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ABSTRACT: In order to identify the best tolerance indices as well as the most drought tolerant lentil 
genotypes, an experiment was conducted on 10 lentil genotypes in Agricultural Research Station of 
Islamic Azad University, Ardabil Branch, in the form of Randomized Complete Blocks Design (RCBD), 
with three replications, during 2011 year. Results from analysis of variance for yield under two studied 
environments revealed the genotypes differed significantly in terms of grain yield under both conditions, 
at 5% probability level. Component analysis reduced the five indices into two components. Correlation 
analysis on yields in two studied environments and on indices, as well as the Bi Plot drawn based on the 
components, revealed STI to be the most suitable index capable of indentifying drought tolerant 
genotypes. Cultivars number 2, 8, 5 and 4 were located in desirable area of the Bi Plot, and can be 
considered as the most tolerant genotypes. Thus, the abovementioned genotypes produced low yield 
variability under different conditions and consequently were designated as stress tolerant genotypes. 
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INTRODUCTION 
 

 Lentil is a leguminous plant (Lens culinaris Madke) and based on Cronquist classification it belongs to 
Fabaceae family, of Rosidae suborder, of Fabaces order, of Magnolia Magnoliphsida class of Vicieae phylum. 
Lentil is a herbaceous annual plant, it is relatively branched plant with short stems and light green color, while its 
height ranges from 15 to 70cm (Erskine et al., 1983). Drought stress is the most important limiting factor for lentil 
cultivation in arid and semiarid regions. Droughts that have been occurring ceaselessly over the past years, 
particularly drought conditions throughout 2007-08 cropping years that affected a vast area of the country; have 
repetitively rung alarm bell for need to a sustainable agricultural production. Thus, researches into the methods to 
produce sustainable yields plays a key part in decreasing the negative impact of this natural phenomenon. Relative 
yield of the genotypes in both stressed and without stress conditions may be used to identify traits effective on 
drought stress tolerance and to select genotypes suitable for environments suffering from drought stress (Clarke et 
al., 1992). Several selection indices such as GMP, MP, TOL, STI and SSI were used during the study to identify 
drought tolerant genotypes under different conditions (Fernandez, 1992). Sio-se Mardeh et al. (2006) in their study 
conducted to assess drought tolerance indices in wheat genotypes under various environmental conditions; 
concluded that indices such as MP, GMP and STI prove highly effective in identifying those genotypes that produce 
equal yields in both environments under the moderate stressed conditions (cultivars in group A). None of the 
indices could identify cultivars in group A under intensive drought stress condition. Yan and Rajson (2009) in their 
study on soya, argued that the correlation coefficient between the two indices approximately equals cosine value of 
angle between their vectors; thus, the big angle between SSI, TOL and Ys represents a negative correlation 
between them. There was a positive correlation between the two environments and indices such as GMP, MP and 
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STI; this was also confirmable by the acute angle between them. Finally, those indices that maintain a positively 
significant correlation with the yield in two environments were used to screen the genotype. 
 

MATERIALS AND METHODS 
 

 In order to compare various lentil cultivars with respect to agro-physiological traits and their tolerance against 
drought and to study the relations between morpho-physiological traits and tolerance against drought stress, a field 
study was conducted on 10 lentil cultivars (Table 1) in the form of RCBD with three replications under complete 
irrigation and terminal drought stress conditions, during Spring season in 2010. After field preparation (plowing and 
disking), each cultivar was planted on each plot consisting of 4, 3m long rows recurring 30cm from other, so that 
the planting area for each plot was 3.6m

2
. Seeds were sown manually in late April. Seed spacing was based on 

110bush/m
2
; while they were sown 5cm deep into the soil. Seeds were treated by carboxin thiram fungicide prior to 

their plantation, in order to avoid damages from pathogens generated as a result of cultivation. Fertilizer application 
preceded disking of the land and its quantity was calculated based on soil test. All phosphorus and nitrogen 
fertilizers were applied to the land as base fertilizers. The field was irrigated immediately after the seed sowing to 
encourage germination and sprouting of the seeds. Under the desirable humidity condition, drip irrigation was 
conducted in two stages based on the need of the plants, while no attempt was spared to avoid humidity stress 
during any sensitive growth stages. In order to apply the terminal drought stress, irrigation was limited to a single 
stage during seed sowing which was done in spring season; and because of rain falls that had occurred during the 
early part of the season, plants did not encounter any stress up until flowering stage, after which plastic covers 
were used to prevent water from reaching to the plant. Weed control was done manually and as needed. Statistical 
calculations were done using software such as Minitab-15, SPSS-16 and MSTAT-C. Furthermore, indices such as 
Mean Productivity (MP), Geometric Mean Productivity (GMP), Stress Tolerance Index (STI), Tolerance index 
(TOL), Stress Susceptibility Index (SSI) and Modified Stress Tolerance Index (MSTI) were calculated by the 
following equations to identify the drought tolerant genotypes:  
 
MP = (YPi + YSi ) / 2                GMP = √YPi×Ysi                              STI = (YPi×YSi)/Yp

2
 

TOL = ( YPi – YSi )                   SSI = (1-(Ysi/Ypi)) / SI ;       SI = 1- (Ys/Yp) 
 

Table 1. Lentil cultivars used in the experiment 
Row  Cultivar Row Cultivar 

1 ILL-1073 6 ILL-10312 
2 ILL-10088 7 ILL-10053 
3 ILL-10281 8 ILL-6037 
4 ILL-468 9 ILL-10170 
5 ILL-10017 10 ILL-10281 

 
RESULTS AND DISCUSSION 

 
 Indices such as SSI, TOL, MP, GMP and STI were calculated based on grain yield of the genotypes in both 
stressed and without stress environments. Cultivars number 7, 10 and 9 were identified as the most drought 
tolerant genotypes based on their low SSI values; whereas cultivars number 2, 4 and 3 were identified as the most 
susceptible. Similarly, cultivars number 7, 10 and 9 were identified the most tolerant genotypes based on their low 
TOL values; whereas cultivars number 2, 4 and 5 produced the lowest tolerance against drought stress. Based on 
indices such as MP, GMP and STI, cultivars number 2, 8, 5 and 4 were the most tolerant, while cultivars number 6, 
10 and 3 were the most susceptible genotypes (Table 2). According to Fernandez (1992), genotypes selected 
based on SSI and TOL produce lower yield under without stress conditions and relatively higher yield under 
drought stress conditions. Furthermore, SSI is not capable of distinguishing drought tolerant genotypes from those 
that potentially produce lower yield. In general, genotypes selected based on TOL index produce lower yield under 
without stress condition (Rossielle and Hamblin, 1981). One of the disadvantages of SSI is that it measures ratio of 
yield in stressed condition to yield in without stress condition for any single genotype as compared with the same 
ratio for whole genotypes being studied. Thus, SSI value of a high yielding genotype may equal that of a low 
yielding one, as the yield difference between stressed and without stress conditions for both genotypes can be 
same (Clerk et al., 1992). Genotypes selected based on MP are those with a high potential yield. As opposed to 
MP, GMP is not sensitive to relatively high values of Yp and Ys, and it has not any upward deviation as compared 
with MP (Fernandez, 1992). Meanwhile, STI selects genotypes that produce high yield both in stressed and without 
stress environments (Fernandez, 1992).  
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 Moreover, component analysis was accomplished for a more detailed investigation into the relations between 
genotypes and drought tolerance indices. Table 3 shows latent roots and eigenvector of genotypes being studied; 
roughly all changes (99.477%) among the data are accounted for by two components. First vector accounts for 
73.826% of the changes; curiously, this is because TOL, GMP, MP and STI had the highest positive coefficient in 
formation of this component. Since the higher values of these indices are desirable, also owing to the positive 
relation of first component with these indices, high values of them will lead to selection of genotypes that produce 
high and stable yield in various conditions (stress after anthesis, without stress). Thus, these components can be 
designated as yield component. Second component accounted for 49.397% of the changes, and has a positively 
high correlation with SSI; therefore it was designated as component of stress susceptibility.  
 Component analysis was followed by drawing Bi Plot based on first and second components in order to 
investigate how variables are related to each other (Fig. 1), while the horizontal and vertical axes represented first 
and second components, respectively. Location and classification of the genotypes in upper part of the Bi Plot were 
determined based on the values of components. Lower value of angle (less than 90˚) between vectors of yields in 
two environments and of indices represents higher positive correlation between them; whereas value of angle 
higher than 90˚ is representative of a negative correlation. Furthermore, correlation coefficient between the indices 
roughly equals cosine of angle formed by their vectors (Yan and Rajson, 2009). Bi Plot shows the highest positive 
correlation between MP, GMP and STI indices and yields in two environments, this confirms simple correlations. 
Consequently, the abovementioned three indices can be introduced as the most suitable indices for genotype 
screening. GMP and STI have equal values because of their proximity. Thus, based on Fernandez’s view STI is the 
best index for selection of the genotypes, because it is capable of distinguishing group A genotypes from those of 
group B and C. Finally, based on forgoing discussion, cultivars number 2, 8, 5 and 4 can be considered as the 
most tolerant genotypes (Table 2 and Figure1).
  

Table 2. quantitative indices of drought tolerance in cultivars being studied 
Number Genotypes STI SSI TOL GMP MP 

1 ILL-1073 0.79 1.26 18.68 90.73 91.21 
2 ILL-10088 2.27 2.35 66.02 153.92 157.42 
3 ILL-10281 0.51 1.55 18.95 72.61 73.23 
4 ILL-468 0.89 2.07 35.33 96.45 98.06 
5 ILL-10017 1.08 1.54 27.42 106.24 107.12 
6 ILL-10312 0.38 1.06 10.74 62.95 63.19 
7 ILL-10053 0.76 -4.58 -46.47 89.04 92.02 
8 ILL-6037 1.34 0.86 16.16 118.51 118.78 
9 ILL-10170 0.58 0.22 2.56 77.69 77.7 
10 ILL-10281 0.44 0.11 1.12 68.12 68.13 

 
Table 3. Vectors and special amounts, relative and cumulative variance for three main components from principal components 
over drought tolerance indices of 10 wheat genotypes under normal irrigation and drought stress conditions 

                     Special vectors of component 
 
Tolerant  indices                                                       

1 2 

STI 0.951 -0.298 
SSI 0.578 0.812 
TOL 0.832 0.548 
GMP 0.941 -0.334 
MP 0.935 -0.351 

Special amount 3.691 1.283 
Relative variance 73.826 25.651 
Cumulative variance 73.826 99.477 

 

 
Figure 1. Bi Plot for 10 lentil genotypes and 5 drought tolerance indices based on first and second components 
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