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GENERAL ABSTRACT 

 

Thrips continue to be one of the most important pests affecting agricultural production systems. 

They have become important pests of banana and the objective of this study was to determine the 

species composition and abundance, the qualitative losses attributed and evaluate the effect of 

different coloured polythene bags and plant extracts on management of banana thrips in Embu 

County. Three studies were conducted in three agro-ecological zones namely; Upper highland 

UM1, Mid highland UM2 and Lower highland UM3. Two thrips sampling surveys were done in 

two seasons in March 2013 and June 2014 to identify the species composition and abundance. In 

each zone, 10 farms were randomly selected and 10 male buds randomly picked and opened to 

collect the thrips. Collected thrips were then transferred into vials with 70 % ethanol then safely 

transported to the National Museums of Kenya entomology laboratory where they were 

identified to species level. Thirteen species were identified across the zones with the upper zone 

having the highest thrips populations. The most common species identified were Frankliniella 

schultzei (51.3 %), Megalurothrips sjostedti (27.9 %), Haplothrips gowdeyi (5.6 %), Thrips spp 

(5.2%) and Frankliniella occidentalis (3.5 %). To assess the qualitative losses a structured 

questionnaire was administered to 60 farmers, where 20 farmers were randomly selected in each 

zone. Thrips were the most important pests with 96.7 % of the farmers reporting damage by 

thrips on banana fingers. Forty percent of farmers perceived hot and dry season to be most severe 

infestation season. To evaluate the effectiveness of differently coloured polythene sleeves and 

plant extracts on management of banana thrips two field experiments were conducted. The first 

experiment was conducted to evaluate the effect of polythene bunch covers on thrips in banana. 

Four differently coloured bags which consisted of black, blue, yellow and clear against one 

control which was untreated. The second experiment was carried out to assess efficacy of 

different plant extracts against thrips in banana. The rates were Imidacloprid (Confidor®) at 

5g/20l, neem leaves extract at 1000g/20l, Garlic bulb extract at 1000g / 20l and pepper at 500g/ 

20l. In both experiments, treatment applications began at the flowering stage when thrips were 

expected to infest the male flower buds. All polythene bunch covers across the three zones had 

similar level of control. Black polythene resulted to scorching of bunches in lower and mid 

zones. Imidacloprid (Confidor®) had significantly (P ≤ 0.05) higher efficacy on thrips compared 

to neem, pepper and garlic. Bunches sprayed with neem had significantly less scarification 

compared to garlic and pepper. Bunches sprayed with pepper had significantly (P ≤ 0.05) higher 

damage compared to those treated with Imidacloprid (Confidor®), neem, and garlic. This shows 

that plant extracts have some effect on thrips albeit with varying levels thus they can be deployed 

as alternatives to thrips management for scarring control on banana and as a tool for insecticide 

resistance management. Banana farmers should be advised to apply the polythene sleeves and 

neem based products as alternatives to pesticides. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background information 

Banana is an important food crop and plays a major role in the diets of both rural and urban 

households and the economy of Kenya (Nguthi, 2007). It is rich in potassium, carbohydrates and 

Vitamin A providing more than 25% of the carbohydrate requirements for over 70 million people 

(IITA, 1998). The crop is a source of income for the majority of smallholder growers in Kenya 

(MOA, 2006).  The year-round fruiting habit of the crop ensures food security at household level 

with a potential of sustaining food supply to urban markets especially in periods between cereal 

crop harvests.  This potential coupled with the environmental conservation attributes of the plant 

makes banana an ideal crop for economic growth and sustainability of the agricultural resource 

base. The crop is the 5th most important tropical fruit after mango, pineapple, avocado and 

papaya and they are the fourth most important food crops in developing countries after rice, 

wheat and maize (Karamura, 2004). Banana has emerged as a major income earner and food item 

in most parts of the country. The crop is used for cooking and as dessert. It is the most affordable 

fruit both in rural and urban households and has gained popularity in Kenya with about 60% 

stalls in fresh markets stocking bananas (Technoserve, 2009). It plays a dual role as a staple food 

in the tropics and also as a table fruit sold both local and international markets (Karamura, 2004). 

 

The area under banana and plantain cultivation in Kenya has continued to increase over the years 

(Technoserve, 2009) with key production areas being Central, Nyanza, Western and Eastern 

Provinces. Banana yield is still very low at 4.5-10 tons/ha compared to the potential of 30-40 



 

 

  

 

2 

tons/ha (Qaim, 1999). Pests and diseases are the main production constraints and can reduce 

yield of bananas by upto 100% depending on pathogen, while quality is also compromised 

(Jones, 2000). Thrips are among the main pests affecting banana production in Kenya.  

According to Mould (2009) over 6,000 thrips species are currently recognized worldwide. These 

insects cause substantial crop losses by feeding on the petals, anthers, pollen, and floral nectaries 

and ovipositing in the panicles, which leads to discoloration and reduced vigor of the panicles 

(Pena et al., 2002). They also feed and oviposit on the pericarp of the young fruits, which causes 

bronzing of the fruit surface, and severe infestations often result in the cracking of the fruit skin. 

These cosmetic injuries reduce the economic value of fruits and their marketability (Grove et al., 

2000; Nault et al., 2003). 

 

Thrips lay their eggs in soft tissue of green fruits, panicles, and tender leaves. When the last 

instar (larva II) completes its development, it seeks protected places to develop into the pre-pupal 

and pupal stage, which do not feed and remain immobile (Lewis, 1973). Many species of the 

subclass Terebrantia undergo pupation in the soil beneath the trees because soil offers better 

conditions and more protection (Grove et al., 2000). However, thrips adults also emerge from 

various places such as bark, flowers, leaves, and plant cavities, which are safe from unfavorable 

conditions and insect predators (Pearsall and Myers, 2000). 

 

The damaged areas develop a silvery blemish, spotted with the thrips’ dark excreta. In severe 

infestations the blemishes may become reddish brown, and deep longitudinal cracks may 

develop in the blemished skin. The characteristic symptom of attack is a silvery sheen of the 

attacked plant tissue, and white or silvery patches and streaks on fruits. Affected tissue will dry 

javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
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up when the damage is severe. A further indication of attack by thrips is small black spots of 

faecal material on the infested parts of the plant. Feeding on fruits leaves a roughened silvery 

texture on the skin. 

 

Banana farmers are currently incurring qualitative losses as a result of thrips infestations. This 

has been exacerbated by increased consumer demand for consistent supply of uniformly coloured 

banana fruits with blemish free peels in Kenya like in the supermarkets and other fresh produce 

markets. Consumers use visual quality to purchase fresh produce (Shewfelt, 2009).  

 

In the management of the thrips, chemical control measures have been used and are the most 

widely known form of control of this pest in most horticultural crops. However, the rapid 

development of insecticide resistance in thrips populations has rendered the chemical treatments 

ineffective (Morse and Hoddle, 2006). In addition, the cost of insecticides and proper application 

equipment is beyond the economic means of the majority of resource-poor farmers who grow the 

crop. Again, economic realities and public sensitivity to environmental degradation have 

currently rendered extensive insecticide use unacceptable. 

 

To successfully manage thrips, correct identification of the damaging species is critical due to 

their resistance  to a range of insecticides from different chemical  groups including synthetic 

pyrethroids, organophosphates, and carbamates (Herron and Gullick, 2001), and newer 

chemistries such as fipronil and spinosad (Herron and James, 2005).  

The use of bags as bunch covers has been shown to offer physical barrier to pests (Amarante et 

al., 2002). Thrips can also be controlled by use of botanical extracts like neem, garlic, pepper and 

http://www.aginternetwork.net/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0261219412001329?np=y#bib17
http://www.aginternetwork.net/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0261219412001329?np=y#bib18
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pyrethrum. Use of chemical pesticides increases the production costs, results in pest resistance 

and causes adverse effects to human health and the environment (Burkett-Cadena et al., 2008). 

 

The purpose of this study was therefore, to develop sustainable thrips management strategy that 

would effectively control thrips without posing any adverse health effects to human and 

environment. 

 

1.2 Problem statement and justification 

Bananas are among the most important fruit crops in Kenya with about 60% of all the fresh stalls 

stocking them. However, current production of this crop is below the yield potential that can be 

achieved under good agricultural management practices. The current situation of low quality is 

due to both biotic and abiotic constraints with thrips infestation being a major biotic production 

constraint. They cause silvery patches on fingers and this condition makes the fruit to be of low 

quality hence rejected or fetch low prices at the market level. 

 

There is need to improve banana quality per unit area in order to feed the ever-increasing 

population and generate income to the farmers. Currently, no control recommendations are in 

place for banana thrips. Most of the recommended chemicals for the management of thrips in 

other crops are expensive or unavailable to an average farmer. They also pose adverse effects to 

human health and the environment.  

 

Most banana growers are resource poor farmers and do not use insecticide for pest control. Such 

farmers are more likely to adopt new pest management technologies especially those production 
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systems that are readily available and affordable within the farming environment. Examples of 

such pest management technologies are use of plastic bunch covers and spraying using botanical 

extracts. These production systems may be manipulated to come up with an integrated approach 

of reducing the damage caused by banana thrips. 

 

1.3 Objectives 

1.3.1 Overall objective 

The main objective of the study was to promote banana productivity and profitability through 

thrips management in Embu County.   

 

1.3.2 Specific objectives 

1. To determine the abundance and diversity of banana thrips in Embu County. 

2. To estimate the loss attributed to banana thrips damage at farm level based on responses 

from farmers in Embu County 

3.  To develop a cost effective management strategy for thrips in Embu County.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Origin and cultivation of bananas 

Bananas originated from South East Asia, a region considered as the primary centre of 

diversification of the crop and where the earliest domestication occurred (Simmonds, 1962,). 

This area borders on the west India and on the east Samoa, Fiji and other South Pacific islands 

(Simmonds, 1966). According to Daniells et al., (2001) the dispersal of banana out of East Asia 

was as a result of human movement across the world.  The low land areas of West Africa contain 

the world’s largest range of genetic diversity in plantains (Musa AAB) (Ortiz and Vuylsteke, 

1994). Conversely in East Africa, bananas have highly evolved into an important zone of 

secondary genetic diversity for the East African highland bananas (Musa AAA) (Smale, 2006). 

 

2.2 Morphology and reproduction of banana  

Bananas are large perennial herbs with an underground stem called a corm, which is the true 

stem of the banana plant. The corm produces aerial shoots which arise from the lateral buds 

which develop into eyes and later suckers. The continuous vegetative growth of suckers 

perpetuates the corm’s life and hence the perennial status of bananas.  

 

The aerial shoot is called a pseudostem and grows to height of 2 to 8 m depending on the variety 

and the conditions. The pseudostem consists of large overlapping leaf bases which are tightly 

rolled round each other forming a cylindrical structure almost 48 cm in diameter. The roots are 

initiated from the corm and they range from 50 to 100 cm in length; occasionally sub-horizontal 
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roots reach 3 m (Blomme and Ortiz, 2000). The corm also consists of the apical meristem from 

which the leaves and ultimately the flowers are initiated. On average, each plant produces 35 to 

50 leaves in its growth cycle. When the banana plant has formed an average of 40 leaves (within 

8 to 18 months), the terminal bud of the corm develops directly into the inflorescence which is 

carried up on a long smooth unbranched stem through the centre of the pseudostem emerging at 

the top in the centre of the leaf cluster. The inflorescence is a compound spike of female and 

male flowers arranged in groups. Each group consists of 2 rows of flowers, one above the other, 

closely appressed to each other, and the whole collection is covered by a large subtending bract. 

The bracts and their axillary groups of flowers are arranged spirally round the axis and the bracts 

become closely overlapping each other forming a tight conical inflorescence at the tip. The lower 

bracts of the axis enclose female flowers; the middle few bracts enclose neuter flowers (absent in 

some cultivars) whilst at the tip of the inflorescence male flowers occur. In a few cases, (M. 

schizocarpa, M. acuminata ssp. banksii and M. acuminata ssp. errans) hermaphrodite flowers 

are produced (Sharrock et.al., 2001).  

 

The female inflorescences develop into fingers that constitute the bunch. Banana bunches 

possess 4 to 12 hands (clusters), each with at least 10 fingers. In wild bananas both male and 

female flowers produce abundant nectar and pollen whereas in cultivated bananas, many clones 

lack pollen. Banana pollen is tiny and sticky, being coated with waxes and proteins held in place 

by sculpture elements. The quantity of pollen is an important factor to enhance the germination 

potential of pollen grains (Dumpe and Ortiz, 1996). The female flowers have ovaries that 

develop first by parthenocarpy (without fertilization) to form pulp which is the edible part of the 
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crop. However, wild bananas exhibit cross pollination and ultimately fertilization to form seeds 

instead of pulp (non-parthenocarpic). 

 

2.3 Uses 

The fruit is the main product of the banana plant and bananas are the developing world's fourth 

most important food crop after rice, wheat and maize (INIBAP, 2000). Millions of small-scale 

farmers in Africa, South Asia and Northern Latin America grow the fruit for household 

consumption and/or local markets. The highest consumption of bananas per person is in Uganda, 

estimated at close to 1 kg per person per day (Edmeades et al., 2006).Total world production of 

bananas (sweet bananas + plantains) in 2005 was over 100 million tonnes (FAO, 2007).  

 

The banana fruit can be eaten raw or cooked (e.g. deep fried, dehydrated, baked in the skin, 

steamed), can be processed into flour and can be fermented for the production of beverages such 

as banana juice, beer (e.g. Mbege brewed by the Chagga people in the Kilimanjaro region of 

Tanzania), vinegar and wine (Morton, 1987; Pillay et al., 2002; Nelson et al., 2006; Edmeades et 

al., 2006 and Pillay and Tripathi, 2007).  

 

Other parts of the banana plant are also eaten (Espino et al., 1992) e.g. the  flower is eaten raw or  

cooked in Southeast Asia; the core of the pseudostem (trunk) is used for cooking in Burma and 

Bengal; leaf buds are eaten as a vegetable (Nelson et  al., 2006); the corm is a source of starch  

and has been eaten in times of famine in Africa and Asia (De Langhe, 1995).  
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All parts of sweet banana/plantain plants, and particularly the fruits have also been used to feed 

livestock in those parts of the world where there is excess production (Babatunde, 1992). Ashes 

obtained from burning banana leaves are used as flavouring for curries and a salt substitute in 

India (Nelson et al., 2006).  

 

Banana leaves have a variety of practical uses including wrapping for food, plates for serving 

food, polishing floors, thatching (Espino et al., 1992; Nelson et al., 2006). Fibres obtained from 

the pseudostem are used for making cloth (Espino et al., 1992; Nelson et al., 2006) and leaf 

fibres are utilized in string, cordage and rope (Nelson et al., 2006).  

 

The sap of banana plants, particularly the Fe’i cultivars that have a distinctive reddish-violet sap 

(Sharrock, 2000), has been used as a dye and ink (Nelson et al., 2006; Pillay & Tripathi, 2007). 

Root sap can be used to treat mouth thrush in children and skin warts. Banana peel has been 

found to have antibiotic properties (Nelson et al., 2006).  

 

2.4 Production constraints 

2.4.1 Banana production constraints in Kenya 

The area under banana and plantain cultivation in Kenya has continued to increase over the years 

(Technoserve, 2009). The key production areas include Central, Nyanza, and Eastern Provinces. 

Pests and diseases are the main production constraints and can reduce yield of bananas by upto 

100% depending on pathogen, while quality is also compromised (Jones, 2000). Other 

constraints are declining soil fertility, poor crop management, lack of clean planting material, 

poor marketing infrastructure, postharvest losses, genetic erosion and high cost of inputs (Seshu 
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Reddy et al., 1999). Thrips are emerging as major pests of banana as their infestation causes 

silvery scarification on the fingers making them less appealing to buyers and consumers. Severe 

damage may cause cracking of fingers. 

 

2.4.2 Banana thrips 

2.4.2.1 Biology and distribution of thrips 

Thrips are small, opportunistic and ubiquitous insects often only a few millimeters length and 

generally yellow, brown or black in color (Morse and Hoddle, 2006). They are mainly 

phytophagous, mycophagous, or predatory insects that inhabit a wide range of habitats, generally 

in the tropical, subtropical and temperate regions. Their adaptive diversity has enabled successful 

exploitation of diverse niches, so that they have not only established themselves in a variety of 

plant formations, but in fungus-infested habitats such as plant litter and in barks of living and 

dead trees (Lewis, 1973; Mound, 1976; Bournier, 1983; Ananthakrishnan, 1984).  

 

Thrips frequently inhabit flowers or inflorescence of various kinds, shoots, tender leaves, and 

fungus-infested dead or decaying wood. These insects feed on pollen as well as on spores. They 

are susceptible to environmental changes and because of the polyphagous nature of many 

species, one can determine their abundance by the types of plant formations. They are also 

essential elements of the soil, occurring at depths of 10-30 cm in the soil, where some species 

complete their metamorphosis or hibernate (Lewis, 1973; Ananthakrishnan, 1984). Pollen 

provides nutrients for greater egg production (Tsai et al. 1996) and the adults of most species 

feed on the flowers of a wide range of the available plant species, including those that are not 

suitable reproductive hosts (Chellemi et al. 1994). Young leaves are exploited by adults when 
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flowers are scarce (Toapanta et al. 1996). Leaves are preferred as a more stable source of food 

for developing larvae in some species (Funderburk et al. 2002) 

 

Most thrips complete their life cycle from egg to adult stage in two to three weeks. The duration 

varies with the host and with abiotic factors such as temperature and humidity (Andrewartha, 

1971). The life cycle consists of egg, two nymph stages, two pupae stages, and an adult (Morse 

and Hoddle, 2006). A female can lay 20 - 40 eggs with unmated females producing only males. 

Hatching of the egg takes an average of 3 days (Reitz, 2009). Nymphs (larvae) are yellowish-

white (Morse and Hoddle, 2006). The second stadium is longer than the first one and pupation 

takes place in the soil (Reitz, 2009). The larval stage is followed by short transitional pro pupa 

followed by pupae stages which do not feed. According to Salifu (1992) flower bud thrips 

development from egg to adult takes about 19 days at 29°C and 58% relative humidity and adults 

live for about 23 days. Rapid breeding, laying eggs on leaf petioles, peduncles, inflorescences 

and pods have also been reported in flower bud thrips by Tamo et al. (1993).  

 

Weather variables including rainfall, temperature, relative humidity and wind have been reported 

as important factors that significantly affect thrips numbers (Kirk, 1997; Legutowska, 1997). 

Relatively high temperatures and lack of rainfall have been associated with the increase in thrips 

population, while high relative humidity and rainfall reduce their population (Hamdy and Salem, 

1994). In addition to their effect on thrips activity, temperature and relative humidity further 

influence the intrinsic rate of natural increase of the thrips (Murai, 2000). 
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2.4.2.2 Economic importance of thrips 

Thrips can contaminate a wide variety of commodities and human devices because of their small 

size, ability to build to high numbers, cryptic behavior, egg deposition inside plant tissue and a 

propensity to secrete themselves in tight spaces (Morse and Hoddle, 2006).They feed on plant 

tissues by piercing and sucking sap, resulting in tissue scarification and depletion of the plant’s 

resources (Welter et al., 1990; Shipp et al., 1998). The scarification reduces the photosynthetic 

capacity of leaves and causes blemishes on fruits.  

 

Thrips are ranked as a major pest of snap beans in Kenya (Nderitu et al., 2009; Nyasani et al. 

2012, 2013). It attacks the crop before budding, and causes the flower buds to dry and brown, 

progressively aborting to leave dark red scars on the plant (Childers and Achor, 1995).  They 

cause 63 - 68% of pod losses in Kenya (Nyasani et al., 2010). They are also major pests of 

vegetables and fruits in Kenya causing significant qualitative and quantitative yield losses. 

Annual losses of up to $75,000 per hectare have been reported due to direct damage to 

cucumbers in UK glasshouses due to thrips (Zhang et al., 2007). 

 

Fourteen thrips species in the family Thripidae have been identified as vectors of major 

tospoviruses globally (Ullman et al., 1997; Jones, 2005; Pappu et al., 2009; Ciuffo et al., 2010; 

Hassani-Mehraban et al., 2010).  Frankliniella occidentalis is the most studied vector of 

tospovirus. Apart from the direct damage, WFT transmits tospovirus diseases (Funderburk et al., 

2009). The most important of which are Impatiens Necrotic Spot Virus (INSV) and Tomato 

Spotted Wilt Virus (TSWV) (German et al., 1992; Ullman et al., 1997; Cloyd, 2009). Tospovirus 
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infections can lead to total crop losses (Kyamaywa and Kuo, 1996). Over 80% potential yield 

losses of TSWV were reported by tomato farmers in Nakuru County (Wangai et al., 2001). 

 

2.4.3 Management of banana thrips 

2.4.3.1 Cultural control  

Cultural control methods include sanitation practices like rouging old infected plants and 

alternate hosts such as weeds (Cloyd, 2009). Weeds from the Compositae family; dandelion and 

sowthistle and Solanaceae family; silverstar, with yellow flowers not only attract adults thrips, 

but also serve as reservoirs for the tospoviruses vectored by  thrips. 

 

Mulching with black polythene paper (Hajek et al., 2003) hinders the life stages of thrips 

especially pre-pupae and pupae from attacking plants during susceptible stages, thus evading 

thrips. Over-head irrigation also creates less favorable conditions for thrips development and 

decreases thrips population (Lindquist et al., 1987). Use of lure or trap crops such as, yellow 

flowering chrysanthemums and eggplants may also help in managing WFT by attracting WFT 

away from the main crop (Hoyle and Saynor, 1993; Pow et al., 1998; Bennison et al., 2001). The 

trap crops may be removed from the field, sprayed with an insecticide, or inoculated with 

biological control agents such as predatory bugs or predatory mites that will feed on the nymph 

and adult stages residing in the flowers (Bennison et al., 2001).  Intercropping on crops as snap 

beans has been shown to improve marketable yield due to reduced damage by thrips (Nyasani et 

al., 2012). 
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2.4.3.2 Use of bagging  

The use of polyethylene bunch covers typically made of thin plastic (low density polyethylene; 5 

to 40microns) and which are 81.3 to 91.4 cm (32 to 36 inches) is widespread throughout the 

commercial banana growing regions of the world. Bagging of bananas with bags impregnated 

with insecticides has been shown to protect fruits from insect attack (Amarante et al., 

2002).They are also commonly used to protect plantain fruit intended for export market during 

development. The practice is regarded as essential to improve the market quality of bananas 

(Gowen, 1995; Robinson, 1996; Harhash and Al-Obeed, 2010).  

 

Bagging has been shown to exert multiple effects on the growth and quality of fruits ( Hoffman 

et al., 1997, Wang et al., 2007, Son and Lee, 2008 and Li et al., 2008). Fruit bagging promotes 

fruit coloration (Hu et al., 2001 and Jia et al., 2005).  

 

2.4.3.3 Use of plant extracts 

The use of broad spectrum synthetic pesticides’ has led to increasing problems of pests 

resistance, pesticides residues on foods and contamination of the environment. This has resulted 

to a worldwide interest to develop alternative strategies (Dayan et al., 2009) which will have to 

meet entirely different standards. They must be pest specific, non-phytotoxic, nontoxic to 

mammals, ecofriendly, less prone to pesticide resistance, relatively less expensive, and locally 

available (Hermawan, 1997). This has led to more focus on plant extracts to control pests on 

crops, which have been known to resist insect attack (Talukder, 2006, Sahayaraj, 2008) and the 

practice of using plant derivatives or botanical insecticides in agriculture dates back at least two 

millennia in ancient China, Egypt, Greece and India (Isman, 2006).  

http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib9
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib9
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib38
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib32
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib24
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib12
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science/article/pii/S0304423808004329#bib16
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Plant derived materials are more readily biodegradable, less likely to contaminate the 

environment and may be less toxic to mammals (Isman, 2006). A great number of plant species 

from a wide range of families have been assessed for their toxic, antifeedant and repellant 

properties (Isman, 2006; Talukder, 2006; Dubey et al., 2008; Ogunleye et al., 2010). 

 

Some plant extracts possess significant oviposition, antifeedant or toxic effects on selected pests 

(Hazarika et al., 2008).  Plant extracts possess one or more useful properties such as repellency, 

antifeedant, fast knock down, flushing action, biodegradability, broad-spectrum of activity and 

ability to reduce insect resistance (Stoll, 1988). Some of them have weak insecticidal effects or 

may require other plant species with different mode of action to increase their potency 

(Oparaeke, 2004). 

 

Botanical pesticides are extracted from various plant parts as leaves, stems, seeds, roots, bulbs, 

rhizomes, unripe fruits and flower heads of different plant species. Botanical pesticides are hailed 

for having a broad spectrum of activity, being easy to process and use, having a short residual 

activity and for not accumulating in the environment or in fatty tissues of warm blooded animals, 

(Philip and Robert, 1998). Their modes of action against pests are diverse. Natural compounds 

are well suited to organic food production in industrialized countries and can play greater roles in 

the protection of food crops in developing countries. Some plant based insecticides such as neem 

products, pyrethroids and essential oils are already used to manage pest populations on a large 

scale. They are environmentally safe, less hazardous, economic and easily available (Mamun, 

2011). 
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2.4.3.4 Neem 

Neem has emerged as the single most important source of botanical insecticides having a wide 

control of numerous insects and mites.  Azadirachtin is derived from the neem tree Azadirachta 

indica, grown in India and Africa (Isman, 2006). Azadirachtin has an extremely low mammalian 

toxicity and is least toxic of the commercial botanical insecticides, with an LD50 of 

13,000 mg/kg. Neem is a natural source of eco-friendly insecticides, pesticides and 

agrochemicals (Brahmachari, 2004). Neem products have no ill effects, on human and animals 

and have no residual effect on agricultural produce. Azadirachtin is considered a contact poison; 

however, it has “some” systemic activity in plants when applied to the foliage. The material is 

generally nontoxic to beneficial insects and mites. Azadirachtin has broad mode of activity, 

working as a feeding deterrent, insect-growth regulator, repellent, and sterilant; and it may also 

inhibit oviposition (Isman, 2006,) The material is active on a broad range of insects, including 

stored grain pests, aphids, caterpillars and mealybugs (Talukder, 2006). 

 

2.4.3.5 Garlic 

The insecticidal and repellent activity of garlic has been widely reported (Rahman and 

Motoyama, 2000; Amiri, 2009). The bulb of garlic has been reported to possess insect 

controlling properties with repellant, antifeedant, bactericidal, nematicidal and fumigant mode of 

action that kill aphids and other soft bodied pest (Grainge et al.,1985). Jacquelin du Val indicated 

that two essential oils, garlic and onion had potent fumigant activities (Isikber, 2010). Osipitan 

and Mohammed (2008) reported the ability of garlic to repel borers, fleas, ticks and thrips.  
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2.4.3.6 Pepper 

Capsicum frutescens and Capsicum annum have been shown to have insecticidal properties (Oni, 

2009). Pepper derivatives have been regarded as safe, affordable and effective natural plant 

products with some degree of medicinal and insecticidal properties (Ashamo, 2007; Oni, 2009; 

Adedire and Lajide, 2001).  
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CHAPTER THREE 

IDENTITY AND ABUNDANCE OF BANANA THRIPS IN DIFFERENT AGRO-

ECOLOGICAL ZONES IN EMBU COUNTY 

 

Abstract 

Thrips continue to be one of the most important pests facing banana production systems in 

Kenya. Their adaptive diversity has enabled successful exploitation of diverse niches coupled 

with reproductive potential, cryptic behaviour; vectors of tospovirus and being highly 

polyphagous make them significant pests. The main objective of this study was to identify the 

species composition and abundance in Embu County. The study was conducted in three agro-

ecological zones namely; Upper highland UM1, Mid highland UM2 and Lower highland UM3 in 

two seasons in March 2013 and June 2014. In each zone, 10 farms were randomly selected and 

10 male buds randomly picked and opened to collect the thrips. The collected thrips were then 

transferred into vials with 70 % ethanol then safely transported to the laboratory where they were 

identified to species level.Thirteen species were identified across the zones with the upper zone 

having the largest thrips populations. The major species identified were Frankliniella schultzei 

(51.3 %), Megalurothrips sjostedti (27.9 %), Haplothrips gowdeyi (5.6 %), Thrips spp (5.2%) 

and Frankliniella occidentalis (3.5 %).  

 

From the study, it was concluded that bananas are infested by a complex of thrips species which 

pose a major production constraint that could be contributing to the decline in banana 

productivity. This information is important in studying pest crop phenology for the development 

of proper management strategies for banana thrips. 
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3.1 Introduction 

Thrips (Order Thysanoptera) of the world comprise 5500 species in 750 genera (Moritz et al., 

2004). They are more common in warmer tropical parts of the world than in the temperate 

regions. About 50% of them are fungal feeders, while 40% feed on living tissues of 

dicotyledonous plants and grasses and 10% exploit primitive plants or are predatory (Morse and 

Hoddle, 2006). Those infesting living plant tissues are sap feeders while flower dwelling species 

feed on pollen (Mound, 2004). Thrips have emerged as a significant biotic constraint affecting 

banana production in Kenya as they cause silvery scarifications on fingers thus lowering their 

quality. Morse and Hoddle (2006) described thrips as small, opportunistic and ubiquitous insects 

of often only a few millimeters length and generally yellow, brown or black in color. Their 

adaptive diversity has enabled successful exploitation of diverse niches, so that they have not 

only established themselves in a variety of plant formations, but on fungus-infested habitats such 

as plant litter and in bark of living and dead trees (Lewis, 1973; Mound, 1976; Bournier, 1983; 

Ananthakrishnan, 1984). They are a significant pest of virtually all crops, including fruiting 

vegetables, leafy vegetables, ornamentals, tree fruits, small fruits and cotton (Lewis 1997). 

 

Thrips frequently inhabit flowers or inflorescence of various types, shoots, tender leaves and 

fungus-infested dead or decaying wood. These insects feed on pollen as well as on spores. Most 

thrips complete their life cycle from egg to adult stage in two to three weeks. The duration varies 

with the host and with abiotic factors such as temperature and humidity (Andrewartha, 1971). 

Salifu (1992) reported that flower bud thrips development from egg to adult takes about 19 days 

at 29°C and 58% relative humidity and adults live for about 23 days. Rapid breeding, laying eggs 
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on leaf petioles, peduncles, inflorescences and pods was also reported in flower bud thrips by 

Tamo et al., (1993).  

 

Thrips can damage a wide variety of crops because of their small size, ability to build to high 

numbers, cryptic behavior, egg deposition inside plant tissue and a propensity to secrete 

themselves in tight spaces (Morse and Hoddle, 2006). Direct crop damage results from both 

feeding and oviposition (Childers, 1997). Because of their thigmotactic behavior, feeding 

damage is often inflicted on developing tissue, consequently it goes undetected until flowers or 

fruits mature (Welter et al., 1990; Pearsall, 2000; Steiner and Goodwin, 2005; Guide et al., 

2006). The feeding damage can be mistaken with damage caused by other pests or diseases 

(Steiner and Goodwin, 2005). Such incorrect diagnoses may result from the small size and 

cryptic habits of thrips and the fact that damage is not immediately apparent and associated with 

the causal organism.  

 

By feeding on pericarp, these thrips extract chlorophyll and cause a bronzing of the surface of 

the fruit, while the skin of severely damaged fruit may crack (Annecke and Moran, 1982; de 

Villiers and van den Berg, 1987; de Villiers, 1990). Black dots caused by the deposition of their 

excreta are also visible on the discoloured parts of the pericarp (de Villiers and van den Berg, 

1987; de Villiers, 1990).  

 

Thrips feed by piercing and sucking resulting to scarification thus reduce the photosynthetic 

capacity of leaves and cause blemishes on fruits. To feed, most thrips press their mouth cone 

against the plant surface; this is held in place by the labral pad. The mandible is used to pierce 
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through the substrate; it is quickly withdrawn and replaced by the maxillae which locate an 

individual plant tissue cell and suck out the contents (Chisholm and Lewis, 1984, Childers and 

Achor, 1995, Kirk, 1995, Moritz, 1997). When feeding on pollen grains, thrips use their forelegs 

and/or palps to hold the grain while they pierce it (Childers and Achor, 1995).The direct injury 

results in the discoloration of fruits, thus lowering their quality. Female oviposition causes 

another type of damage to developing fruits. Females insert eggs under plant epidermis with their 

saw-like ovipositor. This wounding elicits a physiological wound response in some plants that 

produce spottings on fruits. Extensive spotting can lead to downgrading of quality. 

 

This study was conducted to determine the species composition, abundance and the diversity of 

thrips on banana in Embu County. This information would support thrips management on banana 

by identifying the damage causing species and improve the knowledge of their bionomics. 
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3.2 Materials and methods 

3.2.1 Study area 

The study was undertaken in Runyenjes sub-county which lies between 1,200 – 2070 m above 

sea level. The area receives bimodal rainfall pattern from March to May and October to 

December that range between 1000 – 2000 mm. To study the area, stratification was done into 

three agro-ecological zones (AEZ) namely; Upper highland (UM1), mid highland (UM2) and 

lower highland (UM3), (Jaetzold et al., 2006).  

 

3.2.2 Study sites 

Thrips were collected in 30 sites located in three administrative districts covering three agro-

ecological regions of the sub-county in two seasons March 2013 and June 2014. In March 2013, 

the season was hot and dry just before onset of the long rains while in June 2014 it was cool and 

wet.  10 farms were randomly selected in each zone totaling to 30 banana farmers. In each farm, 

10 male buds were randomly picked and opened to collect the thrips. The insects were swept 

with a bristle brush into a sample bottle and then quickly transferred into a universal bottle 

containing 70% alcohol.  In each farm, all thrips collected from the 10 male buds were pooled 

together to make one sample, then labeled per farm and zone. Samples were then safely 

transported to the National Museums of Kenya, where they were counted and identified to 

species level. 

 

3.2.3 Sample preparation  

 Specimens were carefully macerated to remove the body contents. They were then put in 

Alcohol-Glycerin-Acetic Acid solution (AGA) with fresh 60% alcohol and stored for 24hrs. 60% 
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alcohol was then replaced with 5% NaOH and left for 30 minutes. The abdomens were then 

punctured between the hind legs coxae with fine needle and gently squeezed to expel most of the 

body contents, legs and antennae were then spread.  NaOH was then replaced with distilled H2O 

and 50% alcohol gradually added for 20 minutes. The mixture was then replaced with fresh 60 % 

alcohol and stored for 24hrs. 60 % alcohol was replaced with 70% alcohol and stored for 1 hour. 

After an hour, 70% alcohol was replaced with 80 % alcohol for 30 minutes.  80 % alcohol was 

replaced with 95 % alcohol for 10 minutes. 95 % alcohol was replaced with absolute alcohol for 

5 minutes. Absolute alcohol was then replaced with fresh absolute alcohol for 5 minutes and then 

replaced with clove oil and stored for 30 minutes.  

  

Specimens were then placed on slides, and covered with cover slips 13mm and mounted with 

Canada balsam. They were then labeled as per farmer, zone, date and collector then dried in an 

oven at 37 °C. Specimens were then identified and grouped according to their species and 

counted. Total counts per farm were also recorded. 

 

3.2.4 Data analysis 

Data was subjected to analysis of variance (ANOVA) using Microsoft Excel version 2010 and 

SAS 9.2 statistical packages for analysis of variance (ANOVA). Significantly different means at 

P ≤0.05 were separated using the Turkey-Kramer’s HSD comparison test. 
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3.3 Results 

3.3.1 Species composition of thrips on banana in farmers’ fields 

All sampled adult thrips were identified to species level as shown in table 1. In total, thirteen 

thrips species were recorded and the most commonly encountered species were Frankliniella 

schultzei (51.3 %), Megalurothrips sjostedti (27.9 %), Haplothrips gowdeyi (5.6 %), Thrips 

tabaci (5.2%) and Frankliniella occidentalis (3.5 %).  

 

Table 1: Thrips species collected from banana male flower buds in all zones in March 2013 

and June 2014 in Embu County 

Species Mean±SEM  

 March 2013 June 2014 Percent 

Megalurothrips sjostedti 15.3±2.37 4.63±0.85 27.9 

Frankliniella schultzei 20.53±3.26 8.53±1.65 51.3 

Frankliniella occidentalis 4.07±1.1 0.58±0.28 3.5 

Haplothrips gowdeyi 0.8±0.39 0.93±0.27 5.6 

Thrips florum 0.37±0.28 0.22±0.15 1.3 

Microcephalothrips abdominalis 0.23±0.13 0.2±0.09 1.2 

Ceratothripoides brunneus 0.23±0.23 0.33±0.204 2 

Sericothrips adolfifriderici 0.23±0.16 0.05±0.04 0.3 

Dendrothrips spp. 0.03±0.33 0.02±0.02 0.1 

Thrips australis                 0.0 0.12±0.08 0.7 

Thrips tabaci. 0.0 0.87±0.51 5.2 

Chirothrips frontalis 0.0 0.08±0.05 0.5 

Stenchaetothrips spp 0.0 0.07±0.05 0.4 

 

Thrips populations were higher in March 2013 a hot and dry season before the onset of the long 

rains compared to June 2014 which was cool and dry after the rains. In both collection seasons, 

upper zone had higher thrips populations compared to both mid and lower zones though not 

significantly different (Table 2). 

 



 

 

  

 

25 

Table 2: Thrips abundance in each agro-ecological zone in Embu County 

                                       Means of total thrips counts 

Zone March 2013 June 2014 

UM1 25.4a 16.1a 

UM2 23.8a 13.9a 

UM3 11.4a 10.2a 

Means followed by the same letters along each column are not significantly different at P ≤0.05 

 

Five species were noted to occur in all the zones and their populations were higher compared to 

other species that either occurred in one zone and in low numbers as shown in table 3. 

Frankliniella schultzei was the major thrips species across the zones and the numbers did not 

differ significantly. The population of this species increased as the altitude increased. 

 

There were no significant differences in the number of Megalurothrips sjostedti which were 

observed between the zones in both seasons. However, there was a general increase in the 

number M. sjostedti as one moved from lower to higher altitude zones. There were no significant 

differences in the number of Frankliniella occidentalis across the zones in both seasons. 

 

M.sjostedti was present in all the zones and more populations were found in the mid zone, 

compared to the upper and the lower zones. F. schultzei were also present across the zones and 

higher populations were found in the upper zone, followed by mid and lower zones respectively. 

F. occcidentalis populations were almost uniform in all the zones, with slightly higher 

populations on the upper zone. All the other species were found in the lower and mid zones albeit 

in small numbers.. 
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Table 3: Abundance of the most widely spread thrips species across the agro-ecological 

zones in Embu County 

AEZ   Frankliniella 

schultzei 

Megalurothrip

s ssjostedti 

Frankliniella 

occidentalis 

Haplothrips 

gowdeyi 

 Thrips 

florum 

March 2013      

UM1 14.7a 6.4a 0.7a 0.9a 2.3a 

UM2 10.8a 4.3a 0.5a 0.1a 0.8a 

UM3 4.5a 3.4a 0.3a 0.1a 0.6a 

June 2014      

UM1 7.9a 6.7a 0.7a 0.2a 0.0a 

UM2 7.9a 3.3a 1.3a 1.3a 0.1a 

UM3 5.4a 3.7a 0.0a 0.4a 0.1a 

Means followed by same letters along each column are not significantly different at P ≤0.05 

 

Generally for all thrips species listed, particularly in the March 2013 season the populations were 

higher in UM1 compared to UM2 and UM3 as shown in table 3. 

 

Figure 1: Thrips species distribution across the agro-ecological zones in Embu County 
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3.4 Discussion 

The survey results showed that all the banana male buds in the area of study were infested with 

thirteen thrips species. Studies which have been conducted on various crops have established a 

combination of thrips species on different crops. Okwakpam (1967) reported that any plant in 

Nigeria is attacked by one or more thrips. This is in conformity with Higgin’s (1992) 

observation, where it was noted that different crops normally have a different number of species 

of thrips on them. Two thrips species were observed in tomatoes and 29 species were associated 

with barley. In Kenya, four species namely M. sjostedti, F. schultzei, H. aldolfifriderici, and F. 

occidentalis have been established to infest snap bean (Nyasani et al., 2012; Moritz et al., 2013). 

This is an indication that several species infest the crops. There is a possibility that banana 

fingers may be damaged by a complex of thrips species they are polyphagous. The major species 

which were identified in this study were Frankliniella schultzei (51.3 %), Megalurothrips 

sjostedti (27.9 %), Haplothrips gowdeyi (5.6 %), Thrips spp (5.2%) and Frankliniella 

occidentalis (3.5 %). These thrips were distributed in all the zones where bananas are grown in 

Embu County.  

 

The presence of the five major thrips species which were recorded on the banana male bud could 

be attributed to their polyphagous nature and being widespread. Megalurothrips sjostedti is a 

common, polyphagous and widespread pest in Africa (Karungi et al., 2000; Alabi et al., 2004; 

Ngakou et al., 2008). Frankliniella occidentalis is invasive and was reported for the first time in 

Kenya in 1989 (Kedera and Kuria, 2003).This species is also polyphagous, feeding and breeding 

on more than 240 host species belonging to 62 plant families. Ecologically, western flower thrips 

is highly polyphagous and capable of reproducing on numerous host plants (Northfield et al., 
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2008; Paini et al., 2007). As large thrips populations can develop on non-crop hosts, mass 

dispersal into crops occurs, whether open field crops (Pearsall and Myers, 2001; Puche et al., 

1995) or crops in protected environments (Antignus et al., 1996).  

 

Thrips preferentially reside within flowers or other concealed, protected places on plants 

(Hansen et al., 2003; Kirk, 1997). This thigmotactic behavior of thrips limits their exposure to 

many foliar applied insecticides. Also, the anthophilous nature of western flower thrips limits 

their exposure to systemic insecticides, which are not readily transported into floral tissues 

(Cloyd and Sadof, 1998; Daughtrey et al., 1997). Therefore, some of the most effective 

insecticides are those with translaminar properties, which increase the probability of thrips 

concealed in flowers actually ingesting toxins (Kay and Herron, 2010). 

 

There were fewer thrips in June 2014 compared to March, 2013 and this could be attributed to 

weather conditions. In March 2013, the weather was dry and hot whereas June 2014, the weather 

was cool and dry preceding the long rains. Temperature and relative humidity are known to have 

an effect on thrips activity and they also influence the intrinsic rate of natural increase of the 

thrips (Murai, 2000). Studies by Dobson et al. (2002) and Akemo et al. (1999), indicated that the 

drier the weather, the quicker the onset of thrips damage and the more severe the symptoms. This 

was in agreement with the results obtained from this study, as a high thrips populations were 

observed in March 2013 a season that was hot and dry. This was also in agreement with earlier 

findings by Lewis (1997) that the distribution of a thrips population is strongly influenced by 

climatic conditions. Stacey and Fellowes (2002) and Pearsall and Myers (2001) also showed that 

temperature affects the development rate of thrips and consequently their population dynamics. 
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Earlier research has shown that rainfall affects thrips populations both negatively and positively 

(Morsello et al., 2010). It can suppress populations by killing larvae, and thrips populations so 

affected often recover slowly (Morsello and Kennedy, 2009). Rainfall also suppresses thrips 

dispersal by suppressing flight (Lewis, 1997). However, by maintaining adequate soil moisture, 

rainfall can positively influence thrips populations by fostering plant growth and enhancing 

pupal survival (Morsello and Kennedy, 2009). These authors also found out that the degree to 

which population growth is affected by precipitation depends on the timing, amount, and 

duration of the precipitation. 

 

The most outstanding observation was that in UM1 (upper), where the total number of thrips 

were higher than those in the UM2 (Mid) and UM3 (lower) which contradicts the previous belief 

that thrips prefer low altitudes which are characterized by hot and dry weather for most parts of 

the year. Nevertheless, it is in agreement with the surveys conducted by ICIPE which clearly 

indicated that F. occidentalis is widely distributed in the high altitude and mid-altitude zones of 

Kenya, while F. schultzei is prevalent throughout Kenya (Subramanian, 2011). This could be 

attributed to changes in climatic factors like temperature and precipitation have a strong 

influence on the development, reproduction and survival of insect pests. Such climatic conditions 

could profoundly affect the population dynamics and the status of insects of crops (Woiwod, 

1997). 
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3.5 Conclusion 

The current study has shown that there were various thrips species infesting banana in all agro-

ecological zones in Embu County. The most abundant and widely distributed species was 

Frankliniella schultzei with high altitude zone, UM1 having the highest thrips populations. 

 

3.6 Recommendations 

1) There is need to raise awareness amongst farmers on thrips infestations on banana. 

2) There is need to develop farmer friendly thrips management strategy to help minimize 

losses incurred by the farmers. 

3) There is need to assess the losses that can be attributed to thrips infestations on banana. 
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CHAPTER FOUR 

ASSESSMENT OF LOSSES ATTRIBUTED TO BANANA THRIPS IN EMBU COUNTY 

 

Abstract 

Banana production in Kenya continues to face various biotic constraints and thrips are among the 

major pests. The main objective of this study was to identify the qualitative losses which are 

attributed to banana thrips in Embu County. The study area was stratified into three agro-

ecological zones namely; Upper highland UM1, Mid highland UM2 and Lower highland UM3.  

A structured questionnaire was administered to 60 farmers, where 20 farmers were randomly 

selected in each zone. From the study, 38.3 % of the farmers had primary level of education, 

33.3% secondary, 25% tertiary level and 3.3 % university level. Majority of the farmers were 

aged between 51-60 years with 20-30 years being the least. There was a significant difference (P 

≤ 0.05) between land ownership in all zones. Sale of the farm produce was the major source of 

income accounting for 34%. Thrips were the most important pests with 96.7 % of the farmers 

noticing damage by thrips on fingers. Hot and dry season was termed by 40% of farmers as the 

most severe infestation season.  

 

The average price per kilo was Ksh.13 and bunches which were damaged by thrips were bought 

at an agreed price between the farmer and the buyer at prices almost half of the buying price and 

some rejected depending on  percentage of the damage. The study has found out that banana 

thrips pose a major production constraint that could be contributing to the decline in productivity. 

Efforts should be made to enlighten farmers and also to identify strategies that can be adopted by 

the resource poor growers in order to restore the status of bananas as major income earner to 

farmers as well as an alternative source of food to the country. 
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4.1 Introduction 

Bananas have played and continue to play a major role in the diets of both rural and urban people 

and the economy of Kenya (Nguthi, 2007). The crop is also a major source of income for the 

majority of smallholder growers in Kenya (MOA, 2006). It is rated as the most important table 

fruit sold both at local and international markets and the most important starchy staple food after 

cassava and sweet potato (FAO, 2009).Banana fruits throughout the year thus ensuring food 

security at household level with a potential of sustaining food supply to urban markets especially 

in periods between cereal crop harvests. This potential coupled with the environmental 

conservation attributes of the plant makes banana an ideal crop for economic growth and 

sustainability of the agricultural resource base. The crop is the 5th most important tropical fruit 

after mango, pineapple, avocado and papaya (Karamura, 2004).  

 

The area under banana and plantain cultivation in Kenya has continued to increase over the years 

with plantations replacing coffee in Eastern and Central regions (Technoserve, 2009). The key 

production areas include Central, Nyanza, Western and Eastern Provinces. They are the most 

affordable fruit both in rural and urban households. They have gained popularity in Kenya with 

about 60% stalls in fresh markets stocking bananas (Technoserve, 2009). The demand for ripened 

fruit often outstrips supply, which has created opportunities for imports from neighbouring 

countries (Biruma  et al., 2007). Banana plays a dual role as a staple food in the tropics and also 

as a table fruit sold both local and international markets (Karamura, 2004). 

 

Banana yield is still very low, 4.5-10 tons/ha compared to the potential of 30-40 tons/ha (Qaim, 

1999). Pests and diseases are the main production constraints and can reduce yield of bananas by 
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upto 100% depending on pathogen, while quality is also compromised (Jones, 2000). Other 

constraints are declining soil fertility, poor crop management, lack of clean planting material, 

poor marketing infrastructure, postharvest losses, genetic erosion and high cost of inputs (Seshu 

Reddy et al., 1999). Thrips are emerging as major pests of banana as their infestation causes 

silvery scarification on the fingers making them less appealing to buyers and consumers. They 

feed by piercing and sucking resulting to scarification thereby reduce the photosynthetic capacity 

of leaves and causes blemishes on fruits. Because of their thigmotactic behavior, feeding damage 

is often inflicted on developing tissue, which may go undetected until flowers or fruits mature 

(Welter et al., 1990; Pearsall, 2000; Steiner and Goodwin, 2005; Guide et al., 2006). The feeding 

damage can be mistaken with the damage caused by other pests or diseases (Steiner and 

Goodwin, 2005). By feeding on pericarp, these thrips extract chlorophyll and cause a bronzing of 

the surface of the fruit, while the skin of severely damaged fruit may crack (De Villiers and Van 

den Berg, 1987; de Villiers, 1990). Black dots, caused by the deposition of their excreta are also 

visible on the discoloured parts of the pericarp (de Villiers and van den Berg, 1987; de Villiers, 

1990). In severe infestations the blemish may be reddish brown and deep longitudinal cracks 

may develop in the blemished skin.  

 

There has been increased demand for consistent supply of uniformly coloured fruits with blemish 

free peels in Kenya like in the supermarkets. Consumers use visual quality to purchase fresh 

produce (Shewfelt, 2009). This study was conducted to obtain basic information on how thrips 

damage on banana fingers affects the fruit marketability in Embu, as a justification for 

development of thrips management technologies that are sustainable and compatible with banana 
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farmers’ conditions. The specific objective was to estimate the loss attributed to  banana thrips 

damage at field level based on responses from the farmers in Embu County. 
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4.2 Materials and methods 

4.2.1 Study area 

The study was undertaken in Runyenjes sub-county which lies between 1,200 – 2070 m above 

sea level. The area receives bimodal rainfall pattern from March to May and October to 

December that range between 1000 – 2000 mm. Runyenjes has a population of 142,360 (KNBS, 

2009) occupying an area of 261.50 Sq. kms and is located about 145 kms from Nairobi. To study 

the area, stratification was done into three agro-ecological zones (AEZ) namely; Upper highland 

(UM1), mid highland (UM2) and lower highland (UM3), (Jaetzold et al., 2006).  

 

4.2.2 Data collection 

A semi-structured questionnaire was administered to 60 households in the three agro-ecological 

zones, whereby 20 banana farmers were randomly selected in each agro-ecological zone and a 

questionnaire administered.   

Sample size (n) determination formula: 

                    n= N÷ {1+N (e) 2} where, 

                     e= 0.05 at a confidence of 95% (Yamane, 1967) 

 

4.2.3 Data gathered 

The questionnaire was subdivided into sections that dealt with the information required for 

household and land characteristics, banana pests and marketability loss and sources of market 

and agricultural information. Farm and household data included information on gender, 

education, land size owned and main crops grown. The general information on farmers ranking 

of banana pests, thrips damage, seasons when damage was most severe and marketability loss 
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due to thrips was also collected. Market and agricultural information sources data was gathered 

from the farmers through ranking of the available sources of information. Farmers were also 

asked about social/ community group membership and subsequent benefits. 

 

4.2.4 Data analysis 

Data was subjected to analysis of variance using Microsoft Excel version 2010, IBM SPSS 

statistics version 21 and SAS 9.2 statistical packages for analysis of variance (ANOVA). 

Significantly different means at P≤0.05 were separated using the Tukey-Kramer’s HSD 

comparison test. 
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4.3 Results 

4.3.1 Household and farm characteristics 

4.3.1.1 Gender 

The study did not show any significant differences (P≤0.05) in terms of gender of the household 

heads across the agro-ecological zones but the proportion of the male household heads was 

higher compared to that of the female heads as indicated in fig. 2. In UM1 (Upper zone) the 

proportions were 70 % male and 30 % female, UM2 (Mid zone) 75 % were male whereas 25 % 

were female and in UM3 (Lower zone) 65 % were male while 35 % were female.  

 

 

Figure 2: Gender of household heads in different banana production zones in Embu 

County 

  

4.3.1.2 Age of farmers  

Five age groups were identified during the study as indicated in fig. 3 below and their ages did 

not significantly (P≤0.05) vary. There was a high proportion of the farmers were aged 41 to 60 
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and above years. The proportion of the farmers who aged between 51 to 60 years was 35 % in 

UM1, 25 % in UM2 and 40 % in UM3 (Fig. 3) 

 

 

 

Figure 3: Age of household heads in different banana production zones in Embu County 

 

4.3.1.3 Education levels 

Banana growers in Embu County were clustered into four education levels.  There were no 

significant differences (P≤0.05) between the education levels across the agro-ecological zones 

(Table 4). The highest proportion of farmers in all zones had acquired primary education with 

those in UM1 at 45%, in UM2 at 35% and those in UM3 at 35%. The proportion of farmers who 

had acquired secondary education was 30% in UM1, 40% in UM2 and 30 % in UM3. The 

proportion of farmers who had acquired university education was a low in the in all zones at 0 % 

in UM1, 0.05 % in UM2 and 0.05 % in UM3. 
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Table 4: Levels of education attained by farmers in Embu County 

Education Level AEZ Frequency Percent 

Primary UM1 9 45a 

 UM2 7 35a 

 UM3 7 35a 

Secondary UM1 6 30a 

 UM2 8 40a 

 UM3 6 30a 

Tertiary UM1 5 25a 

 UM2 4 20a 

 UM3 6 30a 

University UM1 0 0a 

 UM2 1 0.05a 

 UM3 1 0.05a 

Percentages of farmers followed by similar letters along the column are not significantly 

different at P≤0.05. 

 

4.3.1.4 Sources of income 

The main source of income for the farmers who engaged in different income generating activities 

in the respective agro-ecological zones is indicated in Table 5. Though not significantly different 

(P≤0.05), most of the farmers termed sale of farm produce as their main source of income. There 

were significant differences (P≤0.05) between the proportions of farmers who got their main 

income from sale of livestock products, UM1 had the highest proportion of farmers with 75% 

compared to UM2 with 40% and UM3 with 35 %. There were significant differences (P≤0.05) 

between proportions of farmers who reported small business as their main source of income with 

50 % of farmers in UM3 compared to 20 % in UM2 and 5 % in UM1.  
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Table 5: Main Sources of income for farmers in Embu County 

AEZ Sale of 

farm 

produce 

Sale of 

livestock 

Small 

Business 

Dividends Pension  Formal 

employment 

Lease Rent Casual 

Labour 

Support 

from 

family 

members 

Interest 

UM1 100a 75a 5b 10a 0a 35a 10a 20a 0a 5a 10a 

UM2 95a 40b 20b 5a 15a 45a 0a 10a 10a 0a 20a 

UM3 95a 35b 50a 5a 0a 25a 10a 20a 0a 5a 30a 

Proportions of farmers followed by different letters along the same column is significantly different at P≤ 0.05
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4.3.1.5 Land sizes and use 

There were significant differences (P≤0.05) between the average sizes of land owned in acres 

across the zones as indicated in table 6. Farms in UM3 were significantly bigger in size at an 

average of 2.8325, compared to the farms in UM2 and UM1 where land sizes averaged 1.7425 

and 1.40125 acres, respectively. Significantly higher land proportions of 0.686 acres were 

allocated for tea production in UM1, compared to UM2 and UM1 at 0.288 and 0.0, respectively. 

A significantly higher proportion of land size was allocated for coffee production in UM3 and 

UM2 compared to UM1. The average land sizes allocated to the banana production did not vary 

significantly (P≤0.05) across the zones. However, it ranked among the top three crops which are 

grown by farmers in Embu County. In UM1, it ranked second after tea and in UM2 it ranked 

second after coffee while in UM3 it was third after coffee and maize respectively. 

 

Table 6: Farm sizes in acres and main crops produced in Embu County 

Mean farm sizes 

Size AEZ Mean acreage (Acres) 

Total farm size UM1 1.40b  

 UM2 1.74b 

 UM3 2.83a 

   

Main crops grown by farmers in Embu County based on mean acreage allocated 

AEZ Tea Coffee Banana Maize Bean Macadamia Mango Vegetable 

UM1 0.69a 0.0b 0.35a 0.11a 0.18a 0.02a 0.0a 0.01a 

UM2 0.29b 0.32a 0.31a 0.22a 0.08a 0.03a 0.0a 0.02a 

UM3 0.0c 0.43a 0.29a 0.31a 0.18a 0.03a 0.04a 0.03a 

Mean land sizes followed by different letters along each column are significantly different at 

P≤0.05. 
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4.3.2 Banana pests and market loss 

4.3.2.1 Banana pests 

Farmers in all the agro-ecological zones reported to have noticed changes in trends of banana 

pests as shown in table 7.  The higher proportion of farmers reported to have noticed an increase 

in pest trend, with 70 % in UM1 and UM3, compared to 45 % in UM2. However, significantly 

high (P≤0.05) proportion of farmers in UM2, 40 % reported the trend to have decreased as 

compared to 30 % in UM1 and 5 % in UM3. 

 

  Table 7: Pest trends noticed by farmers in Embu County 

% of farmers who noticed changes in trend 

AEZ YES NO  

UM1 100a 0.0a  

UM2 90a 10a  

UM3 85a 15a  

Type of change noticed 

 Increased Decreased Remained the same 

UM1 70a 30ab 0a 

UM2 45a 40a 10a 

UM3 70a 5b 10a 

Proportions of farmers followed by different letters along each column are significantly 

different at P≤0.05. 

 

 4.3.2.2 Factors attributed to change 

High proportion of farmers attributed the changes in pest trend to the increase in temperature in 

all the agro-ecological zones with 65 % in UM1, 35 % in UM2 and 45 % in UM3. Other factors 

that could be contributing to the change included decrease in temperature, emergence of new 

crop diseases and change in weather patterns (Fig. 4) 
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Figure 4: Factors attributed to change in pest trends as perceived by farmers in Embu 

County 

 

4.3.2.3 Importance of pests 

Thrips were ranked as the most important pest by the farmers.  A significantly higher (P≤0.05) 

percentage of the farmers (85 %) in UM1 perceived thrips as very important pests whereas in 

UM2 and UM3 there were only 25 % and 5 % respectively. Significantly high (P≤0.05) percent 

of farmers, 60 % in UM3 recognized thrips as slightly important compared to 25 % in UM2 and 

0.0 % in UM1. Significantly high (P≤0.05) proportion of farmers 35 % in UM2 recognized 

nematodes as very important compared to 10 % in UM3 and 5 % in UM1. 
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A significantly high proportion of farmers reported banana weevil to be moderately important 

(45 % in UM3, 20 % in UM1 and 5 % in UM2). A small proportion of farmers (20 % in UM3 

and none in UM1 and UM 2) reported banana weevil as very important.  There were significantly 

high (P≤0.05) differences between the proportions of farmers who reported banana weevil as a 

slightly important pest with 35 % of farmers in UM1, 10 % in UM3 and 5 % in UM2 (Table 8). 

 

Table 8: Ranking of pests as perceived by banana farmers in Embu County 

Pest Importance 

 Thrips Nematodes Banana Weevil 

AEZ Very Moderately 

 

Slightly 

 

Very 

 

Moderately 

 

Slightly 

 

Very 

 

Moderately 

 

Slightly 

 

UM1 85a 15a 0.0c 5b 20a 35a 0.0b 20ab 35a 

UM2 25b 45a 25b 35a 20a 10a 0.0b 5b 5b 

UM3 5b 35a 60a 10b 35a 10a 20a 45a 10b 

Rank 1 2 3 

Percentages of farmers followed by different letters along each column are significantly different 

at P≤0.05. 

 

4.3.2.4 Banana thrips 

Farmers in all the three agro-ecological zones reported to have noticed thrips damage on their 

banana of 100 % in UM1, 100 % in UM2 and 95 % in UM3 as shown in table 9. A significantly 

high (P≤0.05) proportion of farmers (47 %) in UM1 reported upto 75 % of the crop to have been 

damaged compared to 5 % in UM2 and none in UM3. Seventy percent (70 %) of the farmers in 

UM3 which was significantly high (P≤0.05) reported that less than 10 % proportion of their crop 

was damaged compared to 30 % in UM2 and 10 % in UM1 (Table 9). 
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Table 9: Proportion of farmers who noticed part of the crop was damaged by thrips in 

Embu County 

% of farmers 

 

AEZs 

Proportion of the crop damaged 

Less than 10 % Upto 25 % Upto 50 % Upto 50 % Over 75% 

UM1 10b 10a 35a 47a 0.0a 

UM2 30b 40a 25a 5b 0.0a 

UM3 70a 10a 10a 0.0b 0.0a 

Percentages of farmers followed by different letters along each column are significantly different 

at P ≤ 0.05. 

 

4.3.2.5 Seasonal thrips damage on banana 

The majority of farmers in all zones reported that thrips damage varied across the year. High 

proportions of farmers indicated that hot and dry season had the most severe damage (Table 10). 

 

Table 10: Farmers perception of thrips damage across the year and season most severe in 

Embu County 

% of farmers 

 

AEZs 

Season when thrips damage is most severe 

Dry and Hot Cool and Dry Cool and Wet Warm and Wet 

UM1 70a 10a 20a 0a 

UM2 65a 15a 5a 15a 

UM3 60a 20a 10a 10a 

Percentages of farmers followed by similar letters along each column are not significantly 

different at P≤0.05 
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4.3.2.6 Loss of marketability 

A significantly high (P ≤0.05) percent (65 %) of farmers in UM1 indicated that a proportion of 

upto 25 % of fingers was damaged by thrips compared to 20 % in UM2 and 5 % in UM3 areas 

whereas a significantly high proportion of farmers (60 % in UM3 and 45 % in UM2) reported 

0% damage on the fingers (Table 11). 

 

Table 11: Marketability loss assessment due to thrips damage on banana fingers in Embu 

County 

% of farmers  

 

AEZs 

Proportion of fingers damaged   

0 % 10 % Upto 25% Upto 50 % More than 

50% 

UM1 10b 10 65a 10a 5a 

UM2 45a 30 20b 0.0a 0.0a 

UM3 60a 30 5b 0.0a 0.0a 

Percentages of farmers followed by different letters along each column are significantly different 

at P≤0.05. 

 

4.3.2.7 Control of thrips 

High proportion of farmers in all zones reported not to have taken any measure to control thrips. 

(100 % in UM3, 85 % in UM2 and 80 % in UM1). Use of chemicals was reported by 15 % and 

10 % of the farmers in UM1 and UM2 respectively. A small proportion of 5 % in UM2, applied 

botanical extracts (Table 12). 
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Table 12: Thrips control measures taken by banana farmers in Embu County 

% of Farmers 

AEZ No Measures taken Application of 

botanical extracts 

Application of chemicals 

UM1 80a 0a 15a 

UM2 85a 5a 10a 

UM3 100a 0a 0a 

Percentages of farmers followed by different letters along each column are significantly different 

at P≤0.05. 

 

4.3.3 Market and agricultural information 

4.3.3.1 Market information 

A higher proportion of farmers relied on their neighbours as the main source of banana market 

information as shown in fig 5. Only 20 % of the farmers got information from radio whereas a 

much smaller proportion obtained market information from other sources such as the internet and 

print media. Extension officers were the second preferred source of market information. 

 

Figure 5: Farmers sources of market information in Embu County 
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4.3.3.2 Membership to social groups 

Majority of the farmers or their family members belonged to one or more social or community 

based organization.  A higher proportion (45%) had membership to women groups, while 42.5 % 

were members of co-operative societies. Membership to microfinance was 8.8 % whereas 

farmers associations, community/ village group and community marketing groups had a 

membership of 1.3% which was much lower compared to other organisations (Fig. 6). 

 

 

Figure 6: Membership of banana growers to social and community groups in Embu 

County. 
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4.3.3.3 Services rendered by social/community groups 

Farmers who were accrued some benefits from membership to various social organizations with 

a proportion of 44.2 % receiving loans from their organizations. Other benefits were savings, 

training and input access (Fig. 7). 

 

 

Figure 7: Services rendered to farmers by social and community groups in Embu County 

 

4.3.3.4 Sources of agricultural information 

All farmers interviewed ranked government extension officers as their most preferred source of 

agricultural information. Other sources cited were private extension, neighbours, field days, 

other farmers, field days and NGO’s in order of decreasing importance (Fig. 8).  
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Figure 8: Sources of agricultural information for farmers in Embu County 
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4.4 Discussion 

Gender of the farmers who were interviewed showed that the majority of household heads were 

male hence the responsibility to make decisions on which crops to grow and technologies they 

should adopt on their farms. This agrees with a study conducted by Raphael (2013) in Maragua, 

Kenya which showed that majority of the households heads in banana farms were males. The 

findings also concur with studies done by Ogunsumi, (2007) on the socio-economic conditions of 

peasant farmers in Southwest Nigeria, which showed that the majority of the respondents who 

were interviewed were male household heads and decisions on agriculture activities were 

influenced by the heads. The findings also relate to Iwueke (2006) on farmer related factors 

influencing the adoption of agricultural innovations in Imo. 

 

The age of the respondents was varied with the majority of the household heads aged above 50 

years. Old farmers are less amenable to change from their way of doing things as their age 

represents experience in farming. These results suggest that older farmers are less likely to adopt 

new thrips management technologies than younger farmers. As with experience and age, many 

famers stick to the old ways of farming rather than trying new techniques, probably due to their 

risk averse tendencies (Deressa et al. 2010). However, older farmers have attained hands-on 

experience with time and have more exposure to credit and extension services unlike younger 

farmers.  

 

The education levels of the household heads were varied from primary to university with primary 

level being the majority. A study done by Njoku (1991) found that farmers age and education 
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level influence the level of technology adoption on smallholder farms. Thi and Yamada (2002) in 

their studies indicated that technology adoption was found to be positively related to the 

education level of the farmer. Education is key to improving agricultural production especially 

on decision making regarding new technologies. Education is widely considered to be the most 

important form of human capital (Schultz, 2005). Low level of formal education is a barrier in 

disseminating useful information and the rate of adoption varies from farmer to farmer 

depending upon the situation and availability of information sources (Taley and Khadase, 2006). 

In particular, highly educated farmers tend to adopt productive innovations faster than those who 

are relatively poorly educated (Basu et al., 2002). Knight et al. (2003) have found that the 

schooling of the head of the household reduces risk aversion and encourages the adoption of 

agricultural innovations in rural Ethiopia. According to Akinbile (2003), the more literate 

farmers are, the more they are likely to comprehend technologies. Primary education level being 

the majority coupled with old age may affect negatively adoption of new thrips management 

technologies. 

 

The majority of farmers had more than one main source of income. This meant that they had 

some income at their disposal to access inputs, quality planting materials and information. 

Farmers endowed with resources such as livestock are more likely to access information on new 

agricultural technologies and consequently adopt them unlike the resource-poor ones (Bationo et 

al., 2004, Dutta, 2009). 

 

The average size of the land owned was 1.96 acres which corroborates a study by Enoch et al., 

2013 who reported that the average size of land in major banana growing areas of Kenya is less 
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than 5 acres. This is contrary to studies by Qaim, 1999 who reported that the average size is less 

than 0.5 acres. All banana farmers grew other crops in their farms with the selection of crops 

mostly being dictated by the agro-ecological zone. The types of crops grown may have a 

negative impact on farm thrips populations, since they are polyphagous and the crops grown 

could serve as alternate hosts. 

 

Thrips were ranked as the most important pest in all zones. This could have been because their 

attack causes silvery blemishes on fingers that are easily visible and this has a bearing on the 

average price of a damaged bunch. Bunches are visually inspected for the presence of thrips 

damage, hence the price negotiated with the buyer according to the percentage of the damage 

with prices dropping to even less than half of the undamaged bunch. Thrips attack was perceived 

to be  most severe during dry and hot seasons. This is in agreement with studies done by Nyasani 

et al. (2012), Stacey and Fellowes (2002) and Pearsall and Myers (2001) who showed that 

temperature affects the development rate of thrips and consequently their population dynamics 

positively.  

 

Farmers in UM1 and UM2 reported high losses due to thrips compared to those in UM3. This 

could be attributed to cropping systems practiced and varietal influence on thrips infestations. 

Most of the farmers who were interviewed did not undertake any control measures in all the 

zones despite having noticed the damage. This could have been due to the limited pest 

management knowledge that left farmers with no options.  

 

http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2011.01217.x/full#b41
http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.2011.01217.x/full#b36
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All farmers who were interviewed belonged to social/ community based groups. These groups 

help members to gain access to credit, extension services and collective purchase of inputs 

(Owuor et al., 2004). Farmer groups have also become entry-points for the Non-Government 

Organisation (NGOs) and other organisations promoting agricultural development to reach many 

targeted farmers and reduce cost of operations. According to Owuor et al. (2004), farmer groups 

were effective, especially in pooling external inputs, lobbying for favorable policies and 

disseminating market information in Kenya. This is critical for banana farmers especially in 

marketing of the crop. Thus, farmers that are members to a group are likely to produce more and 

consequently sell more due to skills and joint learning among them as opposed to those who do 

not belong to any group.  

 

The majority of farmers obtained market information from their neighbours. The information 

mostly involved the price per kilo or per bunch offered by the buyers. According to Uematsu and 

Mishra, (2010) farmers with higher education have better access to information and knowledge. 

This form of information exchange coupled with unorganized marketing platform and lower 

education levels may negatively affect the returns that farmers accrued from banana farming as 

they may not be able to get up to date market information.  Farmers with wider market 

information may avoid losses especially in terms of surplus. Kamara, et al. (2002) observed that 

large quantities of agricultural commodities which are produced by farmers tend to rot away un-

marketed, while the smallholder farmers do not have the technology for timely consumption. 

 

Agricultural productivity is improved by relevant, reliable and useful information and knowledge 

(Demiryurek et al., 2008), thus agricultural information is essential for improving agricultural 
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production. Farmers had many sources of agricultural information such as government extension, 

private extension, NGOS, mass media, neighbours and other farmers. Government extension 

services were the most preferred source of agricultural information and this could be attributed to 

the built-in feedback potential and the fact that the source is highly credible (Rogers, 1995). 

 

4.5 Conclusion 

1) Thrips cause significant losses in banana. 

2) Farmers do not seem to apply any thrips control measures. 

3) The farmers perceive that damage is more severe during hot and dry season. 

 

4.6 Recommendations 

1) Although banana farmers in Embu could identify thrips damage and seasons when 

damage is severe, there were no clear thrips management strategies deployed by the 

farmers. There is need for entomologists to develop integrated and cost effective 

strategies that can be adopted by farmers. 

2) More research also needs to be directed on varietal influence and soil fertility to increase 

banana production. 
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CHAPTER FIVE 

EFFICACY OF POLYTHENE SLEEVES AND PLANT EXTRACTS IN THE CONTROL 

OF BANANA THRIPS 

Abstract 

Thrips have become a major problem in agriculture particularly in horticulture, with their pest 

status seemingly increasing on a wide range of crops worldwide. Two field experiments were 

conducted to determine the efficacy of different coloured polythene sleeves and plant extracts in 

the control of banana thrips. The first experiment was conducted to determine the effect of 

polythene bunch covers on thrips in banana. Four differently coloured sleeves which consisted of 

black, blue, yellow and clear were evaluated against untreated control. 

The second experiment was carried out to assess the efficacy of different plant extracts against 

thrips in banana. The rates were Imidacloprid (Confidor®) (5g/20l), neem leaves extract 

(1000g/20l), Garlic bulb extract (1000g/20l) and pepper (500g/ 20l). In both experiments, 

treatment applications started at the flowering stage when thrips were expected to infest the male 

flower buds. 

This study showed that all polythene bunch covers across the three zones had similar level of 

control. Black polythene resulted to the scorching of bunches in lower and mid zones. 

Imidacloprid (Confidor®) had significantly (P ≤ 0.05) higher efficacy on thrips compared to 

neem, pepper and garlic treatments. Bunches sprayed with the neem extract had significantly less 

damage compared to garlic and pepper whereas those sprayed with pepper had the highest 

damage symptoms. The results obtained from this study show that plant extracts have some 

effect on thrips albeit with varying levels thus they can be deployed as alternatives for thrips 

management on banana and as a tool for insecticide resistance management.  
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5.1 Introduction 

Thrips (Thysanoptera: Thripidae) are one of the most significant agricultural pests globally 

because of the damage they inflict on a wide range of crops. They have been ranked as primary 

pests of many horticultural crops in Kenya. According to Nderitu et al. (2008) and Nyasani et al. 

(2013) thrips are the most important pests of French beans causing up to 60 % losses. Adults and 

larvae feed by piercing plant tissues with their needle-shaped mandible and sucking the contents 

of punctured cells (Kirk, 1997b). Feeding by adults and larvae produces scarring on foliage, 

flowers and fruits, which results in aesthetic crop damage and disrupts plant growth and 

physiology. Also, oviposition produces wound responses in fruiting structures, which reduces the 

marketability of certain horticultural produce (Childers, 1997). 

 

Thrips cause silverly scarring on banana thus reducing their marketability since consumers use 

visual quality to purchase fresh produce (Shewfelt, 1999; Shewfelt, 2009). Banana bunches with 

thrips scarring have less demand at the market level as consumers prefer large fruits that are 

blemish-free (Johns, 1996). The supply of blemish-free fruit is difficult due to various types of 

mechanical injury and insect damage imparted on the delicate peel surface during growth and 

development, with wind and insects being the principal agents of this damage (Anon, 2003). Pre-

harvest insect feeding has been shown to be a main cause of peel damage to the banana fruits 

(Shanmugasundaram and Manavalan, 2002).  

 

Methods for banana thrips management are still limited but use of polythene bags as bunch 

covers has been shown to protect fruits from insect attack (Amarante et al., 2002). Wind blows 

dust and debris which hit the delicate outer skin causing cellular damage and subsequent fruit 
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scarring. Considerable physical injury and damage to the fruit peels can also be caused by the 

blowing of adjacent leaves and rubbing of leaf petioles onto the developing bunch (Anon, 2003). 

This chaffing from leaves during growth is eliminated by bunch covers (Weerasinghe and 

Ruwapathirana, 2002). Bunch covers of various colours and conditions (perforated and non-

perforated) have been extensively used in both tropical and subtropical banana growing countries 

with the aim of improving yield and quality (Stover and Simmonds, 1987; Robinson, 1996). 

Improved quality includes appealing skin colour, reduced sunburn, reduced fruit splitting, 

increased finger length and bunch weight among others (Robinson, 1996; Amarante et al., 2002). 

Bunch covers have also been used to protect bunches from low temperatures, especially in 

temperate countries (Gowen, 1995; Robinson, 1996; Harhash and Al-Obeed, 2010). Indeed 

bagging has been shown to reduce winter stress under supra-optimal condition which resulted in 

early fruit maturation (Jia et al., 2005). This is due to enhanced physiological and metabolic 

activities provided by the microclimate which is created by bagging (Johns and Scott, 1989a). 

 

Plant extracts have been shown to repell insect attack on crops (Talukder, 2006, Sahayaraj, 

2008). The practice of using plant derivatives or botanical insecticides in agriculture dates back 

at least two millennia in ancient China, Egypt, Greece and India (Isman, 2006). Plant derived 

materials are more readily biodegradable, less likely to contaminate the environment and may be 

less toxic to mammals (Isman, 2006). A great number of plant species from a wide range of 

families have been assessed for their toxic, antifeedant and repellant properties on pests (Isman, 

2006; Talukder, 2006; Dubey et al., 2008; Ogunleye et al., 2010). 

Plant extracts possess one or more useful properties such as repellency, antifeedant, fast knock 

down, flushing action, biodegradability, broad-spectrum of activity and ability to reduce insect 
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resistance (Hazarika et al., 2008). Some of them have weak insecticidal effects or may require 

other plant species with different modes of action to increase their potency (Oparaeke, 2004). 

 

Botanical pesticides are extracted from various plant parts as leaves, stems, seeds, roots, bulbs, 

rhizomes, unripe fruits and flower heads of different plant species. Botanical pesticides are hailed 

for having a broad spectrum of activity, being easy to process and use, having a short residual 

activity and for not accumulating in the environment or in fatty tissues of warm blooded animals, 

(Philip and Robert, 1998). Their modes of action against pests are diverse. Natural compounds 

are well suited to organic food production in industrialized countries and can play greater roles in 

the protection of food crops in developing countries. Some plant based insecticides such as neem 

products, pyrethroids and essential oils are already used to manage pest populations on a large 

scale. They are environmentally safe, less hazardous, economic and easily available (Mamun, 

2011). However,  there  are  no  reports  of studies  done  in  Kenya  on  management  of thrips in 

banana.  

 

This study was therefore undertaken to assess the effect of polythene bunch bagging and use of 

plant extracts on the percentage and intensity of damage on banana fruits in Embu County. 
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5.2 Materials and methods 

5.2.1 Study area 

Two studies were carried out in the six already established banana orchards in Runyenjes sub-

county which lies between 1,200 – 2070 m above sea level. The annual average rainfall is 

between 1000 – 2000 mm and distribution is bimodal.  The area was stratified into three agro-

ecological zones (AEZ) namely; Upper highland (UM1), mid highland (UM2) and lower 

highland (UM3), (Jaetzold et al., 2006).  

 

 5.2.2 Effect of botanical extracts in the management of banana thrips 

Three farms were selected one in each of the three agro-ecological zones (UM1, UM2 and UM3) 

with good banana stands. Randomized complete block design (RCBD) was used to lay the 

experiment. Each farm was subdivided into three equal blocks. Each block was then divided into 

five equal plots of banana stools and the treatments were randomly assigned into each plot. The 

treatments were; Neem, Garlic, Pepper, Imidacloprid (Confidor®), and the control (untreated) 

which were replicated three times. Crude plant extracts were prepared as follows;  

 

One kilogram of fresh leaves of Azadirachta indica (neem) were obtained from a private farm in 

Runyenjes, Embu County. They were picked from the plant and placed in polythene bag. They 

were then crushed and covered with a clean cloth then soaked in 20l water for 24 hours.  

one kilogram of Allium sativum (garlic) bulbs was sourced in Embu town vegetables market and 

placed on clean polythene bag. The bulbs were then crushed and covered with a clean cloth then 

soaked in 20l water for 24 hours. 
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500g of Capsicum frutescens (pepper) was sourced in Embu town vegetables market and placed 

on clean polythene bag. The pepper were then cut into small pieces then boiled in 5l of water to 

make a strong tea and mixed with 20l of water.  

 

Imidacloprid (Confidor®) dosage rate was used according to the label recommendation for thrips 

on snap beans which was 5 g per 20l of water. The application was done in the morning hours 

using 20l knapsack sprayer and the applications were repeated once weekly for four weeks. 

 

 

Damage assessment for thrips was then carried out when the fingers were ¾ mature using silvery 

patches on banana fingers. Percentage surface area damaged was rated based on the Merz 0 to 6 

scale (Merz, 2000), adopted for surface area covered by damage instead of lesions where, 1 = 0 

to 2%, 2 = 2 to 5%, 3 = 5 to 10%, 4 = 10 to 25%, 5 = 25 to 50% and 6 = > 50% of the surface 

area covered by thrips damages. Incidence of thrips damage was determined by counting the 

number of damaged fingers over the total number of fingers per bunch. 

. 

5.2.3 Effect of polythene bunch covers in management of banana thrips  

One farm was selected in each of the three agro-ecological zones (UM1, UM2, and UM3) with 

good banana stands. Randomized complete block design (RCBD) was used to lay the 

experiment. Each farm was subdivided into three equal blocks. Each block was then divided into 

five equal plots and the treatments randomly assigned into each plot. The treatments were four 

different coloured (Blue, Black, Clear, Yellow) polythene sleeves measuring 30 x 36˝and control 

(uncovered) which were randomly assigned into each plot then replicated three times. 
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The bags were perforated using a needle to avoid the build-up of excessive humidity and heat. 

They were put when the inflorescence were emerging and firmly tied at the basal end using a 

rubber band. The bags were removed after 20 days and firmly tied on the stem as a mark. The 

male bud (distal end) was removed immediately (as per farmer cultural practices).  

Damage assessment for thrips was as described in 5.2.2. 

 

5.2.4 Data analysis 

Data was subjected to analysis of variance (ANOVA) using Microsoft Excel version 2010 and 

SAS 9.2 statistical packages for analysis of variance (ANOVA). Significantly different means at 

P ≤0.05 were separated using the Tukey-Kramer’s HSD comparison test. 
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5.3 Results 

5.3.1 Effects of differently coloured polythene bunch covers on thrips damage severity 

All polythene bunch covers applied successfully reduced the percentage of scarring and was 

significantly different from the control in all the zones (Table 13), and there was no significant 

difference between the different coloured bunch covers among themselves and across the zones.  

 The total damage on bunches was rated between 1-5 % in all the zones thus marketability was 

not affected.    

 

Table 13: Effects of polythene bunch covers on severity of damage by thrips on banana 

fingers across the zones based on the Merz 0 to 6 scale in Embu County 

Percentage damage followed by different letters in each column are significantly different at 

P≤0.05 

 

5.3.2 Effects of black polythene on fingers 

Bunches covered with black polythene exhibited some scorching effect on fingers across the 

zones. UM2 and UM3 expressed higher percent of fingers scorched on the first two hands on the 

side with direct sunlight. 

Treatment  scarring / silvery blemishes (Rating) 

 UM1 UM2 UM3 

Blue 1b 1b 1b 

Black 1b 1b 1b 

Yellow 1b 1b 1b 

Clear 1b 1b 1b 

Uncovered 6a 6a 5a 
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5.3.3 Effects of plant extracts on thrips damage incidence on banana fingers across the 

zones 

Thrips damage was evident in all the experimental plots as silvery patches appeared on fingers.  

Thrips damage incidence was significantly (P≤0.05) high on the unsprayed and the plots sprayed 

with pepper which was visible as the fingers attained their physiological maturity. Significantly 

(P≤0.05) fewer fingers were damaged from bunches on the plots sprayed with Imidacloprid 

(Confidor®). Bunches sprayed with neem and garlic extracts did not differ significantly (P≤0.05) 

with regard to thrips damage incidence (Table 14). 

 

Table 14: Effects of plant extracts on incidence of damage by thrips  

Means followed by different letters in each column are significantly different at P≤0.05 

 

The damage severity by thrips varied significantly among different treatments. Bunches from the 

plots sprayed with Imidacloprid (confidor®) had fingers with significantly lower percent of 

scarring compared to all the other treatments in all the agro-ecological zones. In UM1 the 

scarring was  about 1-5 % of the total surface area of fingers damaged, In UM2, percentage of 

scars/ blemishes on the bunches from the plots sprayed with Imidacloprid (confidor®) did not 

differ significantly with those from plots sprayed with neem. Plots that were sprayed with neem 

 

Treatment 

AEZs 

UM1 UM2 UM3 

Confidor® 12.2d 11.2d 11.5d 

Neem 21.9c 21.5c 22.9c 

Garlic  24.9c 25.5c 25.0c 

Pepper 40.9b 40.6b 41.0b 

Unsprayed 65.6a 65.8a 66.1a 
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and garlic did not differ significantly however the level of damage was significantly lower than 

those that were sprayed with pepper and the unsprayed ones. The plots sprayed with pepper had 

the highest level of damage compared to other extracts. There was no significant difference 

between bunches sprayed with pepper and those from the unsprayed plots (Table 15). 

 

Table 15: Thrips damage severity per finger across the zones based on the Merz 0 to 6 scale 

Percentage damage followed by different letters in each column are significantly different at 

P≤0.05 

  

 

 

 

 

 

 

 

Treatment 

                                 % scarring 

UM1 UM2 UM3 

Confidor® 1c 1c 1c 

Neem 3b 2bc 3b 

Garlic 3b 3b 3b 

Pepper 5a 5a 5a 

Unsprayed 6a 5a 6a 
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5.4 Discussion 

In the present study, differently coloured polythene bags attained high control of thrips and this 

could be attributed to the physical barrier they offered to thrips thus limiting access to the 

forming fingers. Since bunch covers were placed only for the limited period of flowering and 

finger formation, thrips severity reduction therefore indicated that thrips infest and inflict 

scarring damage on banana at the flowering stage and during the fruit formation. Timely 

placement of the polythene bags at the emergence of inflorescence therefore provided a physical 

barrier for thrips to access the forming fingers. This could be possibly because the fruits were 

protected from the thrips during the pollen collecting time, which is a  prominent source of 

protein for thrips to produce an egg (Tsai et al., 1996). Studies on citrus have demonstrated that 

late placement of 3–5 weeks after flowering increased the severity of fruit damage (Hasyim et 

al., 2003). Scarring on young fingers leaves a characteristic silvery appearance (De Jager, 1995). 

Damage to plants may also occur when females use their sharp ovipositors to insert eggs into the 

plant tissues (Jensen, 2000). High reduction on the percentage of scarring by the polythene bag 

was possibly due to the effective barrier of that treatment to cut off the lifecycle of the thrips. 

 

Bunches from the plots covered with black polythene bags in UM3 and UM2 zones 

demonstrated scorching effect on the fingers and this could be attributed to the heat absorbing 

effect of the black coloured materials due to high daily temperatures in lower altitudes. Black-

plastic when struck by sunlight, absorbs most of the energy at all the wavelengths of significance 

as ultra-violet, visible, and infrared then re-emits that energy as long wavelength thermal 

radiation. This contradicts earlier studies that showed bagging of bananas resulted in sun 
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scorching of the fruits irrespective of the colour of the bunch covers (Weerasinghe and 

Ruwapathirana, 2002).  

 

Observation on bunches from the plots sprayed with Imidacloprid (confidor) showed a high 

reduction in damage level. Dzemo et al., (2010) observed that chemicals provide a rapid, 

effective and dependable means of controlling complexes of insects. The nymphal thrips were 

found to be more sensitive to the test insecticide than the adult thrips as a result of their larger 

numbers, low mobility, confined habit and gregarious feeding on the plants. Imidacloprid has a 

systemic mode of action thus its ability to be translocated to all parts of the crop even with poor 

coverage thus enhancing its efficacy.  

 

Bunches from the plots sprayed with neem had a significant reduction in damage severity. Neem 

contains azadirachtin which has a broad mode of activity, working as a anti-feedant, insect-

growth regulator, repellent, and sterilant; and it may also inhibit oviposition or hatching (Isman, 

2006). The garlic sprayed plots also resulted in reducted severity of the damage. These findings 

agrees with a  study by Ekesi (2000) who reported that crude extract of garlic bulbs and neem 

extracts significantly reduced egg viability thus minimizing the gregarious larvae stage which is 

more destructive.. The insecticidal and repellent activity of garlic has been widely reported 

(Rahman and Motoyama, 2000; Amiri, 2009). The bulb of garlic has been reported to possess 

insect controlling properties with repellant, antifeedant, bactericidal, nematicidal and fumigant 

mode of action that kill aphids and other soft bodied pests (Grainge et al.,1985). Jacquelin du Val 

indicated that two essential oils in garlic and onion had potent fumigant activities (Isikber, 2010). 
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Osipitan and Mohammed (2008) reported the ability of garlic to repel borers, fleas, ticks and 

thrips.  

 

Capsicum frutescens and Capsicum annum have insecticidal properties (Oni, 2009). Pepper 

derivatives have been regarded as safe, affordable and effective natural plant products with some 

degree of medicinal and insecticidal properties (Ashamo, 2007; Oni, 2009; Adedire and Lajide, 

2001). However, in this study pepper was found to be ineffective for thrips management as its 

treatment had the highest damage levels. 

 

5.5 Conclusion 

The study has shown that the various thrips management approaches which were applied have 

considerable potential for managing thrips in Embu County. The percentage damage on the 

bunches was found to reduce with the placement of polythene bunch covers. Imidacloprid 

(Confidor®) and sleeves offered the best protection resulting in higher quality of fingers. There 

was a remarkable reduction in damage by neem and garlic extracts. Farmers can use the 

combination of these strategies for effective thrips management hence high banana quality. The 

use of any of the management strategy would therefore depend on the availability, cost, 

environmental sustainability and compatibility with the farming systems and production practice 

in the zone. The placement of sleeves and plant extracts must coincide with the most vulnerable 

growth stages of the crop and high risk period of insect pest infestations.  
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5.6 Recommendations 

1) All polythene bags can be adopted for thrips management except the black coloured one 

due to scorching effect. 

2) The Imidacloprid (Confidor®), neem and garlic maybe used interchangeably to manage 

thrips to avoid dependence on a single tactic that would lead to the build up of resistance. 

3) Further work needs to be done to verify the economic efficacy of these management 

strategies under multiple seasons and locations. 
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CHAPTER SIX 

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 General discussion 

Thrips can contaminate a wide variety of commodities because of their small size, ability to build 

to high numbers, cryptic behavior, egg deposition inside plant tissue and a propensity to secrete 

themselves in tight spaces (Morse and Hoddle, 2006). They preferentially reside within flowers 

or other concealed, protected places on plants (Hansen et al., 2003; Kirk, 1997a). This 

thigmotactic behavior of thrips limits their exposure to many foliar applied insecticides. Also, the 

anthophilous nature of western flower thrips limits their exposure to systemic insecticides, which 

are not readily transported into floral tissues (Cloyd and Sadof, 1998; Daughtrey et al., 1997). 

They feed on plant tissue by piercing and sucking sap, resulting in tissue scarification and 

depletion of the plant’s resources (Welter et al., 1990; Shipp et al., 1998). The scarification 

reduces the photosynthetic capacity of leaves and causes blemishes on fruits.  

 

Several species infest the male flower buds resulting into scarification of young fingers as they 

emerge. Okwakpam (1967) found that any plant in Nigeria is attacked by one or more thrips 

species. This is in conformity with Higgins (1992) observation, in which he noted that different 

crops normally have a different number of species of thrips on them whereas he found two 

species on tomatoes, there were 29 species infesting barley. 

 

Majority of banana farmers are old and with low levels of education and this may affect the 

adoption of new technologies in thrips management.  Njoku (1991) found that farmers age and 

education level influence the level of technology adoption on smallholder farms. Thi and Yamada 
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(2002) in their study indicated that technology adoption is positively related to the education 

level of the farmer. Education is key to improving agricultural production especially on decision 

making regarding new technologies. It is also widely considered to be the most important form 

of human capital (Schultz, 2005). Low level of formal education is a barrier in disseminating 

useful information and the rate of adoption varies from farmer to farmer depending upon the 

situation and availability of information sources (Taley and Khadase, 2006).  

 

In particular, highly educated farmers tend to adopt productive innovations earlier than those 

who are relatively poorly educated (Basu et al., 2002). Knight et al. (2003) found that schooling 

of the head of the household reduces risk aversion and encourages the adoption of agricultural 

innovations in rural Ethiopia. According to Akinbile (2003), the more literate farmers are, the 

more they are likely to comprehend technologies. Primary education level being the highest level 

of education attained by most household heads coupled with old age may affect negatively 

adoption of new thrips management technologies. 

 

Thrips cause silverly scarring on banana fingers thus reducing their marketability as consumers 

use visual quality to purchase fresh produce (Shewfelt, 1999; Shewfelt, 2009). The management 

of thrips using polythene bunch covers demonstrated their ability to offer physical barriers for 

thrips to access the male flower buds (Amarante et al., 2002). The colour of polythene bunch 

covers had no effect on scarring; however black coloured ones had fingers with sun burns. 

 

The plant extacts which were applied exhibited a good level of control of thrips with neem and 

garlic reducing the level of damage. Neem contains azadirachtin which has a broad mode of 
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activity, working as a feeding deterrent, insect-growth regulator, repellent and sterilant; and it 

may also inhibit oviposition (Isman, 2006). Ekesi (2000)  reported that crude extracts of garlic 

bulbs and neem extracts significantly reduced egg viability thus minimizing the gregarious larvae 

stage which is more destructive.The insecticidal and repellent activity of garlic has been widely 

reported (Rahman and Motoyama, 2000; Amiri, 2009). 

 

6.2 Conclusions 

Banana is a major crop in Embu County and hosts several thrips species throughout the cropping 

seasons. These thrips cause significant qualitative yield losses as the bunches with damaged 

fingers are either bought at lower prices per kilogram or rejected altogether. Most farmers notice 

the thrips damage but no management measures have been instituted so far. Use of polythene 

bunch covers and plant extracts as neem and garlic would help to manage thrips thus reduce 

losses which farmers incur. 

 

6.3 Recommendations 

1). Having established that thrips species infesting banana vary, there is need to undertake further 

studies to identify the actual species that cause damage and which banana cultivars are more 

susceptible. 

2). There is no thrips management strategy on banana in place, therefore further research needs 

to be carried out to offer a holistic management tactic that is not stand alone. 

3). The cost of management practices is dependent on the value of the crop, therefore further 

research on cost benefits ratio of any management strategy proposed needs to be done. 

 



 

 

  

 

73 

REFERENCES 

 

Adedire, C. O. and Lajide, L. (2001). Efficacy of powders of some tropical plants in the control 

of the pulse beetle, Callosobruchus maculatus The Effect of Storage on the Efficacy 

of Eugenia Aromatica (baill.) in the control of Callosobruchus Maculatus. Appl. 

Trop. Agric. 6: 11-15. 

Akemo, C.M., Kyamanywa, S., Ssekyewa, C., Luther, G.E., Wilson, H., Erbaugh, M. and 

Warren, H. (1999). Developing IPM systems for tomato diseases and pests in central 

Uganda. p. 117–121. In: “Integrated Pest Management Collaborative Research 

Support Program (IPM CRSP)”.  

Akinbile, L. A. (2003). Technology dissemination, agricultural productivity and poverty 

reduction in the rural sector of Nigeria. In: F Okunmadewa (Ed.): Poverty Reduction 

and the Nigeria Agricultural Sector. Ibadan: Elshaddar Global Ventures Ltd., pp. 58-

78. 

Alabi, D.A., Akinsulire, O.R. and Sanyaolu, M.A. (2004). Nutritive and Industrial Utility values 

of African locust bean seeds Parkia biglobosa (JACQ). Benth. Proc. Sci. Ass. Nig. 25: 

105-110. 

Amarante, C., Banks, N.H. and Max, S. (2002). Effect of preharvest bagging on fruit quality and 

postharvest physiology of pears (Pyrus communis). New Zealand J. Crop and Hortic. 

Sci., 30: 99-107. 

Amiri, B. B. (2009). Toxicity evaluation of Tracer, Palizin® , Sirinol® , Runner and Tondexir® 

with and without mineral oils on Phylocnistis citrella Stainton. African Journal of 

Biotechnology 8(14): 3382-3386. 

 



 

 

  

 

74 

Ananthakrishnan, T. N. (1984). Bioecology of Thrips. Indira Publishing House: Oak Park, 

Michigan, page 23. 

Anon (2003). Bunch covers for improving plantain and banana peel quality.National Agricultural 

Research Institute.  Technical Bulletin No. 4. 

Antignus,Y., Mor, N., Ben-Joseph, R., lapidot, M. and Cohen, S. (1996). UV-absorbing plastic 

sheets protect crops from insect pests and visus diseases vectored by insects. 

Environ.Entomol.25:919-924. 

Ashamo, M. O. (2007). Evaluation of contact toxicity and fumigant effect of some plant powders 

against Sitophilus zeamais (Mots.). Proceedings of the Akure- Humboldt Kellong (3rd 

SAAT Annual Conference: Medicinal plants in Agriculture, The Nigeria Experience, 

pp. 64-67. 

Basu, K., Narayan, A. and Ravallion, M. (2002). ‘Is literacy shared within households? theory 

and evidence for bangladesh.’ Labour Economics 8(6), 649–665.  

Bationo, A., Kimetu, J., Ikerra, S., Kimani, S., Mugendi, D., Odendo, M., Silver, M., Swift, M.J., 

Sanginga, N. (2004). The African network for soil biology and fertility: new 

challenges and opportunities. In: Bationo, A. (Ed.), Managing Nutrient Cycles to 

Sustain Soil Fertility in Sub-Saharan Africa. Academy Science Publishers, Nairobi, 

Kenya. 

Bennison, J., Maulden, K., Dewhirst, S.,Pow, E., Slatter, P. and Wadhams, L. (2001). Towards 

development of push-pull strategy for improving biological control of Western 

flower thrips on chrysanthemum. In proceedings of the 7th International symposium 

on thysanoptera. July 2-7,2001. Italy. pp 199-206. 



 

 

  

 

75 

Biruma, M., Pillay, M., Tripathi, L., Blomme, G., Abele, S.,Mwangi, M., Bandyopadhyay, R., 

Muchunguzi, P., Kassim, S., Nyine, M., Turyagyenda, L. and Eden-Green, S. 

(2007).Banana Xanthomonas wilt: A review of the disease, management strategies 

and future research directions. African Journal of Biotechnology 6(8):953-962. 

Bournier, J.D. (1983). A Polyphagous insect. Thrips palmi (karny). Important cotton pests in the 

Philippines. Cotton Fibres. Trop. 38:286-288. 

Brahmachari, G. (2004). Neem- an omnipotent plant. Retrorespection. Chem.Biochem., 5:408-

421. 

Burkett-Cadena, M., Kokalis-Burelle, N., Lawrence, K.S., Van-Santen, E. and Kloepper, J.W. 

(2008). Suppressiveness of rootknot nematodes mediated by rhizobacteria. Biol 

Control 47: 55-59. 

Chellemi, D.O, Funderburk, J.E. and Hall, D.W. (1994). Seasonal abundance of flower 

inhabiting Frankliniella species (Thysanoptera: Thripidae) on wild plant hosts. 

Environmental Entomology 23, 337-342. 

Childers, C. C. (1997). The nature and extent of feeding and oviposition injuries to plants by  

thrips.  pp.  505-537. In: Lewis, T. (ed.), Thrips as Crop Pests. CAB International. 

   Wallingford, UK. 

Childers, C. C. and Achor, D. S. (1995). Thrips feeding and oviposition injuries to economic 

plants,  subsequent  damage  and  host  responses  to infestation. In:  Parker  B.  L, 

Skinner, M., and Lewis, T (eds). Thrips Biology and Management, pp. 633. Plenum 

Press New York, USA.  

Chisholm, I. F. and Lewis, T. (1984). A new look at thrips (Thysanoptera) mouthparts, their 

action and effects of feeding on plant tissue. Bull. Ent. Res. 74: 663-675. 



 

 

  

 

76 

Ciuffo, M., Mautino, G. C., Bosco, L., Turina, M. and Tavella, L. (2010). Identification  of 

Dictyothrips  betaeas the  vector  of Polygonum ring spot virus.  Annals  of Applied 

Biology 157: 299   307. 

Cloyd, R. A. (2009). Western flower  thrips  (Frankliniella  occidentalis).  Management  on 

ornamental crops  grown in  pest technology. Global Science Books. Kansas State 

University, Department of Entomology K S 66506-4004 USA. 

Cloyd, R. A. and  Sadof, C.S. (1998). Flower quality, flower number and western flower density 

on Transvaal daisy treated with granular insecticides. Hort Technology 8, 567 -570. 

Daniells, J., Jenny, C., Karamura, D., and Tomekpe, K., (2001). Musalogue: A catalogue of Musa 

germplasm. Diversity in the genus Musa. Arnaud, E., and Sharrock, S. (Eds.) 

International Network for the Improvement of Banana and Plantain, Montpellier, 

France. 

Daughtrey, M.L., Jones, R.K., Moyer, J.W., Daub, M.E., and Baker, J.R.  (1997). Tospo-viruses 

strike the greenhouse industry. Plant Disease  81 , 1220-1230. 

Dayan, F.E., Cantrell, C.L. and Duke, S.O. (2009). Natural products in crop protection.  

Bioorganic and Medicinal Chemistry, 17, 12, 4022-4034, ISSN 0968-0896. 

De Jager, C.M. (1995). Mechanisms of resistance to western flower thrips in chry-santhemum. 

PhD dissertation, Leiden University, pp 132.  

De Langhe, E. A. (1995). Banana and plantaion. The earliest crops? International Network for 

development of banana and plantain. Montpellier, France. 

De Villiers, E A (1990a). Avocado pests in South Africa. Farming in South Africa, Avokado's H. 

1/1990, pp 3. 



 

 

  

 

77 

Deressa, T. T., Hassan, R. M. and Ringler, C. (2010). Perception and Adaptation to Climate 

Change: The Case of Farmers in the Nile Basin of Ethiopia,The Journal of 

Agricultural Science, 149, 23-31. 

Dobson H., Copper J., Manyangarirwa W., Karuma J.,  and Chiimba, W. (2002). Integrated 

Vegetable Pest Management: Safe and Sustainable Protection of Small-Scale 

Brassicas and Tomatoes, A Handbook for Extension Staff and Trainers in Zimbabwe. 

NRI, University of Greenwich, UK, 179 pp. 

Dubey, N. K., Srivastava, B. and Kumar, A. (2008). “Current status of plant products as botanical 

pesticides in storage pest management,” Journal of Biopesticide, vol. 1, no. 2, pp. 

182–186.  

Dumpe, B.B. and  Ortiz,  R. (1996). Apparent male fertility in musa germplasm. HortScience 31 

(6): 1019-1022. 

Dutta, R. (2009). Information needs and information-seeking behavior in developing countries: A  

review of the research. The International Information & Library Review 41, 44-51.  

Dzemo, W. D., Niba, A. S. and Asiwe, J. A. N. (2010). Effects of insecticide spray application on  

insect infestation and yield of cowpea (Vigna unguiculata L. Walp) in the Transkei,  

South Africa. African Journal of Biotechnology vol. (9) (11). pp. 1673-1679. 

Edmeades, S., Smale, M., and Karamura, D. (2006). Biodiversity of bananas on farms in 

Uganda. Report No. Brief 24, International Food Policy Research Institute and the 

International Plant Genetic Resources Institute, Washingt on, USA. 

Ekesi, S. (2000). Effect of volatiles and crude extracts of different plant materials on egg   

viability of Maruca vitrata  and  Clavigralla tomentosicollis. Phytopara-sitica,   

28:  305–310. 



 

 

  

 

78 

Enoch, M.K, Elizabeth, F. and Matin, Q. (2013).Transformation of global agriculture -food 

systems: trends, driving forces and implications for developing countries. Mobile money, 

market transactions and household income in rural Kenya. Global food discussion papers 

no 22. 

Espino, R.R.C., Jamaluddin, S.H., Silayoi, B., Nasution, R.E. (1992).  Musa L. (edible cultivars).  

In: EWM Verheij, RE Coronel, eds. Plant Resources of South-East Asia No. 2 Edible 

Fruits and Nuts. PROSEA, Bogor, Indonesia.  

FAO (2007). FAOSTAT: Core production data. Food and Agriculture Organization of the United 

Nations, Rome. 

FAO (2009). State of global banana production report  

Funderburk, J. E. (2009). Management of the western flower thrips (Thysanoptera: Thripidae) in 

fruiting vegetables. Florida Entomologist, 92: 1   6. 

German, T. L., Ullman, D. E. and Moyer, J. W. (1992). Tospoviruses:  diagnosis, molecular 

biology, phylogeny, and vector relationships. Annual Review of Phytopathology, 30: 

315 - 348. 

Gowen, S.R. (1995). Bananas and Plantains. Chapman and Hall: London, pp. 382-402. 

Grainge, M., Ahmed, S., Mitchel, W. C. and  Hylin, J. N.(1985). Plant species reportedly 

possessing pest control properties. Resource Systems Institute. College of  Tropical  

Agriculture  and  Human  Resources,  University  of Hawaii, Honolulu. 

Grové, T., Giliomee, J. H., and Pringle, K. L. (2000). Seasonal abundance of different stages of 

the citrus thrips Scirtothrips aurantii on two mango cultivars in South Africa. 

Phytoparasitica 28: 43-53. 



 

 

  

 

79 

Hajek, A. E., Delalibera, I. J. and Butler, L.(2003) Entomopathogenic fungi as classical 

biological control agents. In: Hokkanen H.M.T., Hajek A.E., (eds.) Environmental 

impacts of microbial insecticides, pp. 15 – 34. Dordrecht, The Netherlands: Kluwer 

Academic Publishers. 

Hamdy, M.K. and Salem, M. (1994). The effect of plantation dates of onion, temperature and 

relative humidity on the population density of the onion thrips, Thrips tabaci Lind. in 

Egypt. Ann. Agric. Sci. Univ. Ain. Sham (Egypt). V39 (1):417-424. 

Hansen, E. A., Funderburk, J. E., Reitz, S. R., Ramachandran, S., Eger, J. E., and Mcauslane,  

H. (2003).Within-plant distribution of Frankliniella species (Thysanoptera: 

Thripidae) and Orius insidiosus (Heteroptera: Anthocoridae) in field 

pepper. Environ. Entomol. 32: 1035–1044. 

Harhash, M. M. and Al-Obeed, R. S. (2010). Effect of Bunch Bagging Color on Yield and Fruit 

Quality of Date Palm. American-Eurasian J. Agric. & Environ. Sci., 7(3), 312-319. 

Hashim, M.S. and Devi, K.S. (2003). Insecticidal action of the polyphenolic rich fraction from 

the stem bark of Sterlus asper on Dysdercus cingulatus. Fitoterapia, 74: 670-676. 

Hassani-Mehraban, A., Botermans, M., Verhoeven, J. T. J., Meekes, E., Saaijer, J.Peters, D.  

Goldbach, R. and Kormelink, R. (2010). A distinct Tospovirus causing necrotic 

streak on Alstroemeria sp in Colombia. Archives of Virology 155: 423   428. 

Hazarika, L.K., Barua, N.C., Kalita, S. and Gogoi, N. (2008). In search of green pesticides for 

tea pest management: Phlogocanthus thyrsiflorus experience. In Recent Trends in 

Insect Pest Management, ed. S. Ignacimuthu, S. Jayraj. pp. 79-90. New Delhi, Elite 

Publication, 277 p. 



 

 

  

 

80 

Hermawan W, Nakajima S, Tsukuda R, Fujisaki K, Nakasuji F (1997). Isolation of an antifeedant 

compound from Andrographis paniculata (Acanthaceae) against the diamond back, 

Plutella xylostella (Lepidoptera: Yponomeutidae). Appl. Entomol. Zool. 32:551–559 

Herron, G.A. and James, T.M. (2005). Monitoring insecticide resistance in Australian 

Frankliniella occidentalis Pergande (Thysanoptera: Thripidae) detects fipronil and 

spinosad resistance. Australian Journal of Entomology 44, 299-303 

Higgins, C.J. (1992). Western flower thrips (Thysanoptera: Thripidae) in green-houses: 

population dynamics, distribution on plants, and associations with predators. Journal 

of Economic Entomology 85, 1891-1903 

Hoffman, P.J., Smith, L.G., Joyce, D.C., Johnson, G.I. and Meiburg GF (1997). Bagging of 

mango (Mangifera indica cv. Keitt) fruit influences fruit quality and mineral 

composition. Postharv. Biol. Techn., 12: 83-91. 

 Horticultural Crops Development Authority Kenya, (2008). Report on the state of horticultural 

crops in Kenya. 

Hoyle, E.J.and Saynor, M. (1993). Observations on the effectiveness of trap plants for the control  

of western flower thrips ( Frankliniella occidentalis).  IOBC/ WPRS  

Bulletin 16, 102-104 

Hu, G.B., Chen, D.C, Li, P., Ouyang, R., Gao, F.F., Wang, H.C. and Dong, J.(2001). Effects of 

bagging on fruit colouration and phenylalaine ammonia lyase and polypenoloxidase 

in ‘Feizixiao’. Acta Hortic. 558,273-278. 

IITA (1998) Plantain and Banana Improvement Program-Annual Report for 1997.  International 

Institute of Tropical Agriculture, Onne, Nigeria, 



 

 

  

 

81 

INIBAP  (2000). Bananas. International Network for the Improvement of Banana and Plantain, 

International Plant Genetic Resources Institute. 

International centre of insect physiology and ecology (2008). Report on banana pests.  

International Journal of Tropical Insect Science Vol. 30, No. 2, pp. 77–83. 

Isikber AA (2010). Fumigant toxicity of garlic essential oil in combination with carbon dioxide 

(CO2) against stored-product insects. In: 10th International Working Conference on 

Stored Product Protection. pp. 371-376. 

Isman, M. (1999). “Pesticides based on plant essential oils,” Pesticide Outlook, vol. 10, no. 2, pp. 

68–72. 

Isman M. B. (2006). “Botanical insecticides, deterrents, and repellents in modern agriculture and  

an increasingly regulated world,” Annual Review of Entomology, vol. 51, pp. 45–66  

Iwueke, C.C. (2006).  Farmer related  factors influencing the Adoption  of Agricultural 

Innovations in Imo. Improving farmers’ access to Advice on land State.  An  

unpublished  Ph.D  Thesis,  Dept. of  Agricultural Extension UNN, Nigeria.   

Jaetzold, R., Schmidt, H., Hornetz , B. and Shisanya C., (2006) Farm Management Handbook of 

Kenya, Vol. 11 Natural conditions and farm management information 2nd Eastern, 

Central, Rift valley and Western Kenya. 

Jensen, S.E. (2000). Insecticide resistance in western flower thrips. Frankliniella occidentalis. 

Integrated pest management reviews 5, 131-146. 

Jia, H, Araki and Okamato, G. (2005). Influence of fruit bagging on aroma volatiles and skin 

coloration of ‘Hakuho’ peach (Prunus paesicha Batsch). Postharv. Biol. Technol., 35: 

61-68. 



 

 

  

 

82 

Johns, G.G. and Scott, K.J. (1989). Delaying harvesting of banana  with sealed’ covers on 

bunches . 2. Effect on fruit yield and quality. Austr. J. Exp. Agric., 29: 727-733. 

Johns GG (1996). Effects of bunch trimming and double bunch covering on yield of bananas 

during winter in New South Wales. Austr. J. Exp. Agric., 36: 229-235. 

Jones, D.R. (2000). Diseases of banana, abaca and enset. CABI, London, UK  

Jones, D. R. (2005). Plant viruses transmitted by thrips. European Journal of Plant Pathology 

113: 119-157. 

Karamura, E.B. and Gold, C.S. (2000). The elusive banana weevil cosmopolites sordidus germar.  

Acta Hort. (ISHS) 540:471-485 

Kamara A.B., B. Van Koppen, and L. Magingxa (2002), “Economic Viability of Small-scale 

Irrigation Systems in the Context of State With drawal: the Arabie Scheme in the 

Northern Pronvince  of South Africa”,  Physics and Chemistry of the Earth,  27: 815-

823 

KARI, (2005). Research Priorities at KARI-Thika. Report of the prioritization workshop 

KARI. (2006) French Bean Production manual, KARI, Thika.  

Karungi, J., Adipala E., Ogenga-Latigo M.W., Kyamanywa S. and Oyobo, N. (2000a). Pest 

management in cowpea. Part 1. In-tegrating planting time and plant density on 

cowpea field pests infestation in eastern Uganda. Crop Prot. 19 (4): 231–236. 

Karungi J., Adipala E., Ogenga-Latigo M.W., Kyamanywa S., Oyobo N. and Jackai, L.E.N. 

(2000b). Pest management in cow-pea. Part 2. Integrating planting time and plant 

density and insecticide application for the control of cowpea field pests in eastern 

Uganda. Crop Prot. 19 (4): 237–245. 



 

 

  

 

83 

Kedera, C. and Kuria, B. (2003). Invasive alien species in Kenya: identification of risks and 

management of invasive alien species using the IPPC framework. Proceedings of a 

Workshop in Braunschweig, Germany, 22–26 September 2003, pp. 199–204. 

Kenya National Bureau of Statistics report, 2009. 

Kirk, W.D.J. (1995). Feeding Behavior and Nutritional Requirements. Pp. 21-29 in B.L. Parker, 

M. Skinner and T. Lewis (eds.), Thrips Biology and Management. Plenum Press, 

New York. 

Kirk, W.D.J. (1997a). Feeding. In: Lewis T (Ed) Thrips as Crop Pests, CAB Inter-national, 

Wallingford, UK, pp 119-174.  

Knight, J., S. Weir, and T. Woldehanna (2003). ‘The role of education in facilitating risk-taking 

and innovation in agriculture.’ Journal of Development Studies 39(6), 1–22. 

Kyamaywa, S. and Kuo, C. G. (1996) Damage-yield relationship of common beans infested by  

beans infested by bean flower thrips Megalurothrips sjostedti. Acta horticulture 431: 

542 - 545. 

Legutowska, H. 1997. The occurrence of onion thrips (Thrips tabaci Lindeman) on leek plants. 

Prog. Plant Prot. 

Lewis, T. (1973). Thrips: their biology, ecology and economic importance.Academic, London, 

United Kingdom. 

Lewis, T. (1997a). Pest thrips in perspective. In: Lewis T (Ed) Thrips as Crop Pests, CAB  

International, Wallingford, UK, pp 1-14.    

Li, E.M., Shi, D.C., Xu, Y.H., Chen, F. and Zhai, H.(2008). Changing characteristics 

of temperature and humidity in different type bags for bagging apple and theireffects 

on fruit appearance quality. Chin. J. Appl. Ecol. 19, 208–212.  



 

 

  

 

84 

Lindquist, R. K., Casey, M. L., Bauerle, W. L. and Short, T. L. (1987). Effects of an overhead 

misting system on thrips  populations  and spider  mite-  predator  interactions  on 

greenhouse cucumber. Bulletin of the IOBC/WPRS 10: 97 100. 

Mamun, M.S.A. (2011). Indigenous plant extracts for the management of red flour beetle: An 

ecofriendly sustainable management of stored grain products”. (ISBN: 978-3-8454- 

0160-7). LAP LAMBERT Academic Publishing GmbH & Co. KG Dudweiler 

Landstr. 99, 66123 Saarbrücken, Germany. 112p. 

Merz, U. (2000). Powdery scab. Research in Switzerland. In the proceedings of the first 

European powdery scab workshop, ed. U. Merz and A.K. Lees, Aberdeen, Scotland, 

pp. 67-72 

MOA (Ministry of Agriculture). (2006). Horticultural annual Report. Ministry of Agriculture, 

Horticulture Division. Nairobi, Kenya, pp. 118-136 

Morgan, E. D. (2009). “Azadirachtin, a scientific gold mine,” Bioorganic and Medicinal 

Chemistry, vol. 17, no. 12, pp. 4096–4105. 

Moritz, G. (1997). Structure, growth and development, pp. 15-63. In T. Lewis (Ed.): Thrips as 

crop pests, CAB International, Wallingford, Oxon. 

Moritz, G., Mound, L. A., Morris, D. C. and Goldarazen, A. (2004). Pest thrips of the world, 

visual and molecular identification of pest thrips. Interactive CD ROM distributed by 

Lucid, University of Queensland, Australia.  

Morse, J.G. and Hoddle, M.S. (2006). Invasion biology of thrips. Annual Review of Entomology 

51: 67-89 

Morse, G. J. and Hoddle, M. S. (2006). Invasion of biology of thrips 51: 67 - 89  



 

 

  

 

85 

Morsello, S.C. and Kennedy, G.G. (2009). Spring temperature and precipitation affect tobacco 

thrips, Frankliniella fusca, population growth and tomato spotted wilt virus spread 

within patches of the winter annual weed Stellaria media. Entomologia 

Experimentalis et Applicata 13: 138–148.  

Morsello, S.C., Beaudoin, A.L., Groves, R.L., Nault, B.A. and Kennedy, G.G. (2010). The 

influence of temperature and precipitation on spring dispersal of Frankliniella fusca 

changes as the season progresses. Entomologia Experimentalis et Applicata 134: 

260–271. 

Morton, J. (1987). Banana. In: Fruits of warm climates. Julia F. Morton, Miami, FL. pp. 29-46. 

Mound L.A., Morison G.D., Pitkin B.R., Palmer J.M. 1976. Thysanoptera. Handbooks for the 

Identification of British Insects  l (11):  1–79 

Mound, L. A. (1997). Biological diversity. In: Lewis, T. (ed.), Thrips as crop pests, pp. 197 – 215 

Eurythrips andTerthrothrips (Phlaeothripidae: Phlaeothripinae). Bull. British Mus. 

Nat. Hist. Entomol. 35(2): 27–64. 

Mound, L.A. (2004). Thysanoptera – Diversity and Interactions. Annual Review of Entomology 

50: 247-269. 

Mound, L. A., and Y. F. Ng. 2009.An illustrated key to the genera of Thripinae (Thysanoptera) 

from South East Asia. Zootaxa 2265: 27– 47. 

Mound LA (2010). Species of the genus Thrips (Thysanoptera, Thripidae) from the Afro-tropical 

region. Zootaxa 2423: 1–24. 

Murai, T. (2000).Effect of temperature on development and reproduction of theonion thrips, 

Thrips tabaci Lindeman (Thysanoptera: Thripidae), on pollen and honey solution. 

Applied Entomology and Zoology 35: 499 –504 



 

 

  

 

86 

Nault, B.A., Speese, J., Jolly, D. and Groves, R.L. (2003) Seasonal patterns of adult thrips 

dispersal and implications for management in eastern Virginia tomato fields. Crop 

Protection 22: 505–512 

Nelson, S.C., Ploetz, R.C.  and Kepler, A.K. (2006). Musa species (bananas and plantains), ver. 

2.2. In Species Profiles for Pacific Island Agroforestry. Edited by C.R. Elevitch. 

Permanent Agriculture Resources (PAR), Hōlualoa, Hawai‘i. 

Nderitu, J., Kasina, J., Nyamasyo, N., Waturu, N. and Aura, J. (2008). Management of thrips 

(Thysanoptera)  on  French  beans (Phaseolus vulgaris L.) in Kenya: Economics  of 

insecticide application. Journal of Entomology, 5: 148 - 155.  

Nderitu, J. H., Mwangi, F., Nyamasyo, G. N., Kasina, M. J (2009). Evaluation  of cropping 

systems as a strategy for managing snap  bean flower thrips in Kenya. International 

Journal of Sustainable Crop Production 4: 22   25. 

Ngakou, A., Tamo, M., Parh, A., Nwaga, D., Ntonifor, N., Korie, S. and Nebane, N. (2008). 

Management  of  cowpea  flower  thrips,  Megalurothrips  sjostedti  (Thysanoptera: 

Thripidae) in Cameroon. Journal of Crop Protection 27: 481 - 488. 

Nguthi, F. N. (2007).  Adoption of agricul tural innovations by smallholder farmers in the context 

of HIV/AIDS: The case of tissue -cultured banana in Kenya.  Hoogleraar Sociologie 

van Consumenten en Huishoudens. Wageningen, Wageningen Universiteit. PhD: pp 

1-226.   

Njoku, J.E.(1991).  Determinants of adoption of improved oil palm production technologies  

in Imo state, Nigeria.  In: Doss, C.R., and Olson, C. (eds). Issues in African rural  

development. Winrock International Institute for Agricultural Development. 

Arlington, USA.  



 

 

  

 

87 

Northfield, T. D., Paini, D. R., Funderburk, J. E. and Reitz, S. R. (2008). Annual cycles of 

Frankliniella spp. thrips (Thysanoptera: Thripidae) abundance on North Florida 

uncultivated reproductive hosts: predicting possible pest outbreaks. Annals of the 

Entomological Society of America 101: 769–778. 

Nyasani, J.O., Meyho¨fer, R., Subramanian, S. and Poehling, H.M. (2010). Thrips species 

composition and abundance on French beans, associated crops and weed species in 

Kenya. Journal of Insect Science 10: 166. 

Nyasani, J.O., Meyhöfer, R.,  Subramanian, S.  and Poehling, H.M.  (2012). Effect of intercrops 

on thrips species composition and population abundance on French beans in Kenya. 

Journal of Entomology Experiment Application 142: 236   246.  

Nyasani, J.O., Meyhöfer, R., Subramanian, S. and Poehling, H.M.  (2013).  Seasonal abundance 

of western flower thrips and its natural enemies in different French beans agro-

ecosystems in Kenya. Journal of Pest Science Doi 10.1007/s10340-013-0491-0. 

Ogunsumi, O., (2007). Socio-economic Conditions of Peasant  Farmers: The Case of 

Agricultural Technologies’  Sustainability  in  Southwest  Nigeria. World  Journal  of  

Agricultural Sciences 3 (5): 678-684, 2007. Institute of Agricultural Research and 

Training, Obafemi  Awolowo  University,  Ibadan, Nigeria. 

Ogunleye, R. F. Ogunkoya, M. O and Abulude, F. O., (2010). Effect of the seed oil of three 

botanicals, Jatropha curcas (L), Helianthus annus(L.) and Cocosnucifera(L) on the 

maize weevil, Sitophiluszeamais(Mots.)Plant Product Research Journal,14: 14 – 18. 

Okwakpam, B.A. (1967). Three species of thrips (Thysanoptera) in cowpea flowers in the dry 

season at Badeggi, Northern Nigeria. Nigeria Ent. Mag., 1: 45–46. 



 

 

  

 

88 

Oparaeke, A.M. (2007). Toxicity and spraying schedules of a biopesticide prepared from Piper 

guineense against two cowpea pests. Plant Protect. Sci., 43: 103–108. 

Ortiz, R. and Vuylsteke, D.R. (1994). Future strategy of Musa improvement.  In: Banana and 

plantain breeding: Priorities and strategies. INIBAP, Montpellier, France, pp.  40-42. 

Osipitan, A.A. and Mohammed, I.G. (2008). Evaluation of the potential of garlic (Allium sativum 

L.) for the management of the Larger Grain Borer Prostephanus truncates (Horn) 

(Coleoptera: Bostrichidae) in Maize (Zea mays L.). Asset. Int. J. 8: 51-60 

Paini, D., J. Funderburk, T. Jackson, and S. Reitz. 2007. Reproduction of four thrips species 

(Frankliniella spp.) (Thysanoptera: Thripidae) on uncultivated hosts. Journal of 

Entomological Science 42: 610–615. 

Pappu, H. R., Jones, R. A. C. and Jain, R. K. (2009). Global status of Tospovirus epidemics in  

diverse cropping systems: successes achieved and challenges ahead. Virus Research 

141: 219-236 

Pearsall, I. A. (2000). Damage to nectarines by the western flower thrips (Thysanoptera: 

Thripidae) in the interior of British Columbia, Canada. J. Econ. Entomol. 93. 

Pearsall, I. A., Myers, J.H. (2000). Evaluation of sampling methodology for determining the 

phenology, relative density, and dispersion of western flower thrips (Thysanoptera: 

Thripidae) in nectarine orchards. J. Econ. Entomol. 93, 494–502. 

Pearsall, I. A. and Myers, J.H. (2001). Spatial and temporal pattern of dispersal of western flower 

thrips (Thysanoptera: Thripidae) in nectarine orchards in British Columbia. Journal 

of Economic Entomology 94: 831–843. 



 

 

  

 

89 

Pena, J. E., Sharp, J. L.  and Wysoki, M. (2002). Tropical Fruit Pests and Pollinators: Biology, 

Economic Importance, Natural Enemies and Control. CAB Publishing. New York, 

NY. 

Pillay, M. and Tripathi, L. (2007). Genome Mapping and Molecular Breeding in Plants, Volume 

4 Fruits and Nuts. Springer-Verlag, Berlin. pp 281-301 

Philip, G.K. and Robert, A.B. (1998). Florida Pest Control Association. Reardon G (1993). 

Women and the Environment. Oxfarm Focus on Gender, Oxford, UK. 

Pow, E.M., Hooper, A.M., Luszniak, M.J,, Wadhams, L.J., Pickett, J.A. and Bennison, J.A. 

(1998). Novel strategies for improving biological control of western flower thrips – 

attraction of western flower thrips to verbena plants. In: Proceedings of the Brighton 

Crop Protection Conference Pests and Diseases . November 16-17, 1998. Brighton, 

UK, pp 417-422 

Puche H and Funderburk J. (1995). Mobility of western flower thrips in tomato.  Thrips Biology  

and Management (eds. Parker BL, Skinner M and Lewis T), pp.563-566. Plenum 

Press, New York and London. 

Qaim, M. (1999). Assessing the Impact of Banana Biotechnology in Kenya. ISAAA Briefs No. 

10  

Qaim, M. (1999). A socioeconomic outlook on tissue culture technology in Kenyan banana 

production Biotechnol. Dev. Monit., 40 (1999), pp. 18–22. 

Rahman, M.M. and Motoyama, N. (2000). Repellent effect of garlic against stored products 

pests. J. Pest. Sci. 25: 247-252 



 

 

  

 

90 

Raphael, I. (2013). Factors influencing the discontinuance in adoption of tissue culture banana  

technology: a study of smallholder farmers in maragua district. Thesis report: 

university of Nairobi, Kenya 

Reitz, S. R. (2009). Biology and ecology of the western flower thrips (Thysanoptera: Thripidae): 

The making of a pest. Florida Entomologist 92: 7-13. 

Rogers, E.M. (1995). Diffusion of innovations. 4th ed. New York: The Free Press. 

Sahayaraj, K. and Nandagopal, V., (2008). Botanicals. In Groundnut Entomology (Nandagopal, 

V., Gunathilagaraj, K eds.). Satish Serial Publishing House, Delhi. PP 373-388. 

Salifu, A. B. (1992). Some aspects of the biology of the  bean flower thrips Megalurothrips 

sjostedti  (Trybom)  (Thysanoptera:  Thripidae)  with reference  to economic  injury 

levels on cowpea (Vigna unguiculata Walp). Review Zoology in Africa, 106: 451   

459. 

Schultz, P. (2005). Productive Benefits of Improving Health: Evidence from Low Income 

Countries. Yale University. Econonomic Growth Center discussion paper 903. 

Seshu-Reddy, K.V., Ngonde, L., Ssenyonga, J.W., Wabule M.,Onyango, M., Adede T.O. and 

Ngoze S. (1999). Management of pests and diseases of banana in Kenya; a status 

report.In: Mobilizing IPM for sustainable banana production inAfrica. Proceedings 

of a workshop on banana IPM held inNelspruit, S. Africa, 23 -  28 Nov., 1998. 

Frison, E.A., Gold,C.S., Karamura, E.B. and Sikora R.A. (Eds.).  pp.  215 -223. 

Shanmugasundaran, K.A. and Manavalan, R.S.A.  (2002). Postharvest characteristics of  

‘Rasthali’  bananas  grown  under  different polyethylene covers. Infomusa, 

11(2):43-45. 



 

 

  

 

91 

Sharrock, S.L., Horry, J.-P. and Frison, E.A.(2001). The state of the use of  Musa diversity.  In:   

Cooper, H.D., Spillane, C. and Hodgkin, T. (Eds.) Broadening the genetic base of 

crop production.  Pp. 223- 244. CABI, UK. 

Shewfelt RL (1999). What is quality?. Postharvest Biol. Technol., 15: 197-200.  

Shewfelt, R.L. (2009). Measuring quality and maturity, In: Postharvest Handling – A systems 

approach. W.J. Florkowski, R.L. Shewfelt, B. Brueckner and S.E. Prussia (eds) 

Academic press, Inc.London, pp. 461-481 

Shipp J.L., Hao X., Papodopoulos A.P., Binns M.R. 1998. Impact of western flower thrips 

(Thysanoptera: Thripidae) on growth, photosynthesis and productivity of greenhouse 

sweet pepper. Sci. Hort. 72 (2): 87–102. 

Simmonds, N.W. (1962).The Evolution of the Bananas. Longmans, London.  

Smale, M. (2006). Assessing the impact of crop genetic improvement in sub-Saharan Africa: 

Research context and highlights.  In: Melinda, S., Edmeades, S., and De Groote 

(Eds.). Promising Crop biotechnologies for smallholder farmers in East Africa: 

Bananas and Maize.   Genetic Resources Policies Briefs 19-2006. 

Son, I.C.and Lee, C.H (2008).The effects of bags with differentlight transmittance on berry 

cracking of grape ‘Kyoho’Hortic. Environ.Biotechnol. 49, 98-103.   

 Stacey, D.A. and Fellowes, MDE (2002) Temperature and the development rates of thrips: 

evidence for a constraint on local adaptation. European Journal of Entomology 99: 

399–404. 

Steiner, M.Y. and Goodwin, S. (2005). Management of thrips (Thysanoptera - Thripidae) in 

Australian strawberry crops: within plant distribution characteristics and action 

thresholds. Australian J. Entomol. 44:175-185. 



 

 

  

 

92 

Stoll, G. (1988). Natural crop protection in the tropics. Agricol, Margraf publishers; pp 188. 

Stover R, H and Simmonds N, W. (1987),” Bananas”, Longman Group UK Ltd. 

Subramanian, S.  (2011).  Integrated Control of Thrips in Vegetables in Eastern Africa.  

Talukder, F. A.  (2006). “Plant products as potential stored product insect management agents a 

mini review,” Emirates Journal of Agricultural Science, vol. 18, pp. 17–32. 

Taley, S. M. & Khadase, V. A. (2006). Communication Behaviour Attributed by the Farmers in 

the Adoption of Micro Irrigation Systems. Presented in the 7th International Micro 

Irrigation Congress Sept 1016 2006 PWTC, Kuala Lumpur. 

Tamo, M., Baumgartner, J., Delluchil, V. and Herren, H. R. (1993). Assessment of key factors 

responsible for the pest status of the  bean flower thrips,  Megalurothrips sjostedti 

Tryb.  (Thysanoptera: Thripidae) in West Africa.  Bulletin of Entomological 

Reservoir, 83: 251 - 258. 

Technoserve  (2009).  Annual Report. 

Thi, N. C. T. and Yamada, R. (2002). Factors affecting farmers’  adoption  of  technologies  in  

farming system:  A  case  study  in  OMon  district,  Can  Tho province,Mekong  

Delta. Omonrice 10: 94-100. 

Toapanta, M, Funderburk JE, Beshear RJ, Olson SM and Mack TP. (1996). Abundance of 

Frankliniella spp. (Thysanoptera: Thripidae) on winter and spring host plants. 

Environmental Entomology 25, 793-800. 

Tsai, J.H., Yue, B.S, Funderburk, J.E.  and Webb, S.E. (1996). Effect of plant pollen on growth 

and reproduction of Frankliniella bispinosa. Acta Horticultura 431: 535-541. 



 

 

  

 

93 

Uematsu, H. and Mishra, A. (2010). Can Education Be a Barrier to Technology Adoption? 

Selected Paper prepared for presentation at the Agricultural & Applied Economics 

Association 2010 AAEA,CAES, & WAEA Joint Annual Meeting, Denver, Colorado, 

25-27 Waller 

Ullman, D. E., Sherwood, J. L. and German, T. L. (1997).  Thrips as vectors of plant pathogens. 

In:  Lewis,  T.  (ed).  Thrips  as  crop  pests,  pp.  539-565.  CAB  International, 

Wallingford, United Kingdom. 

Wang, L., Xu, K., Bei, F. and Gao, F.S (2007). Effects of bagging on microenvironment, yield 

and quality of overwintering tomato. Chin. J. Appli. Ecol.18(4) 837-842. 

Wangai, A.  W., Mandal, B.,  Pappu, H.  R., and Kilonzo, S.  (2001). Outbreak  of Tomato spotted 

wilt virus in tomato in Kenya. Journal of American Phytopathological Society, 85: 

1123. 

Weerasinghe, S.S. and Ruwanpathirana, K. H (2002). Influence of bagging material on bunch 

development of banana (Musa spp.) under high density planting system. Annals of 

the Sri Lankan Dept of Agric., 4:47-53. 

Welter, S.C., Rosenheim, J. A., Johnson, M.W., Mau, R.F.L. and Gusukuma-Minuto, L.R. 1990. 

Effects of Thrips palmi and western flower thrips (Thysanoptera: Thripidae) on 

yield, growth and carbon allocation patterns in cucumbers. J. Econ. Entomol. 83 (5): 

2092–2101. 

Woiwod, I. (1997). Detecting the effects of climate change on Lepidoptera. 

J. Insect Conser. 1 :  1 4 9 – 1 58 .  



 

 

  

 

94 

World Bank (2008). The Growth Report: Strategies for Sustained Growth and Inclusive 

Development, Washington D.C., Commission on Growth and Development, 

World Bank. 

Yamane, T., (1967). Statistics: An introductory Analysis, 2nd Ed, New York. Harper and Row 

Zhang, Z., Xu, B., Zhu, R., Zhang, T., Wu, Q., and Li, X. (2007). Life history of western flower 

thrips, Frankliniella  occidentalis (Thysanoptera: Thripidae),  on five  different 

vegetable leaves. Journal of Applied Entomology, 131: 347 - 354. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

95 

APPENDIX 1: BASELINE SURVEY QUESTIONNAIRE 

CONSTRAINTS TO THE BANANA VALUE CHAIN IN EMBU COUNTY 

Questionnaire number…………… 

1.0 HOUSEHOLD CHARACTERISTICS  

1.1 Name of the farmer …………………………Location/Zone……………… GIS…… 

 

1.2 Gender of the head of household        [1] = Male   [2] = Female 

 

1.3 Marital Status  [1] = Married  [2] = Single [3] = Widowed 

 

1.4 Age of farmer in years:  [1] = 20-30  [2] = 31-40 [3] = 41-50  

                  [4] = 51- 60        [5] = ≥ 61  

1.5 Age of the head household head (Years) _______________ 

 

1.6 Highest level of education for the head of the household  

[1] = None [2] = Primary [3] = Secondary [4] = Tertiary [5] = University 

 

1.7 No. of household members? ____________ 

 

1.8 No of dependants:  children under 18 years______Old people (over 60)_______ 

 

1.9 What are the three (3) main sources of the household income? 

[1]= Sale farm produce  [2]= Formal employment [3]= Sale of livestock  
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[4]= Small Business    [5]= Casual labour       [6]=Pensions               [8] = 

Dividends                         [9] = House rentals  [10] = Interest savings        [11] = 

Land lease   [12] =support from family members  

[13]= Others (specify)…………………………………                

 

2.0 LAND USE PRACTICES 

2.1 What is the size of your farm………………………Acres 

2.2 What is the type of land ownership? 

[1]= Own   [2]= Family owned 

[3]= Communal [4]= Rented/Hired  [5]= Others specify……………  

2.3 What are the main farm enterprises?  Tick the appropriately: 

[1]= Crops       [2]= Livestock – (cattle, poultry etc) 

[3]= Woodlot//agro-forestry     [4]= Other (specify)……………….. 

2.4 What factors influence the size of land allocated to different enterprises? 

   [1]=Food security [2]= Income generation  [3]= Size of family   

 [4]= Social status    [5]= Availability of labour    [6]=Others 

(specify)………………………………… 

2.5 If growing crops, what cropping patterns do you practice? 

[1]= Monocropping  [2]= Inter-cropping  [3]= Relay cropping 

       [4]= Others (specify)……………………………………………………………. 
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2.6 What are the major crops grown on your farm? 

Crop  Acreage Usage :[1]= HH use  [2]=Sale Rank  

1    

2    

3    

4    

5    

 

2.7 Are there any diseases that attack banana in the field?  [1]= Yes [2]= No 

 

If YES, name the diseases and rank them based on the losses that they cause 

Disease Ranking Control measures 

 1. 

2. 

3. 

1. 

2. 

3 

 1. 

2. 

3. 

1. 

2. 

3 

 1. 

2. 

3. 

1. 

2. 

3 

 1. 

2. 

3. 

1. 

2. 

3 

 

Disease ranking-[1]-Heavy loss [2]-Moderate loss [3]-Slight loss 

 

2.8 Are there any pests that attack bananas?  
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2.9 If YES, name the pest and rank them in order of importance and state the methods applied to 

control them 

Pest Ranking 

CODE A 

Control measures Relative 

effectiveness 

CODE B 

    

    

    

    

 

CODE A 

Pest Importance ranking 

CODE B: 

Control measure effectiveness ranking 

1 = Very important 

2 = Important 

3 = Slightly important 

1 = Highly effective 

2 = Moderately effective 

3 = Sligtly effective 

 

 

2.10 Have you observed a change in damage by pest and diseases over last 5 years?  

  [1]= Yes  [2]= No 

2.11 If YES, state the changes fill the table below 

Pest/Disease Trend 

1= Decrease 

2= Increase 

3= remained the same 

 

Remarks 

 

2.12 What do you attribute the changes to:  

 [1]= Increase in temperature   [2]= Decrease in temperature 

 [3]= Emergence of new crop diseases [4]= Change in rainfall patterns 

 [5]= others specify …………………………………………………… 
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2.13 What strategies/measures have you taken in response to these changes? 

1. Planting of different varieties 

2. Planting of tissue culture 

3. Planting treated/disinfected planting materials 

4. Application of conservation agriculture like use of organic manure, mulching, 

pruning and removal of old stems from the farm 

5. Use of irrigation  

6. Migrate to other areas 

7. Use of pesticides 

8. Others specify……………………………………………. 

 

2.14 What are the main sources of planting materials and the proportion of materials  

        obtained from each source?  (based on your demand) 

Source Proportion (half, 

quarter etc) 

Remarks 

Own Farm   

Neighbours   

Local market (Specify)   

Institution/organizations (KARI, GTL 

lab, University- specify 

  

Other sources( e.g shows) specify   

 

2.15 Have you noticed attack by thrips in your farm (interviewer to take a photo or sample with 

him)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

[1] = Yes             [2]= No 

2.16 If yes, what proportion of bananas are affected 

[1]= less than 10%    [2]= up to 25%    [ 3]= up to 50%   [4]= up to 75%  [5]=  Over 75% 
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2.17 Does damage by thrips vary across the year?  [1] = Yes    [2] = No 

2.18 If YES, in which seasons is the damage most severe? 

     [1] = Dry and hot         [2] = Cool and dry   [3]= Cool and wet      [4] =Warm and wet 

2.19 Does banana variety influence attack by thrips? [1] = Yes     [2] = No 

2.20 If YES, name the varieties that are most susceptible 

 

 2.21 How would you rate the severity of thrips attack in your farm? 

Ranking of thrips damage among other pests 

Pest Ranking Coding for Ranking 

1 = 0% infection 

2 = 10% plants infected 

3 = 25% of the plants infected 

4 = 50% of the plants infected 

5 =  more than 50% of the plants infected 

 

  

  

  

  

 

3.0 CROP LOSS AND MARKETABILITY  

3.1 How would you rate the severity of the losses due to pests?  

Rank based on the number of fingers/bunches attacked 

Pest Ranking Coding for Ranking 

1 = 0% infection 

2 = 10% plants infected 

3 = 25% of the plants infected 

4 = 50% of the plants infected 

5 =  more than 50% of the plants infected 
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3.2 How would you relate the loss by pest to marketability of the banana fingers? Rank based on 

the marketability of fingers/bunches attacked 

Pest Ranking Loss Ranking 

 

1 = 0 % Loss of highly marketable 

2 = 10% of fingers lost lowly marketable 

3 = 25 % of fingers lost not marketable 

  

  

  

  

 

4.0 FARMERS PERCEPTION ON SOIL FERTILITY  

 4.1 List the 3 major indicators of soil quality on your farm e.g. amaranth? 

Good quality soils Low quality soils 

1.  

2.  

3.  

 

4.2 Which of these indicators have you seen on your farm?  

Good quality soils Low quality soils 

1.  

2.  

3.  

 

4.3 How would you classify the soils in your farm in terms of quality currently? 

[1] =Very good soils 

[2]= Good quality soils 

[3]=Satisfactory 

[4] = Poor quality soils 

[5] = I don’t know 
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4.4 Do you apply any soil fertility inputs to your banana crop? 

       

4.5 What are the main constraints to adoption of the recommended practices on soil  

      fertility?     

[1] =They are expensive to undertake  [3] =High labour demanding 

  [2] =Lack of information   [4] =They are not clear 

[5] =Other specify …………………………………… 

 

5.0 SOCIAL CAPITAL 

5.1 Do you or any member of your household belong to any social or community?   

     Organization /Association 

[1] = Co-operative society                                  [2] = Microfinance  

[3] = Women Group                                            [4] = Producer Group  

[5] = Farmers Association                                        [6] = Community/Village Group  

    [7] = Community Marketing Group                        [8] = Others (specify)…………… 

5.2 What services do you get from the organization/association? 

[1] = Credit only [3] = Training/ Information sharing 

 [2] = Savings and Credit  [4] = Others 

Input Type of the input Amount applied per stool Remarks/comment 

Manure 1. Composite 

2. Farm yard 

3. Cattle Manure 

1. 

2. 

3 

 

Fertilizer 1.N.P.K. 

2.D.A.P. 

3 T.S.P. 

4. Any other specify---- 

 

1. 

2. 

3. 
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6.0 MARKET AND MARKETING INFORMATION 

6.1 What is your main source of market information?  

1 = Radio      2= Neighbours    3 = Extension officer        4= Others (specify)………… 

6.2 Which is your main market for bananas?..................................................... 

6.3 Distance to nearest market (km) _____Time taken to nearest market ______ (hours) 

6.4 How do you market your produce? 

 [1]= individually    [2]= through brokers/middlemen 

 [3]= Contract with buyers  [4]= Group marketing 

 [4]= Others (specify)……………… 

6.4 What is the average price per bunch? (Ksh)…………………. 

6.5 What is the price per kilogram? Ksh…………………. 

6.6 Does thrips damage to the fingers affect the marketability of banana 

  [1]= Yes [2]= No 

6.7 If yes, how does it affect?  [1]= fetch low prices [2]= no preference 
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7.0 AGRICULTURAL INFORMATION  

7.1 In the past one year has the household had access to agricultural information?  

      1 = Yes,    2 = No 

7.2 What are main sources of agricultural information and order of preference? 

Source of Information Rank the 3 most important sources using the scores 

 1= Most preferred, 2 = somehow preferred,  

 3 = Least preferred) 

1. Government extension staff  

2. Private extension staff  

3. NGOs  

4. Field day  

5. Other farmers   

6. Mass media (Radio/TV)  

7. Print media  

8. Family and friends  

9. Agrovet shops   

10. Neighbours  

11. Internet  

12. Cellphones  
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APPENDIX 2: WEATHER DATA FOR EMBU COUNTY 

2013 

 January 

 

February March 

Date Rainfall 

(mm) 

Temperature 

(°C) 

Highest 

 

Humidity 

% 

Rainfall 

(mm) 

Temperature 

(°C) 

Highest 

Humidity 

% 

Rainfall 

(mm) 

Temperature 

(°C) 

Highest 

Humidity 

% 

1 0.3 24.6 64 0 24.4 62 0 29.6 32 

2 0 24.4 66 0 26.2 56 0 29 37 

3 0 23.8 51 0 25.2 51 0 29 37 

4 0 23.4 60 0 26.7 41 0 29.6 37 

5 0 23.7 64 0.1 27.4 43 0 30.3 29 

6 0 26.3 57 0 26.2 52 0 29.1 38 

7 0 26.1 56 0 25.7 49 0.3 29.6 39 

8 0 25.9 57 0 25.3 48 0 29.3 39 

9 0 24.7 60 0 28.1 37 0 28 39 

10 0 26.6 44 0 27.2 42 0 28.2 48 

11 0 26.7 48 0 27.7 42 0 28.7 40 

12 0 26.2 48 0 29.2 41 0 28.7 36 

13 0 25.5 52 0 27.6 52 8.1 28.4 44 

14 0.2 25.3 47 0 28.5 40 2.8 25.4 47 

15 7.4 24.2 58 0 28.6 36 0 28 43 

16 0.8 24.1 60 0 28.3 37 0 27.5 49 

17 0 24.8 60 0 28.4 33 0 27.5 41 

18 0 24.8 55 0 27.8 40 15.8 27 45 

19 0 25.2 52 0 29.5 35 17.4 24.5 68 

20 0 25.9 47 0 30 36 3.2 23.7 68 

21 0 25.8 49 0 29.7 36 14.7 22.1 80 

22 0 27 41 0 29 39 1.1 24.5 63 

23 0 27.6 40 0 28 36 0 25 49 

24 0 26.7 48 0 27.7 27 0 26.3 54 

25 0 25.8 52 0 27.5 41 0 26.6 48 

26 0 26.2 50 0 27.1 37 1.3 27 65 

27 0 26.2 53 0 27 37 5.6 24.4 54 

28 0 26.2 55 0 28.3 36 7.3 25.5 76 

29 0 27.7 47    1.2 24.5 69 

30 8.4 27.1 50    7.1 23.7 64 

31 4.6 26.2 65    0.2 25.6 70 
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2014 

 April 

 

May June 

Date Rainfal

l 

(mm) 

Temperature 

(°C) 

Highest 

 

Humidity 

% 

Rainfall 

(mm) 

Temperature 

(°C) 

Highest 

Humidity 

% 

Rainfall 

(mm) 

Temperature 

(°C) 

Highest 

Humidity 

% 

1 0 23.4 83 0 23.4 79 0 19.5 62 

2 0 22.1 83 11.8 22.5 87 1.2 19.4 74 

3 0 23.5 73 0 21.7 72 0 18.5 76 

4 27.6 21.5 81 1.1 21.9 71 0 20.5 75 

5 29 22.5 88 0 24.5 80 55.7 20.6 84 

6 0 23.7 85 0 23.7 86 0 19.5 93 

7 84 22.5 80 1.2 22.5 85 20 20.5 85 

8 0 24.5 72 0 21.5 84 0 21.4 79 

9 0 25.3 56 1.8 24.5 75 0 19.5 80 

10 7 22.7 78 16.2 22.5 81 5 17.5 81 

11 9 23.2 83 0.7 22.3 76 2.9 18.5 91 

12 20.9 21.8 87 0.5 22.5 78 1 18.5 91 

13 15.1 22.5 83 0.5 22.7 84 0 19 88 

14 30 23.5 82 0 20.5 88 0 19.3 86 

15 12.3 24.4 82 0 19 81 0 20.1 80 

16 20 23.3 80 0 18.5 82 0 20.1 82 

17 7.1 23.5 83 0 20 81 0 19.5 87 

18 20.1 24 84 2.3 21.5 81 0 19 85 

19 6 23 91 1.6 19.5 65 0.7 17.5 90 

20 0 24.5 83 0 18 83 0 18 81 

21 0 25 83 0.2 20.5 69 2.7 18 92 

22 0 25 77 7.1 20 83 0 23 82 

23 46 24.7 76 0 21.5 84 0 18 74 

24 0 25.5 78 0 19 66 0 20.5 77 

25 0 26 83 0 19.8 65 0 20.3 76 

26 0 24.6 78 0 21.5 80 4 19 75 

27 0 25 83 2.8 18 81 0 19.5 64 

28 0 25.5 83 1 20.5 92 0 19.5 88 

29 0 23.4 76 1.1 18 93 0.2 22 77 

30 0 25 66 0 19 90 0 21.5 77 

31    0 20.5 72    

 

Source: Kenya Meteorological Department, Embu Station. 


