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ABSTRACT
The main purpose of this work was to analyse the morphological, phenological and agronomical variability among common bean local populations from The National Centre for Plant Genetic Resources,
Polish Genebank, in order to know the relation among them, and to identify potentially useful accessions
for future production and breeding. A considerable genotypic variation for number of seeds per plant, number of pods per plant and weight of seeds per plant were found. Studied bean accessions differed significantly in terms of thousand seeds weight (TSW) as well as severity of bacterial halo blight and anthracnose, the major bean diseases. The lowest genotypic diversity was found for the percentage of protein in
the seeds, the length of the vegetation period and lodging. The cluster analysis allowed identification of
five groups of bean accessions. Genotypes from the first cluster (POLPOD 98-77, KOS 002 and Raba cv.)
and from the second cluster (WUKR 06-573a, KRA 4, WUKR 06-0534 together with Prosna cv.) are of
the highest usefulness for breeding purposes. There was no grouping of local populations depending on
region of origin.
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INTRODUCTION
Among the grain legumes, common bean
(Phaseolus vulgaris L.) is the only species with the
relatively stable acreage in Poland. This is linked
with tradition of cultivation and with availability of
new improved cultivars, which affected stable acreage of dry bean cultivation (Szyrmer & Boros 1997;
Boros et al. 2001). Common bean is the third crop
in the world in terms of the production of grain legume after soya bean (Glycine max (L.) Merr.) and
groundnut (Arachis hypogaea L.). According to
FAO data (FAOSTAT 2014), the annual worldwide
production of bean in 2012 was 23.6 million tons
from growing on the 53.7 million hectares. In Europe, dry bean was cultivated on 263 thousand

hectares with the annual production of 486 thousand tones. Poland with the area of 13.5 thousand
hectares and a production of 29.2 thousand tones
takes top place in Europe in terms of dry beans cultivation.
The species Phaseolus vulgaris L. has two
centres of origin, a Mesoamerican and an Andean
(Singh et al. 1991). Much of the genetic variability
of this species in the world has been maintained and
conserved ex situ, outside the centers of origin, in
gene banks. At present, there are at least 20 large
professional collections of common bean in the
world with the largest at the Center for Tropical Agriculture (CIAT; Cali Columbia) than Western Regional Plant Introduction Station, Pullman (Washington USA), Institute für Pflanzengenetik und
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Kulturpflanzenforschung (IPK; Gatersleben, Germany), and the N.I. Vavilov Research In-stitute of
Plant Industry (VIR; Russia) (Lioli & Piergiovanni
2013). The collection of bean (Phaseolus ssp.)
maintained at the National Center for Plant Genetic
Resources, Polish Genebank at Radzików had over
3000 accessions (personal information from
M. Zaczyński). Among them are local populations
collected during research expeditions carried out by
Polish scientists to Slovak, Czech, Lithuania,
Ukraine and Balkan regions. Part of the accessions
also came from exchanging materials with other
gene banks in the US, Hungary, Spain, Germany
and France. The maintenance of this diversity in
collections is fundamental to develop and support
breeding programs. For a practical use and exploitation of the germplasm conserved in gene banks, its
characterisation is essential. Several traits can be
used to characterise genetic resources (Singh 2001).
Our objectives were to assess the morphological,
phenological and agronomical variation in common
bean local populations from germplasm collection
in order to improve collecting strategies, to know
the relation among studied populations, and to identify potentially useful populations for future production and breeding.
MATERIALS AND METHODS
The twenty two common bean (Phaseolus vulgaris L.) local populations, from National Centre
for Plant Genetic Resources, Polish Genebank were
evaluated in field trial in 2010-2013. Among the
populations studied 10 came from different areas of
Poland, another 10 from Western Ukraine, one from
the North Romania and one from Moldova. Additionally, two Polish cultivars, small seeded ‘Raba’
and medium-large seed ‘Prosna’ were included as
a reference cultivars The experimental design was
a randomised complete block with three replications. Each plot consisted of two rows 2 m long with
row spacing of 30 cm and plant spacing of 10 cm.
Standard bean crop agricultural management was
applied.
The bean accessions were evaluated according
to IBPGR Phaseolus L. Descriptor (IBPGR 1982).
The beginning of flowering (days from sowing to

50% of plants on plots had at least one open flower),
length of flowering (days from beginning of flowering until 50% of plant finished flowering) vegetation period (days from sowing to 90% of plants with
dry pods ready to harvest) were recorded on plot average basis. At the beginning of ripening, resistance
to anthracnose [Colletotrichum lindemuthianum
(Sacc. et Magn) Briosi] and halo blight [Pseudomonas syringae pv. phaseolicola (Burkh.) Young,
Dye] with a scale of following degree of resistance:
1 – very low, over 75% of the infected plants;
3 – low, 51-75% of the infected plants; 5 – medium,
26-50% of the infected plants; 7 – high, up to 25%
of the infected plants; 9 – very high, lack of the infected plants were performed.
Ten plants per plot were taken for the evaluation of plant height, height of first pod setting, number of pods per plant, seeds per pod, seeds per plant,
seed yield per plant (g), and 1000 seeds weight –
TSW (g). Additionally, colour of flowers (standard/wings), colour of matured pods, beak length and
curvature, seed coat colour, pattern and seed shape
were recorded.
Two-factor ANOVA analysis of variance, variance component analysis with REML method and
Ward’s clustering methods with squared Euclidean
distance were performed with software Statgrafics
Plus and SAS 9.3.
RESULTS AND DISCUSSION
Data related to various qualitative traits are
presented in Table 1. All tested accessions showed
bush growth type and were dry pules types. Ten local populations that were collected in Poland and
four from Ukraine had white flowers, similarly to
cvs. Prosna and Raba. The eight accessions of colour flowers showed also colour seed coat. Among
them five showed mottled and one striped pattern on
seed coat. The white seed coat colour of Polish local
populations reflects earlier consumer preferences,
which now are changing towards greater acceptance
of colour bean seeds used for various dishes.
Among tested accessions, the kidney and round seed
shape were in equal proportion (36% each), subsequently also in equal proportion were cuboid and
oval seed shape (14% each). Besides growth type

Unauthentifiziert | Heruntergeladen 17.10.19 09:37 UTC

Variability of common bean local populations….

125

____________________________________________________________________________________________________________________

remaining qualitative traits of local populations represent quite broad variations comparable to those in
others studies (Hołubowicz et al. 2004; Bralewski et
al. 2007; Horňáková et al. 2003; Stoilova et al.
2005; Casquero et al. 2006).
Analysis of variances of quantitative traits
showed significance of bean genotypes and growing
seasons as well as their interaction (Table 2). Variance components estimations showed that environmental factors (years) strongly influenced most of
the evaluated traits of tested common bean accessions (Table 3). The highest shared genetic components in total variance was found for 1000 seeds
weight and proteins content in seeds followed by
seed and pod number per plant, symptoms of bacteriosis and anthracnose. The interaction effects of
bean accessions with years of study were in the

range from 7.9% for seeds per pod to 43.6% for
length of flowering of total variance, which points
to some differences in reaction of tested local populations to weather and soil conditions during growing seasons.
Mean, maximum and minimum values with
coefficient of variation for fourteen qualitative characters of local populations are presented in Table 4.
The lowest genotypic diversity was found for days
to first flowering, flowering duration, the length of
the vegetation period and lodging scores similarly
to report by Hołubowicz et al. (2004), Casquero et
al. (2006) and Stoilova et al. (2005, 2013). The protein content was 22% with minimum 21% and maximum 24.1%. These results are consistent with obtained by Mavromatis et al. (2007) and Gouveia et
al. (2014), but show a lower variation in bean seeds.

Table 1. Morphological characteristics of the local populations of dry bean

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Accession code/cultivar
WUKR 06-0137
WUKR 06-0164B
WUKR 06-0201a
WUKR 06-0201b
WUKR 06-0059
WUKR 06-0573a
WUKR 06-0534
WUKR 06-0170
WUKR 06-0498a
WUKR 06-1198f
MDAZAP 98-381
ROMMAR 06-139
POLPOD 98-77
POLBIA 98-37A
POLBIA 98-124
POLZIE 98-119
POLLUB 06-04A
POLKLO 53
BP 120
KOS 002
E 4366
KRA 4
Prosna cv.
Raba cv.

Country
of origin
UA
UA
UA
UA
UA
UA
UA
UA
UA
UA
MD
RO
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

Flower
colour
White
White
Violet
Pink
White
Violet
Violet
White
Violet
Violet
Violet
Violet
White
White
White
White
White
White
White
White
White
White
White
White

Seed coat colour

Seed coat pattern

Seed shape

Yellow
White
Cream/violet
Cream/red
Yellow
Brown
Pink/violet
White/brown
Brown
Cream/brown
White/grey
Violet/cream
White
Yellow
White
White/brown
White
Dark yellow
White
White
White
White
White
White

Absent
Absent
Mottled
Striped
Absent
Absent
Mottled
Around hilum
Absent
Mottled
Mottled
Mottled
Absent
Absent
Absent
Around hilum
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent

Round
Oval
Kidney
Cuboid
Round
Oval
Kidney
Kidney
Kidney
Oval
Round
Cuboid
Round
Round
Round
Cuboid
Round
Kidney
Round
Kidney
Kidney
Kidney
Kidney
Oval
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Table 2. Mean squares of the analysis of variance of the agronomic traits of 24 dry bean accessions

Traits
df
Length of vegetative growth (days)
Length of flowering (days)
Length of vegetation period (days)
Plant height (cm)
Height of lowest pod (cm)
Lodging*
Symptoms of anthracnose**
Symptoms of halo blight**
Pods number per plant
Seeds number per plant
Seeds number per pod
Seeds weight per plant (g)
1000 seeds weight (g)
% of proteins in seeds

Years
3
1270.21***
2420.48***
23526.9***
3018.7***
96.7***
48.89***
82.61***
96.98***
1283.27***
12921.0***
1.64***
1662.05***
137175.0***
10.24***

Source
Accessions
23

Y×A
69

51.49***
172.33***
1076.2***
125.21***
4.62***
1.79***
14.41***
13.53***
155.88***
1996.57***
1.22***
119.52***
97585.5***
5.95***

20.57***
100.79***
333.07***
29.21***
2.93***
0.83***
3.41***
3.47***
28.10***
328.37***
0.34
42.18***
4908.59***
0.69***

Residual
192
2.25
3.78
14.14
9.82
1.19
0.4
0.94
0.70
6.32
54.65
0.24
9.66
605.1
0.18

* in 9-1 scale with 9 erect plants; ** in 9-1 scale with 9 no symptoms of disease
***
significance at p < 0.01

Table 3. Variance components estimation for the agronomic traits of 24 dry bean accessions (4-years average)

Traits
Length of vegetative growth (days)
Length of flowering (days)
Length of vegetation period (days)
Plant height (cm)
Height of lowest pod (cm)
Lodging*
Symptoms of anthracnose**
Symptoms of halo blight**
Pods number per plant
Seeds number per plant
Seeds number per pod
Seeds weigh per plant (g)
1000 seeds weight (g)
% of proteins in seeds

Years
61.4
43.4
63.9
63.1
40.5
50.3
29.1
34.5
41.8
38.0
3.7
45.5
15.8
14.3

REML estimates (% of total variance)
Accessions
Y×A
9.1
21.6
8.0
43.6
12.3
21.0
12.2
9.8
4.4
18.0
6.1
9.4
24.2
21.8
22.3
24.6
25.6
17.4
30.2
19.8
20.7
7.9
13.0
21.9
66.6
12.4
47.4
18.5

Residual
7.9
5.0
2.8
14.9
37.1
34.2
24.9
18.6
15.2
12.0
67.7
19.6
5.2
19.8

* in 9-1 scale with 9 erect plants; **in 9-1 scale with 9 no symptoms of disease
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Table 4. Mean, range and variation coefficient of the traits of 24 dry bean accessions (4-years average)
Traits
Length of vegetative growth (days)
Length of flowering (days)
Length of vegetation period (days)
Plant height (cm)
Height of lowest pod ( cm)
Lodging*
Symptoms of anthracnose**
Symptoms of halo blight**
Pods number per plant
Seeds number per plant
Seeds number per pod
Seeds weight per plant (g)
1000 seeds weight (g)
% of proteins in seeds

Mean
46.8
31
121
32
8.5
7.5
7.9
5.8
9.7
30.6
3.2
10.2
365
22.2

Min
43
25
101
27
7.0
7.0
5
3.0
5.0
13.0
2.8
4.2
192
21.0

Max
52
36
132
40
9.7
8.2
9.0
7.6
18.7
59.0
3.6
17.2
529
24.1

CV %
4.3
12.0
7.6
9.8
7.2
5.1
13.5
17.9
36.6
41.2
9.6
30.2
24.1
3.1

* in 9-1 scale with 9 erect plants; **in 9-1 scale with 9 no symptoms of disease

Averages and ranges for the bean genotypes
indicate considerable genotypic variation for the
most important components of yield, including
number of seeds per plant, number of pods per plant
and weight of seeds per plant. High genotype variation for yield components was also observed by
Bralewski et al. (2007), Horňáková et al. (2003),
Stoilova et al. (2005, 2013), Casquero et al. (2006)
in studies of common bean.
The studied accessions differed significantly in
terms of 1000 seeds weight (TSW). According to
Singh and Schwartz (2010), common bean seeds
weight can vary from less than 150-900 g per
1000 seeds and are grouped into small-seed navy
bean with TSW <250 g, medium up to 400 g and
large-seed over 400 g. In our study, 55% of the evaluated accessions had medium size seeds and 30%
significantly larger seeds comparing to reference cv.
Prosna. Previous studies of bean local populations
from Polish collection showed the prevalence of
medium and large seed accessions (Szyrmer et al.
1992; Nowosielski et al. 2002; Hołubowicz et al.
2004; Bralewski et al. 2007). Genotypes with small
seeds had higher number of pods and seeds per
plant, whereas large-seed types have fewer pods and
seeds per plant. These data are consistent with those
of Acquaah et al. (1991), who found that the pinto
bean ideotype, which has larger seeds when compared with the navy bean ideotype, produces larger

pods and larger seeds to compensate for the fewer
pods per plant produced. Similarly, Nienhuis and
Singh (1986) reported that selection for increased
number of seeds per pod or pods per square meter
resulted in reduced seed weight, and that the number
of seeds per pod was often negatively correlated
with seed size.
Disease evaluation confirmed prevalence of
two main bean diseases – a bacterial origin hallo
blight and anthracnose. The genotypic variation
among accessions for incidence and severity of those
diseases was observed. Average severity of anthracnose was lower than the halo blight disease. Two accessions were free of anthracnose.
In order to separate the groups of similar accessions within the set of local populations, multivariate analysis with the Ward’s clustering method
was carried out. The cluster analysis allowed to
identify five homogenous groups (Table 5). The
first group consisted of three accessions of small
seeds, with the shortest period of vegetation, with
no symptoms of anthracnose, low incidence and severity of bacterial disease, the highest number of
pods and seeds per plant, with satisfactory seed
yield per plant (POLPOD 98-77, KOS 002 and
‘Raba’). The second group of four genotypes of
high plant productivity beans brings together with
low anthracnose and bacterial infection (WUKR 06573a, KRA 4, WUKR 06-0534 and ‘Prosna’).The

Unauthentifiziert | Heruntergeladen 17.10.19 09:37 UTC

128

L. Boros et al.

____________________________________________________________________________________________________________________

third group of six genotypes having the longest vegetation period and medium-sized seeds. The fourth
group consisted of accessions characterised by large
seeds, mid-to-late vegetation period, susceptible to
diseases and of high productivity. The largest group
five (7 accessions) is characterised by early maturing and a high susceptibility to bacterial diseases
and low plant productivity.
There was no grouping of accessions depending on region of origin. An exception was the first
group, comprising Polish originated, small seed genotypes and Raba cv. (Fig. 1). The remaining ac-

cessions of Polish and Ukrainian origin were scattered into four groups. These results are consistent
with those obtained by Madakbas and Ergin (2011),
who tested landraces collected from various region of
Turkey. In their studies, landraces gathered from the
same regions also were not grouped together in the
cluster analysis.
Genotypes of the first cluster (POLPOD 98-77,
KOS 002 and cv. Raba) and of the second cluster
(WUKR 06-573a, KRA 4, WUKR 06-0534 and cv.
Prosna) are of the highest usefulness for breeding
purposes.

Table 5. The characteristics of separated clusters for tested dry bean accessions
Traits
Length of vegetative growth (days)
Length of flowering (days)
Length of vegetation period (days)
Plant height (cm)
Height of lowest pod (cm)
Lodging*
Symptoms of anthracnose**
Symptoms of halo blight**
Pods number per plant
Seeds number per plant
Seeds number per pod
Seeds weight per plant (g)
1000 seeds weight (g)
% of all accessions

1
44
30
110
30
8
8
9
7
16
52
3.2
11
216
12

Means for clusters of accessions
2
3
4
48
47
48
34
33
33
126
130
121
35
30
35
9
8
9
7
8
7
8
8
6
7
6
5
12
8
9
44
26
27
4
3.1
3
14
9
13
328
369
477
17
25
17

5
46
27
115
31
8
7
8
5
6
20
3.1
7
385
29

* in 9-1 scale with 9 erect plant; **in 9-1 scale with 9 no symptoms of disease

Fig. 1. Classification of dry bean accession into clusters with Ward’s method
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CONCLUSION
The four-year long observations made possible
to describe morphological traits, phenological
stages, yielding structure, resistance to anthracnose
and halo blight of 22 local populations of the common bean. A considerable genotypic variation for
qualitative and quantitative characters among them
for number of seeds per plant, number of pods per
plant and weight of seeds per plant were stated.
Studied bean local populations differed significantly in terms of TSW and severity of bacteriosis
and anthracnose, the major bean diseases. The lowest genotypic diversity was found for the content of
protein in the seeds, the length of the vegetation period and lodging. Applied cluster analysis allowed
to identify five groups of bean local populations.
The carried out research made possible indication of
bean accessions, which could be a source of valuable characters in breeding new cultivars.
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