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1. Unweighted Paired Group Method Using Arithmetic (UPGMA)
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Table 1. Effect of drought stress on some traits of common bean under normal and water deficit condition

wlae Oyt o0 $obels b kel Jglute bz
(Traits) Variation (%) (Water deficit condition) (Normal condition)
(Plant height) gy glis | 58" 63.45 67.4
(Pod no. per plant) ag ,o M slows 5.0" 17.10 18.01
(Pod weight) bl (3 2617 24.18 32.74
(Pod length) B3 Jsb 7.7 9.59 10.40
(Pod width) s e 0™ 8.55 8.55
(Seed no. per pod) e ;o ails slass 29" 5.28 5.44
(Seed length) ils Jsb 1.3" 11.64 11.80
(Seed width) wls o ,e 0™ 7.06 7.06
(Seed diameter) als L3 0.1™ 5.10 5.11
(No. of node) Lol &ls ;5 0, Sike slass 0" 10.53 10.53
(Internode length) o Sike Jsb 6.4" 6.71 7.17
(Day to 50% maturity) Sosw, dwo o8- b cusls 5l 59, sl 1.2 84.07 85.13
(Day to 50% podding) ascide susy0d« b cuils 5l 55, slaas o® 63.68 63.68
(Canopy width) 5l 5, 8.9™ 41.85 45.96
(100 seed weight) «ls) « - 556 8.1" 29.57 32.18
(Seed yield) ails s ,Slos 282" 16.66 23.23
(Harvest index) culs , jasls 42" 0.67 070
&bl Jglate fauzmo 33 30 ,8lug! i 935YY (sl Conle & 5205 -Y Jgux
Table 2. Path analysis in 32 genotypes of common bean under normal condition
Residual effect=0.644
cho s 1 S8 GBSl 2 S 15 3 SKhas U (S5 Rhened 55
Trait Direct effect h;dlre“ eﬂ;“ by tl'i;lt Genetic correlation coefficient with seed yield
(1) iz 2 e slass 0.697 - 0026 -0.004 0.72
No. pods per plant (1)
M) ool wop0 Bodljlig, ohid 117 o161 - 0.063 -0.341
Day to 50% podding (2)
M) e sk 0.196  -0014 0037 - 0219
Pod length (3)
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Table 3. Path analysis in 32 genotypes of common bean under water deficit condition
Residual effect=0.534
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Trait Direct effect II ndirect ef;ect by tral; Genetic correlation coefficient with seed yield
V) &g 0 B olass
(1) 552 )3 S ol 0.699 . 0.083  -0.074 0.709
No. pods per plant (1)
S s wils Sl
(1) e 2 4l ol 0.286 0.202 - 0.19 0.3
Seed no. per plant (2)
oY e e -t
R 0.486 0105 -0.112 . 0.27

100 seed weight (3)
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Table 4. Factor analysis for quantitative traits in 32 common bean genotypes under normal condition

EXTI V Jole Y Jole 3dele f Jole dJele

(Traits) (Factorl) (Factor2) (Factor3) (Factor4)  (Factor5)

(No. of node) Lol ails)s 6,5 slass -0.907 -5.977x10* 0.172 1.830£107  6.624%107

(Seed length) wls Jsb 0.893 8.28:107 -0.100 0.154 -1.442+102

(Plant height) «s, £l 0810 | -2.445+107 0.124 0.441 1.141x107

(Plant habit) a3, cole -0.801 -9.361x107 0.226 0.297 6.837%107

(Internode length) ;Sils Jsb 0.781 -5.433%107 -0.229 0.357 -4.982:10°
(Seed no. per pod) B3 s ails sluss -0.719 7.811%107  -6.449:107  -0.159 -0.263
(100 seed weight) ailsV -+ 56 0.712 0.123 0.445 0.227 -0.125
(Pod length) Gde Jsb 0.631 0.308 -0.118 6.736%107 -0.393
(Harvest index) cuslo p jasls -0.433 8.0922107 0.395 0.368 -0.425
(Pod weight) lacidke 35 6.536%107 0.936 -1.353%10%  0.204 0.174

(Seed yield) ails 5 Slos -7.952#107 0.910 0.120 0.292 5.897%107
(Pod no. per plant) asg ,o e slaws -0.238 0.838 -0.176 5.969:107 0.284

(Day to 50% podding) ascideé b 54, olows -0.217 -0.498 -0.412 0.478 5.957x107

(Seed width) «ls ¢ 0.395 -1.4705107 0.791 3.644x107  -9.307x107
(Seed diameter) als L 0.189 -0.118 0.670 0.396 0.111
(Pod width) &3 e 0.324 -0.247 0.639 -0.177 0.104
(Day to 50% maturity) Saps, b 35, s 0.480 -0.162 -0.350 0.637 -0.189
(Canopy width) sl5 5,e -0.422 -0.111 1.353107 0.594 -0.130
(Color of flower) J§ s, 0.166 -0.226 0.161 8.874x107 0.562
(Color of seed) «ils 5, 0.160 -0.243 -0.205 0.394 0.434
(Variation %) ol s auo o 30.064 15.093 12.102 10.609 5.627
(Cumulative variation%) sezs (ib,ls oo ys 30.064 45.157 57.259 67.868 73.496
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Table 5. Factor analysis for quantitative traits in 32 common bean genotypes under water deficit condition

olho Y ole Y Jole Y Jole f Jole O ele
(Traits) (Factorl) (Factor2) (Factor3) (Factor4) (FactorS)
(No. of node) Lol a3l o5 sluss -0.883 20.150  5.296x10° 0284 0.105
(Seed length) «ls Jsb 0.868 0271  9.094:107 -4.119%10> 4.117x107
(100 seed weight) ails) + 36 0.843 0.282 0.155 0.196  3.695: 107
(Internode length) ¢ Silos Jsb 0.787 |-3.578%107 0218 0342 -9.600%107
(Plant habit) w.i, ool -0.689 -0.271 0.399 0205  -2.181x107
(Seed no. per pod) M s ails slass -0.624 0.370 0265 -1.539x107  0.110
(Pod length) &k Jsb 0.589 0323  6.031%10°  _0.101 0.451
(Plant height) a5 lis | -0.571 -0.354 0.506 -7.228%107 0.144
(Seed yield) ails 5 Slos -0.158 0.850 0499  2.580x107 -1.149%107
(Pod weight) i 5 -0.103 0.836 0450  3.358x%107 3.103x107
(Harvest index) culs ; jasls -0.294 0.596 0.146  -4225x10°  -369
(Pod no. per plant) g o e slaws -0.395 0.572 0.463 3.097%107 0.144
(Canopy width) sl5 5, -5.322410°  -0.177 0.842 |-9.922410% -3.721%10°
(Day to 50% maturity) Soww, b j9, lass 0.439 -0.390 0.585 |-8.655x107  0.229
(Day to 50% podding) _essde b 55, sl -5.497%107 0520 0.573 -0.236 0.185
(Pod width) & s, 0.238 0207 -6.582#107] 0.735 0.436
(Seed width) als 5 ,e 0.425 0.128 0.101 0.632  |9.051x107
(Seed diameter) «ls ks 0.208 -0.169 0.285 0.553 -0.410
(Color of flower) J5& <, 0.121 4.022%10°  9.780%107 0.466 -0.307
(Color of seed) als X, 0.363 -0.401 0.255 -5.738107 -0.449 |
(Variation %) &l puss ooy 26.530 17.120 13.815 9.163 5.833
(Cumulative variation%) sexs b))y 2oy 26.530 43.650 57.465 66.628 72.461

Ui yS slee o Sl Fernandez (1992) ks 5.k »
90 5 &S ) placadss wlgh sl i 4 oo sl
log)S plo 5l wlo (ggllas palls (25 5 Jloy lane
Smed Sl oo AP (n e m bl S
il 5 )llnS 5 Jshite Ll o5 v w,Shee b1, YL
abaxdo (¥ Jgu2) (Kot o ilo @l @ az g b sl
oSk (ST Sz 4 Jow sl aslis a5 05l o
Seigeyle 5:Ske 5 (GMP) - (25 Jgame  puwsia
Loy oo Gwogas oezon! sbls HM) (2o Jgaxs
S g Sl (Kicor e 90 50 )0 lacaisil o ,Slas

Ayl 1) g ls g

19

Slp & Jgor o Sis 4 Joow sloasli oy,

l{bua.>l.~.: U)l aS ol o 00)51 e LJ"‘ ) W—-‘}-‘)\‘Y
@ ,Slas 6)“-\-.’.l9, Vs edloy lazas yo QJSl.o.c:yp 5o ,le
anas) loasls ol Gelul p ey des . Sas
ol ooy Cdo S (iS4 Cunglie aS pl 4 LS
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.(Normand Moayyed et al., 2001) cwl of o a8l



YA Jlo ) o leds F ol [l ! Qh,’ 5“&32 & g [0 ySlos A Lo £y )02 9 (55808 ol

8yl i g3TY yo (S a4 Jorxd sl bl (bl p Beui9if obad) 5| Jol> @i -7 Jgua
Table 6. Result of ranking genotypes based on drought resistance indices in 32 genotypes of common bean

. - ey 4y, Ml ag, el 4, Bl u oS a4, wded  oSike L ooke .
SR e Rank) sk (Rank) (Sise Rank) e Rank) ol (Rank) oS85 0 awa ) Sl
No- Genotype Yp Ys SSI TOL MP STI Rl GMP @) HM Rl

1 ks31103 26.00 9 16.11 16 2.01 9 9.89 9 4.95 9 0.98 12 2046 12 19.89 12
2 ks31144 20.56 16 13.95 21 1.70 15 6.61 14 3.31 14 0.67 19 16.94 19 16.62 19
3 ks31122 12.44 29 12.94 25 -0.21 24 -0.50 24 -0.25 24 0.38 28 12.69 28 12.69 27
4 ks31127 29.50 7 28.77 1 0.13 22 0.73 21 0.36 21 1.99 1 29.13 1 29.13 1
5 ks31150 32.28 4 17.99 13 2.34 8 14.29 4 7.15 4 1.36 5 24.10 5 23.10 5
6 ks31142 20.22 17 13.54 23 1.75 13 6.68 13 3.34 13 0.64 21 16.54 21 16.22 20
7 ks31143 14.68 26 12.63 26 0.74 18 2.05 20 1.02 20 0.44 25 13.62 25 13.58 25
8 ks31104 25.20 10 11.60 30 2.85 3 13.60 5 6.80 5 0.69 18 17.09 18 15.88 21
9 ks31134 21.16 13 18.40 12 0.69 19 2.76 18 1.38 18 091 14 19.73 14 19.68 13
10 ks31114 8.58 31 16.46 15 -4.85 31 -7.88 31 -3.94 31 0.33 31 11.89 31 11.28 30
11 ks31111 20.04 19 7.47 31 3.31 1 12.57 7 6.29 7 0.35 30 12.24 30 10.88 31
12 ks31137 19.10 21 23.29 4 -1.16 28 -4.19 28 -2.10 28 1.05 9 21.09 9 20.99 8
13 ks31138 32.68 2 25.11 2 1.22 16 7.57 11 3.79 11 1.93 2 28.64 2 28.40 2
14 ks31147 20.68 15 23.03 5 -0.60 26 -2.35 26 -1.17 26 1.12 8 21.82 8 21.79 7
15 ks31139 30.78 6 20.81 7 1.71 14 9.97 8 4.98 8 1.51 4 25.31 4 24.83 3
16 ks31123 21.50 12 24.76 3 -0.80 27 -3.26 27 -1.63 27 1.25 6 23.07 6 23.01 6
17 ks31107 32.32 3 12.32 27 3.27 2 20.00 1 10.0 1 0.94 13 19.95 13 17.84 16
18 ks31110 28.28 8 15.68 18 2.35 7 12.60 6 6.30 6 1.04 10 21.05 10 20.17 11
19 ks31112 37.50 1 18.53 11 2.67 6 18.97 2 9.49 2 1.63 3 26.36 3 24.80 4
20 ks31156 18.20 22 12.18 28 1.75 12 6.02 16 3.01 16 0.52 22 14.89 22 14.59 23
21 ks31141 21.12 14 20.73 8 0.10 23 0.39 23 0.20 23 1.03 11 20.92 11 20.92 9
22 ks31152 19.48 20 18.99 10 0.13 21 0.49 22 0.25 22 0.87 15 19.23 15 19.23 14
23 ks31157 21.62 11 13.63 22 1.95 10 7.99 10 4.00 10 0.69 17 17.16 17 16.72 18
24 ks31166 20.12 18 17.56 14 0.67 20 2.56 19 1.28 19 0.83 16 18.80 16 18.75 15
25 ks31161 16.56 24 13.18 24 1.08 17 3.38 17 1.69 17 0.51 23 14.77 23 14.68 22
26 ks31164 32.18 5 15.30 19 2.77 5 16.88 3 8.44 3 1.16 7 22.19 7 20.74 10
27 ks31167 7.98 32 20.82 6 -8.50 32 -12.84 32 -6.42 32 039 27 12.89 27 11.54 29
28 ks31168 12.86 28 14.29 20 -0.59 25 -1.43 25 -0.72 25 0.43 26 13.56 26 13.54 26
29 ks31169 14.78 25 19.35 9 -1.63 29 -4.57 29 -2.29 29 0.67 20 16.91 20 16.76 17
30 ks31221 9.94 30 15.80 17 -3.12 30 -5.86 30 -2.93 30 037 29 12.53 29 1220 28
31 L5J>’(GOH) 13.10 27 6.15 32 2.80 4 6.95 12 3.48 12 0.19 32 8.97 32 8.37 32
32 e (Akhtar) 18.16 23 11.81 29 1.85 11 6.35 15 3.17 15 0.50 24 14.65 24 14.31 24

Y,: Yield potential, Y,: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean

Gocaiss o 5l o lld o o Slee sl
g_;l.?!.u‘ ‘Mys Lg}!l; J)QLAA 6‘)10 as ‘Ssl.e‘)—l soMuLZ.u‘
9 KS-31127) VY 5 F Glocwisy s (wlal ol 5 2008
Ny oo Sl polie slacuissy olgreas (KS-31138
ol ilelnS 5 Jshiie Lo po sladgs 4520
8325 28,5 absl UPGMA g ey o alos oSl
i ot Al il | ooy L slaiss
Jle leeas (Azizi et al., 2000) &S o (goseg,S
095 4 S xS0 IR Jgl 09 0 &5 alacais)
Ghls il YV 5 VY YA lacassy ol a5 ol

Normand Moayyed et al. 4 Fernandez (1992)

GMP 4 STI (sla_asLs ailflaz cla o o 55 (2001)
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GRS, 4 argl b wid)S Sl 0 bgaisl saes S
(A Jouz) azls o 5 p lacis) o (F Joox) lacass)
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Seigeyle 5xSile 5 (B gaze cwdip (ke SiS
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Table 7. correlation coefficients between drought resistance indices in 32 genotypes of common bean
e L
b asls Coslas T gl a e gwiis Siige s
Indicators é();:';'c S & (i‘(o:) Py i M Jeam (B0 Jgazo

(SSI) (MP) (STI) (GMP) (HM)
(Yp) Jboy bazes 1o 5,Skos 0.274  0.649%* 0.789** 0.789** 0.824** (0.839**  0.791**
(Ys) o,Sles (5,l0b -0.402% -0.375% -0.375* 0.746** 0.744*%*  (.778**

(SSI) Sz o ol a3l 0.883** (0.883**  0.243 0.262 0.237

(TOL) Jozs ozl 1.000** 0317 0.333 0.265

(MP) a5 gams slo (uSilia 0317 0333 0.265
(STI) St & Joss sl 0.989%*  0.983%*
(GMP) s Jyame it (5eSilsa 0.994%*

0= 0.01 50=0.05 mlaws 1o j0 o jxe i oy FF o *
*and **: Significant at o= 0.05 & o= 0.01, respectively.

Yp: Yield Potential, Ys: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean

(i & Caglin 5l (S LE el 2 508 Lugd 0wy ¥ 5 S i —A o
Table 8. Selected genotypes of common bean based on drought resistance indices

(Genotype No.) g 6,lois

(Indicators) b asLs

19-13-17-5-26

4-13-16-12-14
11-17-8-31-26
17-19-26-5-8
17-19-26-5-8
4-13-19-15-5
4-13-19-15-5
4-13-15-19-5

(Y9) Jloy faomn 55 Shae
(Yp) 5 boams 55 5 Shac
(SSI) (K5 & ol 5L
(TOL) Jos o35
(MP) o0 Jsams o (:Seo
(STD) Sz a5 Joss ol

(GMP) 25 gams cwiin 5:Sile
(Harmonic .m) 2o Jgaxs Sige,lo Sileo

el FJgaz ol p lacassss 6 leds

Number of genotypes is based on table 6.
Yp: Yield Potential, Ys: Yield Stability, SSI: Stress Susceptibility Index, TOL: Stress Tolerance, MP: Mean Productivity, STI: Stress Tolerance Index,
GMP: Geometric Mean Productivity, HM: Harmonic Mean
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Fig. 1. Dendrogram for 32 genotypes based on all of measured traits by UPGMA method under normal condition
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Fig. 2. Dendrogram for 32 genotypes based on all of measured traits by UPGMA method under water deficit condition
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Abstract

The effect of water stress were studied on the agronomic traits related to yield of common bean by
planting 32 genotypes in normal and water deficit conditions. These genotypes were evaluated in randomized
complete block design with three replications in experimental field of Faculty of Agriculture, University of
Tehran, Karaj Campus in 2007. Analysis of variance showed that there were significant differences among

varieties in all traits, indicating the existence of genetic variation among varieties. Factor analysis were
accomplished in both conditions indicated that there were five factors that explained 73 and 72 percent of
total variations in normal and stress conditions, respectively. Path analysis for seed yield showed that number
of pods per plant had the highest positive effect, 0.697 and 0.699, respectively, on seed yield in normal and
stress conditions. Number of days to podding (0.026) and length of pod (-0.004) had indirect effects through
number of pods on seed yield. Also, in stress condition, number of seed per pods (0.083) and 100 seed
weight (-0.074) had indirect effects through number of pods on seed yield. Therefore, this trait could be used
as an indicator for improving of common bean seed yield. Phenotypic clustering of genotypes (UPGMA)
showed that all of the genotypes were classified in four separate groups in normal and stress conditions.
Evaluation of drought resistance in common bean genotypes showed that stress tolerance index (STI),
geometric mean productivity (GMP) and harmonic mean of yield were the best criteria for reorganization of
tolerant genotypes as detected as KS-31127, KS-31150, KS-3138, KS-31139, KS-31112 in this experiment.

Key word: Cluster analysis, Drought resistance indices, Factor analysis, Path analysis, Water deficit
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