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ABSTRACT

Snap bean (Phaseolus vulgaris L.) is among the leading vegetables in Kenya that
is mainly grown for export with the potential to increase household income. There
are few programs in Kenya that focus on breeding new cultivars for increased
production. The development of snap bean varieties that are resilient to the
changing climate is crucial for sustainable agriculture in Kenya. To achieve this,
knowledge of gene action, trait expression, and heritability is vital in effective
breeding for quantitative traits like pod quality and yield. A study was conducted to
investigate the inheritance of pod quality and yield traits in snap beans, which can
inform the breeding of snap beans. A half diallel cross involving two indeterminate
dry beans (G2333 and MCM 5001) and five determinate snap beans (Amy,
Moonstone, Seagull, Serengeti and Vanilla) varieties was conducted. Data on pod
traits (pod weight per plant, pod number per plant, pod length, pod diameter, pod
wall fiber and pod suture string) were collected from 21 F1s and 7 parents grown in
two locations (Embu and Kirinyaga Counties) in Kenya. The results showed
significant genotypic and environmental effects (P < 0.001) for all traits, with
significant genotype by environment (G x E) interactions for most traits.
Additionally, general combining abilities (GCA) and specific combining abilities
(SCA) were significant for all traits evaluated. The significance of GCA and SCA
indicated the importance of both additive and non-additive gene effects in
controlling the traits, although the additive gene effects were predominant. The
study revealed that Vanilla and Serengeti had the highest GCA estimate for pod
quality traits, while G2333 and MCM5001 had the highest GCA estimate for pod
yield traits. Snap bean pod yield and quality are quantitative traits controlled by
multiple genes and influenced by the environment. Therefore, the predominance of
additive gene effects suggests that selection for these traits in segregating
generations could yield satisfactory gains. The results of this study could impact
the development of snap bean varieties that are more resilient to the effects of
climate change. Thus, improving the sustainability and productivity of the
agriculture sector in Kenya.
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INTRODUCTION

Agriculture is the cornerstone of most African economies, contributing as much as
55% to the continent’s gross domestic product [1]. Agriculture serves as the
foundation for food security in Africa and acts as the primary livelihood for about
85% of the population, who depend on rain-fed farming [2]. According to Omotoso
et al. [3], agricultural output in sub-Saharan Africa has declined consistently over
the past five decades. The diminishing performance of agriculture in sub-Saharan
Africa can be attributed to factors such as climate change, limited incentives for
intensification, challenges in accessing markets, unfavourable geographical
features, soil quality issues, and insufficient policy frameworks [4].

Snap beans (also referred to as either French or green beans) are the immature
pods of the common bean (Phaseolus vulgaris L.), which are either consumed as a
fresh produce or processed for canning [5]. The immature green snap bean pods
are tender and contain protein, carbohydrate, vitamin C, vitamin K, and
carotenoids, which are lacking in the dry common bean [6]. The snap bean sub-
sector has been a major contributor to the growth of the Kenyan economy due to
its potential to generate foreign exchange and create employment opportunities for
women and the youth [7]. The crop holds the second position in vegetable export in
Kenya after Asian vegetables supported by over 1 million people. Snap bean is
grown for both the local and export markets with 34 percent of the produce
exported to the European Union export market [8]. To date, publicly funded snap
bean improvement has been less successful in Kenya than equivalent programmes
focusing on dry bean. This relative lack of success reflects a poor level of
understanding of the genetic basis of both pod quality and pod yield traits [9].

Pod yield, pod quality and stability, which depend on plant architectures, pod traits,
and resistance to biotic and abiotic stresses are the most important economic traits
in snap bean [10]. A number of aspects of pod morphology including pod length,
colour, sieve size, cross-sectional shape, straightness, the length of pod suture
strings, the nature of the pod wall fibre and the overall flavour of the product are
important for the determination of pod quality [11]. With respect to snap bean
breeding for the fresh market and the processing industry, pod quality traits are
paramount determinants of marketability, prices consumers are willing to pay and
adoption of the new varieties by the farmers [10, 11]. Most of the traits associated
with snap bean pod yield and pod quality are quantitative in nature, which is a
challenge in the development of new cultivars.

The effectiveness of a crop improvement programme is enhanced when the genetic
basis of the key traits under selection is well understood, since this knowledge can
be deployed to select the most appropriate breeding strategy [12, 13]. The initial
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stage of a breeding program is hybridization of contrasting genitors that display
traits of interest. Combining ability estimation can be used to determine the
usefulness of the parents in hybrid combinations. Selection of superior parents of
hybridization is very crucial because hybrid performance is related to the GCA and
SCA of the parents involved in the cross. The diallel cross has proven to be an
informative means of evaluating the nature of the gene action underlying a given
quantitative trait [14]. In particular, the analysis generates estimates of both the
general combining ability (GCA) and specific combining ability (SCA) and heritability
from fixed, or non-random parents, which are informative with respect to the genetic
basis of trait variation. Bahari et al. [15] described how its deployment was able to
raise the efficiency and effectiveness of a snap bean improvement programme. The
objective of this study was to use this diallel cross method to determine the genetic
basis of various key pod quality and pod yield traits, especially in the situation
where dry bean germplasm was being introduced to broaden the genetic base of
the snap bean genepool. The results of this study will be useful to the snap bean
breeding program in Kenya for efficiency and effectiveness in the development of
potential and productive varieties with marketable pod quality and yield traits while
increasing resilience and productivity despite climate change challenges.

MATERIALS AND METHODS

Plant Materials

A half diallel cross was established using five snap bean commercial varieties
(Serengeti, Vanilla, Amy, Seagull and Moonstone) and two dry bean accessions
{G2333 and MCM 5001 (Table 1). The purpose of including the dry bean
accessions was to assess their potential in snap bean improvement. The Mexican
landrace G2333 from the International Centre for Tropical Agriculture (CIAT) is a
widely used source of resistance against the fungal disease anthracnose
(causative pathogen Colletotrichum lindemuthianum), while MCM 5001 which is a
breeding line from CIAT has been adopted as a source of resistance against bean
common mosaic necrosis virus (a member of the genus Potyvirus in the family
Potyviridae) [16].

Experimental Design

The 21 F1 hybrids and the seven parental lines were set in an experiment at two
different locations in central Kenya at Mwea (Kirinyaga County) and Rupingazi
(Embu County). The experimental design was a randomized complete block design
(RCBD) with three replicates. The intra-row spacing between plants was 20 c¢m,
and the inter-row spacing was 50 cm. Each plot size was 2 m long and 50 cm wide.
Spaces between plots were 50 cm wide. The experimental plots were ploughed
and harrowed to achieve a moderate tilth seedbed. Fertilizer application was
diammonium phosphate (DAP) of 200 kg ha' at planting. At flowering, a top-
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dressing fertilizer of 100 kg ha-' calcium ammonium nitrate (CAN) fertilizer was
applied. Plants were sprayed to control aphids, thrips, and white flies.

Data Collection

Data were collected on plant height, pod length, pod diameter, pods per plant, pod
weight per plant, pod suture string and pod wall fiber. Harvesting was done at
intervals of two days. Five pods from each variety were randomly selected and
boiled in a water bath for 30 min at 100° C to evaluate the pod suture string. After
boiling, the pod's strings were gently pulled from the calyx along the adaxial suture
of the pod. String length was calculated as a ratio of pod suture string length to
total pod length [5]. The average pod suture string ratio values among the five
pods were used for analysis. Pod length was measured using a ruler and pod
diameter was determined by passing the pods through a ruler (Royal Sluis®) with
varied pod diameters. The number of pods per plant was estimated by counting the
total number of pods in a plot and dividing the total by the number of plants in the
plot. Pod weight per plant was calculated by weighing the pods in a plot and
dividing the total pod weight by the number of plants in the plot.

Data Analysis

The analysis of variance (ANOVA) of diallel was performed using the DIALLEL-
SAS05 program, Zhang et al. [17]. This program is considered as an effective
method in analyzing and interpreting diallel cross data, which are conducted in
multiple environments. Estimates of GCA and SCA effects were achieved using the
methodology proposed by Griffing, [18] for analysis of diallel with parents and F1
(Method 2), considering fixed effects of treatments (Model 1), with the genetic
statistical model of:

Yig =M+ Qi+ g+ Si+Det e oo Equation (1)

Where: Yix = observed value of the cross between parentiand j; u = overall
mean; gi = GCA effect of parent i; gj = GCA effect of parent j; s;j = SCA of the cross
between parents i and j; bk = effect of the kth block; ejn = experimental error
associated with the ijklt individual observation.

The magnitude of additive and non-additive effects was determined by the ratio
between GCA and SCA mean squares following the general predicted ratio (GPR)
GCA/SCA =2 MSGCA/ (2MSGCA + MSSCA) [19]. The closer this ratio is to 1, the
greater the predictability based on GCA.

Furthermore, the broad sense heritability (H2) of the traits was determined using
below formula:

HZ = VGV, Equation (2)

ng: https://doi.org/10.18697/ajfand.132.24675 24024



https://doi.org/10.18697/ajfand.132.24675

; PUBLISHED BY
- Since 2 00/ SCHOLARLY, PEER REVIEWED AFRICAN

SCHOLARLY

Volume 24 No. 7 A e

W AFRICAN JOURNAL OF .FDK'JD. AGRICULTURE, J U |y 2024 TRUST

[ ON A JEVELOPM
NUTRITION AND DEVELOPMENT ISSN 1684 5374

Where H2: broad sense heritability, Vg: genetic variance and Vp: phenotypic
variance [20].

RESULTS AND DISCUSSION

The analysis of variance established that significant genotypic and environmental
effects (P < 0.001) were recorded for each of the traits with a significant genotype
by environment (GxE) effect (P < 0.001) for all the traits except number of pods
per plant and pod weight per plant (Table 2). The presence of significant variations
among the genotypes indicated that a considerable genetic diversity existed
among the parents for the traits evaluated. The common bean genepool is very
diverse, encompassing variation in plant morphology. Intensive selection has
greatly narrowed the genetic base of snap beans, although there is much potential
for introducing novel variation by making crosses with dry beans [21, 22, 23], which
have a much broader genetic base [24, 25]. As is the case for most snap bean
varieties, those used for this experiment belong to the Andean genepool, while the
two dry bean accessions are both Mesoamerican types; mixing these two distinct
genepools is known to release much variability [16, 26]. While the existence of a
significant degree of GxE interaction complicates the selection of widely adapted
genotypes, the predominance of additive gene effects implies that genetic gain
should be relatively easy to achieve [27, 28]. The estimated broad sense
heritability (H2) values for number of pods per plant, pod weight per plant, pod
length, pod diameter and pod string were 0.79, 0.80, 0.91, 0.95, and 0.81,
respectively. The favourable estimates of the heritability of all of the pod quality
and yield traits (ranging from 0.79 to 0.95) were consistent with the findings of
Singh et al. [29], who also observed high levels of broad sense heritability for pod
weight per plant and number of pods per plant; the implication is that early
generation selection for these important traits should be effective.

The GCA and SCA effects were significant (P < 0.001) for each trait. The closer of
the GCA/SCA ratio to the unity (one) implied that additive gene effects
predominated. Gomes et al. [30] have reported substantially sized GCAs for pod
length, pod width and pod thickness. The snap bean market prefers long, slender
pods with minimal pod wall fibre and short (if any) suture strings, thus, alleles that
favour these traits are important [5, 9, 31, 32]. Vanilla and Serengeti are both
important commercial varieties in the Kenyan market. They both displayed the
largest GCAs for the pod quality traits. Therefore, they are prime candidates as
parents in programmes seeking to breed high quality snap bean varieties to
address competitiveness issues in the global market. The two dry bean entries
(G2333 and MCM 5001) were the highest pod yielders, but their pods had large
pod width and more fibrous. Among the F1 hybrids, the highest number of pods per
plant were largely confined to combinations involving a snap bean variety and a
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dry bean accession. The best performing hybrid with respect to number of pods per
plant and pod length was the cross Moonstone x Vanilla.

The estimated GCA and SCA for each trait are presented as Table 3. The two dry
bean accessions recorded positive and high GCAs for both number of pods per
plant and pod weight per plant, while the snap bean varieties Serengeti and Vanilla
excelled for both pod diameter and pod length. Based on the SCA, two crosses
(Amy x G2333 and Amy x Moonstone) were identified as good combiners for
number of pods per plant and five crosses (Amy x G2333, Amy x Moonstone,
(2333 x Seagull, G2333 x Vanilla and MCM 5001 x Serengeti) for pod weight per
plant. Five of the crosses (Amy x Serengeti, G2333 x Seagull, Moonstone x
Serengeti, Moonstone x Vanilla and Serengeti x Vanilla) generated a significant
SCA effect for pod length, two crosses (Amy x MCM 5001 and Moonstone x
Serengeti) for pod diameter and four (Amy x MCM 5001, Amy x Serengeti, G2333
x Seagull and G2333 x Serengeti) for pod string (Table 3).

The findings of this study are consistent with the observations reported by
Trindade et al. [33], who showed that, in crosses between dry and snap bean lines,
GCAs were significant for all traits except for fibre content. The indeterminate
growth habit of the two dry bean accessions used in this study contributed not only
to raising pod yield, but also to the plants’ resistance to key pathogens. However,
they had a negative effect on pod quality, a feature, which will need correction
through backcrossing to established snap bean types. The significant SCA effect
implies that dominance is also a determining factor of trait expression and that
complementarity exists among potential parents [12, 27, 30]. Pod quality traits are
vital for snap bean breeding for both the fresh market and the canning industry
[10]; thus, selection in the progeny generated from each of the Amy x Serengeti,
Moonstone x Serengeti and Moonstone x Vanilla crosses has the potential to
identify improved snap bean varieties for sustainable agriculture, food security and
poverty alleviation.

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

Key snap bean traits with respect to both pod quality and pod yield are mainly
controlled by multiple genes and are influenced by environmental variations. The
quantitative nature of the traits has important implications for the design of snap
bean breeding programmes. However, this study demonstrated the predominance
of additive gene effects and high heritability estimates for pod yield and quality
traits, indicating that significant genetic gains can be achieved during the selection
of segregating populations. Moreover, the study identified superior combiners that
can serve as parents for enhancing various traits, including dry bean varieties
which can be utilized to expand the genetic diversity of snap beans. The findings of
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this research have the potential to facilitate the development of snap bean cultivars
that can better withstand the impacts of climate change, thereby enhancing the
sustainability and productivity of Kenya's agricultural sector while addressing food
insecurity and alleviating poverty.
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Table 1: Characteristics of the parental genotypes

Genotype Pod Pod Pod shape & curvature Pod colour Maturity
length diameter
(Cm) (mm)
Serengeti 14-16 cm  6-8mm Circular and straight Uniform dark green 55 days
glossy
Moonstone 13-15¢cm  6-9mm Circular and straight Uniform dark green 55 days
glossy
Seagull 13-14 cm  6.5-9mm  Circular and straight Medium dark green 65 days
Vanilla 13-14 cm  6.5-9mm  Circular and straight Uniform dark green 65 days
Amy 10-12cm  5-6.5mm  Circular and straight Uniform dark green 55-60 days
glossy
G2333 9-12cm 8595 Flat and straight Uniform light green dull 39 days
mm
MCM 5001 8-10cm  9-10 mm  Flat and straight Uniform light green dull 45 days
Source: hitps://www.royalseed.biz/, http://shamrockseed.com accessed on 20th March 2023.
Table 2: Analysis of variance for the various pod quality and yield traits,
along with estimates for their heritability
Source of Mean Squares
variation df. Podsplant! Podweight Pod Pod Pod
plant (g) length diameter  suture
(cm) (mm) string
(ratio)
Environment (E) 1 11123.15"**  64550.64**  3.95*** 3.7 0.04*
Rep (E) 4 1021.92* 16392.16** 0.15ns 0.04ns 0.05**
Genotype (G) 27 1850.93** 25574.02*** 557" 2,15 0.11**
GxE 27 429.85ns 5231.01ns 0.48* 0.12** 0.02**
GCA 6 4063.68*** 62618.25**  17.80*** 8.69*** 0.34**
SCA 21 1218.71** 14989.96***  2.08™** 0.28*** 0.04***
GCAxE 6 799.02* 10010.59* 1.06™* 0.16** 0.04**
SCAxE 21 324.38ns 3865.41ns 0.32ns 0.09* 0.01ns
Residuals 108 326.22 3462.70 0.27 0.05 0.01
Heritability (H2) 0.79 0.80 0.91 0.95 0.81
GCA/SCA Ratio 0.87 0.89 0.94 0.98 0.94
Mean 50.62 154.49 11.39 7.71 0.48
LSD (0.0s) 22.34 79.26 0.83 0.44 0.15

¥ ** * means differ significantly from one another at, respectively P < 0.001, 0.01 and 0.05.
ns: non-significant
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Table 3: Estimated GCA and SCA effects for the various pod quality and yield

traits
Genotype Traits
Pod Pod Pod Pod suture

Pods weight length diameter  string

plant! plant'(g) (cm) (mm) (ratio)
GCA effects
Amy -5.34* -22.81* 0.01 -0.27*** -0.01
(G2333 11.9" 51.56*** -0.35"** 0.54** 0.07**
MCM 5001 10.77*  38.44™* -0.87*** 0.62*** 0.14**
Moonstone 3.64 10.27 0.16* -0.12* -0.03*
Seagull -6.46™* -29.49** -0.20* -0.23*** -0.01
Serengeti -8.90* -33.36™** 0.27* -0.32%** -0.07***
Vanilla -5.60* -14.60* 0.98** -0.23*** -0.09"**
SCA effects
Amy x G2333 17.39* 54.00* -0.08 -0.03 -0.07
Amy x MCM 5001 5.86 12.84 -0.31 -0.22* -0.12*
Amy x Moonstone 32.49** 10842  -0.22 0.59*** 0.04
Amy x Seagull -0.75 -10.77 0.13 -0.13 0.04
Amy x Serengeti -1.64 4.20 1.37** 0.00 -0.12*
Amy x Vanilla -6.61 -22.84 0.03 0.12 -0.01
(G2333 x MCM 5001 -13.22 -48.42 0.37 0.07 0.08*
(2333 x Moonstone 7.91 24.95 -0.24 0.16 0.03
(2333 x Seagull 2.00 40.96 0.48* 0.12 -0.05
(2333 x Serengeti 12.45 47.07* -0.35 0.30* -0.12*
(2333 x Vanilla 12.82 51.64* -0.52* 0.07 -0.05
MCM 5001 x Moonstone 5.04 18.66 -0.20 -0.12 -0.13
MCM 5001 x Seagull 7.63 33.08 -0.08 -0.05 -0.02
MCM 5001 x Serengeti 13.08 52.51* -0.10 0.32* 0.00
MCM 5001 x Vanilla 112 5.77 -0.63* -0.06 -0.08
Moonstone x Seagull -1.07 -37.60 0.22 -0.11 -0.09*
Moonstone x Serengeti 6.21 15.77 0.59** -0.18* -0.01
Moonstone x Vanilla -5.92 -12.07 0.76*** -0.14 0.02
Seagull x Serengeti 4.47 -0.25 0.26 -0.17 0.03
Seagull x Vanilla 11.34 21.90 -0.69** 0.16 0.08*
Serengeti x Vanilla -10.72 -26.49 0.54* -0.01 0.05
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