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ABSTRACT: In order to determine drought tolerance indices according to physiological characteristics 
for different genotypes of barley in Esfahan region, an experiment was conducted at Esfahan Agriculture 
Research Station in 2011 (Latitude 32

o
30

/
 N, longitude 51

o
49

/
 E, and 1541 m elevation). These two 

experiments laid out separately, by complete block design (RCBD) with 3 replications, in which, 10 
genotypes were studied at drought stress condition (Irrigation disruption after emergence of spikes) and 
normal water irrigation. Indices including stress susceptibility index (SSI), stress tolerance index (STI), 
tolerance (TOL), mean productivity (MP) and geometric mean productivity (GMP) were calculated based 
on grain yield under stress and non-stress conditions. Yp had significant and positive correlation with 
TOL, SSI, MP and GMP. On the basis of indices, genotypes 3, 6 and 10 are the superior barley 
genotype with not only drought stress resistance, but also appropriate yield potential under both non-
stress and limited irrigation conditions. MP, GMP and STI were the most desirable indices for screening 
drought tolerant genotypes. 
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INTRODUCTION 
 

 Barley is one of the most important cereal crops grown in many developing countries, where it is often 
subjected to drought stress at later stages of development (Ceccarelli et al. 2007, Sharafi et al. 2011). Talebi et al. 
(2009)

 
reported significant and positive correlation of YP with MP, GMP and STI, suggesting that these indices are 

more effective in identifying high yielding cultivars under moisture conditions. Based on positive and highly 
significant correlation of grain yield with MP, GMP and STI under both non-stress and stressed conditions, these 
indices are identified as reliable criteria to select genotypes under terminal drought stress condition (Azizi 
Chakherchaman et al. 2009, Sharafi et al. 2011). To differences drought resistance genotypes, several selection 
indices have been suggested on the basis of a mathematical relationship between favorable and stress conditions 
(Huang 2010), tolerance (TOL) (Clarke et al. 1992), mean productivity (MP), stress susceptibility index (SSI) 
(Fischer and Maurer 1978), geometric mean productivity (GMP) and stress tolerance index (STI) (Fernandez 1992) 
have all been employed under various conditions. Fischer and Maurer (Fischer and Maurer 1978)

 
explained that 

genotypes with an SSI of less than a unit are drought resistance, since their yield reduction in drought condition is 
smaller than the mean yield of reduction of all genotypes (Bruckner and Frohberg 1987). Azizi Chakherchaman et 
al. (2009) noted that correlation coefficients of grain yield with GMP and STI indices in both environments 
conditions were positively significant. These indices, thus, differentiated stress intensity (SI= 0.29) of genotypes 
under drought stress and non-stress conditions. The aim of this research is to study the usefulness of various 
indices in identifying cultivars adapted to different water stress treatments and select high yielding and drought 
tolerant crops. 
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MATERIALS AND METHODS 
 

 In order to determine drought tolerance indices according to physiological characteristics for different 
genotypes of barley in Esfahan region, an experiment was conducted at Esfahan Agriculture Research Station in 
2011 (Latitude 32

o
30

/
 N, longitude 51

o
49

/
 E, and 1541 m elevation). These two experiments were done separately, 

by complete block design with 3 replications, in which, 10 genotypes were studied at drought stress condition 
(Irrigation disruption after emergence of spikes) and normal water irrigation. Soil texture was silty clay (SiCl). In 
each plot, 6 lines were used, row number 1 and 6 and also 0.5 m from start and end of lines were omitted. The 
length of each line was 10 m. Seed sowing was done by skillful workers. The distance between plots and between 
blocks were 1 and 2 m, respectively. Hand weeding was done for control of weeds. The first irrigation was applied 
just after sowing. The other irrigations were done according to plant requirements in distinct sowing dates. Because 
of soil richness in P and K, for providing N element, N fertilizer was applied in two split (half of it was used before 
sowing and half of it was used one week before anthesis stage). In this experiment, seed yield in non-stress 
condition (YP), seed yield in stress condition (YS), SSI, TOL, MP, STI and GMP were measured. The total seed 
yield in both non-stress and stress conditions were measured by harvesting 2.5 m

2 
of the central part of each 

experimental plot at crop maturity. Different selection indices were calculated as follows: 
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PY and SY = mean yields of all genotypes under well watering and water stress conditions, respectively.  

PY
 and SY

= yield of genotypes under well watering and water stress, respectively.   
 
 All information about genealogical tree of lines is mentioned in table 1. Analysis of variances, comparison of 
means and correlations were done, using MSTAT-C software.  
 

Table 1. Information about experimental genotypes. 
Genealogical tree Line number 

Chek-1. EBYTD 82-5(D-5)lignee 527/chn-01/Gustoe/4/Rhn-08/3/Deir Alla 106/D171/strain 205 1 
ABYTD-2. Gloria's' /copal's'//JlB 70-63 2 
Malouh//Aths/Lignee686 3 
GloriaS/Saida//MtnS/EH165/3/LBIran/una80//Lignee90/9/Malouh. 4 
Alanda/Hamra//Alanda-01 5 
-Manal/Alanda-01 6 
Rebelle//F2cc33MS/C107555. 7 
Arbayan/Nk1272/4/Arar/3/Mari/Aths2//M-Att-73-337-1 8 
QB813-2/3/Alanda-01//Ssn/Lignee640 9 
Akrask//W12291/w12269/3/sis/Akrask-02. 10 
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RESULTS AND DISCUSSION 
 

 Grain yield of barley genotypes were significantly differed under both well watering and water stress conditions. 
Seed yield of 1, 3, 5, 6, 7, 8 and 10 under non-stress condition, and 2, 3, 6 and 10 under stress condition were 
higher than those of other genotypes. Seed yield of all experimental genotypes were reduced when plants were 
subjected to drought stress. The percentage of reduction in genotypes 1, 3, 5, 6, 7, 8 and 10 was much higher than 
other genotypes. Moreover, genotypes 3, 6 and 10 well performed under both suitable and stress conditions (Table 
2). The highest SSI value was obtained for genotype 8, followed by genotypes 5, 7, 6 and 1. In contrast, the SSI 
values for genotypes 2, 4, 10, 3 and 9 were lower than those for other genotypes. Clarke et al. (1992) and Sharafi 
et al. (2011) indicated that yield based stress susceptibility index (SSI) may not differentiate potentially drought 
resistance genotypes from those that have low total yield potential. The values of TOL indicated a higher degree for 
genotypes 8 and 5, and a lower degree for genotypes 4, 9 and 10. Sharafi et al. (2011) concluded that, the greater 
the TOL values, the larger the yield loss under stress condition, and the higher sensitivity to drought. Clark et al. 
(1992) and Talebi et al. (2009)

 
reported that, selection through TOL, pick genotypes with low Yp but high Ys, hence 

high yielding genotypes under both normal and stress conditions may not be recognized. MP values for 3, 5, 6 and 
8 were higher, but for 2, 4 and 9 were lower than other genotypes. Sharafi et al. (2011) reported that the higher 
value of MP means higher tolerance and yield potential for genotypes. MP can select genotypes with high Yp, but 
with virtually low Ys and it does not succeed in recognizing well performed genotypes under stress. According to 
values of STI, the highest one belonged to genotype 2 followed by genotypes 3, 4, 9 and 10. However, the STI 
values for genotypes 1, 5, 6 and 7 were lower than those for other genotypes. GMP of 3, 5, 6 and 8 was higher 
than those of other genotypes. Genotypes 1, 2, 4, 7, 9 and 10 obtained lower GMP than other genotypes (Table 2). 
Based on most of the indices, genotypes 3, 6 and 10 were identified as the superior lines with the highest drought 
stress resistance and with considerable yield potential under both well and limited irrigation conditions. Seed yield 
in normal condition was positive and significant with TOL, however, the correlation between TOL and seed yield in 
stress condition was negative. It means that selection based on TOL will decrease barley yield under water stress, 
but will increase grain yield under well watering situations. Yp also had significant and positive correlation with SSI, 
MP and GMP, but its correlation with STI was negative and significant (Table 3). Indices such as STI, MP and GMP 
can be introduced as the most desirable indices for screening drought tolerant genotypes (Farshadfar and Sutka 
2003, Golabadi et al. 2006, Talebi et al. 2009). MP had significant and positive correlation with Yp. MP can be 
related to yield under stress only when stress is not too severe and the difference between yield under stress and 
non-stress condition is not too much (Sharafi et al. 2011). Hossain et al. (1990) used MP as a resistance criterion 
for wheat cultivars in moderate stress condition. Genotypic selection for yield under non-stress (normal) situation 
would increase the mean stress yield (Sharafi et al. 2011). On the basis of superior indices, selection under stress 
environment, would improve stress yield much better than selection under normal environment.  
 

Table 2. Analysis of seed yield in stress and non stress conditions and stress characteristics for different genotype of barley 
Genotypes Seed yield in non 

stress condition (YP) 
Seed yield in stress 
condition (YS) 

SSI TOL MP STI GMP 

1 5300 4333 1.111 966 4816 0.79 4792 
2 4722 4611 0.176 111.1 4666 0.97 4666 
3 5639 4916 0.76 722 5277 0.87 5265 
4 4880 4472 0.52 408 4676 0.91 4672 
5 5928 4444 1.552 1538 5186 0.74 5133 
6 5714 4611 1.117 1103 5162 0.80 5133 
7 5285 4194 1.223 1091 4740 0.79 4706 
8 5952 4388 1.558 1563 5170 0.73 5111 
9 4952 4277 0.82 674 4615 0.86 4602 
10 5243 4666 0.64 576 4954 0.89 4946 

 

Table 3. Simple correlation between experimental characteristics for different genotypes of barley 

 
Seed yield in normal 
condition (YP) 

Seed yield in 
stress condition 
(YS) 

SSI TOL MP STI GMP 

YP 1       
YS 0.13 1      
SSI 0.84** -0.42 1     
TOL 0.89** -0.34 0.99** 1    
MP 0.91** 0.53 0.55 0.62 1   
STI -0.83** 0.44 -0.99** -0.99** -0.53 1  
GMP 0.88** 0.58 0.49 0.56 0.99** -0.47 1 

* and ** : Significant at 5% and 1% of probability levels, respectively 
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CONCLUSION 
 

 On the basis of indices, genotypes 3, 6 and 10 are the superior barley genotype with not only drought stress 
resistance, but also appropriate yield potential under both non-stress and limited irrigation conditions. MP, GMP 
and STI were the most desirable indices for screening drought tolerant genotypes. 
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