[ Downloaded from jcb.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jcb.15.46.115 |

Journal of Crop Breeding Vol. 15, No 46, Summer 2023 p: 115-132 @ ol
NS ov e ]

Sari Agriculture Sceinces and Natural

einces anc
Resources University

""Research Paper"

Assessment of Drought Tolerance in Soybean Genotypes Using Multivariate
Statistical Methods in Greenhouse Conditions

Mojtaba Neshaee Moghaddam?, Hamid Najafi Zarini?, Gholam Ali Ranjbar®and Ali
Pakdin Parizi*

1- PhD Student, Department of Plant Breeding, Sari University of Agricultural Sciences and Natural Resources, Iran
2- Associate Professor, Department of Plant Breeding, Sari University of Agricultural Sciences and Natural
Resources, Iran, (Corresponding author: h.najafi@sanru.ac.ir)

3- Professor, Department of Plant Breeding, Sari University of Agricultural Sciences and Natural Resources, Iran
4- Assitant Professor, Tabarestan Agricultural Genetics and Biotechnology Research Institute, Sari University of
Agricultural Sciences and Natural Resources, Iran
Received: 3 January, 2022 Accepted: 1 January, 2023

Extended Abstract

Introduction and Objective: Soybean (Glycine max L.) is one of the most important oil crops
whose yield can be affected by drought stres

Material and Methods: In order to investigate the drought stress tolerance as well as yield and
yield components of 45 soybean genotypes in greenhouse conditions, an experiment was
conducted as a factorial arrangement in a completely randomized design (CRD) with three
replications at Sari University of Agricultural Sciences and Natural Resources during 2019. The
experimental treatments included different soybean genotypes and three levels of irrigation
regimes include normal condition, moderate and severe drought stresses with 15, 40 and 75%
soil moisture depletion, respectively.

Results: The results of variance analysis indicated that the interaction between genotype and
stress were significant for all the studied traits and also means comparisons of the traits shows
that the negative effects on yield and yield components are more evident with increasing stress
intensity. The highest seed yield in normal irrigation and moderate drought was related to
Columbus genotype, whereas higher yield under severe drought stress was obtained for the
OhioFG2 genotype, which is due to an increase in number of pods, number of seeds per pod and
seed weight. Correlation between agronomic traits indicates that in all three stress levels, seed
yield has a positive and highly significant (p<0.01) correlation with number of pods per plant
and number of seeds per plant. Based on the results of regression analysis, in each of stress
levels, seeds number per plant and seed weight were entered into regression model, and in
normal condition, moderate and severe drought stresses justified 97, 84 and 97% of the changes
related to the seed yield, respectively. The means comparisons of the tolerance indices in normal
condition-moderate drought stress showed that the highest indices for mean productivity (MP),
harmonic mean (HM), stress tolerance index (STI) and geometric mean productivity (GMP)
were related to genotypes Columbus and Hill, while genotypes Emperor and Bonus had greatest
value for the indices in normal condition-severe drought stress, which indicates the existence of
resistance potential for these genotypes. Based on the results of cluster analysis of the tolerance
indices in normal condition-moderate drought stress and normal condition-severe drought stress,
genotypes are placed in three separate groups. Accordingly, genotypes placed in the first,
second and third groups were identified as tolerant, semi-tolerant and sensitive genotypes,
respectively. The result of principal components analysis showed that two components justified
93.34% in normal condition-moderate drought stress and 96.54% in normal condition-severe
drought stress of total variations. Also, first component of geometric mean productivity (GMP)
and the second component of stress susceptibility index (SSI) had highest values in both
conditions. By using biplot analysis based on the first and second components, Columbus, Hill
and Williams genotypes were placed in high yielding and stress tolerant area.

Conclusion: The cultivars of Columbus, Hill, Williams, Bonus, Emperor and Ohio FG2 have
tolerance potential compared with other genotypes and are suggested as tolerant genotypes to
drought stress.
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Table 3. Mean comparison of traits in lines studied under normal and drought stress conditions
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13.1 18.6 0.22 0.24 595 2.5 14 235 175 72.9 1
15.9 16.6 0.19 0.79 825 2.5 4.4 325 10.54 84.4 2
18.24 165 0.17 0.66 108.8 3.1 45 36.1 30.33 100.01 3
17.4 18.6 0.24 0.61 705 1.2 4.35 35.1 175 62.5 4
22.86 19.2 0.16 0.63 141.1 3.1 4.9 47.11 25.2 86.13 5
24.86 21.2 0.25 0.85 975 311 4.45 325 22.4 86.6 6
12.9 175 0.16 0.68 80.23 2.5 3.25 325 16.51 97.5 7
235 224 0.24 0.83 96.15 3.1 5.1 32.05 21.11 775 8
17.17 17.2 0.17 0.73 97.15 311 5.25 33.51 11.2 82.5 9
14.95 19.2 0.23 0.69 65.11 2.5 4.25 25.7 29.9 102,51 10
18.28 19.1 0.21 0.69 86.11 2,51 3.4 34.7 275 78.3 11
35.1 13.9 0.15 0.63 125.11 3.08 4.95 75.12 19.52 110.11 12
378 21.9 0.18 0.86 1025 311 5.45 67.7 24.54 90.19 13
20.34 153 0.2 0.51 97.3 1.2 45 315 25.41 87.5 14
17.16 178 0.21 0.51 53.1 2.2 3.75 49.13 19.1 74.52 15 o
9.79 14.6 0.16 0.49 1075 2.5 4.25 425 224 84.12 16 °
20.19 14.7 0.18 0.62 70.1 2.5 4.6 271 23.01 87.1 17 gl
1255 18.4 0.15 0.49 67.5 2.5 4.25 275 20.5 925 18 Normal
12.01 18.8 0.21 0.68 56.2 2.5 45 23.1 22.2 95.1 19 irrigation
24.88 16.6 0.18 0.67 53.3 1.2 4.25 265 24.6 90.01 20
26.43 193 0.27 0.52 795 2.5 4.45 314 225 97.2 21
135 20.18 0.26 0.81 555 2.5 4.8 275 245 82.21 22
20.73 24.12 0.26 0.77 45.1 1.2 4.9 18.2 185 64.5 23
3.3 1.95 0.02 0.08 15.62 0.32 0.29 4.86 2.88 5.08 LSD 5%
4.67 2.76 0.032 0.11 22.09 0.45 0.42 6.87 4.08 717 HSD5%
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11.33 372 02 0.65 041 25 51 475 211 69.5 24
11.34 18.1 02 0.64 129.1 12 475 4311 131 82,5 25
25.74 20.1 0.19 0.87 67.5 31 475 223 19.5 59.01 26
19.3 16.9 0.17 0.83 106.5 31 5.1 35.54 205 725 27
16.99 16.8 0.17 07 66.21 31 4.95 2221 135 84,5 28
19.95 15.1 033 0.65 64.5 31 38 26.51 19.12 67.5 29
12.15 19.7 0.16 0.94 74.21 25 475 31.14 20.02 70.01 30
26.49 28.4 02 075 1155 25 525 495 16.5 85.21 31
17.25 40.4 023 061 83.5 25 475 3451 175 61.2 32
15.06 26.1 02 0.99 87.2 25 525 29.11 19.11 1025 33
15.6 434 0.18 0.88 60.1 31 5.1 2351 15.51 925 34
7.79 34.6 0.25 051 165.5 25 34 55.1 17.6 81.67 35
6.12 241 0.14 0.98 69.10 31 435 29.7 241 64.1 36 )
11.05 38.4 0.16 0.68 66.12 25 5.1 224 135 65.51 37 vill‘:;nf;:ﬁ‘
25.65 213 0.12 0.65 108.10 31 475 36.9 17.1 835 38 irrigation
24,55 428 0.12 0.67 485 31 425 19.5 18.9 545 39
14.7 214 0.19 0.42 51.2 25 34 21.3 20.22 53.8 40
15.96 15.6 0.24 0.41 87.5 25 405 15.5 155 975 41
20.25 14.7 0.15 054 135.1 25 42 45.62 18.9 90.21 42
16.5 16.6 0.16 059 100.2 1.2 445 50.5 3411 735 43
19.5 20.2 02 0.48 97.5 1.2 355 325 25.1 525 44
20.1 19.3 02 0.39 98.17 1.2 3.96 49.82 235 72.52 45
33 1.95 0.02 0.08 15.62 0.32 0.29 4.86 2.88 5.07 LSD 5%
467 276 0.033 0.11 22.09 0.45 0.44 6.87 4,08 7.17 HSD 5%
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528 16.9 017 0.36 311 12 4.05 155 165 66.12 1
6.43 11.3 0.15 0.49 411 12 44 20.5 20.22 75.5 2
9.78 11.4 0.13 0.42 722 25 4.15 29.2 255 975 3
7.45 12.4 0.16 0.39 455 214 4.05 225 175 70.35 4
13.25 14.3 0.16 0.52 835 25 14 342 21.11 77.14 5
12.45 15.1 017 0.69 69.9 25 14 27.51 19.12 89.91 6

6.8 155 0.15 0.43 455 12 3.65 225 12.13 94.4 7
8.52 17.2 0.18 0.45 471 12 475 235 19.9 80.11 8

72 155 0.12 06 5813 25 4.9 24.6 115 72,5 9
537 15.3 0.11 0.43 475 211 1.4 235 295 79.22 10 »
10.59 17.4 017 0.47 606 25 39 225 245 63.13 11 O
15.3 12.9 0.14 0.55 9922 25 1.4 38.12 205 825 12 oo
18.52 16.5 0.18 0.69 %65 25 5.4 38.11 265 97.14 13 Moderate
10.3 115 0.19 0.43 63.7 2.2 4.35 15.11 21.35 78.88 14 stress
8.64 13.8 0.14 0.49 4422 29 1.4 2221 19.23 875 15
6.27 12.4 0.12 0.35 925 25 14 375 15.6 90.5 16
9.94 11.9 0.13 0.4 382 12 4.15 19.16 18.8 87.13 17
10.4 155 0.11 0.37 4211 22 3.9 21.11 205 83.11 18
9.28 16.5 0.14 0.48 21 12 14 21.12 20.11 85.2 19
11.46 14.2 0.19 0.49 4321 12 42 215 175 85.21 20
15.52 16.2 0.25 0.43 532 12 14 26.5 24.6 94.5 21
7.29 18.1 0.13 0.62 527 12 4.25 26.11 24.53 735 22
16.78 20.3 0.14 0.79 405 12 46 16.4 225 56.11 23

33 1.95 0.02 0.08 1562 032 0.29 7.86 2.88 507 LSD 5%

467 2.76 0.032 0.11 2209 045 0.42 6.87 4.08 7.17 HSD 5%
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3.5 25.4 0.17 0.49 90.2 12 4.25 3551 15.2 76.51 24
7.45 13.8 0.19 0.44 112.1 2.5 4.6 37.05 19.11 82.1 25
11.18 175 0.13 0.57 4211 25 4.25 16.58 16.2 535 26
17.77 14.6 0.13 0.72 90.5 3.1 4.15 35.21 22.2 77.14 27
9.14 10.1 0.19 0.37 27.2 2.5 4.05 135 23.51 64.5 28
13.3 13.2 0.13 0.48 55.1 25 5.25 27.8 16.23 64.1 29
7.57 13.8 0.16 0.7 58.13 1.2 3.4 29.11 18.41 76.11 30
11.24 20.6 0.15 0.65 67.5 12 3.85 22.5 10.1 66.5 31
8.39 27.4 0.21 0.41 89.2 1.2 4.5 35.8 21.2 57.1 32
4.48 17.7 0.16 0.44 85.5 31 4.2 28.5 175 92.5 33 Yy
8.1 27.4 0.15 0.63 325 25 4.25 12.5 13.23 61.11 34 YR
4.94 25.46 0.16 0.65 667 12 4.25 33.33 18.35 70.23 35 Moderate
5.88 19.8 0.12 0.63 54.1 25 4.25 27.2 25.1 65.11 36 stress
4.38 25.5 0.15 0.67 28.1 1.2 14 14.3 135 51.5 37
8.3 25.4 0.11 0.55 64.7 1.2 4.4 25.27 21.2 56.25 38
6.4 24.7 0.11 0.62 22.5 1.2 14 13.1 20.51 51.33 39
6.8 23.4 0.15 0.5 53.21 2.5 4.15 20.5 22.5 54.5 40
8.64 13.2 0.16 0.36 38.1 25 4.05 19.1 16.2 63.11 41
6.5 12.6 0.12 0.3 55.5 2.5 3.9 27.1 215 80.11 42
5.6 15.1 0.14 0.42 40.1 12 3.85 20.2 29.2 7211 43
7.5 12.7 0.17 0.46 55.11 1.2 4.25 22.54 23.25 54.5 44
9.1 14.1 0.15 0.35 60.23 2.5 3.4 30.1 22.7 67.5 45
3.3 1.95 0.02 0.08 15.62 0.32 0.29 4.86 2.88 5.07 LSD 5%
4.67 2.76 0.032 0.11 22.09 0.45 0.42 6.87 4.08 717 HSD 5%
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2.3 11.3 0.11 0.36 20.5 1.2 3.75 10.1 125 62.5 1
3.25 8.2 0.1 0.38 311 1.2 4.15 15.51 20.20 70.1 2
3.71 11.2 0.09 0.41 39.9 2.2 14 19.54 21.47 77.5 3
5.3 9.3 0.12 0.48 40.5 221 4.7 22.64 12.5 62.5 4
3.45 9.7 0.1 0.33 35.5 1.2 4.05 17.15 20.11 80.11 5
9.15 12.2 0.13 0.57 65.23 2.61 4.35 25.11 23.77 88.5 6
5.64 135 0.14 0.39 40.23 1.2 3.05 20.01 275 77.5 7
5.7 12.2 0.13 0.43 43.11 2.5 3.35 17.77 21.14 77.51 8
4.97 11.18 0.1 0.47 47.22 2.52 4.8 19.1 13.2 71.12 9
3.60 11.7 0.11 0.38 27.22 211 3.65 13.52 23.6 87.5 10 i
4.75 13.1 0.11 0.33 43.72 2.22 3.75 21.53 22.5 58.5 11 R
6.72 12.7 0.14 0.44 48.5 2.2 3.75 24.6 145 79.23 12 Ll
3.92 16.7 0.09 0.49 41.11 2.5 4.15 20.55 20.54 71.5 13 Severe
3.2 105 0.21 0.44 30.22 2.25 4.65 26.54 24.2 62.22 14 stress
3.65 10.3 0.1 0.34 35.11 2.7 3.75 17.54 2211 72.51 15
3.86 10.2 0.1 0.32 44.1 1.2 3.75 22.2 22.7 85.2 16
4.35 9.2 0.09 0.38 345 1.2 14 17.4 215 81.5 17
5.04 55 0.1 0.27 31.23 1.2 3.75 15.51 19.9 82.5 18
5.52 10.9 0.1 0.29 33.6 1.2 3.85 16.5 20.16 86.14 19
7.68 9.3 0.12 0.47 38.11 1.2 3.95 19.2 20.1 87.5 20
6.94 13.1 0.12 0.4 25.5 1.2 3.9 14.11 21.12 62.11 21
3.37 12.5 0.11 0.37 38.11 2.5 3.45 15.63 22.21 62.12 22
11.26 16.5 0.11 0.63 27.2 2.5 4.7 9.11 22.5 50.5 23
3.3 1.95 0.02 0.08 15.62 0.32 0.29 4.86 2.88 5.07 LSD 5%
4.67 2.76 0.032 0.11 22.09 0.45 0.42 6.87 4.08 7.17 HSD 5%
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3.2 121 0.16 0.35 60.5 3.1 34 24.2 16.3 72.9 25
492 135 0.07 0.54 21.1 2.5 3.25 125 18.51 52.75 26
33 14.3 0.11 0.45 68.15 1.2 1.4 34.41 18.11 80.11 27
3.8 8.7 0.14 0.45 20.1 1.2 1.4 10.10 23.22 63.2 28
6.6 10.10 0.1 0.32 29.11 1.2 3.5 14.51 17.8 52.5 29
352 10.5 0.09 0.35 36.9 1.2 4.45 18.09 23.32 69.14 30
489 17.6 0.12 0.6 33.1 1.2 1.4 16.5 17.2 63.11 31
4.35 23.6 0.12 0.36 40.1 1.2 4.6 20.2 2251 59.23 32
2.88 13.8 0.12 0.39 52.2 25 4.05 21.12 19.21 83.1 33
1.2 17.33 0.1 0.47 30.11 2.3 3.7 13.33 26.23 64.12 34
2.95 23.32 0.1 0.43 413 2.3 3.77 18.2 18.9 49.12 35
2.2 13.5 0.14 0.56 31.1 1.2 4.25 15.5 21.5 66.5 36
435 23.6 0.09 0.35 26.6 1.2 3.9 13.1 14.2 43.58 37
3.25 22.8 0.08 0.53 28.11 1.2 3.75 14.2 28.12 51.16 38 o
3.1 22.2 0.12 0.44 21.11 1.2 3.8 10.5 18.51 52.22 39 s
2.92 16.1 0.1 0.51 30.1 1.2 3.3 15.5 18.54 46.22 40 Se.
2.34 12.2 0.09 0.27 26.2 1.2 3.9 13.45 22.51 53.5 41 ?Vere
35 10.17 0.1 0.25 35.7 1.2 3.9 17.52 275 82.22 42 stress
3.2 11.01 0.1 0.38 31.2 1.2 4.02 15.5 2212 66.12 43
3.7 11.6 0.11 0.4 35.21 1.2 3.3 18.59 11.2 51.1 44
2.9 14.8 0.1 0.31 28.91 1.2 1.4 14.12 25.51 68.11 45
LSD
3.3 1.59 0.02 0.08 1562  0.32 0.29 4.86 2.88 5.07 5%
4.67 2.76 0.032 0.11 2209 045 0.42 6.87 4.08 7.17 HSD
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Table 4. Correlation between the studied traits in optimal irrigation conditions
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Plant height
BIE cn ok €)
1 0.04" )
Height of the lowest
pod to the ground
. G pd S Dlaws
1 0.22 0.36 Number of pods per
plant
e Joo
1 15™ -0.2m .16™ e
0.15 0 0.16 Sheath length
M > &l slaws
1 0.2 -0.1m -0.32 0.15™ Number of seeds per
pod
" N Gy b dlaws
1 0.21m 0.25™ 0.92 0.09" 04 Number of seeds per
plant
1 0.01" 0.19™ 0.49 -0.11m -0.06™ 0.15™ S o
Pod weight
1 0.3 -0.3" 0.24" 0.1% 0.23 0.4 -0.15™ b ¢
Seed weight
&l do (39
1 0.14" 0.2" -0.1™ 0.5™ 0.16™ -0.05™ -0.19™ -0.13" Weight of one
hundred seeds
Gy &by 5 Slas
1 0.43™ 0.22" 0.22" 0.86™ 0.08™ 0.32m 0.82™ 0.19™ 0.32" Seed yield per plant

ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Table 5. Correlation between the studied traits in moderate stress conditions
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1 L. gl
Plant height
B¢ oy omb W)
1 0.1 o]
Height of the lowest
pod to the ground
. G pd B dlaws
1 0.06"™ 0.47 Number of pods per
lant
e Joo
1 0.1™ -0.07™ 0.17™ <
Sheath length
e ab oluw
1 0.1 03" -0.15™ -0.14™ Number of seeds per
pod
Gy > &l sl
1 0.6" 0.12™ 0.93" -0.02 0.37™ Number of seeds per
plant
1 0.1m™ 02" 0.05" 0.08™ 0.05™ -0.1m™ M 039
Pod weight
1 0.3 0.14" 0.15™ 0.17m 0.02" -0.04"™ 0.2m b Q}.j
Seed weight
PUORW
1 0.08" 0.26™ 0.1 0.3% -0.07 0.1 0.09" -0.53™ Weight of one
hundred seeds
1 0.05" 0.27 0.28™ 0.9™ 0.53" 0.3 0.84™ 0.06™ 0.4m G2 52 b 3 Slas

Seed yield per plant

ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Table 6. Correlation between the studied traits in severe stress conditions
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Plant height
BIE ooy omb W)l
1 0.23ns o)
Height of the lowest
pod to the ground
Ly > AU dlasy
1 -0.2ns 0.57* Number of pods per
plant
S oo
1 -0.17% 0.13 -0.05% e
ns Sheath length
AU > aily slaw
1 0.05ns 0.09ns -0.1ns 0.15ns Number of seeds per
pod
G, by dlaws
1 0.48* -0.15ns 0.9%* -0.12ns 0.52* Number of seeds per
plant
1 0.3dns  0.25ns 0.1ns 0.3ns 0.01ns 0.05ns S o
Pod weight
1 0.64* 0.25ns  0.23ns 0.1ns 0.21ns 0.22ns 0.15ns < 039
Seed weight
&b se i
1 0.2 ns 0.36ns 0.03ns 0.03ns 0.11ns -0.06ns 0.03ns 0.44* Weight of one
hundred seeds
1 0.13ns 0.64% 0.54* 0.88**  0.43* -0.1ns 0.8%* -0.02ns 0.46* 32 3 b 2,Slas
Seed yield per plant

2oV g0 Jleisl zolaw )0 I xe g I cxe puE i gy i g % NS

ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Table 7. Stepwise regression analyiss for seed yield as dependent variable and other traits as independent variables in
normal irrigation .moderate and severe stress conditions

b S S glbe 5l 025 R
Severe stress Moderate stress Normal irrigation Jv_\n 4 ol alsl caw
2 1 2 1 2 1 Trait added to the model
- colidae
-1.32 -4.99 0.26 -6.55 3.9 ?
14.5 constant number
0.155 0.136 0.151 0.147 0.15 0.18 G2 o b i
Number of seeds per plant
b -
36.55 - - - 78.55 - R 9
Seed weight
- - 17 - - - S Jobo
Sheath length
2\ . - N
0.97 0.78 0.84 0.8 0.97 0.73 (R®) e o

Coefficient of determination
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Table 8. Means comparisons of stress tolerance indices in optimal irrigation - moderate stress

o oS oasls ool Ol & Jooo oasls oSke &l ke
‘f&;)’ S oz S & sl e 3Slee JINETS 3Sle Sgela )
(Ys) (TOL) (Ssl) (MP) (STI) (Yl (GMP) (YsI (HM)

131 5.28 782 122 9.19 023 053 832 04 753 i
15.9 6.43 9.47 1.22 11.17 0.33 0.72 10.11 0.4 9.16 2
18.24 9.78 8.46 0.95 14.01 0.58 1.09 13.36 0.54 12.73 3
17.4 7.45 9.95 1.17 12.43 0.42 0.83 11.38 0.43 10.43 4
22.86 13.35 9.51 0.85 18.11 1.01 1.48 17.47 0.58 16.86 5
24.8 12.45 12.37 1.02 18.64 1.1 1.38 17.57 0.5 16.58 6
129 6.8 6.1 0.97 9.85 0.29 0.76 9.37 0.53 8.91 7
23.55 8.52 15.03 1.3 16.04 0.66 0.95 14.16 0.36 12.51 8
17.17 7.26 9.1 1.18 12.22 0.41 0.81 11.16 0.42 10.21 9
14.95 5.27 9.58 131 10.16 0.26 0.6 8.96 0.36 7.9 10
18.28 10.9 7.33 0.82 1462 0.66 122 14,51 0.6 137 11
35.1 15.33 19.77 1.15 25.22 1.79 171 23.2 0.44 21.34 12
378 1851 1929 101 2816 2.29 2.6 26.45 0.49 2453 13
20.24 10.3 10.01 1.01 15.34 0.69 1.15 14.5 0.51 12.7 14
1116 8.64 2.5 0.46 9.9 0.73 0.96 8.82 077 9.74 15
18.87 12.7 6.17 0.67 15.79 0.78 1.41 15.48 0.67 15.18 16
12156 4.74 7.82 1.27 8.65 0.19 0.53 7.72 0.38 6.88 17
1042 5.68 474 0.93 8.05 0.19 0.63 7.69 0.55 7.35 18
11,72 6.68 5.04 0.88 9.2 0.26 0.73 8.85 0.57 8.51 19
9.79 627 3.5 0.73 8.03 0.2 0.7 7.83 064 7.64 20
20.19 9.94 10.25 1.04 15.07 0.66 111 14.7 0.49 13.52 21
12.55 10.4 2.15 2.35 11.48 0.43 1.16 11.42 0.83 11.37 22
1251 9.8 3.23 0.53 i6.9 0.38 i3 1072 0.74 10:66 23
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Continue Table 8. Means comparisons of stress tolerance indices in optimal irrigation - moderate stress

i oasls Capls ooke & o3 oasls oSl &b Sl
u“(*’Y;SB N Oi 4 @L.o O 3 Slas APTANY 3, Sdes gﬁg’e)lm Y
(Ys) (TOL) (SSI) (MP) (STI) Y (GMP) (YSI) (HM)
2488 11.46 13.42 T1 18.17 0.03 1.27 10.98 0.45 15.69 27
24.63 15.52 9.11 0.75 20.28 1.25 1.73 19.55 0.62 19.14 25
135 7.29 6.21 0.94 104 0.32 0.83 9.92 0.54 9.47 26
20.73 16.87 3.86 0.38 18.8 1.14 1.88 18.7 0.81 18.6 27
11.13 3.51 7.62 14 7.32 0.13 0.39 16.25 0.32 5.34 28
11.24 7.45 3.89 0.7 9.4 0.28 0.83 9.19 0.66 8.99 29
25.74 11.18 14.46 1.15 18.51 0.95 1.25 17.4 0.44 15.69 30
19.3 8.77 10.53 1.11 14.04 0.55 0.98 13.1 0.45 12.6 31
16.99 14.90 2.09 0.25 15.95 0.83 1.66 15.91 0.88 15.8 32
19.95 133 6.65 0.68 16.63 0.87 1.48 16.29 0.67 15.96 33
12.15 7.57 458 0.77 9.86 0.3 0.84 9.59 0.62 9.33 34
26.49 11.24 15.25 0.17 18.87 0.97 1.25 17.26 0.42 15.78 35
17.25 8.39 8.86 1.05 12.82 0.47 0.93 12.03 0.49 11.29 36
15.06 4.48 10.58 1.43 19.77 0.22 0.75 18.21 0.3 6.01 37
15.6 8.1 75 0.98 8.85 0.41 0.9 11.24 0.52 10.66 38
7.79 4.94 2.85 0.75 6.37 0.13 0.55 6.2 0.63 6.05 39
6.12 5.81 431 0.1 5.97 0.12 0.65 5.96 0.95 5.96 40
11.05 4.38 6.77 1.23 7.72 0.16 0.49 5.96 0.4 6.27 41
25.65 8.3 17.35 1.38 16.98 0.71 0.82 14.59 0.31 12.54 42
24.55 6.4 17.7 1.51 15.48 0.51 0.71 12.53 0.26 10.15 ¥y
17.4 6.85 7.85 1.09 10.77 0.33 0.76 10.03 0.47 9.35 ¥
15.96 8.64 7.32 0.94 12.3 0.45 0.96 11.72 0.54 11.21 Yo
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Continue Table 8. Means comparisons of stress tolerance indices in optimum irrigation - severe stress
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N A oadls Comolus OSke 4 Jooos oasls Sike Sl oSbe
UM(‘:(S’)’ Suis e e s 3, Slos JRRLIS 3, Sles Sigoyln G )
(Ys) (TOL) (SSI) (MP) (STI) Y (GMP) (Ysl) (HM)
135 2.3 11.2 111 7.9 0.1 0.53 5.57 0.17 3.93 1
20.73 3.25 17.48 1.12 11.99 0.22 0.75 8.21 0.16 5.62 2
11.13 371 7.42 0.89 7.42 0.14 0.86 6.43 0.33 555 3
11.34 5.3 6.04 0.71 8.32 0.2 1.23 7.75 0.47 7.22 4
25.74 3.45 22.29 1.15 14.6 0.29 0.8 9.42 0.13 6.08 5
19.3 9.15 10.15 0.7 14.23 0.58 2.21 13.29 0.47 12.41 6
16.99 5.64 11.35 0.89 11.23 0.31 131 9.79 0.33 8.41 7
19.95 5.7 14.25 0.95 12.83 0.37 132 10.66 0.29 8.87 8
12.15 4.97 7.18 0.79 8.56 0.2 1.15 7.77 0.41 7.05 9
26.49 3.6 23.43 1.18 14.78 0.27 0.71 9.01 0.12 5.49 10
17.25 4.75 125 0.97 11.1 0.27 11 9.05 0.28 7.45 11
16.06 6.72 8.34 0.74 10.89 0.33 1.56 10.06 0.45 9.29 12
15.6 3.92 11.68 1.01 9.76 0.2 0.91 7.82 0.20 6.27 13
7.79 3.18 4,61 0.79 5.49 0.08 0.14 4.98 0.41 4.52 14
6.12 3.65 2.47 0.54 4.89 0.07 0.84 4,73 0.6 457 15
115 4.6 6.45 0.78 7.73 0.17 1.06 7.13 0.42 1.2 16
25.65 3.7 21.95 1.14 14.68 0.31 0.86 9.74 0.14 6.47 17
24.55 2.95 21.6 117 13.75 0.24 0.68 8.51 0.12 5.29 18
14.7 3.45 11.25 1.02 9.8 0.17 0.8 7.12 0.23 5.59 19
15.96 3.86 12.1 1.01 9.91 02 0.89 7.85 0.24 6.22 20
114 4.35 7.05 0.82 7.88 0.16 1.01 7.04 0.38 6.3 21
131 5.4 8.06 0.82 9.07 0.22 117 8.13 0.38 7.28 22
15.9 5.52 10.38 0.87 10.71 0.29 1.28 9.37 0.35 8.9 23
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Continue Table 8. Means comparisons of stress tolerance indices in optimum irrigation - severe stress

Y oS uasls ool ol & Jos o=sls o5ke Solub ool

s Suis Joosi A5 4 s A 3,Slas din 3,Slas Signyln 2D
(Yp) (Ys) (TOL) (ssl) (MP) (STI) 0! (GMP) (ysn (HM)

18.24 7.68 10.56 0.77 12.96 0.46 1.78 11.84 0.42 10.81 24
17.4 6.94 10.46 0.8 12.17 0.4 1.61 10.99 0.4 9.92 25
22.86 3.37 19.49 1.14 13.12 0.25 0.73 8.78 0.15 5.87 26
24.82 11.26 13.56 0.75 18.04 0.91 2.61 16.72 0.45 15.49 27
12.9 14 11.5 1.19 7.15 0.06 0.32 4.25 0.11 2.53 28
23.55 3.2 20.35 1.15 13.38 0.25 0.74 8.68 0.14 5.63 29
17.17 4.92 12.25 0.95 11.05 0.28 1.14 9.19 0.29 7.65 30
14.95 3.3 11.65 1.04 9.13 0.16 0.76 7.02 0.22 541 31
18.28 3.8 14.58 1.06 11.04 0.23 0.88 8.33 0.21 6.29 32
35.1 6.16 29.94 1.1 20.63 0.71 1.43 14.7 0.18 10.48 33
37.8 3.52 34.28 1.21 20.66 0.44 0.81 11.53 0.09 6.44 34
20.3 4.89 15.45 1.01 12.62 0.33 1.13 9.97 0.24 7.88 35
11.16 4.35 6.81 0.81 7.76 0.16 1.01 6.97 0.39 6.26 36
18.87 2.88 15.99 1.13 10.88 0.18 0.67 7.37 0.15 5.01 37
12.56 2.8 9.76 1.04 7.68 0.12 0.65 5.93 0.22 4.58 38
10.42 2.95 7.47 0.96 6.69 0.1 0.68 5.54 0.28 4.6 39
11.79 2.86 8.86 1.01 7.29 0.11 0.66 5.79 0.24 4.6 40
9.79 2.2 7.59 1.03 6.01 0.07 0.51 4.64 0.22 3.59 41
20.19 4.35 15.84 1.25 12.27 0.29 1.01 9.37 0.22 7.16 42
12.55 3.25 9.3 0.96 7.9 0.13 0.75 6.39 0.26 5.16 43
1251 3.1 9.41 1.01 7.81 0.13 0.72 6.23 0.25 4.97 44
24.88 2.92 21.96 1.18 13.9 0.24 0.68 8.52 0.12 5.23 45
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Table 9. Simple correlation coefficients between yield and indices related to stress tolerance under

optimum irrigation - moderate stress
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G Jew Sas S

(HM) (YsI) (G™P) (Y1) (sTn (MP) (sst) (TOL) (Ys) (Yp)
1 (YP) a5 g
1 0.87+ (Ys) Sis i
1 033 0.96%* (TOL) Jorss sl
1 0.92%* 036"  055* (SS1) i & ool
1 0.73%  093%  065*  -0.12% (MP) ol Sikie
1 0.89%* 0.99** 0.64* 0.6* 0.97** (STI) s &y Jooss
1 0.96%* 0.9%* 0.32™ -0.05™ -0.09™ 0.96** (Y1) 5,8des adlis
1 0.18™ 0.88%** 0.62* -0.27™ 0.9%* 0.05™ 0.96** (GMP) Lowiin (4o
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ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively
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Table 10. Simple correlation coefficients between vyield and indices related to stress tolerance under

optimum irrigation - severe stress
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1 -0.6% 0.9245 Joos a3l
(ToL)
1 0.934+ 0.68 0.14m O & Sl
(ssl)
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1 059  -098se 051" -0.984x 058 O & Jos
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ns, * and ** are non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1. Cluster analysis for studied soybean genotypes using stress tolerance and susceptibility indices based on Ward method in
normal irrigation and moderate stress
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Figure 2. Cluster analysis for studied soybean genotypes using stress tolerance and susceptibility indices based on Ward method in
normal irrigation and severe stress
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Table 11. Pnr&mpal component analysis for studied indices in soybean genotypes in normal irrigation and
moderate stress
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Table 12. Principal components analysis for studied indices in soybean genotypes in normal irrigation and
severe stress
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Figure 3. Biplot of drought tolerance indices and genotypes based on the first and second components in
moderate stress conditions.
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Figure 4. Biplot of drought tolerance indices and genotypes based on the first and second components in normal
irrigation and severe stress conditions
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