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Introduction 
 

Abiotic stresses (such as drought and high 

temperature) are reported to cause greater 

yield reductions, given that they are 

widespread, often intense and occur almost 

every year (Wortmann et al., 1998).  The 

importance of abiotic stress is all the more 

important in low input agricultural systems of 

underdeveloped countries (Beebe et al., 

2010). Drought stress is a worldwide 

production constraint of common bean (Teran 

and Singh, 2002). Prolonged drought either as 

early season, or intermittent or terminal 

drought, which are generally enhanced by 

 

 

 

 

 

 

 

heat and low air relative moisture, are the 

most damaging for bean and cause an 

increased frequency of barren plants and 

incomplete seed setting. Water stress during 

the flowering and grain filling periods are 

reported to reduce the seed yield and seed 

weight and accelerate maturity of dry bean 

(Singh, 1995). Common bean is not noted for 

its drought tolerance, yet recent studies 

suggest that only 7% of the growing area 

receives adequate rainfall and 60% of the 

production occurs under severe drought stress 

(White and Singh, 1991). Even in Brazil 
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where large-scale agriculture has been widely 

promoted, only about 4% of the area and 15% 

of the bean production is derived from high 

input irrigated systems (Broughton et al., 

2003). Around 73% of the total Latin 

American and 40% of the total African bean 

production occurs under micro-climates that 

have moderate to severe mean water-deficits 

at some time during the cropping season (van 

Schoonhoven and Voysest, 1989). Water 

requirements for maximum production of a 

60–120 day bean crop vary from 300 to 500 

mm depending on its environment and 

nutrition (Allen et al., 1998). 
 

The development of bean genotypes that are 

more resistant to water stress is a practical 

and economical approach to lessen the 

negative effects of drought on the 

productivity of the crop. There is no clear 

definition, into the literature, to explain what 

is considered as drought tolerant genotype.  

Some define it as the ability of plants to grow 

and reproduce satisfactorily to produce 

harvestable yield with limited water supply or 

when under periodic water deficit (Turner, 

1979; Fleury et al., 2010), others have 

suggested that wheat yield stability is a better 

indicator of genotypic drought resistance 

compared with grain yield under stress (Blum 

et al., 1989). In terms of physiological 

mechanism, drought resistance is often 

considered as a compromise between 

‘dehydration avoidance’ and ‘dehydration 

tolerance’, both of which can have variable 

impacts on yield (Fischer and Maurer, 1978; 

Turner, 1979, 1986; Levitt, 1980). The efforts 

to understand differential genotypic response 

under stress in terms of their yield levels per 

se has not yielded fruitful results and the 

progress has not been encouraging as yield is 

a highly complex trait (Sinclair, 2011). 

Moreover, the extreme level of drought stress 

could reduce seed yields to very low levels 

such that genotypic differences disappear, 

whereas insufficient stress could result in 

selection of non-resistant genotypes (Beebe et 

al., 2013). Selection based solely on yield 

under extreme stress is a poor estimate of 

drought resistance, since resistance to severe 

stress may be associated with reduced yield in 

non-stress environments (Rosielle and 

Hamblin, 1981).  However, we cannot think 

of any screening protocol without yield as one 

of the components of the selection index as it 

is the outcome of all adaptive mechanisms 

that plants put in place in response to stressful 

environments.  
 

Since drought resistance is a yield based trait, 

selection could vary depending on which 

index is chosen by the breeder. Where 

differential yield reduction (Yp-Yd) due to 

stress has been used as a basis for selecting 

cultivars with resistance to water stress, the 

strategy can be counterproductive because of 

the likelihood of selecting low yielding 

cultivars with a small yield differential. No 

significant correlation between yield 

reduction and Yd was observed suggesting 

that differential yield reduction is not a useful 

predictor of drought resistance in common 

bean (Samper, 1984).  Breeders have found it 

very useful to interpret differential yielding 

abilities in terms of various indices calculated 

from seed yield. A large number of such 

indices have been proposed and used by 

wheat breeders to discriminate the plant 

response such as stress susceptibility index 

(SSI), tolerance index (TOL), geometric mean 

(GM), harmonic mean (HM), mean 

productivity (MP), geometric mean 

productivity (GMP), stress tolerance index 

(STI), relative drought index (RDI), 

coefficient of drought resistance (CDR), yield 

stability index (YSI), Abiotic tolerance index 

(ATI) and many more (Fisher and Maurer, 

1978; Fischer et al., 1979; Rosielle and 

Hamblin, 1981; Bouslama and Schapaugh, 

1984; Fernandez, 1992; Moosavi et al., 2008; 

Chakherchaman et al., 2009; Thiry et al., 

2016). In common bean also various studies 

have reported use of different indices for 

screening. Ramirez-Vallejo and Kelly (1998) 
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used geometric mean (GM) and stress 

susceptibility index (SSI) to evaluate the 

association of specific phenological and 

physiological traits with resistance to drought 

in common bean. The GM and the stress 

susceptibility index (SSI) have been used 

widely for the determination of genotypic 

differences under drought stress in common 

bean (Ramirez-Vallejo and Kelly, 1998). 

Teran and Singh (2002) used geometric mean 

(GM), percent reduction (PR) and stress 

susceptibility index (SSI) for yield estimates 

of drought resistance. Genotypic differences 

in both GM and SSI have been demonstrated 

in common bean (Acosta-Gallegos, 1988; 

Acosta Gallegos and Adams, 1991; 

Mkandawire, 1987; Schneider et al., 1997; 

White and Singh, 1991).  
 

A major drawback of using these indices has 

been lack of correspondence in rankings 

across indices and their failure to discriminate 

overlapping responses in terms of yield under 

stress.  Moreover, there have been contrasting 

reports about their discriminatory powers in 

identifying optimally yielding genotypes 

(Ramirez-Vallejo and Kelly, 1998, 

Khodarahmpour et al., 2011; Mohammadi et 

al., 2011; Sareen et al., 2012).  The 

differential rankings of genotypes through 

different indices, across all crops, suggest that 

the indices per se are potential indicators of 

different biological responses to drought.  

Although all these indices are mathematical 

derivations of the same yield data, selection 

based on a combination of different indices 

may provide a more useful criterion for 

improving water stress adaptation of common 

bean. However, There are not yet any 

accurate screening index that can be used in 

breeding programmes to select genotypes for 

abiotic stress adaptation and high yield in 

both stress and non-stress environments. The 

original indices (as outlined by Fisher and 

Maurer, 1978; Rosielle and Hamblin, 1981 

and Fernandez, 1992) suffer from few basic 

shortcomings  as outlined by Fernandez 

(1992) and Thiry et al., (2016) that warrant 

use of new indices to have a reliable 

estimation of differential genotypic response 

under stress environments.  
 

Fernandez (1992) and Thiry et al., (2016) 

grouped the genotypic response under stress 

and non-stress conditions into four broad 

classes (A, B, C and D). The class 

A represents those genotypes that express 

uniform superiority in both stress and non- 

stress condition; the class B genotypes that 

express good performance only in non-stress 

and not under stress conditions; the class C 

genotypes that exhibit higher yield only under 

stress; and the class D genotypes that express 

poor yield performance in both environments. 

The genotypic responses can seldom be 

represented as extremes of tolerance and 

susceptibility and invariably falls in any of 

these four classes. It seems practically viable 

to use a combination of different indices to 

have a much better picture by taking into 

account different discriminatory powers of 

indices; nevertheless, as pointed out by Thiry 

et al., (2016), it is not yet clear how to 

combine stress indices appropriately. Very 

recently, Thiry et al., (2016) suggested a new 

way of combining indices in terms of their 

abilities to classify genotypes into susceptible 

and tolerant. The method so devised focuses 

on resilience and productivity and uses index 

scores to build the regression equations for 

elucidating genotypic response. They could 

combine the five indices into two groups 

namely class 1 and class 2; class 1 

discriminates the tolerant from the 

susceptible, and class 2 distinguishes the 

tolerant with high mean yield. They could 

experimentally establish the comparative 

advantage of combining index scores to 

develop two new indices RCI (based on index 

scores of SSI and TOL) and PCI (based on 

index scores of MP, GMP and STI) in a core 

set of 294 wheat genotypes over the indices 

per se.  The objective of the present study was 

to have a reliable screening index based on 
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resource remobilisation and to test the 

applicability of newly developed score indices 

(Thiry et al., 2016) in common bean, in order 

to elucidate the characteristics of the best 

performing and adapted genotypes under 

stress and to further establish the usefulness 

of such combined index in crop breeding 

programmes aimed at identifying common 

bean genotypes resilient to water stress.  

 

Materials and Methods 

 

Plant materials 

 

Twenty genotypes of common bean were 

evaluated in the present study. The genotypes 

used were selected from a core germplasm set  

on the basis of their performance in the yield 

screening trials and represented diverse 

market classes in terms of use category, 

growth habits and seed characteristics.  The 

material comprised of 17 breeding lines and 

three released varieties namely SR-1, SFB-1 

and Arka Anoop. While the SR-1 and SFB-1 

have been released by SKUAST-Kashmir, 

Arka Anoop has been released by IIHR, 

Bengaluru. Out of 20 genotypes, 14 were 

bush determinate and six were indeterminate 

pole type. The genotypes were screened at all 

the three levels (laboratory, green house and 

field) for root architecture, biomass 

partitioning and various physiological 

parameters (data not presented here).  
 

Field experiment 

 

Genotypes were grown in the research field of 

Faculty of Agriculture, Wadura, Sopore (34
o
 

17’N and 74
o
 33’E at an altitude of 1524 m 

amsl). The soil of the experimental site is a 

typical inceptisol with clay loam texture with 

adequate nutrient supply. The pH is almost 

neutral (7.2), with organic carbon 0.65 %, 

electrical conductivity of 0.18 deci-siemens/m 

and CEC of 16 meq/kg. The mean 

temperature (
o
C) and relative humidity (%) 

during the experimental period was 26.99 

(Min. 18.71 and Max. 30.43) and 82.07 (Min. 

73.26 and Max. 87.67) respectively and the 

total rainfall during the period was 13.12 mm.  

Each genotype was grown as a single row of 

four meter length, with spacing of 15 cm x 40 

cm, with two replications each for water 

stress and irrigated treatments. Plants were 

irrigated regularly until the first fully opened 

trifoliate leaf and irrigation was withdrawn 

thereafter in stress treatment whereas the 

plants in irrigated treatment were watered 

regularly. Plots were protected from rain with 

mobile shelters with transparent polyethylene 

on top and sides. The non-stress rows were 

maintained at 100% field capacity by 

irrigation with water from sowing to final 

harvest. For the water stress treatment, plants 

were stressed by withholding water from 

trifoliate stage to pod development stage. The 

duration of drought stress was 60 d. During 

the drought stress period, all genotypes 

showed leaf rolling symptom. The moisture 

content of soil in water stress treatment at end 

of the stress treatment was 30%, which was 

quantified using a soil moisture probe. Data 

was recorded for seed yield under both water 

regimes (water stress and well watered).  

 

Drought tolerance indices 

 

Seed yield was calculated as the mean of all 

the plants across replications. Various drought 

tolerance indices were calculated based on the 

values of seed yield per plant under irrigated 

and drought conditions to discriminate 

genotypes on the basis of drought response in 

terms of grain yield. The calculations were 

done as follows:  
 

Stress susceptibility index (SSI)= {1- (YS / 

YNS)}/ {1-( XS / XNS} (Fisher and Maurer, 

1978) 
 

Tolerance index (TOL) = YNS - YS (Rosielle 

and Hamblin, 1981) 
 

Mean productivity (MP)= (YS - YNS) / 2 

(Rosielle and Hamblin, 1981) 
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Geometric mean productivity (GMP) = √( 

YNS x YS) (Fernandez, 1992) 

 

Stress Tolerance Index (STI)= YS x YNS) / 

X
2

NS (Fernandez, 1992) 

 

Where YS and YNS are mean yields of 

genotypes under stress and non-stress 

conditions respectively and XS and XNS are 

mean of yield of all genotypes under stress 

and non-stress conditions. 

 

New screening indices 

 

In order to overcome the ambiguity regarding 

the reliable genotypic response to stress 

conditions using the yield per se and the five 

stress indices (SSI, TOL, MP, GMP and STI), 

two new indices defined as resilience and 

production capacity indices (Thiry et al., 

2016) were used. Thiry et al., (2016) outlined 

the discriminatory power of the resilience 

capacity index (RCI) in terms of the yield 

decrease of the genotypes under stress within 

a population, compared with yield potential 

(non-stress) conditions; and the production 

capacity index (PCI) in terms of the mean 

production of the genotypes under both 

stressed and non-stressed conditions within a 

population. They emphasised that the 

combined use of the five indices (SSI, TOL, 

MP, GMP and STI), and both new indices 

(RCI and PCI) are highly effective in 

understanding the basis of any yield 

limitations under stress.  
 

Thiry et al., (2016) divided these five indices 

into two classes viz., Class 1 (SSI and TOL) 

and Class 2 (MP, GMP and STI) based on the 

premise that the first class tends to identify 

genotypes based on resilience and 

productivity respectively. They proposed two 

new indices that combine the discriminatory 

power of the score indices. These score 

indices have been classified within two new 

scales called resilience capacity index (RCI) 

and production capacity index (PCI). The 

scoring scale for each index is based on 

deriving the range from minimum and 

maximum values from original index.. This 

range is further divided into ten parts and 

each part has a score from 1 to 10 in a way 

that each part represents 10%, 20%, or 100% 

of the range value. Additionally, the value of 

TOL and SSI are inverted, so a high value 

obtained with the original equation will 

receive a lower score in all case that allows 

the two classes of indices to have the same 

scale, where a high score will always mean a 

‘good’ genotype and a lower score a poor 

genotype (Thiry et al., 2016). The index 

scores can then are easily combined and test 

them against yield under stress and non-stress 

conditions to elucidate differential genotypic 

response in terms of adaptability stress and/ or 

non-stress environments.  

 

Results and Discussion 
 

Drought tolerance indices 

 

In the first instance, we used five indices 

namely SSI, TOL, MP, GMP and STI for 

understanding genotypic response under 

moisture stress (Table 1). All the indices 

showed variable rankings that further 

substantiate the need to develop a more 

relevant index. However, the rankings of MP 

and GMP were invariably similar. On the 

basis of mean rankings of all indices, WB-

1634, WB-341, SFB-1 and WB-451 were 

identified as desirable genotypes with fair 

amount of yield stability under water stress 

and WB-6, WB-1587, WB-1492 and WB-112 

were the genotypes with lowest rankings. The 

rank 5, 7 and 11 were shared by two 

genotypes each (WB-956 and SFB-1; WB-

185 and WB-1446; and WB-83 and Arka 

Anoop respectively). The sharing of ranks due 

to overlaps in a small set of 20 genotypes 

implicates a potential problem with large 

germplasm sets in terms of large number of 

overlaps. The correlation between the overall 
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rank and the individual ranks of indices was 

highest for STI (0.848) followed by GMP 

(0.836), SSI (0.821), MP (0.801) and lowest 

for TOL (0.388). Porch (2006) used GM, heat 

susceptibility index (STI in present case), heat 

tolerance index (STI in present case) to screen 

for heat tolerance in common bean and 

reported that the GM and HTI proved to be 

the most useful indices for the evaluation of 

genotypic performance under heat stress and 

they were highly correlated. HTI, GM and 

HSI were all correlated with yield under heat 

stress, whereas HTI and GM were more 

highly correlated with yield under low-stress 

conditions. Similarly, high correlation 

between low yield potential and low SSI 

scores has been reported in drought stress in 

bean (White and Singh, 1991). However, in 

both these and other reported cases, these 

indices have been used separately to rank the 

genotypes for relative tolerance to stress 

environments. However, it has been suggested 

that a combination of stress indices (tolerance 

and susceptibility indices) might provide a 

more useful criterion for improving drought 

stress tolerance selection in common bean and 

heat stress tolerance selection in maize (Thiry 

et al., 2016). 

 

Comparative analysis of original indices 

and index scores 
 

In this study first tested the score indices 

against their original value from each index 

(Table 3). The Pearson correlation coefficient 

between the score indices and the original 

indices calculated on yield data from the 20 

genotypes evaluated under drought and 

irrigated conditions. The correlation 

coefficient between the score stress 

susceptibility index (SSIs) and the score 

tolerance index (TOLs) values and their 

original index values (SSI and TOL) is highly 

negative (ranging from −0.801 to −0.993), as 

the score scale has been inverted in order to 

create a scale showing resilience instead of 

susceptibility. On the other hand, the Pearson 

correlation coefficients between the original 

values for MP, GMP and STI and the score 

indices MPs, GMPs and STIs are highly 

significant. These high Pearson correlation 

coefficient values demonstrate that the score 

indices can be used as a surrogate of their 

original index value as suggested by Thiry et 

al., (2016). 
 

In order to identify the best combination of 

indices we performed the linear regression 

and the coefficient of determination of the 

different score indices v/s yield under non-

stress and heat stress environments, calculated 

on 20 genotypes (Figure 1) which clearly 

indicated that no index, used individually, 

could clearly identify the high yielding 

genotypes, independently of the environment. 

This observation conforms to the result 

reported by Khayatnezhad et al., (2010) and 

Thiry et al., (2016) from a study with 22 and 

294 genotypes of wheat respectively. In each 

class of index (susceptibility and tolerance), 

SSI and STI showed the closest relationship 

(Figure 2) with yield under water stress (R= 

0.383 and 0.938 respectively). In contrast, 

TOL and MP show a close relationship with 

yield potential (non-stress) environment 

(R=0.208 and 0.924 respectively). These 

results are same as reported by Thiry et al., 

(2016). The results of the present study 

substantiate the premise that the combination 

of the score indices from each class would 

improve the relationship between the indices 

per se and grain yield. The two new indices 

(RCI and PCI) as proposed by Thiry et al., 

(2016) are based on the combination of score 

indices. They outlined the effectiveness of the 

new indices based on datasets from 10 wheat 

genotypes and suggested that the new indices 

can be used for evaluation of germplasm sets 

of any scale. The score indices are presented 

in table 2 using grain yield data of 20 

genotypes. The YNS and YS data refer to yield 

levels achieved by genotypes in productive 

and stressful environments, considering that 

the YNS represents the maximum grain yield 
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that a genotype is able to produce under 

favourable environments. Table 3 indicates 

also the correlation between the indices 

within each class of indices in the 20 

genotypes. The most important observation 

from the correlation of index scores and 

original indices, in the present study as well 

as the one reported by Thiry et al., (2016), is 

that within each class the values are almost 

same. Therefore, these score values (Table 2) 

and the Pearson correlation coefficient 

(Table 2) substantiate the premise that  SSI 

and TOL can be associated to class 1 and,  

MP, GMP and STI, can be associated to class 

2. These two classes were used to build two 

new indices that would represent two 

different characteristics of plant response viz., 

resilience capacity and production capacity, 

respectively.  
 

In terms of class 1 (SSI and TOL) index 

scores, WB -1634, SFB-1, WB-1643 and 

WB-341 turn out as better and WB-22, WB-

1492, and WB-6 are poor. Similarly in terms 

of class 2 (MP, GMP and TOL) index scores, 

WB-1634, WB-341 and WB-451 are better 

genotypes while WB-1587, WB-6, AA, WB-

216 and SR-1 turn out to be poor genotypes. 

When evaluated in terms of RCI and PCI, The 

genotypes WB-1634, WB-341 and WB-1643 

seem to posses better resilience (higher RCI 

values) as compared to poor ones such as 

WB-6, WB-22, WB-1492. Similarly, in terms 

of PCI, the genotypes WB-1634, WB-341 and 

WB-1643 again show better productive 

potential (higher PCI values) as compared to 

WB-6, SR-1, AA, and WB-401. Combined 

into YSSI (yield stress score index) and YPSI 

(yield potential score index), we could 

identify WB-1634, WB-341 and WB-1643 as 

having better resilience and WB-1634, WB-

341 and WB-451 as having better 

productivity. These differentiations that 

become obvious using these new indices 

could be very useful for a crop breeding 

programme aimed at identification of highly 

resilient and productive genotypes or only 

highly resilient ones for crossing with highly 

productive genotypes. Contrasting genotypes 

in terms of resilience or productivity could 

provide an understanding of the possible role 

of morphological, biochemical and 

physiological adjustments that a genotype 

puts in place under stress and non-stress 

environments. The ability of certain 

genotypes to exhibit higher yield under stress 

can be derived from a genotype that is either 

tolerant or has a good yield performance 

under non-stress or a combination of both and 

may be a result of various underlying 

processes that can be elaborated by using 

various biochemical, physiological and 

biomass partitioning traits. Thiry et al., (2016) 

in their study outlined the fact that genotypes 

belonging to different groups may have 

comparable per se yields under stress but may 

have different yields under potential non-

stress conditions. However, such genotypes 

may undergo smaller reductions in yield 

under stress resulting in higher resilience, 

which can be identified by a higher RCI 

value. Therefore, the score indices can be 

effectively used for understanding differential 

genotypic plasticity to stress in terms of RCI 

and PCI values rather than per se yield values. 

Table 3 shows the data on seed yield of 20 

common bean genotypes. We can see some 

peculiar genotypic scores in terms of RCI and 

PCI. The genotypes WB-22 and WB-1492 

had exactly similar values of YSSI (2.0) and 

YPSI (3.00) indicating that these genotypes 

had similar capacities of productivity and 

resilience. Similarly, the genotypes WB-956 

and WB-1446 share the similar relationship. 

On the contrary, WB-451 and WB-1643 

having comparable values of YSSI but almost 

opposite values of YPSI. Similarly, WB-185 

and SFB-1 despite having similar values of 

YSSI had almost opposite values of YPSI 

indicating that in such instances, genotypes 

differed in their productive and resilience 

capacities.  
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Table.1 Yield under stress and non-stress and five indices in 20 common bean genotypes 

 

Genotype 

Yield 

(NS) Yield (S) 

SSI Rank  TOL Rank MP Rank GMP Rank 

STI 

Rank Mean 

rank 

WB-6 19.55 8.78 1.75 20 10.77 16 14.16 18 13.10 19 0.27 19 17 

WB-22 29.32 14.35 1.62 18 14.97 20 21.83 8 20.51 9 0.67 10 12 

WB-83 24.67 16.33 1.07 14 8.34 13 20.50 12 20.07 11 0.64 12 11 

WB-112 26.06 14.97 1.35 17 11.09 17 20.51 11 19.75 12 0.62 13 14 

WB-185 34.44 21.74 1.17 15 12.7 18 28.09 4 27.36 4 1.19 4 7 

WB-216 16.28 12.17 0.80 6 4.11 4 14.22 14 14.07 16 0.32 17 9 

WB-222 31.1 21.23 1.01 11 9.87 14 26.16 5 25.69 5 1.05 5 6 

WB-257 25.38 17.41 1.01 12 7.97 12 21.39 10 21.02 8 0.70 9 8 

WB-341 33.18 27.24 0.57 3 5.94 8 30.21 2 30.06 2 1.44 2 2 

WB-401 15.10 11.68 0.72 5 3.42 1 13.39 19 13.28 18 0.28 18 10 

WB-451 33.72 23.17 0.99 10 10.55 15 28.44 3 27.95 3 1.24 3 4 

WB-956 25.41 18.61 0.85 7 6.80 10 22.01 7 21.74 7 0.75 7 5 

WB-1446 24.96 17.84 0.91 8 7.12 11 21.40 9 21.10 9 0.71 8 7 

WB-1492 27.35 13.16 1.65 19 14.19 19 20.25 14 18.97 13 0.57 14 15 

WB-1587 13.5 8.26 1.23 16 5.24 7 10.88 20 10.55 20 0.18 20 16 

WB-1634 36.05 31.96 0.36 1 4.09 3 34.00 1 33.94 1 1.83 1 1 

WB-1643 25.52 20.69 0.60 4 4.83 5 23.10 6 22.97 6 0.84 6 3 

SR1 20.18 13.43 1.06 13 6.75 9 16.80 15 16.46 14 0.43 15 13 

SFB-1 22.11 18.57 0.51 2 3.54 2 20.34 13 20.26 10 0.65 11 5 

AA 17.69 12.50 0.93 9 5.19 6 15.09 16 14.87 15 0.35 16 11 
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Table.2 Score indices based on grain yield for five tolerance indices (SSI. TOL, MP, GMP, STI) in 20 common bean genotypes 

 

Genotypes 

Seed yield (g) Class 1 Class 2 Mean score 

index 

Mean 

genotypic 

Rank 
Stress  Non-

stress 
SSI score TOL score MP Score GMP Score STI Score 

WB-6 19.55 8.78 1 4 2 2 1 2.0 19 

WB-22 29.32 14.35 1 1 5 5 3 3.0 17 

WB-83 24.67 16.33 5 6 5 5 3 4.8 11 

WB-112 26.06 14.97 3 4 5 4 3 3.8 15 

WB-185 34.44 21.74 5 2 8 8 7 6.0 7 

WB-216 16.28 12.17 7 10 2 2 1 4.4 13 

WB-222 31.1 21.23 6 5 7 7 6 6.2 6 

WB-257 25.38 17.41 6 7 5 5 4 5.4 10 

WB-341 33.18 27.24 9 8 9 9 8 8.6 2 

WB-401 15.10 11.68 8 10 2 2 1 4.6 12 

WB-451 33.72 23.17 6 4 8 8 7 6.6 4 

WB-956 25.41 18.61 7 8 5 5 4 5.8 8 

WB-1446 24.96 17.84 7 7 5 5 4 5.6 9 

WB-1492 27.35 13.16 1 1 5 4 3 2.8 18 

WB-1587 13.5 8.26 4 9 1 1 1 3.2 16 

WB-1634 36.05 31.96 10 10 10 10 10 10.0 1 

WB-1643 25.52 20.69 9 9 6 6 5 7.0 3 

SR-1 20.18 13.43 5 8 3 3 2 4.2 14 

SFB-1 22.11 18.57 9 10 5 5 3 6.4 5 

AA 17.69 12.50 6 9 2 2 2 4.2 14 
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Table.3 Pearson correlation coefficient between the score indices (SSIs, TOLs, MPs, GMPs and STIs) and their original indices (SSI, 

TOL, MP, GMP and STI) 

 

TRAIT SSI TOL MP GMP STI 

Class 1 

SSIs -0.993* -0.805* 0.374 0.430 0.458 

TOLs -0.801* -0.994* -0.207 -0.148 -0.082 

Class 2 

MPs -0.357 0.197 0.995* 0.992* 0.974* 

GMPs -0.408 0.140 0.992* 0.994* 0.981* 

STIs -0.442 0.068 0.975* 0.981* 0.992* 

 

Table.4 Values of RCI and PCI and their combination into YSSI and YPSI 

 

GENOTYPE RCI PCI YSSI YPSI 

WB-6 1 1 1.00 -1.00 

WB-22 1 3 2.00 3.00 

WB-83 5 3 4.00 -1.50 

WB-112 3 3 3.00 0.50 

WB-185 5 7 6.00 4.00 

WB-216 7 1 4.00 -7.00 

WB-222 6 6 6.00 1.00 

WB-257 6 4 5.00 -2.00 

WB-341 9 8 8.50 0.00 

WB-401 8 1 4.50 -7.50 

WB-451 6 7 6.50 2.50 

WB-956 7 4 5.50 -3.00 

WB-1446 7 4 5.50 -2.50 

WB-1492 1 3 2.00 3.00 

WB-1587 4 1 2.50 -5.50 

WB-1634 10 10 10.00 0.00 

WB-1643 9 5 7.00 -3.50 

SR-1 5 2 3.50 -4.00 

SFB-1 9 3 6.00 -5.50 

AA 6 2 4.00 -5.50 
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Fig.1 Linear regression and coefficient of determination (R2) between yield under  

stress and YSSI and yield under non-stress and YPSI 
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Fig.2 Linear regression and coefficient of determination (R2) between  

yields under stress and non-stress  and score indices 
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In order to develop a potential array of 

genotypes that could have high yield potential 

as well as climate resilience it would be 

advisable to select and cross the parents with 

high level of resilience and productivity.  In 

our study we could identify a potential 

combination of WB-1634 and WB-341 as 

having highest degrees of productivity and 

resilience. They are both indeterminate pole 

types, have almost comparable phenology and 

can be used as parents in crossing 

programme. As suggested by Thiry et al., 

(2016), while selecting parents on the basis of 

RCI and PCI values, the phenology of 

genotypes should be given due consideration 

as the stage of stress may vary depending 

upon the phenology of the crop. It would be 

highly worthwhile to integrate phenology to 

the proposed the index or analyse the 

population separately for the early, mid and 

late genotypes. The more uniform the 

population is, in terms of phenology, the 

better the index will perform in identifying 

contrasting genotypes or genotypes with high 

yield performance, as one of the bases of the 

score index method is to compare the 

genotypes’ response within the whole 

population. 

 

In conclusion, the present paper reports the 

evaluation of a set of 20 common bean 

genotypes for water stress adaptation in terms 

a set of new indices based on index scores 

that define genotyping response in terms of 

resilience and productivity. We conclude that 

the new indices originally proposed and used 

in wheat (Thiry et al., 2016) were found to be 

highly efficient to elucidate genotypic 

response to water stress in terms of resilience 

and productivity and overcomes the obvious 

limitations of using various indices including 

the ones used in the present study in isolation 

as it results in inconsistencies in rankings of 

genotypes. The present method is a useful 

approach of combining the indices into a well 

defined index that differentiates the genotypes 

on the basis of resilience and productivity. 

The results reported in the present study and 

the earlier one reported in wheat can be 

effectively used to screen any set of 

genotypes with equal efficiency.        
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