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0z, 2010; Sadeghi et al., 2011; Cokkizgin et al.,
2013; Onderet al., 2013; Akhshi et al., 2015).
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Table 1. The name of elite lines, origin from local populations of red common bean, with the control cultivars

i 95 oyl G 995 o leud
Genotype number oL Name Genotype number el Name

1 V-55,59 Durood-1 9 Y-39,98 Durood-2

2 V-Gl Azna-1 10 V-obl,5 Noorabad-1
3 Y=Ll Azna-2 11 Yool Noorabad-2
4 V-5, Aligoodarz-1 12 V-aijLs Shazand-1
5 Y-5,06  Aligoodarz-2 13 Y-wls Shazand-2
6 Y-3,954  Aligoodarz-3 14 Sl Aleshtar

7 f-5,0601 Aligoodarz-4 15 (s2lx) 5 Goli(Check)
8 3,95 Borujerd 16 (s2lz)slee  Sayad(Check)

o Lol L b piie  asqaais liee oy o odle s ool
5 VIF(Variance inflation factor) L bl s,65 5516
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Table 2. The results of ANOVA and significant tests for evaluated traits in studied red common beangenotypes

Ol o (ule
MS
wle e Slaws EHORINEY)
Ol yts’ 29bo _ gyl Pl plislan  pls Jeb 4ilYee 39 Ails o Slos
woly! 0,8 &g
SOV DF PH NN SN PN PL SNPP 100SW SY
A3
Replication 3 121.93 ™ 2.89m™ 0.66 ™ 22.08™ 0.242™ 11851 ™ 6.60 " 421334 ™
o
Treatment 15 900 ™ 14.35™ 3.67™ 3554™  1.06™ 733" 20.72™ 228941 ™
Uas
Error 45 122 3.21 0.736 13.84 0.258 97.57 1.80 368900
(30,0) Ol s g 0
CV % 7.36 4.47 4.98 2.56 4.14 7.52 115 6.20
oosdleys s3]
Test of normality
(K-S) ns ns ns ns ns ns ns

YR WY | PCE C P R PN RA VS P [P SR KPS PONPA RS PONUP-INIU t PVIR |
ns, * and **: Non significant, significant at 0.05 and 0.01 probability level, respectively.

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW (100 seed
weight) & SY (Seed yield), SOV (Source of variation), DF (Degree of freedom), MS (Mean square), CV (Coefficient variation), K-S (Kolmogorov-

Smirnov test)
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Table 3. Mean comparison for evaluated traits

i 955 0 ylois él.ufl ofF ol asLy .>|...w oL olass L Jsb Sgp il ol EHA) ’u)g &ls o).f.Lo.c
Genotype (0 gH5lw) NN <2 PN PL SNPP (p,5) (p,5)
number PH (cm) SN 100SW (g) SY (g)
1 103.42 cd 1812 bc 432 cd 2497 abcd 8.67 e 78.32  bcd 30.92 bcde 4840 bc
2 104.90 cd 21.35 a 480 cd 2358 abcd 8.67 e 80.32 bc 27.90 fgh 4476  bcde
3 10825  becd 18.50 b 542 ¢ 2297 abcd 9.00 bcde 74.00 bcd 29.45 defg 4347  bcde
4 101.67 cd 1750 bc 505 ¢ 2312 abcd 8.700 e 61.90 d 30.65 bcde 3793 de
5 101.27 cd 1822 abc 512 ¢ 28.10 a 9.77 ab 102.00 a 29.07 efg 5949 a
6 96.80 de 1710 bed 520 ¢ 27.25 ab 9.17 bcde  100.52 a 31.15 bcde 6058 a
7 11387 bed 1632 bcd 417 cd 2120 bcd 8.75 de 73.95  bcd 32.07 b 4738  bcde
8 98.12 d 1635 bcd 4.62 cd 19.05 d 8.82 cde 65.05 cd 31.57 bed 4102 cde
9 134.97 a 18.07 abc 557 bc 1945 d 9.67 ab 65.37 cd 31.90 bc 4159 cde
10 122.50 ab  18.17 b 6.77 ab 2180 bcd 9.47 bcde  69.95 cd 34.22 a 4810 bcd
11 81.20 ef 133 e 355 d 2200 abcd 8.82 cde 66.40 cd 29.85 cdef 3852 cde
12 101.60 cd 1513 cde 492 cd 20.80 cd 9.57 bed 7282  bcd 35.42 a 5163 ab
13 124.07 ab  16.17  bcd 7 a 19.67 d 9.70 ab 62.37 d 31.72 bc 3922 bcede
14 103.32 cd 1797 bc 420 cd 26.67 abc 9.07 bcde  98.05 a 29.72 cdef 5715 a
15 11932 abc 1700 bed 517 ¢ 19.67 d 9.62 abc 67.60 cd 27.60 gh 3715 e
16 75.7 f 1425 de 3.6 d 19.10 d 10.42 a 87.67 ab 26.85 h 4715  bcde

23,5 005 b (5o ctre B /e Babaw o wils S tie By S Jilas Jles o sl (5t ,2 50 &5 ol Sile
Means within each column and treatment with a letter in common are not significant at 0.05 probability level.

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW (100 seed
weight), SY (Seed yield)
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Fig. 1. Cluster analysis for genotypes based on UPGMA and cluster cutting by Wilks'lambda statistic
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Table 4. Mean of groups for studied traits

S8es b glrog S S5 as b glaog,5 8,5 os b glvog,5
Slao Groups with seed yield Groups with seed yield Groups with seed yield
Traits ey Luwgio wgio ob; o ob;
Low Medium Medium High Low High
(o) oS elis )
PH (cm) 109.06 103.62 103.62 100.46 109.06 100.46
0,5 olass
NN 17.28 16.40 16.40 * 17.76 * 17.28 17.76
= Lo olass
SN 5.15 4.76 4.76 4.84 5.15 4.84
g 50 pls slaws
PN 21.19 21.57 21.57 27.34 21.19 ** 27.34 **
els Jobo
PL 9.12 9.38 9.38 9.34 9.12 9.34
W ,0 ilo olass
SNNP 67.78 ** 76.54 ** 76.54 ** 100.19 ** 67.78 ** 100.19 **
(p5) &l3) = (3
100SW (g) 30.08 ** 31.91 ** 31.91* 29.65 * 30.08 29.65*

VR RPRYRY Yy [PCES L VR USRI JOVR
*and **: Significant at 0.05 and 0.01 at probability level, respectively

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW
(100 seed weight), SY (Seed yield)

PP YRLL ay Olao Gl‘”;}"ﬁ t_e').g—& Jous
Table 5. Some of characteristics for under studied traits

Slhio pSbe oS b sl T eteaked
Traits Mean Minimum Maximum Variance <o) &l onfile 2215 50
cV, h2%
oL gl
PH (cm) 105.75 68.60 146.30 307.57 0.17 0.86 ™
0,5 slaws
NN 17.10 12.60 26.30 5.85 0.14 0.77 ™
3y AL olass
SN 497 3.00 9.00 143 0.24 0.80 ™
g, pls ol
PN 22.46 15.30 33.10 19.40 0.20 0.61~
pls Jsb
PL 9.25 8.10 11.50 0.45 0.07 0.75™
W ,0 dilo ol
SNNP 76.65 48.00 109.50 250.09 0.21 0.87 ™
(P @Y+« 3
100SW (g) 30.57 26.38 38.59 6.54 0.08 091™
(#,5) ailos Slas
SY(g) 4661 2567 6622 828661 0.20 0.83™

LY g o0 Jleisl maw 4o o Sre s 34y T g7
* and **: Significant at 0.05 and 0.01 at probability level, respectively

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed
number per plant), 100 SW (100 Seed weight) & SY (Seed yield)

CV, (Coefficient of Genetic Variation), h?, (Broad sense heritability per treatment mean)
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Table 6. Correlation between measured traits in studied red common bean
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Table 7. The results of regression analysis for seed yield as dependent variable in studied red common bean
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Table 8. The results of path analysis of under studied traits in red common bean
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Table 9. The results of factor analysis for studied traits based on principle component analysis (PCA)
with Varimax rotation
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Table 10. Factor value for studied red common bean genotypes

i g olod ABTe 1 AT Y el F et
Genotype number Factor 1 Factor 2 Factor 3 Factor 4

1 0.39 -0.21 -1.24 0.10

2 0.11 0.74 -1.39 -1. 69

3 -0.19 0.54 -0. 52 -0. 65

4 -0.77 -0. 06 -1.18 -0.11

5 1.95 0.31 0.76 -0. 56

6 1.84 -0.16 0.07 0.22

7 -0.21 -0.41 -0.74 0.79

8 -0. 96 -0. 62 -0. 60 0.43

9 -0. 77 1.31 0.62 0.14

10 0.08 1.43 0.40 1.30

11 -0.89 -2.11 -0. 57 0.24

12 0.17 -0. 58 0.67 2.20

13 -0. 96 1.23 1.09 0.48

14 1.55 -0.23 -0.37 -0.21

15 -1.13 0.56 0.71 -1.38

16 -0. 20 -1.73 2.29 -1.31
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Introduction

Phaseolous vulgaris is highly important among bean species. China, Iran and Japan are the most
important countries producing bean in Asia. According to reported information, cultivated area of bean was
94000 ha in Iran which 17841 ha located in Lorestan province. Improvement of new cultivar with high
genetic potential for grain yield is the final goal in many breeding programs. To achieve this goal, many
characteristics should be considered. Positive and negative significant correlation has been reported between
traits in common bean. Various, traits had different direct and indirect effects on grain yield which should be
considered. In addition to path analysis, evaluation and relationship of traits by other multivariate statistical
methods such as cluster and factor analysis have been studied for better understanding of these relationships.
This study aimed to investigate superior lines, study the relationship between important traits with seed yield
by some univariate and multivariate statistical methods, and provide functional recommendation to breeding
programs.

Materials & Methods

Elite lines obtained from red common bean (Phaseolus vulgaris L.) local populations of Lorestan
province and suburbs, Iran, including 14 lines belonged to Azna (2 lines), Aligudarz (4 lines), Aleshtar (1
line), Borujerd (1 lines), Durood (2 lines), Shazand (2 line) and Nourabad (2 lines), with two control
cultivars Goli and Sayyad were evaluated in randomized complete block design (RCBD) with 4 replications
in Borujerd station, Lorestan, Iran, in 2011. Plant height, node number, stem number, pod length, pod
number per plant, seed number per plant, 100 seed weight and seed yield characteristics were measured. Data
were normalized by Kolmogorov-Smirnov test at 0.01 probability level. Error, genetic and phenotypic
variances, and broad sense heritability pertreatment mean were estimated. Pearson correlation coefficient
was used to determine the relationship between traits. Cluster analysis based on UPGMA was performed and
Wilks' lambda statistic was used for cutting dendrogram. Then, a code was allocated to each group and these
groups were compared. However, in order to fix type I error, Hotelling’s T2 test was used at 0.05 probability
level. Before that, the assumption of homogeneous variance-covariance matrix was tested by BOX test at
0.01 probability level. Then, traits were compared. Seed yield was considered as dependent variable (y) and
regression analysis was performed by stepwise method. Traits, that had significant standardized coefficient,
were used in path analysis. For statistical analysis, Excel, SPSS and MSTAT-C software were used.

Results & Discussion

The results of ANOVA showed that the lines had significant difference for all studied traits. Mean
comparison by Duncan test showed the highest and lowest seed yield belonged to Aligodarz-3 line (6058 Kg
ha?) and Goli cultivar (3175 Kg hat), respectively. All of the genotypes that were located in high seed yield
group by cluster analysis belonged to elite lines that indicated the local red common bean populations, as a
heterozygote germplasm source that been mixed of homozygous genotypes, had high potential to selection of
superior lines in the breeding program. Comparison between groups by Hotelling-T? statistics indicated seed
number per plant and had significant difference at 0.01 probability level. The highest and lowest significant
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correlation coefficient was observed for seed number per plant with seed yield (0.91™) and node number
with stem number (0.27%), respectively. The results of multiple regression for seed yield as dependent
variable showed that seed number per plant and 100 seed weight had significant standardized regression
coefficient. While, 100 seed weight had no significant correlation coefficient with seed yield that breeders
should be considered different aspect of trait relationships. Path analysis results showed seed number per
plant with direct effect 1.03 had more effect on seed yield than 100 seed weight with direct effect 0.43.
While, both seed number per plant and 100 seed weight had negative indirect effect on seed yield by each
other. The results of factor analysis showed four factors explained 93% of total variation. The first and
second factor were called yield and yield component, and phenological type explained 60% of total variation.
The lines that located in high yield group had the highest value for yield and yield components factor. While,
the lowest score for mentioned factor belonged to Goli cultivar that showed factor analysis can be used both
to summarize many dependent variables (traits) into little independent variables (factors) and to selective
genotypes based on factor value. According to reports, the genetic base of bean cultivars has been limited.
One of the useful results of multivariate analysis is the investigation of genotypes that locate at the end of
distribution for several traits and these genotypes can be used as parents for better utilizing of probably
heterosis. Heterosis and crossing one of the sustainable agricultural goals would improve germplasm,
increase human food, promotion of farmer’s livelihoods and provide food.

Conclusion

Local populations of red common bean should be considered by breeders to select superior lines because
of its potential and adaptation. Some studied traits had high diversity that could be exploited in breeding
programs. While, other traits need to increase diversity by breeding strategies. Considering that each of
studied analysis showed the different aspects of traits relationships and genotypes potential. So, the results
should be considered simultaneously by breeders to better interpretation. Among the studied traits seed
number per plant, according to high heritability, the identification of groups with different grain yield, high
correlation and positive direct effect on grain yield was appropriate to increase seed yield. Multivariate
analysis can be used to evaluate desirable genotypes and accumulate favorable alleles in breeding programs.
The results of this study can be useful for breeders to investigate and utilize both traits and genotypes in
breeding programs.
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