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ABSTRACT 

A study was undertaken to assess the efficacy of some neonicotinoid formulations used in 

snap bean production as seed dressings and soil drenches against snap bean pests and to 

evaluate some commercial varieties for resistance to the pests. The study was carried out in 

Mwea, Central Kenya where most export snap beans are grown by small scale farmers. The 

study consisted of two experiments carried out from December 2009 to January 2011. In the 

first experiment, four neonicotinoid seed dressing (Gaucho, Monceren, Cruiser, Apron Star) 

and two soil drench formulations (Actara and Confidor) were tested on Amy variety in a 

randomised complete block design replicated three times. Untreated plots were included as 

control. Seed dressing chemicals were applied on site just before planting whereas the soil 

drenching chemicals were applied twice on the 3
rd

 and 13
th

 day after emergence. In the 

second experiment, seven commercial snap bean varieties, Amy, Alexandra, Bravo, 

Serengeti, Paulista, Tana and Mara, were tested with and without a pesticide (Confidor) in a 

split plot design. Confidor pesticide formed the main plots and variety the sub-plots. Data 

was collected weekly on the number of plants per plot, bean fly maggots, whitefly nymphs, 

bean fly ovipuncture marks, number of thrips on leaves and flowers and finally on pod yield. 

 

The number of bean fly maggots was significantly (P<0.001) lower in plots treated with 

Confidor, Actara, Gaucho, Monceren and Cruiser than in Apron Star and non-treated control 

plots. Plots treated with Confidor and Actara had significantly (P<0.001) lower bean fly 

infestations and gave significantly (P<0.001) higher yields. After partial economic analysis, 

Cruiser, Apron Star and Monceren had the highest benefit-cost ratio of 1.82, 1.60 and 1.24 

respectively while Actara and Gaucho had the lowest benefit-cost ratio of -0.11 and 0.24 

respectively. Thus neonicotinoid treatments with Cruiser, Monceren or Confidor in snap bean 
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production can effectively reduce bean fly infestation and increase yields, hence offering 

great benefits to snap bean growers. Therefore, growers and seed packers should be 

encouraged to seed dress with Monceren or Cruiser  or drench with Confidor to protect the 

crop against bean fly as they are effective and give good financial returns. The snap bean 

varieties were significantly different (P=0.001) in the number of plants as well as in the 

marketable (P=0.001) and total pod yields (P=0.001). Alexandra and Serengeti varieties had 

higher plant stand and yields than the Amy variety, the commonly grown variety in Mwea. 

Treatment with Confidor further improved plant stand and increased pod yield by between 50 

% and 490 %. Some degree of resistance was noticed in Alexandra and Serengeti varieties 

against bean fly which was enhanced by treatment with Confidor. Resistance to other pests 

was not apparent. Alexandra and Serengeti varieties should be recommended to snap bean 

growers in areas like Mwea which experiences high pest infestations. For effective protection 

against snap bean pests, use of safe insecticides such as Confidor should be integrated with 

resistant varieties in the production system  
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CHAPTER 1: INTRODUCTION 

1.1 Background information 

Snap bean (Phaseolus vulgaris L.) is a type of the common bean grown specifically for 

immature pods. Other names include French beans, green beans and “Miciri “(vernacular) 

(Ndegwa et al., 2006). It is a major export vegetable crop in Kenya (Ndegwa et al., 2006). An 

estimated 50,000 smallholder families are directly or indirectly involved in its cultivation 

(Seif et al., 2001), producing about 80% of the crop in the country (Nderitu et al., 2008).  

Snap bean is marketed as fresh, frozen or canned to the European Union, with bulk of export 

to the UK (Humphrey et al., 2004). The crop is mainly grown by small to medium scale 

farmers (Ndegwa et al., 2006).  

 

 

 
 

Figure 1.1: Production and marketing trends of snap beans in Kenya, 2001 

to 2007 (MoA, 2009) 
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The area under snap bean production increased more than 33% between 2001 and 2007 while 

exports increased by more than 100% during the same period (Figure 1.1). Local 

consumption increased by a much smaller margin mainly in the upmarket urban areas during 

the same period (Figure 1.1). According to Horticultural Crops Development Authority 

(2010) statistics, 42,572 tonnes of the produce was exported in 2009 bringing in foreign 

exchange equivalent to Ksh 5,749 million into the country. 

The snap bean pods are fairy rich in vitamins and minerals. Edible portion of 100g contains 

43mg of calcium, 48mg phosphorus, 1.4mg iron, and 750µm β-carotene (Ndegwa et al,. 

2007). Varieties mainly grown in Kenya are Julia, Amy, Samantha, Monel, Paulista, 

Vernadon, Teresa and Kutuless-J12 (Ndegwa et al., 2007). Others include Emelia, Tana, 

Xera, RS 1389, RS 1391, RS1518 (Infonet-Biovision, 2010), Serengeti, Ducato, Bravo, 

Alexandra and Mara. 

 

The Ministry of Agriculture (MoA, 2007 ) identified one of the major constraints to snap 

beans production in Kenya as high pests’ attack mainly by bean fly, flower thrips, whiteflies, 

aphids, spider mites and pod borers (Seif et al., 2001) as well as input costs, particularly seed. 

The ministry further identified insect pest management strategy in snap beans as development 

of resistant varieties, development of appropriate cultural practices, evaluation of pesticides, 

identification of biological agents and screening of natural insecticides against snap bean 

pests. 

 

There are several arthropod pests that attack snap beans in Kenya. Bean fly (Ophiomyia spp.) 

is is the most important pest that attack the crop at seedling stage followed by spider mites 

(Tetranychus spp.) at vegetative to maturity stages and bean flower thrips (Frankliniella 

occidentalis and Megalurothrips sjostedti) at flowering to harvesting stage (Makokha et al., 

http://www.infonet-biovision/
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2001, Wabuke et al., 1991). Other pests are the black bean aphids (Aphis fabae), legume pod 

borer (Maruca testularis) and whitefly (Bemisia tabaci) (Lohr and Michalik, 1995). The 

severity of pests’ infestations also depend on location and season (Seif et al., 2001). Bean fly 

also attacks other legume crops such as cowpea (Vigna unguiculata), Soya bean (Glycine 

max) and lablab beans (Lablab purpurens) (Seif et al., 2001). The most severe damage is 

during seedling stage at the first two weeks after emergence). Death and stunting of seedlings 

are more severe in plants under poor growing conditions such as infertile soils and drought 

and can lead to total crop loss. Young plants wilt and die without setting pods but the plants 

can however, recover from the damage if good nutrition and water are provided to the young 

plants. Yield losses associated with this pest range from 30 to 100% depending on soil 

nutrition and moisture conditions (Ndegwa et al., 2007). 

 

The bean fly is controlled by chemical, cultural and biological methods. Negative interactions 

between soil fertility and bean fly damage have been noted in past studies (Ampofo, 

undated). Soil infertility and moisture stress enhance bean fly damage. It has also been found 

that late sown crops are more liable to suffer severe infestations and damage (Ampofo, 

undated), ostensibly due to increased pest pressure that is unshared with other crops, which 

are already grown. Other cultural practices include early planting, mulching, earthing up and 

field sanitation.  

 

Misheck et al. (2006) recommends drenching the crop twice within the first two weeks after 

emergence with dimethoate or metasystox. Seed dressing with endosulfan to control bean fly 

and root rots (Fusarium solani and F. phaseoli) was found to increase grain yields by as 

much as 150% (Gebrekidan, 2003). However, due to consumer awareness on chemical 

residues, these persistent insecticides have been abandoned for more environmental friendly 
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neonicotinoid insecticides like imidacloprid which is marketed as Gaucho
®
, Monceren

®
 and 

Confidor
®
 and thiamethoxam marketed as Cruiser

®
, Apron Star

®
 and Actara

®
. Seed dressing 

with insecticides is able to control bean fly infestation at least during the seedling stage when 

the plants are most susceptible. This method is safer to users and more environmental 

friendly as it uses very little insecticide compared to sprays and is done only once (Nault et 

al., 2004). 

Use of botanical insecticides such as neem has been shown to give satisfactory control of 

bean fly (Infonet-Biovision, 2010). Braconid parasitoids were shown to have some degree of 

control on bean fly in common beans in Tanzania (Makundi and Sariah, 2005). Songa and 

Ampofo (1999) identified Opius phaseoli as a possible parasitoid of bean fly pupae. Given 

the stringent requirement for export market, the use of resistant varieties will achieve the best 

long-term control of the pests, particularly among small-scale farmers (Nderitu et al., 2007a, 

2007b). Therefore there is need to identify snap bean genotypes that are resistant to insect 

pests particularly bean fly as these are farmer friendly and pose little danger to the 

environment. 

1.2 Problem statement  

In order to manage the high pest infestation in snap beans, the farmers mainly use pesticides 

leading to rejection of produce due to high chemical residue levels. There is therefore need to 

reduce this through use of new and safer pesticides and development of new snap bean 

varieties which are resistant to these pests (Nderitu et al., 2001; CIAT, 2006). Neonicotinoids 

were released in the early 1990s and today they are important replacements of 

organophosphates and carbamates for control of sucking insects (Zeng and Wang, 2010). 

Gaucho (imidacloprid) and Cruiser (thiamethoxam) are registered in the US as seed treatment 

chemicals for snap bean and have systemic activity to control aphids (Nault and Taylor, 
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2004). Current information on use of neonicotinoids for snap bean production in Kenya are 

lacking. 

1.3 Justification 

Snap bean is a major export crop in Kenya which is produced by over 50,000 small scale 

growers (Seif et al., 2001). The crop earned the country over Ksh 5.7 billion in 2009 

(Horticultural Crops Development Authority, 2010). However, pest infestation remains the 

key challenge to high productivity of the crop. The snap beans grown in Mwea have high pest 

infestation due to warm temperatures and all year round production of the crop. Overreliance 

on insecticides has impacted negatively on the exports due to allowable low residue limits as 

well as banning of certain pesticides due to their persistence in the environment. Seed 

dressing and soil drenching using neonicotinoids can cut down the number of sprays by 

protecting the crop during the first five weeks of growth thus reducing growers’ production 

costs (Seif et al., 2001) while increasing farmers’ profitability. In addition, identification and 

use of resistant snap bean cultivars could lessen pesticide usage thus increasing safety of 

operators and consumers while ensuring a safer environment. This study was therefore 

undertaken to assess the efficacy of some neonicotinoid formulations which have been used 

in snap bean production as seed dressing and soil drenching chemicals in management of 

bean fly and other arthropod pests and to evaluate some commercial varieties for resistance to 

key snap bean pests. 

1.4 Objectives  

The overall objective of the study was to assess the efficacy of some neonicotinoid 

formulations which have been used in snap bean production as seed dressing and soil 

drenching chemicals and to evaluate some commercial varieties for resistance to key snap 

bean pests 
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The specific objectives of the study were: 

(i) To evaluate the efficacy of neonicotinoid seed dressing and drenching insecticides 

for the control of bean fly (Ophiomyia spp.) and other arthropod pests of snap 

beans. 

(ii) To evaluate snap bean varietal resistance to bean fly Ophiomyia spp. and other 

arthropod pests  

1.5 Hypotheses 

(i)  Neonicotinoid seed dressing and drenching chemicals are not effective against bean 

fly and other arthropod pests of snap beans 

(ii) Snap bean commercial varieties are not resistant to infestations by bean fly and other 

arthropod pests. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Pests of snap bean and their damage 

The bean fly, Ophiomyia spp. (Diptera: Agromyzidae) also known as bean stem maggot 

(BSM) is widely distributed in Africa (Allen et al., 1996). Three species are known to occur 

in Kenya depending on ecological zones. Ophiomyi spencerella Greathead is more prevalent 

in cooler environments at high altitudes while O. phaseoli Tryon is more common in the 

lower warmer areas (Ndegwa et al., 2007; Seif et al., 2001). Ophiomyia centrosemantis de 

Meijere also occurs in the country (Abate and Ampofo, 1996) but at low levels (Seif et al., 

2001). The most severe attack by bean fly is during seedling stage of the crop and damage is 

more severe in plants under poor growing conditions such as infertile soils and drought. 

Young plants wilt and die without setting pods which can lead to total crop loss. The plants, 

however, are able to recover from the damage especially if good nutrition and water are 

provided to the young plants. Yield losses associated with this pest range from 30 to 100% 

depending on nutrition and soil moisture conditions (Ndegwa et al., 2007). 

 

Whiteflies Bemisia tabaci Gennadius (Homoptera: Aleyrodidae) are important pests of beans 

which occur in most tropical and sub-tropical regions of the world (Seif et al., 2001). Damage 

is caused by both nymphs and adults which pierce leaves and suck the sap. This causes 

reduced plant growth, yellowing of leaves and wilting of plants when present in large 

numbers (Seif et al, 2001). They produce honeydew, which may lead to growth of sooty 

moulds on leaves and pods which affects plant growth by reducing photosynthetic activity 

and also affects marketing of pods (Seif et al., 2001) 

There are several species of spider mites (Tetranychus spp.) (Acarina: Tetranychidae) 

affecting many crops but the most important species in snap beans in the country is the two-

spotted spider mite (Tetranychus urticae Koch) (Seif et al., 2001). Mites feed in clusters of 
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yellow spots on the upper surface of leaves which redden, wither and drop (Seif et al., 2001). 

This may cause reduction in plant growth, flowering, number and length of pods, and number 

of seeds per pod (Seif et al., 2001). Damage is most severe when mites attack young plants 

and when attacks occur during the dry season (Seif et al., 2001). When infestations increase 

after flowering the reduction in yield is insignificant (Seif et al., 2001). 

 

Another important pest is the thrips. The main species of thrips in Kenya are the introduced 

Frankliniella occidentalis Pergande which is resistant to most insecticides and the locally 

occurring Megalurothrips sjostedti Trybom and Frankliniella schultzei Trybom (Nderitu et 

al., 2007a). The most common species in Mwea area are F. occidentalis and M. sjostedti 

(Nderitu et al., 2001). Both adults and nymphs of thrips feed on flower buds, flowers and 

young pods. The punctures they cause by feeding can easily be observed with a hands lens 

(Seif et al., 2001). Severe injury causes flower malformation, distortion and discolouration 

and in some cases flower buds do not open at all but abort prematurely. The pods also abort 

prematurely or become scarred and malformed hence not fit for marketing (Seif et al., 2001). 

According to Nderitu et al. (2009) and Michalik et al. (2006) thrips can cause over 60% loss 

of marketable pods. Nderitu et al. (2008) further estimates 40% of these losses are due to 

flower abortion while 20% are due to blemishes and lesions on pods.  

 

 

2.2 Snap bean pest management strategies  

Cultural, chemical and biological methods of control have been employed but no method can 

singly deal with the pest effectively.  
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2.2.1 Cultural control  

It has been noted that improved fertility (Ampofo, 1993), earthing up (Gebrekidan, 2003), 

ridging, weeding, early planting in the season, mulching and timely irrigation reduces bean 

fly infestation in snap bean fields (Makundi and Sariah 2005; Infonet-Biovision, 2010). 

Spider mites can be reduced by planting new crops far from infested fields and use of over 

head irrigation. Mulching and inter-planting with rows of maize (Zea mays), tagetes erecta 

and Coriandum sativum can also help reduce thrips infestation (Kasina et al., 2006).  

 

2.2.2 Chemical control 

Pesticides should only be used for pest control when they occur in large numbers (Nderitu et 

al., 1996) but the problem is that a number of these pests attack the crop during harvesting 

when use of insecticides is not advised to avoid residues (Nderitu et al., 1996). Therefore 

chemical method should be supplemented with other control methods (Nderitu et al., 1996). 

Studies on seed dressing with endosulfan (use currently restricted) in Uganda to control bean 

fly and root rots (Fusarium solani and F. phaseoli) was found to increase grain yields by as 

much as 150% in common beans (Gebrekidan, 2003). In Kenya, two seed dressing 

insecticides Fipronil (4.8ml per kg of seed) and imidacloprid (at 8ml per kg), were reported to 

effectively control bean fly infestation in snap bean (Seif et al., 2001). The advantages of 

seed dressing include delayed foliar sprays until early flowering (Seif et al., 2001). 

 

Whitefly chemical control measures in snap beans are justified if large numbers attack the 

plants during the early stages of the crop but infestations after the onset of flowering usually 

do not affect yield (Seif et al., 2001). Use of neem-based insecticides is reported to inhibit 

growth and development of immature stages of whitefly and to reduce egg-laying by adults 
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(Infonet-Biovision, 2010). The neem extract Azadrachtin is also reported to control bean fly 

(Infonet-Biovision, 2010). 

 

Chemical control of spider mites is mainly by use of chemicals such as Acarimik (abamectin) 

and Brigade (bifenthrin) but these should not be used after flowering to avoid chemical 

residues (Seif et al., 2001). Frequent use of broad-spectrum insecticides, in particular 

pyrethroids, should be avoided as this may lead to spider mite outbreaks (Infonet-Biovision, 

2010). These have been found to disrupt natural enemies hence promote increase of mites 

(Galton, 2008). Seed dressing with systemic insecticides is preferred as it can reduce mite 

population thus help avoid foliar sprays especially at harvest (Seif et al., 2001). 

 

Studies in Mwea indicated that a threshold of three thrips per flower would warrant chemical 

sprays but should target the specific species (Nderitu et al., 2008). In general the 

Frankliniella spp, which are more abundant during hot and dry conditions, are more difficult 

to control using insecticides (Seif et al., 2001). In order to avoid pesticide residues, chemical 

sprays are limited to the early stages of flower bud development (Seif et al., 2001). In an 

earlier study Nderitu et al. (1997) concluded that it was possible to reduce sprays from 10-15 

to 2-3 by use of companion crops and selected insecticides. 

 

2.2.3 Biological control 

Abate and Ampofo (1996) reports that Opius phaseoli Fischer and Eucolidia spp are major 

parasitoids of bean fly. Opius phaseoli mainly attacks Ophiomyia phaseoli while the latter 

attacks O. spencerella and O. centrosemantis  (Abate and Ampofo, 1996). Braconid 

parasitoids were shown to have some control on bean fly in field beans in Tanzania (Makundi 

and Sariah, 2005). Songa and Ampofo (1999) in Eastern Kenya identified Opius phaseoli as a 
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possible parasitoid of bean fly pupae. In Ethiopia the same braconid O. phaseoli was found to 

be the major parasitoid of bean fly in Haricot bean with over 87% parasitism (Abate, 2009). 

 

Parasitic wasps Encarsia sophia and Eretmocerus spp are the most promising parasitoids of 

Bemisia tabaci (Legg et al., 2003) as well as predatory mites Amblyseius spp and 

Typhlodromus spp. (Legg et al., 2003). Dusty lace wing (Conwentzia africana) has been 

identified as one of the key predators of B tabaci in East Africa (Legg et al., 2003). However, 

these are only effective in systems where no pesticides are used (Abate and Ampofo, 1996) or 

where selective insecticides are used early in the season while allowing natural enemies to 

parasitize late populations when use of insecticides would risk accumulation of high residue 

levels. 

 

In Kenya the predatory mite, Phytoseilus persimilis Athias-Henrot is commercially available 

for control of the two-spotted spider mite, T. urticae. Management of thrips by biological 

control using predatory bug Orius albidipennis Reuter and the parasitoid Ceranisus menes 

Walker have been studied but success rate has been low (20%) (Seif et al., 2001). The best 

management for flower thrips is therefore an integration of various control methods. 

 

2.2.4 Host plant resistance 

It has been suggested that long term management of the pests will be achieved by use of 

resistant varieties. Some work done on screening snap bean lines and cultivars for resistance 

to bean pests in Kenya identified a number of lines resistant to thrips (Nderitu et al., 2007b). 

The same study concluded that a combination of insecticides and varietal resistance can be 

effectively used in management of thrips thus reducing the number of sprays per season.  
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2.3 Neonicotinoid insecticides  

Neonicotinoid insecticides were first introduced in early 1990s and today are most important 

replacements of organophosphates and carbamate insecticides for the control of sucking 

insects (Zeng and Wang, 2010). Their mode of action is similar to the natural insecticide 

nicotine; they act on the central nervous system of insects causing excitation of the nerves 

and eventual paralysis which eventually leads to death of the insect (Fishel, 2010, Kim, 

2006). Since they bind at a specific site, at the postsynaptic nicotinic acetylcholine receptor, 

neonicotinoids are not cross-resistant to carbamate, organophosphate or synthetic pyrethroid 

insecticides (Kim, 2006). They are effective against sucking insects and chewing insects such 

as beetles and some Lepidoptera, particularly cutworms (Fishel, 2010). They are more toxic 

to insects than mammals because they block a specific neuron pathway that is more abundant 

in insects than in warm-blooded animals (Fishel, 2010). This group of insecticides is very 

effective in controlling aphids and whiteflies (Ako et al., 2004). Use of imidacloprid and 

thiamethoxam, which are the most widely used neonicotinoids in Kenya, for seed treatment 

was found to be safer to users and more environmental friendly than using soil applied and 

foliar organophosphates (Nault et al., 2004). Extensive studies have shown little or no pests 

resistance to neonicotinoids compared to previous generation insecticides such as synthetic 

pyrethroids, chlorinated hydrocarbons, organophosphates and carbamates (Liu, 2002). The 

neonicotinoids are of low relative toxicity to the environment and to mammals (Kim, 2006). 

Seed dressing has been advocated as more effective than conventional foliar spraying as it 

avoids the problems of low efficacy due to poor timing of sprays as well as poisoning of 

applicators (Nault et al., 2004). 

 

Imidacloprid has a wide range of target pests and sites (broad spectrum) and has been used as 

soil, seed and foliar treatments in cotton, rice, cereals, groundnuts, potatoes, vegetables 
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(Tomlin, 2003). It is systemic with long residual activity and particularly effective against 

sucking insects, soil insects, whiteflies, aphids, thrips (Tomlin, 2003). Products are 

formulated as dusts, granules, seed dressing as flowable slurry concentrates, soluble 

concentrates and wettable powders (Fishel, 2010). The application rates are much lower than 

older traditional insecticides (Fishel, 2010). Products include Confidor (imidacloprid) and 

mixtures such as Gaucho
®
M (imidacloprid+pencycuron+thiram) and Monceren

®
G 

(imidacloprid+pencycuron) Imidacloprid is able to control early aphid infestation (Seif et al., 

2001) and whiteflies without affecting their parasitoids Encarsia formosa (Bethke and 

Redbak, 1997). 

 

Thiamethoxam has contact, stomach, and systemic activity and is rapidly taken up by the 

plant and transported in the xylem. Its products are recommended for soil, seed and foliar 

treatments to a wide range of leaf and fruit vegetable and field crops (Fishel, 2010). It is used 

for control of aphids, whiteflies, thrips, rice hoppers, mealy bugs, white grubs, flea beetles, 

leaf miners (Tomlin, 2003) and for seed treatment of peas, beans, sunflower and rice (Tomlin, 

2003). Product formulations include emulsifiable concentrates, water dispersable granules 

and soluble concentrates. Common thiamethoxam formulations in Kenya are Actara
®
 used as 

a soil drench and foliar application and Cruiser
®
 for seed treatment. 
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CHAPTER 3: MANAGEMENT OF BEAN FLY AND OTHER 

ARTHROPOD PESTS BY USE OF NEONICOTINOID SEED DRESSING 

AND DRENCHING INSECTICIDES 

3.1 Abstract 

Snap bean growers are faced with the problem of high pest infestation and have resulted to 

use of pesticides leading to rejection of produce. This study was undertaken to assess the 

efficacy of some neonicotinoid formulations which have been used in snap bean production. 

The study was carried out in Mwea, Central Kenya, from December 2009 to January 2011 to 

evaluate the efficacy of four neonicotinoid seed dressing insecticide formulations namely 

Gaucho®, Monceren®, Apron® Star and Cruiser® and two soil drenching formulations 

namely Confidor® and Actara® in the control of bean fly (Ophiomyia spp.) and other 

arthropod pests infesting snap beans. There were seven treatments which consisted of Gaucho 

(imidacloprid), Monceren (a mixture of imidacloprid, thiram and pencycuron), Cruiser 

(thiamethoxam), Apron Star (a mixture of thiamethoxam, metalaxyl-m and difenoconazole), 

Actara (thiamethoxam), Confidor (imidacloprid) and non-treated control. The trial was 

replicated three times in a randomised complete block design. Amy variety was used in all 

the treatments. The dressing chemicals were coated on the seed just before planting while the 

drenching chemicals were applied twice - first on the soil surface after crop emergence and 

then later on foliage. Data was collected on leaf damage by bean fly and spider mites, number 

of bean fly maggots and pupae in the stem, number of white fly nymphs on the leaves and 

number of thrips on leaves and flowers. The pods were harvested from the 6
th

 week and 

sorted into marketable and unmarketable lots. Partial benefit-cost analysis of each treatment 

was carried out. The data for the three plantings was pooled together then analysis done using 

GenStat Edition 3 software.  
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The number of bean fly maggots was significantly (P<0.001) lower in plots treated with 

Confidor, Actara, Gaucho, Monceren and Cruiser than in Apron Star and non-treated control 

plots. Plots treated with Confidor and Actara had significantly (P<0.001) the lowest bean fly 

infestations and the highest yield (P<0.001). Partial benefit-cost analysis showed that Cruiser 

(1.82), Apron Star (1.60) and Monceren (1.24) had higher benefit-cost ratios while Actara (-

0.11) Gaucho (0.47) and Confidor (0.89) had lower benefit-cost ratios. The tested 

neonicotinoids can effectively reduce bean fly infestation and increase yields thus offering 

great benefits to snap bean growers. Therefore farmers can choose to use Monceren and 

Cruiser for seed dressing or Confidor drench since these are effective against bean fly and 

have good benefit-cost ratio. 

3.2 Introduction 

The main pests affecting snap bean in Kenya include bean fly, whitefly, bean flower thrips 

and spider mites and pod sucking bugs (Nderitu et al., 1996). The pests are mainly controlled 

by use of chemicals. Bean fly control is done by drenching twice within the first two weeks 

after emergence with dimethoate or metasystox (Misheck et al., 2006) while some farmers 

spray up to four times during the first four weeks with dimethoate or diazinon (Seif et al., 

2001). Many insecticides are also used to control thrips in order to maintain the high quality 

pods demanded by the export market (Nderitu et al., 2008). A number of farmers practice 

routine spraying every one or two weeks (Makokha et al., 2001) to control these and other 

pests hence spraying 8 to 15 times per cropping season (Nderitu et al., 2001). However, 

repeated sprays are time and labour consuming (Seif et al., 2001) as well as eroding farmers 

profits since pesticides are highly expensive (Nderitu et al., 2008). High use of pesticides has 

also been found to intensify spider mites infestation (Seif et al., 2001) and is responsible for 

insecticide resistance by pests. Seed dressing with endosulfan, which is currently restricted by 

PCPB, was found to increase grain yields in field beans by as much as 150% (Gebrekidan, 
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2003). Further, due to consumer awareness on chemical residues, persistent insecticides are 

being abandoned for environmentally safer neonicotinoids. Use of systemic neonicotinoid 

seed dressing insecticides can cut down the number of sprays by protecting the crop during 

the first five weeks of growth (Wyman and Chapman, 2004) thus reducing growers’ 

production costs (Seif et al., 2001) as well as improving the farm worker safety and 

conserving the environment (Nault et al., 2004). Bethke and Redak (1997) reported 

protection by imidacloprid against insect pests nine weeks after treatment. Therefore the 

systemic activity of neonicotinoids provides an alternative to organophosphates (Wyman and 

Chapman, 2004). This study was carried out to evaluate the efficacy of neonicotinoid 

insecticide formulations against snap bean pests and their effect on pod yield. A benefit-cost 

assessment of each formulation was also carried out to enable farmers make informed 

decisions on the choice of an effective yet safe formulation against the pests of snap beans.  

 

3.3 Materials and Methods  

3.3.1 Experimental site  

The study was carried out at Kimbimbi in Mwea, Kirinyaga South District in Central Kenya. 

The site has an elevation of 1214m above sea level while its geographical location is 

0
o
36’21.66” S and 37

o
22’01.24”E (Google, 2010). The area is a main centre of small-scale 

exported snap beans production in Kenya. It is a warm lowland area which records minimum 

and maximum temperatures of 17
0
C and 26

0
C, respectively. Annual rainfall ranges from 

356mm to 1,625mm with an average of 950 mm per year. The rainfall pattern is bimodal with 

the first rains coming in April/May and second rains in the months of October/December.  

Relative humidity varies from 52 to 67% (Manene, 2010). The area is important in 

agricultural activities where farming is basically small to medium scale farming and is mainly 

by irrigation, both flood and sprinkler. Major crops grown in the area are paddy rice, 
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tomatoes and snap beans under irrigation. Other crops grown in the area include common 

beans, maize, cowpeas, green grams and cotton but these are mostly rain-fed (Manene, 2010).  

3.3.2 Experimental treatment and design 

The experiment was carried out in three planting cycles between 2009 and 2011. The first 

planting was from 15
th

 December 2009 to 3
rd

 March 2010, the second from 10
th

 March to 10
th

 

May 2010 and the third from 16
th

 November 2010 to 31
st
 January 2011 The chemicals 

evaluated were Confidor (imidacloprid), Actara (thiamethoxam), Monceren (imidacloprid), 

Gaucho (imidacloprid mixture), Cruiser (thiamethoxam) and Apron Star (thiamethoxam 

mixture). The four seed dressing chemicals were applied on the seed just before planting at 

the rate of 2 g, 8 ml, 2.5 g and 4 ml per kg of seed for Gaucho, Monceren, Apron and Cruiser 

respectively (Table 3.1). The seed and chemical were put in a10 x 15 cm clear polythene bag 

of gauge 150 µm and a few drops of water added and then shaken continuously until the seed 

was fully coated with the red chemical. The seed was then dried out on newspapers for three 

hours under shade and planted the same day. Confidor
 
and Actara were each assessed as a 

soil drench alternative to seed dressing. The two chemicals were first drenched on the soil 

using a low pressure knapsack sprayer at three days after emergence followed by a foliar 

spray ten days later. Soil drenching with Confidor was done after diluting with water at a rate 

of 0.83 g per m
2 

(5 g in 10 litres) followed by foliar spray at a rate of 5 g in 20 litres. Actara 

drench was done along the bean rows at a rate of 0.28 g/ m
2
 and foliar spray at a rate of 8 g 

per 20 litres of water (Table1). To prevent spray drift a polythene sheet shield was used. In 

the control plot water alone was applied. Experimental design used was randomized complete 

block with three replicates. The plots measured 3x3 m and were separated by 0.5 m between 

plots and 1 m between blocks. 
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Snap beans variety Amy was used in all the treatments. Di-ammonium phosphate fertilizer 

was applied at planting at a rate of 24 kg P2O5 and 61 kg N per ha and calcium ammonium 

nitrate as a top dressing at 21 days after emergence at a rate of 34.5 kg N per ha. The plots 

were ridged at a spacing of 60 cm giving six furrows per plot. Fertilizer was applied in 

furrows and mixed with soil then a single seed planted in small holes at the edge of furrow at 

10 cm apart to give a plant density of 180 seedlings at emergence. Diseases were controlled 

in all the plots using Ortiva (azoxystrobin) and Thiovit (Sulphur 80% w/w) fungicides to control 

angular leaf spot fungicide against powdery mildew respectively. All agronomic practices 

such as weeding and irrigation were uniformly applied to all the plots as required. 

Supplemental irrigation was applied by flooding the furrows when the rains were insufficient.  

 

 

Table 3.1: Insecticides and the rates used in snap bean trial in Mwea, December 2009 to 

January 2011 

Trade name Chemical name Active ingredient(s) Rate applied (per kg of seed) 

Gaucho
®
 350FS Imidacloprid  Imidacloprid 350 g/l 7 g 

Monceren
®
 

GTF390 

Imidacloprid Imidacloprid 233 g/l+ 

Pencycuron 50 g/l + 

Thiram 107 g/l 

8 ml 

Apron
®
 Star 

42WS 

Thiamethoxam 20% w/w Thiamethoxam+ 

20% w/w metalaxyl-m + 

2% w/w difenoconazole 

2.5 g 

Cruiser
®
 350FS Thiamethoxam Thiamethoxam 250 g/kg 4 ml 

Confidor
®
 WG70 Imidacloprid Imidacloprid 700 g/kg Soil drench 0.83 g/m

2
, foliar 

spray 5 g per 20 litre water. 

Actara
®
 25WG Thiamethoxam Thiamethoxam 250 g/kg Soil drench 0.28 ml/m

2
, 

foliar spray 8 g per 20 litre 

water. 

Source: Product labels, Tomlin, 2003 
 

3.3.3 Pest and pest damage assessment  

The data on the bean fly ovipuncture marks and whitefly nymphs were collected by randomly 

picking 15 leaves per plot from the inner four lines every week. They were then taken to the 
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laboratory and bean fly marks on the upper leaf surface counted under a dissecting 

microscope. The number of whitefly nymphs were similarly counted on the underside of the 

leaf. The number of maggots and pupae in bean stems was scored by randomly uprooting five 

plants per plot at three and five weeks after emergence. The stems were then dissected and 

the number of maggots and pupae recorded. Spider mite damage on leaves was by randomly 

observing five whole plants per plot and then scored on a scale of 0 to 3 (0=no damage on 

leaves, 1=slight damage on less than 10% of leaves, 2=moderate damage on 10 – 50% of 

leaves, 3=severe damage on over 50% of leaves) (Sutherland et al., 1996). Thrips on leaves 

were counted with the aid of a hand lens while thrips on flowers were counted on 15 fully 

open flowers which were randomly picked per plot then inserted into bottles containing 50% 

alcohol. The flowers were taken to the laboratory where they were macerated in 50% alcohol 

to extract all the thrips. They were then counted and identified under a dissecting microscope 

using a graduated plastic Petri dish and recorded as F. occidentalis, M. sjostedti and 

immatures. The data on thrips was only sorted in the third planting. In the other plantings 

only the total number of thrips were recorded.  

 

3.3.4 Yield determination and benefit-cost analysis 

The green pods were harvested from each plot twice a week from the 6
th

 to the 12
th

 week, 

washed and graded into marketable and unmarketable lots. To carry out benefit-cost analysis, 

the cost of insecticides was obtained from the purchase price and computed on hectare basis 

while the cost of application was obtained from the farmers in Mwea. The yield data obtained 

from the study plots was extrapolated to a hectare. The various costs were calculated as 

follows: 

(i) Cost of chemical per ha = purchase price of insecticide per unit x amount of chemical 

for ha 



27 

 

(ii) Cost of application per ha = Number of casual labour in man days required to spray 1 

ha x unit cost of labour  

(iii) Cost of seed dressing per ha = Number of casual labour in man days required to dress 

seed for 1 ha x unit cost of labour 

(iv) Gross returns per ha = marketable yield per ha x average price of pods per kg  

(v) The Price of pods per kg was ksh 27, the average for fine quality offered by exporters 

during the period of the trial at farm gate  

(vi) Unit labour cost was ksh 200, the pay for a casual per day during the study period 

(vii) Net returns per ha = gross returns – (cost of chemical + cost of application) 

(viii) Benefit-cost ratio = net returns/(cost of chemical + cost of application) 

 

3.3.5 Data analysis  

Data was analysed to determine means and variability of observations from the mean using 

analysis of variance (ANOVA) and Fischer’s test was performed to test significance at 

P=0.05. Means were separated using least significance difference (LSD) with GenStat 

Discovery Edition 3 software. The data for the three planting periods was pooled together. 

 

3.4 Results 

3.4.1 Pests infestation trends and yields 

The number of bean fly leaf marks per plot changed during the growing period starting at a 

mean of 418 ovipuncture marks in week 2, recording 290 at week 8 then peaking at week 10 

to 869 while week 11 recorded 418 ovipunctures (Figure 3.1). The same pattern was followed 

by whitefly nymphs which started at 320 per plot then decreased to 90 and 107 at week 3 and 

8 respectively then finally decreased to 7 nymphs per plot at week 11 (Figure 3.1).  
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Figure 3.1: Infestation trend of bean fly and whitefly in snap bean in Mwea plot planted 

between December 2009 and January 2011 

 

The flower thrips appeared first on the leaves from week 2 and increased slowly as the 

growing period progressed. At week 5, flowers appeared with thrips infestation increasing 

sharply to a peak at week 8. The mean numbers of all species then started decreasing as the 

period progressed. (Figure 3.2).  

 

Figure 3.2: Infestation trend of flower thrips in snap bean in Mwea plot planted between 

December 2009 and January 2011 
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The damage caused by spider mites appeared late in the growing period, appearing at week 8 

with a very low score and increased to a peak at week 10 then went down as the growing 

period ended (Figure 3.3).  

 

Figure 3.3: Infestation trend of spider mites in snap bean in Mwea plot planted between 

December 2009 and January 2011 

 

The mean number of plants in all the plots was 134 per plot at week 2 then decreased slowly 

as the growing period progressed, down to 63.7 plants at week 11 (Figure 3.4).  

 

Figure 3.4: Yield trend in snap beans planted in Mwea between December 2009 and January 

2011  
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The green pod yield started at 387 g per plot for both total and marketable pods at six weeks 

after emergence (WAE) then gradually went down to its lowest as the period ended at week 

11 (Figure 3.4) 

 

3.4.2 Effect of insecticides on pests infestation in snap beans 

The treatments were significantly different (P<0.005) in the number of bean fly maggots. 

Confidor and Actara plots recorded the lowest infestation (0.22 and 0.44 respectively). 

Among the seed dressing chemicals, Monceren, Gaucho and Cruiser plots were significantly 

(P<0.05) lower than the control in infestations but not different from each other. Bean fly 

numbers in Apron Star treated plots were not significantly different from the control plots 

(Table 3.2).  

 

The treatments were not significantly different (P=0.417) in spider mites damage (Table 3.2) 

nor were they significantly different (P=0.916) in the number of whitefly nymphs (Table 3.2) 

but they varied between plantings. Planting 3 recorded the highest number of nymphs per plot 

(1206) compared to planting 1 (8) and planting 2 (260). The treatments were not significantly 

different (P=0.816) in number of bean fly ovipuncture marks. 

 

The treatments were significantly different (P<0.001) in the number of flower thrips on 

leaves and Gaucho, Monceren and Cruiser had significantly higher numbers than the control 

(Table 3.2). On the other hand, the treatments were not significantly different (P=0.340) in 

the total number of flower thrips. However, in the case of the different species the treatments 

were significantly different (P=0.001) in the number of F. occidentalis, M. sjostedti and 

nymphs (larvae). All the four seed dressings (Monceren, Gaucho, Cruiser and Apron Star) 

recorded lower (P=0.001) number of thrips (Table 3.2).  However, Gaucho and Monceren 

recorded significantly higher number of nymphs of flower thrips than the control. The two 
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drenching chemicals (Confidor and Actara) recorded significantly (P=0.001) higher numbers 

of F. occidentalis, M. sjostedti and nymphs than the control (Table 3.2).  

 

Table 3.2: Mean number of bean stem maggots and pupae, BSM leaf ovipuncture marks, 

spider mites leaf damage, leaf thrips and flower thrips per plot in snap beans during three 

plantings grown between December 2009 and January 2011 in Mwea. 

Treatments Maggot 

& pupae 

Bean 

fly leaf 

marks 

Whitefly 

nymphs 

Spider 

mites 

score 

No. of 

thrips 

on leaf 

Flower 

thrips 
F. occ. 

Flower 

thrips 

M. s 

Flower 

thrips 

nymphs 

Flower 

thrips 

Total 

Confidor 0.2a 388a 441a 0.04a 12.8a 42.1b 26.7b 23.8b 50.1a 

Actara 0.4a 388a 564a 0.07a 16.1a 43.7b 24.4b 27.2c 52.7a 

Gaucho 5.6b 427a 515a 0.07a 29.8b 29.6a 18.6a 21.8b 41.5a 

Monceren 8.3b 369a 554a 0.02a 26.9b 31.9a 16.7a 21.1b 39.6a 

Cruiser 8.4b 453a 443a 0.07a 28.5b 30.3a 18.4a 15.7a 40.5a 

Apron Star 12.8c 408a 626a 0.00a 14.1a 28.4a 16.1a 15.8a 39.9a 

Control 13.2c 380a 517a 0.05a 15.4a 31.7a 14.2a 13.1a 39.0a 

P-value <0.001 0.816 0.916 0.417 <0.001 <0.001 <0.001 <0.001 0.340 

LSD (5%) 3.47 117.6 317.6 0.069 8.7 8.10 6.21 5.79 14.70 

Values followed with the same letter in the columns are not significantly different at P<0.05 

F. occ.- Frankliniella. occidentalis M. s - Megalurothrips. sjostedti 

 

 

During the study period the number of bean fly maggots and pupae varied with each planting. 

Planting 1 recorded the highest infestation followed by planting 3 whereas Planting 2 had the 

lowest infestation. This was true in all the plots except Confidor and Actara which recorded 

the highest numbers in planting 3 (Figure 3.5). The first sampling in week 3 recorded lower 

numbers of bean fly maggots than the second sampling in week 5. 
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Figure 3.5: Mean number of bean stem maggots and pupae per plot in snap beans during 

three plantings grown between December 2009 and January 2011 at Mwea. 

 

 

There was a positive correlation between the number of bean fly ovipuncture leaf marks and 

BSM infestation (r=0.361). Thus plots with the higher leaf marks had higher maggot 

infestations. On the other hand, there was a negative correlation between the bean stem 

maggots and plants stand (r = -0.591) thus plots with more maggots had lower plant numbers. 

 

3.4.3 Effect of insecticides on yields of snap bean  

The plots were significantly different (P<0.001) in yields with Confidor plots recording the 

highest marketable and total yields followed by Actara plots (Table 3.3). Apron Star treated 

plots yields were not significantly different from the control. The yields were highest in 

planting 1 followed by planting 2 and 3 (Figure 3.3).  
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Table 3.3: Mean plant stand, marketable and total pod yield per plot in snap beans during 

three plantings grown between December 2009 and January 2011 in Mwea. 

Treatment Number of plants Marketable pods (g) Total pod yield (g) 

Confidor 103.7a 522a 573a 

Actara 96.7a 220b 247b 

Gaucho 106.9a 149cb 183bc 

Monceren 107.2a 206b 243b 

Cruiser 99.6a 192cb 231b 

Apron Star 96.3a 112c 143c 

Control 91.8a 101c 118c 

P-value  0.256 <0.001 <0.001 

LSD (5%) 14 90 93 

Values followed with the same letter in the columns were not significantly different at P<0.05 

 

There was a negative correlation between the bean fly ovipuncture marks and the marketable 

pod yields (r=-0.287) and total yields (r=-0.269). Plots with higher number of maggots also 

recorded lower yields. In the control and Apron Star treated plots, the lowest yield was 

recorded in planting 1 when the same plot recorded very high numbers of bean fly maggots. 

The whitefly infestation also had a negative correlation on marketable pod yield (r=-0.196) 

and total pod yield (r=-0.165). Planting 3 also recorded the lowest marketable pod yield 

compared to plantings 1 and 2 (Figure 3.6). In planting 3 the bean crop was covered with 

honey dew and sooty mould as a result of high whitefly infestation. 
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3.4.4 Benefit-cost analysis of chemical control options 

 

Confidor was the most expensive pesticide to purchase closely followed by Actara while the 

seed dressing chemicals were less than half the cost of soil drenching chemicals. Among the 

seed dressing chemicals Gaucho was the most expensive followed by Monceren and Cruiser 

while Apron Star was the least expensive. The soil drenching chemicals were the most 

Figure 3.6: Mean yield in snap bean grown under various treatments in Mwea between 

December 2009 and January 2011 
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expensive to apply compared to the seed dressing chemicals (Table 3.4). Confidor gave the 

highest gross and net returns per ha although it had a marginal return of less than 1. Actara 

gave a negative marginal return (-0.11) while Cruiser, Apron Star and Monceren had good 

benefit-cost ratio of more than 1. Among the seed dressing chemicals Gaucho gave the lowest 

benefit-cost ratio. 

 

Table 3.4: Cost of various treatments per hectare against bean fly versus returns in snap beans 

grown in Mwea from December 2009 to January 2011. 

Treatment Chemical 

amount 

(per ha) 

Cost of 

chemical 

(ksh/ha) 

Cost of 

applic. 

(ksh/ha) 

Marketable 

yield 

(kg/ha) 

Gross 

returns 

(ksh/ha) 

Net 

returns 

(ksh/ha) 

Benefit-

cost ratio 

Cruiser 180ml 1,440 600 213 5,760 3,720 1.82 

Apron Star 112.5g 690 600 124 3,360 2,070 1.60 

Monceren 360ml 2,160 600 229 6,180 3,420 1.24 

Confidor 435g 5,800 2,500 580 15,660 7,360 0.89 

Gaucho 320g 2,432 600 166 4,470 1,438 0.47 

Actara 400g 4,920 2,500 244 6,600 -820 -0.11 

Control 0 0 0 112 3,030 3,030 - 

 

3.5 Discussion 

The results obtained from this study showed that the use of neonicotinoid chemicals can 

effectively reduce the severity of certain snap bean pests particularly the bean fly but may not 

manage other pests. Soil drenching with Confidor and Actara can effectively reduce bean fly 

infestation in snap bean. This finding is similar to earlier work by Rahaman and Prodham, 

(2007) on borboti bean (Vigna unguiculata subsp. sesquipedalis) who reported that Actara 

soil mix was effective against the bean fly. Confidor drench was the most effective chemical 

in controlling bean fly followed by Actara as shown by the low numbers of maggots and high 

yields. Gaucho, Monceren and Cruiser seed dressings were moderately effective whereas 
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Apron Star was the least effective pesticide. The yield of various plots reduced with increased 

maggot and pupae infestation. This was similarly reported by Peter et al. (2009) in common 

beans. Although the number of plants was not significantly reduced by the high bean fly 

infestation, the yields were significantly reduced. This is because bean plants are known to 

recover from the bean fly attack and they often lose vigour, a phenomenon which is often 

associated with bean fly attack (Seif et al., 2001; Infonet-Biovision, 2010). Thus failure to put 

in place any bean fly control strategy can lead to uneconomic yields (Seif et al., 2001). 

Effectiveness of seed dressing chemicals such as Gaucho, Monceren and Cruiser may be 

enhanced by combining with cultural and biological management techniques in an integrated 

pest management system (Seif et al., 2001, Infonet-Biovision, 2010). Ogecha et al. (2000) 

has reported that a combination of seed dressing with cultural techniques can increase crop 

resistance to bean fly and improve crop yields. This is collaborated in similar work by 

Ampofo and Massomo (1998) on dry beans in Tanzania who found that combination of 

cultural techniques with seed dressing was more effective than seed dressing alone. Ogecha et 

al., (2000) suggested more work on socio-economic evaluation of these combinations before 

recommendation for farmer adoption.  

 

In this study none of the insecticides was effective against spider mites, which is expected 

since they are not miticides. However, Seif et al. (2001) asserts that seed dressing with 

systemic products can control mites in snap beans. This study could not ascertain this due to 

the low level of infestation of spider mites. On the other hand, none of the treatments was 

able to control whitefly infestations. This is in contrast to Bethke and Redack (1997) who 

reported that soil application of imidacloprid could control silver leaf whitefly Bemisia 

argentifolii in ornamentals. 
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The difference in significance between the different species of flower thrips and the total 

number may be due to the fact that the data was sorted into species only in planting 3. 

Neonicotinoid seed dressings and soil drenches were not effective in controlling bean flower 

thrips. This may be due to the fact that the pest appears late in the growing period (pre-

flowering) when the pesticide has become ineffective (Seif et al., 2001). Thus other means of 

control need to be adopted.  

 

Confidor and Actara were most effective in controlling bean fly and gave the highest pod 

yields. However, based on benefit-cost ratios a farmer would be advised to choose Confidor, 

Cruiser or Monceren which were effective against bean fly and gave good benefit-cost ratio. 

A farmer therefore needs to carefully choose the best chemical to apply based on 

effectiveness and financial returns. 
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CHAPTER 4: EVALUATION OF SNAP BEAN VARIETAL 

RESISTANCE TO BEAN FLY AND OTHER ARTHROPOD PESTS 

4.1 Abstract 

Snap bean, an important export crop for Kenya experiences high pest infestations making 

farmers to use highly persistent pesticides which leads to produce rejection due to high 

residues. A study was carried out to evaluate varietal resistance of seven commercial snap 

bean varieties to major pests namely bean fly, whiteflies, flower thrips and spider mites. The 

study was done at Mwea, Central Kenya from February 2010 to January 2011 for three 

planting cycles. The seven varieties evaluated were Amy, Alexandra, Bravo, Serengeti, 

Paulista, Tana and Mara. Each variety was grown with and without Confidor (imidacloprid) 

in a split-plot design where Confidor formed the main plots and variety the sub-plots. 

Confidor was sprayed on soil surface after emergence and later sprayed on the foliage. Data 

was collected and analysed for analysis of variance and tested for significance using GenStat 

Discovery edition 3 software. The varieties were significantly different in the number of 

plants (P=0.001), marketable (P=0.001) and total yields (P=0.001). Alexandra and Serengeti 

had higher plant numbers and yields than Amy. Treatment of varieties with Confidor 

increased yield in all the varieties by between 50 and 490 %. Some degree of resistance was 

noticed in Alexandra and Serengeti against bean fly which was enhanced by treatment with 

Confidor but resistance to other pests was not apparent. The most susceptible varieties were 

Paulista, Tana and Bravo. These two varieties could be recommended to snap bean farmers in 

areas like Mwea which experience high infestation of snap bean pests. For effective 

protection against snap bean pests relatively safe insecticides such as Confidor should be 

integrated with these varieties in the Mwea snap bean production system  
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4.2 Introduction 

Snap bean (Phaseolus vulgaris L.) is a major export crop of Kenya mainly grown by small to 

medium scale farmers (Ndegwa et al., 2006). Varieties grown in Kenya include Julia, Amy, 

Samantha, Monel, Paulista, Vernadon, Teresa and Kutuless, Emelia, Tana, Xera, RS 1389, 

RS 1391, RS1518, (Ndegwa et al., 2007, Infonet-Biovision, 2010). Other varieties in the 

market include Serengeti, Ducato, Bravo, Alexandra and Mara. Snap bean variety 

development for pest and disease resistance in Kenya is mainly undertaken by University of 

Nairobi and Kenya Agricultural Research Institute, Thika. The Ministry of Agriculture 

(MoA, 2007) identified one of the major constraints to snap beans production in Kenya as 

high attack by pests particularly bean fly, thrips, whitefly, aphids and pod borers. High input 

costs particularly seed are also a major constraint. Identification of bean genotypes resistant 

to insect pests was prioritised as a major intervention strategy in the right of stringent 

requirements for export markets (MoA, 2007). Use of resistant varieties is expected to 

achieve the best long term control of snap bean pests particularly among small-scale farmers 

(Nderitu et al., 2007a, 2007b). Resistant genotypes are farmer friendly and pose little danger 

to the environment. 

 

In Mwea, the major occurring pests are two-spotted spider mite (Tetranychus urticae) bean 

fly (Ophiomyia spp.) thrips (Megalurothrips sjostedti and Frankliniella occidentalis). and 

whitefly (Bemisia tabaci) (Makokha et al., 2001; Nderitu et al., 2001). In these studies it was 

found that pesticides were the sole method of pest control with most farmers (81%) applying 

about 10 sprays per season using Dimethoate and Karate (Lambdacyhalothrin). Hence, Nderitu 

et al. (2001) pointed out the need to explore other control alternatives and document their 

effectiveness. Use of varietal resistance has been suggested as one such alternative. Abate 

and Ampofo (1996) concludes that Integrated Pest Management of bean stem maggot may be 

http://www.infonet-biovision/
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best achieved by a combination of resistant cultivars and cultural practices. In work done by 

Ogecha et al. (2000) at Kenya Agricultural Research Institute-Kisii, 11 genotypes of common 

beans tolerant to bean fly were identified. They further noted that farmers preferred varieties 

that were resistant to bean flies and root rots. However, Makundi and Sariah (2005) assert 

that use of resistant varieties should be combined with other techniques such as natural 

control, cultural methods and observation of sowing dates. A report by CIAT (2006) pointed 

out the need to reduce reliance on pesticides in order to help farmers meet the stringent export 

requirements for residue levels. This could be achieved by use of new resistant bean varieties 

which are also likely to lower production costs due to improved access to seed and reduced 

reliance on expensive pesticides (CIAT, 2006). Indeed long term management of the pests 

will be achieved by use of resistant varieties (Nderitu et al., 2007b). The objective of this 

study was to evaluate some commercial varieties for resistance to bean fly and other key 

arthropod pests of snap bean. 

 

4.3 Materials and Methods  

4.3.1 Experimental design and layout 

The experiment was carried out in three planting cycles of snap beans at Mwea, Central 

Kenya. The first planting was from 5
th

 February to 23
rd

 April 2010, the second planting from 

16
th

 March to 4
th

 June 2010 and the third planting from 9
th

 November 2010 to 31
st
 January 

2011. Seven commercial varieties of snap beans were obtained from seed companies. These 

were Tana, Amy, Paulista, Bravo, Alexandra, Serengeti and Mara. Amy was the most 

commonly grown variety in Mwea while others were chosen on the basis of availability in the 

market. All the seeds had been factory dressed with thiram fungicide. The treatments 

consisted of each variety being grown with and without a pesticide (Confidor) in a 

randomised complete block design in a split plot arrangement. The pesticide formed the main 
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plots and varieties the sub-plots. The plots were arranged in three blocks with 14 plots per 

block resulting in a total of 42 plots. The plots were separated by 0.5 m between them and 1 

m between blocks.  

 

Di-ammonium phosphate fertilizer was applied at planting at a rate of 24 kg P2O5 and 61 kg 

N per ha. The plants were top dressed at 21 days after emergence with calcium ammonium 

nitrate at a rate of 34.5 kg N per ha. The plots were ridged at a spacing of 60 cm giving six 

furrows per plot. DAP was put in the furrows and mixed with soil then a single seed planted 

at the edge of furrow at 10 cm apart. Confidor was applied as a soil drench three days after 

emergence after diluting with water (5g in 10 litres of water) at a rate of 0.83 g per m
2
. This 

was followed by foliar spray at day 13 at a rate of 5g in 20 litres of water.  

Fungal diseases were controlled in all the plots using Ortiva (azoxystrobin) fungicide against 

angular leaf spot and Thiovit (sulphur) fungicide against powdery mildew. No insecticides 

were applied for control of insect pests. All other agronomic practices such as weeding and 

irrigation were uniformly applied to all the plots. Supplemental irrigation was applied by 

flooding the furrows when the rains were insufficient.  

4.3.2 Pest and pest damage assessment 

The number of plants per plot (plant stand) was recorded weekly from emergence to the end 

of the growing period. Data was collected weekly on bean fly ovipunture marks and whitefly 

nymphs by randomly picking 15 leaves per plot from the inner four lines. The leaves were 

put in polythene bags and taken to the laboratory for counting using a dissecting microscope. 

Bean fly marks were counted on the upper leaf surface while whitefly nymphs were counted 

on the underside of the leaf. The number of maggots and pupae in bean stems was scored by 

randomly uprooting five plants per plot at three and five weeks after emergence. The stems 

were then dissected and the number of maggots and pupae recorded. Spider mites damage on 
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leaves was done by randomly observing five whole plants per plot and then scored on a scale 

of 0 to 3 (0=no damage, 1=slight damage i.e. less than 10% of leaves damaged, 2=moderate 

damage i.e. 10-50% leaf damaged and 3=severe damage i.e. > 50% leaf damaged) 

(Sutherland et al., 1996). Thrips on leaves were counted with aid of a hand lens. To count 

thrips on flowers, 15 fully open flowers were randomly picked per plot then put in bottles 

containing 50% alcohol. The flowers were taken to the laboratory where they were macerated 

to extract all the thrips. They were then counted using a graduated Petri dish under a 

dissecting microscope and recorded as F. occidentalis, M. sjostedti and immatures. However, 

sorting into the three categories was only done in planting 3. In planting 1 and 2, only total 

number of thrips was recorded. The green pods were harvested from the entire plot twice a 

week from the sixth week to the twelfth week. The pods were then taken to the grading shed 

where they were washed and sorted into marketable and unmarketable lots and then weighed. 

4.3.3 Data analysis 

The data over the three plantings was pooled together analysis of variance (ANOVA) was 

carried on the original data (Payton et al., 2006) with GenStat Discovery Edition 3 software 

and tested for significance using F-test at 95% level of significance. The treatment means 

were then compared using the least significant difference (LSD) test where the F-test was 

significant.  

4.4 Results 

4.4. 1 Pests infestation trends and yield in plots without insecticides 

In the plots without pesticides, the number of bean fly ovipuncture marks increased gradually 

but erratically during the period to a peak at week 11. The whitefly nymphs increased as the 

growing period progressed rising sharply from week six to peak at week 10 (Figure 4.1).  
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Figure 4.1: Trend of whitefly nymphs and bean fly leaf oviposition marks in snap bean at 

Mwea, December 2009 to January 2011 

 

The number of plants per plot decreased slowly as the growing period progressed. The 

number of flower thrips peaked at week 8 and decreased towards the end of the period 

(Figure 4.2). 

 

Figure 4.2: Plant stand infestation trend of flower thrips in snap bean in plot grown without 

insecticide at Mwea, December 2009 to January 2011 
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The damage of leaves by spider mites appeared late at week six but the numbers remained 

low throughout the period (Figure 4.3). On bean stem maggots, the first sampling at week 3 

gave a higher count than the second sampling week 5 (Figure 4.3) 

 

Figure 4.3: Infestation trend of bean stem maggots and spider mites in snap bean at Mwea in 

plantings between December 2009 and January 2011 

 

Pod yield started at week six, peaked at week 7 and 8 slowing down towards the end of the 

growing period but the gap between the total pod yield and marketable pods widened from 

week 10 to 12 (Figure 4.4) 

 
 

Figure 4.4: Pod yield trends in snap beans grown at Mwea, December 2009 to January 2011 
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4.4.2 Effect of variety on pests and yield of snap beans 

The varieties were not significantly different (P=0.181) in terms of bean fly leaf marks (Table 

4.1). They were similarly not significantly different (P=0.582) considering the number of 

stem maggots and pupae recorded (Table 4.1). However, Serengeti was significantly different 

(P<0.001) in the mean number of plants per plot but Tana and Alexandra varieties were not 

The varieties were significantly different (P<0.001) in the total and marketable yields with 

Alexandra and Serengeti varieties recording higher yields than all the other varieties. (Table 

4.1). The significantly high total and marketable pod yield was recorded in Alexandra variety 

while the lowest was recorded in Paulista snap bean variety.  

 

Table 4.1: Mean number of bean fly leaf marks, bean stem maggots and pupae, plant stand 

and pod yield in plots of snap beans without insecticide in Mwea, December 2009 - January 

2011 

Variety No bean fly 

leaf marks 

No. maggots 

& pupae 

No. of 

plants 

Total pod 

yield(g) 

Marketable 

pod yield (g) 

Alexandra 186.9a 2.25a 58.4a 508a 425a 

Amy 152.9a 3.04a 59.7a 281b 232b 

Bravo 188.5a 2.54a 36.5b 207bc 154bc 

Mara 204.2a 2.59a 42.0b 201bc 154bc 

Paulista 181.9a 4.07a 41.2b 166c 126c 

Serengeti  190.9a 2.75a 66.7a 494a 420a 

Tana 145.1a 2.67a 59.3a 247b 195b 

P-value 0.181 0.582 <0.001 <0.001 <0.001 

LSD (5%) 49.1 1.93 9.9 71 59 

Values followed by the same letter in the column were not significantly different at P<0.05 

 

All the other varieties had significantly lower yields than Amy. The varieties were 

significantly different (P=0.008) in spider mites damage on leaves with Mara variety 

recording the lowest damage (0.0013) while the highest damage (0.1098) was recorded in th 
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Alexandra variety (Table 4.2). The varieties were significantly different (P=0.014) in the total 

number of flower thrips as well as in the two species F. occidentalis (P=0.004) and M. 

sjostedti (P=0.013). Only Serengeti had significantly higher numbers of F. occidentalis while 

Alexandra, Mara, Serengeti and Tana had significantly high numbers than Amy. None of the 

varieties had significantly different number of the total thrips from Amy. In the number of 

whitefly nymphs, the varieties were not significantly different (P=0.168) (Table 4.2). 

 

Table 4.2: Mean number of flower thrips, whitefly nymphs and spider mites leaf damage 

scores in plots of snap beans without insecticide in Mwea, December 2009 - January 2011. 

Variety F. 

occidentalis 

M. 

sjostedti 

Total flower 

thrips 

Whitefly 

nymphs 

Spider mites 

damage score 

Alexandra 24.0b 26.3a 44.7a 532a 0.11a 

Amy 23.2b 17.5b 38.5ab 305a 0.10a 

Bravo 19.5b 20.0a 35.3b 491a 0.08a 

Mara 19.5b 28.2a 44.2a 1177a 0.00b 

Paulista 20.0b 15.4b 32.1b 410a 0.06a 

Serengeti  30.3a 26.0a 43.7a 563a 0.05b 

Tana 22.4b 25.8a 39.7ab 417a 0.06a 

P-value 0.004 0.013 0.014 0.168 0.008 

LSD (5%) 5.28 7.87 7.6 645 0.054 

Values followed by the same letter in the column were not significantly different at P<0.05 

 

4.4.3 The effect of insecticide and varieties on yield of snap beans 

The interaction between Confidor (imidacloprid) and varieties significantly affected the total 

pod yield (P<0.001) and marketable pod yield (P<0.001) but did not significantly affect the 

bean fly leaf marks (P=0.674), plant stand (P=0.71), whitefly nymphs (P=0.583) or the total 

flower thrips (P=0.115) infestation (Table 4.3). Alexandra and Serengeti varieties had higher 

yields (total and marketable) under Confidor than all the other varieties. Serengeti recorded 

higher marketable pod yield than Alexandra after incorporation of Confidor (Table 4.3). 
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Table 4.3: Interactions table between variety and Confidor (imidacloprid) in snap beans 

grown in Mwea, December 2009 to January 2011. 

Variety Mean total pod yield (g) Mean marketable pod yield (g) 

 Plots 

without 

Confidor 

Confidor 

treated plots 

Variet

al 

means 

Plots 

without 

Confidor 

Confidor 

treated plots 

Varietal 

means 

Alexandra 277a 739a 508a 215a 636a 425a 

Amy 193a 460b 281b 67b 396b 232b 

Bravo 133b 282c 207c 90b 218c 154c 

Mara 156a 247c 201c 117a 190c 154c 

Paulista 77b 256c 166c 50b 202c 126c 

Serengeti  247a 741a 494a 191a 648a 420a 

Tana 129b 365bc 247b 88b 302bc 195bc 

Confidor means 160B 441A  117B 370A  

LSD (variety)   71.4   58.8 

LSD (Confidor) 188.7   161.8   
LSD(variety*Confidor) 146.0 146.0  124.2 124.2  

CV 19.9%   20.3%   

Values followed by the same lower case letter in the column were not significantly different at 

P=0.05. Values in the rows followed by the same upper case letter were not significantly different at 

P=0.05. 

 

 

The varieties responded differently to the use of Confidor. Paulista, Serengeti and Tana 

varieties recorded the highest response (in total yield) after the use of Confidor. Amy variety 

had the greatest increase in production of marketable yield (491%) followed by Paulista 

(304%), Serengeti (239%) and Tana (243%). Mara, Bravo and Alexandra had the least 

response in yield after addition of Confidor (Figure 4.5). 
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4.5 Discussion 

None of the tested varieties showed complete resistance to the pests monitored. However, 

some resistance was noticed in Alexandra and Serengeti varieties against the bean fly. 

Resistance to other pests was not apparent.  

 

The number of pests particularly bean fly and whitefly increased as the growing period 

progressed due to their multiplication and hence the need to plant early in order for the crop 

to escape infestation (Nderitu et al., 1990). This is one of the cultural practices recommended 

in the Integrated Pest Management as a means to reduce pest damage. However, this practice 

is not practical in Mwea due to continuous planting of the crop under irrigation. Pod yield 

decreased as the crop aged and as the level of pest infestation increased resulting in more pod 

attacks hence a reduction in marketable pods. The peak marketing period for snap bean crop 

Figure 4.5: Percentage increase in yield of total and marketable pods after application of 

Confidor to different snap bean varieties in Mwea, December 2009 to January 2011 
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is the first two to three weeks after podding sets in and this is the time when the farmer 

should maximize profits. 

 

Serengeti variety recorded higher plant survival than other varieties indicating that it was 

more resistant to pest attack particularly the bean fly which was the main cause of plant 

death. Alexandra and Serengeti varieties recorded higher total and marketable yields than 

other varieties including the common Amy. This showed that Alexandra and Serengeti 

varieties were more resistant to pest attack than the other varieties. Thus, the best performing 

varieties were Alexandra and Serengeti as they showed lowest damage due to bean fly, had 

lowest plant mortality, fewer pupae and maggots in the stems and had higher pod yield. This 

is in line with reports by Ojwang et al. (2011). There was interaction between Confidor 

insecticide and varieties with Amy giving the greatest response. This shows that inclusion of 

Confidor can enhance performance of the varieties though at different rates. Alexandra and 

Serengeti were therefore able to exhibit a reasonably higher degree of pest resistance than 

other varieties. Host plant resistance is a promising approach in integrated pest management 

system as farmers are reported to prefer varieties that are tolerant to bean fly (Ogecha et al., 

2000). Resistance in snap bean varieties would benefit small-scale and large-scale farmers as 

a cost effective and sustainable method of pest control. There was no resistance to flower 

thrips (both F. occidentalis and M. sjostedti) among the varieties tested though work by 

Nderitu et al. (2007a) on snap bean at Kabete had shown some resistance in Impala variety 

which was not tested in this study.  

 

Confidor was able to reduce the bean fly infestation thus can be effectively used to control 

bean fly infestation in the field. Treatment of snap bean varieties with Confidor resulted in 

improved plant stand and higher total and marketable pod yields. However, it did not have 
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any effect on the spider mites infestation. This could have been due to late appearance of the 

pest when the pesticide was no longer effective. On the other hand, Confidor treatment led to 

slight increase in the number of flower thrips and whitefly nymphs. Ako et al. (2004) 

reported that weak concentrations of imidacloprid boosted reproduction of spider mites. This 

phenomenon has also been reported in the past with spider mites and flower thrips by Nderitu 

et al. (1996). Therefore, there is need to integrate chemical control with resistant varieties in 

order to effectively manage such pests. Alexandra and Serengeti varieties can therefore be 

recommended to snap bean farmers in areas like Mwea which experiences high infestation of 

the pest. However, since the varieties are not fully resistant, use of relatively safer 

insecticides such as Confidor should be integrated in the production system. 
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CHAPTER 5: GENERAL DISCUSSION, CONCLUSIONS AND 

RECOMMENDATIONS 

5.1 General discussion 

Results obtained from this study showed that use of neonicotinoids chemicals can effectively 

reduce severity of certain pests particularly bean fly but may not manage other pests. Soil 

drenching with Confidor and Actara can effectively reduce bean fly infestation in snap bean. 

This is similar to earlier work on borboti bean, Vigna unguiculata subsp. sesquipedalis 

(Rahaman and Prodhan, 2007) who showed that Actara soil mix was effective against bean 

fly. Confidor drench was the most effective chemical in controlling bean fly followed by 

Actara as shown by the low numbers of maggots and high yields. Gaucho, Monceren and 

Cruiser seed dressings were moderately effective whereas Apron Star was least effective. The 

yield of various plots reduced with increased maggots and pupae infestation similar to reports 

by Peter et al. (2009) on common beans. The high maggots and pupae numbers resulted in 

reduced yields though the number of plants was not reduced significantly. The plants were 

able to recover from bean fly attack but they lost vigour, a phenomenon often linked to bean 

fly attack (Seif et al., 2001, Infonet-Biovision, 2010). Thus failure to put in place any bean 

fly control strategy can lead to uneconomic yields (Seif et al., 2001). Effectiveness of seed 

dressing chemicals such as Gaucho, Monceren and Cruiser may be enhanced by combining 

with cultural and biological management techniques in an integrated pest management 

system (Seif et al., 2001; Infonet-Biovision, 2010). Ogecha et al. (2000) reports that 

combination of seed dressing with cultural techniques can increase crop resistance to bean fly 

and improve crop yields. However, more work is required on socio-economic evaluation of 

these combinations (Ogecha et al., 2000). 
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None of the insecticides tested was effective against spider mites mainly because they are not 

miticides. This study may not be conclusive due to the low level of infestation of mites. On 

the other hand, Seif et al. (2001) asserts that seed dressing with systemic products can help 

control mites in snap beans.  

Neonicotinoid seed dressings and soil drenches were not effective in controlling bean flower 

thrips. This may be due to the fact that the pest appears late in the season (pre-flowering) 

when the pesticide has become ineffective (Seif et al., 2001). Thus other means of control 

need to be adopted.  

 

Confidor and Actara were the most effective chemicals in controlling bean fly and gave the 

highest pod yields. However, since farmers must consider where to get the best returns from 

his farming, it is advisable to use chemicals that are effective but also give good returns. It 

would thus be advisable to use Confidor, Monceren or Cruiser but avoid Apron Star, Actara 

and Gaucho.  

 

On the other hand, a combination of neonicotinoid seed dressing with cultural practices such 

as earthing up, mulching and use of farm yard manure may prove a more effective and 

economic method of bean fly management than using neonicotinoid chemicals alone (Ogecha 

et al., 2000). This needs to be studied so as to come up with the best combinations in terms of 

effectiveness and benefit-cost ratios.  

 

Another aim of this study was to identify commercial snap bean varieties resistant to bean fly 

and other arthropod pests of the crop. None of the tested varieties showed sufficient 

resistance to the pests monitored. However, some resistance was noticed in Alexandra and 
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Serengeti varieties against bean fly. None of the varieties showed resistance to flower thrips, 

whitefly or spider mites.  

 

Alexandra and Serengeti varieties recorded higher total and marketable yields than other 

varieties. This showed that these two varieties had higher degree of resistance to pest attack 

than the other varieties. Resistant varieties show lower damage due to pests, lower plant 

mortality, fewer pest infestations and higher pod yield (Ojwang et al., 2011) compared to 

susceptible varieties. Host plant resistance is a promising approach in integrated pest 

management system as farmers are reported to prefer varieties that are tolerant to bean fly 

(Ogecha et al., 2000). Resistance in snap bean varieties would benefit small-scale and large-

scale farmers as a cost effective and sustainable measure for pest control.  

 

Treatment of Alexandra and Serengeti varieties with Confidor resulted in lower bean fly 

infestation, improved plant stand and higher total and marketable pod yields. Thus integration 

of chemical control with resistant varieties can effectively manage snap bean pests.  

 

5.2 Conclusions  

1. Snap bean seed dressing with Cruiser or Monceren before sowing or drenching with 

Confidor gave reasonable protection against bean fly and good benefit cost ratios. 

2. Growing of Alexandra and Serengeti varieties could help reduce losses incurred due 

to high pest infestation in snap bean. 

3. None of the snap bean varieties tested is sufficiently resistant to insect pests. Thus it is 

important to always integrate safer insecticides such as Confidor in the production 

system. 
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5.3 Recommendations  

Recommendations for the snap bean subsector: 

1. Farmers should be encouraged to seed dress their snap bean with Cruiser or Monceren 

or drench with Confidor which are reasonably effective and give good benefit-cost 

ratios.  

2. Snap bean seed packaging companies need to be encouraged to dress seed with a 

neonicotinoid insecticide such as Cruiser or Monceren to ease work for farmers.  

3. Alexandra and Serengeti varieties to be recommended to snap bean farmers in areas 

like Mwea which experience high pest infestations. However, snap bean exporters 

should always be consulted first for approval of specific varieties.  

4. Use of safe insecticides such as Confidor should be integrated with resistant varieties 

in snap bean production. 

Areas for further research: 

1. Evaluation of combinations of neonicotinoid insecticides with cultural practices in 

management of snap bean pests. 

2. Evaluation of different varieties in combination with neonicotinoid insecticides for 

management of snap bean pests.  
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APPENDIX 

Weather data  

Appendix 1: Weather data at KARI Mwea station from January 2009 to February 2011  

Year/month Mean maximum 

temperature (
0
C) 

Mean minimum 

temperature (
0
C) 

Total rainfall (mm) Number of 

rainy days 

January 2009 28 15 56 3 

February 2009 29 15 0 0 

March 2009 31 18 76 3 

April 2009 27 18 196 9 

May 2009 28 18 99 7 

June 2009 26 17 0 0 

July 2009 29 16 0 0 

August 2009 27 17 0 0 

September 2009 30 18 0 0 

October 2009 29 18 175 10 

November 2009 28 18 184 7 

December 2009 30 15 118 7 

January 2010 29 17.5 50 2 

February 2010 29 18 53 5 

March 2010 28.5 18.5 142 8 

April 2010 28 18 100 3 

May 2010 29 18 263 8 

June 2010 27 17 0 0 

July 2010 26 16.5 0 0 

August 2010 27 16.9 0 0 

September 2010 28.6 17.2 0 0 

October 2010 29 18.2 46.8 2 

November 2010 28.7 18.0 72 9 

December 2010 28.9 16.9 18.5 3 

January 2011 29.0 17.0 0.5 1 

February 2011 30.5 17.0 11.0 2 
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