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ABSTRACT

he experiment was conducted during the monsoon season (June-September) of 2019 at the Rice Research Farm of the

Department of genetics and plant breeding, Birsa Agricultural University, Kanke, Ranchi, Jharkhand, India to select
drought tolerant genotypes from the 324 F2 segregants of a cross between BPT-5204 (drought susceptible) and IR-64Drt1
(drought tolerant) genotypes with the use of drought tolerant indices (DTT) under irrigated field conditions, and rainout shelter
stress conditions. The experiment was laid out in augmented block design-II in nine blocks with seven check varieties in two
different environments. Evaluation of correlation analysis revealed that there was a positive and significant correlation (r=
0.398) between grain yield under irrigated field condition and rainout shelter stress condition, but the correlation coefficient
was low. Calculation of drought tolerance indices showed that the highest mean productivity value was observed in plant no-
199 whereas the highest stress tolerance index was recorded in plant no-135. Hence, the high value of mean productivity and
stress tolerance index indicated tolerant genotypes. However, the evaluation of 324 F2 segregates in respect to drought tolerance
indices observed that plant no- 135, 199, 239, 222, 42, 219, 265, 195, 165 and 261 had the best genotypes with respect to
best mean rank. Among the 324 F2 selected plants namely, PN- 239 exhibited the highest grain yield under rainout shelter
stress conditions, and it’s flowering was very early (98 days). This plant had confirmed two drought reproductive QTL at four
markers with the help of molecular studies.
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1. INTRODUCTION

Rice (Oryza sativaL.) is a miracle crop that can be grown
in a varied ecosystem of the world. It is the staple food
crops consumed through half of the world population (Rezvi
etal.,,2022). It had been seen that drought reduces the yield
around 21 % in mild drought, 51% in moderate drought,
and also 90.6% in severe drought situations which depends
on genotypes, growth stage and period of stress (Zhang
et al., 2018). This was also reported that performance of
different rice varieties affected by drought factors around
the world (Ndikuryayo et al., 2022; Adhikari et al., 2019;
Kilimo et al., 2018 ). The parameter of drought tolerance
indices is emphasis on yield and contribution a complete
understanding for plant performance while individual
physiological traits may not completely reveal (Thiry et
al., 2023). Drought tolerance is a complex polygenic trait
controlled by polygenes and one of the most difficult traits
to study and characterize (Maazou et al., 2016). India has
faced severe drought in the year 2002, 2009 and 2012
which decreased the yield (Manjappa and Shailaja, 2014).
The timing of drought plays major role for the reduction
of yields, such as the early season, mid-season or terminal
stage, has a major influence on how much yield loss occurs
(Fischer et al., 2003). The drought condition created by
rainout shelter, and these are useful for scientists to select
drought-tolerant genotypes. Rainfed rice occupy for around
45% of the world’s rice area and nearby 40 million ha of
rainfed area is determined in South and South East Asia
alone (Maclean et al., 2002). Available of the total 20.7
million ha sited in India, almost 16.2 mha is in eastern India
(Singh and Singh, 2000), of which 6.3 million ha of upland
and 7.3 mha for lowland area are highly drought prone
(Pandey and Bhandari, 2008). Losses by drought stress at
reproductive stage of rice are more severe in Chhattisgarh,
Orissa, Jharkhand, Bihar, and eastern Uttar Pradesh
which are key rice producing states of eastern India. The
development of drought tolerant genotypes was possible
after evaluation of genetic variability under moisture deficit
situations (Abenavoli et al., 2016; Anower et al., 2017). This
is important step to increasing rice production in future will
be possible by identification of drought tolerant genotypes
(Pandey and Shukla, 2015). The genotypes selected for
performing best under drought like situations have capacity
to produce maximum yield in drought condition. However,
increasing the yield under drought like situations is basically
difficult due to complex heritability (Anwaar et al., 2020).
Numerous drought indices have been suggested on the
basis of a mathematical relationship between yield under
stress condition and normal irrigated conditions. Instead,
this was reported that drought tolerance indices help to
select drought tolerant genotypes with high yielder (Anwaar

et al., 2020). It was observed that the rice plant viewing
less SSI and TOL with maximum STT values shown that
drought tolerant genotypes (Adhikari et al., 2019). This
mathematical calculation showed that genotypes having
high MP, GMP and STT have drought tolerant genotypes
(Hooshmandi, 2019). These indices are yield stability
parameters that depends on how much reduction are realized
under drought stress condition. Raman et al., 2012 reported
minimum yield reduction in rice, which had the lowest SSI
and TOL values. Many researchers had been reported the
evaluation of drought tolerance indices in different plants
such as: Nazari and Pakniyat, 2010 in barley, Kutlu and
Kinaci, 2010 in triticale and Sio-Se Mardeh et al., 2006 in
wheat. This study was conducted to evaluate the drought
tolerant genotypes by using drought tolerant indices.

2. MATERIALS AND METHODS

he experiments were conducted during monsoon season

(June-September) in the year 2019 at the Rice Research
Farm of the Department of genetics and plant breeding,
Birsa Agricultural University, Kanke, Ranchi Jharkhand
India. The experimental site is located at an altitude of
651m above mean sea level and at 23.4345’ N latitude and
85.3214’ E longitude. Apart from this, the molecular studies
of the 324 F2 segregants were also conducted at the Indian
Institute of Agricultural Biotechnology (IIAB), Ranchi,
Jharkhand, India. The material under the present study was
324 F2 segregants derived from a cross between two parents
i.e., BPT-5204 and IR-64Drtl. The selection of parents
for crosses was made based on genotypes that were tolerant
and susceptible to drought condition. BPT-5204 is drought
susceptible and IR-64Drtl is drought tolerant variety. All
the F2 progenies derived from the crosses, were sown in the
raised bed nursery along with their parents and checks. The

Table 1: Amplicon size (bp) of the parents with drought-
linked SSR primers to detect the parental polymorphism

Sl.  Primers Target Amplicon size  Polymor-
No. gene (bp) phism (P)
or Mono-
IR-  BPT- morphism
64Drt1 5204 M)
1. RM236 gDTY22 176 194 P
2. RM279 gDTY22 147 179 P
3.  RMS555 gDTY22 218 218 M
4. RM492 gDTY22 235 235 M
5. RM518 gDTY41 157 173 P
6. RM335 gDTY4.1 110 92 P
7. RM16368 gqDTY4.1 125 116 P
8.  RMS551 gDTY4.1 230 189 P
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zygosity of the F1 progeny was also tested for true hybrid
by the help of SSR-based DNA marker. There were eight
SSR markers were used but a set of 6 SSR markers were
tound to be polymorphic between the two parents and thus,
used for the detection of true hybrid (Table 1). The rice crop
was transplanted by clonal seedling methods under two
locations, viz rainout shelter stress condition and normal
irrigated conditions. The clonal seedling was developed
through the transplanting of different tillers of rice in two

Table 2: Drought tolerance indices

Index Formula Reported by

Stress TOL=Yp-Ys Rosielle and

tolerance Hamblin, 1981

Mean MP=(Yp+Ys)/2 Rosielle and

productivity Hamblin, 1981

Geometric GMP=(YpxYs)** Fernandez, 1992

mean

productivity

Stress SSI=[(1=(Ys / Yp)]/SI  Fernandez, 1992

susceptibility ~ SI=1-( Ys/Yp)

index

Stress &\, Fernandez, 1992

tolerance STI=(YpxYs)/(Yp)

index

Harmonic HAM=[2x(YpxYs)]/ Kristin etal,

mean (yp+Ys) 1997

g, Heeu s
YSI=Ys/Yp

Schapaugh, 1984

Yp and Ys: Mean grain yield of all genotypes under irrigated
field condition and rainout stress condition, respectively, YP:
Grain yield under irrigated field condition; YS: grain yield
under rainout stress condition; TOL: Stress tolerance; MP:
Mean productivity, GMP: Geometric mean productivity,
SSI: stress susceptibility index, STT: Stress tolerance index,
HAM: Harmonic mean, YI: Yield index, YSI: Yield stability

index

locations, viz., one was transplanted under rainout shelter,
and the other tillers of the same plant were transplanted
under normal irrigated conditions. Rainout shelter was used
to eliminate rainfall for developed water stress condition
during reproductive stage of genotypes. Regular application
of water in whole crop growth in normal irrigated
conditions and ceasing of water after 90 days of sowing in
rainout shelter stress conditions. The ceasing of water at
the reproductive stage due to the genotype IR-64Drt has
drought reproductive QTLs (qDTY2.2 and qDTY4.1)
which means it shows their genes expression at drought
condition in the reproductive stage begin. The experiment in
each environment was laid out in augmented block design-
IT in nine blocks with seven check varieties. There were
seven check varieties also included for comparing viz., F1,
IR-64,IR-20, Sahbhagidhan, Vandana, BP'T-5204 and IR-
64Drt1 (Kumar et al., 2020). The recommended agronomic
practices and crop protection measures were followed during
the crop growth period. The aim of the present study was to
select drought-tolerant genotypes from the F2 population
of a cross between BPT-5204 (drought susceptible) and
IR-64Drtl (drought tolerant) by the use of drought
tolerant indices. The grain yield data were recorded for each
genotypes at both environment (rainout shelter stress and
normal irrigated condition) and were subjected to calculate
drought tolerance indices. Drought tolerance indices were
calculated using the following equations (Table 2).

Yp and Ys= Mean grain yield of all genotypes under
irrigated field condition and rainout stress condition,
respectively, YP=Grain yield under irrigated field condition,
YS=Grain yield under rainout stress condition, TOL=Stress
tolerance, MP=Mean productivity, GMP=Geometric mean
productivity, SSI=Stress susceptibility index, STI=Stress
tolerance index, HAM=Harmonic mean, YI=Yield index,

YSI=Yield stability index
3. RESULTS AND DISCUSSION

he analysis of variance for grain yield and its attributing
characters among blocks, treatments, checks, entries

Table 3: Analysis of variance for grain yield under irrigated field (YP) and rainout shelter stress conditions (YS) and different

drought tolerant indices of rice (O. sativa L.)

SOV D.F Mean squares
YP YS TOL MP GMP SSI STI HAM YI YSI

Blocks 8  158.950" 12.293 134.039" 52.112" 30.988" 0.472" 0.782" 110.639 0.430* 0.117
Treat 330 45.726" 6.008 36.001 16.867° 11.346 0.240 0.269" 54.068 0.206 0.061
Entries 323 34.183 5.176 28.768  12.488°  8.479  0.235 0.281" 46.586  0.208 0.056
Check 6  365.270" 18.288" 315.353" 112.941" 62.960" 0.950" 0.371" 164.589" 0.376" 0.325"
Checkxentries 1 1856.999" 200.825" 696.245" 854.851" 627.527" -2.337 -4.087 1807.426" -1.593 -0.023
Error 48 20.510 7.627 24.806 7.867 7.768 0.164 0.060 68.641 0.157 0.056
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and checks vs entries stated the presence of significant
variation in the segregants of rice genotypes (Kumar et
al., 2020). The results indicated that there were significant
differences among segregants in respect to yield plant™
under irrigated field condition for mean productivity, and
stress tolerance index (Table 3). The analysis of variance

indicated substantial variation among the F2 population for
grain yield and yield contributing traits. Mean comparisons
showed that plant no- 199 with 39.87 g plant™ and plant
no- 8 with 2.73 g plant, respectively, had the highest
and the lowest grain yield under irrigated field conditions.
Under rainout shelter stress environments, plant no- 239

Table 4: Mean comparisons of grain yield under irrigated field condition (YP) and rainout shelter stress (YS) conditions and
different drought tolerance indices in 324 F2 segregants of rice (O. sativa L.)

PN. YP(gplant') YS(gplant') TOL MP  GMP SSI STI  HAM  YI YSI
1 6.25 1.47 478 386  3.03 1.56 010 441 029 024
2 8.76 2.38 638 557 456 1.49 022 713 048 027
3 5.34 3.11 223 422 407 0.85 017 932 062 058
4 456 3.72 0.84 414 412 0.38 018 1116  0.75 0.82
5 12.06 11.60 0.46 11.83 11.83 0.08 146 3480  2.33 0.96
6 8.09 1.87 622 498  3.89 1.57 016 561 038 023
7 9.53 6.67 287 810  7.97 0.61 0.66 2000 134  0.70
8 2.73 2.72 001 272 272 0.01 008 815  0.54 1.00
9 4.94 4.00 0.94 447 444 0.39 021 1199 080 081
10 5.99 2.98 301 449 423 1.02 019 895 060 050
11 7.05 3.98 307 551 530 0.89 029 1193 080  0.56
12 6.26 5.40 085 58 581 0.28 035 1621 108  0.86
13 3.23 219 104 271 266 0.66 007 656 044 068
14 5.08 3.40 168 424 416 0.67 018 1020 068 067
15 8.75 2.67 6.08 571 484 1.42 024 802 054 031
16 9.20 5.72 348 746 725 0.77 055 1716 115 0.62
17 3.31 211 120 271 2.64 0.74 007 632 042  0.64
18 8.27 6.95 133 761 758 0.33 0.60 2084 139 084
19 6.67 4.01 267 534 517 0.82 028 1202 080 0.0
20 6.79 498 181 588 581 0.54 035 1493 100  0.73
21 8.62 7.51 111 806  8.04 0.26 068 2252 151 0.87
22 417 3.42 0.75 380  3.78 0.37 015 1027 069 082
23 6.01 3.93 208 497 486 0.71 025 1179 079 065
24 496 4.91 005 494 494 0.02 025 1474 099 099
25 5.55 0.94 461 324 228 1.69 005 28 019 017
26 4.6 3.74 112 430 427 0.47 019 1123 075 0.77
27 5.51 3.32 219 442 428 0.81 019 997 067 060
28 3.75 3.03 0.72 339 337 0.39 012 9.08 061 0.81
29 9.91 6.85 306 838 823 0.63 071 2054 137 069
30 5.25 3.56 169 440 432 0.66 020 1067 071 0.68
31 496 1.93 303 344  3.09 1.25 010 578 039 039
32 3.82 1.92 190 287 271 1.01 008 576 039 050
33 11.10 8.57 253 983 975 0.46 099 2571 172 0.7

Table 4: Continue...
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PN. YP(gplant') YS(gplant’) TOL MP GMP SSI STI HAM YI YSI
34 9.14 4.50 4.65 6.82 6.41 1.04 0.43 13.49 0.90 0.49
35 6.50 3.46 3.05 4.98 4.74 0.96 0.23 10.37 0.69 0.53
36 10.58 5.64 4.94 8.11 7.72 0.95 0.62 16.91 1.13 0.53
37 4.73 4.42 0.31 4.57 4.57 0.13 0.22 13.25 0.89 0.93
38 8.61 5.24 3.37 6.92 6.71 0.80 0.47 15.71 1.05 0.61
39 4.97 4.59 0.39 4.78 4.77 0.16 0.24 13.76 0.92 0.92
40 4.25 4.14 0.11 4.19 4.19 0.05 0.18 12.41 0.83 0.97
41 6.32 6.14 0.18 6.23 6.22 0.06 0.40 18.41 1.23 0.97
42 17.73 14.24 349 1598 15.88 0.40 2.64 42.71 2.86 0.80
43 4.33 3.58 0.75 3.95 3.93 0.35 0.16 10.74 0.72 0.83
44 8.25 5.18 3.07 6.72 6.54 0.76 0.45 15.54 1.04 0.63
45 4.68 3.10 1.58 3.89 3.81 0.69 0.15 9.30 0.62 0.66
46 8.40 4.23 4.18 6.31 5.96 1.01 0.37 12.68 0.85 0.50
47 7.24 4.24 3.00 5.74 5.54 0.84 0.32 12.72 0.85 0.59
48 16.21 7.93 828 12.07 11.34 1.04 1.34 23.80 1.59 0.49
49 4.67 2.88 1.80 3.77 3.66 0.78 0.14 8.63 0.58 0.62
50 9.98 7.21 2.77 8.60 8.48 0.57 0.75 21.63 1.45 0.72
51 26.94 4.89 22.04 1591 11.48 1.67 1.38 14.68 0.98 0.18
52 10.64 4.96 5.68 7.80 7.26 1.09 0.55 14.87 0.99 0.47
53 10.44 2.78 7.66 6.61 5.39 1.50 0.30 8.34 0.56 0.27
54 3.44 2.64 0.80 3.04 3.02 0.48 0.09 7.92 0.53 0.77
55 4.91 4.89 0.01 4.90 4.90 0.01 0.25 14.68 0.98 1.00
56 6.34 6.24 0.10 6.29 6.28 0.03 0.41 18.71 1.25 0.98
57 9.85 2.07 7.78 5.96 4.52 1.61 0.21 6.22 0.42 0.21
58 12.80 5.01 7.79 8.91 8.01 1.24 0.67 15.04 1.01 0.39
59 8.40 6.38 2.02 7.39 7.32 0.49 0.56 19.13 1.28 0.76
60 5.22 3.00 2.22 4.11 3.96 0.87 0.16 9.00 0.60 0.57
61 8.19 6.30 1.88 7.24 7.18 0.47 0.54 18.91 1.26 0.77
62 10.91 6.89 4.01 8.90 8.67 0.75 0.79 20.68 1.38 0.63
63 7.04 2.42 4.62 4.73 4.13 1.34 0.18 7.27 0.49 0.34
64 5.87 3.37 2.49 4.62 4.45 0.87 0.21 10.12 0.68 0.58
65 6.81 2.79 4.02 4.80 4.36 1.20 0.20 8.37 0.56 0.41
66 8.22 7.44 0.78 7.83 7.82 0.19 0.64 2231 1.49 0.91
67 15.35 2.85 1251 9.10 6.61 1.66 0.46 8.54 0.57 0.19
68 22.88 3.93 18.95 13.40 9.48 1.69 0.94 11.78 0.79 0.17
69 8.93 5.12 3.81 7.03 6.76 0.87 0.48 15.36 1.03 0.57
70 22.40 4.01 18.40 13.20 9.47 1.67 0.94 12.02 0.80 0.18
71 12.55 3.61 8.94 8.08 6.73 1.45 0.47 10.84 0.72 0.29
72 6.80 6.04 0.76 6.42 6.41 0.23 0.43 18.13 1.21 0.89
73 8.20 3.13 5.07 5.67 5.07 1.26 0.27 9.39 0.63 0.38

Table 4: Continue...
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PN. YP(gplant’) YS(gplant?) TOL MP GMP SSI STI HAM YI YSI
74 11.75 6.09 5.67 8.92 8.46 0.98 0.75 18.26 1.22 0.52
75 5.95 5.63 0.33 5.79 5.79 0.11 0.35 16.88 1.13 0.95
76 8.71 7.20 1.51 7.95 791 0.35 0.65 21.59 1.44 0.83
77 9.71 1.78 7.93 5.75 4.16 1.67 0.18 5.34 0.36 0.18
78 15.79 4.69 11.10 10.24 8.60 1.43 0.77 14.06 0.94 0.30
79 4.47 4.34 0.13 4.40 4.40 0.06 0.20 13.02 0.87 0.97
80 6.86 5.01 1.86 5.93 5.86 0.55 0.36 15.02 1.00 0.73
81 3.85 2.08 1.77 2.96 2.82 0.94 0.08 6.23 0.42 0.54
82 8.66 5.14 3.52 6.90 6.67 0.83 0.46 15.41 1.03 0.59
83 8.13 3.60 4.53 5.86 541 1.14 0.31 10.79 0.72 0.44
84 4.28 3.72 0.56 4.00 3.99 0.27 0.17 11.16 0.75 0.87
85 6.59 1.91 4.69 4.25 3.54 1.45 0.13 5.72 0.38 0.29
86 10.97 10.47 0.50 10.72 10.72 0.09 1.20 31.42 2.10 0.95
87 8.62 3.82 4.81 6.22 5.74 1.14 0.34 11.45 0.77 0.44
88 5.70 4.25 1.45 4.97 4.92 0.52 0.25 12.74 0.85 0.75
89 7.62 4.68 2.94 6.15 5.97 0.79 0.37 14.04 0.94 0.61
90 9.08 7.85 1.23 8.46 8.44 0.28 0.74 23.55 1.57 0.87
91 6.38 3.68 2.70 5.03 4.84 0.86 0.24 11.03 0.74 0.58
92 7.30 2.04 5.26 4.67 3.85 1.47 0.16 6.11 0.41 0.28
93 8.07 6.84 1.24 7.45 7.43 0.31 0.58 20.51 1.37 0.85
94 7.47 6.65 0.82 7.06 7.04 0.22 0.52 19.94 1.33 0.89
95 8.13 6.04 2.09 7.09 7.01 0.52 0.51 18.12 1.21 0.74
96 10.66 5.28 5.38 7.97 7.50 1.03 0.59 15.84 1.06 0.50
97 9.82 7.32 2.50 8.57 8.48 0.52 0.75 21.96 1.47 0.75
98 5.69 4.75 0.94 5.22 5.20 0.34 0.28 14.25 0.95 0.84
99 4.90 4.76 0.14 4.83 4.83 0.06 0.24 14.28 0.95 0.97
100 6.44 5.21 122 583 5.79 0.39 0.35 15.64 1.05 0.81
101 3.77 3.60 0.17 3.69 3.68 0.09 0.14 10.80 0.72 0.95
102 12.61 5.82 6.79 9.22 8.57 1.10 0.77 17.46 1.17 0.46
103 11.25 5.54 5.72 8.39 7.89 1.04 0.65 16.61 1.11 0.49
104 17.78 3.24 14.55 10.51 7.58 1.67 0.60 9.71 0.65 0.18
105 8.58 3.21 5.37 5.90 5.25 1.28 0.29 9.63 0.64 0.37
106 6.65 5.02 1.63 5.84 5.78 0.50 0.35 15.06 1.01 0.75
107 10.44 6.93 3.51 8.69 8.51 0.69 0.76 20.79 1.39 0.66
108 10.99 5.45 5.54 8.22 7.74 1.03 0.63 16.35 1.09 0.50
109 9.65 3.70 5.95 6.67 5.97 1.26 0.37 11.10 0.74 0.38
110 8.79 3.67 5.13 6.23 5.68 1.19 0.34 11.00 0.74 0.42
111 22.17 5.39 16.79 13.78 10.93 1.54 1.25 16.16 1.08 0.24
112 13.95 5.06 8.89 9.50 8.40 1.30 0.74 15.17 1.01 0.36
113 6.57 4.45 213 551 5.41 0.66 0.31 13.34  0.89 0.68

Table 4: Continue...
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PN. YP(gplant’) YS(gplant?) TOL MP GMP SSI STI HAM YI YSI
114 9.69 4.79 4.90 7.24 6.81 1.03 0.48 14.36 0.96 0.49
115 5.70 4.56 1.14 5.13 5.10 0.41 0.27 13.68 0.91 0.80
116 19.73 6.93 12.80 13.33  11.69 1.32 1.43 20.78 1.39 0.35
117 8.45 6.79 1.66 7.62 7.58 0.40 0.60 20.37 1.36 0.80
118 6.25 2.47 3.79 4.36 3.93 1.24 0.16 7.40 0.49 0.39
119 4.87 2.59 2.28 3.73 3.55 0.95 0.13 7.77 0.52 0.53
120 5.87 5.08 0.79 5.48 5.46 0.27 0.31 15.24 1.02 0.87
121 6.52 3.76 2.76 5.14 4.95 0.86 0.26 11.28 0.75 0.58
122 27.10 5.20 2190 16.15 11.87 1.65 1.47 15.61 1.04 0.19
123 20.65 6.22 1443 13.44 11.33 1.42 1.34 18.66 1.25 0.30
124 7.35 5.26 2.09 6.31 6.22 0.58 0.40 15.78 1.06 0.72
125 11.02 6.85 4.17 8.94 8.69 0.77 0.79 20.55 1.37 0.62
126 5.06 0.23 4.83 2.65 1.08 1.95 0.01 0.69 0.05 0.05
127 13.83 4.72 9.10 9.27 8.08 1.34 0.68 14.17 0.95 0.34
128 10.22 2.30 7.93 6.26 4.84 1.58 0.24 6.89 0.46 0.22
129 7.00 3.40 3.61 5.20 4.87 1.05 0.25 10.19 0.68 0.49
130 14.53 4.07 10.46 9.30 7.68 1.47 0.62 12.20 0.82 0.28
131 441 3.77 0.64 4.09 4.08 0.30 0.17 11.30 0.76 0.85
132 5.44 3.57 1.87 4.50 4.40 0.70 0.20 10.71 0.72 0.66
133 12.99 541 7.58 9.20 8.38 1.19 0.73 16.22 1.08 0.42
134 5.43 4.45 0.97 4.94 491 0.37 0.25 13.36 0.89 0.82
135 31.31 13.21 18.10 22.26  20.34 1.18 4.32 39.63 2.65 0.42
136 10.02 4.64 5.38 7.33 6.82 1.09 0.49 13.93 0.93 0.46
137 7.55 7.15 0.40 7.35 7.35 0.11 0.56 21.46 1.43 0.95
138 11.27 6.85 4.41 9.06 8.79 0.80 0.81 20.56 1.37 0.61
139 7.37 4.86 2.51 6.11 5.98 0.69 0.37 14.58 0.97 0.66
140 11.52 7.41 412 9.46 9.24 0.73 0.89 22.22 1.49 0.64
141 7.30 7.22 0.08 7.26 7.25 0.02 0.55 21.65 1.45 0.99
142 6.69 1.08 562  3.88 2.68 1.71 0.08 3.23 0.22 0.16
143 6.81 3.64 3.17 5.23 4.98 0.95 0.26 10.92 0.73 0.53
144 11.88 6.27 5.61 9.07 8.63 0.96 0.78 18.80 1.26 0.53
145 3.81 3.69 0.12 3.75 3.75 0.06 0.15 11.07 0.74 0.97
146 7.65 4.16 3.50 5.90 5.64 0.93 0.33 12.47 0.83 0.54
147 9.55 791 1.64 8.73 8.69 0.35 0.79 23.74 1.59 0.83
148 21.21 6.84 14.37 14.03 12.05 1.38 1.52 20.53 1.37 0.32
149 14.02 5.29 8.73 9.66 8.61 1.27 0.78 15.88 1.06 0.38
150 7.49 7.26 0.23 7.38 7.37 0.06 0.57 21.78 1.46 0.97
151 7.20 6.41 0.79 6.80 6.79 0.22 0.48 19.23 1.29 0.89
152 10.70 6.46 4.24 8.58 8.31 0.81 0.72 19.38 1.30 0.60
153 16.42 6.30 10.12  11.36 10.17 1.26 1.08 18.90 1.26 0.38

Table 4: Continue...
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PN. YP(gplant’) YS(gplant?) TOL MP GMP SSI STI HAM YI YSI
154 7.65 5.79 1.85 6.72 6.66 0.49 0.46 17.38 1.16 0.76
155 10.15 4.87 5.29 7.51 7.03 1.06 0.52 14.60 0.98 0.48
156 13.11 6.09 7.02  9.60 8.94 1.09 0.83 18.28 1.22 0.46
157 7.56 2.12 5.45 4.84 4.00 1.47 0.17 6.35 0.42 0.28
158 21.88 6.04 15.85 13.96 11.49 1.48 1.38 18.11 1.21 0.28
159 6.25 4.26 1.99 5.26 5.16 0.65 0.28 12.78 0.85 0.68
160 9.90 7.27 2.63 8.59 8.49 0.54 0.75 21.82 1.46 0.73
161 17.62 6.82 10.80 12.22 10.96 1.25 1.25 20.46 1.37 0.39
162 20.50 5.60 1490 13.05 10.71 1.48 1.20 16.79 1.12 0.27
163 12.26 8.47 3.80 10.36 10.19 0.63 1.08 25.40 1.70 0.69
164 11.34 4.37 6.97 7.85 7.04 1.25 0.52 13.11 0.88 0.39
165 18.94 11.14 7.80 15.04 14.52 0.84 2.20 33.41 2.23 0.59
166 12.57 3.11 9.46 7.84 6.25 1.53 0.41 9.32 0.62 0.25
167 5.96 5.31 0.65  5.63 5.62 0.22 0.33 15.93 1.07 0.89
168 4.04 3.63 0.41 3.84 3.83 0.21 0.15 10.89 0.73 0.90
169 7.11 6.09 1.02  6.60 6.58 0.29 0.45 18.27 1.22 0.86
170 7.34 3.00 4.34 5.17 4.69 1.21 0.23 9.00 0.60 0.41
171 13.64 8.31 5.34 10.97 10.64 0.80 1.18 24.92 1.67 0.61
172 12.31 7.21 5.10 9.76 9.42 0.85 0.93 21.62 1.45 0.59
173 7.05 5.99 1.06 6.52 6.50 0.31 0.44 17.98 1.20 0.85
174 6.65 6.10 0.55 6.37 6.37 0.17 0.42 18.30 1.22 0.92
175 8.14 5.03 3.12 6.58 6.40 0.78 0.43 15.08 1.01 0.62
176 8.04 2.73 5.31 5.38 4.68 1.35 0.23 8.18 0.55 0.34
177 4.57 1.53 3.04 3.05 2.64 1.36 0.07 4.58 0.31 0.33
178 9.76 6.76 3.00 8.26 8.12 0.63 0.69 20.28 1.36 0.69
179 4.99 1.68 3.31 3.33 2.89 1.35 0.09 5.04 0.34 0.34
180 17.68 5.35 12.33  11.51 9.72 1.42 0.99 16.04 1.07 0.30
181 4.29 0.88 3.42 2.58 1.94 1.62 0.04 2.63 0.18 0.20
182 4.86 4.14 0.72 450 4.49 0.30 0.21 12.42 0.83 0.85
183 12.16 6.64 5.52 9.40 8.99 0.92 0.84 19.93 1.33 0.55
184 5.35 4.87 0.48 5.11 5.10 0.18 0.27 14.61 0.98 0.91
185 6.90 2.17 4.73 4.53 3.87 1.40 0.16 6.51 0.44 0.31
186 5.88 2.88 3.00 4.38 4.11 1.04 0.18 8.64 0.58 0.49
187 14.81 7.09 7.73 10.95 10.24 1.06 1.10 21.26 1.42 0.48
188 5.26 5.11 0.15 5.18 5.18 0.06 0.28 15.33 1.02 0.97
189 7.95 1.17 6.78 4.56 3.04 1.74 0.10 3.50 0.23 0.15
190 9.96 6.86 3.10 8.41 8.26 0.63 0.71 20.57 1.37 0.69
191 9.52 5.29 4.24 7.40 7.09 0.91 0.53 15.86 1.06 0.56
192 4.56 3.42 1.14 3.99 3.95 0.51 0.16 10.26 0.69 0.75
193 24.49 5.73 18.77 15.11 11.84 1.56 1.46 17.18 1.15 0.23

Table 4: Continue...
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PN. YP(gplant’) YS(gplant’)) TOL MP  GMP SSI STI HAM YI YSI
194 14.64 9.93 471 1228 12.05 0.66 1.52 29.78 1.99 0.68
195 29.31 5.77 23.54 17.54  13.00 1.64 1.76 17.30 1.16 0.20
196 7.96 3.44 4.52 5.70 5.23 1.16 0.29 10.32 0.69 0.43
197 5.28 4.75 0.53 5.01 5.00 0.20 0.26 14.24 0.95 0.90
198 21.31 2.85 18.46 12.08 7.79 1.77 0.63 8.54 0.57 0.13
199 39.87 5.62 3425 22.75 1497 1.75 2.34 16.86 1.13 0.14
200 15.96 5.32 10.64 10.64 9.21 1.36 0.89 15.96 1.07 0.33
201 14.16 1.59 12.57  7.88 4.74 1.81 0.24 4.77 0.32 0.11
202 7.59 3.79 3.80 5.69 5.36 1.02 0.30 11.36 0.76 0.50
203 9.66 6.03 3.64  7.84 7.63 0.77 0.61 18.08  1.21 0.62
204 14.10 7.43 6.67 1076  10.23 0.96 1.09 22.28 1.49 0.53
205 13.94 6.51 743 1023  9.53 1.09 0.95 19.53 131 0.47
206 20.43 6.53 13.89 13.48  11.55 1.39 1.39 19.60 1.31 0.32
207 8.61 8.29 0.32 8.45 8.45 0.07 0.75 24.87 1.66 0.96
208 8.68 5.00 3.68 6.84 6.58 0.87 0.45 14.99 1.00 0.58
209 7.40 4.75 2.65 6.08 5.93 0.73 0.37 14.25 0.95 0.64
210 38.11 2.28 35.83  20.19 9.31 1.92 0.91 6.83 0.46 0.06
211 4.56 2.16 2.40 3.36 3.13 1.07 0.10 6.47 0.43 0.47
212 14.48 4.36 10.11  9.42 7.95 1.42 0.66 13.09 0.88 0.30
213 10.51 5.82 4.69 8.17 7.82 0.91 0.64 17.46 1.17 0.55
214 6.45 3.97 2.49 5.21 5.06 0.79 0.27 11.90 0.80 0.61
215 25.11 2.81 22.30  13.96 8.39 1.81 0.74 8.42 0.56 0.11
216 26.58 5.17 21.41 1587 11.72 1.64 1.43 15.50 1.04 0.19
217 11.42 8.09 3.33 9.76 9.61 0.59 0.97 24.27 1.62 0.71
218 5.25 4.48 0.77 4.86 4.84 0.30 0.25 13.43 0.90 0.85
219 32.68 6.15 26.53 19.41  14.17 1.66 2.10 18.44 1.23 0.19
220 5.70 4.67 1.03 5.18 5.15 0.37 0.28 14.00 0.94 0.82
221 13.66 5.12 8.54 9.39 8.36 1.27 0.73 15.35 1.03 0.37
222 34.26 5.93 28.33  20.10 14.25 1.69 212 17.79 1.19 0.17
223 11.42 5.66 5.76 8.54 8.04 1.03 0.68 16.98 1.14 0.50
224 13.47 4.69 8.79 9.08 7.94 1.33 0.66 14.06 0.94 0.35
225 4.72 3.81 0.90 4.26 4.24 0.39 0.19 11.44 0.76 0.81
226 4.53 3.33 1.20 3.93 3.89 0.54 0.16 9.99 0.67 0.73
227 5.41 2.85 2.56 4.13 3.93 0.96 0.16 8.56 0.57 0.53
228 4.85 4.51 0.34 4.68 4.68 0.14 0.23 13.54 0.91 0.93
229 4.68 4.16 0.53  4.42 4.41 0.23 0.20 12.47  0.83 0.89
230 9.27 4.96 4.31 7.11 6.78 0.95 0.48 14.87 0.99 0.53
231 4.98 2.57 241 3.77 3.58 0.99 0.13 7.71 0.52 0.52
232 17.86 8.81 9.04 1333 1254 1.03 1.64 26.44 1.77 0.49
233 10.20 5.82 4.38 8.01 7.70 0.87 0.62 17.46 1.17 0.57
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PN. YP(gplant’) YS(gplant?) TOL MP GMP SSI STI HAM YI YSI
234 9.34 7.02 2.32 8.18 8.09 0.51 0.68 21.05 1.41 0.75
235 14.31 9.89 4.42 12.10 11.90 0.63 1.48 29.67 1.98 0.69
236 6.37 2.78 3.59 457 4.20 1.15 0.18 8.33 0.56 0.44
237 9.59 4.23 5.37 6.91 6.37 1.14 0.42 12.68 0.85 0.44
238 7.70 5.31 2.38 6.51 6.40 0.63 0.43 15.94 1.07 0.69
239 20.51 14.42 6.09 17.46 17.19 0.61 3.09 43.25 2.89 0.70
240 7.38 6.94 0.44 7.16 7.15 0.12 0.53 20.81 1.39 0.94
241 11.23 5.34 5.89 8.29 7.75 1.07 0.63 16.03 1.07 0.48
242 15.24 11.71 3.53 13.47 13.35 0.47 1.86 35.12 2.35 0.77
243 19.31 9.34 9.97 1433 13.43 1.05 1.88 28.02 1.87 0.48
244 7.81 2.90 491 5.35 4.76 1.28 0.24 8.70 0.58 0.37
245 18.33 5.47 12.86 11.90 10.01 1.43 1.05 16.41 1.10 0.30
246 16.36 7.85 8.51 12.10 11.33 1.06 1.34 23.54 1.57 0.48
247 7.85 2.77 508 531 4.66 1.32 0.23 8.31 0.56 0.35
248 9.69 5.82 3.87 7.75 7.51 0.81 0.59 17.46 1.17 0.60
249 11.80 5.42 6.38 8.61 8.00 1.10 0.67 16.26 1.09 0.46
250 8.99 4.70 4.29 6.84 6.50 0.97 0.44 14.10 0.94 0.52
251 22.67 5.49 17.17  14.08 11.16 1.54 1.30 16.48 1.10 0.24
252 15.55 5.75 9.79 10.65 9.46 1.28 0.93 17.26 1.15 0.37
253 6.03 5.48 0.54 5.75 5.75 0.18 0.35 16.45 1.10 0.91
254 5.40 3.77 1.63 4.58 4.51 0.61 0.21 11.31 0.76 0.70
255 11.59 5.15 6.44 8.37 7.72 1.13 0.62 15.45 1.03 0.44
256 6.20 3.76 2.44 4.98 4.83 0.80 0.24 11.29 0.75 0.61
257 6.73 1.22 5.50 3.97 2.87 1.67 0.09 3.67 0.25 0.18
258 14.44 1.44 13.01 7.94 4.55 1.84 0.22 4.31 0.29 0.10
259 6.45 5.95 0.50 6.20 6.19 0.16 0.40 17.85 1.19 0.92
260 10.49 10.39 0.09 1044 10.44 0.02 1.14 31.17  2.08 0.99
261 18.01 11.52 6.49 14.76 14.40 0.73 2.17 34.55 2.31 0.64
262 6.68 5.22 146 595 5.91 0.45 0.36 15.66 1.05 0.78
263 12.13 10.23 1.90 11.18 11.13 0.32 1.29 30.68 2.05 0.84
264 9.82 438 5.44 7.10 6.56 1.13 0.45 13.14 0.88 0.45
265 17.60 14.09 3.51 15.85 15.75 0.41 2.59 42.27 2.83 0.80
266 20.08 9.69 10.39 14.88 13.95 1.05 2.03 29.07 1.94 0.48
267 8.09 4.32 3.78 6.21 5.91 0.95 0.36 12.95 0.87 0.53
268 10.27 10.17 0.10 10.22 10.21 0.02 1.09 30.50 2.04 0.99
269 14.62 10.17 4.45 12.40 12.19 0.62 1.55 30.51 2.04 0.70
270 8.17 5.30 2.87 6.73 6.58 0.72 0.45 15.90 1.06 0.65
271 5.23 1.62 3.62 3.42 291 1.41 0.09 4.85 0.32 0.31
272 9.96 3.25 6.71 6.60 5.69 1.37 0.34 9.75 0.65 0.33
273 10.44 5.76 4.68 8.10 7.75 0.91 0.63 17.27 1.15 0.55

Table 4: Continue...
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P.N. YP(gplant?) YS(gplant?) TOL MP GMP SSI STI HAM YI YSI
274 8.58 3.05 5.54 5.81 5.11 1.32 0.27 9.14 0.61 0.35
275 11.45 6.94 4.51 9.20 8.91 0.80 0.83 20.82 1.39 0.61
276 5.67 3.95 1.72 4.81 4.73 0.62 0.23 11.85 0.79 0.70
277 5.70 3.71 2.00 4.70 4.60 0.71 0.22 11.12 0.74 0.65
278 7.09 4.89 2.21 5.99 5.89 0.63 0.36 14.66 0.98 0.69
279 9.08 3.99 5.10 6.53 6.02 1.14 0.38 11.96 0.80 0.44
280 6.35 4.69 1.66 5.52 5.46 0.53 0.31 14.07 0.94 0.74
281 4.82 1.97 2.85 3.39 3.08 1.21 0.10 5.90 0.39 0.41
282 12.44 4.00 8.44 8.22 7.05 1.38 0.52 12.00 0.80 0.32
283 5.75 2.77 2.98 4.26 3.99 1.06 0.17 8.30 0.55 0.48
284 11.71 4.26 7.46 7.98 7.06 1.30 0.52 12.77 0.85 0.36
285 7.42 6.58 0.84 7.00 6.99 0.23 0.51 19.75 1.32 0.89
286 4.38 3.45 0.93 3.92 3.89 0.43 0.16 10.35 0.69 0.79
287 8.34 4.45 3.89 6.39 6.09 0.95 0.39 13.34 0.89 0.53
288 4.19 3.67 0.52 3.93 3.92 0.25 0.16 11.00 0.74 0.88
289 5.46 5.25 0.21 5.35 5.35 0.08 0.30 15.75 1.05 0.96
290 9.16 8.33 0.83 8.74 8.73 0.18 0.80 24.98 1.67 0.91
291 21.76 4.51 1725 13.13 9.91 1.62 1.02 13.53 0.90 0.21
292 9.29 2.82 6.47 6.05 5.12 1.42 0.27 8.46 0.57 0.30
293 4.17 2.25 191 3.21 3.06 0.94 0.10 6.76 0.45 0.54
294 8.79 2.89 5.90 5.84 5.04 1.37 0.27 8.67 0.58 0.33
295 5.75 3.07 2.68 441 4.20 0.95 0.18 9.22 0.62 0.53
296 6.31 5.62 0.69 5.96 5.95 0.22 0.37 16.85 1.13 0.89
297 10.22 4.53 5.70 7.37 6.80 1.14 0.48 13.58 0.91 0.44
298 7.69 3.98 3.70 5.83 5.53 0.98 0.32 11.95 0.80 0.52
299 8.42 3.38 5.05 5.90 5.33 1.22 0.30 10.13 0.68 0.40
300 4.39 4.20 0.19 4.30 4.29 0.09 0.19 12.60 0.84 0.96
301 7.45 5.25 2.20 6.35 6.26 0.60 0.41 15.75 1.05 0.70
302 7.11 6.25 0.86 6.68 6.67 0.25 0.46 18.75 1.25 0.88
303 9.93 8.18 1.75 9.05 9.01 0.36 0.85 24.53 1.64 0.82
304 4.72 4.25 0.48 4.48 4.48 0.21 0.21 12.74 0.85 0.90
305 6.09 3.44 2.65 4.76 4.57 0.89 0.22 10.31 0.69 0.56
306 13.29 8.34 495 1081 10.53 0.76 1.16 25.02 1.67 0.63
307 9.22 7.06 2.16 8.14 8.06 0.48 0.68 21.17 1.42 0.77
308 6.50 3.51 3.00 5.00 4.77 0.94 0.24 10.52 0.70 0.54
309 6.41 5.39 1.02 5.90 5.87 0.32 0.36 16.16 1.08 0.84
310 3.35 2.83 0.53 3.09 3.08 0.32 0.10 8.48 0.57 0.84
311 4.22 2.13 2.09 3.18 3.00 1.01 0.09 6.40 0.43 0.51
312 8.52 2.96 5.56 5.74 5.02 1.33 0.26 8.87 0.59 0.35
313 6.29 3.35 2.94 4.82 4.59 0.95 0.22 10.05 0.67 0.53
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PN. YP(gplant?) YS(gplant') TOL MP GMP SSI STI HAM YI YSI
314 3.73 2.25 1.48 2.99 2.90 0.81 0.09 6.75 0.45 0.60
315 6.09 5.51 0.57 5.80 5.79 0.19 0.35 16.53 1.11 0.91
316 5.87 2.66 321 426 3.95 1.11 0.16 7.98 0.53 0.45
317 6.44 4.11 2.33 5.27 5.14 0.74 0.28 12.33 0.82 0.64
318 6.84 5.92 0.93 6.38 6.36 0.28 0.42 17.75 1.19 0.86
319 9.46 3.64 5.82 6.55 5.87 1.25 0.36 10.92 0.73 0.38
320 6.17 3.37 2.80 4.77 4.56 0.92 0.22 10.11 0.68 0.55
321 5.94 5.11 0.83 5.53 5.51 0.28 0.32 15.33 1.02 0.86
322 9.36 5.96 3.40 7.66 7.47 0.74 0.58 17.87 1.19 0.64
323 7.48 6.41 1.06 6.94 6.92 0.29 0.50 19.24 1.29 0.86
324 7.81 5.98 1.84 6.89 6.83 0.48 0.49 17.93 1.20 0.76

with 14.42 g plant™ and plant no- 126 with 0.23 g plant™,
respectively, had the highest and the lowest grain yields, too
(Table no 4). Evaluation of correlation analysis revealed that
there was a positive and significant correlation (r=0.398)
between grain yield under irrigated field condition (Yp)
and rainout shelter stress (Ys) condition, but the correlation
coefficient was low (Table 5). The results showed that the
highest positive and significant correlations with yield
plant™ under irrigated field conditions (Yp) were observed
among stress tolerance (TOL), mean productivity (MP),
geometric mean productivity (GMP), and stress tolerance
index (STI). However, under rainout shelter stress
conditions, the highest positive and significant correlations
with yield plant™ were recorded among geometric mean
productivity (GMP), stress tolerance index (STI), harmonic
mean (HAM), and yield index (YI). There was also the
highest correlation (r=1.00) was observed between harmonic
mean (HAM) and yield index (YI) (Table 5). This was also
reported that correlation analysis for drought indices showed
yield under stress condition had maximum association

with STI, GMP, and HAM (Khatibi et al., 2022). Similar
types of results were also confirmed by Shafazadeh et al.
(2004) through positive and significant correlation observed
between STI and yield under stress as well as non stress
condition. There were observd that positive and highly
significant correlation recorded between yield and TOL,
MP, GMP and STI under non-stress condition (Sanjari
pirevatlou and Yazdansepas, 2008). The other experiment
also confirmed that the positive and significant correlation
recorded between grain yield and MP, GMP, SSI, and
STT and these indices helpful during selection of drought
tolerant genotypes under both conditions (Karimizadeh
and Mohammadji, 2011). Calculation of tolerance indices
showed that the highest mean productivity (MP) value
was observed in plant no-199 whereas the highest stress
tolerance index (STI) was recorded in plant no-135.
Therefore, their high value of mean productivity (MP)
and stress tolerance index (STT) indicate drought tolerant
genotypes. The above statement was supported by the plants
with more value of mean productivity (MP), geometric

Table 5: Correlation coefficient among grain yield under irrigated field (YP) and rainout shelter stress conditions (YS) and
different drought tolerance indices in 324 F2 segregants of rice (O. sativa L.)

Traits YP YS TOL MP GMP SSI STI HAM YI YSI
YP 1 0.398"  0.9217 0.9557 0.823" 0.525" 0.807" 0.398" 0.398"  -0.5257
YS 1 0.010 0.651" 0.837"  -0.398" 0.795" 1.000” 1.000” 0.398"
TOL 1 0.765~ 0.5427 0.742" 0.5427 0.010 0.010 -0.742"
MP 1 0.951" 0.306" 0.923" 0.651" 0.651"  -0.306"
GMP 1 0.103 0.965" 0.837" 0.837° -0.103
SSI 1 0.129° -0.398" -0.398" -1.000"
STI 1 0.795" 0.795" -0.129°
HAM 1 1" 0.398"
YI 1 0.398"
YSI 1
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Table 6: Ranking of 324 F2 segregants in respect to mean productivity (MP) and stress tolerance index (STT)

PN. MP STI Meanrank P N. MP STI Meanrank P N. MP STI Mean rank

1 297 308 302.5 109 155.00 168 161.5 217 58 48 53
2 210 248 229 110 173 188 180.5 218 244 228 236
3 282 276 279 111 22 33 27.5 219 5 9 7

4 284 273 278.5 112 62 77 69.5 220 228 209 218.5
5 40 21 30.5 113 214 197 205.5 221 66 80 73
6 238 288 263 114 134 134 134 222 4 8 6

7 104 92 98 115 231 214 222.5 223 89 89 89
8 320 316 318 116 28 23 25.5 224 73 94 83.5
9 267 256 261.5 117 121.00 110 115.5 225 277 265 271
10 265 266 265.5 118 274.00 285 279.5 226 292 289 290.5
11 213 202 207.5 119 303 299 301 227 285 284 284.5
12 196 179 187.5 120 215 194 204.5 228  255.00 242 248.5
13 321 319 320 121 230 221 225.5 229  268.00 257 262.5
14 281 271 276 122 8 19 13.5 230 136 137 136.5
15 205 231 218 123 25.00 28 26.5 231 301 298 299.5
16 124 120 122 124 170 163 166.5 232 27 14 20.5
17 322 321 321.5 125 77 64 70.5 233 108 105 106.5
18 122 109 115.5 126 323 324 323.5 234 100 85 92.5
19 219 207 213 127 68 86 77 235 35.00 18 26.5
20 191 180 185.5 128 172 229 200.5 236 260.00 268 264
21 107 88 97.5 129 226 226 226 237  144.00 157 150.5
22 299 294 296.5 130 67 106 86.5 238  163.00 155 159
23 239 227 233 131 287 275 281 239 7 2 4.5
24 242.00 222 232 132 263.00 258 260.5 240 135 122 128.5
25 311 322 316.5 133 71 79 75 241 96 101 98.5
26 275 264 269.5 134 241.00 224 232.5 242 24 12 18
27 269 263 266 135 2 1 1.5 243 17 11 14
28 308 301 304.5 136 131 133 132 244 218 236 227
29 94 83 88.5 137 130 116 123 245 39.00 44 41.5
30 271 261 266 138 75 61 68 246  36.00 29 32.5
31 305 303 304 139 179 167 173 247 220 243 231.5
32 319 317 318 140 63 55 59 248 119 111 115
33 57 46 51.5 141 132 119 125.5 249 84 91 87.5
34 149 152 150.5 142 296.00 318 307 250  147.00 151 149
35 237 238 237.5 143 223 220 221.5 251 18 30 24
36 103 104 103.5 144 74 66 70 252 49 52 50.5
37 259 247 253 145 302 295 298.5 253 201 185 193
38 143 140 141.5 146 187 189 188 254 258.00 252 255
39 250 234 242 147 82 63 72.5 255 95 103 99

Table 6: Continue...
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PN. MP STI  Meanrank P. N. MP STI Mean rank  P.N. MP STI Mean rank

40 283 269 276 148 19 17 18 256 236 233 234.5
41 174 162 168 149 60 67 63.5 257 290 314 302
42 9 3 6 150 128 115 121.5 258 112 250 181
43 291 283 287 151 150 136 143 259 177 164 170.5
44 153 149 151 152 87 81 84 260 52 38 45
45 295 293 294 153 42 43 42.5 261 16 7 11.5
46 169 170 169.5 154 152 143 147.5 262 185 174 179.5
47 203 191 197 155  123.00 128 125.5 263 43 31 37
48 38 27 32,5 156 61 59 60 264 137 148 142.5
49 300 297 298.5 157 245.00 277 261 265 12 4 8
50 85 72 78.5 158 20 25 22.5 266 15 10 12.5
51 10 26 18 159 222 208 215 267 176 173 174.5
52 118 118 118 160 86 71 78.5 268 56 41 48.5
53 156.00 198 177 161  34.00 32 33 269 32 15 23.5
54 316 309 312.5 162 31 35 33 270 151.00 147 149
55 243 225 234 163 53 42 47.5 271 306 311 308.5
56 171 159 165 164 114 127 120.5 272 157.00 187 172
57 184 251 217.5 165 14 6 10 273 105 100 102.5
58 79 90 84.5 166 116 161 138.5 274 198.00 212 205
59 127 117 122 167 209 190 199.5 275 70 60 65
60 286 280 283 168 298.00 292 295 276 248 239 243.5
61 133 121 127 169 158.00 146 152 277 254 244 249
62 80 45 62.5 170 229 240 234.5 278 182 175 178.5
63 253 272 262.5 171 44 36 40 279  161.00 166 163.5
64 257.00 255 256 172 59 53 56 280 212 195 203.5
65 249.00 260 254.5 173 162 150 156 281 307 305 306
66 117 98 107.5 174 167 156 161.5 282 98 125 111.5
67 72 144 108 175 159 154 156.5 283 279 279 279
68 26 50 38 176 216 241 228.5 284 109 124 116.5
69 140.00 138 139 177 315 320 317.5 285 141 130 135.5
70 29 51 40 178 97 84 90.5 286 294 287 290.5
71 106 139 122.5 179 310 313 311.5 287  165.00 165 165
72 164.00 153 158.5 180 41 47 44 288 293 286 289.5
73 208 215 211.5 181 324 323 323.5 289 217 200 208.5
74 78 74 76 182  264.00 253 258.5 290 81 62 71.5
75 200 183 191.5 183 65 58 61.5 291 30 45 37.5
76 111 95 103 184 232 213 222.5 292 181 211 196
77 202 270 236 185 262 290 276 293 312 306 309
78 54 68 61 186 273.00 274 273.5 294 193 217 205
79 272.00 259 265.5 187 45 39 42 295 270 267 268.5

Table 6: Continue...
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PN. MP STI Meanrank PN MP STI Mean rank  P.N. MP STI Mean rank
80 186 178 182 188 227 206 216.5 296 183 171 177
81 318 315 316.5 189 261.00 307 284 297 129 135 132
82 145.00 141 143 190 92 82 87 298 195 192 193.5
83 192 196 194 191 126.00 123 124.5 299 188 201 194.5
84 288 278 283 192 289 282 285.5 300 276 262 269
85 280 300 290 193 13 20 16.5 301 168.00 160 164
86 48 34 41 194 33 16 24.5 302 154.00 142 148
87 175 186 180.5 195 6 13 9.5 303 76 57 66.5
88 240.00 223 231.5 196 206 204 205 304 266 254 260
89 178 169 173.5 197 234.00 219 226.5 305 252 246 249
90 90 76 83 198  37.00 99 68 306 46 37 41.5
91 233 230 231.5 199 1 5 3 307 102 87 94.5
92 256 291 273.5 200 50 56 53 308 235.00 235 235
93 125.00 114 119.5 201 113 237 175 309 190 176 183
94 139.00 126 132.5 202 207 199 203 310 314 304 309
95 138.00 129 133.5 203 115 107 111 311 313 310 311.5
96 110.00 112 111 204 47 40 43.5 312 204 218 211
97 88 73 80.5 205 55 49 52 313 247.00 245 246
98 224 205 214.5 206 23 24 23.5 314 317 312 314.5
99 246.00 232 239 207 91 75 83 315 199.00 182 190.5
100 197 181 189 208 148.00 145 146.5 316 278 281 279.5
101 304 296 300 209 180 172 176 317 221 210 215.5
102 69 69 69 210 3 54 28.5 318 166.00 158 162
103 93 96 94.5 211 309 302 305.5 319  160.00 177 168.5
104 51 108 79.5 212 64 93 78.5 320 251.00 249 250
105 189 203 196 213 101 97 99 321 211 193 202
106 194 184 189 214 225 216 220.5 322 120 113 116.5
107 83 70 76.5 215 21 78 49.5 323 142.00 131 136.5
108 99 102 100.5 216 11 22 16.5 324 146.00 132 139

(HAM) and stress tolerance index (STT) could be beneficial
for selection of drought tolerant genotypes (El-Aty et al,,
2024). Based on these drought indices, plant no-181 had
very low mean productivity value, and plant no-126 had
the lowest stress tolerance index value. Hence, this was
reported that SSI emphasis on relative performance under
rainout shelter stress condition compared with irrigated
normal condition however, STI and GMP, perform well
under both conditions for selection of drought tolerant
genotypes (Saed-Moucheshi et al., 2022). Ranking of 324
F2 segregants in respect to mean productivity (MP) and
stress tolerance index (STI) showed that plant no- 135,199,
239,222,42,219,265,195,165,and 261 had the best mean

rank (Table 6). There was several drought tolerance indices
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had proposed on the basis of a mathematical relationship
between yield under irrigated and non-irrigated conditions.
Among the 324 F2 phenotypically selected plants namely,
P.N- 239 exhibited highest grain yield under rainout shelter
stress condition and it’s flowering was very early (98 days).
This plant had confirmed two drought reproductive QTL
(gDTY2.2 and gDTY4.1) at four markers verified with the
help of molecular studies. The results of this study revealed
that the most appropriate index to select drought-tolerant
segregants is an index that has a high correlation with grain
yield at normal irrigated condition (YP) and rainout shelter
stress conditions (YS). So, stress tolerance index (STT) and
mean productivity (MP) were identified as suitable indices
to select drought-tolerant genotypes. This was reported that
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the maximum value of mean productivity (MP) revealed a
good parameters for identifiying drought tolerant maize
genotypes (Khatibi et al., 2022). The molecular studies
of the 324 F2 segregants were also conducted to assess
the presence of drought reproductive QTLs (qDTY 2.2
and qDTY 4.1) because these QTLs play very important
role for reproductive stage drought conditions. Parental
polymorphism was performed using 8 microsatellite markers
reported to be linked to drought reproductive QTLs. In this
analysis, 6 primers were found to be polymorphic. These
6 polymorphic drought linked SSR primers were RIM236
(qDTY2.2), RM279 (qDTY2.2), RM518 (¢DTY4.1),
RM335 (qDTY4.1), RM16368 (qDTY4.1) and RM551
(gDTY4.1). PCR amplification of the 324 F2 segregants
along with parents with these 6 polymorphic primers
confirmed presence of drought tolerant QTLs. If all paternal
amplicon type is considered to be tolerant to drought then
it can be concluded that the segregants having amplicons
aligned with paternal parent would be more drought
tolerant.

4. CONCLUSION

he assessment of 324 F2 segregates with the help of

drought tolerance indices recorded that plants no. 135,
199, 239,222, 42, 219, 265, 195, 165 and 261 had the best
genotypes with respect to the best mean rank. However,
plant no. 239 showed the highest grain yield under rainout
shelter stress conditions with very early flowering (98 days).
This plant also had two drought reproductive QTLs at four

markers confirmed with the help of molecular studies.
5. ACKNOWLEDGEMENT

oth authors are very thankful to the Birsa Agricultural

University, Ranchi for providing all the supports and
facilities. This research article is the part of the Ph.D
Research programme of Mr. Anjani Kumar (Enrollment
no-A/BAU/5129/2017) of the Department of Genetics
and Plant Breeding, Birsa Agricultural University,
Ranchi-834006.

6. REFERENCES

Abenavoli, M.R., Leone, M., Sunseri, F., Bacchi, M.,
Sorgona, A., 2016. Root phenotyping for drought
tolerance in bean landraces from Calabria (Italy).
Journal of Agronomy and Crop Science 202(1), 1-12.

Adhikari, M., Adhikari, N.R., Sharma, S., Gairhe, J.,
Bhandari, R.R., Paudel, S., 2019. Evaluation of
drought tolerant rice cultivars using drought tolerant
indices under water stress and irrigated condition.
American Journal of Climate Change 8(2), 228-236.

Anower, M.R., Boe, A., Auger, D., Mott, LW., Peel, M.D.,
Xu, L., Kanchupati, P., Wu, Y., 2017. Comparative

16

drought response in eleven diverse alfalfa accessions.
Journal of Agronomy and Crop Science 203(1) 1-13.

Anwaar, H.A., Perveen, R., Mansha, M.Z., Abid, M.,
Sarwar, Z.M., Aatif, H.M., ud din Umar, U., Sajid,
M., Aslam, H.M.U., Alam, M.M., Rizwan, M.,
2020. Assessment of grain yield indices in response to
drought stress in wheat (7¥iticum aestivum L.). Saudi
Journal of Biological Sciences 27(7), 1818-1823.

Bouslama, M., Schapaugh, T., 1984. Stress tolerance
in soybean. Part I: Evaluation of three screening
techniques for heat and drought tolerance. Crop
Science 24, 933-937.

El-Aty, A., Mohamed, S., Gad, K.M., Hefny, Y.A., Shehata,
M.O., 2024. Performance of some wheat (T¥iticum
aestivum L.) genotypes and their drought tolerance
indices under normal and water stress. Egyptian
Journal of Soil Science 64(1), 19-30.

Fernandez, G.C.J., 1992. Effective selection criteria for
assessing plant stress tolerance, In: Proceeding of the
International Symposium on adaptation of vegetable
and other food crops in temperature and water stress.
Taiwan, 257-270.

Fischer, K.S., Lafitte, R., Fukai, S., Atlin, G., Hardy, B.,
2003. Breeding rice for drought-prone environments.
International Rice Research Institute, Los Bafios,
Philippines.

Fischer, R.A., Maurer, R., 1978. Drought resistance in
spring wheat cultivars: I. Grain yield responses.
Australian Journal of Agricultural Research 29,
897-912.

Hooshmandi, B., 2019. Evaluation of tolerance to drought
stress in wheat genotypes. Idesia 37(2), 37-43.

Karimizadeh, R., Mohammadi, M., 2011. Association of
canopy temperature depression with yield of durum
wheat genotypes under supplementary irrigation and
rainfed conditions. Australian Journal of Crop Science
5,138-146.

Khatibi, A., Omrani, S., Omrani, A., Shojaei, S.H.,
Mousavi, S.M.N., Illés, A, Bojtor, C., Nagy, J., 2022.
Response of maize hybrids in drought-stress using
drought tolerance indices. Water 14, 1012.

Kilimo, T, 2018. Expanding rice markets in the East African
community. Regional Solution to Local Problems, 78

Kristin, A.S., Serna, R.R., Perez, F.1., Enriquez, B.C,,
Gallegos, J.A.A., Vallego, PR., Wassimi, N., Kelly,
J.D., 1997. Improving common bean performance
under drought stress. Crop Science 37, 43-50.

Kumar, A., Singh, D.N., Prasad, K., Pandey, A., 2020.
Performance of F2 rice (Oryza sativa L.) segregants
derived from a cross the BPT-5204/IR-64Drt1.
International Journal of Environment and Climate

Change 10(12), 31-47.



International Journal of Bio-resource and Stress Management, 16(7): 01-17

Kutly, I., Kinaci, G., 2010. Evaluation of drought resistance
indicates for yield and its components in three triticale
cultivars. Journal of Tekirdag Agricultural Faculty
7(2), 95-103.

Lin, C.S,, Binns, ML.R., Lefkovich, L.P,, 1986. Stability
analysis. Crop Science 26, 894-900.

Maazou, A.R.S., Tu,]., Liu, Z.,2016. Breeding for drought
tolerance in maize (Zea mays L.). American Journal of
Plant Sciences 7, 1858-1870.

Maclean, ].L., Dawe, D.C., Hardy, B., Hettel, G.P., 2002.
Rice almanac (third Edition), Philippines, IRRI,
WARDS, CIAT and FAO.

Manjappa, G.U., Shailaja, H., 2014. Identification of
drought tolerant and high yielding genotypes of rice
under aerobic condition. Oryza 51, 273-278.

Nazari, L., Pakniyat, H., 2010. Assessment of drought
tolerance in barley genotypes. Journal of Applied
Science 10(2), 151-156.

Ndikuryayo, C., Ndayiragije, A., Kilasi, N., Kusolwa, P,
2022. Breeding for rice aroma and drought tolerance:
a review. Agronomy 12(7), 1726.

Pandey, S., Bhandari, H., 2008. Drought: economic costs
and research implications. In Drought frontiers in rice:
crop improvement for increased rainfed production.
World Scientific publishing Singapore, 3-17.

Pandey, V., Shukla, A., 2015. Acclimation and tolerance
strategies of rice under drought stress. Rice Science
22(4), 147-161.

Raman, A., Verulkar, S., Mandal, N.P., Varrier, M., Shukla,
V.D.,Dwivedi, ].L., Singh, B.N., Singh, O.N., Swain,
P, Mall, A.K,, Robin, S., Chandrababu, R., Jain, A.,
Ram, T.R., Hittalmani, S., Haefele, S., Piepho, H.S.,
Kumar, A., 2012. Drought yield index to select high
yielding rice lines under different drought stress
severitie. Rice 5(31), 1-12.

Rezvi, H.U.A., Tahjib-Ul-Arif, M., Azim, M.A., Tumpa,
T.A., Tipu, M.M.H., Najnine, F., Dawood, M.F,
Skalicky, M., Brestic, M., 2022. Rice and food security:
Climate change implications and the future prospects

for nutritional security. Food and Energy Security
12(1), 430.

17

Rosielle, A.A., Hamblin, J., 1981. Theoretical aspects
of selection for yield in stress and non-stress
environments. Crop Science 21, 943-946.

Saed-Moucheshi, A., Pessarakli, M., Mozafari, A.A.,
Sohrabi, F., Moradi, M., Marvasti, F.B., 2022.
Screening barley varieties tolerant to drought stress
based on tolerant indices. Journal of Plant Nutrition
45(5), 739-750.

Sanjari-Pireivatlou, A., Yazdansepas, A., 2008. Evaluation
of wheat (Triticum aestivum L.) genotypes under pre
and post-anthesis drought stress conditions. Journal
of Agriculture Science and Technology 10, 109-121.

Shafazadeh, M.K., Yazdansepas, A., Amini, A., Ghannadha,
M.R., 2004. Study of terminal drought tolerance in
promising winter and facultative wheat genotypes
using stress susceptibility and tolerance indices. Seed
and Plant 20(1), 57-71.

Singh, S., Singh, T.N., 2000. Morphological, chemical
and environmental factor affecting leaf rolling in rice
during water stress. Indian Journal of Plant Physiology
5,136-141.

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K., Mohammadi,
V., 2006. Evaluation of drought resistance indices
under various environmental conditions. Field Crop
Research 98(23), 222-229.

Thiry, A., Davies, W], Ian, C., 2023. Isolating higher
yielding and more stable rice genotypes in stress
environments: fine-tuning a selection method using
production and resilience score indices. Frontiers of
Agricultural Science and Engineering 8, 10.

Zhang, ]., Zhang, S., Cheng, M., Jiang, H., Zhang, X., Peng,
C., Ly, X,, Zhang, M., Jin, ]., 2018. Effect of drought
on agronomic traits of rice and wheat: A meta-analysis.
International Journal of Environmental Research and

Public Health 15(5), 839.



