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Evaluation of advanced common bean lines for resistance to common bacterial blight based
on factor and cluster analysis

M. R. LAK® A, GHADIRI, M. GOODARZI
Markazi Agricultural and Natural Resources Research and Education Center, AREEO, Arak, Iran

Abstract

Common bacterial blight (CBB), caused by Xanthomonas axonopodis pv. phaseoli (Xap), is one of the major diseases in common bean
fields leading to significant losses in yield and seed quality. Application of resistant varieties is the effective disease management. In this
study, 15 bean genotypes with the Sadri cultivar as a check varaiety were cultivated in the field of Agricultural and Natural Resources
Research Center of Markazi province during 2015 and 2016 which were inoculated with bacterial suspension (10 cell/ml) before flowering
stage. The resistance of genotypes was assessed in the pre-physiological maturity stage. The results showed that CBB reduced yield average
33.2% in the studied lines. Also, yield components including number of pods per plant, number of seeds per pod and one hundred seed
weight reduced 28.9%, 17% and 15.6% respectively.Finally, based on factor and cluster statistic analysis, five bean lines with the highest
geometric mean productivity and steress tolerance index and the lowest stress susceptibility index were selected. VAX3 and Ks31118
genotypes were released as CBB resistant red bean varieties due to their marketability and suitable grain color. Also VAX1, VAX5 and
VAX® lines can be used as the parents in bean hybridization programs to release resistant varieties to this disease.
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Table 1. Specifications of genotypes used in the experiment.

Genotype No. Genotype code  Commercial class Resource  Genotype No. Genotype code Commercial class Resource
1 31118 Red Bean KNBREC 9 21389 Pinto Bean KNBREC
2 21400 Pinto Bean KNBREC 10 21174 Pinto Bean KNBREC
3 21334 Pinto Bean KNBREC 11 VAX5 Black Bean CIAT
4 21426 Pinto Bean KNBREC 12 VAX6 Red Bean CIAT
5 21320 Pinto Bean KNBREC 13 VAX4 Navy bean CIAT
6 21407 Pinto Bean KNBREC 14 VAX1 Flagg Bean CIAT
7 21410 Pinto Bean KNBREC 15 VAX3 Red Bean CIAT
8 21425 Pinto Bean KNBREC 16 Sadri Pinto Bean KNBREC

KNBREC: (Khomein National Bean Research and Education Campus).

CIAT: (Centero International de Agricultura Tropical)
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Table 2. Combine analysis of variance of the studied traits in non-infection conditions.

Mean squares

SOV df Hundred seed weight Seed per pod Pod per plant Yield
Year 1 735 0.0731™ 720,01 0.2614"
Y*R 4 3.859 0.1364 60.79 0.2191
Treatment 15 "315.14 1872 057,74 0.3920
T*Y 15 3.678™ *0.3079 1265 0.0810"
Error 60 3.125 0.1162 20.43 0.0506
%CV 5.8 9.4 16.7 12

Dl gan e 5 Ao 33 0 (s s JL;:;—!CJ@V.):J:J:M %;4{”5}%{&
*, "and " are significant at the 1%, 5% and non-significant probability levels, respectively.
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Table 3. Combine analysis of variance of the studied traits in infection conditions.

Mean Squares

SOV df Disease severity Hundred seed weight  Seed per pod Pod per plant Yield
Year 1 0.0937™ 62.38 0.3564" 7720.01 0.0420™
Y*R 4 0.3750 0.5429 0.1479 60.79 0.0395
Treatment 15 3377 120,04 70682 057,74 *0.9319
T*Y 15 0.3604" 5.007" *0.2378 "94.29 0.1141°
Error 60 0.3083 6.079 0.1096 9.08 0.0555

%CV 29 9 11 15.4 18.8

s grs 8 5 dsy3 0 sy db:;—lcla,wﬁ)b&'u\ﬁijqnsj ¢

** *and ™ are significant at the 1%, 5% and non-significant probability levels respectively
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Table 4. Two- year average comparison of the studied traits in non-infection conditions.

Genotype Genotype Yield Pod per plant Seed per pod Hundred seed
No. code (kg/ha) weight (g)
1 31118 4468.7 abcd 30.56 cd 3.76 c 23.36 g
2 21400 4647.4 abc 19.03 f 2.93 e 35.71 d
3 21334 2956.6 f 19.78 f 3.15 e 30.42 f
4 21426 41545 bed 26.18 de 3.13 e 44.96 a
5 21320 4200 abcd 27.03 ed 3.58 cd 28.97 f
6 21407 3400 ef 26.96 ed 3.28 de 28.28 f
7 21410 4886.9 a 26.36 ed 3.11 e 33.32 e
8 21425 3087.9 f 19.63 f 3.23 de 33.86 de
9 21389 4265.7 abcd 22.07 ef 2.89 e 37.87 c
10 21174 4.88.9 cd 27.65 de 3.14 e 30 f
11 VAX5 4662.7 ab 27.36 de 4.54 a 20.28 h
12 VAX6 4314.1 abcd 36.16 b 4.39 a 21.64 gh
13 VAX4 3935.3 de 338 be 3.95 bc 21.86 gh
14 VAX1 4332.4 abcd 41.78 a 43 ab 22.96 g
15 VAX3 4778.6 ab 29.60 cd 3.78 c 29.38 f
16 Sadri 43354 abcd 16.16 f 4.26 ab 40.76 b

A STl RIS ool do s 0 Jlaz| Ck.u); Dl e Doles BB S 1ie OB S s Bl S b Sle Wt a2
In each column, the averages that share at least one letter do not have a statistically significant difference (Duncan o =5%)
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Table 5. Two- year average comparison of the studied traits in infection conditions

Genotype Genotype Yield Pod per plant Seed per pod Hundred seed Disease

No. code (kg/ha) weight (g) severity
1 31118 3532.4 ab 22.38 ef 3.23 c 21.56 ghi 1.66 cd
2 21400 3200 be 14.31 hij 2.23 ef 29.58 abc 15 cd
3 21334 1800 ef 15.3 hij 2.61 de 23.03 fgh 1.83 cd
4 21426 1978.7 e 12.31 jk 2.15 f 31.63 a 3 b
5 21320 2155.6 de 13.6 ij 2.66 de 25.25 def 2.83 b
6 21407 2022.3 de 19.31 fg 2.73 d 24.82 ef 1.66 cd
7 21410 3378.9 ab 17.76 gh 24 def 28.03 bed 2 c
8 21425 1778.9 ef 14.11 hij 2.65 de 28.48 abc 1.66 cd
9 21389 2267.6 de 14.06 hij 2.48 def 30.7 ab 2.66 b
10 21174 2689.8 cd 16.46 ghi 2.66 de 24.38 efg 1.83 cd
11 VAX5 4044.4 a 24.46 de 4.06 a 17.18 j 1.16 d
12 VAX6 3623.2 ab 31.38 ab 4.18 a 20.06 hij 1.16 d
13 VAX4 3178.9 bc 28.13 be 38 ab 19.49 ij 1.16 d
14 VAX1 3577.8 ab 33.06 a 3.8 ab 20.08 hij 15 cd
15 VAX3 3889.9 a 27.25 cd 351 be 26.57 cde 1.16 d
16 Sadri 1267.8 f 9 k 2.74 d 30.69 ab 3.66 a

A (Sl ;)"A)walﬁh-w)io JL:.::—\CEM):)\:J'M Sl BB S mie O SO s JBIJ;—ASLﬁLaOSJL,: Qg A 3

In each column, the averages that share at least one letter do not have a statistically significant difference (Duncan o =5%)
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Fig. Biplot of Chitti bean genotypes based on two main components.
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Table 6. Correlation coefficients between grain yield in both infection

and non-infection conditions and tolerance and sensitivity indices.

Indices Ye Yi GMP STI SSI TOL
Ye

Yi 0.65™

GMP  -0.005™ -0.76™

STI 0.78** 098"  -0.62*

SSlI -0.30"  -0.92" 095" -0.82"

TOL -0.02™  -0.74™ 0967 061" 092"

Dl e gt 5 40530 Ao y>) Jlaid s 3 s e 5 4™ 57
GMP  So 51l Ll 5 533 Shas 1Y o So oo Lol 553 5 Shas 1Y
SS1 (5 5lan) 555 ds Joos 2t Ls STI (5550 0 ot (Lo

2Jes 2 TOL () 55 & Cples 2L
** *and ™ are significant at the 1%, 5% and non-significant probability
levels respectively.
Yp: yield in non- infection conditions, Y): yield in infection condition,
GMP: Geometric Mean Productivity, STI: Stress Tolerance Index, SSI:
Stress Susceptibility Index, TOL: Tolerance Index.

.JJQWL&}M&LAQ@}Q L).al QSL&MJ‘,AL;E}\_«SJS “-.’:"J“‘;_VJJJ".'

Table 7. Linear compound coefficients of the main components of stress tolerance and sensitivity indices.

Indices
Variance Eigen values  Component
DIS TOL SSI STI GMP Yp
0.987 0.909 -0.512 -0.499 -0.668 0.125 52.99 5.366 1
0.974
-0.128 -0.134 -0.421 0.857 0.866 0.774 0.991 46.16 1.575 2

2t 881 (sle) 25 4 Jas st L ISTH (550, (ki 5S0Ls IOMP (S5 0T Lol 5 53 5 S 1Y ¢ So 0T oo Loyl 5 53 5 Shes 1Y

e L la TTOL (6 o) 25 45 ol

Yo: yield in non- infection conditions, Y;: yield in infection condition, GMP: Geometric Mean Productivity, STI: Stress Tolerance Index, SSI: Stress

Susceptibility Index, TOL: Tolerance Index.
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Fig 2. Dendrogram related to cluster analysis of 16 Chitti bean
genotypes based on the evaluated indicators.
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Table 8. Clustering of bean genotypes based on sensitivity and tolerance indices, in non-infection and infection conditions.

ssl STI ToL GMP  Yi(kg/ha) Yp (kgiha) No-ofgenowpesin - Clusters
each cluster

Mean 0.52 0.98 777.8 4112.2 3742.2 4520 5 1
%Deviation from total mean -49% 42.4% -43.7% 21.7% 34.5% 8.5%
Mean 0.93 091 1477.8 3970.7 3300 4777.8 9 9
%Deviation from total mean -8.5% 32.6% 6.9% 17.6% 18.6% 14.7%
Mean 0.81 0.68 1077.8 3425.6 2933.3 4011.1 9 3
%Deviation from total mean -20.9% -1.3% -.22% 1.4% 5.4% 3.7%
Mean 1.22 0.34 1247.1 2436.4 1881.5 3155.6 3 4
%Deviation from total mean 19.4% -49.9% -7.8% 27.9% -32.4% 24.2%
Mean 1.49 0.52 2081.5 3005.6 2140.7 4222.2 3 5
%Deviation from total mean 46% -24% 50.6% -11% -23.1% 1.4%
Mean 212 0.32 3044.4 2363.3 1288.9 4333.3 1 6
%Deviation from total mean 107.9% -53% 120.3% AR -53.7% 4%
Total Mean 1.02 0.69 1381.9 3377.7 2783.3 4165.3
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Ye: yield in non- infection conditions, Y;: yield in infection condition, GMP: Geometric Mean Productivity, STI: Stress Tolerance Index, SSI: Stress
Susceptibility Index, TOL: Tolerance Index.
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