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Abstract

Due to its versatile usage area, cluster bean is one of the crops on which many adaptation studies have
been carried out in different countries in recent years. This research was conducted to determine selection
criteria to increase the grain yield in the different locations of the Mediterranean climate in Turkey. The
research was established in four different locations with nine cluster bean genotypes with three replications in
a 9x10 rectangular lattice experimental design. Seventeen quantitative traits were examined. Correlation,
factor, biplot, regression, and path analysis were used to create selection criteria to select genotypes with high
grain yields in cluster beans. According to correlation analysis, there were positive and significant correlations
between grain yield and number of pods per plant (NPP), the number of seeds per plant (NSP), grain yield per
plant (GYP), number of clusters per plant (NCP), the 45™-day of plant height (45PH), 90""-day of plant height
(90PH). Significant negative correlations were found between grain yield and pod width (WP), pod length (LP),
and the number of grains per pod (NGP). According to the results of both factor and biplot analysis, seventeen
traits were reduced to four factors, and factors explained 78.25% of the total variation. The most important
factor group was composed of NPP, GY, NSP, NCP, and GYP with an explanation rate of 38.81%. Path analysis
explained 76% of the grain yield. This method showed that the plant grain yield (P = 0.81) and the number of
clusters in the plant (P = 0.25) had the highest direct effect on grain yield. Regression analysis results were also
like path analysis. In the regression analysis were grain yield was the dependent variable, the plant grain yield
(10.811) and the number of clusters in the plant (3.11) had the highest B value. The total disclosure rate of
these two traits in Collinearity statistics was 93%. The results of all methods indicated that in the breeding
programs to be established to increase the grain yield of cluster bean in the Mediterranean climate, selection
on the seed yield of the plant and the number of pods in the cluster directly, according to the number of
clusters in the plant indirectly will enable the breeders to reach their goals.

Keywords: Cluster bean, biplot, correlation, path, factor, selection

Akdeniz Kosullarinda Sakiz Fasulyesinde Tane Verimi icin Seleksiyon Kriterlerinin
Belirlenmesi

Oz

Sakiz fasulyesi ¢ok yonli kullanim alanina sahip olmasindan dolayi son yillarda farkh Glkelerde en fazla
adaptasyon c¢alismasi yUritllen bitkilerdendir. Bu arastirma Akdeniz ikliminin hakim oldugu Tirkiye'nin farkh
cevrelerinde sakiz fasulyesinde tane verimini artirmak icin seleksiyon kriteri olusturmak amaciyla
yuritilmistiar. Arastirma 90 sakiz fasulyesi genotipi ile 9x10 latis deneme deseninde 3 tekerrirli olarak dort
fakli cevrede kurulmus, 17 adet kantitatif 6zellik incelenmistir. Sakiz fasulyesinde yliksek tane verimine sahip
olan genotipleri secebilmek icin seleksiyon kriteri olusturmak amaciyla, korelasyon, faktor, biplot, regresyon ve

983



Tirk Tarim ve Doga Bilimleri Dergisi 8(4): 983-994, 2021

path analizleri kullanilmistir. Korelasyon analizine gore tane verimi ile bitkide bakla sayisi (NPP), bitkide tane
sayisl (NSP), bitkide tane verimi (GYP), bitkide kiime sayisi (NCP), 45. giin bitki boyu (45PH), 90. gilin bitki boyu
(90PH) arasinda olumlu ve 6nemli, tane verimi ile bakla eni (WP), bakla boyu (LP) ve baklada tane sayisi (NGP)
arasinda ise olumsuz 6nemli korelasyonlar tespit edilmistir. Faktér ve biplot analizi sonuglarina goére 17 adet
ozellik dort faktore indirgenmis, faktorler toplam varyasyonun % 78.25'ini aciklamistir. En énemli faktor grubu
%38.81'lik agiklama orani ile NPP, GY, NSP, NCP ve GYP den olusmustur. Path analizi tane veriminin % 76 sini
aciklamistir. Bu yonteme goére tane verimi izerine en yliksek dogrudan etkiye bitki tane verimi (P=0.81) ve
bitkide kiime sayisi (P=0.25) sahip olmustur. Regresyon analizi sonuglari da path analizine benzer olmustur.
Tane veriminin bagimli degisken oldugu regresyon analizinde en yiiksek B degerine bitki tane verimi (10.811) ve
bitkide kiime sayisi (3.11) sahip olmustur. S6z konusu iki 6zelligin es dogrusallik istatistikleri agiklama orani
toplami % 93 olarak gergeklesmistir. Tim ydntemlerin sonuglarina gére akdeniz ikliminin hikim surdigi
bolgelerde sakiz fasulyesinde tane verimini artirmak amaciyla olusturulacak islah programlarinda oncelikle
dogrudan bitki tane verimi ve bitkide kiime sayisina gore dolayli yonden ise kiimede bakla sayisi tizerinden

seleksiyon yapilmasi islahgilarin hedefine ulasmalarini saglayacaktir.

Anahtar Kelimeler: Sakiz fasulyesi, biplot, korelasyon, path, faktor, seleksiyon

Introduction

Cluster bean [Cyamopsis tetragonoloba (L.)
Taub.] is a one-year tropical legume. In India, guar
is grown as livestock feed, vegetables (boiled and
salted fresh beans), and industrial plants and is
used in Indian traditional and modern medicine
(Singh and Devi, 2016). Unlike other legumes, guar
gum containing galactomannan obtained from the
endosperm of its seeds has a special value and is
widely used in the food, cosmetics, textile, paper,
and oil industries. Due to many areas of use of
cluster bean, it is one of the most studied plants in
different environments in recent years. In some of
these studies, researchers create breeding
programs for their own countries (eg the USA),
while in some other countries prefer to grow
varieties originating from India and Pakistan by
introduction.

Although the purpose of cluster bean
breeding varies according to the purpose of use, it
is to improve the grain vyield and gum
quality.However, both grain yield and gum quality
of cluster bean are the results of the influence of
many traits. For this reason, knowing which trait
affects how and to what extent the grain yield
increases the chance of success in breeding
studies. In studies conducted with cluster beans,
many traits are generally examined besides grain
yield (Girish, et al., 2012; Vir and Singh, 2015;
Manivannan et al., 2016). In this case, relationships
that are difficult to interpret are encountered by
researchers due to the interactions between many
characters. Until now, researchers have generally
preferred correlation and path analysis to interpret
the relationships between these traits in cluster
beans (Boghara et al.,, 2016; Gresta et al., 2018;
Nampelli et al., 2020; Dadheech et al.,, 2020).
However, both analysis methods reveal very
complex data matrices when many traits are
examined, and as a result, it makes it difficult to

evaluate the results (Akgura et al., 2004). To
eliminate these negativities, factor analysis was
developed, the main element of which is to group
the characters that have significant binary
relationships among themselves (Walton, 1971).
For this purpose, factor analysis has been used by
researchers to group different characters in
different plants (Cagirgan and Yildirim, 1990;
Akgura et al., 2004; Toker 2004; Canci and Toker,
2009). Similarly, biplot analysis was used to create
selection criteria over complex properties in
different plants (Yan and Rajcan, 2002; Yan and
Reid, 2018; Papastylianou et al., 2021; Khan et al.,
2021; Aktas and Ure, 2021)

The objectives of this study were to create a
selection criterion of cluster bean where was
grown in a different environment dominated by
Turkey's Mediterranean climate using different
statistical methods to achieve the highest grain
yield production.

Materials and Methods

As plant material, registered four cultivars
(Guajarat, Haryana, Pusa Nevbahar, and Samen) of
Indian and Pakistan, and 86 advanced lines have
been developed in Turkey were used in the study.

The experiments were established in 2017
in Canakkale, Bandirma, Burhaniye, and izmir
locations with 3 replications according to a 9 x 10
rectangular lattice trial design. Some information
about the trials was given in Tables 1 and 2. Soil
samples were taken at a depth of 0-30 cm from the
trial fields before sowing. Trial fields generally have
low organic matter content, neutral and slightly
alkaline soil reactions. The plot area in the trials
was 4 m? (2 m x 2 m). The plots were set up to
consist of 4 rows, the distance between the rows is
50 cm, and the distance within the row is 10 cm.
Seeds were sown by hand, 3 seeds in each 10 cm
were planted in a depth of 2-4 cm in a quarry. The

984



Tirk Tarim ve Doga Bilimleri Dergisi 8(4): 983-994, 2021

number of plants in each seedbed was reduced to
one by pulling after the emergence. A 1 m distance
was left between the blocks in each location. In the
experiments, approximately 3 kg da pure nitrogen
and 6 kg/da phosphorus were given as the base
fertilizer at sowing. An additional 3 kg da? of
nitrogen was applied at the beginning of the
flowering stage. Weeds were controlled by

Table 1. Some information about the trials

herbicides licensed for beans before sowing
(herbicide with Benfluralin active ingredient) and
after emergence (herbicide with Bentazone active
ingredient). Harvesting operations were done
manually at each location, and threshing
operations were done with a plot threshing
machine.

Number of Hoeing
Locations Sowing date irrigations operation Harvest date
Bandirma 7.05.2017 5 1 05-06.10.2017
Burhaniye 30.04.2017 7 2 01-03.10.2017
Canakkale 5.05.2017 6 2 10-14.10.2017
izmir 23.04.2017 5 1 26.09.2017

The sowing process was carried out at the
end of April in izmir and Burhaniye locations and in
May in Canakkale and Bandirma locations.
Depending on the location the highest
temperature in this month was around 30°C, (Table
3). However, significant differences occurred at the
lowest temperatures affecting the adaptation of
genotypes based on locations.

In the study, the 45th-day plant height
(45PH), 90th-day plant height (90PH), plant height

(PH), stem thickness (SD), flowering initiation time
(DIF), flowering time (DF), physiological maturity
time (MF), number of clusters per plant (NCP),
cluster length (LC), number of pods per cluster
(NPC), pod length (LP), pod width (WP), number of
pod per plant (NPP), number of seed per pod
(NSP), plant grain yield (GYP) ), grain yield (GY),
number of grain per plant (NGP) were recorded.

Table 2. Some soil properties of the trial sites (30 cm depth)

Properties
Locations Soil group PH  S(%) OM(%) CaCOs (%) K (kg/da) P(kg/da)
Bandirma Loamy 772 407  2.85 6.3 277 17.16
Burhaniye Sandy loamy 7.2 37 1.00 15 28 10
Canakkale Clayey-loamy 815 55 1.34 11.2 67.48 2.13
izmir Loamy 7.0 50.6 1.11 2.4 161 16.49

Pearson's correlation method was used to
determine the binary correlation coefficient (r)
values between the traits in the study. Both Factor
and biplot analysis was performed to collect the 17
traits that have significant correlation coefficients
among themselves under a group and reduce them
to a smaller number of variables. In the factor
analysis, first, the mean and standard deviations of
the traits were calculated, and the correlation
matrix was created, and then the factor loadings
matrix was estimated. Factor matrix and common
variance values were obtained by applying varimax
rotation to the factor loadings matrix. Besides, the
contribution of each factor to the total variance
was expressed as a percentage, and the sign of the
factor loadings within the same factor was

interpreted as the direction of the relationship
between the relevant traits (Akcura et al., 2004).
On the other hand, biplot analysis was carried out
to visually evaluate the groups formed in the factor
analysis. Path analysis was conducted to determine
the direct and indirect effects of the traits in the
same factor group with the grain yield (Kang,
2015). Also, both heritability of the evaluated traits
and multiple regression analyzes of the traits of the
grain yield factor were performed (Holland et al.,
2003). Correlation, factor, path, and regression
analysis and heritability were computed using the
SAS statistical package program (SAS institute
1999). Biplot analysis was performed using the
GGE biplot Gui module in the R package (R Core
Team 2016).
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Table 3. Some climatic data from locations

April May June July August September October
Climates
Bandirma
Max (°C) 27.4 33.1 36.4 36.4 32.5 39 28.5
Min(°C) 1.7 7.4 14.1 16.5 17.1 10.7 6.2
Mean (°C) 12 171 226 24.4 24.7 223 15.1
Humidity (%) 66.1 70.7 67.7 67.1 72.8 63 74
Rainfal 24 28.8 18.8 25.4 9 26.4 24.4
(kg/m?)
Burhaniye
Max (°C) 29.2 315 39.4 43.2 38.2 35.9 29.1
Min(°C) 2.7 8.5 14.3 16.4 18 102 6.2
Mean (°C) 14.7 20 25.1 27.5 27.7 232 17.3
Humidity (%) 56.3 55.7 52.5 45.6 485 493 56.9
(leg?::; 16.8 13 15.2 25.8 0.6 10 31
Canakkale
Max (°C) 18.9 23.9 29.9 32.6 323 27.3 20.6
Min(°C) 8.2 14 19 211 21.8 16.9 105
Mean (°C) 12.8 17.0 22 24 25 20 15
Humidity (%) 62.2 65.5 62 55.7 54.9 57.6 67.5
Rainfall 14.9 19.3 36.8 17.2 0 117 58.3
(kg/m?)
izmir
Max (°C) 315 35 45.2 45.6 40.8 38.8 303
Min(°C) 3.6 9.8 13.3 15.7 17.2 10.4 6.5
Mean (°C) 16 212 26 29.8 29.5 24.1 17.8
Humidity (%) 65.5 59.6 57 44.7 48.8 54.8 64.9
?;g'?:;; 56.8 18.1 44.7 0 2.8 1.2 435
Results

Seventeen traits were examined in the trials
established according to the rectangular lattice
experiment design with ninety cluster bean
genotypes at four different locations. Differences
between genotypes were found to be statistically
significant in terms of all traits across trials. The
heritability levels of the traits across locations were
given in Table 4. Also, correlation (Table 4), factor
(Table 5), biplot (Figure 1), path (Table 6), and
regression (Table 7) analyzes were performed
across experimental mean to determine the traits
that can be used to obtain high grain yield in
cluster bean.

Descriptive Statistics and Heritability

Significant variation was detected in all
locations of all traits examined except PW. Among
the experimental locations, izmir had the highest
values in terms of properties such as GY, PH, NPP,

NSP, and PGY. The lowest values in terms of the
investigated traits were measured mostly in the
Bandirma location (Data not given). The heritability
of the traits determined across locations varied
between 8% and 96%. The highest heritability was
obtained from NPP, GY, and DIF traits of 96%, 95%,
and 93%, respectively.

Correlation analysis

Of the 136 correlation coefficients
calculated for all traits, thirty-eight coefficients
were positively significant, twenty-eight
coefficients were negatively significant, and the
others were found statistically insignificant.
Positive and significant correlations were found
between grain yield and NPP, NSP, GYP, NCP,
45PH, 90PH, and negative and significant
correlations between grain yield and WP, LP, and
NGP (Table 4).
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Table 4. Heritability and heat map created with the correlation coefficients of the investigated traits (n = 270).

45PH 90PH PH SD DF DF MF NCP LC NPC LP WP NPP NSP GYP GY  NGP He”(t;t)’i"ty

45PH 007 011 021 033 025 -0.13 046 0. 59.0
90PH 004 007 021 037 027 -0.11 0.51 57.0
PH 004 024 036 014 032 005 -020 -022 023 028 049 040 -018  36.0
sD 014 014 047 011 038 000 -031 024 024 026 040 039 033 210
DIF 027 016 -0.08 -014 002 -0.03 011 007 007 005 000 930
DF 0.50 - 015 018 032 024 -031 -029 006 -024 022 610
MF 021 021 036 047 027 050 014 012 003 021 008 -010 -012 014 -004 009 390
NCP 033 037 014 011 016 - -0.14 -0.05 _ 70.0
LC 025 027 032 038 -008 015 012 -0.05 005 -0.04 -0.06 -001 006 019 011 004  63.0
NPC 013 011 -005 000 -0.14 018 0.3 0.05 020 028 -032 -022 -018 -024 0.17 8.0
LP 020 031 002 032 021 -0.04 74.0
WP 022 024 -003 024 008 -0.06 88.0
NPP 046 051 023 024 011 -031 -0.10 -0.01 96.0

028 026 007 -029 -0.12 0.06 85.0

049 040 007 -006 0.4 0.19 82.0

040 039 005 -024 -0.04 0.11 95.0

018 033 000 022 0.09 0.04 96.0

Correlations coefficients

45PH: the 45th-day plant height (cm), 90PH: 90th-day plant height (cm), PH: plant height (cm), SD: stem thickness (mm), DIF: flowering initiation time (day), DF: flowering time (day), MF:
physiological maturity time (day), NCP: number of clusters per plant (number), LC: cluster length (cm), NPC: number of pods per cluster (number), LP: pod length (cm), WP: pod width (cm),
NPP: number of pod per plant (number), NSP: number of seed per pod (number), GYP: plant grain yield (g plant-1), GY: grain yield (kg da-1), NGP: number of grain per plant (number)
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Factor and Biplot Analysis

The seventeen characters used in this study
were reduced to four-factor groups by factor
analysis. In Table 5, factors, common variances,
factor loadings, and values of each factor in total
variance were given. The biplot created to evaluate
the factors visually was given in Figure 1.

Four factors calculated according to factor
analysis results explained 78.25% of the total
variation. The shares for each factor were 38.81%,
22.15%, 9.94%, and 7.34, respectively. Common
variance values varied between 0.654 and 0.979.
The highest common variance values were
obtained from the flowering initiation time (0.979)
and the flowering time (0.920), while the lowest
common variance value was obtained from the
plant grain yield (0.654) and the number of pods in
the cluster (0.687).

When the factors are examined separately;
Factor 1 has the highest share with 38.81% in the
total variation. Factor 1; Consists of NPP, GY, NSP,
NCP, and GYP. All of the traits in this factor group
have positive load values. NPP (0.9035) and GY
(0.880) had the highest factor loadings. The share
of factor 2 in total variance was 22.75%. Factor 2
consisted of PH, SD, 45PH, 90PH, and MF. All
characters in this factor group had a positive load
value. Plant height (0.882) and stem diameter
(0.810) had the highest factor loadings. Factor 3
explained 9.94% of the total variance. This factor
constituted the flowering time and the flowering
initiation time. Factor 4 consisted of NPC, LC, LP,
WP, and NSP. This factor made up 7.34% of the
total variation.

Table 5. Grouping of seventeen features with factor analysis (n=270)

Traits Factor 1 Factor 2 Factor 3 Factor 4 Communality

NPP 0.903 0.097 0.103 -0.239 0.892
GY 0.880 0.306 0.050 -0.048 0.873
NSP 0.879 0.155 0.083 -0.131 0.820
NCP 0.791 -0.036 0.140 -0.463 0.861
GYP 0.647 0.443 0.020 -0.198 0.654
PH 0.195 0.882 -0.135 -0.027 0.835
SD 0.177 0.810 0.122 0.051 0.705
45PH 0.491 0.777 -0.129 0.001 0.862
90PH 0.539 0.773 -0.102 0.022 0.899
MF -0.340 0.648 0.048 -0.401 0.699
DF -0.366 0.336 -0.810 -0.130 0.920
DIF -0.054 0.109 0.962 -0.197 0.979
NPC -0.270 0.075 -0.064 0.777 0.687
LC -0.004 0.472 -0.034 0.284 0.305
LP -0.096 -0.092 -0.034 -0.937 0.896
WP 0.047 -0.113 -0.022 -0.840 0.722
NSP -0.041 -0.108 -0.011 -0.825 0.695
Variance 6.60 3.77 1.69 1.25

Percent 38.81 22.15 9.94 7.34

Cum Percent 38.81 60.96 70.91 78.25

45PH: the 45th-day plant height (cm), 90PH: 90th-day plant height (cm), PH: plant height (cm), SD: stem thickness (mm),
DIF: flowering initiation time (day), DF: flowering time (day), MF: physiological maturity time (day), NCP: number of clusters
per plant (number), LC: cluster length (cm), NPC: number of pods per cluster (number), LP: pod length (cm), WP: pod width
(cm), NPP: number of pod per plant (number), NSP: number of seed per pod (number), GYP: plant grain yield (g plant?), GY:

grain yield (kg dal), NGP: number of grain per plant (number)

Path Analyses

Path analysis was performed for a more
detailed examination of the effects of characters
(NPP, NSP, NCP, and GYP) in the same factor group
with grain yield on GY and the results are given in
Table 6 and Figure 2.

Path analysis explained 76% of the grain
yield. Within the positive and important
correlation coefficient between grain yield and

plant grain yield, the direct effect of plant grain
yield on grain yield (Ps11 = 0.81) was 70%. The
indirect effect of this trait on the grain yield over
the number of pods per plant was 18%.

As seen in Table 6, the direct effect of the
number of pods per plant (P = -0.62) in the positive
and important correlation coefficient between the
number of pods in the plant and the grain yield
was negative at a rate of 33.0%. The positive
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indirect effect of the number of pods per plant on
the grain yield in the plant was 42%.

Within the positive and important
correlation coefficient between the grain yield and

the number of clusters, the direct effect (P = 0.25)
of the mentioned trait was positive at a rate of
29%, and the indirect effect on the number of pods
per plant (P =-0.29) was 34% negatively.

NPP
1.2 NSP
NCP
GYP
0.8 -
3 GY
&
0.4
N
;‘:" 0.0 MF
<
H
-0.4 Factor II L‘P
Fac, :
;‘ 4 /()r”/ DF mgop}{
56 ; 5 SD
NGP DIF
WP
L LP
NPC
-1.2 -8.0 -0.4 0.0 0.4 0.8 1.2 1.6 2.0 24 2.8
Axes 1

Figure 1. Biplot of groups formed by features according to factors (n = 270)

Regression analysis

Table 7 showed the results of multiple
regression analysis, where grain yield was the
dependent variable, and the independent variables
were the traits of factor 1. According to the results
of the regression analysis, the traits that have the
highest positive and significant effect on the grain
yield were the plant grain yield and the number of
clusters in the plant, while the negative and
significant effect was the number of pods per
plant.

Discussion

Cluster bean is one of the crops with many
different use areas (Akcura et al., 2019). Due to its
different usage areas, intensive research is carried
out on its cultivation in different geographic
regions of the world. Cluster bean is a new crop for
Mediterranean countries. Thus, the number of
research on cluster bean cultivation in
Mediterranean countries is very low. In few
studies, it has been determined that the summer
temperatures in Mediterranean countries are
above 30 °C temperatures with extreme conditions
which are not suitable for the cultivation of many
plants, are very suitable environments for cluster
bean cultivation (Gresta et al., 2016a; Gresta et al.,

2018; Santonoceto et al., 2019). However, varieties
developed in different countries were used in the
studies. This research in the cluster bean has been
used four kinds of beans and 86 genotypes that
have been developed in Turkey. It was aimed to
create a selection criterion specifically for the
Mediterranean environment, based on 17 plant
traits examined in experiments grown in different
environments. For this purpose, the most widely
used multivariate techniques were used.

The heritability level calculated in the
experiments established in different environments
expresses the extent to which the examined trait
emerges from the genotype effect and the
environmental effect (Akgura, 2009). In this study,
the characteristics that were the most affected by
the environment and the lowest heritability were
NPC, SD, and PH. The traits that were least affected
by the environment and had the highest
heritability were the NGP, NPP, GY, and DIF traits.
Especially the high heritability of the traits that
have positive and important relationships with
grain vyield. Also, grain yield showed that the
genotypes included in the experiment adapted well
to the Mediterranean environment.
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Table 6. Path analysis results of the properties in the grain yield factor over the locations

Traits Effect values The ratio in total (%)

Number of pods per plant (NPP)

Direct effect on GY -0.36 0.33
Indirect effect

Number of grains per plant 0.07 0.07
Grain yield per plant 0.46 0.42
Number of clusters per plant 0.20 0.18

Number of grains per plant (NGP)

Direct effect on GY 0.08 0.08
Indirect effect

Number of pods per plant -0.31 0.29
Grain yield per plant 0.51 0.48
Number of clusters per plant 0.15 0.14

Grain yield per plant (PGY)

Direct effect on GY 0.81 0.70
Indirect effect

Number of pods per plant -0.21 0.18
Number of grains per plant 0.05 0.05
Number of clusters per plant 0.08 0.07

Number of clusters per plant (NCP)

Direct effect on GY 0.25 0.29
Indirect effect

Number of pods per plant -0.29 0.33
Number of grains per plant 0.05 0.06
Grain yield per plant 0.27 0.31
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Figure 2. Path diagram of the properties in the same group with grain yield

Table 7. Multiple regression analysis results where grain yield is the dependent variable

Traits Regression slope t-value Collinearity statistics
B SE Value Prob. VIF TOL
Number of clusters per plant 3.110 1.599 1.945 0.046 2.884 0.347
Number of pods per plant -0.890 0.482 -1.846 0.069 6.749 0.148
Number of seeds per Plant 0.036 0.067 0.538 0.592 4.249 0.235
Grain yield per plant 10.811 1.318 8.201 0.000 1.712 0.584

Model R2= 60%; SE: standard error; VIF: variance inflation factor

When looked at the relationship between
grain yield and all examined properties, positive
and significant correlations were found in NSP,
NPP, GYP, 90PH, 45PH, NCP, PH, and SD properties,
while negative and significant correlations were
determined between LP, WP, and NGP.
Meftahizadeh et al. (2019) determined positive
and significant correlations between the GY and
NPP, NPC, NCP NSP. Boghara et al. (2016) reported
that the highest positive and significant
correlations with plant grain yield are between the
number of clusters per plant. Patak and Roy (2015)
found the highest positive and important
relationship between grain yield and NPP in their
research, where they examined the relationship
between different plant characteristics and grain
yield in cluster bean. Sultan et al. (2012)
determined that there was a positive and

significant correlation between grain yield and the
number of clusters per plant and the number of
pods in the cluster. Besides, significant correlations
were found between other investigated traits. For
this reason, factor analysis was performed to
evaluate all characteristics together and to
interpret them more easily by reducing them to a
smaller number of groups (Akgura et al., 2004,
Canci and Toker, 2009). Factor analysis and trait
grouping can be used in different environments in
plants such as wheat (Jaradat, 2020), Chickpea
(Gediya et al., 2019; Toker, 2004), rape (Cullis et
al,, 2010; Moradi et al., 2017). It was used to
create selection criteria under conditions. In this
study, seventeen traits examined in 90 cluster
bean genotypes evaluated in different trials were
reduced to four by factor analysis. Factor analysis
explained 78.25% of the total variation. In the
biplot created to visualize the groups in factor
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analysis, the first-factor group, which has the
highest share among the factors, was composed of
GY, GYP, NCP, NSP, and NPP with the longest
vector length, and explained 38.81% of the total
variance (Figure 1). Since the main purpose of our
research was to determine the properties that will
increase the GY, this factor was called the grain
yield factor. Path analysis (Akgura et al., 2004) and
multiple regression analysis (Jaradat, 2020) were
performed to better explain the effect of the traits
in the grain yield factor on the grain yield.

According to the path analysis results, while
PGY, NCP, and NGP were the traits that increased
the grain yield, the NPP decreased the GY. In the
same analysis method, the NPP over the NGP, the
NGP based on the PGY, and the NCP over the NPP
also increased the GY. Multiple regression analysis
results, where GY was the dependent variable, also
confirmed the direct positive and negative
associations in the path analysis. However, in the
regression analysis, the properties that had been
statistically significant positive effects the PGY,
NCP, the negative effects of the NPP, and the
positive effects of the NGP was found to be
statistically negative.

Conclusion

As a result, seventeen traits examined with
grain yield in nine cluster beans grown in four
locations in the Mediterranean climate zone were
evaluated to create selection criteria by
correlation, factor, path, and multiple regression
analysis. According to the common result of
different methods, in breeding programs aiming to
develop genotypes with high grain yield in cluster
bean for Mediterranean climate conditions,
genotypes with high plant grain yield and number
of clusters in the plant should be selected. Also, if
the number of pods per plant will be used as a
selection in breeding programs of cluster bean,
considering the number of seeds in the plant with
this trait may contribute to the development of
high grain yield varieties for Mediterranean climate
conditions.
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