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Table 1. Combined analysis of variance of yield and component of yield in 33 bean genotypes in stress and non-stress
irrigation condition
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Table 2. Comparison of mean of yield and component of yield in bean genotypes in non-stress condition
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i g G olaay & g .
Genoty ol (5 I e Gk R (g2 0
enotype  Pods/plant 100-seed Days to Seed
Seeds/pod . . Seed length Seed wide . Yield/plant
weight maturity diameter

1 109.6 £14.1 5.32+0.28 16.5+0.9 97.3+1.7 8.5+0.2 6.3+0.1 4.5+0.1 99.7+12.3
2 130.7+15.5 3.52+0.24 29.£2.4 100.6+0.9 9.7+2.9 7.7£0.2 5.1+0.2 107.6+£8.5
3 144.7+4.24 4.26 +0.24 23.7+£1.2 100.6+2.2 11.3+0.2 7.7£0.2 5.7+0.2 98.8+3.9
4 117.4£15.7 3.86 +0.76 22.4+1 101£2 11.3+0.2 7.2+0.4 5.2+0.2 94.9£2.6
5 144.4+22.6 4+0.34 225424 99.3+1.7 11.3+0.3 7.4+0.1 5.9+0.4 134.1+2.7
6 80.5+2.5 3.72+0.24 51.9+4.38 120.3£6.3 16.1+0.2 7.7£0.2 5.5+0.6 133.5£3.7
7 150.2+5.6 5.06 £0.36 22.3+£1.2 98.3+1.2 11.0+0.2 6.6+0.2 5.440.1 142.2+8.6
8 101.7+4.9 3.52+0.28 21.3+0.8 97+2 11.6+0.3 7.6+0.2 4.4+0.2 83.0+4.5
9 79.4+6.6 4.06 +0.18 33.543.1 103.6+0.9 13.5+0.4 7.6+0.2 5.9+0.2 72.5+6.3
10 70.1£7.7 5.32+0.46 40.5+2.7 9943.8 13.5+0.4 9.6+0.2 7.240.1 109.2+7.6
11 83.4+3.1 5.2+0.22 16.2+£0.7 9942.5 8.9+0.1 6.0£0.1 4.5+0.1 78.4+5.4
12 75.3+6.1 3.86 +£0.28 254+1.4 98.6+0.3 10.1+0.3 7.0£0.2 6.0+0.1 60.6+2.1
13 77.2+5.9 4.6 +0.12 30.2+1.7 103.3+0.3 13.6+0.1 7.5+0.2 5.6+0.1 73.8+12.6
14 119.4+4.7 4.8 +0.58 28.2+£29 97.6+1.9 14.7+0.4 6.8+0.2 4.7+0.3 112.4+2.3
15 83.9+2.5 4.32+0.26 33.3+3.1 99.6+0.7 12.8+0.1 8.2+0.2 6.10.1 96.1£9.7
16 83.9+£5.9 4+0.58 32.1£3.7 98.6+1.4 13.6+0.2 8.3+0.1 6.5+0.1 93.545.3
17 128.2£1.6 5.46 +0.18 16.6 +1.1 101£0.3 10.0£0.3 5.7£0.3 4.4+0.06 108.5+0.6
18 125.5+5.5 4.72 +0.28 23.9+0.6 102.3+0.9 11.8+0.1 7.0+0.1 5.440.1 118.3+6.1
19 137.4+0.6 4.4+03 30.6+2.2 101+1.1 13.6+0.4 8.2+0.3 5.9+0.1 157+6.6
20 83.9+4.4 4.72 +0.34 29.7+£2.5 104+£1.1 11.9+0.2 7.2+0.3 5.4+0.2 93.24+4.1
21 9643.5 4.8 £0.76 26.6 £2.6 99.6+1.3 12.1+0.1 7.2+0.2 5.5+0.5 96.4+8.4
22 132.4+3.7 4.66 +0.14 31.7+0.8 100.6+1.8 12.0+0.1 7.1£0.3 5.9+0.2 180.6+9.7
23 147.4+0.1 5.8+0.3 284+1.4 96+0.6 11.7+0.2 7.8+0.2 5.1+0.2 181.4+2.8
24 163.2+12.2 4.92 +0.46 27.6 £1.7 100.6+0.9 13.3+0.5 7.540.3 5.0+0.3 191.6+5.7
25 139.6+7.3 42403 24.8+23 101+0.6 12.9+0.5 7.4+0.2 5.7+0.3 114.1+£2.9
26 96.4+8.2 4.12 +0.14 39.1+£23 102+1.7 14.9+0.2 6.8+0.1 5.840.2 118.6+3.2
27 126.1+23.7 4.52+0.24 52.9+0.1 125.6+0.3 13.8+0.5 8.8+0.3 5.8+0.3 242.2+4.5
28 122.2+6.4 4.46 +0.38 49.3 +£10.1 128+0.6 14.5+0.2 8.6+0.4 6.6+0.3 245.1£3.6
29 115.96+3.5 42+0.5 39.243.7 101+£2 15.6+0.5 8.8+0.3 6.7+0.2 130.6+2.8
30 79.60£2.6 3.66 +0.18 343+39 98.6+0.7 12.6+0.7 8.2+0.8 6.70.1 103.1£5.9
31 134.93+6.2 5.12 +£0.44 214+£13 93.6+0.9 11.7+0.1 6.3+0.2 5.0+0.2 118.4+8.7
32 146.04+5.7 54+0.2 17.7+0.8 100.6+1.4 10.2+0.2 6.6+0.2 5.1+0.2 95.2+4.6
33 96.21+4.5 3.72 +£0.78 19.3£1.7 96.3+1.4 10.4+0.3 6.1+0.1 5.0+0.1 67.5+4.4
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Table 3. Comparison of mean of yield and component of yield in bean genotypes in drought stress condition

Y L s - 01 S N ol R SN

cuigi) e dloxy & VW ERTSRIRT ¥) .

- 95 N (%) 5 Ml 39, : (iocas) (e slo) (o ko) I

Genotype Pods/plant 100-seed Days to maturity Seed

Seeds/pod . Seed length Seed wide . Yield/plant
weight diameter

1 71.55+8.1 5.6 £0.22 15.1+0.3 96+1 8.4+0.3 5.9+0.2 4.2+40.2 44.3+3.3
2 31.90+1.9 2.06 £1.22 13.8+7.1 67+33.5 8.8+4.44 5.1£2.6 3.9+1.9 18.1+2.6
3 46.75+4.1 2.92 +0.88 19.24£3.7 103.6+2.4 11.4+0.4 7.3£0.1 5.6+0.1 31.8+0.9
4 48.2+6.1 3.66 £0.24 19.3 £3.9 102+2.6 8.5+0.2 5.3£0.1 3.8+0.2 28.6+1
5 43.8+1.9 2.06 +£0.68 159 +8.1 66.3+33.2 8.1+4 4.842.4 3.6+1.9 55.4+2.7
6 13.1£2.6 3.86 £0.26 36.2+4.4 106.3+3.2 15.5+0.3 8.0+0.03 4.6+0.1 12.1+2.2
7 83.9+12.2 4.6 +0.88 254423 98.6+1.8 10.5+0.4 6.6+0.1 4.540.4 51.545.9
8 42.3+9.9 3.2+0.2 18.1+£3.8 97.3+2.2 9.2+0.5 6.7+0.1 3.9+0.2 21+2
9 232432 3.26 £0.64 17.1 £2.6 11849.6 9.9+0.2 6.1+0.2 4.4+40.2 8.5+2
10 10.5+1.3 3.12 +0.88 324 +£1.8 107.3+1.8 9.5+0.3 8.5+0.2 5.4+0.2 9.4+0.7
11 46.1+£5.9 4.4 +0.94 15.1+0.5 100£3.8 8.0£0.2 5.7£0.07 4.1£0.06 31.3+2.4
12 57.7+0.7 3.06 £0.06 21.842.2 96.3+0.8 8.4+0.7 6.1+0.2 5.6+0.5 31.2+43
13 103.3+0.9 3.06 £0.14 43.3+12.6 118+10.5 11.4+0.2 6.7+£0.4 4.9+0.2 41.4+2
14 105.743.5 4.06 +0.18 249423 100£2 11.6+0.7 5.4+0.2 3.7+0.08 66.3+6
15 73.8+1.8 34+0.3 30.2+43 99.6+1.2 9.5+0 7.2+0.2 4.340.2 51.8+0.7
16 53.1+3.7 3.2+0.42 23.1+0.5 101+£1.1 9.1+0.4 7.40.1 43404 34.542.8
17 38.4+6.7 4.8+0.3 13.4+0.3 98+1 7.6+0.08 5.3+0.2 3.6+0.3 16.3+1.5
18 23.1+4.7 3.32+0.18 15943.8 102.6+1.4 9.3+0.3 5.9+0.2 4.740.2 17.2+0.4
19 66.5+11.1 3.52 +0.64 22.5+0.8 105+1.5 10.7+0.4 6.8+0.2 4.840.2 49.6+0.8
20 16.3+1.4 14«14 8.9+8.9 33.6+33 3.9+3.9 2.1£2.2 1.6£1.7 11.3x0
21 58.0+1.0 3.72+0.4 243 +4.7 99+0 11.1+0.2 6.7+0.4 5.4+0.2 44.6+2.9
22 41.7+£1.2 3.32+0.38 26.7 +2.4 99.6+1.2 12.0+0.2 7.1x0.1 5.8+0.2 36.3+3.5
23 70.4+13.7 4.12 +£0.64 263 £1.5 96.6+0.6 10.9+0.2 6.7+0.1 4.540.3 63.0+2
24 29.2+0.7 2.06 +1.04 15.8 8.8 70£35 6.8+3.4 4.5+23 3.1£1.6 25.3£2.6
25 40.6+5.3 4.06 +£0.54 23.14£3.2 103.3+0.6 10.1+0.6 6.4+0.1 4.840.6 29.7+0.9
26 47.9+9.1 3.46 £0.06 275422 101.3+1.2 11.5+0.2 6.2+0.1 4.8+0.1 34.7+0.7
27 1.6+1.7 0.8 £0.78 15.1 £15.1 42.3+42 5.245.1 3.0+£2.9 2.3+2.4 68.72+0.4
28 47.6£2.3 1.2 £1.18 13.6 £13.6 41.3+41 4.2+4.1 2.9+2.9 22422 125+2.9
29 66+9.3 3.46 £0.26 39.6£2.4 103.3+1.3 11.4+0.7 6.8+0.3 5.4+0.2 26.4+1.8
30 37.6+3.1 4+0.42 26.8+£3.3 99.6+0.6 9.4+0.2 8.4+0.4 5.9+0.4 39.0+3.3
31 64.6+4.9 5.06 £0.28 16.8 £1.6 99.6+1.2 9.8+0.4 5.4+0.3 3.9+0.2 42.5+2
32 54.7+2.4 332404 16.6 £2.7 100.3+2.3 9.3+0.6 6.1+0.3 4.240.2 36.0+1.4
33 84.1+6.4 3.26 £0.46 19.4 0.6 98+1 6.9+2.8 5.9+0.06 4.740.4 40.2+1.7
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Table 4. Drought tolerance Indices and grain-yield in bean genotypes in stress and non-stress condition

il eSileo ] WL e Kl e Gig0 e sl @ comlee .
L2 T3]
G oShes JoyoSles  oles b $2905% G B e S
YS YP Yr Ysi GMP STI MP TOL SSI Genotype
88.673 199.52 55.048 0.44967 132.922 1.8097 144.098 110.85 0.1907 1
36.286 2153 83.078 0.16933 87.959 0.6807 125.795 179.02 0.7963 2
63.691 197.65 67.742 0.32267 112.188 1.2917 130.671 133.96 0.524 3
57.39 189.96 69.771 0.30267 104.379 1.2093 123.674 132.57 0.567 4
110.944 268.26 58.558 0.41433 172.339 1.6527 189.603 157.32 0.293 5
24278 267.1 90.799 0.092 79.654 0.36 145.69 242.82 0.987 6
103.127 284.5 63.847 0.36167 170.957 1.4633 193.813 181.37 0.4327 7
42 166.13 74.805 0.252 83.478 1.0207 104.065 124.13 0.663 8
17.117 145.17 87.531 0.12467 48.366 0.4517 81.142 128.05 0.8583 9
18.806 218.56 91.259 0.08733 63.833 0.3427 118.681 199.75 0.9047 10
62.769 156.88 59.417 0.40567 98.829 1.5913 109.822 94.11 0.3233 11
62.444 121.22 48.289 0.517 86.738 2.0573 91.832 58.77 -0.0667 12
82.987 147/73 40.862 0.59133 109.901 2.247 115.358 64.74 -0.349 13
132.778 2249 40.925 0.591 172.438 2.362 178.841 92.13 -0.442 14
103.714 192.23 44.789 0.552 140.732 2.152 147.971 88.51 -0.1993 15
69.083 187.06 62.505 0.375 113.175 1.465 128.073 117.98 0.4053 16
32.685 217.02 84.934 0.15067 84.032 0.6023 124.853 184.34 0.8227 17
34.5 236.67 85.315 0.14667 90.24 0.5817 135.583 202.17 0.828 18
99.389 314 68.218 0.31767 176.545 1.2657 206.694 214.61 0.535 19
22.76 186.56 87.75 0.12233 65.128 0.488 104.658 163.8 0.8603 20
89.206 192.89 52.452 0.47567 130.405 1.829 141.048 103.68 -0.1153 21
72.643 361.25 79.744 0.20233 161.444 0.797 216.944 288.6 0.7467 22
126.098 362.92 65.272 0.34733 213.909 1.2943 244.508 236.82 0.478 23
50.667 383.33 86.69 0.133 138.776 0.5257 217 332.67 0.8467 24
59.446 228.24 73.932 0.26067 116.446 1.0423 143.845 168.8 0.6473 25
69.492 237.33 70.671 0.29367 128.382 1.171 153.413 167.84 0.5853 26
68.72 484.46 99.41 0.00567 36.555 0.024 243.666 481.59 0.9943 27
250 490.33 48.998 0.51 350.064 2.0397 370.167 240.33 -0.0407 28
52.889 261.25 79.734 0.20267 117.392 0.8097 157.069 208.36 0.7457 29
78.129 206.25 62.216 0.378 126912 1.5293 142.189 128.12 0.392 30
85 236.94 63.435 0.36567 141.39 1.425 160.972 151.94 0.43 31
72.175 190.42 61.897 0.381 117.108 1.5157 131.296 118.24 0.3863 32
80.571 135.14 39.548 0.60433 104.04 2.3717 107.855 54.57 -0.497 33

o g bl gl cod bug) i i YT 50 9 5o 9 (o 32 9590 Glio (s o0l (oo o -0 Jgux
Table 5. Simple correlation coefficients between traits and yield in 33 bean genotypes in non-stress condition

Traits Ol 1 2 3 4 5 6 7 8

1. Pods/plant e o e dluss 1
2. Seeds/pod AU o ,d ol 0.309 1

3. 100-seedweight laVer e -0.261 -0.259 1

4. Days to maturity S, B 5, -0.044 -0.148 0.762" 1
5. Seed length S Jsb -0.163 -0.240 0.802" 0.473" 1
6. Seed wide JRUNEESPS -0.162 -0.252 0.746" 0.411°  0.620” 1

7. Seed diameter 5 ks -0.308 -0.283 0.647" 0.274 0.545"  0.787" 1

8. Yield/plant ails o Shee 0.535" 0.225 0.551" 0.620" 0.378" 0.394" 0.203 1

** and *: significant at probability levels of 1 % and 5%, respectively

30 0, Slee (69, 1) pils o yiiin g 00l Jow o)y oy
Ujj)ud)j—bd—j e AL Sl s uj..\_s.la)‘)_..u
Slyss 3l acs 0 Y70 el 4 Loy slocadss L;.\ﬁ...,)
2 plS A 6lS e )5y ailxe j0 0,5 A |y o Slas

Wil doy ) 5 00,0 O Jleil g (ol pixe lo pae a8 caiaolas (o iay KE ok

o by e Olsd o Slas ol Sl o jslate 4

@S @ 4z b ad plnil o5 4 65 (9 5 ) 42525 0 Sles
J9a2) s gam lyd )0 o8 @ 65 e S 5l Jol>
Logd locaigs Souw, b 5y, Slas a5 00,5 cuslic (A

ALe [y asle slass g asly oo (59 e 0 ML slass
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Table 6. Simple correlation coefficients between traits and yield in 33 bean genotypes in drought stress condition

Traits Sl 1 2 3 4 5 6 7 8

1. Pods/plant g o B sluss 1
2. Seeds/pod A o A ol 0.441" 1

3. 100-seed weight ala Ve o3 0.345" 0.229 1

4. Days to maturity S %y B 5, 0.381" 0.7317 0.5617 1
5. Seed length S Jgb 0.259 0.516" 0.708" 0.753" 1
6. Seed wide FRUEERYS 0.192 0.552" 0.685" 0.8317 0.777" 1

7. Seed diameter BRUSNA] 0.229 0.483" 0.609" 0.788" 0.711" 0.883" 1

8.Yield/plant als o Sles 0.570" 0.020 0.015 -0.154 -0.096 -0.132 -0.120 1

** and *: significant at probability levels of 1 % and 5%, respectively

Al e doy3 ) g 0o, O Jleisl mhaa (o ls sixe caias yliS o iy Kk gk

ils 5 ,5os g (SiS & Sl g Jooxi (s a3 Ll S (Sl (o (FSwarod ol o -V Jgua

Table 7. Simple correlation coefficients between tolerance indices and yield in bean genotypes

YP Ys MP GMP HARM STI TOL SSI
539034 ) . & Jooxi el L e
3,5 dos o ySdas SR Srige, . . -
. L s S doxi e
Jloy o 5290 e
S o Sleo
P )S-L"" g—*—fa = 1
Jby
3 Slee (Slo
Ys “’SJ ) 0.342 1
MP Lasgie (5,30 2 0.927** 0.668%* 1
L Sils
GMP o 0.525%* 0.954%* 0.795%* 1
51900 (iR
HARM Sige o 0.393* 0.991%* 0.705%* 0.982%* 1
STI G5 4 Jess 0.927%* 0.668** 1.000%* 0.795%* 0.705%* 1
TOL o asls 0.869%* -0.169 0.620%* 0.048 -0.111 0.620%* 1
SSI R 4y sl 0.295 -0.706%* -0.047 -0.498%%  -0.640%* -0.047 0.682%* 1

** and *: significant at probability levels of 1% and 5%, respectively

o e llb 5o Logd 5o Jyame n Bl Bl sl
O Jaz) gh b yae

s 9 (HIYYD) a0 e dlawi Cis lawgd o
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Oy dgy )0 ML slass aS wSoly ylid a5 ) 4y 520
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Mardi et al, ¢3S oo daozgi 1) 0, Slae Ol s 5l a0
21y b oyt w5gr 50 M slaws a5 wisls Lis (2003)
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Table 8. Stepwise regression analysis for seed yield per plant and other studied traits in 33 bean genotypes in non-

stress condition

al> o . R' P-value
Traits ol a b, b, bs by

Step o U Zasal Joe
1 Days to maturity R L -502.644" 7.276" - - - 0.365 <0.001
2 Pods/plant Ly 0 DI slows -742.708" 7.565" 1.866™ - - 0.681 <0.001
3 100-seed weight ails s (39 -438.716" 2.616™ 2.290" 52427 - 0.798 <0.001
4 no. seed pod e o ails slows -567.349™ 2.557™ 2.106™ 5.670" 31.76" 0.838 <0.001

** and *: significant at probability levels of 1% and 5%, respectively TN 570 Jleil gl 4o (5o sime a5 T

oy o bl pd )0 Lugd cadgi3 YT 50 oy p 9590 Glho plw g 4ils 0 ,Slos o5 4 o5 (g )5 ) 45225 - Jgu

Table 9. Stepwise regression analysis for seed yield per plant and other studied traits in 33 bean genotypes in drought

stress condition

al> o . o R’ P-value

Step Traits olao a b; b, oo gl Jos
1 Pods/plant Gy y3 B Sl 19.652" 1.037" - 0.304 <0.001
2 Days to maturity Sy B 55, 93.441" 1.339™  -0.954" 0.453 <0.001

Al do ) ) g o0 0 Jleil mhaa (o jls pixe o gee jug caiaslas oS a4y *E 5k DS

ns, * and **: no significant and significant at probability levels of 5% and 1%, respectively

oy ylis i e Jasl il o clas alS 6l p VY Jgoz) LS 5,y co 3yl jldade o e slosy e ixen
PCl) Js 4l 90 lawgs JS lpuss 3l o, 0 VY sgus oS 39) o § ke peiis e S| oy i (-0 VPF)  Soww,
Lok a5 PC2 1 i CIVA) &g 50 e olows )b 5l Soww, b
olw 1y Olss S 5l oo, FAID ol adie ool Y Jgaz) azils ails o, Slas (59, 1) Cuito puiinne yut
Job casls o 59 L oVl (Scar adlio () g 05 oo U ad plodl glaiigs an i 5l L8 b Jule ay a5
Dyl 54yl g Saaw, U g, ol &y B e ¢4 Do Cymigy Syl i85 Leog, S j0 S oo psie Coenl

ol sleadse 4y a2 5l Jol> s .(Jackson, 1991)
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Table 10. Phenotypic path coefficient analysis for grain yield bean genotypes in non-stress condition

Plant characteristics oS olio 1 2 3 4
(ry) Direct effect
Days to maturity S Sy B3, 0.62 0.216 - -0.28 0463 -0.33
5 B ol
Pods/plant 0.535 0.635 -0.1 - -0.159  0.067
s
100-seed weight als o 59 0.55 0.608 0.165 -0.166 - -0.57
No. seed pod AME o ailo olaws 0.224 0.218 -0.33  0.196  -0.158 -

Residual=0.102

Rk S bl e Lugd daaigi) 5 4ils 0 jSlos (5l (o 9 Cale ul po 3 WY Jgu
Table 11. Phenotypic path coefficient analysis for grain yield of bean genotypes in drought stress condition

o g b uditann i

Plant characteristics oS olio 1 2
(rp) Direct effect
Pods/plant gy 0 B slass 0.569 0.735 - -0.166
Days to maturity S Sy B3, -0.154 -0.435 0.28 -

Residual=0.102
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Table 12. Principal component analysis in 33 bean genotypes in non-stress condition

Traits wlas sl adlze po° adlze
(First) (Second)
Pods/plant Wy 50 DU olass -0.083 0.846
Seeds/pod B o ,d olaws -0.231 0.627
100-seed weight albs Ve G 0.957 -0.116
Days to maturity Sy G 39, 0.758 0.196
Seed length s Jsb 0.810 -0.151
Seed wide P e 0.830 -0.212
Seed diameter sy kb 0.714 -0.401
Yield/plant als o Slas 0.663 0.705
Eigenvalues oy polie 3.887 1.844
Cumulative of variance oS ouilly oo 48.586 71.631
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Fig. 1. Biplot for 33 genotypes of bean based on the first and second components in non-stress condition
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Table 13. Principal component analysis in 33 bean genotypes in drought stress condition

Traits el Jol adlse  pgo ailae
(First) (Second)
Pods/plant g 0 B olaws 0.316 0.869
Seeds/pod B 0,0 slaws 0.664 0.281
100-seed weight als Voo g 0.741 0.121
Days to maturity S dey U3, 0.924 0.069
Seed length S Job 0.881 0.016
Seed wide 2 0.939 -0.060
Seed diameter sy ylad 0.894 -0.041
Yield/plant als o Shos -0.173 0.886
Eigenvalues oy polie 4.481 1.592
Cumulative of variance ~ xo25 (uib)ls 0oy 56.018 75.922
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sk, i a4 et slacaig jl eolaiul aus )3 o Sles
dead 31 i boadal,y o caslin Sl SO cuilys aalgs
0, Slos g Lo asli e (Kod O3l s |y Lugd jo
S MP s STI GMP slo sl i s a S ol oLis
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Introduction

Common bean (Phaseolus vulgaris L.) is the world’s most important food legume. This staple is
considered as a nearly perfect food mainly because of its high protein content and abundant fiber, complex
carbohydrates, and other daily food needs such as vitamins (folate) and minerals (Cu, Ca, Fe, Mg, Mn, Zn).
Annual production, including both dry and snap bean, exceeds 21 million metric tons (MT), which represents
more than half of the world’s total food legume production. A majority of the bean production occurs under
low input agriculture on small-scale farms in developing countries. Beans produced by these resource-poor
farmers are more vulnerable to attack by disease and insect pests and to abiotic stresses including drought
and low soil fertility. Development of cultivars with improved resistance to biotic and abiotic stresses is a
primary goal of bean breeding programs throughout the world. As much as 60% of common bean (Phaseolus
vulgaris L.) production in the developing world occurs under conditions of significant drought stress.
Selecting drought tolerant genotypes, could be a viable option to cope with the limited available water for
irrigation and increasing the productivity in such climates. Terminal drought is one of the main water
limiting conditions that constrain common bean production because plants rely on the stored soil water
during flowering and pod-filling periods, when usually water deficit intensifies.

Materials and Methods

To evaluate of the effects of late season water stress on phenological traits, grain yield, yield
components, determination of phenotypic variation and evaluation of relationship between grain yield with
other traits in 33 bean genotypes an experimental design was carried out using a randomized complete block
design with three replications under two conditions (stress and non-stress) in 2012 in the experimental field
of college of Agriculture and natural resources of Tehran University in Karaj Campus.

Results and Discussion

Results showed that among genotypes in study traits there were significant differences which reveal
genetic variation among the genotypes. The highest and lowest grain yield in non-stress condition was in 28
and 12 number genotypes, respectively. The highest and lowest grain yield in stress condition was in 14 and
25 numbers of genotypes, respectively. The analysis of tolerance index correlation showed that indices of
tolerance stress (STI), mean productivity (MP) and geometric mean productivity are the best indices for
identifying genotypes with high yield in both conditions. According to the results of phenotypic correlations,
stepwise regression, path analysis in both normal and stress conditions, it can be concluded that, the traits of
biological yield, seed and pod weight, number of filled pods, number of seeds per plant, 100 seed weight and
number of seed per pod were the most important and effective traits on yield. According to principal
component analysis using seven agronomic traits in both conditions, two main components were selected
that in total under non stress condition 72 percent and under water stress condition 76 percent of the total
variation was explained and in both conditions, the first and second factors were introduced as yield and
yield component factors.

Conclusions
In crops such as common bean, where seeds are the product of interest, the main criteria for selection of
agronomical resistance to drought is focused on traits that lead to a higher grain production.
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Followed by selection based on yield under stress, was suggested as the most effective strategy to
improve drought resistance in common bean. It is suggested that selection under stress reveals that some of
genotypes have resistant inherited genes, and are key to yield improvement of common bean.

Cultivars with improved stress resistance can reduce reliance on pesticides in high input systems, avert
risk of yield loss from pests in low- and high-input systems, and enable more stable bean production across
diverse and adverse environments (low precipitation, high humidity, etc.) and poor soil conditions (low
fertility, hillsides, etc.).

This study reinforces the importance of characterizing drought resistant genotypes selected for particular
drought types, to build a better picture of those mechanisms involved in drought resistance during specific
plant developmental stages and to particular environments, knowledge that will contribute to define selection
criteria for drought resistance in common bean that, after proper validation, could be used in improvement
programs.

Key words: Bean genotypes, Correlation, Drought stress, Principal component analysis, Regression,
Tolerance indices
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