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Table 1. Names of studied 35 common bean genotypes
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Genotype SIS Sl K5, E D] Ogemsls &l K, Genotype OgemsLs Gl K,
code Collection No.* Genotye Collection code Collection
code No. No.

1 831 o 4 blee ol 13 1165 s 25 Daneshkade Qs
2 853 &l o5ed Sl b o 14 1400 8oy 26 Ks41118 KW
3 858 RV 15 1489 Gl ol 27 34-ks21104 v
4 862 6l osed S b e 16 1497 S5 28 34-ks21107 e
5 887 RV 17 1534 0 35 ol 29 45-ks21112 =
6 895 s 18 1545 gy yo,8 30 Khomein s
7 951 3y ol 19 1-ks41111 RV 31 55-ks10023 olew
8 1001 e 20 Goli RETIBST 32 57-ks10012 ol
9 1032 s 21 3-ks41113 KWW 33 58-ks10025 ol
10 1059 SIR) e 22 3-ks41110 RV 34 Hasani-sefid KWW
11 1155 05 ol 23 18-ks31112 0,8 35 Hasani-chiti st
12 1164 0 3y 24 19-ks31108 o

T 0l oBls gk lie 5 (65,5l L 05 SOl 52 oy o)lats *

Genotype codes and numbers as recorded in Gene Bank of University College of Agriculture and Natural Resources, University of Tehran, Karaj,

Iran.

HARM = (2 x (Ypi x Ysi))/(Ypi + Ysi)
etal., 1997)
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Table 3. Path analysis for grain yield in common bean genotypes under non-drought stress condition
(Fp) Koo g > Indirect effect via g yb ;I puiinno gl 451

Tralts ele Correlation Dmﬁglt 1 2 3 4 5
coefficient

Seed via pod weight per plant &de b «ls 59 0.96 1.03 - 004 -015 0.03 0.01
Number of seeds per pod e ;o ails slass 0.44 0.11 0.37 - -0.05 0.03 -0.02
Biological yield 5g)g.0 o ,Slas 0.88 -0.16 0.97 0.03 - 0.03 0.02
Number of seeds per plant «g ;o als slaws 0.79 0.04 080 007 -011 - -0.02

100- seed weight ailsY«« 54 0.17 0.05 023 -005 -005 -0.01 -

Residual= 0.25

S i Ll gl 50 Lugd Slacaii] 50 digr 0 4ild 0,5es (5l (i b Canle il b 4 3 -F Jguor
Table 4. Path analysis for grain yield in common bean genotypes under drought stress condition

(Fp) St g > Indirect effect viags yb 3l puisomo g i1
Traits wlaw i - 7!
Correlation Direct effect 1 2 3 4 5
coefficient

Seed via pod weight per plant &dle b als 54 0.92 0.78 - -0.07 026 0.06 -0.10
Number of seeds per pod e o ails slaas 0.28 -0.16 0.35 - 012 001 -0.04
Biological yield <5505 o Sloe 0.80 0.30 0.66  -0.07 - 0.05 -0.14
Number of seeds per plant «g; ,o als slass 0.66 0.10 050 -0.01 014 - -0.06

100- seed weight alsy « « 35 0.39 -0.20 039 -0.03 021 0.03 -

Residual=0.33

Jboy ol )0 legd saish) sl Sy 0lgo b adele 42 joxi -0 Jgur
Table 5. Factor analysis using varimax rotation for common bean genotypes under non-drought stress condition

_ ‘ Joldsle  poo Jole ey ale  pylez Jele ey Jele TSIl

Traits Sl fl;::rtztr ngcctzgf ;:;'tgi Forth factor  Fifth factor Communality
DF EERVLARVESRY R 0.78 -0.10 0.15 0.30 -0.003 0.74
DP B B o 300 b 3, 0.77 -0.07 0.18 0.38 -0.30 0.86
DM S Sy doy00 0 G 3, 0.59 0.29 0.35 0.44 -0.33 0.85
PH(cm) cm) a5 glisl 0.65 0.49 -0.21 0.02 0.04 0.70
BY(9) @) S5 Sislsm o Slos 0.90 0.30 0.16 0.15 -0.06 0.95
SY(g) (@) 92,0 als o ,Shoe 0.92 0.17 0.12 -0.20 -0.14 0.94
NPP g o B olaas 0.89 -0.18 -0.05 -0.12 0.23 0.89
SPW(g) (@) e L ails 59 0.93 0.20 0.17 -0.08 -0.10 0.96
NSPo Al o wls slows 0.51 -0.22 -0.41 -0.50 -0.06 0.74
NSP g ,o als slaxs 0.88 -0.21 -0.15 -0.26 0.16 0.94
100SW(g) @) als 2o 39 -0.05 0.82 0.40 0.13 -0.25 0.92
PW(mm) mm) e 5,e 0.03 0.83 -0.003 -0.06 -0.01 0.69
SL(mm) mm) ails Jgbo -0.08 0.64 0.60 0.32 -0.06 0.89
SW(mm) (mm) ails 5,0 0.07 0.90 0.10 0.24 -0.17 0.91
SD(mm) (Mmm) ails las 0.10 0.82 0.12 0.25 -0.17 0.78
PL(mm) (mm) e Jsb 0.33 0.26 0.77 -0.09 0.02 0.78
HI cuils y asls -0.01 -0.29 0.06 -0.82 -0.03 0.76
DG 5 alez= 2o )00+ b 35, -0.10 -0.16 -0.23 -0.03 0.83 0.78
SDi(mm) (Mm) adle laé 0.09 -0.21 0.43 0.06 0.78 0.85

Eigen values oy polie 6.47 4.09 1.88 1.75 1.73 -
C”m“'a“‘zf;/o‘;f variance oo o 34.08 55.59 65.47 74.65 83.76 -

For abbreviations see Table 2.
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Table 6. Factor analysis using varimax rotation for common bean genotypes under drought stress condition

Jol Jele P90 Jole pow Jole Pk ole ey Jole IS 5o
Traits wlie First Second Third Fourth Fifth Communality
factor factor factor factor factor
100-SW(g) @) als %o 3 0.95 -0.10 0.12 0.16 0.07 0.95
PW(mm) (Mm) &M o,e 0.82 0.08 -0.05 0.04 -0.10 0.69
SL(mm) mm) ails Jsb 0.74 -0.20 0.19 0.48 0.09 0.85
SW(mm) (mm) «ls 5,0 0.89 0.10 0.17 -0.27 -0.10 0.91
SD(mm) (mmy als L 0.85 -0.03 0.04 0.18 0.01 0.75
BY(g) @)% Saelon o Shos 0.24 0.80 0.45 0.15 -0.03 0.93
SY(q) @ gy o ails 5 Shos 0.06 0.94 0.01 0.07 0.14 0.92
NPP Gay 3 M olas -0.54 0.75 0.08 -0.05 0.02 0.86
SPW(g) @52 > Dbl 39 0.10 0.93 0.14 0.22 0.05 0.94
NSPo e o wls slaws -0.50 0.54 -0.03 -0.04 0.25 0.61
NSP Gy o ails sl -0.59 0.77 0.04 -0.05 0.12 0.96
DG Sl 000 b 5 -0.20 0.01 -0.57 0.21 -0.40 0.56
DF IS a0 5, -0.23 0.17 071 0.18 0.08 0.63
DP A o0+ b 3, 0.05 0.08 0.80 0.16 0.23 0.73
PH(cm) €M) gy glis )| 0.16 0.47 0.72 -0.15 0.06 0.80
HI Sl sl -0.33 0.16 -0.65 -0.12 0.37 0.71
SDi (Mm) a8l ,laé -0.21 0.09 0.02 0.81 -0.23 0.75
PL(mm) (mm) e Jsb 0.22 0.23 0.16 0.76 0.33 0.82
DM Sy 22 )30 b 5, 0.11 -0.15 -0.14 -0.04 -0.77 0.66
Eigen values o9 polie 491 4.27 2.78 1.81 1.25 -
Cumulative of e s 2 25.86 4834 62.98 72.51 79.08 -

variance (%)

For abbreviations see Table 2.
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Fig. 1. Distribution of common bean genotypes on the basis of the first and the second principal components under
non-drought stress condition
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Fig. 2. Distribution of common bean genotypes on the basis of the first and the second principal components under
drought stress condition
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Table 7. Estimated drought tolerance indices based on average performance of common bean
genotypes under non-stress and stress conditions

Genotype Yp Ys MP  GMP HARM STI SSI  TOL YSI VI Yr
1 39.76 1538 27.57 24.73 2218 044 144 2438 039 0.72 0.61
2 31.53 1438 2296 21.29 1975 033 128 1715 046 067 054
3 40.71 26.05 33.38 32.56 3177 077 085 1466 064 122 0.36
4 38.10 36.62 3736 37.35 3734 101 009 148 096 171 0.04
5 30.99 28.15 2957 29.54 2950 063 021 283 091 132 0.09
6 31.26 1130 21.28 18.80 1660 026 150 1996 036 053 064
7 5214 26.14 39.14 36.92 3482 098 117 26.01 050 122 0.50
8 3404 1805 26.04 2479 2359 044 110 1599 053 084 047
9 30.52 2157 26.05 25.66 2528 048 069 895 071 101 0.29
10 4227 2271 3249 30.99 2955 0.69 109 1956 054 1.06 0.46
11 3152 16.05 23.79 2249 2127 037 115 1548 051 0.75 0.49
12 1143 914 1029 10.22 1016 008 047 229 080 043 020
13 2528 16.57 20.93 20.47 2002 030 081 871 066 078 0.34
14 16.43 12.05 14.24 14.07 1390 014 063 438 073 056 027
15 21.24 1352 1738 16.95 1652 021 08 771 064 063 036
16 20.38 15.62 18.00 17.84 1769 023 055 476 077 073 023
17 28.10 1733 2271 2207 2144 035 090 1076 062 081 0.38
18 39.57 27.33 3345 3289 3233 078 0.73 1224 069 128 031
19 3043 20.76 2560 25.13 2468 046 075 967 068 097 032
20 4210 28.05 3507 34.36 3367 085 0.78 14.05 067 131 0.33
21 30.29 1948 2488 24.29 2371 043 084 1081 064 091 0.36
22 5419 1886 36.52 31.97 2798 0.74 153 3533 035 0.88 0.65
23 36.62 21.00 2881 27.73 2669 056 1.00 15,62 057 098 043
24 29.36 21.71 2554 25.25 2496 046 061 764 074 1.02 0.26
25 69.03 3243 50.73 47.32 4413 162 125 36.60 047 152 0.53
26 2557 1786 21.71 21.37 21.03 033 071 771 070 0.84 0.30
27 98.23 2889 6356 53.27 4465 205 166 6933 029 135 0.71
28 69.85 31.87 50.86 47.19  43.77 161 128 3798 046 149 0.54
29 3324 2762 3043 30.30 30.17 066 040 562 083 129 0.17

30 3495 1142 2318 19.97 1721 029 158 2354 033 053 067
31 2495 2210 2352 2348 2344 040 027 28 089 1.03 0.11
32 4483 3833 4158 4145 4133 124 034 649 086 179 014
33 3417 1263 2340 20.78 1845 031 148 2154 037 059 063
34 4434 2919 36.76 35.98 3520 093 080 1515 066 137 0.34
35 3485 1795 26.40 25.01 2370 045 114 1690 052 0.84 048

Abbreviations: Yp: Potential Yield; Ys: Stress Yield; MP:

Mean Productivity; GMP: Geometric Mean Productivity; HARM: Harmonic Mean;

STI: Stress Tolerance Index; SSI: Stress Susceptibility Index; TOL: Tolerance index; YSI: Yield Stability Index; Y1: Yield Index; Yr: Yield reduction rate.
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Table 8. Correlation coefficients between yield under no-stress (Yp) and drought stress (Ys) with tolerance indices in
35 common bean genotypes

Yp Ys MP GMP HARM STI SSI TOL YSI Yl Yr
Yp 1
Ys 0.95™ 1
MP 0.96™ 0.79™ 1
GMP 0.91" 0.78™ 0.99™ 1
HARM 0.83™ 0.94™ 0.95™ 0.99™ 1
STI 0.93" 0.81™ 0.99™ 0.98™ 0.95™ 1
SSI 0.50™ -0.33™ 0.26™ 0.14"™ 0.01™ 0.17m™ 1
TOL 0.89" 0.16™ 0.73™ 0.62" 0.49™ 0.68™ 0.79™ 1
YSI 0.50™ 0.33™ -0.26™  -0.14™ -0.01" -0.18™ -1.0™ -0.79™ 1
Y 0.60™ 1.0™ 0.79™ 0.87" 0.94™ 0.81™ -0.33" 0.16™ 0.33™ 1
Yr 0.50™ -0.33™ 0.26™ 0.14™ 0.01™ 0.18™ 1.0™ 0.79™ -1.0" -0.33" 1

ns and **: Not-significant, Significant at 1% probability level, respectively.
Yp: Potential Yield; Ys: Stress Yield; MP: Mean Productivity; GMP: Geometric Mean Productivity; HARM: Harmonic mean; STI: Stress Tolerance
Index; SSI: Stress Susceptibility Index; TOL: Tolerance index; YSI: Yield Stability Index; YI: Yield Index; Yr: Yield reduction rate.
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Table 5. Eigen values and proportion variance of tolerance indices and yield under non stress and drought stress
condition in 35 common bean genotypes

. L e e oy
“lge B »olis Cumulative Yo Ys MP GMP HARM STI Yl SSI TOL YSI Yr
component  Egien values of variance
(%)
1 6.49 59.02 083 094 095 0.99 0.99 096 094 -003 050 003 -0.03
2 4.32 98.31 054 -032 030 017 0.02 022 -033 099 084 -099 -0.99
For abbreviations see Table 8. Deds dnzlie A Jgaz s Ol lais gl
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Fig 3. Biplot for 35 common bean genotypes at 9 drought tolerance indices on the basis of first and second principal componentS
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Introduction
Pulse crops with 18-32% protein are the most important source of grain for human food. Protein of food

legumes due to the presence of essential amino acids such as Lysine, have high nutritional value. Common
beans are half of the beans used in the world, its grains rich in protein and carbohydrates. Common bean is
very sensitive to weather conditions and soil quality and its performance even in short periods of stress.
About two-thirds of the land under cultivation in Iran is in semi-arid areas, so the varieties with resistance to
drought stress are the most important objectives of the breeding programs. Genetic diversity is the base for
the selection of genotypes with desirable traits. In addition genetic resources have the fundamental role for
agricultural development, as a source of useful genes for resistance to biotic and abiotic stresses and the
development of genetic adaptation to environmental changes considered that the proper utilization of these
varieties can be produced new and more desirable plants.

Materials & Methods
In order to evaluate genotypic and phenotypic variation and determine the relationship between grain

yield with other traits in 35 common bean genotypes under normal and drought stress conditions, an
experimental design was carried out in a randomized complete block design under two conditions in 2013 at
the research field of college of Agriculture and natural resource of University of Tehran in Karaj state with
latitude 35° and 56 minutes north and longitude 50° and 58 minutes east and 1112.5 m height above sea
level. Treatments consisted of 33 common bean genotypes with three Khomein, Daneshkadeh and Goli
Cultivars as control, were selected from the collections of College of Agriculture, University of Tehran,
Karaj. Based on 30 years of data, mean annual precipitation of 243 mm and the test run of 47.7 mm rainfall
during the growing season was over. Planting was done manually. Each plot consisted of three rows of two
meters in length and with a spacing of 50 cm and 10 cm seeds space on the row and depth of planting was
about five centimeters. Irrigation took place similar to both conditions at flowering stage, for seven days
(Equivalent to 70 mm evaporation) and after the vegetative growth and loss of the risk sufficient to remove
the bushes. Irrigation of water stress piece was performed each 11 days (Equivalent to 110 mm evaporation).
Harvest was performed when 90% of plants were matured and the seven plants in compliance with marginal
effect of each plot were collected to measure traits and then by using the mean yield genotypes per plot in
non-stress (Ypi) and stress conditions (Ysi), drought tolerance indices including, Mean Productivity,
Geometric Mean Productivity, Harmonic Mean Productivity, Stress Tolerance Index, Stress Susceptibility
Index, Tolerance Index, Yield Index, Yield Stability Index, Stress Intensity and yield reduction rate were
calculated for each genotype.
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Results & Discussion

Results showed that among genotypes in the studied traits there were significant differences which
displayed genetic variation among the genotypes. Based on the average of genotypes yield in normal
conditions the highest and lowest seed yield pertained genotypes 27 and 12, respectively, and in the stress
related to genotypes 32 and 12, respectively. According to the results of phenotypic correlations, stepwise
regression, and path analysis in both normal and stress conditions, the traits of seed and pod weight,
biological yield, number of seeds per plant, and number of seed per pod were the most important and
effective traits affecting yield. The highest diversity was observed for these traits; therefore the selection of
these traits can ideally improve the yield. Based on factor analysis, five factors were selected that the total
variation were explained 83.76 and 80.79 percent under normal and drought stress conditions, respectively.
The first and second factors were named yield and yield component factors. Geometric Mean Productivity,
Harmonic Mean and Stress Tolerance Index, indices had the highest significant correlation with yield in both
conditions, hence, were introduced as the best indices for screening tolerant genotypes. Based on biplot
graph, genotypes 25, 27 and 28 were identified as tolerant genotypes with high yield, whereas genotypes 7,
10, 22 and 23 as drought-sensitive genotypes. Based on indicators STI, GMP, GMP, HRM and performance
in normal and stress conditions, using Ward method genotypes were classified in three clusters 21 genotypes
in first class, 3 genotypes in cluster 1l and 11 genotypes were in Cluster Il and tolerant genotypes with the
highest distance from sensitive genotypes (cluster I) in the third cluster.

Conclusion
Thus, according to genetic distance can be genotypes in breeding programs to produce hybrids with high
yield and drought tolerance can be used.
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