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Comprehensive abstract  

Introduction 
In recent years, the decline in precipitation and water resources has emerged as a major constraint 

to rice production. Drought is one of the most widespread abiotic stresses, posing a significant threat to 

vast areas of rice cultivation. Rice yield can be adversely affected by drought at any growth stage; 

however, the reproductive stage is particularly sensitive. Therefore, identifying drought-tolerant 

genotypes is a key strategy to mitigate the impact of water deficit. Several indices have been proposed 

to evaluate plant responses to stress and to assess yield stability under adverse conditions. 

Accordingly, this study utilized drought tolerance and susceptibility indices to evaluate different rice 

genotypes under drought stress and to identify drought-tolerant varieties based on grain yield and root 

biomass. 

Materials and methods 
This study was conducted in 2023 at the Rice Research Institute of Iran to evaluate 36 rice 

genotypes under two conditions: non-stress and drought stress. The experiment was arranged in a 

randomized complete block design (RCBD) with three replications. It was performed under a rainout 

shelter using controlled PVC pipes, each with a diameter of 20 cm and a length of 100 cm. The shelter 

was open-sided, ensuring that temperature and relative humidity did not differ significantly from 

ambient outdoor conditions. The pipes were filled with equal volumes and densities of soil, composed 

of one-third sand and two-thirds field soil. The required amount of chemical fertilizer was calculated 

based on soil test results and thoroughly mixed into the soil. After determining the field capacity (set at 

91%) for the drought treatment pipes, seedlings with 3–4 leaves were transplanted individually. 

Drought stress was imposed at the maximum tillering and panicle initiation stage, while in the non-

stress treatment, irrigation was continued regularly until maturity. When the soil moisture in the 

drought treatment reached 20%, grain yield and root biomass traits were measured and stress tolerance 

and sensitivity indices were calculated. Pearson correlation coefficients were computed using SPSS 

software. Cluster analysis and two-dimensional biplot diagrams based on grain yield were drawn by 

NTSYS 2.02 and XLSTAT 2019.2.2 software. 

Research findings 

The results indicated that the highest and lowest average grain yield in non-stress conditions 

belonged to Gohar and IR58 cultivars, respectively, and under drought stress conditions belonged to 

Mohamadi Chaparsar and Hassani cultivars. The lowest reduction in grain yield in stress conditions 
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(49.57%) was attributed to the Mohamadi Chaparsar cultivar and the highest percentage increase in 

root biomass (63.45%) was related to the Hassani cultivar. The results of correlation coefficients 

showed that grain yield in non-stress conditions had a positive and significant correlation with the 

mean productivity (MP), geometric mean productivity (GMP), harmonic mean (HM), tolerance index 

(TOL), and stress tolerance index (STI), respectively, and the highest correlation was observed with 

MP index (r=0.906). Also, under drought stress conditions, grain yield showed a high correlation with 

MP, GMP, HM, STI, yield index (YI), yield stability index (YSI), and relative drought index (RDI), 

the highest of which was related to yield index (r=1.00). Also, root biomass in non-stress conditions 

was highly significantly and positively correlated with the indices MP, GMP, HM, YI, STI, TOL, 

Stress susceptibility index (SSI) and average root biomass under stress (Ys), respectively, and the 

highest correlation was observed with MP index (r=0.903). Under drought stress conditions, the 

indices MP, GMP, HM, YI, YSI, RDI and STI showed a high correlation with root biomass, and the 

highest correlation was related to yield index (r=1.00). Cluster analysis based on drought tolerance 

indices for grain yield separated rice genotypes into four groups. Cultivars in the second group (Group 

A) including Mohamadi Chaparsar, Gharib Siah Reihani, Hashemi, Dular, Kian, Anam, along with ten 

genotypes from the first group including Alikazemi, Nemat, Sahel, Danial, Gilaneh, Domzard, Dorfak, 

Gohar, Neda and Toka, were identified as drought-tolerant genotypes. Twelve drought-tolerant 

genotypes were identified for grain yield using the biplot method based on the Yn, STI, HM, GMP, 

and MP indices. 

Conclusion 
Based on the evaluation of drought tolerance and susceptibility indices and their correlation with 

grain yield and root biomass under both stress and nonstress conditions, the indices MP, GMP, HM, 

STI, and RDI were identified as the most effective indicators. The results obtained from comparing 

cluster analysis, biplot and correlation coefficients indicated that the genotypes Daniyal, Gohar, 

Nemat, Gilaneh, Dorfak, Dular, Domzard, Salari, Toka and Mohamadi Chaparsar were high-yielding 

cultivars with high root biomass and drought-tolerant, while the genotypes Ahlami Tarom, Binam, 

Sang Jo, Hasan Sarayi Atashgah, Kados, Rash, IR28, IR50 and IR64 were low-yielding cultivars with 

low root biomass and drought-sensitive cultivars. 
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Table 1. Meteorological information of Rice Research Institute of Iran (RRII), Rasht, Iran, in 2023 
Sunshine 

duration (hr) 

Evaporation 

(mm) 

Rainfall 

(mm) 
Relative humidity (%) Average temperature (°C) 

Month 

   Maximum Minimum Maximum Minimum 

157.1 79.0 53.9 91.6 59.8 20.4 9.3 April 

146.6 78.8 116.2 95.1 67.7 23.0 13.2 May 

227.2 132.8 62.8 95.2 64.3 29.3 19.3 June 

205.3 126.2 131.8 95.5 61.4 29.8 20.1 July 

265.4 150.0 37.1 95.9 53.9 33.0 20.8 August 

127.5 78.0 184.6 97.0 67.7 28.3 19.7 September 
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Table 2. Drought tolerance and sensitivity indices of the studied rice genotypes based on grain yield 

YR Ys Yn RDI YI YSI GMP MP HM STI SSI TOL Cultivar 

80.16 3.70 18.65 0.78 0.99 0.20 8.31 11.18 6.18 0.31 1.07 14.95 Nemat 

77.64 3.77 16.86 0.88 1.00 0.22 7.97 10.32 6.16 0.29 1.04 13.09 Sepidrod 

84.41 1.85 11.89 0.62 0.49 0.16 4.69 6.87 3.21 0.10 1.13 10.04 SangJo 

77.01 4.27 18.57 0.91 1.14 0.23 8.91 11.42 6.94 0.36 1.03 14.30 Dorfak 

79.74 4.30 21.21 0.80 1.15 0.20 9.55 12.75 7.15 0.42 1.07 16.91 Gohar 

89.20 1.82 16.88 0.43 0.49 0.11 5.55 9.35 3.29 0.14 1.19 15.06 Kados 

73.59 4.61 17.44 1.04 1.23 0.26 8.96 11.03 7.29 0.37 0.99 12.84 Sahel 

75.37 5.13 20.83 0.97 1.37 0.25 10.34 12.98 8.23 0.49 1.01 15.70 Danial 

77.70 3.42 15.34 0.88 0.91 0.22 7.24 9.38 5.59 0.24 1.04 11.92 Saleh 

85.65 2.06 14.33 0.57 0.55 0.14 5.43 8.20 3.60 0.13 1.15 12.28 Gharib 

49.57 6.60 13.09 1.99 1.76 0.50 9.30 9.85 8.78 0.39 0.66 6.49 
Mohamadi 

Chaparsar 

86.83 1.75 13.31 0.52 0.47 0.13 4.83 7.53 3.10 0.11 1.16 11.56 Domsiah 

81.83 2.30 12.66 0.72 0.61 0.18 5.40 7.48 3.89 0.13 1.10 10.36 Domsefid 

76.28 2.62 11.03 0.94 0.70 0.24 5.37 6.83 4.23 0.13 1.02 8.42 Hasansarayi 

84.33 1.94 12.36 0.62 0.52 0.16 4.89 7.15 3.35 0.11 1.13 10.42 Binam 

70.07 4.59 15.33 1.18 1.22 0.30 8.39 9.96 7.07 0.32 0.94 10.74 Domzard 

55.03 6.26 13.92 1.78 1.67 0.45 9.33 10.09 8.64 0.40 0.74 7.66 Gharibsiah 

57.80 6.11 14.48 1.67 1.63 0.42 9.41 10.30 8.59 0.40 0.77 8.37 Hashemi 

68.06 5.81 18.20 1.26 1.55 0.32 10.29 12.01 8.81 0.48 0.91 12.39 Alikazemi 

72.25 4.45 16.03 1.10 1.19 0.28 8.45 10.24 6.97 0.33 0.97 11.58 Neda 

84.82 2.17 14.31 0.60 0.58 0.15 5.58 8.24 3.77 0.14 1.14 12.14 Abjiboji 

86.96 1.67 12.78 0.51 0.44 0.13 4.62 7.23 2.95 0.10 1.16 11.12 Hasani 

71.29 4.47 15.56 1.13 1.19 0.29 8.34 10.01 6.94 0.32 0.95 11.09 Salari 

81.08 2.58 13.62 0.75 0.69 0.19 5.92 8.10 4.33 0.16 1.09 11.04 Ahlamitaram 

75.93 2.93 12.17 0.95 0.78 0.24 5.97 7.55 4.72 0.16 1.02 9.24 Shafagh 

69.94 4.97 16.52 1.19 1.32 0.30 9.06 10.75 7.64 0.37 0.94 11.56 Gilaneh 

62.51 4.80 12.79 1.48 1.28 0.37 7.83 8.80 6.98 0.28 0.84 8.00 Anam 

75.67 3.31 13.60 0.96 0.88 0.24 6.71 8.46 5.32 0.21 1.01 10.29 Rash 

66.05 5.24 15.43 1.34 1.40 0.34 8.99 10.34 7.82 0.37 0.88 10.19 Toka 

60.43 5.30 13.39 1.56 1.41 0.40 8.43 9.35 7.59 0.32 0.81 8.09 Kian 

51.44 5.73 11.79 1.92 1.53 0.49 8.22 8.76 7.71 0.31 0.69 6.07 Dular 

75.66 2.79 11.45 0.96 0.74 0.24 5.65 7.12 4.48 0.15 1.01 8.66 IR64 

85.87 2.12 14.98 0.56 0.56 0.14 5.63 8.55 3.71 0.14 1.15 12.87 IR50 

85.99 2.28 16.27 0.55 0.61 0.14 6.09 9.28 4.00 0.17 1.15 13.99 IR28 

72.47 4.21 15.30 1.09 1.12 0.28 8.03 9.76 6.61 0.29 0.97 11.09 IR36 

70.44 3.14 10.61 1.17 0.84 0.30 5.77 6.87 4.84 0.15 0.94 7.47 IR58 

TOL, tolerance index; SSI, stress susceptibility index; STI, stress tolerance index; HM, harmonic mean; MP, mean 

productivity; GMP, geometric mean productivity; YSI, yield stability index; YI, yield index; RDI, relative dry 

index; Yn and Ys, grain yield in normal stress environment, respectively (g/plant); YR, yield reduce (%). 
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Table 3. Drought tolerance and sensitivity indices of the studied rice genotypes based on  root biomass 

YR Ys Yn RDI YI YSI GMP MP HM STI SSI TOL Cultivar 

39.88 4.99 8.29 0.81 1.40 0.60 6.43 6.64 6.23 1.82 1.56 3.31 Nemat 

32.87 3.19 4.75 0.90 0.90 0.67 3.89 3.97 3.82 0.67 1.29 1.56 Sepidrod 

6.16 2.54 2.70 1.26 0.71 0.94 2.62 2.62 2.62 0.30 0.24 0.17 SangJo 

-16.27 5.38 4.62 1.56 1.51 1.16 4.99 5.00 4.97 1.09 -0.64 -0.75 Dorfak 

28.50 6.20 8.67 0.96 1.75 0.71 7.33 7.44 7.23 2.36 1.12 2.47 Gohar 

13.14 2.92 3.36 1.17 0.82 0.87 3.13 3.14 3.12 0.43 0.51 0.44 Kados 

44.34 2.85 5.12 0.75 0.80 0.56 3.82 3.99 3.66 0.64 1.74 2.27 Sahel 

48.24 4.97 9.61 0.70 1.40 0.52 6.91 7.29 6.55 2.10 1.89 4.63 Danial 

6.51 3.84 4.11 1.26 1.08 0.93 3.97 3.97 3.97 0.69 0.25 0.27 Saleh 

23.66 3.78 4.96 1.03 1.07 0.76 4.33 4.37 4.29 0.82 0.93 1.17 Gharib 

-13.95 3.00 2.64 1.53 0.85 1.14 2.81 2.82 2.81 0.35 -0.55 -0.37 Mohamadichaparsar 

20.96 4.10 5.19 1.06 1.15 0.79 4.61 4.64 4.58 0.93 0.82 1.09 Domsiah 

-17.36 5.82 4.96 1.58 1.64 1.17 5.37 5.39 5.35 1.27 -0.68 -0.86 Domsefid 

31.64 2.00 2.93 0.92 0.56 0.68 2.42 2.47 2.38 0.26 1.24 0.93 Hasansarayi 

58.58 2.14 5.16 0.56 0.60 0.41 3.32 3.65 3.02 0.48 2.29 3.02 Binam 

-24.36 5.29 4.26 1.67 1.49 1.24 4.75 4.78 4.72 0.99 -0.95 -1.04 Domzard 

65.08 1.12 3.20 0.47 0.31 0.35 1.89 2.16 1.66 0.16 2.55 2.08 Gharibsiah 

30.42 2.75 3.95 0.93 0.77 0.70 3.30 3.35 3.24 0.48 1.19 1.20 Hashemi 

57.25 2.10 4.91 0.57 0.59 0.43 3.21 3.51 2.94 0.45 2.24 2.81 Alikazemi 

23.64 3.48 4.56 1.03 0.98 0.76 3.99 4.02 3.95 0.70 0.93 1.08 Neda 

21.39 4.34 5.52 1.06 1.22 0.79 4.90 4.93 4.86 1.05 0.84 1.18 Abjiboji 

-63.45 5.05 3.09 2.20 1.42 1.63 3.95 4.07 3.83 0.68 -2.48 -1.96 Hasani 

-9.67 4.43 4.04 1.47 1.25 1.10 4.23 4.24 4.23 0.79 -0.38 -0.39 Salari 

45.04 3.17 5.76 0.74 0.89 0.55 4.27 4.46 4.09 0.80 1.76 2.60 Ahlamitaram 

23.19 4.51 5.87 1.03 1.27 0.77 5.14 5.19 5.10 1.16 0.91 1.36 Shafagh 

19.12 5.07 6.27 1.09 1.43 0.81 5.64 5.67 5.61 1.40 0.75 1.20 Gilaneh 

48.25 1.73 3.35 0.70 0.49 0.52 2.41 2.54 2.28 0.25 1.89 1.61 Anam 

35.18 3.31 5.10 0.87 0.93 0.65 4.11 4.21 4.01 0.74 1.38 1.80 Rash 

-10.71 3.76 3.40 1.49 1.06 1.11 3.57 3.58 3.57 0.56 -0.42 -0.36 Toka 

31.39 2.05 2.99 0.92 0.58 0.69 2.48 2.52 2.44 0.27 1.23 0.94 Kian 

21.06 4.25 5.38 1.06 1.20 0.79 4.78 4.82 4.75 1.01 0.82 1.13 Dular 

9.28 2.34 2.58 1.22 0.66 0.91 2.46 2.46 2.46 0.27 0.36 0.24 IR64 

56.27 2.21 5.05 0.59 0.62 0.44 3.34 3.63 3.08 0.49 2.20 2.84 IR50 

41.34 2.51 4.28 0.79 0.71 0.59 3.28 3.40 3.17 0.47 1.62 1.77 IR28 

63.34 2.59 7.06 0.49 0.73 0.37 4.27 4.82 3.79 0.80 2.48 4.47 IR36 

-1.53 4.10 4.04 1.36 1.15 1.02 4.07 4.07 4.07 0.73 -0.06 -0.06 IR58 

TOL, tolerance index; SSI, stress susceptibility index; STI, stress tolerance index; HM, harmonic mean; MP, mean 

productivity; GMP, geometric mean productivity; YSI, yield stability index; YI, yield index; RDI, relative dry 

index; Yn and Ys, grain yield in normal stress environment, respectively (g/plant); YR, yield reduce (%). 
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Table 4. Correlation coefficients among grain yield under stress and non-stress conditions with stress tolerance 

and sensitivity indices 

Ys RDI YI YSI GMP MP HM STI SSI TOL Index 

0.289ns -0.141 ns 0.291 ns -0.141 ns 0.626** 0.906** 0.416* 0.639** 0.140 ns 0.839** Yn 

 0.900** 1.000** 0.900** 0.923** 0.666** 0.987** 0.913** -0.900 ** -0.278 ns Ys 

  0.900** 1.000** 0.669** 0.288 ns 0.827** 0.648** -1.000 ** -0.652 ** RDI 

   0.900** 0.924** 0.668** 0.987** 0.913** -0.900 ** -0.276 ns YI 

    0.669** 0.287 ns 0.827** 0.649** -0.999 ** -0.652 ** YSI 

     0.895** 0.969** 0.995** -0.669 ** 0.104 ns GMP 

      0.760** 0.901** -0.288 ns 0.531** MP 

       0.960** -0.827 ** -0.143 ns HM 

        -0.649 ** 0.123 ns STI 

         0.652** SSI 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 5. Correlation coefficients among  root biomass under stress and non-stress conditions with stress 

tolerance and sensitivity indices 

Ys RDI YI YSI GMP MP HM STI SSI TOL Index  

0.512** -0.378 * 0.512** -0.381 * 0.864** 0.903** 0.820** 0.877** 0.379 * 0.675** Yn 

 0.565** 1.000** 0.562** 0.872** 0.831** 0.901** 0.827** -0.564 ** -0.288 ns Ys 

  0.565** 1.000** 0.106 ns 0.037 ns 0.167 ns 0.048 ns -1.000 ** -0.906 ** RDI 

   0.562** 0.872** 0.831** 0.902** 0.827** -0.564 ** -0.288 ns YI 

    0.102 ns 0.034 ns 0.164 ns 0.044 ns -1.000 ** -0.907 ** YSI 

     0.995** 0.996** 0.982** -0.104 ns 0.215 ns GMP 

      0.981** 0.981** -0.036 ns 0.294 ns MP 

       0.975** -0.166 ns 0.140 ns HM 

        -0.047 ns 0.267 ns STI 

         0.907** SSI 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 1. Grouping the studied rice genotypes for stress tolerance and sensitivity indices based on grain yield 
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Table 6.  Results of discriminant function analysis for drought tolerance indices based on grain yield 

Significance level df Chi-square Wilk’s Lambda Test of function (s) 

0.00 9 153.76 0.008 1 through 3 

0.00 4 72.23 0.101 2 through 3 

0.00 1 24.07 0.466 3 
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Table 7. mean and deviation from total mean of each group for stress indices based on grain yield 

Group TOL SSI STI MP GMP HM YI YSI RDI Yn Ys YR 

1 

Mean 12.74 0.99 0.35 10.87 8.80 7.13 1.20 0.26 1.03 17.24 4.50 -73.92 

Deviation from 

total mean 
1.68 -0.01 0.09 1.59 1.48 1.28 0.20 0.00 0.02 2.43 0.74 0.75 

2 

Mean 7.45 0.75 0.35 9.52 8.76 8.07 1.55 0.44 1.73 13.25 5.80 -56.22 

Deviation from 

total mean 
-3.61 -0.24 0.09 0.24 1.45 2.22 0.55 0.18 0.72 -1.56 2.05 18.45 

3 

Mean 11.90 1.14 0.13 8.00 5.35 3.57 0.55 0.15 0.58 13.95 2.05 -85.31 

Deviation from 

total mean 
0.84 0.15 -0.13 -1.28 -1.97 -2.27 -0.45 -0.11 -0.43 -0.86 -1.70 -10.64 

4 

Mean 8.82 1.01 0.16 7.36 5.90 4.73 0.79 0.25 0.99 11.77 2.96 -74.89 

Deviation from 

total mean 
-2.24 0.01 -0.10 -1.91 -1.42 -1.12 -0.21 -0.01 -0.02 -3.03 -0.80 -0.23 
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Table 8. Principal of component analysis for stress tolerance and sensitivity indices based on grain yield 

Stress index First component Second component 

Yn 0.334 0.941 

Ys 0.998 -0.046 

SSI -0.882 0.465 

TOL -0.231 0.970 

MP 0.701 0.712 

GMP 0.940 0.335 

STI 0.931 0.352 

YI 0.998 -0.046 

YSI 0.882 -0.465 

HM 0.993 0.093 

RDI 0.882 -0.465 

Eigen value 7.722 3.233 

Variance percentage 70.201 29.390 

Cumulative variance percentage 70.201 99.591 
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Figure 2. Biplot diagram of the studied rice genotypes and stress tolerance and sensitivity indices based on the 

first and second principal components 
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