP 

YS 0.66* 1     

SSI -0.88** -0.36ns 1    

TOL -0.97** -0.60ns 0.94** 1   

MP 0.85** 0.90** -0.55ns -0.76* 1  

GMP 0.83** 0.91** -0.54ns -0.75* 0.98** 1 

STI 0.79** 0.94** -0.49ns -0.71* 0.97** 0.98** 

Key note for Table 8: ns, * and ** : Non-significant and significant at 5% , 1% probability levels , 
respectively. YP = Yield under non-stress condition, YS = Yield under water stress condition, STI = Stress 
tolerance index, TOL = Tolerance index, MP = Mean productivity, GMP = Geometric Average productivity, 
SSI = Stress susceptibility index, 

 
Figure. 2. The relationship between seed yield under non stress (Yp) nd seed yield under drought 

stress (Ys) environments 
 
Khalilzade and Karbalai-Khiavi (2002) and 
Farshadfar et al., (2001) believe that the most 
suitable indices for selection of drought tolerant 
cultivars are indicators which show a relatively 
high correlation with grain yield in both stress and 
non-stress conditions. 
It seems, the indices MP, GMP and STI were 
strongly positively correlated with each other but 
they showed almost no correlation with SSI but 
negatively correlated with TOL index. So the 
indices MP, GMP and STI were the better 
predictor of potential yield (Yp and Ys) than TOL 
and SSI which were considered as appropriate 
indices to identify cultivars with high grain yield 
and low sensitivity to water stress environment. 
Several authors (Golabadi et al., 2006; 
Mohamamdi et al., 2010; Anwar et al., 2011; Nouri 
et al., 2011; Ghobadi et al., 2012 and Ali and El-
Sadek, 2017) concurred with the findings, where 

these parameters were found suitable for 
discriminating the best wheat genotypes under 
drought stress and irrigated conditions. Najafian 
(2009) concluded that MP, GMP and STI indices 
are preferred for practical use. These results are 
in conformity with those of Shefazadeh et al. 
(2012) in bread wheat and Nikkhah-
Kouchaksaraei et al., (2012) in durum wheat.  

CONCLUSION 
Several conclusions can be drawn from these 
trials. 

The data obtained from this study could be 
useful for wheat breeders, agronomists and grain 
producers in order to increase grain yield under 
different water regimes and the results from this 
study are very useful for the planning of further 
wheat breeding programs.  

The obtained results showed significant 
differences among the tested wheat cultivars 
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across the two years for grain yield and water use 
efficiency. Based on the result of this study, it can 
be concluded that the cultivars Beni Sueif 4, Misr 
1 had better capability to tolerate drought stress 
and could produce greater grain yield under stress 
conditions. The data concluded that between 
irrigation regimes six irrigations, produced grain 
yield (7.77 ton ha-1) as compared to three 
irrigations (4.77 ton ha-1). In general, it can be 
concluded that, the evaluated wheat cultivars 
varied in response to stress conditions. 

Drought stress significantly affected grain 
yield and water use efficiency of wheat cultivars. 
Grain yield under water stress conditions had 
positive and significant correlation with grain yield 
under non-stress conditions (r = 0.66*). This result 
indicated that high grain yield performance under 
optimal conditions necessarily result in improved 
yield under stress conditions.  

In this evaluation of drought stress indices, 
grain yield under both stress and non-stress 
conditions had positive and highly significant 
correlation with STI, MP and GMP, indicating that 
these criteria are able to discriminate group A 
(genotypes that express uniform superiority in 
stress and non-stress conditions). Also, the 
correlation among STI, MP, and GMP, were 
positive and highly significant, indicating that 
these criteria were more suitable indices for 
selecting wheat cultivars tolerant to drought 
stress. 

Screening drought tolerant genotypes using 
mean rank and standard deviation of ranks could 
distinguish cultivars, Giza 168, Misr1, Beni Sueif 
4, Sueif 6 and Beni Sueif 5 as the most droughts 
tolerant cultivars. Therefore, they are 
recommended to be used as parents for genetic 
analysis, gene mapping and improvement of 
drought tolerance in common wheat. 
. 
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