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*e efficiency of variety development can be determined with variability and genetic progress of released varieties. *e aim of this
study was to determine the variability and genetic advancement of common bean varieties. Randomized Completed Block Design
was used to evaluate 15 varieties at Koga and Chefa in 2013. Cluster, principal, and biplot analysis including genetic parameter
estimation were done following analysis of variance. Significant variation was observed among the varieties, and they are clustered
into four groups. Seed color and size were found as an important factors for clustering of the varieties. Hawassa Dume and Nasir
have red and small seeded, respectively, and clustered in one group. Similarly, Awash 1 and AwashMelka are both small white and
clustered in one group. Hawassa Dume was highly similar to Nasir, and Red Wolayta with Dimitu, while a large distance was
recorded between AwashMelka andHaramaya. Deme andHaramaya were found themost divergent and unique among the tested
varieties. *is is also reflected in biplot drown by principal components 1 and 2, which together accounted for about 82.022. Plant
heights, seed weight, days tomaturity, and harvest index have the largest contribution to the total variation of the varieties. Most of
the traits have a high phenotypic and genotypic coefficient of variation, heritability, and genetic advance, and selection was
effective in the breeding program.*e breeding program has brought about 0.27 tonnes of seed yield increment or an annual rate
of genetic progress of 0.0077 t ha−1 (0.37%ha−1 year−1). However, the breeding program should reconsider the breeding procedure
as there are some varieties released in the same year with similar genetic potential.

1. Introduction

Haricot bean is the most economically important warm
season pulse crop grown in Ethiopia. Currently, commercial
farming of haricot bean is growing though it is usually grown
by subsistence farmers as a sole crop or intercropped with
other crops. Considering the production volume and im-
portance, it can be considered as a major pulse crop in the
low and mid-altitudes of the country. A continuous increase
in area and volume of production has been noticed due to
the growing demand for the local and export market. *e
national production of haricot bean in 2013/14 cropping
season was 457 thousand tonnes, with a production area of
326 thousand hectares [1] and increased to 521 thousand

tonnes on an area of 306.2 thousand hectares in 2017/18
cropping season [2].

Yield and yield contributing parameters are the most
widely targeted traits not only for common bean but also for
other field crop improvement. Yield is a complex polygenic
character, resulting frommultiple interactions between yield
contributing traits. *e selection of desirable types should,
therefore, be based on yield as well as on other yield
components. Associations between these traits can be
evaluated by correlation or biplot analysis, which helps in the
simultaneous selection for more than one character [3]. A
critical assessment of genetic variability and character as-
sociation in crop genetic resources is one of the important
prerequisites in formulating efficient breeding methods [4]).
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*e improvement of a crop is largely dependent on the
nature and magnitude of available genetic variability, her-
itability, and the transfer of desired characters into new
varieties. *e success of breeding programs can be enhanced
when variability within the existing germplasm is high,
which allows the plant breeder to rapidly produces new
varieties or improve existing ones [5]. Knowledge of genetic
variability, heritability, and genetic advance provides more
reliable information on variability, heritable trait, nature,
and level of the interrelationship of common bean yield and
yield components [6]. Genetic parameters like the genotypic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), heritability, and genetic advance (GA) are
useful biometric tools for measuring genetic variability [7].

To increase farmers’ bean productivity and also to re-
spond to their varied needs and preferences, the national
bean program of Ethiopia has been developing and making
available improved common bean varieties with improved
yield potential and resistance to important biotic and abiotic
constraints. In the previous bean research, the bean breeding
program mainly focuses on identifying widely adapted va-
rieties while the contemporary program becomes more
inclusive. *e breeding program gives additional attention
to market class or seed color and seed size. In the Ethiopian
bean breeding program, about 57 common bean varieties
were registered since 1973 [8]. To determine the efficiency of
the breeding program, it is important to measure the var-
iability, genetic advance/yield gain, and association of those
registered varieties in line with the breeding objectives. *e
effectiveness of selection in any crop depends on the extent
and nature of phenotypic and genotypic variability present
in different agronomic traits [9]. *erefore, this research
work was designed to measure the genetic variability, genetic
advance, and association based on some of the popular
common bean varieties using their important traits.

2. Material and Methods

*e experiment was conducted at Chefa from eastern
Amhara and Koga from western Amhara, experimental
locations of Amhara Agricultural Research Institute,
Ethiopia, during 2013 cropping seasons. *e description of
each testing site is indicated in Table 1.

Fifteen common bean varieties were tested in this exper-
iment, and the details of them are indicated in Table 2. *e
experiment was laid out in a randomized complete block
design with three replications.*e size of the experimental plot
was 6.4m2 (1.6m× 4m), with an inter- and intrarow spacing of
0.4m and 0.1m. Planting was carried out from the first week of
July up to mid-July in 2013. Seeds were hand-drilled in rows
and later thinned to 0.1m between plants to maintain 40
seedlings per row. Fertilizer was not applied, and weeding and
other agronomic practices were done as required. Agronomic,
phonologic, and morphological traits of each variety were
collected following Phaseolus vulgaris L. descriptor [10].

2.1. Data Analysis. Combined analysis of variance
(ANOVA) and least significant difference (LSD) were

computed for all traits using Genstat version 18 for iden-
tification of the significant difference between varieties.
Genetic parameters such as phenotypic and genotypic co-
efficient of variation, heritability, and genetic advances were
estimated by the formula given by [11–13] for the individual
testing locations. Cluster analysis was done using Ward’s
method on past V3.2 software. With similar software,
principal component and biplot analysis were done.
Moreover, the data were analyzed to determine dissimilar
groups (clusters) of the varieties using Euclidean distance
and trend analysis also carried out using Microsoft Excel.

3. Result and Discussion

Combined analysis of variance revealed there was a highly
significant difference among the varieties for yield and yield
contributing components. *is indicates the presence of a
good amount of genetic variability within the released
common bean varieties in Ethiopia.*e overall performance
of the varieties from the combined analysis is indicated in
Table 3.

3.1. Analysis of Genetic Parameters. According to [11], PCV
and GCV values greater than 20% are regarded as high,
whereas values less than 10% are considered to be low and
values between 10 and 20% to be moderate. An estimate of
the genetic parameter for different traits of the varieties at
both testing locations is presented in Table 4. *e highest
genotypic and phenotypic variations were recorded for plant
height, seed weight, seed yield, and harvest index at both
locations. *e result agrees for seed yield but disagrees for
harvest index and seed weight with the findings of [14]. *e
breeding program was effective in the development of va-
rieties regarding the abovementioned traits. Arora [9]
mentioned that the effectiveness of selection in any crop
depends on the extent and nature of phenotypic and ge-
notypic variability present in different agronomic traits of
the population. However, selection of days to maturity, days
to flowering, and pod length was not effective in the bean
breeding program of Ethiopia. *e genotypic and pheno-
typic coefficients of variation for these traits are below 12%.
Generally, the GCV and PCV were similar in magnitude and
direction in both locations, which indicated that the varieties
were able to express their genetic potential for various traits.
A similar result was reported by [14].

*e broad sense heritability is more than 70% for all of
the traits at Chefa and only 5 out of all the measured traits
have more than 60% at Koga. *e maximum heritability
(h2B) estimates were 100% and 87%, whereas the minimum
heritability was 71% and 5% at Chefa and Koga, respectively.
According to [15], heritability values are categorized as low
from 0 to 30%,moderate from 30 to 60%, and 60% and above
are high. Based on these scholars, the heritability of all traits
at Chefa was very high. On the other hand, 5 of the traits
showed high heritability, 4 of the traits showed moderate
heritability and only one trait has very low heritability at
Koga (Table 4). High heritability values for most of the traits
indicated that the variation observed was mainly under
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genetic control and was less influenced by the environment
and the possibility of genetic progress from selection. Similar
studies by [16, 17] showed that most traits of common be
genotypes showed high heritability. Wondwosen and Abebe
[14] also found that most traits of common bean varieties
have high heritability value.

High h2B, along with high GAM, is an important factor
for predicting the effect of selecting the best individuals. *e
estimate of genetic advance is more useful as a selection tool
when considered jointly with heritability estimates [12]. In

this study, almost all the traits except days to flowering, days
to maturity, number of seed per pod, and pod length have
high heritability value coupled with high genetic advance (as
a percentage of the mean) at Chefa. Reference [14] also
showed that these traits have high heritability with high
genetic advance as a percentage of the mean. Seed weight
showed the highest heritability coupled with the highest
genetic advance at Koga. whereas the least heritability value,
as well as genetic advance, was observed for harvest index
followed by days to maturity at Koga. However, high

Table 1: Rainfall, soil type, altitude, latitude, and longitude of the testing sites.

Locations Altitude (m.a.s.l.) Temp. (min and max in °C) Rainfall average (mm) Soil type
Global position

Latitude Longitude
Chefa 1400 11.6–30.4 850 Vertisol 10°57′ 39°47′
Koga 1900 16–20 1589 Nitisol 11°25′ 37°17′
Source: Sirinka and Debre Birhan Agricultural Research Centers for altitude, rainfall, and soil types, Wikipedia for global position. NA�not available.

Table 2: Description of common bean varieties.

Variety Seed color Seed size Year of release
Tabor Gray Small 1998/99
Hawassa dume Red Small 2008
Dimutu Red Small 2003
Nasir Red Small 2003
Deme R.speckled Large 2008
Awash Melka White Small 1998/99
Roba−1 Gray Small 1990
Zebra W.speckled Medium 1998/99
Awash−1 White Small 1990
Red Wolayita Red Small 1974
Bobe red Red Medium 2006
Wodo Gray Large 2003
Lehode White Large 2009
Chercher Red Medium 2006
Haramaya Cream Large 2006

Table 3: Mean value of yield and yield related traits combined over the location (Chefa and Koga).

Varieties DF DM NPP NSP PH PL Bmtha SW Sytha HI
Tabor 51.0 93.0 12.2 5.6 50.4 11.0 6.9 22.0 2.8 39.0
Hawassa dume 46.7 83.8 13.1 4.5 35.0 9.9 6.3 23.3 3.0 46.3
Dimutu 51.7 88.8 12.1 5.2 47.4 9.2 7.4 21.9 2.4 34.4
Nasir 44.7 83.2 13.0 5.7 35.9 9.5 5.7 20.4 2.4 42.6
Deme 49.0 92.3 6.8 3.0 53.3 11.5 4.7 42.6 1.0 21.0
Awash melka 55.7 91.5 12.4 5.7 29.7 8.9 5.4 17.7 2.2 38.6
Roba−1 51.7 88.0 13.8 5.6 43.5 10.1 6.2 18.6 2.4 42.7
Zebra 48.7 87.8 11.4 4.6 41.7 8.7 5.5 25.3 1.5 28.7
Awash−1 50.2 87.2 14.5 5.4 39.6 8.3 5.2 14.7 1.7 33.6
Red Wolayita 49.8 89.5 11.4 4.6 44.2 9.0 7.3 20.9 2.1 30.3
Bobe red 54.8 91.3 9.9 4.7 44.5 9.3 6.4 20.2 2.6 37.9
Wodo 47.0 88.3 9.7 4.4 44.4 10.4 6.2 33.7 2.5 35.7
Lehode 49.2 91.3 10.1 3.4 49.5 10.6 6.1 37.7 2.2 37.4
Chercher 55.5 88.5 13.4 4.9 40.8 8.9 6.8 18.4 2.4 35.6
Haramaya 50.5 98.7 11.6 4.3 71.0 9.5 5.9 29.8 2.4 43.9
GM 50.4 89.6 11.7 4.8 44.7 9.7 6.1 24.5 2.2 36.5
LSD 2.6∗∗ 4.5∗∗ 2.7∗∗ 1.0∗∗ 6.7∗∗ 1.0∗∗ 1.6∗∗ 4.1∗∗ 0.5∗∗ 12.8∗∗
CV 2.7 2.8 13.4 9.1 8.2 6.7 16.4 10.5 12.6 21.7
DF-days to flowering, DM-days to maturity, NPP-number of pod per plant, NSP-number of seed per pod, PH-plant height in cm, PL-pod length in cm,
Bmtha-biomass ton per hectare, SW-seed weight in gm, Sytha-seed yield ton per ha, HI.
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heritability and high genetic advance (as percentage of the
mean) were observed only for plant height, seed weight, and
seed yield at both locations. High values of genetic advance
are indicative of additive gene action, whereas low values are
indicative of nonadditive gene action [18].*e finding of this
research, in most cases, indicates traits have high heritability
coupled with high genetic advance at both locations, indi-
cating that additive gene action is predominantly involved in
the expression of various polygenic characters. *is reflected
that the involvement of additive gene action for the in-
heritance of these traits and selection was effective in the
development of varieties in the breeding program.

3.2. Cluster Analysis. Cluster analysis using all the ten
morphological traits grouped the 15 varieties into fourmajor
groups at the genetic distance of 15 as indicated in Figure 1.
It was also found that, among the four clusters, cluster I was
the largest and consisted of 7 varieties, and the second largest
was cluster II that consisted of 4 varieties. Cluster IV consists
of only one variety.*e clustering analysis showed that most
released varieties are highly related to their morphological
performance. Moreover, the result depicted that seed size
and color are an indicator of the resemblance or dissimilarity
of the genetic makeup of varieties. *e study in [19] showed
similar grouping with seed color of common bean geno-
types. Lima et al. [19], quoting Rodrigues et al., showed that
black seed genotypes were grouped into the same cluster.
Sinkovic [20] reported that accessions with similar colors
were considered as one cluster. Overall, this study confirmed
that varieties with similar seed color and size could be
grouped in the same cluster and highly resemble each other.

*e euclidian distance and the mean value of the ten
traits of the cluster are indicated in Tables 5 and 6, re-
spectively. *e smallest euclidian distance was 11.9, and it is
recorded between clusters I and II, indicating their close
relationship. *ese clusters have shown similar performance
especially with mean seed yield, pod length, and the number
of seeds per plant, while they have the least similar per-
formance with their plant height, as indicated in Table 6.*e
largest distance was recorded between Cluster II and IV, and
they are mainly characterized by small white and red seed
(cluster II), and creamy and large seed for cluster IV. *e

distance between these clusters is 39.7, with a large difference
among the traits in plant height. *e formation of these
groups is very important for choosing parents in breeding
programs, once the varieties in more distant groups are
dissimilar and may be considered promising to develop new
varieties as [21] quoted Peluzio et al. 2009).

Crosses between distantly related clusters and individ-
uals are expected to be more heterotic than those between

Table 4: Estimate of genetic parameters for yield and yield related traits of 15 common bean varieties.

Traits
Chefa Koga

Mean δ2g δ2p GCV PCV h2B GAM Mean δ2g δ2ph GCV PCV h2B GAM
DF 48.6 29.3 31.8 11.1 11.6 0.92 22.0 52.2 10.1 11.8 6.1 6.6 0.86 11.6
DM 79.5 36.3 44.5 7.6 8.4 0.82 14.1 99.6 4.8 8.9 2.2 3.0 0.54 3.3
NPP 14.3 8.2 10.2 20.0 22.3 0.80 37.0 9.1 2.4 5.3 17.0 25.3 0.45 23.6
NSP 4.9 0.5 0.7 14.4 17.1 0.71 25.1 4.7 0.8 1 19.0 21.3 0.80 35.1
PH 57.1 292.8 304.5 30.0 30.6 0.96 60.5 32.4 32.2 47.6 17.5 21.3 0.68 29.7
PL 10.2 1.1 1.3 10.3 11.2 0.85 19.5 9.1 0.7 1.3 9.2 12.5 0.54 13.9
BTHa 7.1 1.6 2.2 17.8 20.9 0.73 31.3 5.1 1.4 2.7 23.2 32.2 0.52 34.4
SW 22.9 54.2 56.6 32.1 32.9 0.96 64.8 26.1 75.1 85.9 33.2 35.5 0.87 64.0
Sytha 2.9 0.7 0.7 28.9 28.9 1.00 59.4 1.7 0.3 0.4 32.2 37.2 0.75 57.5
HI 38.7 68.4 84.6 21.4 23.8 0.81 39.6 34.4 5.2 114.2 6.6 31.1 0.05 2.9
δ2g: Genotpic variance, δ2p: phenotypic variance, GCV: Genotypic Coefficient of Variance, PCV: Phenotypic Coefficient of Variance, h2B: broad sense
heritability, GAM: Genetic Advance in Percent of the Mean.
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Figure 1: Dendrogram showing the relationship among 15 soy-
bean genotypes using yield and yield related traits.

Table 5: Similarity and distance indices between groups using
Euclidian distance.

Clusters I II III IV
I 0.0
II 11.9 0.0
III 20.5 28.6 0.0
IV 30.6 39.7 28.7 0.0
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closely related genotypes. *erefore, prior knowledge of the
genetic distance between genotypes or varieties is very
important in designing a successful hybridization program.
Hence, hybridization activities between clusters II and IV
would bemore heterotic than those between clusters I and II.
For example, cluster III for seed size and cluster IV for yield
can be crossed and heterozygous offspring would be ob-
tained either for yield and seed size or for both traits.

*e relationship of individual plants using euclidian
distance is indicatied in Table 7. Variety Haramaya has the
largest genetic distance with variety Awash Melka followed
by Nasir. A cross between these individuals can produce
heterozygous offspring and would become very important
for the breeding program. *e most closely related varieties
were Hawassa Dume and Nasir, both are small red seeded
varieties and grouped in the same cluster. Red wolayta and
Dimitu are also highly related and clustered in the same
group. Hawassa Dume was released by Awasa Agricultural
Research Center in 2008, while Nasir and Dimitu were
released in 2003 and Red Wolayta in 1974 by Melkasa
Agricultural Research Center. *e finding of this research
suggested that the national bean research program has some
weaknesses in developing varieties. Varieties with the same
seed color, size, and overall agronomic performance have
been released to the national common bean farming system,
which could increase the unnecessary cost of seed multi-
plication regarding finance, land, and other related costs.
Among the tested common bean varieties, Deme and
Haramaya are the most divergent and unique varieties. Both
varieties have a large euclidian distance from all other
varieties.

3.3. Principal Component Analysis. *e existence of geno-
typic variability in 15 varieties was further confirmed by PCA
analysis. *e Eigenvalue for the first principal component
accounted for 58.464 of total variation and the second
principal component accounted for 23.558 and together, they
accounted for 82.022 of the total variation (Table 8). *e first
principal component is mostly influenced by plant height,
seed weight, and days to maturity, while the second com-
ponent is influenced by harvest index, seed weight, and plant
height. A trait with a coefficient greater than 0.3 had a largerly
enough effect and was considered as an important trait. Traits
having less than 0.2 coefficient value were considered to have
no effect on the overall variation [22].*us, only plant height,
seed weight, and days to maturity in PCA 1 and harvest index,
seed weight, and plant height in PCA 2 have found large
contribution to the total variation of the varieties (see also
Figure 2).

*e plot of PCA 1 and PCA 2 shows the relationship
among the observation per varieties. Haremaya andDemewere
themost unique varieties of all the varieties.*eir uniqueness is
mostly described by characters like seed weight and plant
height, respectively. In a biplot analysis, the correlation coef-
ficient between any of the two characters can be approximated
by the cosine of the angle between the vectors [23]. Two
characters are positively correlated if the angle between vectors
is<90, negatively correlated if the angle is>90, and indepen-
dent if the angle is 90 [24]. Based on these scholars number of
seeds and pod per plant, days to flowering, harvest index, seed
yield, and biomass yield have a high positive correlation while
they have a negative correlation with pod length and seed
weight. Pod length is highly and positively correlated with seed

Table 6: Mean values of yield and yield related traits for seven groups revealed by cluster analysis among 15 common bean varieties.

Traits DF DM NPP NSP PH PL Btha SW Sytha HI
I 51.7 89.5 12.0 5.0 44.6 9.4 6.7 21.3 2.3 35.0
II 49.3 86.4 13.3 5.4 35.1 9.2 5.7 19.1 2.4 40.3
III 48.6 91.1 8.4 3.5 50.2 11.0 5.4 39.2 1.7 28.8
IV 50.5 98.7 11.6 4.3 71.0 9.5 5.9 29.8 2.4 43.9

Table 7: Similarity and distance indices between groups using euclidian distance.

Varieties 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tabor 1
Hawassa dume 2 20.0
Dimutu 3 7.2 18.7
Nasir 4 19.1 5.4 16.9
Deme 5 28.4 38.4 26.6 37.6
Awash melka 6 21.9 16.2 19.4 15.9 39.7
Roba−1 7 10.1 12.3 10.0 11.6 35.1 15.5
Zebra 8 15.3 19.6 9.6 17.1 23.4 19.1 16.2
Awash−1 9 15.8 17.0 11.4 13.3 35.0 13.6 11.0 12.4
Red Wolayita 10 11.6 19.8 5.8 17.1 26.2 18.3 13.2 6.0 9.6
Bobe red 11 8.1 17.4 6.7 16.6 30.4 15.3 8.0 13.1 11.6 9.5
Wodo 12 15.2 18.5 13.5 18.5 20.3 24.0 17.8 11.7 20.7 14.4 16.1
Lehode 13 16.3 23.9 16.9 24.7 18.0 29.2 21.6 17.6 26.2 19.3 19.1 7.7
Chercher 14 12.8 16.5 8.6 15.0 32.7 12.1 8.7 12.2 7.3 9.2 6.6 18.3 22.7
Haramaya 15 23.4 39.8 28.5 40.0 32.8 44.3 31.7 35.1 38.3 32.7 30.1 30.2 25.1 35.3
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weight. Similarly, days to maturity are highly and positively
correlated with plant height.

3.4.Genetic Progress of SeedYield. Yield, yield advantage, and
year of release for the 15 varieties are indicated in Table 9.*e
maximum genetic gain was obtained from variety Hawassa
Dume and it has a genetic gain of 42.9% over the pioneer
variety RedWolayita. Both Hawassa Dume and RedWolayita
are small red seeded. Similar work on common bean by [25]
indicated that yield increment could be between 20% and
107%. Awash Melka has a yield gain of 29.4% over that of
Awash−1, and both are small white seeded. Dimitu and Nasir
with the same seed class, color, and yield potential were
released in the same year. *ese showed that bean breeders
have some weakness in yield improvement of common bean.
Based on this study, breeders could not improve the yield of
large-seeded beans. *ere is about a 12% yield penalty of
Lehode over that of Wodo. Wodo was released in 2003 while
Lehode was in 2009. Reference [26] reported that yield gain is
very minimal in large-seeded beans.

Trend analysis of the varieties showed that a positive
relationship existed between mean seed yield and year of
varietal release (Figure 3). *is showed that the common

bean breeding efforts in Ethiopia have resulted in a little seed
yield increment of only 0.27 tonnes or an annual rate of
genetic progress of 0.0077 t ha−1 (0.37%ha−1 year−1). A study
done by [25] showed a little more seed increment in
common bean breeding than this study. He reported an
annual seed yield increment of 0.065 t ha−1 year−1. A study
by [27] also indicated that there is a yield increment of
0.022 t ha−1 year−1 and 0.011 t ha−1 year−1 for medium and
small seeded common bean varieties, respectively.

4. Conclusion

Overall, there is a large variation among the 15 varieties with
a seed yield increment of 0.27 tonnes or an annual rate of
genetic progress of 0.0077 t ha−1 (0.37%ha−1 year−1) in the
Ethiopian bean breeding program. *e finding of the re-
search also detected that varieties Dimitu and Nasir were
similar in their market value and yield potential but released
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Figure 2: Correlation of traits and arrangement of 15 common
bean varieties of biplot.

Table 9: Mean seed yield (t ha−1) of common bean varieties and
yield increment over pioneer variety Red Wolayita.

Varieties Year of release
Seed yield in tone hectare

Mean % Over Red Wolayita
Red Wolayita 1974 2.1
Roba−1 1990 2.4 14.3
Awash−1 1990 1.7 −19.0
Tabor 1998 2.8 33.3
Awash Melka 1998 2.2 4.8
Zebra 1998 1.5 −28.6
Dimutu 2003 2.4 14.3
Nasir 2003 2.4 14.3
Wodo 2003 2.5 19.0
Bobe red 2006 2.6 23.8
Chercher 2006 2.4 14.3
Haramaya 2006 2.4 14.3
Hawassa dume 2008 3 42.9
Deme 2008 1 −52.4
Lehode 2009 2.2 4.8

y = 0.0077x –13.182
R2 = 0.0203
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Figure 3: Biplot of seed yield (t ha−1) against a year of variety
release in between 1974 and 2009.

Table 8: Eigenvalues and percentage of variation for corresponding
two-component characters in 15 genotypes of common bean.

Component PC 1 PC 2
Eigenvalue 133.283 53.707
% Variance 58.464 23.558
Character Eigenvector
Days to flowering −0.044 0.108
Days to maturity 0.237 0.179
Number of pod plant −0.119 0.143
Number of seed per plant −0.052 0.049
Plant height 0.754 0.495
Pod length 0.045 −0.025
Biomass yield in ton per hectare −0.008 0.039
Seed weight in gram 0.565 −0.466
Seed yield in ton per hectare −0.014 0.045
Harvest index −0.184 0.684
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in the same years. On the other hand, no yield advantage was
recorded on large-seeded bean varieties. *us, the bean
breeding program should reconsider the procedure of ge-
notype evaluation and select appropriate standard check
varieties.
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