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Abstract

The dry bean, Phaseolus vulgaris (L.) production is constrained by various factors in the environment. A survey was
carried out to determine incidence of various foliage diseases and possible influence by whitefly vectors among other
environmental factors on bean grain yield. Highest farmer cultivar preference was a tie of improved KAT Bean 1 (B1)
and local cultivar (Mwitemia) at 24% as total of each category. Production level was 0.3-1.6 t ha'! per farm. Dominant
whitefly species was Bemisia tabaci (Genn.) in over 90% of the farms. Laboratory analyses showed that disease
incidence among the varieties showed improved varieties bearing highest incidence of both fungal and viral diseases
compared to the local cultivars. Disease incidence showed little influence on bean grain yield. The updated information
here is useful to breeding programmes to focus on local cultivars for higher disease-tolerant bean genotypes.
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1. Introduction

The common dry bean, Phaseolus vulgaris (L.) is the most important food legume for direct human consumption in the
world [1-2]. Production occurs in a wide range of cropping systems and environments spanning across regions as
diverse as Latin America, Africa, the Middle East, China, Europe, the United States, and Canada [3-4]. In the Latin
America, the leading bean producer and consumer, the crop occupies some unique niche of traditional and food security
for the low income people particularly in Brazil, the Andean Zone, Asia, Central America, and some Caribbean countries
[4-5, 7-8]. However, the highest per capita consumption in the world occurs in eastern Africa especially in the Great
Lakes Region [9-11]. Beans are also an important source of dietary protein in Kenya, Tanzania, Malawi, Uganda, and
Zambia [12].

The Food and Agriculture Organization of the United Nations (FAO) reported that some European data on production
area for common beans are simply rough estimates and consequently yields are underestimated because of the
combination of data from mixed cropping and monoculture [4-5]. World common-bean production can be conveniently
grouped into specific regions with the most important being Brazil, Mexico, and eastern African highlands [7-8]. Beans
are a major staple in these regions which together contribute to half of the world's production [13-14]. The USA and the
Southern Cone of South America are major producers for export markets [15]. In most regions of the developing world,
growth in bean production has tailed off in the last decade [16]. Brazil, eastern Africa, the African Great Lakes Region,
southern Africa, and the Andean zone all experienced slower production growth during 1972-74 to 1982-84 than during
the previous ten-year period [12, 14]. In the present decade, human population growth has outstripped that of bean
production in all four regions [4, 11].
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Comparison of annual bean production growth rates in yields and area sown provide insights on the causes of declining
growth among many bean producers. In general, there has been little improvement in bean yield due to various
constraints of production [12]. This is true both for slow population growth regions such as the Andes and southern
Africa, and for rapid growth regions such as the Southern Cone and West Asia [4, 7]. Area expansion in marginal
agricultural lands has been the major source of production growth in Brazil, the African Great Lakes Region, eastern and
southern Africa, the Southern Cone, and Central America [14, 16]. Nevertheless, increased climate variability has
contributed to low production besides biotic factors [17].

Worldwide, it is reported that there are over 1500 whitefly species known in approximately 126 genera [18]. Bemisia
tabaci is a species complex that is globally distributed [18] and important because a number of the species ecotypes
that make up the complex are known to damage commercially important plant species either through direct feeding or
through the transmission of more than 150 plant viruses primarily belonging to the genus Begomo virus (Family:
Geminiviridae) [19-21]. It has, therefore become important to control whiteflies with the aim of reducing virus
transmission and agronomic losses on crops like beans. Nevertheless, little information exists on level of viral diseases
causing bean yield losses and contribution by whitefly vectors in the marginal areas of Kenya and the larger Great Lakes
Region. Moreover, a lot of information is available from the Americas and Asian countries of yield losses due to whitefly-
viral disease transmission [6, 20].

The present work aimed to identify the distribution of different species of whitefly in one semi-arid region of eastern
Kenya, comparing the insect density and subsequent yield levels. The work compared disease symptoms on local and
hybrid bean varieties in Kitui County and focused to contribute information on most appropriate variety to grow in
those marginal areas.

2. Material and methods

2.1. Farm survey on production

The survey covered wetter midlands of Central Kitui County in 2016 and 2017. A total of 22 farms was covered in two
bean production sites of Changwinya West Ward and Kitui East Ward (Fig. 1). Changwiya is 5 Km west of Kitui Town
while Kitui East ward is about 6 Km in the eastern side. Kitui is 180 Kilometres east of Nairobi City of Kenya. A
questionnaire was used to interview farmers on bean production acreage, type of cropping system, pest and diseases,
pesticide and fertilizer use by farmers on bean production. Repeat visits in the identified plots enabled collection of data
at harvest of crop plots. A geographical position service (GPS) device was used to mark each farm position within the
locality. Rainfall data of the production period was secured from Kenya Agricultural and Livestock Sub-Centre of
Ithookwe which is centrally placed at 2 Kilometres west of Kitui Town.
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Figure 1 Whitefly survey sites during the production bean seasons of 2016-2017

2.2. Whitefly specimen collection

In each farm whitefly specimens found on bean leaves were collected by use of either an aspirator or by hand picking
with ethanol-wet hair brushes (size 000) and secured in 70% alcohol vials where a maximum of 10 individual adults
were preserved. Adjacent weed plants were noted for relatedness to bean plant Family Fabae. Any other major insect
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pest on bean plants was scored for comparative review of disease vector on beans. A quadrat of 1 m?was used to mark
out net sample area in each random sample plot per farm. The quadrat sampling was repeated five times per farm plot.

2.3. Laboratory specimen identification

Whitefly specimen collected from each locality and preserved in 70% ethanol vials, were identified by using the
procedure by Martin [22] where upper and lower compound eyes (Ocelli structures) on the whitefly specimens were
observed for their separated nature as is the case of Trialeuroides vaporariorum (while in Bemisia tabaci the ocelli body
appears connected into one block with single constriction gap. A further species differentiation was carried out by taking
count of the stout setae on the hind leg of the whitefly on mesototibia part where for B. tabaci it was 2-3 comb brushes
and T. vaporariorum was 4-7 metatibial combs [22]. Identified specimens (on glass slide mounts) were preserved in the
Kenya Agricultural and Livestock Insectary for reference.

2.4. Laboratory disease identification

Bean disease lesions were identified based on visual symptoms on diseased bean leaves and by isolation and
identification of fungal and bacterial pathogens from symptomatic bean leaf tissues on culture media. Viral symptoms
were identified visually and confirmed by reference to bean diseases caused by viruses in bean literature reference.
Fungal isolations were carried out growing the pathogens on Potato Dextrose Agar amended with antibiotic
(streptomycin and neomycin) while bacteria were isolated on selective media YDC (yeast extract-dextrose-CaCO3).
Fungi were identified based on spore characters on PDA while bacteria were identified based on colour on YDC.

2.5. Statistical analyses

The farmer cultivar preference, whitefly density and disease incidence were presented in percentages while
temperature and rainfall amounts in the two production months (April and May 2016 and similarly in 2017) were
graphed in MS Excel (2013). Bean production acreage and yield levels were subjected to analysis of variance by Fisher’s
Least Significance Difference (LSD) Test at P= 0.05), using SAS software on General Linear Model (GLM) PROC.

3. Results

3.1. Farmer cultivar preference

Out of the 22 farms sampled, 23% were men and 77% were women producers indicating that the latter valued bean
production than the former. Highest cultivar preference was a tie of KAT Bean 1 (B1) of improved variety category and
Mwitemania a local cultivar at 24% as total of each category (Table 1). This meant that combing both cultivars B1 and
Mwitemania, accounted for 48% of bean production in the two wards. The least preferred cultivar was Wairimu grown
in Kitui East only. Other local cultivars appeared as isolated preference by specific farmers in the areas of production as
indicated in Table 1.

Table 1 Mean cultivar preference (%) within Central Kitui County in 2016and 2017seasons

Ward Farmer cultivar preference (%)
Improved varieties Local cultivars
Rosecoco B1 Nyayo Mwezi-moja Wairimu Kamwithokya Mwitemania
Changwithya 13 11 12 8 0 3 16
Kitui East 3 13 5 0 3 5 8
Total (%) 16 24 17 8 3 8 24

The rainfall pattern was low and poorly distributed in the long rainfall (LR) period in 2016 and improved slightly in
2017. A daily mean rainfall amount of 8.1 + 28.3mm was recorded for the two production periods. It was noted that the
month of May was cooler than the April during the production periods. Temperature range in April was 22 + 2 while
May was 20 * 3 °C. An improvement on amount of rainfall was scored in the subsequent short rain (SR) period of
October-December 2016 to January-February 2017. The daily mean rainfall score 12.1 * 9.3mm was recorded for the
production period. Temperature range in November was 23.2 + 2 and January 2017 was 23.8 + 3 °C.
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There was no significant difference of altitude among the two ward locations, where Changwithya West and Kitui East
were 1166.3 and 1024.0m above sea level (Table 2). Mean bean production acreage during the two seasons was
significantly in Kitui East than Changwithya at 1.6 and 0.3 /ha respectively. Bean production system showed farmers
preferred maize intercropping in some cases adding cassava and pigeonpea or passion fruit crops. Kitui East alternated
passion fruit intercrop with maize in bean production systems. Only one farmer reported input of mineral fertilizer
(Kitui East), though nearly all farms had both animal and compost manure amendments applied.

Table 2 Plot acreage, altitude, inter crop systems of bean production in Central Kitui in 2016

Ward Altitude (m) Acreage (ha) Intercrop system

Changwinya West 1166.34 0.38 Maize, cowpea, cassava

Kitui East 1024.04 1.64 Maize, pigeon pea, passion fruit
SE 231.3 2.4

LSD 219.8 2.4

Indicated similar superscript letters denote no parameter variable significant difference (Fisher’s Least Significant Difference Test, df=1, 10) at 5%
level.

3.2. Whitefly species diversity

Whitefly species identified in the laboratory were mainly two, T.vaporariorum and B. tabaci. In the two wards
Changwithya had no score of T.vaporariorum while Kitui East had only two specimens of the species in one field plot, a
4.5%incidence (Fig. 2). Highest density B. tabaci was observed in Changwithya West ward at close to 2 whiteflies per
field plot of 1m2.No other major insect pest was found on most bean plots besides a few species of aphids on isolated
plants.
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Figure 2 Comparative whitefly species diversity and abundance in Changwithya West and Kitui East Wards
3.3. Diseases identity
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Figure 3 Visual estimation of fungal and viral diseases in Changwithya West and Kitui East wards of varied whitefly
density infestations
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Field visual estimate of fungal diseases were 20 and 28% for Changwithya West and Kitui East respectively (Fig.3).
Likewise, viral disease incidence was 17 and 8% respectively for Changwithya and Kitui East, respectively. This was
symptomatic lesions at field observations on the plant leaves were evident and the participating farmers could easily
recognize the disease symptoms. The impact of the disease incidence to yield loss could not be induced from the
symptoms and perceived loss.
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Figure 4 (A and B) Mean cultivar disease incidence on bean crop in Kitui (2016 and 2017)

After laboratory analyzes, disease incidence among the varieties indicated a scenario where improved varieties had
higher incidence of both fungal, bacterial and viral diseases compared to the local cultivars (Fig.4). Mwezi-moja had
least disease incidence of 1% while Rosecoco, B1 and Nyayo with = 5% of fungal diseases, identified as Altenaria and
Phoma species as common ones on the leaf dead lesions. The bacterial diseases found on the leaves were Pseudomonas
spp, grouped together in the fungal lesions. The local cultivar with least incidence was Wairimu indicating 1% fungal
disease occurrence, mainly being Altenaria species. The local variety bearing highest viral disease was Mwitemia at 3%,
of Bean Golden Yellow Mosaic Virus (BGYMV). Nevertheless, none of the varieties had higher than 10% incidence of
combined fungal and viral diseases.
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Figure 5 Bean varietal yield difference at two different wards in Central Kitui County 2016-17

Varietal yield difference was significantly (p< 0.05) greater in Changwithya West with the improved varieties being at
0.9 tons/ha, followed by local cultivars at 0.8 tons /ha in same ward (Fig.5). The least yield occurred in Kitui East of the
local cultivars at 0.6 tons /ha. Disease incidence showed little influence on varieties where Rosecoco, B1, Mwezi-moja
and Nyayo (improved category) had highest disease lesions, leading with highest yield (0.9 tons /ha) in Kitui East,
comparable to 0.7 tons /ha in Changwithya West.

4., Discussion

The results of the present study showed that whitefly species infesting bean crop in the specified semi-arid land of Kitui
to be B. Tabaci. As the known viral disease vector, B. tabaci was highest in Changwithya Ward which incidentally had
twice of the disease incidence at 17% of the bean golden mosaic virus (BGMV) from visual identification. Various pests
and diseases have been reported on bean crop [23]. No direct correlation could be drawn from the present data as
considerations for site disease inoculum in terms of wild genotypes and Fabae types of plant family was not confirmed.
Furthermore, actual disease incidence confirmed on the laboratory identification was low at less than 10% on all
varieties as results from the laboratory analyses showed. The highest dry bean yield was on improved varieties at 0.9 t
ha in Kitui East, and closely similar to 0.7 t ha'! in Changwithya West. Conversely, little yield difference was notable
between improved and local cultivars as the latter scored 0.6 and 0.8 t hal on local cultivars at Kitui East and
Changwithya Wards respectively. It appeared that poor and irregular rainfall amounts contributed much to the low
yields in comparison to the low disease incidence and absence of major pest insect.

The common agronomic practice observation showed that most farmers were not using mineral fertilizers, and the
irregular rainfall distribution could be viewed as some combined factors leading to low bean production in terms of
farmer own input and environmental effects [12,24]. Number of women participating in producing beans was higher
than men at 77% with the majority growing improved varieties B1, Rosecoco and Nyayo at 16, 24 and 17% variety
preference, respectively. Of the local varieties Mwitemania had the highest category preference at 24% as a total from
the two sites. Farmer bean variety preference is foremost determined by market which again is a product of various
attributes like fast cookability and colour of the seed among other attributes [14].

Most improved varieties released to farmers like B1, Rosecoco and Nyayo have strong attractive red colour-shades as
well as being of popular demand for their average fast cookability and palatability for local consumption [25-26].
Women have various ways in which they are involved in trade with beans and could explain why even in marginal area
like Kitui County the crop production is popular. Mauyoet al. [13] reported on continued livelihood of bean trade
between Kenya and Uganda whenever a short fall of the grain occurs across the border at Busia and Malava border
points. As per the present study, bean crop production acreage levels indicated that Kitui East led with highest at 1.6 ha
while Changwithya Ward had only 0.3 ha. The most preferred intercrop system was maize-bean which is practiced by
most farmers in eastern Kenya reported that smallholder farmers prefer maize-bean production systems over pure
stands due to higher yield value from inter-cropping [27]. The ensuing advantage of increased yield of maize production
even when no fertilizer used due to soil fertility improvement by the legume was the driving advantage. This practice is
common in eastern Kenya where oxen ploughing is preferred for reduced drudgery in general crop production.
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5. Conclusion

As the results indicated the fungal and viral diseases incidence was higher on improved varieties than the local ones.
The only identifiable viral disease was the Bean Golden Yellow Mosaic Virus (BGYMV) which needed to be subjected to
molecular analysis for correct Begomo viruses identification. This would suitably need sampling on wild plant species
as well to pinpoint source of wild inoculum. Breeding programmes could benefit by sourcing for disease-resistant
genetic material from the local cultivars.
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