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Table 1. The examined common bean genotypes
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Seed color Genotype code in Gene Bank | Seed color Genotype code in Gene Bank
Black L., 1187 Black oL 1115
Black olew 1158 Black ol 1186
Black 4w 1170 Black oL 1183
Black olew 1185 Black ol 1190
Black 4w 1179 Red 3 256
Black 4L 1140 Chiti Talash
Black L. 1177 White i Daneshkadeh

WY cly5 Jlo b inlosT slya! Joxo (owbislgn jlol aods .Y Jgus
Table 2. Summary of meteorological data in the experiment location during the cropping season of

2011-12
swbuilgn o )bl RCEW 0390 Syl oo, %
Meteorological statistics March April May June July
_ (C) gliao slod JSha> g 311 313 39.1 46.5
Maximum absolute temperature
N (0 gl slos Pl 15.9 18.2 243 286
Minimum absolute temperature
(O L olle 156 235 24.7 317 375
Average temperature
(1) (oo 5 69 43 47 30 20
Relative humidity
_ MM) 525 0l 5195 341 3068 5043 669.7
Evaporation rate
ombly anyz dlas b il ly o9 uilate 1 L] sobo] flmigay j=i
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SSI = (1 — (YSI/YPi))/ SI

SI=1-(YS/YP) ]
STI = (YPixYSi) / (YP)? [Y]
TOL = YPi-YSi [¥]

:Ja.wjz.o 590 5 u"-’l“ :-MP
MP = (YPi + YSi)/ 2 [¥]

1590 1 Gum u,..itl...a ua.’>Lw GMP

GMP = (YSi) x (YPi) [6]
Sdge, b 12 Kilo azLs :Harm

Harm = (2(YPixYSi)) / (YPi+YSi) [#]
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Table 3. Combine analysis of traits in common bean genotypes under normal irrigation and drought stress conditions.

Mean squares Ol o (uSileo
o (339 0 &ils olasy
sl a0 als agr 40 B Sluws Sl W, 8 S dos
i 2o Degree of 100- seed  Number of pods Number of
Source of variation freedom weight per plant seeds per pod Height Yield
) B 1 460.79*" 21280.58* 2823.44™ 17142.85™ 38398.48™
Environment (E)
bame 53,1555 4 0.06 7.44 19.52 31.85 5.00
Repeat * E
St 13 225.99" 919.81" 263191 923.63"  2779.89"
Genotype (G)
- b 3 o5 13 2437 174.89" 397.05"  869.13"  747.54™
i 52 0.08 7.54 3.07 14.11 5.13
Error
(D) Sl g 0 1.77 4.47 4.77 6.24 5.36
CV (%)

**: significant at 1% probability level
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Table 4. Comparison of means for traits of black bean genotypes under drought stress conditions

4l dwo (439 Agy j0 B olawi ML Ho dild olaw s, S ySlos
el 100- seed weight Number of pods ~ Number of seeds Height Yield
Genotype (9) per plant per pod (cm) (g plant?)
1187 12.85! 9.83 GH 3.1.8DE 79.174 4174
1157 10.32¢ 12.10¢P 3.35P 79.004 4.57H
1170 13.23H 14.208 4188 75.174 7.53E
1185 11.83K 14.708 3.25¢P 65.508 5.686
1179 17.38F 9.28™ 4.558 62.00 B¢ 7.51F
1140 13.656 14.13B 3.68¢ 49.67 GF 8.93¢
1177 12.40 10.37 GF 3.00F 47336 5.226
1115 14.35F 10.57F 4.684 51.83F 8.25D
1183 17.82°P 11.50DE 4178 56.66 EP 8.07P
1186 14.68F 16.674 3.220 76.004 6.88F
1190 13.336H 9.27! 2.77F 49.17 SF 4484
256 24.73¢ 16.034 4524 59.33¢P 18.724
Talash 29.664 11.40E 3.68°¢ 41.50H 13.568
Daneshkadeh 27.43B 12.20¢ 3.72¢ 52.67FF 14218

ol o Siles o ;0 LSD 9051 s y0 T g 5o o dne Dgldd pus saiaslid et SOy aline By >
Similar letters in each column indicate no significant differences at the 5% level as LSD test among the averages.

el Ay 40 M Slaws palS 4y by e Boes Sis
Nunez Barrios et al.,) -,Ke2 § sl 595 99> 9001L
5wl slaw wad (Sas A 0 4S5 wakies (2005
clloy jarle Cdl o age i Ll ST 59 9 BN
Abebe ) Koo Sladllas 5l Sy 50 i)y Sl o Slas g
slogles (et al., 1998; Teran and Singh, 2002
(K5 & Coglin 153 Lol s o Shas 5o ety
Deproost et al., ) ;,as 5 Canvg o .al 0als 5155
Cel palf b lhuge s a5 ad 5 axs (2004
Ol 4 Cad dild 0 ,Sles gas,0 V-V el
Assady) o,Ken g ol aslllas ol 500,85 0 25
ol 4 e hawgie jebay Sis s (et al., 2011

G Ll g3 i s 3
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Olas den U5 jsbay el 0ol ool lii O Jgao o
o] 5Kl g oo o Jlars (1 G150 sy 20 )50
cod dily o ,Slee Ol s do o cdly als pos bl b
@ by yo Ol i o s 00,5 0591 auo 0 FYIVE i
&8lg,0 09 4l glay )l g gy jo B slaws o Slese lao
Sfles 5, p oegeme yeba cudly o i
S 8bae elyzl i 519 0350 250 ol slog) (slacassi)
Cblo digs o e slass g9, p |, ).».sl.s s
Lopez et al., 1996; Pilbeam ) \lai=e 3,155 &b
o Lol i o slasly slapeXd o Slee il (et al., 1992
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Table 5. Mean and percentage of changes due to drought stress in different traits of black bean genotypes

ookl o)Ll il SRS G (ke Ol wo o
L Optimum Drought stress Percentage
Traits olho irrigation mean mean changes
100- seed weight(g) (p5) 4ls o (339 19.03 14.35 24.60
Number of pods per plant  aig yo M dlaxi 15.47 8.50 41.15
Number of seeds per pod &M o ails olaxi 4.25 3.09 27.25
Height (cm) (o g5lw) glas 74.42 45.58 38.38
Yield (g plant?) (gs 30 p,5) 0,5 los 12.72 4.16 67.24

b Sis 4 o s ps bl o (Swod culpd F Jour

Lugd (slocaiaij 5o (idd gy g G oyl 90 50 ild & Ko
Table 6. Correlation coefficients between drought

tolerance indices and yield in common bean

genotypes under stress and non-stress conditions
Indices YS YP
YS 1
YP 0.83" 1
SSlI -0.325 0.217
STI 0.985™ 0.882""
TOL 0.608" 0.947"
MP 0.911™ 0.986™
GMP 0.967" 0.944™
HARM 0.993%* 0.880**

o baylpd 0 0, Slee 1YS o 0 S Jliol mhaw (o jlo pixe taes
STI ¢ 25 4 Gl a3l $SSL e s pae Lyl 0 5 Slae :YD
tlawglo (5,50 0 :MP ¢ oz a3l TOL ¢ 5 & Conlus a5l
**: Significant at 1% probability level. YS: Yield in stress
condition; YP: Yield in non-stress condition; SSI: Stress
Susceptibility Index; STI: Stress Tolerance Index; TOL:

Tolerance index; MP: Mean Productivity; GMP: Geometric
Mean Productivity; HARM: Harmonic Mean.

Rosales-Serna et al.,) ;,Kep 5 L Wiy,

(Schneider et al., 2004) ;)| Ke2 ¢ ,aslsl 4 (2000
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5 ol isls 3 Sl S |, (GMP) Lawgie (s 50 2
@iz slo szl Ul (Abebe etal., 1998) -l Sen

(A Cunglio 5o AL (ot Fra
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28 5 (she (KwrodSSL 0 50 ;5 (g ot YP 5Y'S
ol oadlice YP U o s jf g Cdie s YS L Ll e
Naseh-) alie Glidss mls b b (Ko opl a5
Ghafoori et al., 2010; Shafiee Khorshidi et al.,
o hlo aS Sl aslis o)l Slsen (2013
O 9 g o Lo 93 52 50 sl o Sles b (VL
Fernandez et ) wgis oo aislils (ol o o olgieas
ol 5 gilulaz 4 0B b azls ol 145 @l 1992
Sy8os iy o Sis 4y oo 2 0gdle oS aivn o)
Loaisly Gie oS sl sl Dl oo 1) oYL
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(Y Jgaz) 2ol gy el (g S ojlail gla

o5 kalpl o o pSles (Son ) 4 Az L
(S 4 Joos glagasls b (YP) (A5 o9 5 (Y'S)
oo b sy 4 HARM § GMP STI sla_asls
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Olyes WAY slacassiy lapasli ool pulsl 2 ool
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o) (rizmes Wad ORIl (SiS A8 4 ol
S Fpglie b ezl 251 L5l 5L o Shes (ol)ls wals
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L (Khaghani et al.,2009) Ko 5 SBL- ouies
moaP Ll ) (A5 5 o5 Do p (SaS 5 S )
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230,85 oolauwl

S 4 Joodd sl lul p begd slacai@l uaiad; ¥ Jous
Table 7. Ranking of common bean genotypes based on drought tolerance indices

o Indices bl
T . - -
Genotype Ysi Yei ssl ) TOL ) P )
Rank Rank Rank
1187 13.42 28.26 0.77 14 14.86 14 84.2 2
1157 11.82 33.86 0.95 8 22.04 11 22.84 13
1170 17.43 57.88 1.02 7 40.45 5 37.65 8
1185 16 40.85 0.89 10 24.85 10 28.42 11
1179 21.08 54 0.90 9 32.92 8 37.54 9
1140 12.05 77.29 1.24 1 65.21 3 44.65 5
1177 10.58 41.64 1.09 3 31.06 9 26.11 12
1115 16.31 66.17 1.1 2 49.52 4 41.41 6
1183 23.12 57.62 0.88 11 34.5 7 40.37 7
1186 8.15 52.99 1.032 6 37.19 6 34.39 10
1190 13.56 31.19 0.83 12 17.63 13 22.37 14
256 59.55  127.62 0.78 13 68.07 2 93.58 1
Talash 2995  112.19 1.08 4 82.24 1 71.07 3
Daneshkadeh 30.93 108.7 1.05 5 17.77 12 69.81 4

690502 MP Jozs ol TOL (s 4y ol a3l $SSI . s pae Lol j0 0 Sloe :Ypi o s Loyl j0 0 ,Slos :Ysi

Ysi: Yield in stress condition; Ypi: Yield in non-stress condition; SSI: Stress Susceptibility Index; TOL: Tolerance

index; MP: Mean Productivity.
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Table 7. Continued
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Indices asli
L] 4y ) 4
Genotype STI Rank GMP Rank HARM Rank
1187 0.09 14 19.45 14 18.16 12
1157 0.099 13 20 13 17.51 13
1170 0.25 7 31.76 7 26.78 6
1185 0.16 10 25.55 10 22.96 9
1179 0.28 5 33.69 5 30.26 5
1140 0.23 8 30.51 8 20.84 10
1177 0.11 11 20.99 11 16.87 14
1115 0.26 6 32.76 6 26.08 7
1183 0.33 4 36.37 4 32.82 4
1186 0.21 9 28.90 9 24.30 8
1190 0.10 12 20.48 12 18.76 11
256 1.88 1 87.17 1 81.20 1
Talash 0.83 3 57.86 3 47.16 3
Daneshkadeh 0.84 2 57.98 2 48.16 2
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STI: Stress Tolerance Index; GMP: Geometric Mean Productivity; HARM: Harmonic Mean.
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Table 8. Linear combination principal components of drought tolerance indices in common bean genotpes

olic ol ylg Indices b sl
4850 o9 k:"""”
Component Eigen Cuml_“at'Ve Yp Ys SSI STI TOL MP GMP HARM
values Variance
(%)
) addgo
5.49 68.2 0.42 040 0.015 041 037 043 042 0.018
Component 1
Y adlge 2.46 30.7 0.12 _ 0.63 0.31 0.019 0.084 0.64

Component 2

0.23

0.16

S le (Sl (a3l HARM (6590 500 (owiin 5oks GMP Lasgie ()90 540 MP

YS: Yield in stress condition; YP: Yield in non-stress condition; SSI: Stress Susceptibility Index; STI: Stress Tolerance Index;
TOL: Tolerance index; MP: Mean Productivity; GMP: Geometric Mean Productivity; HARM: Harmonic Mean.
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Fig. 1. Biplot indices of drought tolerance in the genotypes of black bean and control based on the first and

second principal components
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