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Abstract: Common bean (Phaseolus vulgaris L) is the main legume crop grown in Kenya, by small scale farmers. Its grains are
very vital in human nutrition and source of income for peasant farmers. The yield is approximately 530 kg/ha which is against
yield genetically potential of 1400 - 2000 Kg ha™ attributed to pests, diseases and abiotic factors. Among diseases, viral diseases
are major yield reduction factor in bean production. These include Bean Common Mosaic Disease (BCMD), caused by Bean
common mosaic virus (BCMV) and Bean common mosaic necrosis virus (BCMNV). These are the widest spread viruses with
disease incidence upto 100% and yield loss of 35% to 98%. These viruses infect common bean in all stages of growth and growing
seasons. The objective was to evaluate variability of Bean common mosaic disease incidence and severity on Phaseolus vulgaris at
different growth stages in two agro ecological zones (LM1, LM2) of western Kenya. variation of BCMD on common bean at
different growth stages, trials were carried out in Bujumba, Alupe and Madola of Busia county on farms randomly selected. Trials
were laid on a randomized complete block design (RCBD) for bean cultivars; Rosecoco, KATX56 and KK8, randomly replicated
three times on each farm. BCMD incidence and severity were observed and recorded. Incidence and severity were observed and
recorded at vegetative and flowering stages of growth. The results showed that BCMD mean incidence was high at flowering stage
(39.236%) with severity mean of (1.249) than mean incidence of vegetative stage (17.13%) with severity mean of (0.696). During
flowering stage, P. vulgaris cultivars use more of nutrients and calories both for growth and reproduction rather than on disease
defense, thus become more susceptible to disease infection than in vegetative stage. Stakeholders to enhance BCMD management
at flowering stage by controlling aphids to reduce transmission of BCMV and BCMNV in beans. Also more study be done to
evaluate dynamics and activities of aphids in two growth stages of bean cultivars.
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INTRODUCTION varieties cultivated in western Kenya include Rosecoco,
Canadian wonder, KK8, KATX56, KATX69 and Pinto
sugars. Rose coco and Canadian wonder are high yielding

varieties but requires heavy rains and high soil fertility

The common bean (Phaseolus vulgaris L) is the main
legume crop grown in Kenya for its important value in

human nutrition as it contains high protein content and
consumed without much processing but cooked to enhance
on digestibility (Singh, 2005; Cortes et al., 2013). Regular
consumption of common bean and other pulses is now
promoted by health organizations because it reduces the risk
of diseases such as cancer, diabetes or coronary heart
diseases (Leterme et al., 2002). It’s also the source of
income for many rural households (FAO, 2011). The main

(Wronno et al., 2001). In Kenya the yield is 530 kg/ha and
the country production estimated at 613,902 metric tons
(FAO, 2014) is lower compared to a production potential of
1400 — 2000 kg ha® (Katungi., 2009). Also Kenya’s
Production is lower compared to Tanzania and Rwanda (885
and 913 kg/ha) respectively (FAOSTAT, 2014). In Kenya,
the yield is low due to diseases, pests and abiotic factors
(Vasic, 2003). The most common cause of low vyields is
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based on pathogenic microorganism, e.g. fungi and bacteria
diseases which comprise of angular leaf spot (caused by
Phaeoisariopsis  griseola), anthracnose (caused by
Colletotrichum lindemuthianum), root rot (caused by
Pythium spp. and Fusarium spp.) and common bacterial
blight (caused by Xanthomonas axonopodis pv. phaseoli),
Ascochyta blight (caused by Phoma spp.), halo blight
(caused by Pseudomonas savastanoi pv. phaseolicola) and
leaf rust (caused by Uromyces appendiculatus) (Hillocks et
al., 2006; Akhavan et al., 2013). However, it has been
reported that viral attack reduces yield of infected plants and
result into poor quality products (Baboric, 2003). The most
important viruses of common bean in Kenya are Bean
common mosaic virus (BCMV) and Bean common mosaic
necrosis virus (BCMNV) that cause Bean common mosaic
disease (BCMD). This disease result into grain yield losses
from 1% to 100%. Other viruses infecting common bean that
have been reported are CPMMV (Mink and Keswani, 1987;
Chang et al., 2013), CMV (Davis and Hampton, 1986; Njau
et al., 2006), CABMV (Bashir et al., 2010), SBMV
(Verhoeven et al., 2003), BGYMV (Karkashian et al., 2011),
SYMMoV (Karkashian et al., 2011), PvEV-1 (Okada et al.,
2013; Khankhum et al., 2015), PvEV-2 (Okada et al., 2013),
BGMV and Calopogonium golden mosaic virus (CalGMV)
(Diaz et al., 2002)

MATERIAL AND METHODS

3.1 Trials on variability of BCMD on common bean at
different growth stages

Intensive trials conducted in two major beans growing agro
ecological zones of western Kenya LM1 and LM2 (Busia
county), covering Madola (Cluster 1), Bujumba (Cluster 2)
and Alupe (Cluster 3) during the long and short rain seasons
of 2017. Farms in each cluster for study were randomly
selected based on similarities in; soil type, altitude, rainfall,
Temperature, Land use and farm typology. Three differential
genotypes of common beans cultivars (Rosecoco, KK8 and
KATX56) were laid on Randomized complete block design
(RCBD) Replicated three times. Each bean cultivar planted
on plots of 5 m x 5 m in size in short and long rain seasons.
BCMD Incidence and severity assessed and analyzed
according to (Nono-Womdim, (1996) and Odu et al., (2004).
The Bean common mosaic disease symptoms scored on bean
cultivars during vegetative and flowering stages. Leaf
mosaic mottling, vein banding and vein clearing chlorotic
leaves, leaf curl and crinkling, small leaves with inter-veinal
yellowing, stunted growth, or a combination of all. On each
farm, experimental plots measuring 5 m x 5 m were laid on
randomized complete block design (RCBD) within each
farm and on each plot bean cultivars were planted with space
of 30 cm by 15 cm. These were P. vulgaris cultivars
commonly grown by farmers in western Kenya;
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Fig 1: Map of western Kenya showing regions where trial was conducted.
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3.1.1 Disease incidence and severity determination

Viral symptoms record to determine disease incidence and
severity for each bean cultivar planted in clusters on
experimental plots. Information on the type of variety grown
and sources of seeds also recorded. experimental plots were
laid randomly on selected farms in the three Clusters (Alupe,
Bujumba and Madola). Samples collected from each
experimental plot (5 M x 5 M) and BCMD and On each
Disease incidence was calculated as the percentage of plants
showing BCMD symptoms to the total number of plants
observed in the field. The average incidence and severity of
the sampling points per farm was use as the actual plot
disease incidence and severity. The degree of disease
(BCMD) incidences was assessed and analyzed according to
(Nono-Womdim, 1996) as the proportion of diseased plants
in an area. The presence and absence of viral disease on
common bean varieties planted was scored using a rating
scale basing on (Nono-Womdim, 1996) where low
incidence=1-20%, moderate incidence= 21-49% and high
incidence=50-100%. Disease symptoms severity was scored
on a scale of 0-3 according (Odu et al, 2004) of which;

0 =No disease symptoms on plant,

1= Mild foliar disease symptoms,
2= Moderate foliar disease symptoms,

3= Severe distortion malformation of leaves or stem and
stunting.

The viral symptoms that were scored are, leaf mosaic
mottling, vein banding and vein clearing chlorotic leaves,
leaf curl and crinkling, small leaves with inter-veinal
yellowing, stunted growth, or a combination of these. The
leaves showing BCMD symptoms were collected, put in a
cool box and taken to the laboratory for analysis by DAS-
ELISA and TAS-ELISA for BCMNV and BCMV
respectively.

Enzymes- Linked Immunosorbent Assay (ELISA)

The detection of BCMV and BCMNV viruses by serological
techniques was done using polyclonal antibodies (IgG) for
coating and monoclonal antibodies (MAb) for detection in
ELISA.

3.1.3 Triple Antibody Sandwich ELISA (TAS ELISA)

The TAS ELISA was done as described by Were et al.,
(2013) Without modifications microlitre plates (96 wells)
was coated with BCMV IgG diluted 1:1000 (v/v) in a
coating buffer and incubated for 2 h at 37 °C. Blocking was
done by adding 2% skimmed milk in PBST (200 pl/well)
and incubated for 30 min at 37 °C. Sap extracts sample was

added and incubated at 4°C. Extracted from each variety of a
healthy plant (beans) and those infected with BCMV were
used as negative and positive controls, respectively. MAbs
raised against BCMV was used in detecting antibodies at
dilution of 1:100 (v/v) in conjugate buffer were used for
detection. 1004l of each supernatant dilution was loaded
onto microtitre plates and incubate for 2 h at 37°C. After
washing the plates, an alkaline phosphate labeled phosphate
as (99Rabbit- anti- mouse) diluted 1:1000 (v/v) in conjugate
buffer was added and the plate incubated for 45 min at 37
°C. The substrate, P-Nitrophonyl phosphate diluted 1mg/ml
in substrate buffer was added and incubate for 2 h at 37 °C.

3.1.4 Double Antibody sandwich ELISA (DAS ELISA)

Double antibody sandwich ELISA was done with no
modification as per Clark and Adams (1977). For detection
of BCMNV in bean varieties, microtiters plates were coated
with BCMNV IgG diluted 1:1000 (v/v) in coating buffer and
incubated for 4 hours at 37 °C. Sample extracts were added
and incubate at 4 °C. Extracts from healthy bean varieties
and those of infected with known BCMNV was used as
negative and positive controls, respectively. 1gG- alkaline
phosphate conjugates diluted 1:1000 (v/v) in conjugate
buffer was added and incubated for 2 h at 37 °C substrate (as
in section 3.1.3).

Sampling design and data analysis

Sampling was done by removing two leaves from the middle
of P. vulgaris plant at an interval of 1 m on each row of
beans cultivar. Infected and symptomatic leaves, of each
P.vulguris genotype were collected for serological analysis.
Fifteen to twenty plants were randomly sampled. The
sampled leaves were stored in polythene bags in a cool box
until use. The virus incidence was calculated as described by
(Nono-Womdim, 1996) where low incidence=1-20%,
moderate incidence=21-49% and high incidence=50-100%.
Disease severity was scored on a scale of 0-3 according to
Odu et al., (2004) of which the viral symptoms that were
scored are, leaf mosaic mottling, vein banding and vein
clearing or chlorotic leaves, leaf curl and crinkling, small
leaves with inter-veinal yellowing, stunted growth, or a
combination of all these. The data obtained from the research
was averaged to obtain mean and percentages by each of the
explanatory parameters record (altitude, incidence and
severity). Analysis of variance (ANOVA) for the differences
in the incidences and severity in common bean varieties was
done. ANOVA was used to obtain least significant
difference (L.S.D) values which was used to separate the
means at P=0.05. Analysis was conducted using statistical
analysis software, to obtain correlation between the
incidence and severity of BCMD.
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RESULTS AND DISCUSSION

The typical symptom of both BCMV and BCMNV were
light green and yellow leaf colour, dark green mosaic pattern
on leaves, puckering of leaves, distortion and rolling of
leaves, mottling of leaves. Other symptoms included
mottling of leaves, dwarfing of bean plant, curling and

malformation of leaves. The symptoms were observed in all
bean cultivars in both growth stages but with variant BCMD
incidence and severity.

Symptomatic BCMD incidence at vegetative growth stage

Bean Common Mosaic Disease mean incidence varied
significantly in (Rosecoco, KK8 and KATX56) in all
clusters. Disease pressure was lower in Alupe with Rosecoco
having the highest mean incidence (11.05%) followed by
KATX56 (9.60 %) while KK8 with the lowest mean
incidence of (2.56 %). Madola had the highest BCMD mean

incidence with Rosecoco bean cultivar being more
susceptible (30.68 %). Followed by KK8 (27.21 %). The
KATX56 had the lowest disease incidence of (26.21%).
respectively. (Table 1). Minimum incidence was (0.00 %)
and maximum incidence of (83 %).

Table 1: BCMD Incidence at vegetative stage in western Kenya.

Clusters AEZs Bean Variety N Mean Maximum Minimum
incidence incidence incidence
(%) (%) (%)
Alupe Rosecoco 58 11.05 58 0
KATX56 45 9.60 33 0
KK8 45 2.56 25 0
Bujumba Rosecoco 68 16.40 42 0
KATX56 50 17.52 50 0
KK8 50 14.62 50 0
Madola Rosecoco 65 30.68 67 0
KATX56 48 26.21 58 0
KK8 48 27.21 83 0
Total 17.13
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4.4.6 Symptomatic BCMD severity severity in all clusters was (0.0) with a maximum disease

o ) o severity of (1.0)
Bean common mosaic disease severity also varied in all

differential bean genotypes and in clusters. minimum BCMD

Table 2: BCMD Severity at vegetative stage in western Kenya

Clusters AEZs Bean Variety N Mean Maximum Minimum
Severity Severity Severity
Alupe Rosecoco 58 0.621 1 0
KATX56 45 0.600 1 0
KK8 45 0.222 1 0
Bujumba Rosecoco 68 0.779 1 0
KATX56 50 0.800 1 0
KK8 50 0.700 1 0
Madola Rosecoco 65 0.892 1 0
KATX56 48 0.854 1 0
KK8 48 0.792 1 0

Table 3: BCMD incidence at flowering stage in western Kenya

Clusters AEZs Bean Variety N Mean Maximum Minimum
incidence incidence incidence
(%) (%) (%)
Alupe Rosecoco 60 39.42 93 0
KATX56 44 36.84 75 0
KK8 45 27.56 67 0
Bujumba Rosecoco 62 41.84 100 0
KATX56 46 41.70 100 0
KK8 47 22.68 78 0
Madola Rosecoco 62 49.89 93 0
KATX56 44 49.55 93 0
KK8 44 43.61 75 0

Table 4: BCMD Severity at flowering stage in western Kenya

Clusters AEZs Bean Variety N Mean Maximum Minimum
Severity (%) | Severity Severity
(%) (%)
Alupe Rosecoco 60 1.150 3 0
KATX56 44 1.114 2 0
KK8 45 1.067 2 0
Bujumba Rosecoco 62 1.323 3 1
KATX56 46 1.370 2 1
KK8 47 1.043 2 1
Madola Rosecoco 62 1.500 2 0
KATX56 44 1.386 2 0
KK8 44 1.295 2 0
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DISCUSSION

All the three bean cultivars (Rosecoco, KATX56 and KK8)
had lower disease mean incidence and severity during
vegetative stage to flowering stage. At this stage Bean
cultivars had sufficient nutrients and energy for production
of growth hormones and metabolites (sugars, proteins, amino
acids, and nucleic acids) for defense against pathogenic
micro-organisms and viruses entering into plant cells. Bean
cultivars slowed down pathogenicity of BCMV and
BCMNYV to colonize plant cells and induce disease symptom

development into host plants. During flowering stage, bean
cultivars directed more of their nutrients and energy for both
mitosis and meiosis processes for growth and reproduction
thus the plant cells were overwhelmed resulting into
pathogenic attack and penetration into plant cells, colonized
them and causing disorder due to low defensive mechanism.
Bean common mosaic disease symptoms into development
thus inducing high rate of disease incidence and severity in
flowering stage.
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Fig 2. Showing variation BCMD incidence in Alupe area for three bean cultivars commonly grown in western Kenya in vegetative
and flowering stage
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Fig 3: Showing variation of BCMD incidence and severity of three bean varieties during vegetative and flowering stage in
Bujumba of Busia County in western Kenya
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Fig 4: Showing variation of BCMD incidence and severity of three bean varieties during vegetative and flowering stages of beans
in Madola area of Busia County in western Kenya

Conclusions

This study has shown that bean common mosaic disease is
widespread in all bean growing regions of western Kenya
across all the AEZs surveyed (LM1, LM2) and infect all
bean cultivars grown in western Kenya with varied incidence
and severity. During flowering stage bean cultivars are more
susceptible to bean common mosaic disease to vegetative

Recommendation

This study recommends Bean producers/ farmers to intensify
aphid control during flowering stage by spraying with
appropriate pesticide either to kill them or repel them away
from the host plant (Phaselous vulgaris). This will reduce
disease incidence in common bean. Intercropping of
different legume species and bean also reduces the
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