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Table 1. Code of genotypes used in this study.

3, oY s 3, oY ) oY

Row Line Code Row Line Code Row Line Code
11 KS41112 6 KS41106 1 KS41101
12 KS41113 7 KS41107 2 KS41102
13 KS41114 8 KS41108 3 KS41103
14 KS41157 9 KS41109 4 KS41104
15 KS41165 10 KS41111 5 KS41105

1- International Plant Genetic Resources Institute

2- Centro Internacional de Agricultura Tropical
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Table 2. Combined analysis of variance for different traits in white bean genotypes under optimum and limited irrigation conditions.

(Mean Square ) ol o Sobe

1006 s, Ode, B 39,
Blo sl Bl 53,08 sl 100G S, 100G s, S £ ol Sy b3, Odd a9 dsb
P kel BERHENRES; ) sl K Days to Days to first o5 @l
315 amys £ 3 Sub shoot Nod no. per = Days to 50%  Days to 50% 50% pod Days to Seed filling
Traits Slio df Plant heigh No. main shoot Seed/Pod germination flowering poding maturity maturity duration
Irrigation (I) LT 1 230.40™ 17.60" 2.05™ 7.25" 30.04™ 19.60™ 71.11" 86.04™ 0.81™ 2.50™
(I/Rep) Errora 1 S5/ ,LT 4 30.49 0.345 2.37 0.85 0.850 0.834 8.75 190.58 89.72 82.66
Genotypes (G) 5 14 154.97" 3.07" 13.23" 11.99" 0.810" 111.98" 78.35™ 2101.49" 138.21™ 49.78 ™
IxG 55X ST 14 27.19" 1.63" 1.34"™ 7.56" 0.05™ 2.36™ 9.99™ 522.29" 5.39™ 10.02™
Error b b olzil 56 13.136 0.453 0.801 0.241 0.297 1.68 11.733 33.145 32.056 29.823
Table 2. continued Y= Jgde aslsl
(Mean Square ) ol o Kb
¢2dsb
el db el 4ls Jgb als i o Sibe i o Ske Jsb G303 pls sl eR) Gy 4l 0y 4als Ao 05 R-ZP RV
Pod Pod tail Seed $ls o ,e Seed Internode Internode G g 5 4l sl Pod no. Pods Seed 100 Seed Protein
length length length Seed width  diameter diameter length Seed no./Plant /Plant weight weight/plant weight content
3622 0.15™ 4.48™ 0.82™ 1.89" 1.86™ 0.01™ 4370.14" 146.43" 756.69" 530.95™ 261.94° 56.73"
0371™  0.04™ 0.84™ 0.45™ 0.02™ 0.372™ 0.07™ 86.06™ 10.02™ 18.78™ 11.95™ 16.88™ 778.95™
196" 0.5 3.29™ 0.39" 0.54" 2.63" 0.22" 196.56" 15.017 13.56™ 10.09™ 100.50" 126.38"
0.850™  0.06™ 0.81™ 0.49™ 0.11™ 0.28™ 0.08™ 66.85™ 3.25™ 8.60™ 6.04™ 15.32" 89.31™
0.715™  0.060™ 0.280™ 0.487™ 0.134™ 0.219™ 0.102™ 89.15™ 3.61™ 9.45™ 5.90™ 7.7 81.873™

* and ** : Significant at the 5% and 1% of probability levels, respectively.

ns : Non-significant
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Table 3. Mean and coefficient of variation for different traits in white bean under optimum and limited irrigation conditions.

gl 5 iy LT Ll 55 b Calibes Slios (1 Dok o oy 5 5 0be Y g

Mean - SiL. CV. Sk o doys
g bt 3 5utoms S )lT Lo 5> e bl 3 gutoms (5l T
Traits Sl Optimum irrigation  Limited irrigation Two conditions Optimum irrigation Limited irrigation
Plant height (cm) (e SW) &5 Jsb 36.29 33.09 8.82 11.28 9.32
Sub shoot & Bl sl 6.33 5.45 13.90 11.12 11.78
Nod/Main shoot kol Gl 655 o5 12.03 11.73 2.49 8.35 6.55
Seed/Pod Pl )3 wls sl 4.45 4.01 9.89 11.74 11.34
Days to germination 5wl 10 G s, 7.60 6.44 15.13 7.56 7.98
Days to 50% flowering > S0 5, 40.46 39.53 2.30 2.36 3.95
Days to 50% poding 2 el 7D ) 46.46 44.69 3.83 2.02 10.63
Days to first pod maturity L sl Oy B 5, 74.53 76.48 -2.63 6.80 10.07
Days to maturity JolE F e, 6 555 87.37 86.77 0.70 2.66 8.83
Seed filling duration Ga) s 0l 055 J5b 46.91 47.24 -0.70 438 15.76
Pod length(cm) (o Bl ol J s 10.28 8.99 12.55 6.16 11.34
Pod tail length (cm) (e 5 o5 o3 I 0.91 0.83 8.71 22.59 32.02
Seed length (mm) (o ) &ils J oo 11.89 11.44 3.73 431 4.75
Seed width (mm) (o o) &ils 5,2 6.89 6.70 2.76 3.56 14.22
Seed diameter (mm) (o ) ails s 5.03 4.72 6.35 5.58 9.11
Internode diameter (mm) (o ) oSl s 4.92 4.63 5.89 9.53 10.06
Internode length (cm) Goe ) 0 Sk U sbo 1.43 1.44 -0.70 26.16 17.43
Seed no./Plant @ g5 55 415 sl 44.22 30.21 31.70 6.53 6.91
Pod no./Plant S5 pli ol 11.89 9.34 21.45 18.67 16.24
Pods weight (gr) (5 s 053 16.79 10.99 34.54 22.93 18.33
Seed weight (g/5 plants) (640 5 (a)f)-u'l: 035 12.79 7.94 37.92 24.41 39.33
100 Seed weight (g) (¢ 5) 4ls 4o 035 29.52 26.11 11.58 10.14 9.36
Protein content (% ) S8 ey 27.04 27.68 -2.40 32.67 31.80
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Table 4. Correlation coefficients between different drought tolerance indices.

YP YS TOL SSI MP STI GMP
YP 1 0.565" 0.767" 0.868"" 0.573" 0.751" 0.738"
YS 1 -0414™ 0.709" -0.631" 0.833" 0.8454
TOL 1 0.347" 0.961" 0.155"™ 0.134"
SSI 1 0.094" 0.978" 0.975"
MP 1 -0.102™  -0.120™
STI 1 0.998"
GMP 1

* and ** : Significant at the 5% and 1% of probability levels, respectively.

ns : Non-Significant
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Table 5. Estimation of drought tolerance in white bean genotypes using drought tolerance indices.

Yp Ys TOL MP SSI STI GMP
b od ) e 45 e ) e 45 BT L) e ) Sl 45 e )
Genotypes Value  Rank Value Rank Value  Rank Value  Rank Value  Rank Value  Rank Value Rank

1 14.51 3 10.24 1 4.27 9 12.37 2 0.96 6 1.08 2 12.19 2
2 13.61 6 8.72 4 4.89 7 11.16 4 1.17 8 0.86 4 10.89 4
3 15.05 2 8.33 6 6.72 3 11.69 3 1.45 12 091 3 11.19 3
4 9.83 15 7.62 11 221 15 8.72 15 0.73 2 0.54 13 12.78 13
5 16.66 1 9.8 2 6.68 2 13.23 1 1.34 10 1.18 1 8.65 1
6 14.45 4 5.06 15 9.39 1 9.75 10 2.12 15 0.53 15 8.55 15
7 12.71 7 6.65 13 6.06 5 9.68 11 1.55 13 0.61 11 9.19 10
8 12.13 10 8.28 7 3.85 10 10.2 6 1.03 7 0.73 6 10.02 6
9 12.33 8 6.01 14 6.32 4 9.17 13 1.67 14 0.54 14 8.61 14
10 11.07 13 8.79 3 2.28 14 9.39 9 0.67 1 0.7 8 9.86 8
11 11.75 11 8.54 5 3.21 12 10.14 7 0.89 3 0.72 7 10.01 7
12 10.35 14 7.32 12 33 13 8.83 14 0.95 5 0.55 12 8.7 12
13 12.31 9 7.67 10 4.64 8 9.99 8 1.23 9 0.68 9 9.71 9
14 14.06 5 8.16 8 5.9 6 11.11 5 1.36 11 0.83 5 10.71
15 11.17 12 7.95 9 3.22 11 9.56 12 0.94 4 0.64 10 9.42 11

AR



M/M@,Hw,,up@&;\ﬁ)ﬁow
djﬁ.x}dﬁw&ubuoﬂby&‘mﬁw)b
GMP, STI, Y, Yp L 5,13 sne 5 YU  Sones U3
La osls JS" Ol i o ys +/8) 51 i 9 3,13 MP
o 0155 g 43 ) gl 058 o oL
adjo ol Hldas a5 Sl sl g LT 4
3 i oS s il e o osllan 5 il et
Mc.&.&fw@g-ﬁbywﬂiﬂjw‘)br/\
\_’Ls_SjJ)‘JYsj GMP, STI l—’u—‘i‘"

N eaYp sTOL (SSI gL s 2l 3

L;)L:;Tst_:ﬁ.:mpua}u):)‘bﬁ._&a

Mj‘u—i‘)‘”\_&“‘*—?rku)‘ﬁ_bbjm
ably adsles ul 5 e AL S
Lo e la L Oles oo by pas 5 sl sln adl 3

:J\J()Li..;ﬂ)'a)}.@

2330/ SIS pslie p,l 55 SST el i
33 a8l 3 s S Ol ge /FF 1 g ol ol
3PV pslie p,1 55 SSI astLd e ko
Sl 3550 530352 VO 51 hs el o5 )
Oy MP s GMP, STI o5l aw cewlin Losls
Sis e 6l o OBl cle gl e ls
Ol Ses gyl sl b sasl s
GMP |y C—wlis ,esLa ;. (Schneider et al., 2004)

L3S (B

o8l b 39450 (SikeT 4 Cawlo S Cwigd] Comdd

SN b Sl
duuu;_w\w_i;u,'\asgéprw,q?

OT Lo 0w 3 i L ) 3 5510 0T (sla s,

58 Olan (F Jsdar)s s ol drwloes Sla a5t ls

ﬁ:LbLg\)\adj\djﬂstﬁés}_&quﬂme

Jsl ad) 5= 0.410 YP + 0.353 YS + 0.152 TOL + 0.029 SSI+ 0.482 MP + 0.475 STI + 0.474 GMP

£ 4d) 32=10.320 YP - 0.414 YS + 0.578 TOL + 0.607 SSI+ 0.020 MP — 0.100 STI-0.112 GMP

MP sGMP, STI gL » el 2\ S
3 KS41105 (KS41103 ¢ KS41102 (KS41101 L V¥

S sl 5 fese gla g.,__.?yjﬁ; KS41157

Jsl adlze 5 5L 5ole Y gla dsles 4 a2 5

ailgo 5l ;maS slae 5 (3dmes (LT L )8 5M)
il e e (5 gdoee (LT 4 Cal) £
Jols O 6L Sls ed 53 polgr amb bl )

arg L pomen 5d o b G5 5 Jeoe

L L) sl 55 Sl (S 4 b s L (sl ol (sls add 3o 0 4o P Ut

Table 7. Principle Component Analysis for drought stress indices for white bean genotypes.

ol e o5 oMaa ol S xS oty
Component  Eigen value  Variance ratio  Cumulative variance
1 4.297 61.392 61.392
2 2.691 38.440 99.832
3 0.008 0.119 99.952
4 0.003 0.039 99.991
5 0.0006 0.009 100
6 4.667 0 100
7 0 0 100
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Figure 1. Biplot for determination of the superior indices and genotypes in white bean.
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Study of quantitative and qualitative traits and their relationships with grain
yield in white bean (Phaseolus vulgaris L.) under optimum and limited irrigation
conditions

Mohammadi, A.,' M. R. Bihamta?, M. Soluoki® and H. R. Dorri*

ABSTRACT
Mohammadi, A., M. R. Bihamta., M. Soluoki and H. R. Dorri. Study of quantitative and qualitative traits and
their relationships with grain yield in white bean (Phaseolus vulgaris L.) under optimum and limited irrigation

conditions. Iranian Journal of Crop Sciences. 10(3): 231-243 (in Persian).

Drought stress often is a limited factor in world that threatns crop yield. Application of breeding and
selection of tolerant genotypes to abiotic stresses are logical approach for determination of tolerant genotypes
that have a high performance under drought. In order to study quantitative and qualitative traits and their
relationships with grain yield in white bean genotypes under optimum and limited irrigation conditions, 15 white
bean genotypes were studied in two experiments using randomized complete block design with three replications
in experimental field, Faculty of Agricultural, The University of Tehran in 2004 cropping season. Combined
analysis of variance showed high genetic variation for most of the traits. Some traits had high genetic variation
under both conditions. Stress Susceptibility Index (SSI), Geometric Mean Productivity (GMP) and Stress
Tolerance Index (STI) had positive correlation with yield under optimum and limited irrigated conditions. Thus
genotypes with greater GMP, STI and lower SSI were identified as the tolerant genotypes. For further
evaluation, biplot was used. Four genotypes including No. 1, 2, 3, 5 and 14 were identified as tolerant genotypes

and STI, GMP, MP indices were determined as suitable indicas in screening for drought tolerance.

Keywords: White bean, Quantitative traits, Qualitative traits, Drought tolerance indices, Biplot.
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