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Response of Chitti Bean (Phaseolus vulgaris L.) Lines to Drough Stress Based on
Tolerance Indices
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Table 1. Name and characteristics of chitti bean genotypes evaluated
in this experiment

S D) Sypp 3 S5 Sypp
No. Genotype code  Bushtype  No. Genotype code  Bush type
1 KS21212° 1 12 KS21201 2
2 KS21238 3 13 KS21191 3
3 KS21221 1 14 KS21233 3
4 KS21216 1 15 KS21321 3
5 KS21456 3 16 KS21193 2
6 KS21204 2 17 KS21397 1
7 KS21263 3 18 KS21248 1
8 KS21247 1 19 KS21184 3
9 KS21255 3 20 Sadri (check) 3
10 KS21239 1 21 KS21488 1
11 KS21181 1

el ok 3L 55 Sl il Y lSF

* All genotypes have been received from CIAT.
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Table 2. Combined analysis of variance for different traits of chitti bean genotypes in stress and nono-stress conditions in two years

MS ol o oKL
&7y AU Sy 655 Sy gl @35> NS ol
df. Days to flowering Days to maturity Plant height Pods/plant

S.0.V. Sl e N S N S N S N S

Year J 1 79.4" 20577 504.0" 40.0” 2698.5" 4532.4" 165.9™ 295.0"

Error st 4 2.5 22 75.9 12.0 86.2 388.0 11.2 8.0

Genotype 55 20 15377 23577 588.7" 376.1" 8035.5" 6682.2™ 29.9" 349"

Genotype x Year Jx 55 20 17.3" 65.4" 181.2" 85.4" 673.9" 147.0™ 19.9" 324"

Error st 80 0.33 0.58 81.34 1.89 130.01 51.17 6.62 3.42
N: Non stress condition RIS -R\)
S: Stress condition o5 Ll ,a S
* and **: Significant at 5% and 1% of probability levels, respectively o3 &S 5 oy g ezl o 53 s dan 55 KE K

Table 2. Continued Y J g sl
MS ol o oS
65T a3 &g s 4l slday e s dils sl als Ao O als ;ng.g.c
df. Seeds/plant Seeds/pod 100 Seed weight Seed yield

S.0.V. e b N S N S N S N S

Year Ju 1 223447 125027 0.10 0.22 284.70" 563.3" 9671178.3" 11390000.0"

Error st 4 215.2 22.9 0.13 0.36 3.65 23.9 294558.5 172209.8

Genotype N 20 4958" 279.9" 1.23" 0.99" 302.60"" 239.1" 1760705.1" 628993.1"

Genotype x Year Jlx g5 20 4722 214.6" 0.35" 0.66™ 21.20" 30.6™ 744375.7" 314790.9"

Error s 80 88.7 42.8 0.15 0.12 4.15 6.05 168138.7 54379.6

N: Non stress condition
S: Stress condition

* and **: Significant at 5% and 1% of probability levels, respectively
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Table 3. Comparison of means of different traits of chitti bean genotypes in non stress

conditions
T AU 5, G 5, gl OMe sl Gy dls sl s abslis dlsdw 0y als s Shee
g Sy SN
Genotype Days to Days to Plant Pods/plant ~ Seeds/plant ~ Seeds/pod 100 Seed  Seed yi_?ld
flowering  maturity h(elgl)lt weight (g)  (kgha™)
cm
1 46.5k 96.8c-h 39.5§) 9.5cde 30.2d-f 3.2d-i 31.5fg 2432.0d-h
2 47.3jk 90.2fgh 67.9f 11.2ad 28.8ef 2.61 32.0fg 1752.0h
3 51.5h 104.8a-f 41.2ij 13.2a-d 43.9a-¢ 3.3¢-h 31.3fg 2756.0b-¢
4 53.3e 105.3a-f 44.3hij 15.4a 51.8ab 3.3¢-h 30.4g 2687.0b-f
5 55.2d 105.0a-f  112.0bc 14.5ab 42.8a-¢ 2.9f- 42.8cd 2582.0c-g
6 52.7ef 99.5b-g 63.9fg 12.5a-d 36.7 b-f 3.0e-i 44.8bc 2226.0f-h
7 52.5efg 106.2a-f 96.3cd 13.8abc 44.8a-¢ 3.2d-i 34.2f 2407.0d-h
8 51.7gh 106.3a-¢ 47.5ghi 13.2a-d 47.2abc 3.6a-f 26.7h 3013.0a-d
9 62.5a 115.5ab 87.8de 12.4a-d 43.2a-e 3.5b-g 44.7bc 3021.0a-d
10 47.0jk 87.8gh 31.14 12.1a-d 32.4c-f 2.7hi 34.1f 1858.0h
11 47.5j 110.3a-d 46.9ghi 10.3b-e 40.1a-f 3.9abc 30.4g 3167.0abc
12 53.0ef 93.8f-h 67.8f 8.9de 25.3f 2.8ghi 40.3de 2306.0d-h
13 58.0c 112.7abc  141.6a 13.1a-d 54.5a 4.2a 44.Tbc 3341.0ab
14 52.2fgh 99.8b-g 64.6fg 11.5a-d 36.4 b-f 3.2d-i 37.9¢ 1921.0gh
15 62.0ab 118.3a 127.0b 11.5a-d 46.9a-d 4.0ab 44.6bc 3589.0a
16 52.8ef 95.5d-h 76.2ef 9.4cde 39.5a-f 4.1ab 48.6a 3358.0ab
17 53.2e 94.7d-h 61.0fgh 11.6a-d 43.7a-¢ 3.7a-d 49.4a 2033.0fgh
18 48.7i 108.8a-¢ 40.3ij 9.8cde 36.2b-f 3.7a-d 30.3g 2159.0e-h
19 61.5b 118.8a 139.0a 14.7ab 55.7a 3.6a-¢ 46.5ab 2985.0a-d
20 49.51 99.5b-g  126.0ab 9.2de 30.4c-f 3.3c-h 42.3cd 2669.0b-f
21 44.81 82.2h 25.3j 6.5¢ 23.8f 3.7a-d 42.7cd 1985.0fgh
Sk
Mean 52.5 102.5 73.6 11.6 39.7 34 38.6 2583

.(;,isbu!;.u%ofﬂ)m'/.\ Jk}'c@)})bﬁg})\&‘u\juf)}&f):QL;.#J_’?\{LA;.;JL:&

Means with similar letters in each column are not significantly different at 1% level of probability (Duncan’s multiple range test).

For name of genotypes see Table 1.
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Table 4. Comparison of means of different traits of chitti bean genotypes in stress

conditions
s AU 5, G 5, gl OMe sl Gy dls sl s abslis dlsdw 0y als s Shee
Lty Sy SN
Genotype Days to Days to Plant Pods/plant ~ Seeds/plant ~ Seeds/pod 100 Seed  Seed yi_?ld
flowering  maturity h(elgl)lt weight (g)  (kgha™)
cm
1 44.5n 101.2fg 29.1f 13.3abce 37.9abc 2.8b-f 26.9hi 1354.0c-h
2 49.0kl 100.7fgh 78.6¢ 10d-h 22.0e-h 2.2¢g 29.9fgh 1055.0ghi
3 50.01ij 101.7efg 30.7f 12.1a-¢ 33.9a-d 2.8b-f 26.6hi 1418.0c-g
4 58.5d 111.7b 29.6f 13.1ab 33.5a-e 2.7d-g 26.0hi 1597.0a-¢
5 58.7d 105.2¢ 79.1c 8.5f-i 24.5d-h 2.9b-e 35.0cde 1141f-i
6 52.8¢g 104.8c 46.9¢ 10.3c-h 28.9b-h 2.7c-g 41.9a 866.0i
7 54.0f 104.2cd 80.6¢ 14.5a 28.9b-h 2.3fg 28.8gh 1354.0c-h
8 50.7ij 103.8cde 31.2f 11.5a-f 37.9abc 3.3abc 24.1i 1930.0a
9 66.0a 111.5b 105.5b 13.3abc 38.4ab 3.0bcd 41.7a 1615.0a-d
10 48.21 96.0k 24.7f 9.2¢-i 21.8fgh 2.4e-g 28.6gh 1026.0ijk
11 50.05k 102.5def 31.1f 10.3¢c-h 32.7a-f 3.2a-d 26.2hi 1920.0a
12 57.8de 98.8hij 54.2¢ 10.2¢c-h 27.9b-h 2.6d-g 34.1cde 955.0hi
13 64.2b 110.7b 111.9ab 10.3c-h 38.8ab 3.7a 41.6a 1737.0abc
14 51.5hi 98.01ijk 52.9¢ 9.7e-h 29.8b-h 3.0bcd 31.2efg 982.0hi
15 60.8c 114.2a 117.5a 6.3i 18.3h 2.7c-g 42.5a 1856.0ab
16 50.0jk 100.2ghi 65.9d 7.1hi 25.9d-h 3.7a 39.7ab 1507.0b-f
17 52.2gh 97.5jk 51.9¢ 9.4e-h 30.2b-g 3.2a-d 41.1ab 1287.0d-h
18 50.7ij 111.2b 28.1f 7.8ghi 26.6¢-h 3.4ab 26.9hi 1204.0e-i
19 57.0e 114.3a 113ab 14ab 42.0a 3.0bcd 37.5bc 1428.0c-g
20 46.5m 114.7a 104.6b 11.0b-g 34.7a-d 3.1a-d 33.1def 1109.0f-1
21 41.30 81.51 24.1f 6.31 18.7gh 2.9b-¢ 35.3cd 1204.0e-i
Total 53.1 104 61.5 10.4 30.2 2.9 333 1359.0
mean
Reduction 11 -1.5 16.4 10.3 239 14.7 13.7 47.38
percentage
to normal
condition

*-: Indicates increase in trait with drought stress.

.(J.{S!:ALA:!:A‘.?;)}A)’T)M'/.\ Jblcla.a):)bs‘#g)\:ﬁl.éﬁg}:“}m):th;')}PL'lerisl:»
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Means with similar letters in each column are not significantly different at 1% level of probability (Duncan’s multiple range test).
For name of genotypes see Table 1.
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Table 5. Drought tolerance indices in chitti bean genotypes

s
Genotype YP YS MP GMP TOL STI SSI
KS21212 2432 1354 1892.7 1814.4 1077.6 0.49 0.94
KS21238 1752 1055 1403.6 1359.7 696.2 0.28 0.85
KS21221 2756 1418 2087.0 1977.0 1327.3 0.59 1.03
KS21216 2687 1597 2141.7 2071.2 1090.5 0.64 0.86
KS21456 2582 1141 1861.2 1716.1 1440.8 0.44 1.19
KS21204 2226 866 1546.3 1388.9 1359.6 0.29 1.30
KS21263 2407 1354 1881.3 1806.3 1052.0 0.49 0.93
KS21247 3013 1930 2471.2 2411.2 1083.1 0.87 0.76
KS21255 3021 1615 2317.6 2208.5 1405.7 0.73 0.99
KS21239 1858 1026 1440.8 1379.8 829.6 0.29 0.95
KS21181 3167 1920 2543.4 2465.9 1246.5 0.91 0.84
KS21201 2306 955 1630.5 1484.1 1350.3 0.33 1.25
KS21191 3341 1737 2538.9 2408.9 1603.8 0.87 1.02
KS21233 1921 982 1451.0 1372.9 939.0 0.28 1.04
KS21321 3589 1856 27222 2580.6 1723.2 1.00 1.03
KS21193 3358 1507 2432.4 2249.6 1850.1 0.76 1.17
KS21397 2033 1287 1660.2 1617.7 746.1 0.39 0.78
KS21248 2159 1204 1681.4 1612.1 955.5 0.39 0.94
KS21184 2985 1428 2206.5 2064.5 1557.3 0.64 1.11
Sadri 2669 1109 1888.9 1720.5 1559.2 0.44 1.24
KS21488 1985 1204 1594.3 1545.7 781.3 0.36 0.84

o2 Ls ST ¢ Jams (asLs TOL 3, Shes s Kke GMP el 5 Kl MP ¢ 25 bl 3 555 Shes Y ¢ 55 05 ol 3 53 5 Slas 1Y,

S 4 il a8 IS8T ¢ 25 4 Jao

Y,: Yield in non stress condition; Y: Yield in stress condition; MP: Mean prodectivety; GMP: Geometric mean
productivity; TOL: Tolerance; STI: Stress tolerance index; SSI: Stress susceptibility index.
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Table 6. Correlation coefficients between drought tolerance indices

Indices YP YS MP GMP TOL STI

YS 0.817"

MP 0.97" 0.93"

GMP 0.94" 0.96" 0.99"

TOL 0.83" 0.35 0.68" 0.6~

STI 0.94" 0.96" 0.99” 0.99 0.59"

SSI 0.15 -0.44" -0.07" -0.18 0.67" -0.18

For abbreviations of indices see Table 5.
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Fig. 1. Biplot based on STI and SSI indices
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Numbers inside the figure are genotype No. (see Table 1).
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Table 7. Principal component analysis of drought tolerance indices

ololy Al ad 5o
TOL SSI STI GMP MP YS YP  Percentage Componenet
of variance
0.57 -0.21 0.99 0.99 0.99 097 0.93 73.6 1
0.82 0.97 0.03 0.04 0.14 024  0.36 26.1 2

For abbreviations of indices see Table 5.
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