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Genetic divergence in common
bean genotypes from the IRAD
gene bank: morpho-agronomic
characteristics, fungal and
bacterial disease resistance,
and opportunities for
genetic improvement
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Arielle Meyia2,4, Blaise Franky Babagnack2, Niky K. J. Nouteka2

and Joseph Hubert Galani-Yamdeu5
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Dschang, Cameroon, 2Phytopathology and Agricultural Zoology Research Unit, Department of Crop
Sciences, Faculty of Agronomy and Agricultural Sciences, University of Dschang,
Dschang, Cameroon, 3Division of Plant Production, Institute of Agricultural Research for
Development (IRAD), Dschang, Cameroon, 4Phytopathology and Plant Protection Research Unit,
Department of Plant Biology, University of Yaoundé 1, Yaoundé, Cameroon, 5Section of Natural and
Applied Sciences, School of Psychology and Life Sciences, Faculty of Science, Engineering and Social
Sciences, Canterbury Christ Church University, Canterbury, United Kingdom
For successful plant breeding in any crop species, the importance of diversity in

the available germplasm population is known and established. Thirty-two

common bean (Phaseolus vulgaris) genotypes from the IRAD gene bank in

Cameroon were evaluated for divergence in terms of their morpho-agronomic

traits, fungal disease resistance, and bacterial disease resistance to assess the

opportunity for genetic improvement of the crop. The trait associations were

estimated using correlation coefficients and genotypes were classified into

groups using cluster and principal component analyses. Seven qualitative and

16 quantitative traits comprising growth, phenological, yield, and disease

variables were evaluated in this study. The qualitative markers revealed the

degree of polymorphism among the 32 common bean genotypes. The

number of phenotypic classes per character (Na) ranged from 2 to 18, with an

average of 5.14. The expected gene diversity (He) ranged from 0.37 to 0.93 (mean

= 0.56). The number of effective phenotypic classes (Ne) ranged from 1.82 to

14.22, with a mean of 3.85. An extensive range of variation was evident for the

majority of traits, highlighting their utility for characterizing common bean

germplasm. Many qualitative traits, including seed coat color, seed shape, and

seed size, and also some quantitative traits of economic importance including

seed yield, were found to be highly variable within the collection, with the MAC55

genotype displaying the highest yield (32.65 g per plant). Four genotypes, namely

MAC55, BOA-5-1M6, FEB 192, and Banguem showed resistance to the two main
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common bean diseases, angular leaf spot and common blight. We detected

highly significant correlations among several traits related to yield. A high broad-

sense heritability was found for most of the quantitative traits. We carried out

two-dimensional principal component analysis and used hierarchical clustering

to group the analyzed germplasm according to their phenotypic similitudes. The

evidence of agro-morphological diversity in the present collection and the

identification of discriminant characters between the available germplasm

through the use of PCA analysis have significant implications for establishing

breeding schemes in common bean.
KEYWORDS

Cameroon, common bean, morpho-agronomic characterization, genetic divergence,
disease resistance, genetic improvement
1 Introduction

Common bean (Phaseolus vulgaris L.) is an important

component of the production systems in tropical regions. P.

vulgaris is a true diploid plant species (2n = 22) that is

predominantly self-pollinating and comprises both cultivated and

wild forms, which easily hybridize (Singh et al., 1991). Cross-

pollination, although occasional, is assured by way of pollinators

such as the bumblebee (Wells et al., 1988). Numerous genetic maps

have been developed and are available for common bean according

to Gepts et al. (2008). This plant has a genome size that is estimated

to be between 588 and 637 megabase pairs (Arumuganthan and

Earle, 1991; Bennett and Leitch, 1995). The literature indicates that

the Mesoamerican and Andean gene pools have a common wild

ancestor, P. vulgaris , which went through two distinct

domestication events that resulted in their development (Gepts

et al., 1986; Schmutz et al., 2014). Mesoamerican cultivars have

small seeds, with a 100-seed weight of less than 25 g, whereas

Andean varieties have medium-sized seeds, with a 100-seed weight

of 25 g–40 g, and in larger seeds, the 100-seed weight exceeds 40 g

(Singh et al., 1991).

Common bean is a dietary legume for more than 300 million

people, especially those in developing countries (Ngueguim et al.,

2011). Its total production exceeds 23 million tons, seven million of

which is produced in Latin America and Africa, with an average per

capita consumption that varies across countries and regions. It is

estimated to be 12 kg–18 kg/year in Latin American countries

(Beebe et al., 2013) and 60 kg/year in western Kenya and Rwanda

(Uebersax et al., 2023). This legume has a short growth cycle of

approximately 65 days–110 days and is mostly cultivated through

subsistent practice, mainly by women (Katungi et al., 2009; Siri

et al., 2020). P. vulgaris displays a wide range of variation in its

growth habits and exhibits many disparities in seed and pod shape,

pigmentation, size, and color, reflecting the evolution of this plant

in various environments (Leakey, 1988; Singh, 1989). Bean

production provides both income and food for millions of people

in tropical Africa (Nasar et al., 2023). In Cameroon, the most

production and marketing of common beans occurs in the western
02
highland region, where more than 90% of the national production

occurs. It is mostly cultivated by small-scale farmers for food and as

a source of income. The common bean production in this region is

done in two seasons yearly: the first planting season is from March

to June, and the second is between August and December (Siri et al.,

2017; Sanyang et al., 2019). Common bean farmers in this region

and all across tropical Africa suffer low yields due to a large number

of fungal and bacterial diseases, including angular leaf spot, caused

by Phaeoisariopsis griseola (Aggarwal et al., 2004); floury leaf spot,

caused by Mycovellosiella phaseoli (Sharma et al., 1996); bean rust,

induced by Uromyces appendiculatus (Mershaab and Haub, 2008);

and common bacterial blight, caused by Xanthomonas citri and

Xanthomonas phaseoli (Chen et al., 2021). These major common

bean diseases have been reported in Cameroon (Sanyang et al.,

2019; Akwa et al., 2020; Eke et al., 2020). These diseases can cause

yield loss of 80%–100%, especially when damage happens during

the early seedling and pod formation stages. The farmers in the

western region control the disease on beans by using chemical

fungicides, which improve their production. This appears to be

more costly, however, and poses a lot of problems as far as human

health and the environment are concerned. Pathogens also become

more resistant to these chemicals with time. The best and cheapest

approach would be the use of resistant varieties, as has been

proposed in many studies on crops such as maize (Abdelsalam

et al., 2022) and cowpea (Dobie, 1981). These resistant varieties are

known to be less vulnerable to pest and disease attack. This is a

result of their suppression or limitation of pathogen activity, which

means that they show little or no symptoms of infection

(Lupton, 1968).

For any crop, the genetic variability in the available germplasm

is important for successful plant breeding (Subramanian and

Subbaraman, 2010). The genetic variability in common bean has

largely been estimated through the means of several markers,

including molecular tools (Khaidizar et al., 2012; Fisseha et al.,

2016; Sakhravi et al., 2023), allozymes and protein markers (Koenig

and Gepts, 1989; Santalla et al., 2002; Kouam et al., 2017), and

phenotypic descriptors (Lima et al., 2012; Boros et al., 2014; Okii

et al., 2014). Determining the variability in yield and related traits of
frontiersin.org
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different genotypes would enable a breeder to estimate the

environmental effects on the yield, as reported by Ullah et al.

(2012). Broad-sense heritability provides indication for genetic

control for the expression of a given character (Ullah et al.,

2012). Hierarchical cluster analysis highlights, with the help of

descriptors, the relationships among the genotypes constituting the

population. It classifies the genotypes into different groups based on

their Euclidian distance and indicates the parental lines that could

produce superior hybrids, as reported by Subramanian and

Subbaraman (2010). Correlation analysis helps in the

determination of traits that are significantly related, especially

those associated with yield as they can be used to improve yield

in breeding programs. Principal component analysis generally

suggests the contribution of each trait to the variation established

among genotypes. It shows which trait explains greater variability

and exhibits the greatest discrimination among the genotypes. The

present study aims to determine the level of polymorphism among

32 common bean genotypes, estimate the broad-sense heritability of

important agronomic characters, and assess the significance of the

relationships among the different traits.
2 Materials and methods

2.1 Plant material, experimental design,
and treatments

Thirty-two different genotypes of common bean were used for the

field experiment. They were obtained from IRAD Foumbot in the

western region of Cameroon. Table 1 illustrates the qualitative

attributes of the common bean genotypes used. Figure 1 shows the

seed morphology of the different genotypes. The study site was the

IRAD research farm in Dschang in the western region of Cameroon.

We chose the land on which to set up the experiment based on the

crops that had been cultivated on it for the past 2 years (i.e., crops not

belonging to the bean family). This was to prevent inocula developing

on plant debris and infected soil, which are major sources of infection.

The land preparation consisted of clearing and treatment with

herbicide (glyphosate). A tractor was used to plough, loosen, and

soften the soil. The land was demarcated, and this was followed by the

pegging and formation of the experimental units. A randomized

complete block experimental design with three repetitions was used.

Each experimental unit occupied a surface of 4 m2 (2 m × 2 m). The

total surface used was 640 m2 for the 96 experimental units. The space

between the two adjacent experimental units measured 50 cm. The

space between row in an experimental unit was 50 cm and within row

spacing were 30 cm for dwarf genotypes and a plant density of 50 cm x

50 cm was used for climbing genotypes. The sowing of the seeds was

done on 17 March 2020 and repeated during the same period in 2021.

This activity was carried out manually using a cutlass to make holes

approximately 5 cm–7 cm deep to permit seed deposition and

covering. Two seeds per hole were planted. Each experimental unit

contained at the end four rows for a total of 24 plants for dwarf and 16

plants for climbing genotypes of common beans. Different

management techniques were employed to ensure good productivity.

This included weeding and mulching, which were done 1 month and 2
Frontiers in Horticulture 03
months after sowing manually with the aid of hoes and cutlasses.

Inorganic fertilizer (NPK: 12–6–20) was also applied at a dose of 5 g per

plant when the plants were 1 month old. Insect pest control was done

using chemical insecticide (Diamant 35EC) at a dosage of 30 mL per

sprayer (16 L) on 2-month-old common bean plants. Plants with the

climbing genotype were also staked at the R4 stage to help support and

direct the climbing stems. The harvesting was done manually when the

plants were physiologically mature with dry pods.
2.2 Data collection

The assessment of the qualitative characteristics involved visual

assessment of the following: seed coat color, seed coat pattern, seed

shape, seed size (obtained by calculating the 100-seed weight), leaf

and flower color, and growth habit. The assessment of the

quantitative characteristics was done using the following

variables, measured using various methods: plant height

(measured using a tape); 100-seed weight, seed yield, and seeds

yield (measured using an electronic balance); the number of leaves

per plant (measured by counting); leaf length and width (measured

using a transparent ruler from the base to the tip of the leaf and

from one side of the leaf to the other side perpendicular to the leaf

node and parallel to the leaf vein, respectively); the collar diameter

(measured using an electronic Vernier caliper); the frequency of

empty pods per plant (determined by dividing the average number

of empty pods per plant by the total number of pods per plant); and

the frequency of damaged seeds per plant (determined by dividing

the average number of damaged seeds per plant by the total number

seeds per plant). The phenological characteristics noted 50%F and

50%M were the duration in days from planting to 50% of plants

flowering, and developing mature pods, respectively. The diagnosis

of common bean diseases in the field was done through

symptomology and microscopy. For each disease, the symptoms

of the diseases that manifested on the plant leaves were carefully

studied following the literature and recorded. Floury leaf spot,

angular leaf spot, common blight, and rust disease were evaluated

in terms of their severity using the nine-point CIAT rating scale

described by Schoonhoven and Pastor-Corrales (1987), in which 1

indicates asymptomatic plants, 0%; 2 indicates that up to 3% of the

leaf area is covered with disease lesions; 3 indicates that up to 5% of

the leaf area is covered with disease lesions; 4 indicates that

approximately 10% of the leaf area is covered with disease lesions;

5 indicates that approximately 10%–15% of the leaf area is covered

with disease lesions; 6 indicates that 15%–20% of the leaf area is

covered with disease lesions; 7 indicates that 20%–25% of the leaf

area is covered with disease lesions; 8 indicates that 25%–35% of the

leaf area is covered with disease lesions; and 9 indicates that there

are severe disease symptoms resulting in leaf fall and death.
2.3 Data analysis

Qualitative traits were used to assess the phenotypic diversity of

the collected genotypes. For each qualitative trait, the observed (Na)

and the effective (Ne) numbers of the phenotypic classes were
frontiersin.org
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TABLE 1 Qualitative attributes of the 32 studied common bean genotypes.

Genotype
Plant
type Seed coat color/R9

Seed coat
pattern/R9

Seed
shape/R9

Seed
size/R9

Leaf
color/
R7

Flower
color/R6

Growth
habit

GL 22
Modern
cultivar

Cream Absent Elongated Medium Dark green White Dwarf

BABESSI 1 Landrace Light brown with black stripes Mottled Kidney Small Light green Purple Climbing

BABESSI 2 Landrace Brown Absent Kidney Small Dark green White Climbing

BABESSI 3 Landrace Brown Absent Oval Medium Dark green Light purple Dwarf

Banguem
Landrace

Burgundy with white spots Mottled Kidney Large Dark green Light purple
Semi-
climbing

BGG
Modern
cultivar

White with red coloration
around the hilum

Absent Kidney Large Dark green Purple Dwarf

BOA 5.1 M6
Modern
cultivar

Light red Absent Elliptic Medium Light green Light purple Dwarf

DOR-701
Modern
cultivar

Crimson Absent Kidney Small Light green White Climbing

ECAPAN 021
Modern
cultivar

Red with white spots Mottled Kidney Large Dark green White Dwarf

GLP 190 - C
Modern
cultivar

Red with white spots Mottled Kidney Large Dark green White Dwarf

GUZAN
Local

Landrace
Light brown with red spots Mottled Kidney Large Dark green Light purple Climbing

KABO- 6F9-
8-27

Modern
cultivar

Cream Absent Kidney Small Dark green White
Semi-
climbing

KJ 4/3
Modern
cultivar

Light brown Absent Kidney Medium Dark green White Climbing

Large white
bean

Landrace
White Absent Kidney Large Dark green White Dwarf

LOSAKIA Landrace White Absent Kidney Medium Dark green White Dwarf

MAC 33
Modern
cultivar

Red with white spots Mottled Cuboid Large Dark green White Climbing

MAC 55
Modern
cultivar

Brown with red stripes Mottled Cuboid Large Light green Purple Climbing

MAC
MBOUDA

Landrace
Grey Absent Kidney Medium Light green White Climbing

MANCHA 3 Landrace Brown Absent Kidney Medium Dark green White Dwarf

MERINGUE
LOCAL

Landrace
Crimson Absent Elliptic Small Dark green White Climbing

MEX 142
Modern
cultivar

White Absent Kidney Small Light green White Climbing

NITU
Modern
cultivar

Brown with brown coloration
around the hilum

Absent Kidney Small Dark green Light purple Dwarf

NUA 566
Modern
cultivar

Burgundy Absent Elongated Large Dark green White Dwarf

NUV -109 -2
Modern
cultivar

Crimson Absent Kidney Small Dark green White Climbing

NUV 6
Modern
cultivar

Black Absent Kidney Small Light green White Climbing

(Continued)
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calculated. Phenotypic class frequencies were used to compute the

Nei (1987) gene diversity (He), which was calculated as follows:

He = 1 −ox2i (1)

The data collected for the quantitative traits were subjected to

ANOVA using XLSTAT software (2016 version) (Addinsoft, 2016).

The means were used to calculate genetic parameters such as

genotypic (GCV), phenotypic (PCV), and environmental (ECV)

coefficients of variation. The genotypic, phenotypic, and

environmental variances and coefficients of variation (CVs) were

estimated to show the variability among the studied genotypes.

Correlation, principal component, and hierarchical cluster analyses

were also carried out using XLSTAT software (2016 version)

(Addinsoft, 2016) to assess association between quantitative traits,

identify the most discriminating traits and determine the

relationships among the studied common bean genotypes. The

mean data for each analyzed trait were subjected to Mahalanobis

D2 statistics to determine the genetic distance between clusters, as

suggested by Mahalanobis (1936). The different pairwise genetic

distances were then tested for significance using Fisher’s test. For

each trait, the phenotypic variation was separated into genetic and

non-genetic factors and estimated following Burton (1952) and

Sharma (1988):

s 2(e) = MSE (2)

s 2G = (MSG −MSE)=r (3)

s2P = s 2G + s 2E; (4)

where s2P, s2G, and s2E represent phenotypic, genotypic, and

environmental variance, respectively. MSG, MSE, and r represent

the mean squares of genotypes, mean squares of error, and number

of replications, respectively. The broad-sense heritability (h2bs) was

estimated following Burton (1952). It is expressed as the percentage
Frontiers in Horticulture 05
of the ratio between the genotypic (s2G) and phenotypic

variance (s2P).
3 Results

3.1 Phenotypic patchiness and
variance analysis

The seven studied qualitative traits showed polymorphism

(Tables 1, 2). The number of observed phenotypic classes per trait

ranged from 2 (seed coat pattern and leaf color) to 18 (seed coat

color), with a mean across all traits of 5.14. The effective number of

observed phenotypic class per qualitative trait was Ne = 3.85. We

found that there was significant gene diversity, which we measured

following Nei’s method (1987). It varied from 0.37 (leaf color) to

0.929 (seed coat color), with a mean of 0.57 (Table 2). A wide range

of variation in quantitative traits was observed. The means, ranges,

and coefficients of variation of 16 quantitative traits are presented in

Table 3. The mean squares and genetic parameters of 32 common

bean genotypes are displayed in Table 4. The ANOVA test showed

significant (p < 0.05) variation among genotypes for all the studied

quantitative traits. The coefficient of variation varied from 5.88% for

days to 50% maturity to 229% for rust disease. The mean number of

days to 50% maturity for the entire collection was 76.96. The

earliest-maturing germplasm were NITU and Guzan local, of

which 50% of the plants required around 69 days to reach

maturity. The latest-maturing genotype was the introduced

variety (MEX142), which reached maturity after an average of

90.67 days. The genotype with the highest seed yield (32.65 g/

plant) was MAC55 (Table 3). A high level of variation was found in

terms of disease resistance, for which various ranges were observed.

The coefficients of variation were 76.99% for floury leaf spot,

37.70% for angular leaf spot, 42.04% for common blight, 229.07%

for rust disease, and 93.77% for the percentage of damaged seeds.
TABLE 1 Continued

Genotype
Plant
type Seed coat color/R9

Seed coat
pattern/R9

Seed
shape/R9

Seed
size/R9

Leaf
color/
R7

Flower
color/R6

Growth
habit

PNN
Modern
cultivar

Black Absent Kidney Small Dark green Purple Climbing

RWR 2154
Modern
cultivar

Light brown with red spots Mottled Kidney Large Light green White
Semi-
climbing

RWR 2245
Modern
cultivar

Red with white spots Mottled Kidney Large Dark green Purple
Semi-
climbing

RWR 3194
Modern
cultivar

Burgundy with white spot Mottled Kidney Large Dark green White Dwarf

Sénégalaise
glissé

Landrace
Red Absent Elongated Medium Dark green White Climbing

FEB 192
Modern
cultivar

Red Absent Elongated Large Dark green White Dwarf

Ty-3396-12
Modern
cultivar

Brown with grey stripes Mottled Elliptic Small Dark green White Climbing
fr
ontiersin.org

https://doi.org/10.3389/fhort.2023.1289646
https://www.frontiersin.org/journals/horticulture
https://www.frontiersin.org


Kouam et al. 10.3389/fhort.2023.1289646
BARESSI 1 (0%) and MAC MBOUDA (0%) were found to be not

affected by floury leaf spot, whereas RWR3194 (9.50%) and

RWR2245 (8.33%) were the most affected. Angular leaf spot

affected BOA5.1 M6 (0.5%), MAC55 (5.5%), and Banguem

(5.67%) to a lesser degree, and mostly affected MANGA3

(21.17%). Common blight was also found to mostly affect

MANGA3 (13.0%) and 22GL (11.40%), while the genotypes

resistant to it were BOA 5.1 M6 (1.40%), Banguem (3.80%),

MAC55 (3.0%), and FEB192 (4.13%). Many of the genotypes,
Frontiers in Horticulture 06
including BOA5.1 M6 (0%), Banguem (0%), and FEB 192 (0%),

were not affected by rust disease, while Kabo 6Fg-8-27 (7.93%) and

BARESSI1 (5.80%) were the most affected. The largest proportions

of damaged seeds were recorded for NUA566 (16.40%), 22GL

(13.65%), and LOSAKIA (12.43%), and the smallest proportions

of damaged seeds were recorded for PNN (0%), MAC MBOUDA

(0.51%), and MAC55 (0.63%). Overall, four genotypes showed

significant resistance to diseases; these were FEB192, MAC55,

BOA 5.1 M6, and Banguem (Table 3).
FIGURE 1

Seed morphology of the 32 studied common bean genotypes.
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TABLE 2 Qualitative traits and diversity parameters estimates.

Qualitative trait Phenotypic classes observed ni fi Na Ne He

Seed coat color White with red coloration around the hilum 1 0.031 18 14.222 0.929

White 3 0.094

Red with white spots 4 0.125

Red 2 0.063

Light red 1 0.031

Light brown with red spots 2 0.063

Light brown with black stripes 1 0.031

Light brown 1 0.031

Grey 1 0.031

Crimson 3 0.094

Cream 2 0.063

Burgundy with white spots 2 0.063

Burgundy 1 0.031

Brown with red stripes 1 0.031

Brown with grey stripes 1 0.031

Brown with brown coloration around the hilum 1 0.031

Brown 3 0.094

Black 2 0.063

Seed coat pattern Absent 21 0.656 2 1.822 0.451

Mottled 11 0.344

Seed shape Cuboid 2 0.063 5 1.992 0.498

Elliptic 3 0.094

Elongated 4 0.125

Kidney 22 0.688

Oval 1 0.031

Seed size Large 13 0.406 3 2.892 0.654

Medium 8 0.250

Small 11 0.344

Leaf color Dark green 24 0.750 2 1.600 0.375

Light green 8 0.250

Flower color Light purple 5 0.156 3 1.917 0.478

Purple 5 0.156

White 22 0.688

Growth habit Climbing 15 0.469 3 2.497 0.599

Dwarf 13 0.406

Semi-climbing 4 0.125

Mean
±
SE

5.142
± 2.175

3.848
±

1.736

0.569
±

0.071
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TABLE 3 Mean performances of growth, phenological, yield, and disease characteristics in the 32 studied common bean genotypes.

Disease

t/
Floury
leaf spot
(%)

Angular
leaf spot
(%)

Common
blight (%)

Rust
disease
(%)

Damaged
seed (%)

7.67abc 8.67efgh 11.40ab 0.00c 13.65ab

hij 0.00i 9.67efgh 4.47defg 5.80a 3.53cdef

fghi 0.17hi 9.50efgh 4.73defg 0.00c 2.80cdef

5.33abcdefg 17.67abcd 6.20cdef 0.00c 6.92abcdef

l 8.17ab 5.67ghi 3.80efg 0.00c 4.51bcdef

l 6.50abcde 12.67bcdefg 5.40defg 0.00c 10.71abced

fhgi 5.83abcdef 0.50i 1.40g 0.00c 3.86cdef

d 1.33ghi 19.00ab 9.00abcd 2.20bc 1.33def

ijk 6.83abcd 10.33defgh 4.20efg 0.00c 3.05cdef

l 3.50cdefghi 17.67abcd 5.93defg 0.40c 11.01abcd

hijk 7.00abcd 15.83abcde 10.87abc 0.60bc 3.85cdef

1.33ghi 14.67abcdef 7.53bcdef 7.93a 5.01bcdef

efgh 4.33bcdefgh 7.67fghi 5.40defg 1.13bc 5.21bcdef

hijk 5.50abcdefg 14.50abcdef 6.33cdef 0.80bc 1.49def

0.33hi 16.00abcde 8.07bcde 1.53bc 12.43abc

d 2.00fghi 9.17efgh 3.67efg 0.20c 1.44def

2.33efghi 5.50ghi 3.00fg 0.00c 0.63f

0.00i 15.00abcdef 5.93defg 0.00c 0.51f

l 3.00defghi 21.17a 13.00a 0.40c 1.52def

hijk 0.33hi 10.67cdefgh 4.87defg 2.80b 1.60def

def 2.00fghi 11.33bcdefgh 4.87defg 0.00c 3.29cdef

(Continued)
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Character

Growth Phenological Yield

Genotype
Collar
diameter
(mm)

Leaf
length
(mm)

Leaf
width
(mm)

Number of
leaves
(number)

Plant
height
(cm)

Empty
pod
(%)

50%F
(days)

50%M
(days)

100
SW
(g)

Seed
yield (g/
plant)

Crop
yield
ha)

GL 22 5.95cdefg 26.46def 20.56cdef 9.67fg 23.47hijk 14.95b 36.00lm 74.67ij 38.23m 5.96l 0.95l

BABESSI 1 5.69defg 28.03bcdef 24.67abc 10.13efg 45.32defgh 0.66f 48.00b 77.67efgh 19.20w 17.45defghij 2.44def

BABESSI 2 5.91cdefg 25.93defg 22.69abcdef 13.13abcdef 51.48de 0.87f 46.17c 81.67bc 26.75q 19.96cdefgh 2.79cde

BABESSI 3 6.21bcdefg 25.85defg 22.15abcdef 12.73abcdef 22.87ijk 4.89cdef 34.17n 73.00jkl 23.20v 9.71ijk 1.55ijk

Banguem 6.66abcdef 29.66bcde 23.95abcde 11.27cdefg 31.63efghijk 2.89def 40.17gh 77.67efgh 41.12j 11.20hijkl 1.65hij

BGG 7.43ab 26.22defg 22.39abcdef 12.67abcdef 21.45ijk 6.00cdef 37.00jkl 75.33hij 43.70g 10.54ijkl 1.69hij

BOA 5.1 M6 6.29bcdefg 29.41bcdef 24.68abc 14.87ab 38.86defghij 2.60def 46.17c 82.33b 29.65p 19.57cdefghi 2.74cde

DOR-701 6.88abcde 31.85abc 24.11abcd 13.20abcde 40.37defghi 3.33def 41.00g 75.33hij 23.12v 25.94abcd 3.63abc

ECAPAN
021

7.91a 30.10abcd 23.70abcde 11.13defg 24.77ghijk 1.80ef 38.17ij 78.33defg 43.20h 14.37ghijkl 2.30efg

GLP 190 - C 6.38bcdefg 27.21cdef 21.79abcdef 12.00abcdefg 28.17fghijk 9.70bcd 37.17ijkl 75.00hij 44.30f 12.07ghijkl 1.93hij

GUZAN
Local

6.16bcdefg 26.24defg 22.35abcdef 10.33efg 21.55ijk 5.20cdef 34.00n 69.00m 40.05l 15.50fghijk 2.43def

KABO- 6F9-
8-27

6.76abcde 28.47bcdef 22.36abcdef 14.13abcd 18.07ik 7.19cdef 46.17c 79.33cdef 25.47s 9.27jkl 1.30jkl

KJ 4/3 5.24fg 26.79cdef 21.58bcdef 12.47abcdef 57.09cd 6.52cdef 42.83ef 76.00ghi 24.40t 20.64cdefg 2.89bcd

Large white
bean

7.04abcd 27.67cdef 21.81abcdef 9.93efg 24.65ghijk 8.95bcde 38.33i 74.00ijk 46.20d 15.15fghijk 2.42def

LOSAKIA 6.15bcdefg 24.35fg 19.79ef 8.73g 18.83ijk 29.88a 36.33klm 74.00ijk 37.60n 6.92kl 1.11kl

MAC 33 5.18g 29.14bcdef 25.83ab 12.73abcdef 94.83ab 2.47def 43.83de 80.67bcd 45.60e 26.20abcd 3.67abc

MAC 55 6.08bcdefg 27.45cdef 22.57abcdef 15.07ab 80.40b 0.28f 42.33f 81.67bc 56.80a 32.65a 4.57a

MAC
MBOUDA

5.85defg 30.17abcd 26.02a 13.27abcde 116.36a 0.37f 40.50gh 79.33cdef 26.15r 29.78ab 4.17ab

MANCHA 3 6.38bcdefg 26.30defg 20.97cdef 11.00defg 20.53ijk 2.24def 35.17mn 70.67lm 37.80n 12.35ghijkl 1.97hij

MERINGUE
LOCAL

6.31bcdefg 21.19g 19.71ef 14.40abcd 16.81k 2.38def 49.33a 82.33b 16.27x 16.83efghij 2.35def

MEX 142 5.93cdefg 27.32cdef 23.73abcde 14.73abc 54.80d 3.23def 44.50d 90.67a 23.50u 24.16abcdef 3.38abc
(

g

l

k

k

h

k

g

g

k

g
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TABLE 3 Continued

ield Disease

00
W
)

Seed
yield (g/
plant)

Crop
yield (t/
ha)

Floury
leaf spot
(%)

Angular
leaf spot
(%)

Common
blight (%)

Rust
disease
(%)

Damaged
seed (%)

0.80k 12.47ghijkl 1.99ghijkl 7.67abc 15.83abcde 5.73defg 0.00c 4.93bcdef

9.80b 11.93ghijkl 1.91hijkl 4.17bcdefghi 14.17abcdef 4.20efg 0.00c 16.40a

4.45t 23.54abcdef 3.29abcdefg 0.50hi 12.67bcdefg 4.47cdefg 0.00c 1.72ef

3.55u 25.19abcde 3.53abcde 0.67hi 18.67ab 5.33defg 0.00c 2.55def

4.58w 9.41ijk 1.32jkl 3.50cdefghi 18.33abc 6.07defg 0.20c 0.00f

7.42c 27.46abc 3.84abc 7.83ab 14.33abcdef 5.13defg 0.00c 0.94f

2.90i 20.83bdefg 292bcdefgh 8.33ab 10.67cdefgh 4.60defg 0.20c 2.74cdef

1.08j 17.17defghij 2.75cdefhil 9.50a 4.50hi 3.93efg 0.00c 1.08ef

3.07° 18.38cdefghij 2.57cdefghij 2.83defghi 14.17abcdef 4.07efg 0.00c 3.58cdef

3.62g 16.67efghij 2.67cdefghi 3.00defghi 8.33efgh 4.13efg 0.00c 2.53def

6.30x 15.09fghijk 2.11fghijkl 0.50hi 12.83bcdefg 6.20cdef 0.00c 3.45cdef

4.06 17.32 2.53 3.81 12.42 5.75 0.76 4.32

4.58 5.96 0.95 0.00 0.50 1.40 0.00 0.00

6.80 32.65 4.57 9.50 21.17 13.00 7.93 16.40

1.34 6.87 0.91 2.98 4.76 2.46 1.76 4.12

.00 1.21 0.16 0.53 0.84 0.43 0.31 0.73

2.77 39.04 35.29 76.99 37.70 42.04 229.07 93.77
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Character

Growth
Phenological

Y

Genotype
Collar
diameter
(mm)

Leaf
length
(mm)

Leaf
width
(mm)

Number of
leaves
(number)

Plant
height
(cm)

Empty
pod
(%)

50%F
(days)

50%M
(days)

1
S
(

NITU 6.38bcdefg 24.79efg 18.89f 8.93g 22.33ijk 6.70cdef 34.00n 69.33m 4

NUA 566 6.79abcde 28.53bcdef 21.93abcdef 9.87efg 27.13fghijk 12.46bc 37.50ijk 74.67ij 4

NUV -109 -2 5.25fg 27.67bcdef 23.39abcdef 15.20a 76.89bc 2.07def 42.33f 78.33defg 2

NUV 6 5.52efg 26.91cdef 23.25abcde 13.20abcde 87.19b 2.66def 43.17ef 71.33klm 2

PNN 6.76abcde 35.10a 23.00abcdef 14.40abcd 12.70k 6.55cdef 46.00c 80.33bcde 1

RWR 2154 6.47abcdefg 28.48bcdef 25.48ab 10.40efg 48.28def 0.90f 39.67h 70.33lm 4

RWR 2245 5.74defg 26.97cdef 22.49abcdef 12.93abcdef 45.63defg 1.96ef 37.50ijk 76.00ghi 4

RWR 3194 6.48abcdefg 28.85bcdef 23.54abcde 9.80efg 24.65ghijk 2.58def 36.50kl 76.67fghi 4

Sénégalaise
glissé

6.16bcdefg 27.97bcdef 23.01abcdef 11.67bcdefg 45.26defgh 5.30cdef 42.33f 82.00bc 3

FEB 192 7.36abc 32.93ab 22.95abcdef 11.20defg 25.67ghijk 1.29ef 36.67kl 75.67ghij 4

Ty-3396-12 7.00abcd 26.40def 20.25def 12.73abcdef 15.50k 2.98def 47.67b 79.33cdef 1

Mean 6.32 27.83 22.68 12.12 40.11 5.06 40.65 76.96 3

Minimum 5.18 21.19 18.89 8.73 12.70 0.28 34.00 69.00 1

Maximum 7.91 35.10 26.02 15.20 116.36 29.88 49.33 90.67 5

Standard
deviation 0.64 2.56 1.74 1.89 25.96 5.72 4.53 4.60 1

SE of the
mean 0.11 0.45 0.31 0.33 4.59 1.01 0.80 0.81 2

CV (%) 9.97 9.06 7.53 15.35 63.71 111.38 10.96 5.88 3

Means followed by the same letter in the same column are not significantly different at the p = 0.050 probability level.
g
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3.2 Heritability and character associations

High broad-sense heritability was recorded for all the studied

quantitative traits, as shown in Table 4. It ranged from 55.51% (leaf

width) to 99.26% (time to 50% flowering). The correlation matrix of

the measured quantitative characteristics is presented in

Supplementary Table S1. It showed positive and negative

correlations among the traits at various probability levels (5%,

1%, and 1‰). The seed yield correlated significantly with

common blight (r = −0.39), number of damaged seeds (r =

−0.61), collar diameter (r = −0.42), plant height (r = 0.83), time

to 50% flowering (r = 0.37), number of empty pods r = −0.59), leaf

length (r = 0.59), and leaf width (r = 0.46). Common blight was

found to be associated with nine other traits, namely, angular leaf

spot (r = 0.60), time to 50% flowering (r = −0.40), time to 50%

maturity (r = −0.50), number of leaves (r = −0.37), plant height (r =

−0.38), seed yield (r = −0.39), number of empty pods (r = 0.36), leaf

width (r = −0.40), and crop yield (r = −0.38). Floury leaf spot was

found to be related to the number of leaves (r = −0.43), plant height

(r = −0.37), 100-seed weight (r = 0.54), rust disease (r = −0.36), and

time to 50% flowering and maturity (r = −0.60 and r = −0.39,

respectively). Angular leaf spot was associated with common blight

(r = −0.60) and time to 50% maturity (r = −0.46). Rust disease was

found to be related to floury leaf spot (r = −0.36), 100-seed weight (r

= −0.38), and time to 50% flowering (r = 0.40).
Frontiers in Horticulture 10
3.3 Cluster and principal component
analyses

The cluster analysis, which was carried out using qualitative and

quantitative descriptors following Ward’s method (Ward, 1963),

showed that the dissimilarity ranged from 3.94 to 160.64, and

enabled the identification of three main phenotypic clusters of 6,

16, and 10 genotypes each (Figure 2). The qualitative characteristics

of each cluster are presented in Table 5 and the mean values of all

quantitative traits are presented in Table 6. Cluster I was

characterized by early-maturing and early-flowering genotypes,

medium seed size, larger numbers of dwarf and low-seed-yield

genotypes, and increased susceptibility to common blight and

angular leaf spot plants. Cluster II was characterized by late-

flowering and late-maturing plants, small seed size and high-seed-

yield genotypes, and a larger number of climbing genotypes

resistant to floury leaf spot. Cluster III was characterized by

genotypes susceptible to floury leaf spot and plants with larger,

kidney-shaped seeds. The clustering pattern and average inter-

cluster Mahalanobis D2 distances are presented in Table 7. The

greatest Mahalanobis D2 inter-cluster distance was 1,256.55, and

this was observed between clusters I and II. Each cluster was

significantly different from the two others, as revealed by the

results of Fisher’s test. The results of the principal component

analysis revealed the phenotypic diversity that exists among the 32
TABLE 4 Estimates of genetic parameters of 16 qualitative traits among 32 common bean genotypes.

Mean MSE GCV (%) PCV (%) s2G s2E s2P h2bs MSG

Collar diameter (mm) 6.32 1.12 20.48 26.48 1.68 1.12 2.80 59.85 6.15*

Leaf length (mm) 27.83 14.12 19.06 23.36 28.13 14.12 42.25 66.57 98.51**

Leaf width (mm) 22.68 9.56 15.20 20.42 11.88 9.56 21.43 55.41 45.18**

Number of leaves 12.12 6.54 32.69 38.90 15.71 6.54 22.24 70.62 53.65**

Plant height (cm) 40.11 254.67 142.91 148.34 3,285.66 254.67 3,540.33 92.81 10,111.64**

Empty pod (%) 5.06 11.92 155.10 169.45 61.54 11.92 73.45 83.78 196.53**

50%F (days) 40.65 0.31 15.73 15.79 40.88 0.31 41.18 99.26 122.94**

50%M (days) 76.96 1.70 8.39 8.56 41.71 1.70 43.41 96.08 126.83**

Seed yield (g/plant) 17.32 16.80 54.41 59.33 88.83 16.80 105.62 84.10 283.27**

Crop yield (t/ha) 2.53 0.35 48.86 54.20 1.52 0.35 1.88 81.25 4.92*

100 SW (g) 34.06 0.01 47.09 47.09 257.20 2.01 257.21 99.23 771.62**

Common blight (%) 5.75 11.75 89.09 107.21 26.22 11.75 37.98 69.05 90.42**

Rust disease (%) 0.76 2.84 504.23 551.35 14.54 2.84 17.39 83.64 46.47**

Floury leaf spot (%) 3.81 19.07 238.36 264.45 82.58 19.07 101.65 81.24 266.81**

Angular leaf spot (%) 12.42 62.94 115.36 131.88 205.18 62.94 268.13 76.52 678.49**

Damaged seed (%) 4.32 19.26 121.30 158.22 27.45 19.26 46.71 58.77 101.62**
fro
s2P, phenotypic variance; s2G, genotypic variance; s2E, environmental variance; GCV, genotypic coefficient of variation; PCV, phenotypic coefficient of variation; h2bs, broad-sense heritability;
MSE, mean square of errors; MSG, mean square of genotypes. Significance following ANOVA F-test: **p < 0.01, highly significant; *p < 0.05, significant.
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studied common beans genotypes is based on 16 quantitative and

seven qualitative traits. The results of the first four principal

components (PC1, PC2, PC3, and PC4) for quantitative traits are

presented in Supplementary Table S2. They constituted 35.39%,

16.99%, 11.84, and 8.66% of the variation, respectively, for a total

cumulative variation of 73.88%. Ten traits, including common

blight, the number of damaged seeds, seed and crop yield, time to

50% flowering and maturity, plant height, the number of leaves, leaf

width, and the frequency of empty pods contributed significantly to

the first principal component. The second principal component was

significantly related to the 100-seed weight, rust disease, and floury

leaf spot. The third principal component was linked to angular leaf

spot and collar diameter, and the fourth principal component was

significantly associated with leaf length. The distribution of the

genotypes according to the first two principal components is shown

in Figure 3B for quantitative traits, and Figure 3A for qualitative

traits. The principal component analysis results for the qualitative

traits are presented in Supplementary Table S3. The first four PCs

cumulatively explained 76.66% of the total variation. PC1 explained

26.23% of the variation and was significantly associated with seed
Frontiers in Horticulture 11
coat color, seed coat pattern, and seed size. PC2 described 20.57% of

the total variation and was related to leaf color and growth habit.

The flower color was linked to PC3 (16.55% of the total variation)

and the seed shape was linked to PC4 (13.31% of the total variance).
4 Discussion

Plant breeders, in order to develop superior cultivars, always

rely on the genetic diversity prevailing and accessible for the crop.

The genetic variation in plants species can be evaluated through

morphological characterization that uses visual attributes, as carried

out in many studies on several crops worldwide. Morphological

descriptors have therefore been intensively used in evaluating crop

diversity, and this includes those of common bean (Lima et al.,

2012; Boros et al., 2014). Using qualitative and quantitative

descriptors for studying genetic diversity in common bean from

the IRAD gene bank in Cameroon, we found an extremely high

level of polymorphism associated with the important observed and

expected number of phenotypic classes per trait. We also observed a
FIGURE 2

Dendrogram grouping of the 32 common bean genotypes based on both qualitative and quantitative traits.
TABLE 5 Clusters characteristics for seven qualitative traits for common bean genotypes from the IRAD gene bank in Cameroon.

Cluster Seed coat color/R9

Seed
coat

pattern/
R9

Seed shape/R9
Seed size/

R9
Leaf

color/R7
Flower
color/R6

Growth habit

Cluster I
Brown (0.67), cream (0.17), and

white (0.17)

Absent
(0.83), and
mottled
(0.17)

Kidney (0.67), oval
(0.17), and elongated

(0.17)

Medium (0.67),
small (0.17),

and large (0.17)

Dark green
(1.00)

White
(0.50), and
light purple

(0.50)

Dwarf (0.83), and
climbing (0.17)

Cluster II
Brown (0.31), red (0.19), crimson
(0.19), black (0.13), cream (0.06),
grey (0.06), and white (0.06)

Absent
(0.75), and
mottled
(0.25)

Kidney (0.63), elliptic
(0.19), cuboid (0.13),
and elongated (0.06)

Small (0.63),
medium (0.25),
and large (0.13)

Dark green
(0.56), and
light green
(0.44)

White
(0.75), and
purple (0.25)

Climbing (0.88),
dwarf (0.06), and
semi-climbing

(0.06)

Cluster III
Red (0.40), burgundy (0.30), and

white (0.30)

Mottled
(0.60), and
absent
(0.40)

Kidney (0.80), and
elongated (0.20)

Large (1.00)

Dark green
(0.90), and
light green
(0.10)

White
(0.70), and
purple (0.30)

Dwarf (0.70), and
semi-climbing

(0.30)
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high level of genetic diversity indices using qualitative traits and

increased coefficients of variation of a large number of quantitative

traits. These observations are strong indicators of the

appropriateness of the chosen descriptors for addressing common

bean diversity. The reported diversity index was high (He = 0.57)

and was found to be comparable to that in the report by Okii et al.

(2014) on common bean from the Ugandan and Rwandan gene

banks (H = 0.56). Four out of the seven qualitative variables studied

were on seed visual characteristics. This shows that seeds play an

important role as indicators of common bean diversity. Similar

results were obtained by Loko et al. (2018), with the majority (39%)

of the studied qualitative traits being on seeds. This also explains

why most of the folk nomenclature and taxonomy is based on the

seed coat color and seed pattern. Moreover, seed descriptors are

extensively used to distinguish common beans genotypes, as

reported by Piergiovanni and Lioi (2010); Bianco et al. (2015),

and Delfini et al. (2017). The traits describing seed quality are also

known to be highly heritable and hence important for breeding

programs (Merrick et al., 2022). Observable seed characteristics,

including color and shape are of special interest to consumers

(Stoilova et al., 2013). The dominant seed qualities observed could

therefore reflect both farmer and consumer preferences. Brown and

red seed coat colors and the kidney shape dominated in the

common bean genotypes investigated in this study. Similar results

have been reported by Loko et al. (2018), who worked on 57

accessions from Benin, by Okii et al. (2014) when determining

the morphological diversity of 284 accessions from national gene

banks in Uganda and Rwanda, and by Saba et al. (2016) when

comparing 203 common bean lines from national and international

gene banks. The growth habit of the common bean genotypes was

mostly of the climbing and dwarf types. The predominance of the

climbing growth habit type could be related to the ecological

adaptation and cropping system that is mostly carried out in the

western highlands, where common bean is highly cultivated.

Sanyang et al. (2019) and Siri et al. (2017) reported the practice

of intercropping plants in this region of Cameroon. They reported

that common bean is mostly intercropped with maize, especially for

economic reasons, and in some cases with cassava, potatoes, and

cocoyam. There was also quite a number of dwarf genotypes

identified, which makes sense, especially as the farmers in the

study area suffer from a scarcity of appropriate staking materials.

The white predominant flower color was also recorded by Okii et al.

(2014). The predominant leaf color was found to be dark green.

This indicates the presence of more chlorophyll in most genotypes.

A light-green color was also seen in quite many genotypes with less

chlorophyll, as Zhang et al. (2021) stated that the plant leaf color is

dependent on the chlorophyll content. Singh et al. (1991) grouped

common bean seeds in terms of their 100-seed weight into groups of

small (< 25 g), medium (25 g to 40 g), and large seeds (> 40 g). All

three types were found in the studied germplasm, indicating the

representativeness of the plant material used. Okii et al. (2014) and

Boros et al. (2014) both reported on these three types of seeds in

their studies.

The quantitative characterization (growth parameters,

phenological, disease, and yield variables) was seen to vary among

the different genotypes with desirable characteristics, such as the
T
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high-yielding variety (MAC55), disease-resistant genotypes

(MAC55, BOA-5-1M6, FEB 192, and Banguem), and early-

maturing plants (Guzan local and NITU) were identified and are

to be used in setting up common bean breeding. Similar studies

aiming at identifying the suitable genotypes for common bean

breeding were carried out, including that of Stoilova et al. (2005)

who characterized 30 landraces from Portugal and Bulgaria with the

help of morphological descriptors and identified suitable accessions

for the purpose of breeding. Durán et al. (2005) phenotyped 56 bean

plants from the Caribbean and sorted them based on whether they

originated from the Mesoamerican or Andean gene pools. It was

also observed that the earliest to attain 50% flowering was the first to

attain 50% physiological maturity, and this was confirmed by the

positive and significant correlation found between the number of

days to 50% of plant flowering and the number of days to 50% of

plants reaching physiological maturity. This result was similar to

that of Zilio et al. (2013), who stated that genotypes with the

shortest emergence/flowering periods are generally the earliest to

reach maturity. From this study, the genotypes seen to be resistant

to angular leaf spot were associated with a large seed size and dwarf

growth habits. This is contrary to the results of Djeugap et al. (2014)
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and Lemessa and Tesfaye (2005), who both reported that small-

seeds varieties were more resistant to angular leaf spot. This could

be linked to the source of infection, as Pseudocercospora griseola has

been identified to be a seed-borne pathogen (Serrato-Diaz et al.,

2020). In terms of disease rate, angular leaf spot had the highest rate

in the field. This result was similar to that of Sanyang et al. (2019),

who reported that angular leaf spot was a major disease in the

western highlands of Cameroon. In general, most genotypes were

found to be resistant to rust disease. This could be explained by the

climatic conditions experienced during the study period. The

temperature was around 20°C, but there was little or no rainfall

during the study period, thus low-humidity conditions which is

unfavorable to the growth of the pathogen.

The descriptive statistics of quantitative traits revealed a high

level of variation among the 32 studied common bean studied

genotypes, as shown by the high coefficient of variation in the

majority of the studied traits. This result likely reflects the genetic

differences between genotypes and surely provides good material

for breeders. The average number of days to 50% of plant flowering

(40.65) and 50% of plants at physiological maturity (76.96) of the

common bean genotypes was lower than those obtained by Loko
TABLE 7 Clustering pattern, average inter-cluster Mahalanobis D2 distances and Fisher test significance matrices for common bean genotypes from
the IRAD gene bank in Cameroon.

Cluster

Number
of

genotypes Genotypes

Mahalanobis inter-cluster
distance values (above the
diagonal) and significance of
the Fisher’s test (below the
diagonal)

Cluster
I

Cluster
II

Cluster
III

Cluster I 6 GL 22, BABESSI 3, GUZAN Local, LOSAKIA, MANCHA 3, and NITU 1,256.55 739.91

Cluster II 16

BABESSI 1, BABESSI 2, BOA 5.1 M6, DOR-701, KABO- 6F9-8-27, KJ 4/3, MAC 33, MAC
55, MAC MBOUDA, MERINGUE LOCAL, MEX 142, NUV -109 -2, NUV 6, PNN,
Sénégalaise glissé, and Ty-3396-12 ** 517.2

Cluster III 10
Banguem, BGG, ECAPAN 021, GLP 190 - C, Large White Bean, NUA 566, RWR 2154,
RWR 2245, RWR 3194, and FEB 192 * *
fro
*p < 0.050; **p < 0.01.
BA

FIGURE 3

Two-dimensional PCA plot of the first two components of the 32 studied common bean genotypes based on the seven qualitative traits (A) or the
16 quantitative traits (B).
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et al. (2018) and is comparable to those obtained in similar studies

of common bean (Stoilova et al., 2005; Meza et al., 2013; Ulukapi

and Onus, 2014). The differences observed between these different

studies could be explained by the fact that these phenological traits

are largely influenced by environmental conditions, as was stated by

Meza et al. (2013). The extent of genetic variation could also be

better assessed through the estimation of GCV and PCV. A small

difference between the two would indicate that the observed

variation and expression of traits relies mostly on genetic factors,

while a larger difference would indicate that there was a significant

influence of the environment on the measured trait. However, it has

been reported that high GCV and PCV, coupled with high

heritability, are useful for predicting the selection result based on

phenotypic performance. In the studied genotypes, plant height, the

percentage of empty pods, and disease characteristics showed a high

level of variance, which was coupled with high heritability. This

indicates that these traits are likely exposed to an additive gene effect

and that a simple selection method for the simple improvement of

the traits, as stated by Rana et al. (2015), is required. Conversely, the

number of days to 50% flowering, number of days to 50% maturity,

collar diameter, leaf length, and leaf width, showed low variance and

medium heritability, suggesting the presence of non-additive gene

connections for the expression of these traits, which can be

improved through hybridization, as reported by Sharma et al.

(2012). Significant correlations were found between some

important traits in common bean, as reported by previous studies

(Okii et al., 2014; Loko et al., 2018). This allows the possibility of

simultaneous selections and the use of the related traits

interchangeably in crop selection. Miko (2008) reported that

strongly correlated traits are possibly under the influence of the

same genes or pleiotropic effects. For example, if two strongly

correlated traits are desired during crop improvement, there is a

possibility that they can both be selected simultaneously based on

only one of the traits. For example, the positive correlations between

seeds yield and plant height indicates that the height of the plant can

be used to determine its seeds yield. In addition, the selection for

100-seed weight would lead to early-flowering and early-maturing

plants, since both traits were negatively correlated with the 100-seed

weight. The mass of 100 seeds was seen to influence the yield as Mac

55 having the highest 100-seed weight was also seen to have the

highest yield. These results are similar to those observed by Lemessa

and Tesfaye (2005).

The growth habit and seed size that were used in the present

study were found to be diverse. These two important phenotypic

traits were primarily considered during common bean

domestication, as reported by Koinange et al. (1996). This

domestication resulted in the production of Mesoamerican- and

Andean-cultivated beans, which are reported to be morphologically

distinct (Chacón et al., 2005; Durán et al., 2005). The grouping of a

large number of the germplasm genotypes into a small number of

clusters is important in plant breeding (Rana et al., 2015). It

provides a detailed comparison between pairs of genotypes

groups and assists in the selection of genetically dissimilar parents

used in heterosis breeding (Birchler et al., 2006). The dendogram

from the agglomerative hierarchical clustering (AHC) grouped the
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studied genotypes into three distinct clusters. This clustering

pattern with three distinct groups could be connected to the two

distinct gene pools (Andean and Mesoamerican) that resulted from

domestication. The third group is a possible additional gene pool

resulting from introgression between plants from the first two, since

cross-pollination is known to occur in common bean (Wells et al.,

1988). Our results are in agreement with the reports of Long et al.

(2020) and Okii et al. (2014) in their respective studies on common

bean. The selection of principal components to be considered for

further analysis in multivariate analysis was based on the

eigenvalues of the principal components, as suggested by Kaiser

(1961). Mohammadi and Prasanna (2003) revealed that principal

component with eigenvalues above unity are reliable principal

component with significant weight. For both quantitative and

qualitative traits, the first four PCs of PCA were reliable, and

explained 73.88% and 76.66% of the total variation, respectively.

Sofi et al. (2014) studied the variability in 300 common bean

genotypes using quantitative analysis and reported similar results

to those in the present study, with the first four principal

components constituting 73.69% of the total variation, and the

number of days to 50% flowering, number of days to 50% maturity,

100-seed weight, and seed yield being the most important traits

identified through principal component analysis. A comparable

observation was reported by Abdollahi et al. (2016) who

evaluated 64 common bean genotypes in terms of their

phenological and morphological descriptors and reported

four important principal components that constituted 74% of the

total variation and allowed the identification of similar

important traits.
5 Conclusion

One of the constraints faced by many plant breeders is the

narrow genetic base available within plant collections. Given this

limiting constraint, breeders need genetically diverse germplasm

not only for yield and its contributing traits, but also for disease

resistance. The results obtained based on various phenotypic traits

related to growth, phenological, yield, and disease characteristics

showed a broad genetic diversity in bean genotypes from the IRAD

gene bank. Common blight disease, angular leaf spot and floury leaf

spot were observed at a high level, with differential severity across

genotypes observed in this study. Rust disease was seen at a lower

level and was revealed not to be a major constraint in the region.

The identification of agronomically superior and disease-resistant

genotypes from the present study will be useful in minimizing the

connection effort breeders must usually make while transferring

disease resistance in already available high-yielding and susceptible

genotypes. This available collection represents a valued genetic

patrimony with great potential for the future. As a further step,

the subsequent analysis of genetic diversity using more valued

markers such as molecular markers is recommended to clarify

more information on the overall genetic diversity and the

particular genes associated with the specific traits of agronomic

interest in the present common bean collection.
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