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Abstract

Improving knowledge on the relationships between agro-morphological traits in Chitti bean (Phaseolus vulgaris L.) will
contribute to identifying key traits affecting grain yield for use in bean breeding programs. A field experiment was
conducted using an augmented design consisting of 116 breeding lines and three checks (Sadri, Kousha, Khomein
local). Statistical analysis showed that grain yield and seeds per plant had the largest variations. Regression analysis
showed that days to emergence of the first trifoliate leaf (\V3), seeds per pod, and plant height, explained more than 39
percent of the variation in grain yield. Path analysis indicated a high negative direct effect of V3 and a positive direct
effect of seeds per pod on grain yield. Cluster analysis helped to classify all genotypes into four distinct groups. From
the genotypes studied, 38 superior genotypes were selected, which can be used in the breeding programs of Chitti bean
Also, number of days to emergence of the first trifoliate leaf and the number of seeds per pod were identified as traits
useful to consider in bean breeding programs aiming at improving the grain yield of Chitti beans.
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Abbreviation

V1: Days to emergence; V,: Days to the emergence of the primary leaves; V3. Days to the emergence of the first
trifoliate leaf; V4: Days to the emergence of the third trifoliate leaf; Rs: Days to floral initaiation; Re: Days to flowering;
R7: Days to pod formation; Rg: Days to seed filling; Ro: Days to maturity

Introduction

Identifying useful bean characteristics s
important in germplasm conservation and genetic
improvement in breeding programs (Chiorato et
al. 2007). Using some statistical methods, we can
obtain the information necessary for the indirect
selection of traits to improve grain Yyield
(Farshadfar 1997). Chiorato et al. (2005) studied
the genetic variation of various traits in beans to
be used in breeding programs. Blair et al. (2009)
examined 604 genotypes of CIAT germplasm for
several traits, including seed size, and concluded

that the common bean has a very good

demographic structure that can be used in the
cross between genotypes to create genetic
diversity and as a basis for other studies. In a
study on the qualitative and quantitative traits of
bean germplasm in Serbia, multivariate statistical
methods were used to investigate the genetic
diversity among genotypes for agronomic traits.
Also, effective traits on seed yield were identified
as plant height, number of pods per plant, number
of seeds per plant, percent protein in grain, and
form of grain (Vasi et al. 2008). Sanjiev
Deshpand et al. (2010) evaluated agronomic and

morphological traits such as yield, marketing
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guality of the grain, and early maturity in 225
bean genotypes using an augmented experimental
design. Appropriate genotypes were identified as
parents for breeding or for direct selection to
release as cultivars. In another study, there was a
high variation in yield, the number of pods per
plant, 100 seed weight, and seed number per pod
among bean genotypes while the length of growth
period of genotypes was not significantly different
(Awan et al. 2014). Keshavarznia et al. (2013)
evaluated morphological and agronomical
characteristics of 89 bean genotypes and the
relationships  between different traits were
analyzed. The results showed that the highest
amount of phenotypic variation was related to
plant height and vyield. Stepwise regression
analysis showed that number of pods per plant,
100 seed weight, and seed number per pod had the
greatest effects on grain yield. Azizi et al. (2001)
studied genetic variation in 121 genotypes of
white, red, and Chitti beans grown in Isfahan,
Iran. Large genotypic and phenotypic variation
was observed and among the tested traits, plant
yield, number of pods per plant, 100 seed weight,
and number of branches showed a greater
coefficient of variation. The number of days to
maturity was the least variable trait.

At present, the main goals of common bean
improvement research in Iran are the
identification, selection, and development of high
yielding and marketable varieties with appropriate
plant types (Ghanbari 2015). Market values for
Chitti beans include large seeds, the background
color, light cream with red to purple veins, and
round grain form. For white beans, this includes

grain with a shiny white background and 100 seed

weight of about 30 grams. For red beans,
depending on the area of consumption, this
includes capsules with light seed color or cultivars
with a 100 seeds weight of about 30 grams in
bright or dark color. Considering the importance
of identifying useful traits of beans in the
selection and release of new varieties, the present
study was aimed to determine agro-morphological
traits affecting yield among international lines of
Chitti bean for utilization in the breeding

programs.

Material and Methods

A field experiment was conducted in 2014 to
evaluate agro-morphological traits, growth and
development characteristics, yield, and vyield
components of 116 Chitti bean (Phaseolus
vulgaris L.) lines using an augmented design at
Seed and Plant Improvement Institute (SPII),
Karaj, Iran. Some of these lines resulted from
crosses between Iranian genotypes with the
genotypes either developed by International
Center for Tropical Agriculture (CIAT) or
cultivars collected from other leading bean
cultivating countries.

Before planting, 70 kg ha of phosphorus (P)
in the form of ammonium phosphate and 30 kg ha-
1 of nitrogen (N) in the form of urea were applied
to the field. At the beginning of flowering, 12 kg
hal of N in the form of urea was distributed
before irrigation in the field. The lines were sown
in six blocks and each block consisted of 20 lines
as well as three checks (Sadri, Koosha, Khomein
local). The lines were sown in two-meter rows
with a row to row spacing of 60 cm and a plant to

plant spacing of 5 cm. The drip irrigation system
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was used to assure adequate soil moisture for crop
growth, development, and yield. The studied agro-
morphological traits were plant height, number of
branches, plant type, phenological stages in
vegetative and reproductive phases, yield, yield

components, and marketing traits of grain.

Vegetative and reproductive growth stages:
The number of days from planting until 50% of
the plants of each plot show the signs of the
emergence of each stage, were recorded for each
genotype. The vegetative phase consisted of days
to emergence (V1), days to emergence of the
primary leaves (V2), days to emergence of the first
trifoliate leaf (Vs), and days to emergence of the
third trifoliate leaf (V4). The reproductive phase
included days to floral initiation (Rs), days to
flowering (Rs), days to pod formation (R7), days
to seed filling (Rs), and days to seed maturity (Ro).

Plant height and number of branches: At the
end of the pod filling period (growth stage Rg),
five plants were randomly selected from each plot
and their plant height was recorded in cm from the
ground and the number of branches was also

counted.

Yield and yield components: At harvest time, the
number of pods per plant was determined from the
count of pods in the five plants per genotype, and
the number of seeds per pod was determined from
the count of seeds in 10 pods. To determine the
grain weight, 100 seed samples were weighed
from each treatment and their mean weight was

recorded as 100 seed weight. Plant grain weight,

seed weight per plant, and number of seeds per
plant were also determined. The length of the
longest pod in each treatment was obtained in cm
using the average value of 10 pods of five plants.

Plant type and marketing value of grain: To
better interpret the results and help in selecting the
superior lines, two qualitative traits of plant type
and grain marketing were evaluated. There are
four plant types in beans, three of which are
common in Iran. Type 1 is the determinate growth
with the upright stand. Type 2 is the indeterminate
growth with the upright stand, and type 3 is the
indeterminate growth type with prostrate growth
habit. The plant type was determined during the
seed filling period.

The marketing value of the grain was graded
from 4 (excellent) to 1 (poor) based on the
apparent quality of the grain (grain shape, grain
size, grain field color, grain veins, grain
brightness). The highest market value was number
4 and the lowest number was 1. Most of the lines

were graded as marketable 3 (good).

Data analysis: To determine the homogeneity of
the land, the analysis of variance was performed
on the checks. The insignificance of the difference
between blocks was considered as the uniformity
of the test. Calculation of the correlation
coefficients between traits, stepwise regression
analysis, path analysis, and cluster analysis by
Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) method was performed. We used
SAS 9.1 and SPSS 16 software to analyze the
data.
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Results and Discussion
To best manage the hybridization projects, parents
should be selected according to the desired traits
at a suitable genetic distance from each other. The
greater the distance between the parents, the
greater the chance of obtaining a heterotic F;
(Arunachalam 1981). The results of this study,
considering the use of diverse germplasm of Chitti
beans, as well as the evaluation of important
agronomic traits, will be a good guide for bean
breeders to select parents in breeding projects.
The results of the analysis of variance for the
checks showed that there was no significant
difference between the experimental blocks in
terms of traits and there was no need to correct the
means in blocks. The statistics including mean,
maximum, minimum, standard deviation, and
phenotypic coefficient of variation for the studied
traits (Table 1) showed that there was a large
variation among the genotypes and this diversity
could be considered as an appropriate genetic
reserve, which can help breeders in improving
Chitti beans. The highest coefficient of variation
was related to plant yield and the number of seeds
per plant. The statistical parameters of the studied

traits are presented in Table 1.

Correlation coefficients: Seven traits (number of
days to emergence of primary leaves, number of
days to the appearance of the first trifoliate leaf,
number of days to emergence of the third trifoliate
leaf, and plant type with negative coefficients and
number of branches, number of pods per plant,
and seed number per pod with positive
coefficients) had significant correlation with grain
yield (Table 2).

Regression analysis:  Stepwise  regression
analysis results are presented in Table 3. Three
attributes (days to emergence of the first trifoliate
leaf, number of seeds per pod, plant height) in
total justified more than 39% of the variation in
grain yield. Table 4 shows the degree of
multicollinearity = among  the  independent
variables. In statistical terms, a multiple
regression model where there is high
multicollinearity will make it more difficult to
estimate the relationship between each of the
independent variables and the dependent variable.
Using variance inflation factor (VIF) or tolerance
helps to identify the severity of any
multicollinearity issues so that the model can be
adjusted. When VIF is higher than 10 or tolerance
is lower than 0.1, there is significant
multicollinearity that needs to be corrected.
According to the results of the present study, none
of the studied traits had a tolerance higher than 10.

The role of bean traits in yield changes has
been investigated using multiple regression
analysis and different results have been reported.
In Safapour et al. (2009), regression analysis
showed that the number of days to pod filling, the
number of days to seed maturity, the length of the
longest pod, the number of seeds per plant, the
weight of 100 seeds, and the length of the main-
root had the highest effects on grain yield. In
another study, the relationships between
morphological traits were investigated in 121
genotypes of white, red, and Chitti beans. Based
on the stepwise regression results, this study
found that the number of pods per branch was the
most important component in the variation of

yield, and the number of pods per main stem, 100
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Table 1. Statistics of the evaluated agromorphological traits in Chitti bean lines.

. . . Phenotypic
Trait Min. and Max. Mean Std. Error Variance CV (%)
V> 11-19 16.1 0.28 9.59 19.24
V3 16-22 19.3 0.82 2.80 8.67
V4 24-30 27.4 0.84 2.80 6.10
Rs 33-55 40.9 4.41 24.06 11.99
Re 46-87 53.2 5.79 36.56 11.36
Ry 50-93 60.2 6.79 56.20 12.44
Rs 82-114 94.7 7.05 45.01 7.08
Ro 92-126 103.3 6.14 35.33 5.75
Plant height (cm) 30-118 54.4 17.38 335.09 33.59
Branches per plant 3-9.3 5.6 1.42 1.85 24.20
Pods per plant 7-34.3 15.7 6.10 23.94 31.14
Pod length (cm) 9.2-18.1 11.8 1.43 1.93 11.76
Seeds per pod 2.7-6.4 4.5 0.79 0.59 17.05
Seeds per plant 29-161 66.3 26.68 485.62 34.20
100 seed weight (g) 32.6-66.2 45.2 6.55 35.44 13.14
Grain yield per plant (g) 7.7-45.5 19.9 6.99 63.74 40.10

V2: Days to the emergence of primary leaves; Vs: Days to the emergence of the first trifoliate leaf; Va: Days to the
emergence of the third trifoliate leaf; Rs: Days to floral initiation; Re: Days to flowering; R7: Days to pod setting; Rs:
Days to pod filling; Re: Days to maturity; CV: Coefficient of variation

Table 2. Correlation coefficients of yield attributed traits with grain yield per plant in Chitti bean lines (only
significant correlations are shown).

Trait \V/) V3 V4

Branches Pods per Seeds per Seeds per
per plant plant pod plant

-0.528 ** -0.570 ** -0.523 ** 0.231* 0.208 * 0.215 ** 0.174*

Grain yield per
plant
* and ** are significant at the 5% and 1% levels of probability, respectively.
V2: Days to the emergence of primary leaves; Vs: Days to the emergence of the first trifoliate leaf; V4: Days to the emergence of
the third trifoliate leaf.

Table 3. Stepwise regression analysis of traits in Chitti bean lines.

Standard error

Model R R? R? adj : F
of the estimate
V3 0.570 0.325 0.319 6.5876 56.329**
Seeds per pod 0.613 0.375 0.365 6.3646 34.843**
Plant height 0.638 0.407 0.391 6.2285 26.296**

**significant at the 1% level of probability.
V3: Days to the emergence of the first trifoliate leaf.
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Table 4. Collinearity statistics based on stepwise regression model concerning the Chitti bean

lines under investigation.

Trait Collinearity Statistics
Tolerance VIF
V> 0.116 8.611
Vs 0.212 4.717
Rs 0.877 1.140
Rs 0.957 1.045
R7 0.880 1.136
Rs 0.896 1.116
R 0.867 1.153
Branches per plant 0.966 1.091
Pods per plant 0.916 1.071
Pod length 0.772 1.296
Seeds per plant 0.934 1.185
100 seed weight 0.844 1.052

Final model: Constant, V3, Seeds per pod, Plant height.

V2: Days to the emergence of primary leaves; Vs: Days to the emergence of the first trifoliate leaf; V4: Days to the
emergence of the third trifoliate leaf; Rs: Days to floral initiation; Re: Days to flowering; R7: Days to pod setting; Rs:

Days to pod filling; Re: Days to maturity.

seed weight, and the number of seeds per pod was
found to be in the next ranks (Azizi et al. 2001).

Path analysis: The results of path analysis (Table
5) showed the significant and negative direct
effect (-0.428) of the number of days to
emergence of the first trifoliate leaf (V3) on grain
yield per plant. After Vs, the number of seeds per
pod, and plant height had significant direct effects
on grain yield. Therefore, these traits can be
useful for breeding programs.

The indirect positive and significant effect of
the days to emergence of the first trifoliate leaf on
grain yield was through the number of branches
and number of pods per plant (Table 5). In other
words, with the improvement of the Vs trait, the
branches and pods per plant can be increased and
eventually added to the plant's grain yield. As can
be seen in Table 5, the indirect effect of the
number of branches on grain yield through the

number of pods per plant was also significant.

Therefore, by increasing the number of branches,
the number of pods per plant and, consequently,
the yield of the plant could increase. In contrast,
the indirect effects of the number of branches and
number of pods per plant via plant growth stages,
V3, V3 and V4 negatively affected the grain yield
per plant. Therefore, Chitti bean breeding should
focus on reducing the length of these vegetative
stages.

In the study of 250 samples from the red bean
collection of the Iranian National Plant Gene
Bank, it was observed that 100 seed weight,
number of pods per plant, and number of seeds
per pod could explain 97.7% of the variation in
grain yield and these traits had the highest direct
effect on grain yield (Rahnamaie Tak et al. 2007).
In a study of 500 samples of white beans from the
Iranian National Plant Gene Bank by path
analysis, it was determined that the number of
pods per plant, the weight of 100 seeds, and the

number of seeds per plant had the greatest effect



Evaluation of agro-morphological traits of Chitti bean lines... 163
Table 5. Direct and indirect effects of traits on the grain yield per plant in Chitti bean lines.
. Branches Pods per Seeds per
Trait Ve Vs Va per plant plant pod
Vs 0.007 0.006** 0.006** -0.002** -0.002** 0.000
Vs -0.401** -0.428* 0.379** 0.106** 0.101* -0.007
\ -0.108** -0.108** -0.122 0.032** 0.026** -0.009
Branches per plant -0.017** -0.015** -0.016** 0.063 0.036** -0.008
Pods per plant -0.017** -0.016** -0.014** 0.038** 0.067 -0.005
Seeds per pod 0.007 0.004 0.017 -0.031 -0.018 0.231**

*and ** are significant at the 5% and 1% levels of probability, respectively.
V2: Days to the emergence of primary leaves; V3: Days to the emergence of the first trifoliate leaf; Va: Days to the

emergence of the third trifoliate leaf.

on improving grain yield (Dargahi et al. 2008).
Also, in Molaei et al. (2005), the number of seeds
per pod had the highest direct and positive effects
on grain yield, and this trait was proposed as the
best standard for indirect selection for increasing
grain yield. Another study was conducted to
identify the direct and indirect effects of different
traits on grain yield and it was determined that
seed number per plant and 100 seed weight had
the highest direct and positive effects on grain
yield (Soghani et al. 2010). Cokkizgin et al.
(2013) also showed that the number of seeds per
plant had the highest direct effect on grain yield.
In another study, path analysis showed that the
number of pods per plant had the highest direct
effect on vyield, followed by plant height, the
number of branches per plant, and the number of
days to 50% flowering (Arya et al. 1999). Singh
(2001) determined the path coefficients for
common bean and concluded that the number of
pods per plant, the number of seeds per pod, and
grain size had direct effects on yield. In another
study, the correlation between yield and vyield

components in cowpea showed the highest direct

effects of seeds per pod and 100 seed weight on

grain yield (Aggarwal et al. 1982).

Cluster analysis: The cluster analysis separated
the 119 genotypes into four distinct groups (Table
6). There were 100 lines in the first cluster, 11
lines as well as three checks in the second cluster,
two lines in the third cluster, and three lines in the
fourth cluster (Figure 1). In the first group 100
genotypes, in the second group 14 genotypes (1,
2, 3,8, 12, 13, 20, 52, 76, 87, 88, 89, 90, 91), in
the third group two genotypes (97, 108), and in
the fourth group three genotypes (18, 65, 85) were
included. All the fourth and third group genotypes
had the plant type 1. In the second group, except
genotype 52, all genotypes had plant types 2 and
3. Most genotypes of the first group had type 1.
The genotypes of the first group were superior to
other genotypes in terms of 100-seed weight and
grain yield. Therefore, genotypes of this group
can be used to increase grain size. Also, the
genotypes of the first group were earlier than
other genotypes and the use of these genotypes to

create early mature cultivars can be considered by
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Table 6. Results of the mean comparison of clusters for different traits of 119 Chitti bean genotypes.

Trait 1 > Clusters 3 7 Mean Std. Deviation
V> 16.0b 15.0b 110¢c 18.0a 15.00 2.94
V3 19.0a 19.0a 165b 20.0a 18.62 1.49
V4 27.0b 27.0b 25.0c 29.0a 27.00 1.63
Rs 41.0c 43.0b 53.0a 44.0b 45.25 5.31
Re 53.0b 53.0b 86.5a 52.7b 61.30 16.80
R7 60.0 b 62.0b 920a 62.7b 69.17 15.25
Rs 95.0c 95.0¢c 110.0a 100.0b 100.00 7.07
Rg 103.0c 104.0c 121.0a 109.0 b 109.25 8.26
Plant height (cm) 49.0d 96.0 a 725b 54.3¢c 67.95 21.22
Branches per plant 6.0b 50c 7.0ab 7.7a 6.44 1.20
Pods per plant 16.0b 15.0b 165D 29.2 a 19.17 6.71
Pod length (cm) 12.0 ab 11.0b 115ab 125a 11.75 0.64
Seeds per pod 50a 40b 4.2 51la 4.57 0.53
Seeds per plant 67.0b 62.0b 525¢ 143.4 a 81.23 41.90
100-seed weight (g) 46.0a 42.0b 455ab 45.2 ab 44.69 1.81
Grain yield per plant (g) 21.0a 15.0c 145¢ 18.6 b 17.30 3.07

The same letters in each row show no significant difference between the clusters at the 5% level by Duncan's method.

breeders. The genotypes of the second group were
superior only in terms of plant height. Increasing
the plant height in a balanced way, if it is
accompanied by increasing the stem diameter, is
considered as an advantage in increasing yield due
to the increase in leaf area and its better
distribution in the plant canopy, and it has a
positive effect on weed control, especially at the
beginning of the growing season (Soghani et al.
2010). This trait is an important character in
beans. Although prostrate cultivars, which have
higher plant height and usually produce more
yield, nevertheless, in the bean breeding program,
the goal is to create bush-type cultivars with
mechanized harvesting capability.

The genotypes of the third group were
different from other genotypes in terms of
reproductive growth stages (days to floral
initiation, days to flowering, days to pod
formation, days to pod filling, days to maturity).

These genotypes reached these stages later,

meaning that the reproductive growth period in
this group was longer. Due to the fact that one of
the important traits in the bean breeding program
is early maturity, the genotypes in the third group
are not suitable in terms of days to maturity. The
genotypes in the fourth group were different from
other genotypes in terms of vegetative growth
stages (days to emergence of primary leaves, days
to emergence of the first trifoliate leaf, days to
emergence of the third trifoliate leaf). The
genotypes of this group reached the mentioned
stages later, in other words, the growing period in
these genotypes was longer. Also, the genotypes
of this group were superior to the other genotypes
in terms of number of branches per plant, number
of pods per plant, number of seeds per pod,
number of seeds per plant, and pod length. These
traits, which are considered yield components, can
be used in bean breeding programs to increase
grain yield. This group had the highest grain yield

after the first group. Therefore, due to the
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Figure 1. The dendrogram from the cluster analysis of the Chitti bean lines by UPGMA method.
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multiplicity of desirable traits in this group, these
genotypes can be used to improve the yield of
Chitti beans.

Amini et al. (2000) analyzed 576 genotypes of
the common bean by using cluster analysis and
classified the samples into seven distinct groups.
Ebrahimi et al. (2010) also studied the genotypes
of beans in terms of phenological-agronomic traits
by cluster analysis using the UPGMA method and
classified them into three groups. Shafiee-Koyej
and Saba (2013) used cluster analysis of
phenological and agronomic traits in beans and
classified the genotypes into three groups, early
maturing with high yield and yield components,
late-maturing with high yield and vyield
components, and early maturing with low yield
and yield components. The use of cluster analysis
of traits by Ward's method in Javadin and
Nakhjavan (2013) study helped them to classify
genotypes into five groups. Ulukapi and Naci
Onus (2014) also evaluated 36 genotypes of green
beans in Turkey for morphological and
physiological traits, and using cluster analysis,
they succeeded to classify the genotypes into eight
distinct groups.

According to the results of present study, 38
genotypes (numbers 7, 16, 18, 22, 29, 30, 32, 34,
36, 39, 45, 54, 58, 59, 61, 62, 64, 68, 70, 79, 81,
82, 84, 85, 88, 91, 94, 96, 99, 100, 101, 102, 105,
110, 111, 113, 118) were better genotypes in for
grain yield, 100-seed weight, plant type, and grain
marketing. Of these, 33 genotypes belonged to the

first cluster, two genotypes belonged to the second

cluster and two genotypes belonged to the fourth

cluster.

Conclusions

The 116 bean lines evaluated showed significant
differences in growth stages, yield, and vyield
components. Grain yield and seed number per
plant had the highest phenotypic coefficients of
variation. The number of days to emergence of the
first trifoliate leaf with negative coefficient and
number of seeds per pod with positive coefficient
were the most effective factors that directly
affected grain yield and these traits can be useful
for Chitti bean breeding programs. From the
genotypes studied in this experiment, 38 superior
genotypes were selected. So, it is possible to use
these lines or in the breeding programs of Chitti
bean and use the traits such as the number of days
to emergence of the first trifoliate leaf and the
number of seeds per pod to increase the grain
yield of Chitti bean.
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