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ABSTRACT

Mango Mangifera indica has been recognized as a fruit of economic arttional
importance to Kenyan large and small scalefarnfneduction and marketing of this fruit is
however, severely hampered by fruit fly infestatishich causes enormous fruit losses and
reduces access to export market due to quaranésgictions imposed by importing
countries.Control of this pest has been primardpehdent on chemical pesticide application,
a strategy that has been shown to be ineffectieetduhe biological nature of the pest. This
has led mango farmers to misusepesticides througtdosing pesticide concentration, use of
unrecommended pesticides brands andfrequent sgraglinwith the objective of increasing
fruit fly control effectiveness.To respond to tlgesticide ineffectiveness and overuse, the
International Centre for Insect Physiology and Bgyl (ICIPE) has developed and
disseminatedan integrated pest management paakagduce fruit fly infestation as well as
minimize chemical pesticide application on mangdésngo farmers who participated in the
trials of the mango fruit fly IPM package recordeder fruit damage of less than 14 percent
compared to non-participating farmers who recordeid damage of between 24-60 percent.
Despite the success of the fruit fly IPM packagerdutrials and its potential demand as
evidenced by farmer’s willingness to pay for thehtlogy, its intensity of adoption in
Kenya has not been studied. There also exists r@hd@aknowledge on factors influencing
pesticide misuse among mango farmers in Embu EalstC8unty.The study area (Embu
East Sub-County)was chosen because it is a majogonaroducing area which hosted the
mango fruit fly IPM package trials project. Usingsample of 805 mango farmers selected
using multistage and proportionate to size randampding procedure, the study sought to
assess the intensity of adoption of the mango filyitIPM package and the factors
influencing its intensity of adoption using thePmis regression model. A logistic regression

modelwas also estimated to examine the determirdpésticides misuse.The results of the
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study revealed that 58.54 percent of the sampledeis adopted at least one component of
the mango fruit fly IPM package. It was also foutihitgender of the household head,
education of the household head, number of matwegm trees planted, use of spraying
protective clothing, distance to nearest mangotimparket and access to extension services
had a significant positive influence on the integnsof adoption of the IPM package.
However, obtaining pest management information fpesticides dealers and traders had a
significant negative influence on the intensityaooption of the IPM package.The results of
the study further revealed that 67.45 percent efsdimpled farmersmisused pesticides while
controlling mango infesting fruit flies.The factongich had a significant positive influence
on pesticide misuse were;number of years of foreaaication completed, use of spraying
protective gear, adoption of at least one IPM comgmd and obtaining pest management
information from pesticide dealers and traders. Elsv, the dependency ratio had a
significant negative influence on pesticides misudeese results of the study support the
recommendation that;agricultural extension sernst®uld be made more accessible to
farmers in order to enhance IPM adoption,farmersukh be encouraged to seek pest
management information from independent sourceb ascagricultural extension officers,
farmers should be trained on both health and enmemtal hazards associated with pesticide
use andIPM promotional campaigns should be taildoeguit the needs of large mango

orchard operators.
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CHAPTER 1: INTRODUCTION

1.1: Background
1.1.1:0Overview

Pest infestation is a major obstacle to sustainedivth in global agricultural
production. It is estimated that 50 percent of po& crop output is lost to pests
globally(FAO, 2009). In addition, Yudelmagt al. (1998) reported that global crop pre-
harvest losses due to pest infestation are estihadté¢2 percent while post harvest pest losses
are estimated at 10 percent. Kenya’'s horticultsab-sector loses approximately 25-35
percent of potential crop output to pest infestatidyakundiet al.2010). These pests do not
only threaten the production of crops by reducingirt quantity and quality but they also
reduce their marketability. This hinders the expam®f domestic and international trade in
these crops and deprives the farmers of incomes.

Insect pests cause approximately 15 percent of m&harvest pest crop losses
followed by pathogens at 13 percent and weeds ael&nt(Yudelmaet al.1998). Among
these insect pests, fruit fl{D{ptera tephritida¢ isof particular economic importance due to
its destructive nature and its ability to spreast ta other regions. The fruit fly affects high
value horticultural crops such as mango, avocad@va cucumber, pumpkin, melon,
tomato, pepper, and cucurbit (Ekesi, 2010). In B&sta, indigenous mango fruit fly species
such asCerititis sprauses yield losses of approximately 30-70 perdepending on the
season, mango variety and locality (FAO, 2011). ifoldally, the invader fruit
fly(Bactrocrea invadensf Asian origin causes even higher mango yielddsessf between
40-80 percent (Ekesi al.,2010).ltinfests more than 44 host fruit crops ienfa withMango

being the most infested host crop (Ekesi, 2010).



In addition to direct fruit damage, fruit fly alstauses indirect losses arising from
guarantine restrictions that are imposed by impgritountries on fruit fly host crops to
prevent entry and establishment of unwanted fiyispecies (STDF, 2009). Indeed, trade of
several fruit and vegetable crops between Africhthe US has been severely hampered due
to the federal order by the US government banmmgprtation of several fruit fly host crops
from African countries whereéBactrocera invadenshas been reported (USDA-APHIS,
2008).This consequently hurts the livelihoods aftffarmers and traders as a result of output
and revenue losses. Notably, Kenya'’s fruit industges up to KShs477.6 million annually
from ban of fruits exports to South Africa due taiff fly infestation (Horticultural News,
2010). Other markets such as Seychelles and Masulitave also increased entry checks for
Kenyan fruit exports as a result of fruit fly infason (Ekesi, 2010).

Globally, management of pests,includingthe mangi fiyis largely dependent on use
of chemical pesticides (Yudelmaat al., 1998). Chemical pesticides applicationhas been
widely adopted as the primary pest managemenegtatue to its effectiveness in reducing
pest infestation and increasing agricultural praéiducand productivity (Wilson and Tisdell,
2000). In Kenya, pesticide use has increased aver with the rapid growth in agricultural
subsectors such ascash crops andhorticulture (GW#g&o and Partow, 1997). Kenya
imports approximately 7,000 metric tons (MT) of oheal pesticides worth US$ 50 million
annually, majorityare used in the horticulturaltee¢Nyakundet al.,2010).

It has been reported that chemical pesticide udeuits and vegetables production is
seven times higher than in other crops (Fernande®eoet al.,1994). High pesticide use in
horticultural crops is accelerated by demand fastheatic fresh produce attributes such as
spotlessness (free of pest injury) and good cdiguronsumers, especially in export markets
(Okello, 2005). In addition, policy incentives suah subsidies have enhanced pesticides use

in developing countries (Ajayi, 2000).



Despite the popularity of chemical pesticides induce and quality loss mitigation
among farmers, concerns have arisen on their aglveffect on health, trade and the
environment particularly related to overuse anduses(Nyakundt al.,2010; Okello, 2005).
Pingali(1993) warns that pesticide use in develgpmountries may seriously compromise
farmers’ health due to unsafe application proceslireught about by high illiteracy levels.
Moreover, fresh fruits and vegetables are usuahsumed with little postharvest processing
(Govindasamyet al., 2001). Overuse of pesticides on fresh producetbergboses serious
health risks to consumers.

Kenya Agricultural Organic Network (2006) reportdtat fresh produce (particularly
tomatoes)sold in Kenya’'s capital, Nairobi, contdinbigh levels of pesticides such
adiazinon (at 0.93Mg/Kg) which is 47 times higher than whstacceptable under the
European Union’s (EU) maximum residue levels (MRgajdelines. Similarly, Machariat
al. (2013) reported that vegetable farmers in Kenyerdase pesticide concentration at an
average overuse rate of 0.42 Kg per applicatiorer@e of pesticides has been associated
with development of resistance by target pests lalidg of natural enemies that would
otherwise check pest population (Wilson andTisd@00). Pesticides literature(Yudelmean
al., 1998) shows that pest resistance increasesinatbasing use and toxicity of pesticides.
These concerns put into question the sustainalfifyesticide application as a pest control
strategy in agriculture.

Concerns about rising target pest resistance tdicmpes and adverse effects of
pesticide use on health, trade and environment Fevagricultural sector stakeholders to
consider and to developalternative cost effective lass environmentallydisruptive methods
to control pests without heavily relying on chenhigesticides (Farah, 1994). Suchpest
management methods include Integrated Pest Managgid/) which refers to a diverse

mix of approaches to manage pests and keep theow dmaging levels, using control



options that range from cultural practices to cluainpesticides (Sorley al.,2003). IPM is a
pest management strategy combining several pestotdechniques such as; the use of
natural predators, biological pesticides, adaptdtlial practices and application ofchemical
pesticides once the pest economic injury leveteashed (Biovision, 2013).

Previous studies have established that adoptidRMfis beneficial to farmers in terms
of reduction in pesticide expenditure, minimizatafrpest damage and improvement of farm
enterprise profitability (Fernandez-Cornejo, 1998jyno et al., 2001; Isotoet al.2008;
Dasguptaet al, 2004; Baralet al, 2006; Jankowskiet al, 2007; Ndiayeet al., 2008).
However, African smallholder farmers have provedsslewilling to adopt IPM
strategies(especial forannual staple food crops}dueonstraints such as weak extension
systems, high cost of farmer training, aggressoedising by pesticides dealers coupled
with African governments’ subsidies on pesticided madequate farmer participation in the

design of IPM strategies (Orr, 2003).

1.1.2: Importance of Horticulture in Kenya’'s Econony

The horticulture sector comprising vegetable, &rwand cut-flower production plays
important economic and nutritional roles in Kenyaver 80 percent of horticultural
production in Kenya is practiced by smallholdemnfars, many of whom are not involved in
the export business but produce for the domestikenh&dMuchiri, 2012). Horticulture is the
fastest growing subsector within Kenya'’s agricudtigector, recording annual growth rates of
15-20 percent (GOK, 2010).1t is the second mostbirgmt foreign exchange earner after tea.
Kenya’s horticultural production in 2012 amountedl®.6 million MT valued at KShs. 217
billion (HCDA, 2013). This produce came from 6658%ctares of land (HCDA, 2013). Of
this output, 380,000 MT worth KShs. 87 billion wegorted.

The horticulture sector employs approximately 4.5llion people directly in

production, processing, and marketing, while anoth®& million people benefit indirectly



through trade and other activities (GoK, 2010 andKD 2010). It is therefore a key
contributor towards attainment of one of Vision @@3goals of transforming agriculture into
an innovative, commercial-oriented and competitbeetor as well as achieving the first
Millennium Development Goal (MDG) of halving thember of poor people by 2015 (GOK,
2007). Fruit production is an important sub-sedtorKenya’s horticultural sector. For
instance, in 2012 it contributed KShs.65.1 billam22 percent of the gross domestic value of
Kenya’s horticultural produce (HCDA, 2013).

Among the fruits produced in Kenya, Mangdangifera indicg is one of the most
important, ranking third after bananas and pinesppi terms of area and production (FAO,
2009). The mango is increasingly becoming an ingmarfruit in the diet of Kenyans as
exemplified by high per capita consumption of 1Rgs in 2012 (GoK, 2012). It is also the
second most internationally traded fruit after pimgle in terms of value and its annual
exports from Africa are estimated at between 3540000 MTworth US$ 42 million (Lux

et al.,2003).

1.1.3: Mango Production in Kenya

Two types of mangoes are grown in Kenya, the l@al the exotic or improved
varieties, with higher percentage of improved mangoeties being grown in the sub-
countiesof Thika, Embu, Mbeere North and South, M&entral, Makueni, Machakos and
Meru South (Msaberet al.,2010). Local mango varieties include; Ngowe, Dd8laribo and
Batawi while the exotic varieties include; Appleei€, Keit, Tommy Atkins, Van Dyke,
Haden, Sensation, Sabre and Sabine (Griesbach).208f@rity of mangoes are grown in the
former Eastern Province, which accounts for 54 gr@rof national output (Msabent al,
2010).1t is followed by Coast (22 percent), Nyarideb percent) and Central (3.5 percent)
and the rest from other parts of the country (Meabeal, 2010). Out of the total quantity of

mangoes reaching wholesale markets in Nairobi; &8gnt are from Machakos, 11 percent



from Kitui, 8 percent from Makueni, 6 percent fré&&gmbu and 3 percent from Meru counties
all in the former Eastern Province (Tschirley anabkp, 2008).

Kenya’s mango production has increased steadily thvelast decade with yields rising
to 10 MT per hectare (Horticultural News, 2011).wéwer, potential yield of 25 MT per
hectare or more can be achieved from improved wesig(Griesbach, 2003). In 2012,
Kenya’s average mango production rose to 2.8 milllT worth KShs 13 billion from
593,499 MT worth KShs 10.4 billion in 2010 (HCDAQIB). Similarly, the area under
mango cultivation increased by 21.12 percent from081 hectares in 2010 to 57,021
hectares in 2013 (HCDA, 2013). Out of the total gwes produced, approximately 98
percent is consumed locally while two percent aqgoeted (Ministry of Agriculture, 2010).
The main export market is the Middle East and ssnalblumes are exported to Holland,
United Kingdom, Belgium, Germany and France (FAG)9D.

Mango production is however adversely affectedtimllenges such as pest and disease
infestation, lack of quality planting materials,gpgostharvest handling technologies, poor
road infrastructure, limited knowledge about imgduechnologies and high freight costs
(GoK, 2012). Among these challenges, diseases estdnfestation are the most constraining
to mango production and marketing since they aélgeffect the quality and quantity of the
fruits (Muchiri, 2012). The major pests that infestangoes are the fruit flyDfptera
Tephritidag and mango seed weevibternochetus mangiferaghile the major diseases

include anthracnose and powdery mildew (Griesb2663).

1.2: Problem Statement

Mango fruit fly has become one of the most sigafficinsect pests posing serious
threat to sustainability of Kenya’s fruit indusiifigkesiet al.,2006).For example, the value of
fruit fly related mango rejections by buyers peasse in Embu East sub-County alone is

estimated at KShs 3.2 million (Muchiri, 2012). Et®to control this pest in Kenya have been



largely dependent on toxic chemical pesticidesRE;12011). However, this control strategy
is not fully effective because pesticides appliedroit surface cannot reach thelarvae of the
pest (the destructive stage) held inside the frssue (Muchiri, 2012). Consequently, mango
farmers have sought to improve fruit fly controfeetiveness by adopting pesticide misuse
practices such asoverdosing ofpesticides concenriraincreasing frequency of spraying,
using unrecommended pesticides brands and mixistgcpmkes brands (Muchiri, 2012). In
addition to being ineffective, these pesticide m&supracticeshave adverse health,
environmental and economic consequences (Willianesah,2000;Nyakundet al.2010).

To respond to this pesticide ineffectiveness andruse, ICIPE has developed and
disseminateda mango fruit fly IPM packagebetweef92@nd 2012 mango production
seasons. The IPM package was designed to imprane fly control effectiveness and
minimize pesticide use. The package consists @& fismponents namely, male attractant
traps Methyl Eugengl food baits Kerzofern), fungal bio-pesticidesMetarhiziun), a
biological control agentp@rasitoid wasps) and orchard sanitation. Yearly trials oa th
package were conducted in Embu East Sub-County eleetw2009 and 2012 mango
production seasons through a project in whichfasmesre enrolled and trained on use of the
mango fruit fly IPM packagecomponents at designdésdl mango orchards. After each
training session, participants were issued withtestkits of the IPM components for trial in
their orchards. At the end of the trials projedt,n@ango farmerswere expected to purchase
the IPM components in subsequent seasons.

The mango fruit fly IPM trialorchards recorded I¢isan 14 percent fruit fly damage on
total harvested mangoes compared to 24-60 peroenbm-participating orchards (ICIPE,
2011). It has also been demonstrated that the fugeyo2—3 components of the mango fruit
fly IPM package within the context of IPM increasest income of smallholder farmers by

22.4 percentand reduces insecticide use and mapgxiion by 46.4percent and 54.5percent



respectively (Kibira, 2015). Despite the succesthHiPM packageand its potential demand
evidenced by farmers’ willingness to pay for it (dhiri, 2012),thefactors influencing the

intensity of adoption of the fruit fly IPM packagemains unknown.In addition, there is
limited knowledge on the factors influencing pasiicmisuse in the control of the mango
fruit fly. This study sought to address these gagsiowledge by focusing on mango farmers

in Embu East sub-County.

1.3:Objectives of the Study
1.3.1: Overall Objective

The overall objective of this study was to asshssfactors influencing the intensity of
adoption of mango fruit fly IPM package and pesicimisuse among mango farmers in

Embu East sub-County.

1.3.2: Specific Objectives

The specific objectives were to:

1. Assess the socio-economic characteristics ofyméarmers in Embu East sub-County.

2. Determine the factors influencing the intensifyadoption of the mango fruit fly IPM
package in Embu East sub-County.

3. Examine the factors influencing pesticide misais®ng mango farmers in Embu East sub-

County.

1.4:Hypotheses

This study hypothesizes that:
1. Farm, socio-economic, institutional and market dexttaken individually do not

influence the intensity of adoption of mango fifilytIPM package.
2. Farm, socio-economic, institutional and market dexttaken individuallydo not

influence pesticide misuse among mango farmers.



1.5: Justification of the Study

This study provides empirical evidence on the igiigrof adoption of the fruit fly IPM
package as well as pesticide misuse among mangeffarin Embu East Sub-County. The
results of this study provide important informatitm different agricultural stakeholders.
Firstly, knowledge about factors influencingtheemgity of adoption of the mango fruit fly
IPM package points out areas of policy interverttiah need to be emphasized in order
toachieve higher levels of adoption among mangméas. Secondly, information regarding
determinants of pesticide misuse highlightsisshas policy makers, pesticides dealers and
farmers should addressin order toreduce reliangeesticides in mango fruit fly control. This
study also contributes to the growing literature sistainable agricultural technologies by

addressing adoption of IPM as well as pesticidauggssimultaneously.

1.6: Organization of the Thesis

The rest of the thesis is organized as follows:afgiér 2 reviewsa wide range of past
studies with the aim of discussing the literature IBM adoption and pesticide use by
farmers. Chapter 3 presents the methodology whictudes the conceptual framework,
empirical methods, the study area, data colleqirmeedures, research design, data needs and
sources. Chapter 4 presents the results and discugkile chapter 5 presents the conclusion

and recommendations of the study.



CHAPTER 2: LITERATURE REVIEW

Introduction

This chapter starts by discussing the concept M [Fhereafter past studies on benefits
of IPM, adoption of IPM, health and environmentif¢ets of pesticide as well as pesticide

misuse in agriculture are critiqued.

2.1: Integrated Pest Management (IPM)

There are several definitions of IPM inthe literatuAccording to Kogan (1998), “IPM
is a decision support system for the selection asel of pest control tactics, singly or
harmoniously coordinated into management strateggdb on cost/benefit analyses that takes
into account the interest of and impacts on prodycsociety and the environment ” (pp
249).Unlike single item innovations such as higelding varieties, IPM relies on multiple
pest management strategies used singly or in catibm as a package to keep pest
population at low levels as well as minimize pedas use (Orr, 2003). The primary goals of
IPM are;to increasing the incomesof IPM users amtlety as a whole through increased
productivity as well as enhancing environmentallitp@and health through reduced use of
hazardous chemicals (Norton andMullen, 1993).Als{@011) also definesIPM as; “A
comprehensive approach to pest control that usesndination of means to reduce the status
of pests to tolerable levels while maintaining algy environment” (pp 1).

From the definitions highlighted above, it is cléhat IPM approach integrates both
preventive and corrective measures to manage pmstilgiions to minimize economic
damage, risk hazards to human and harmful envirataheside-effects by minimizing
pesticides use. In 1995, a pilot IPM training pebj@as initiated in most rural areas by the
government of Kenya in partnership with the Intéioral Institute of Biological Control
(IIBC), Kenya Institute of Organic Farming (KIOR}offee Research Foundation (CRF) and

theKenya Agricultural and livestock Research orgation (KALRO). The aim of the project
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was to introduce a sustainable pest managememegiréo farmers so that they could save
massive crops losses to pests and avoid the hgzasdd by chemical pesticides to their own

health (Leovinsoétal., 1998).

2.2:Benefits of IPM

IPM has been identified as a viable alternativectmventional pest management
programs that rely heavily on scheduled applicatiohpesticides (Ridgley andBrush, 1992).
Ndiayeet al(2008) reported that an IPM package consisting atenannihilation technique,
bait sprays and orchard sanitation reducedmangt flsu infestation by 83 percent in
Senegal.Similarly, Vayssierest al(2009) found that use dBF-120 bait sprays reduced
mango fruit fly infestation by 81percent to 89pericen Benin. In the Pacific region,Varga
al.,(2015) found that use of various IPM componentsambination led to reduction of fruit

fly infestation by between 77percent and 100percent

It has also been demonstrated that adoption of Hetuces amount and cost of
pesticides used compared to conventional pestiggesying. For instance, JankwowsHi
al.(2007) found that adoption of a biological contagent by cabbage farmers in Kenya and
Tanzania reduced pesticides usage by 34 percerie Bairal et al(2006)observed that
adoption of IPM practices by egg plant farmersndia reduced insecticide expenditure by
52.6 percent.Adoption of IPM also improves inconwsfarmers. For example,lsab
al.(2008) found that adoption of IPM increasedUgandafiee farmers’ revenues by 118
percent compared to farmers that used conventpestl control methods. In the Philippines,
Cuynoet al(2001) found that adoption of IPM improved the im&s of onion farmers by
between 231 to 305 pesos per person per croppagpselt has also been established that
adoption of IPM reduces use of pesticides from yB&re to 0.77kgs/acre in Bangladesh on

average thereby improving the profitability of theterprise (Dasgupt al.,2004).
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The studies discussed above suggest that IPM iabdevalternative pest management
strategy that is not only effective but also miraes pesticide usage and improves enterprise

profitability.

2.3: Mango Fruit Fly IPM Package

The mango fruit fly IPM package mainly consistsfolir components namely, the
baiting application technique (BAT), the male arlation technique (MAT), orchard
sanitation and the use of biological control ageBtch component in the package plays an
important role when integrated with the others. Tomponents of the mango fruit fly IPM

package are described below.

2.3.1: Male Annihilation Technique (MAT)

The male annihilation technique (MAT) uses a male Iwhich traps male flies in
masses to reduce their populations to very lowl¢ewe to completely eliminate them such
that mating does not occur. Cotton wicks soakelllethyl Eugenohttractant poisoned with
an insecticide are placed in traps (usually madaastic containers of bright colors to mimic
ripe mangoes) hanged on trees in the orchard. Tdie fnit flies are attracted into the traps

where they inhale the poisoned metBylgenoland die.

o TORR, . ~ il B
Figure 2.1: Male attractant trap with flies trappeside
Source: Photographs taken from the field
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2.3.2: Baiting Application Technique (BAT)

This method of fruit fly suppression is mainly basen the use of food baits
(hydrolyzed proteins or their ammonium mimics) cameld with a killing agent, and applied
in localized spots on the mango tree (Elatsl.,2010). The bait attracts the fruit flies from a
distance (usually one square kilometre) to the spaipplication, where the flies feed on the
protein bait, ingest the pesticide and die (Elasal., 2010). The protein bait mixed with
spinosadinsecticide is normally applied to a small spottbe mango canopy (usually 1
square meter away from the fruit) or on the trufileach tree in the orchard on a weekly
basis starting when the fruits are about 1.25 p@tties in size and continues till the end of

the harvest.

2.3.3: Biological Control Agents

Several biological control agents are importarguppressing the fruit fly population in
mango orchards. These agents include; red gatgsitoid wasps and fungal pathogens
(Metarhizium) which reduce infestation through: predation ofiladruit flies, predation of
third-stage larvae, destruction of pupa in the aail the repulsive effect of “pheromones”
left by the ants on fruits so that flies are diseged from laying eggs in them (Adandorain
al.,2009). Parasitoidsin particular decimate the population of the frilyt by laying their
eggs at the same spot where the pests lay theiing iftuit. Theparasitoidslarvae then feed
on the developing larvae of the fruit fly, killinggem (Biovision, 2013). Fungal pathogens

attack pupa of the fruit fly developing in the soil

2.3.4:0Orchard Sanitation

These are cultural methods that reduce fruit fljndge although they do not suppress
pest populations directly. Field sanitation is rssegy because poorly managed or
unmanaged orchardsresult in build up of fruit fopplations. It entails regular collection and

destruction of all fallen fruits throughout the iemtmango season. Population dynamics
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studies undertaken by Rwomushana (2008) foundttieatiensity of fruit flies in fruits lying
on the ground is directly proportional to the dgnsif those in fruits on the tree. The fallen
fruits are collected and disposed by burying thena ideep hole, burning them, feeding to
livestock or disposing in aaugmentoriumAn augmentoriumis a tent-like structure that
traps fruit flies emerging from the collected rottiuits but allow theparasitoid wasps (a
biological control agent) to escape from the stiteethrough a fine mesh at the top of the

tent.

Figure 2. ugmentorlu
Source: Kibira, 2015

2.4: Theories onTechnology Adoption

Adoption is defined as the decision to make fu# o§an innovation as the best course
of action available (Rogers, 1983). A technologylédined as a means by which resources
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are combined to produce the desired output. Inmmvas defined as a new idea practice or
object perceived as new by the recipient (RogedsSimoemaker, 1971). According to Feder
et al. (1985), intensity of adoption is the level of atlop of a given technology, for example

the number of hectares planted with improved seethe amount of fertilizer applied per

hectare.

The choice to adopt an innovation is regarded asusatome of a series of influences
exerted by forces of change on the behaviour ofldugsion maker through time (Lionberger,
1968). It therefore implies that the choice to @dap innovation is made over time. The
forces of change influencing adoption decisionrofraividual (farmer) can be classified into
incentives (reasons for) and disincentives (reasayainst) adoption (Bonabana-Wabbi,
2002). In order to facilitate the adoption proced® incentives should be enhanced and
disincentives discouraged. There is therefore rieedentification and assessment of both
incentives and disincentives of technology adopéiorong the recipients (farmers). This will
point out areas of policy intervention that needé&daddressed to enhance adoption of new
technologies.There are three main theories usedin adoption decisions in the literature

that is the innovation-diffusion, economic consitaind adopter acceptance theories.

2.4.1: Innovation Diffusion Theory

Diffusion is the process by which an innovationcemmunicated through certain
channels over time among the members of a socstisy(Rogers, 2003). The innovation
diffusion theory has four elements namely; innawaticommunication, time and social
system.An innovation is an idea, practice, or dbileat is perceived as new by an individual
or an improvement over the existing one by the nmemilof a social system (Peshin and
Dhawan, 2009)., The characteristics of innovatishsch determines their rate of diffusion

are,
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b)

e)

Relative advantage:the ratio of the expected bend@rived from adoption to the
costs of adoption of an innovation.

Compatibility: The degree to which an innovatiorcansistent with past experiences
and needs of farmers.

Complexity: The degree to which an innovation i§idilt to comprehend and use.
Trialability: The degree to which an innovation dag experimented with, either on
limited basis or in instalments.

Observability: The degree to which the resultsrofranovation are visible to others.

Communication channels are the means by whichnmdtion about an innovation or

technology is shared among two or more individu@ileese communication channels could

be interpersonal or mass media (PeshinDduadvan., 2009). Time is an element of the

innovation diffusion process comprising three disiens namely, innovation-decision

process, innovativeness of an individual or othat af adoption and rate of adoption of an

innovation.

a)

b)

Innovation-decision process is the process throulgith an individual passes from
getting information about an innovation to its firedoption or rejection. These
phases are awareness of the availability of anviaan, conviction of its usefulness,
acceptance or willingness to try the innovation anally complete adoption.
Innovativeness of an individual is the earlinesdabeness with which an individual
adopts a technology compared to other members efstitiety. This leads to
classification of farmers into innovators, earlyopters, early majority, late majority
and laggards based on their earliness or lateriegtopting an innovation.

Rate of adoption is the relative speed with whighmers adopt an innovation. The
rate of adoption is measured by the length of tialen by a certain percentage of

farmersin a given area to adopt an innovation.
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A social system is a set of individuals, groupsoaganizations that are engaged in

solving a common problem or in accomplishing a canmoal such as pest control.

2.4.2: Economic Constraint Theory

This theory contends that constraints associateth wesource distribution and
endowment is the major determinants of technolatppton behaviour of farmers. Lack of
access to factors of production; land, labour ayltal could significantly constrain farmers’
technology adoption (Marra and Carlson, 1987; Nqwa887). Due to these resource
constraints, farmers chose technologies from whingy would derive maximum benefits
(utility). Utility is explained in terms of the n@rns or profit derived from farm production or
leisure derived from avoiding work. Furthermoreg #aconomic constraint theory indicates
that households obtain different levels of prafarh different technologies, implying that the
choice of production technology is influenced byoffir prospects derived from those
technologies (Mbaga-Semgalawe and Folmer, 2000ar&er will therefore adopt a new
technology if the expected utility of adopting (pt® or benefits derived from new

technology) exceeds that of the current technology.

2.4.3:Technology Acceptance Theory

This theory proposes that the perceived attribafesn innovation influence adoption
behaviour of the farmer. The technology acceptamoelel identifies two predictors for
successful adoption: the perceived ease of use @ad)perceived usefulness (PU) of the
technology (Cranret al, 2015). Perceived ease of use is the degree tchvan individual
believes using a particular technology would be foé effort. On the contrary, perceived
usefulness refers to the extent to which individuaglieve the technology will help them
perform their job (Cranet al,. 2015). Therefore, potential adopters who belidat & new
technology will be useful to them and is easy tareare more likely to adopt it (Barrette,
2015). Adezina and Baidu-Forson (1995) assessedrdlee of farmers’ perceptions on
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adoption of new agricultural technologies in Bukkiffaso and Guinea and found that
sorghum varieties perceived by farmers as havimersor yield performance (perceived
usefulness) over local varieties had a higherihiogld of being adopted.

This study used the economic constraint theorystess the determinants of adoption
of the mango fruit fly IPM package in Embu East €idunty. This theory was chosen
because mango farmers, the consumers of the IPhhadgy, were assumed to be rational
with the objective of maximizing their expectedlityderived from either adopting the IPM
package or continuing with the conventional pedéccover spraying. The mango farmers
will therefore adopt IPM if their expected retursisadopting exceed those of conventional

pesticide cover spraying.

2.5: Approaches for Assessing Intensity of Technay Adoption

Technology adoption literature provides a varietly approaches to analysis of
agricultural technology adoption decisions. The no@snmon approach is the binary choice
(logit and probit) models where farmers are categorized as beigredadopters or non
adopters (Bett, 2004). In such cases,the depenaeiable takes a value of one for adopters
and zero for non-adopters (Fernandez-Cormeejal., 1994; Burrows 1983; D’'Souzet al.,
2003 and Harpeet al., 1990). The logit and probit models differ in tlype of distribution
followed by the error term. If the cumulative distition of is logistic, we have the logit
model but if it is normally distributed we have f@bit model. Thdogit andprobit models
yield almost similar results, but tHegit model is computationally easier than thebit
model.

Some agricultural technologies are designed as gogskonsisting of several
technology components. Such technologies shoulddmpted partially or wholly for the
farmer to resolve a particular issue such as soilservation, pest management and

environmental conservation (Ridgeley and Brush,2)9%or instance, IPM consists of

18



several component technologies which are designeatk together but each component can
be utilized individually to ensure effective pesintrol with the least use of harmful
pesticides. Therefore, assessing adoption of sachnblogies using the logit or probit
models leads the researcher to lump farmers intodategories (1 = full adoption, O = no
adoption at all).This introduces statistically usidable measurement errors since a stepwise
or partial adoption process cannot be measured iclaotomous dependent variable
(Ramirez and Shultz 2000; Isginal.,2008).

In situations where the dependent variable is discor continuous, it is desirable to
guantify intensity of adoption either as a count tife number of components
adopted(Ramirez and Shultz 2000) or the area af HElocated to the technology under
study. One of the models used for assessing ityens$itechnology adoption, when the
dependent variable is continuous,is thieitmodel. However, where the intensity of adoption
of a technology is measured as a count of techygotmgnponents used by a farmer, the
dependent variable takes discrete non-negativgentealues. It is therefore desirable to use
the count data regression models to assess thmrdaafluencing intensity of adoption of
such technologies (Greene, 2007). The commonly gsedt data regression modelis the
Poisson regression model.There are several stiiB®rature which have quantified the
intensity of adoption of IPM as a count and consedly used the count data models for
analysis (Sighret al., 2008; Maumbeand Swinton, 2000; Ragttual., 2014; Ramirez and
Shults; 2000; Eburght al.,2010; Lohr and park 2002; Frisvodd al.,2010). The count data
model assumes that, provided a farming househaldvedea greater utility from the last
adopted technology, there is no limit to the numbkpractices or technologies adopted
(Lohr and Park, 2002). This means that farmers adbbpt the maximum number of mango

IPM components as long as they derive maximuntyfiom that combination.
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The fruit fly IPM package consists of eightcompasethat are supposed to be
integrated together with a view to improving frélif control effectiveness and minimizing
pesticide use. These componentsare complementdrysnof each component in isolation
may produce poor pest control results. Based omatbementioned reasons, this study is
conveniently modelled as a multiple technology d@opdecision. In this study, the intensity
of adoption of the mango fruit fly IPM package waken as a count variable given by the
number of IPM components adopted by the specifigodarmer.

The pesticide misuse practices assessedwere owegdpesticides concentration,
increasing frequency of spraying and use of unrecended pesticides brands. A farmer
who used any of these three practices was coded thase who did not use were coded O.
The binary logit model was therefore estimatedsgeas the determinants of pesticide misuse

among sampled mango farmers.

2.6:Adoption of IPM

Several studies have been done adoption of inEd@¢st management. For example
(Fernandez-Cornejet al. 1994; Fernandez-Cornejo) used the binary choiggt (émd probit)
models respectively to assess adoption of IPM en WA and found that availability of
operator labour time, size of land planted to thapcof interest and access to extension
services had a significant positive influence oombn of IPM. The findings of the study
under review suggest that IPM is a knowledgeanduaimtensive technology because access
to extension services and availability of ownerolabtime had a positive influence on the
IPM adoption decision. It also suggests that IPMhdfiégs are more visible in large
agricultural operations since farmers who operdsgder vegetable orchards were more
likely to adopt IPM.

It has also been established that perception aheuikely economic benefits accrued

from IPM adoption has a positive influence on IPNbpgtion decision (Baragt al. 2006;
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Fernandez-Cornejdl996). The finding suggests that disseminationcolueate information
about economic benefits (such as increased incameédow pesticides expenditure) of IPM
enhances the adoption decision. Using the probidehdDasguptaet al. (2004) studied
adoption of IPM in Bangladesh and found that thgmtade of crop losses incurred due to
pest information and education of the householdahpdsitive influence on adoption of IPM.
The finding suggeststhat IPM is a knowledge intendiechnology and dissemination of
accurate information, to create awareness amonggefar about IPM enhances adoption.

The size of land under planted to the crop of egehas been shown to be an important
variable explaining adoption of IPM (Maumbe and &an 2000; Erbauglet al., 2010).
These studies used the count data model (Poisgpasston) and found that farmers who
allocate larger land sizes to particular crops rdmdse crop enterprises more important than
others, and therefore adopt effective pest managetaehnologies such as IPM in order to
minimize pest losses in those crops. Simghal. (2008)also used the Poisson regression
model to study adoption of rice and paddy IPM ididn but concluded that land size had a
negative influence on adoption of IPM. Key among tbsults of Erbaugét al, (2010) was
that distance to nearest input market had a pesmifluence on adoption of cow pea IPM in
Uganda. The relevance of this finding is that fasrege likely to adopt pesticides substitutes
such as orchards sanitation when they do not hasie &ccess to pesticides.

Lohr and Park (2002) also assessed choice of imsascagement practices in the USA
using the negative binomial model and found thatcation, access to diverse source of pest
management information and farming experience hgdifisant positive influence on
adoption of more pest management practices. Tliy sésults emphasize the need for access
to accurate IPM information in order to increase ititensity of adoption of IPM. Frisvoket
al. (2010) also used the Poisson and probit regressadels to assess adoption frequency of

use of best management practices respectivelyrtyat herbicides weed resistance by corn,
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cotton and soya beans farmers in the USA. The wedestudy found that education of the
farmer and expectation of higher yields relativedonty average had a positive influence on
intensity of adoption. These findings imply thaM#s a knowledge intensive technology and
farmers should be well trained on use of varioud Bbmponents in order to enhance the
intensity of adoption.

The probit regression results of Frisvatial (2010) study indicate that the ratio of
farmers’ expected yield to county average yield pasitive influence on frequent use of best
management practices. This finding imply that farsmeith higher crop yields tend to adopt
more best management practices frequently becaaiss fom damage reduction due to
adoption will be greater for farmers with high gelthan those with lower yields. Ramirez
and Shultz (2000) also used the Poisson regressialel to assess adoption of IPM in Brazil
and found that membership in community organizatamtess to credit, availability of hired
labour, age of household head, farming experiemckication of household head and
cropping system had a positive influence on adoptidhe finding on membership in
community organization suggests that IPM informatican be disseminated effectively
through groups which enhance social networking ajriarmers.

While studying adoption of precision farming in OhUSA, Isginet al. (2008) used
the Poisson regression and the negative binongat¢ssion models and found that age of the
household head, size of land operated, soil quafity proximity to urban area had a positive
influence on intensity of adoption. However, farrmendebtedness had a negative influence
on intensity of adoption. The finding on a farmenslebtedness implies that IPM is not a
capital intensive technology and thus farmers wkekscredit have a lower likelihood of
adopting more IPM components.

Raghuet al. (2014) studied the intensity of adoption of farnamagement (nutrient

management, pest management and soil conservatiacices in India using the negative
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binomial regression model and found that farm sizd access to extension services had a
positive influence on adoption of the three tecbg@s. The findings of this study imply that
IPM have a positive scale effect and farmers wherate larger crop enterprises are likely to
benefit more from IPM than those operating smatlep enterprises. The finding on access
to extension services reinforces the importanceagricultural extension as a source of
information and knowledge about knowledge intensdadnologies such as IPM.

In a study to assess adoption of IPM and pestiagke among vegetable farmers in
Nicaragua, Garminget al. (2007) used the poisson regression model and fdabhat
education of household head, paying extra benébit$arm workers for spraying and
participation in the IPM training had a positivéluence on adoption. These finding suggests
that IPM is a knowledge intensive technology anth&xs who received training had a higher
likelihood of adopting more components. The resolt8he pesticide use model revealed that
adoption of IPM reduced the quantity of pesticidsed in vegetable orchards.

From the discussions above it is evident that fewdies on sustainable agricultural
technologies, especially adoption of IPM, have beene in the East African region.
Majority of the studies reviewed were done in tHeA) India, Brazil, Nicaragua, Zimbabwe
and Bangladesh. The current study will therefomngrdoute to growing literature on adoption
of IPM and identify areas of policy interventiorisat need to be emphasized in order to

achieve higher intensity of adoption of IPM in Kany

2.7:Environmental and Health Effects of Pesticide Be in Agriculture

Although pesticide use has improved productivitythe global agricultural sector, it
has significantly increased concentration of hazasd chemical on the food and the
environment.The result of this phenomenon is dopémsillions cases of people in the world
experiencing pesticides poisoning annually (Rigl2802). Moreover, it has been shown that

direct and indirect pesticides exposure cause aaohyf diseases such as cancer, diabetes,

23



respiratory disease and genetic disorders. Notatbhas been established that a significant
proportion of pesticides are carcinogenic, withge8cent and 90 percent of all insecticides
and fungicides respectively being carcinogenic @&sdoret al, 2014). For example, Lynch

et al(2003)found that direct exposure to pesticideseaancer, while (Cox et al. 2007) have

linked diabetes disease topesticide exposure.

Direct pesticides exposure has also been foundhdoease the risk of respiratory
diseases such as bronchitis, (Hopphal 2007), asthma and wheezing (Hopetral, 2009).
In addition to direct pesticide exposure, indiregtposure through means such as
environmental pollution and prenatal exposure ases the risk of childhood leukaemia
(Ferreira et al, 2013). The risk of pesticide expesand poisoning in developing countries is
increased by ignorance of the farmers on the dangkeexposure to toxic pesticides and
therefore use and store pesticides in ways thabsxphem and others to health hazards
(Okello and Swinton, 2007).

Maumbe and Swinton (2003)found that Zimbabwearoooférmers lost a mean of Z$
180 and Z$ 316 in Sinyati and Chipinge districtpextively to pesticides related illnesses in
addition to spending between two and four daysweng from these illnesses. Antle and
Pingali (1994) also concluded that pesticide useahaegative effect on the health of farmers,
and health of farmers has an influence on agricalltproductivity. It has also been shown
that continued pesticides use reduces soil fgrtlihich adversely affects productivity and
increases the need to apply larger quantities efmatal fertilizers to maintain productivity.

(Wilson and Tisdell 2001).

2.8: Pesticide Misuse

Kenya imports approximately 7,000 metric tons o$tjpedes annually, majority of
which finds its use in the horticulture industryy@undiet al., 2010). Ironically, Kenya is

the leading producer of a natural pesticide, pynethwhich is a broad-spectrum insecticide
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made from dried flowers of pyrethrum. However, 98pat of the crude pyrethrin is
exported to more environmentally conscious developmuntries, where it earns a premium

price, leaving Kenya to import the cheaper toxictegtic pesticides (Machare al.,2009).

The growth in the horticulture industry in Kenyashked to a sharp increase in
pesticides demand. Increased pesticides applichsralso been accelerated by the demand
for pest-free horticultural produce in the Europeaport markets (Okello, 2005). This has
led to overuse of pesticides with a view to minimgzpest infestation. Pesticide overuse and
misuse pose serious health and environmental clgg$e especially among smallholder
farmers. These negative effects from indiscrimingte of highly toxic pesticides have been
observed by both farmers and policy makers in aprey countries. For instance, Okello
(2005) observed that green bean farmersin Kenya dehaot adhere to international food
safety standards are more prone to pesticidesecela¢alth hazards than those who are
compliant due to heavy and careless use of tox@matals.

Machariaet al. (2009) used the environmental impact quotient (EdQpesticides to
assess the potential environmental impacts of gdstiuse in the vegetable sub-sector in
Kenya.The study found that pesticide use in pradnatf vegetables was quite high with 62
pesticide formulations containing 36 active ingeeds. The results of the study further
indicated that most of the pesticides used inKemgee extremely harmful even when used at
low rates. Furthermore, the study concluded that ¢nvironment was most adversely
affected by pesticide use followed by farm workansl vegetable consumers. These results
suggest that pesticide use in the vegetable subrdems negative environmentalimpacts.

Machariaet al. (2013) assessedvegetable famers’ pesticides hgngdliactices and
perceptions in Kenya using the poisson regressiotiein The study found thatmore than half
of the sampled farmers (65percent) did not undedstae pesticides labels even though they

claimed to read them. In addition, 27 percent ooeed pesticides concentration with an
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overuse rate of 0.42 Kg per application and 35gu@rsufferedat least one symptom of acute
pesticides poisoning. The results of the study caidid that having GLOBALGAP
certification, being a male headed household, obtgi pesticides use advice from
neighbouring farmers and producing specifically tbe domestic market increased the
probability ofperceiving negative effects of pestes.The study further found that the
probability of inappropriate pesticide handlingieased with obtaining pesticides use advice
from traders, number of pesticides handled and lmandf very hazardous chemical
pesticides. On the other hand, record keeping estubeprobability of inappropriate
handling of pesticides.

While assessing the control strategies used by &ersypow pea farmers against the
leaf miner pest Gitongat al(2009) usedthe negative binomial regression modelfaund
that higher household incomes increased the prbtyath using more pest control strategies.
On the other hand, possession of a GLOBALGAP c¢eatié and producing under contractual
arrangement with an exporter reduced the probwbdft using more leaf miner control
strategies by snow pea farmers. The reviewed sksmlyavealed that more than half of the
sampled snow pea farmers (63percent) consideretitidesuse as an ineffective control
strategy. Consequently, they used stronger coratéonis of pesticides, increased frequency
of pesticides applications and increasingly mixedtggides brands all targeting at improving
pest control effectiveness. The current study dmsgnd Gitongeet al, (2009) study by
assessing adoption of the mango fruit fly IPM irdiidn to determinants of pesticides
misuse.

Jankwowski et al(2007) studied economics of a biological controkratgagainst
diamond black moth infestation in cabbages in Keaypa Tanzania using a two-stage
damage control production function and pesticide @inction. Results from the study

revealed that, although there was no net incomeflisrassociated with thebiological control
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agent, there were inherent positive health andrenmental benefits. The study further
found that use of the biological control agent fedch reduction in amount of pesticide used
by 34 percent. However, increase in pest presswgdalkilling of biological control agent by
pesticides led farmers to increase their pestieigeenditure by approximately 23 percent per
hectare. These results suggest that pesticide capph kills the biological control
agentwhich would have otherwise checked pest ptipnlaThe study also contends that
Kenyan cabbage farmers use significantly more @dss compared to their Tanzanian
counterparts. The current study sought to assesmténsity of adoption of the mango fruit
fly IPM package.

Asfaw et al.(2008)assessed the impact of EU private food satatydards on pesticide
use and farm-level productivity among smallholdgpat vegetable producers in Kenya
using a three stage damage control production fumcthey found that even though farmers
producing for export market used less toxic pedis) they used same quantity of pesticides
as those producing for the local market.It was atsacluded that export wholesale and retail
markets encouragedfarmers to use more pesticidebenncrops because they gave much
emphasis on physical appearance of the produce asichpotlessness, good shape and
colour.Furthermore, pest pressure and access tht ¢rad apositiveinfluence on pesticide
expenditure. The finding implies that farmers’ pade expenditure depends on capital
availability and the prevalence of pests. On tieiohand, farmer’s level of training, distance
to nearest extension service provider, househad and age of household head had a
negative influence on pesticides expenditure.Untlke reviewed study, the current study
sought to assess adoption of IPM and pesticidesaisimultaneously.

Rashidet al. (2003) assessed pesticide misuse among eggplamériain Bangladesh
using the logit model. Pesticide misuse was defasedpplication of insecticides in lower or

higher than recommended dose and frequency, sprawirture of two or more pesticides
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brands per application, or using unregistered, edrmm highly toxic chemicals. The results of
the studied revealed that age of the household, leshdtation level of the household head,
access to credit and IPM training had a negatifleaence on pesticides misuse. The study
further found that obtaining pest management in&drom from pesticides dealers,
membership in a farmer association and extensiartacb had a positive influence on
pesticide misuse among egg plant farmers. Althabhghstudy under review is similar to the
current study in terms of methodology used to a&sdegserminants of pesticides misuse, the
current studyfocused on control of mango fruitdly opposed to egg plant considered in the
reviewed study.

Tjornhom et al(1996) studied pesticide misuse (inappropriate nigmof pesticide
application) in vegetable production in Philippinssg a logit model. The results of the
study revealed that obtaining pest managementnrd@ton from pesticides dealers and visit
by state department technician (access to extersgovices) had a positive influence on
pesticide misuse. On the other hand, educationl levéhe household head, age of the
household head, access to cooperative credit asidnpgnagement training had a negative
influence on pesticide misuse among onion farmehslike the reviewed study which
assessed one pesticide misuse practice, the cstreiyt extended the definition of pesticides
misuse to include overdosing pesticide concentnatiacreasing frequency of spraying and
use of un-recommended pesticides brands.

From the reviewed studies, it is clear that pedticdveruse leads to increase in pest
pressure since pesticides application kills berafarganisms which would have otherwise
checked the pest population. It is therefore imgurtto assess farmers’ pesticides use
behaviour with a view to identifying areas of pglicecommendations that need to be

addressed in order to reduce pesticide overuse.
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CHAPTER 3: METHODOLOGY
Introduction
This chapter starts with explanation of the congapframework of how the study
sought to address the problem identified. Therer @aftheoretical framework under which the
study is grounded is discussed. The next part @fctiapter presents the empirical methods
used in the study, measurement of variables antktgtal tests done on the data. The
sampling procedure, sample size determination, clataction and description of the study

area are also discussed in this section.

3.1: Conceptual Framework

TheFruit fly pest causes both direct and indirexgsés in mango production and
marketing processes. Farmers respond to this pasifilly by applying pesticideto minimize
losses. However, pesticides are not fully effecgainst the pest because their larva, the
destructive stage, isheld in the fruit tissue tfageeit cannot be reached by pesticides sprayed
on fruit surface.Consequently, mango farmers redotb overuse of pesticides to improve
pest control effectiveness. However, overuse aftipees has adverse cost, health and
environmentalimplications therefore more effectisestainable and environmentally friendly
fruit fly control approaches, such as IPM needdabnsidered.

As can be seen in figure 3.1, abundance of frigs fand pesticides ineffectiveness lead
to high fruit losses, lack of market due to quarentestrictions, pesticides overuse which
have adverse health and environmental implicatibhss situation can however be reversed
by use of IPM which is effective against the frilyt and emphasizes on minimal pesticide
application. Adoption of the mango fruit fly IPM geage is expected to bring about
economic benefits such as; improved mango yieldstigide residue-free fruits, wider

market access, improved incomes for mango farmmetseduction in pesticide use.

29



B. Consequences

A. Problem 1. High fruit losses,

1. Abundance of fruit fly pest 2. Quarantine export
infestation. ————~ market restrictions

2. Pesticides ineffective against 3. Overuse of pesticides
fruit fly hence encourage growers

to overuse them. 4. Health and

environmental hazards
and high cost of

production.
C. Fruit fly IPM {}
package
1. Attractant trap E. Economic
output
2. Biological control D. Intervention 1. Mango yields
agent i
g 1. Adoption of IPM 2. Mango
3. Bait sprays incomes
2. Reduced
4. Orchard 3. Pesticide use
sanitation pesticide use 4. Pesticide
health hazards.
5. Soil fungal
F. Factors influencing adoption of IPM
1. Access to extension service 5. Age of housthead
2. Education of household head 6. Gender oféfmald head
3. Source of pest management information 7. Distance to mango market
4. Use of spraying protective clothing 8. Occupabf household
head

Figure3.1: Conceptual framework
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Literature review revealed that adoption of IPMnBuenced by factors such as size of
land allocated to crop of interest, education lexethe household head, age of household
head, membership in agricultural group, sourceeast pnanagement information and access

to extension services.

3.2: Theoretical Framework

This study is based on the random utility theorye Bdoption decision is a behaviour
response by an individual towards a new innovatawntechnology. This decision is
influenced by expected utility from adoption or rasoption of the technology. Mango
farmers, the consumers of the fruit fly IPM packagee assumed to be rational with the
objective of maximizing expected utility from theuit fly control strategies they adopt. A
farmer will therefore adopt the mango fruit fly IPphckage or part of its components if the
expected utility of adoption is greater than tHabh@n-adoption (Llewellyret al.,2007).Since
the utility derived from the technologies is neitlodservable nor known to the analyst with
certainty, it is considered to be random (Fernar@emejo, 1996). The utility associated
with adoption of the IPM package or conventionadtwédes application is a function of the

possible outcome from adopting the specific teabg| thus;

Uo=f (b/X0) (3.1)
U.=f (b/xy) (3.2)
Where;

Up andU,are utilities derived from not adopting IPM and ptilog IPM respectivelyX, and
X; are socio-economic, farm and institutional chamastics of the farmer respectively while
bsare the parameters that explain the effect of feshoharacteristics on the utility.

Therefore a mango farmerwill adopt the fruit flyMPackage or part of its components
if (U> Up), if the expected utility of adoption exceeds tbatnon-adoption. The utility

derived from choosing a given alternative, adoptiomon-adoption, is not observable. What
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is observable is the choice of a fruit fly contstlategy and subsequent adoption if the farmer
derives higher utility from that specific choicehds a ‘yes’ response (adopt IPM) is
observed if the farmer’'s expected utility from M package ishigher and a ‘no’ response
(has not adopted IPM) if the farmer’s expecteditytirom IPM package is lower.For this
study, the binary (logit and probit) choice modais not suitable for modelling the data since
the dependent variable, adoption of the fruit M package,is not binary rather it is a count

variable (number of IPM components) with a minimahzero and a maximum of eight.

3.3:Empirical Methods
3.3.1: Determinants of Intensity of Adoption of theMango Fruit Fly IPM Package

A farmer who reported to have used a given IPM comept was coded 1 and O,
otherwise. The intensity of adoption of the frdit fPM package (dependent variable) was
obtained by summing the number of IPM componengs! sy thei™farmer. Adopters of the
mango fruit fly IPM components were defined as éaegho purchased components or
borrowed from other mango farmers. Those mango desmwvho had adopted IPM
components in previous seasons but discontinuedsisin the 2012/2013 mango season
were considered to be non-adopters. To asses&therdnants of intensity of adoption of the
mango fruit fly IPM package, the data was fittetbifPoissonregression model. This was
followed by a statistical test for over-dispersionunder-dispersion to assess whether the
model meets the equi-dispersion assumption. Theralastochastic model for counts is a
Poisson point process for the occurrence of thateskinterest (Greene, 2007). Following

(Greene, 2007) the probability density functionRaisson model is expressed as:

i )i
Sl =012, (3.3)

Prob(Y=y./x) = oY

And the mean parametgrs given as:

E(y,/x)=4=var(y,/x;) (3.4)
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Where Yin equation (3.3)is the random variable represgntize number of IPM
components adopteg;is a particular count value for thifarmer, xare the explanatory
variables influencing the number (intensity) of IRBMMponents adopted by ti&farmer and
A Is the parameter to be estimated (Expected nurabdPM components adopted).The
Poisson regression model has the inherent assumbiad the mean and variance functions
of the dependent variable are equal a feature cc&tpii-dispersion(Green, 2007). This is
expressed in equation 3.4. This assumption imglwed¢ the conditional variance on the
dependent variable is not constant, and henceetipe@ssion is intrinsically heteroskedastic
(Cameron and Trivedi, 2001). To correct for thislgem robust standard errors should be
estimated.

Following Winkelmann and Zimmermann (1995) obsertieterogeneity (differences
across observations) can be introduced by setting:

Ai=exp(xp) (3.5)

Where; X is a vector of covariates aglis a vector of parameters ahdis the expected
number of IPM components adopted by a specific éarnthe exponential form of (3.5)
ensures non-negativity of the expected number df éBmponents adopted.Winkelmann and
Zimmermann, (1995) suggested that equation (3.4) @b5) establishes the log-linear

regression, thus:
E(Y./x JFexp(x B) (3.6)

The log-linear regression (equation 3.6) model antofor the non-negative restriction
imposed by Poisson regression model on the numbd&PM components adopted by a

specific farmer. Following Cameron and Trivedi (2D@ is easier to estimate the parameters

of the Poisson regression model using the logihkeld function expressed as:

InL(B)= 37", .%5- exp(xi)-Iny.! 3.7)
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Wherey;is a particular count value of the number of IPNhponents adopted by a particular
farmer,xare the explanatory variables influencing the nungim¢ensity) of IPM components

adopted by the particularfarmgtjs a vector of parametersjs the expected number of IPM
components adopted andare the number of observations. The Poisson maxifikelihood

estimates (MLE) are given by the first order coioditof equation (3.7), thus:

L1 (v;-exp(x))%=0 (3.8)
Since the Poisson regression model has exponentiditional mean, the marginal effects of

the estimated coefficients are given by:

OE(Y./%) _ ,
==k exp(xp) (3.9)

Where; the scalagdenotes th¢™ regressorgj measures the relative changekify /x;) given
a unit change ing. Equation 3.9 is the estimating equation to identifg determinants of

intensity of adoption of the mango fruit fly IPM gaage.

3.3.2: Application of Poisson Regression in Agrictural Technology Adoption Studies

The Poisson regression model has been used insas=mgsof agricultural technology
adoption decisions. Ramirez and Shultz (2000) uted model to assess adoption of
agricultural and natural resource management téohmes by farmers in Central American
countries. Similarly, Erbaugét al(2010) used the model to assess the impact of faieie
school participation on IPM adoption in Uganda.dBat al(2008) also used the Poisson
regression to model adoption of IPM by cotton aaddy farmers in Punjab and Haryana
regions of India, respectively. The Poisson regoassiodel was also used by Maumbe and
Swinton (2000) to assess the role of health risic tachnology awareness on adoption of

IPM technologies by cotton farmers in Zimbabwe.
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3.3.3: Limitations of the Poisson Regression Model

The Poisson regression model has been criticizedsf@ssumption of equality of the
mean and variance functions of the number of IPvhmonents adopted by a particular
farmer(Green, 2007). This implies that the cond#dilonean and the variance functions of the
regression are assumed to be equal (as expressegiation 3.4). However, this restriction
does not always hold since for count data the maeausually exceeds the mean, a feature
called over dispersion (Cameron and Trivedi, 20@4er-dispersion has qualitatively similar
consequences to the failure of the assumption ofdscedasticity in the linear regression
model; estimators are still unbiased but they aedficient because they have inflated t-

statistics and standard errors get small (Camandriravedi, 2001).

Presence of over-dispersion is also brought abguthb Poisson regression model
assumption which states that occurrence of eachlteweich as adoption of one IPM
component, is independent from that of other evditslkelmann and Zimmermann,
1995).Howeverin reality past occurrences may influence futureigilens or occurrences.
For example, a farmer’s decision to adopt a pddrcmango fruit fly IPM component may
be influenced by other components used in the @stondly, Poisson regression model
assumes that the Poisson process is a determifuistiion of the predictor variables hence
does not allow for the unobserved heterogeneityik@mann and Zimmermann, 1995).

A count data model with over-dispersion speciftes aver-dispersion to be of the form
(Cameron and Trivedi, 2001):

V(%)= W, +og(l)- (3.10)

Whereg (-)is a known function, most commonty (i) =p or g (1) =pandea is the
dispersion parametey;is a particular count value of the number of IPNinp@nents adopted
by a particular farmer andare the explanatory variables influencing the nunflmgensity)

of IPM components adopted by the particularfarniée null hypothesis §btates that:=0
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and the alternative hypothesis:Htates thate#0. Therefore, whem=0, then V(y./x)= ;

implying that there is neither over-dispersion ander-dispersion in the data.

3.3.4: Test for Over Dispersion and Under Dispersio

Due to the earlier mentioned consequences of ptesainover- or under-dispersion in
count data, it is important to carryout diagnosésts on the estimated Poisson regression
model to justify the need for models other than dtedard Poisson regression model. The
commonest tests used to detect presence of ovendar-dispersion are the chi-square ratio
and the deviance ratio (Trentacoste, 2000). A awaaChi-square ratio (calculated from the
Pearson statistic and degrees of freedom)of betWeemnd 1.2 indicates that the Poisson
regression model is appropriate for modelling theadThe Pearson ratio is given by the ratio
of the deviance Chi-square to the degrees of fir@edo
Deviance Chi-square ratios greater than 1 are atigle of presence of over-dispersion while
those below 1 show presence of under-dispersion.

Deviance chi-square/Degrees of freedom > 1............. rahgpersion

Deviance chi-square/Degrees of freedom < 1............. doriispersion

3.3.5: Negative Binomial Regression

The negative binomial model is used to relax thetricive assumption of equi-
dispersion in the Poisson regression model (Gr2@®i7). According to Cameron and Trivedi
(2001) the negative binomial regression model assutimat the number of count events,
follows a negative binomial distribution with parararsa and k (with 0 <a < 1 and k >0).
Following Green (2008), the negative binomial regren model is motivated by introducing
a latent heterogeneity (unobserved differencessaarbservations) into the count data model

expressed as:

E(Y, /%.& )= explo+Xp+e) (3.11)
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Where; g represent the specification error or cross-sectibwderogeneity that normally
characterizes micro economic datas the dispersion parametgris the disturbancey;is a
particular count value for a particular farmer agate the explanatory variables influencing

the number (intensity) of IPM components adoptedthieyparticularfarmer.

3.3.6: Factors Influencing Pesticide Misuse among &hgo Farmers in Embu East Sub-
County

The pesticide misuse assessed in this study we@easing frequency of
pesticidespraying, overdosing pesticideconcentmaamd use of unrecommended or banned
pesticide brands (Muchiri, 2012andRasgidl.2003). A mango farmer who used any one or
a combination of these pesticides application prestwas coded 1 and those who did not
use were coded 0. Analysis of such dichotomouscelsoivhere the dependent variable takes
on a binary response is usually done udogjt or probit models (Odendet al., 2009).
Although the probit and logit models yield almoshitar results, the probit model assumes
normally distributed error term while the logit neddassumes a logistic distribution of the
error term. The logit model is often preferred dodéts comparative mathematical simplicity

(Guijarati, 2003).

Following (Greene, 2007) the general logit modetl ahe probability of pesticide

misuse by sampled mango farmerare expressed as:

o3 _ g (3.16)

pr(Yi:l/Xi ): 1+ exp(X'/)’)_

Where 4 denotes the cumulative logistic distribution fuaot g is a vector of
parameter anX’ is a vector of explanatory variables influencingtp@des misuse. The logit
model (3.16) is estimated using maximum likeliho@dLE) which gives unbiased and
efficient estimates of the probability that the elegeent variable will take on the dichotomous

values (Guijarati, 2003). Generally, MLE finds thendtion that maximizes the ability to
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predict the probability of the dependent variablesddl on what is known about the
independent variables. However, the parameter astsrof the logit model do not provide
the change in probability of pesticide misuse asesult of a unit change in a given
explanatory variable. Therefore the marginal efeante computed to obtain the change in
probability of pesticide misuse as a result of wiange in a given explanatory variable.

Thus the marginal effects are computed as follows:

OE(y/x) _

S =(XA[L-(XP)]p (3.17)
Where;f’ is a vector of parameter and is a vector of explanatory variables influencing
pesticides misusedx is change in explanatory variable ahH(y/x) is unit change in

probability of pesticides misuse due to a unit ¢jeamx.

3.3.7: Description of Independent Variables Hypothsized to Influence the Intensity of
Adoption of Mango Fruit Fly IPM Package and Pesticiles Misuse.

Access to Credit

This is a dummy variable taking the value of 1 hk thousehold head obtained
agricultural credit in the 2012/2013 mango produttseason, and O if obtained from other
sources. Access to credit relaxes farmers’ capdaktraint enabling them to purchase inputs
such as pesticides. However, the mango fruit fliM IPackage emphasizes on minimal
pesticide use. It is therefore hypothesized thaeesx to credit will have a negative influence
on the intensity of adoption of the mango fruit BM package but a positive influence on

pesticides misuse.
Number of Years of Formal Education of the Househal Head

Education was measured by the number of yearsrofaloschooling completed by the
household head. More educated farmers have a hadpiiléy to process information and thus

are more likely to identify technologies that hgwetential for improving their economic
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gains (Abdulai and Huffman, 2005). Furthermore, IR81a complex, knowledge and
information intensive technology which requiresliskb implement and to integrate the
various components that constitute the IPM pack@dégnandez-Cornejo and Ferraioli,
1999). The variable is therefore hypothesized wehapositive influence on the intensity of
adoption of the mango fruit fly IPM package. Simija more educated farmers are more
likely to understand the health hazards causedelsyiqide application and consequently are
less likely to engage in pesticides overuse. Tleeefeducation is hypothesized to have a

negative influence on pesticides misuse.

Age of the Household Head

Ageis a discrete variable. Older farmers are maygeeenced andare more likely to
have greater access to capital (Lapar and Pand¥9; 1Abdulai and Huffman 2005).
However, younger farmers are more innovative amsequently may easily try innovative
technologies such as the mango fruit fly IPM paekéfdesina and Baidu-Forson, 1995).
The variable can thus have a positive or a negatifext on the intensity of adoption of the
mango fruit fly IPM package. Older mango farmers arore susceptible to health hazards
associated with pesticides spraying compared tongeufarmers. Therefore it is expected

that age of the household head will have a negatiignce on pesticides misuse.

Gender of the Household Head

Gender of the household head is a dummy variaklagal if the household is a man
headed and O if a woman. Men have more accessdt@wn more resources such as, land
and financial production resources than women {&akt al., 2000). It is therefore
hypothesized that gender of the household heachawlé a positive influence on the intensity

of adoption of the mango fruit fly IPM package. Weamare more prone to health hazards
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associated with pesticides spraying compared ta ihéentherefore hypothesized that gender

will have a negative influence on pesticides misuse

Membership in Agricultural Group

The dummy variable took the value of 1 if the resgent is a member of an
agricultural group and 0 if not a member. Agrictdiugroups provide social network
platforms within which participants share new imf@tion and experiences such as IPM
strategies and proper pesticides use. It is thpsthesised that the membership will have a
positive influence on the intensity of adoptiontbé mango fruit fly IPM package but a

negative influence on pesticides misuse.

Number of Mature Mango Trees Planted

This is a discrete variable used as a measureeddale of mango production. Farmers
who allocate more land to a givencrop enterprisespaesumed to be commercial oriented
and rank that enterprise higher in importance taamerswho allocate smaller pieces of land
(Erbaughet al., 2010 and Isgiret al., 2008). Consequently, mango farmers who have larger
orchards are more likely to adopt more effectivetpmontrol practices such as the IPM
package to improving fruit fly control effectiversesThis variable is therefore expected to
have a positive influence on the intensity of adopbf the mango fruit fly IPM package.
Similarly, farmers operating larger mango orchaete likely to incur high pesticide
application labour cost compared to those with fewango trees. Therefore it is
hypothesized that the number of mature mango pteged will have a negative influence

on pesticides misuse.
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Occupation of the Household Head

The dummy variable took the value of 1 if the reggpent is a full time famer and O if
the respondent engages in off-farm activities.f@fin activities such as salaried employment
earn the farmers extra income which enables theputohase pest control inputs such as
pesticides. However, farmers who engage in thesiumh activities devote less time to their
farms yet IPM is a knowledge and information inteedechnology (Raghat al.,2014 and
Isgin et al., 2008). This variable is therefore expected to haveositive influence on the

intensity of adoption of the mango fruit fly IPM gaage.

Full time farmers are most likely to undertakeantthard management practices such as
pesticide spraying without hiring other people camggl to those who have off-farm
employment. Therefore, such farmers are directlyosed to health hazards of pesticides
spraying and are less likely to overuse pesticagspared to those who engage in off-farm
activities and hire other people to spray their guas. It is therefore hypothesized that

occupation of the household head will have a negatifluence on pesticides misuse.

Access to Agricultural Extension Services

The dummy variable took the value of one if themfar had accessed formal
agricultural extension services and zero if they diot. Extension workers transfer
knowledge from researchers to farmers andadvicedis on new technologies (Rag#ial.,
2014).Access to agricultural extension service poba dissemination of information about
the mango fruit fly IPM package. This study therefbypothesizes that access to extension
services will have a positive influence on intepsif adoption of the mango fruit fly IPM
package. However, this variable is hypothesizettiaee a negative influence on pesticide
misuse since farmers who interact with extensidicers are likely to obtain information on

proper pesticides use practices.
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Source of Pest Management Information

Mango farmers were asked to state their preferregrce of pest management
information. Those who mentioned pesticide dealerstraders were coded 1 and O,
otherwise. It was hypothesised that pesticidesedeand traders want to increase their sales
volumes so encourage mango farmers to intensifyotipesticides (Rashidt al., 2003 and
Machariaet al.,2013). Consequently, the variable is expectedt@ la negative influence on
intensity of adoption of the mango fruit fly IPM gkage but a positive influence on

pesticides misuse.

Dependency Ratio

The variablewas used as a proxy for labour avdiftgbn the household calculated

following (United Nations, 2005) as:

Dependenc ratiOl\lo.of children aged< 15 years+No of elderly 65 aimbve
P y Number of household members agetheen 15-64 years

It is the ratio of household members who are nainemically active (and therefore

dependent) to those who are economically activeisdibolds with high dependency ratio are
labour constrained and are less likely to engagpesticide misuse such as frequency of
spraying which is laborious. It is therefore hypsised that dependency ratio will have a

negative influence on pesticides misuse.

Number of Items in Spraying Protective Kit

It is a proxy for awareness of means of pesticig@isoning and the health hazards
associated with pesticides use. Farmers using isgrgyotective items are presumed to be
more aware and concerned about the health hazaptswe through pesticide use than

those who use less. The variable is therefore ¢éegeio have a positive influence on the
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intensity of adoption of the mango fruit fly IPMrategies since farmers who are aware about
pesticides health hazards are more likely to s#eknative pest management practices such
as IPM. It is also hypothesized to have a positil@eence on pesticide misuse since farmers
who use this gear feel protected from exposureesiigides hazards hence may engage in

pesticides overuse with reduced fear of poisoning.

Distance to Mango Input Market

The variable was measured in kilometres(KM) betwienrespondent’s farm and the
nearest mango inputs market. It is used as a piaxgase of access to information and to
purchased farm inputs such as pesticides. Thisyshtygothesizes that farmers situated
farther away from input markets are more likely adopt the mango fruit fly IPM
components such as orchard sanitation to substauteesticides which they cannot readily
access. The variable is expected to have a positfikeence on the intensity of adoption of
the mango fruit fly IPM package. On the contrarigtahce to the nearest input market is
hypothesized to have a negative influence on pdstienisuse since longer distances
increases the transaction costs of accessing pestiovhich consequently discourage
pesticide overuse. In addition, mango farmers whmshards are situated far away from
input markets have less access to information opeirpesticides use and are more likely to

engage inpesticides misuse.

Empirical model for intensity of adoption of the mango fruit fly IPM package

Y = . + BLGENDR +B,AGE + :EDUC + B,LNTREES +8sMRKTDIST +8,CLOTHNG +

S7CRDT +pgEXTN+SOCCPN +410GROUP+51; PSTINFOSRCE +y.
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The factors hypothesized to influence the intensitsgdoption of the mango fruit fly IPM are

described in table 3.1 below.

Table 3.1:Variables hypothesized to influence thetensity of adoption of the mango
fruit fly IPM package

Expected
Variable Definition and measurement sign
Dependent Variable: Number of mango fruit IPM sigies used
GNDR Gender (1 = male, 0 = Female) +
AGE Age of household head in years (in years) *
EDUC Education (Years of formal schooling compléted +
TREES Number of mature mango trees planted +
MRKTDST Distance to nearest IPM trial orchard (KMs) +
CLOTHNG Number of spraying protective clothing ugBascrete) +
Agricultural Credit received in 2012/2013 seasddurimy, 1=
CRDT Yes, 0= No) -
OCCPN Occupation (Dummy, 1=Fulltime farmer, 0=0ttise) +
EXTN Access to extension service (Dummy, 1= YesNo¥ +
Agricultural group membership (dummy, 1=Member, Beon-
GRUP member) +

PSTINFOS Source of pest management information (Dummy, 1sti€lde
RCE dealer, 0= other source) -

Table 3.2: Variables hypothesized to influence p#side misuse among sampled mango

farmers
Expected

Variable Definition and measurement sign

Dependent Variable: pesticide misuse (1=Yes, 0=No)
GNDR Gender (1 = Male, 0 = Female) +
AGE Age of household head (Years) +
DEPERTIO Dependency ratio (continuous) -
EDUC Education (Years of formal schooling complgted +
TREES Number of mature mango trees planted (Distret +
MRKTDST Distance to nearest market (KMs) +
ADPTIPM Adopt mango fruit fly IPM (Dummy, 1=Yes, O40) -
CRDT Access agricultural credit (Dummy, 1=Yes, 0F¥No +

Source of information on pesticide use (1 = Pagtiaealer,
INFO 0= otherwise) +
CLOTHNG Number of spraying protective clothing. ¢§Diete) +
EXTN Extension (Dummy, 1=Yes, 0=No) +

Agricultural group Membership (Dummy, 1=member, 0 =
GRUP Non-member) +
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Empirical model for pesticide misuse
Y =0o+1GNDER+3,AGE. fsDEPERTIO4,EDUC+SsTREESsMRKTDIT+5;GRUP

+BsADPTIPM+8sCRDT4810PSTINFOSRCER:CLOTHNG481,EXTN+H

3.4: Sampling Design and Data Collection
3.4.1: Sampling Design

A combination of purposive and multi-stage randampgling procedure was used to
select a sample of mango farmers to be interviewethe first stage, Runyenjes and Kyeni
divisions in Embu East sub-County were purposigelgcted since they are the major mango
producing areas in the County. In the second stagee locations, Kyeni South, Kyeni East
and Kagaari South, were also purposively selectedesthey are also the main mango
producing locations in the two divisions. In therdhstage, 10 sub-locations in the three
locations were also purposively selected basedheir tevel of mango production. These
sub-locations were; Karurumo, Kasafari and KathamuKyeni South location, Kigumo and
Mukuria in Kyeni East location and Nthagaiya, GieheKiringa, Kanduri and Kigaa in
Kagaari south location.

The sample size was determined using the Cochramoagh as shown below

(Cochran, 1963).

n, = Z% (3.18)
Where;n is the desired sample sizasthe standard normal deviate at the selecteddmmde
level; in this case 1.96 for 95percent confidenteerval, p is the proportion of mango
farmers in the population (taken as 0.5 when thaceyroportion of the farmers is not
known), g isthe proportion of mangoes who did not grow masg(.-p) anc is the desired

level of precision (5percent). The calculated mummsample size was;

B 1.962 x 0.5 * 0.5 _ 384
n= 0.052 -
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Although the calculated sample size was 384, a kaofp805farmers was used since
funds allowed the researcher to contact such atghber of farmers. In addition, the large
sample size was necessary since the IPM packagaewmdyg introduced in the study area and
findings from focus group discussion indicated tbatme components of the package were
not readily available in the local farm input str&he large sample would therefore give a
better measure of the intensity of adoption ofrtiengo fruit fly IPM package in the study
area. A sampling frame of 1000 names of farmersagagpiled with the assistance of ICIPE
staff, divisional agricultural officer based in Kyeand Runyenjes divisions and village elders
consisting of 600 participants in the ICIPE mangatffly IPM package trials project and
400 non-participants.

Using research randomizer, a sample size of 458onelents was randomly drawn
from the trials project participants sampling fraar@ 360 from non-participants sampling
frame. However, during the survey three farmersthie participants list and two non-
participants declined to participate in the sureeg were dropped leaving a sample of 447
participants and 358 non-participants. Other sgidie adoption of IPM have used smaller
sample sizes such as; Erbawgghal.(2010) used 180 respondents; Bladteal.(2007) used
243 respondents; Singhet al.,(2008) used 178 relgpds However, Frisvoldt al., (2010)
used a slightly higher sample size of 1,205 respotsito study adoption of best management
practices for weed control in corn.

3.4.2 Data collection

Interview based survey was conducted using a seautared questionnaire to collect
data pertaining to the 2012/2013 mango season. Stlmeey was conducted between
November and December, 2013 to obtain primary datdarmers’ demographics, socio-

economic characteristics, their mango productiod mrarketing constraints, mango output
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and sales, fruit fly control strategies adoptedngoaproduction costs as well as source of

information on mango pest and disease control.

3.4.2: Data Analysis

The data collected from 805 mango farmers was ekkdrefore analysis to ensure
validity. Descriptivestatistics such as percentaged means were computed for different
variables. In addition, t-test, negative binomiatldogistic regressionmodels were used to
assess the statistical difference in continuougalbbes between adopters and non-adopters,
intensity of adoption of mango fruit fly IPM packa@nd pesticide misuse among mango.
Software used for data analyses were Excel forrgts® analysis and STATA version 12

for quantitative analysis.

3.4.3: Econometric Models Diagnostic Tests

In addition to the test for presence of over orarrdispersion, other model diagnostic
tests were performed to test the degree of comelamong variables (multicollinearity) and

therelationship between random terms across olismmsaHeteroscedasticity).

Heteroskedasticity

One of the assumptions of ordinary least squareeinedhat the variance of the error
term is constant or homogenous across observafreene, 2007). However, when this
assumption is violated the error terms are saidbéo (Heteroscedastic). Presence of
heteroscedasticity leads to large standard errbrshwn turn lead to small t-value leading to
the researcher to fail to reject the null hypotiesironeously. Test for the presence of
heteroscedasticity was done using the Breusch-Pagah Cook-Weisberg test. The
specification tests the null hypothesis that, threreterm variances of the error terms are all
constant against the alternative that the errangevariances are not constant across the

observations. The test was implemented usingh#ieestcommand in STATA version 12.
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The Breusch-pagan and Cook-Weisberg test resuttshi® estimated intensity of IPM
adoption (Poisson regression) model are given helow
Ho: Constant variance
Hi.: Non- constant variance
Chi* (1) = 7.03
Prob > Chf = 0.008

The chi-square value of 7.03 was large and wassttally significant at 1 percent
consequently the null hypothesis of constant vagaof the error terms across observations
was rejected, meaning that heteroskedasticity waolalem. To correct for this problem, a
robust negative binomial regression model was e¢dchso as to obtain robust standard
errors. Similarly, the Breusch-pagan and Cook-Wargbtest results for the estimated
pesticide misuse (logit) model are given below:
HO: Constant variance
H1: Non-constant variance
Chi* (1) = 35.03
Prob > Chf =0.0000
This result also shows that the assumption of hopussticity was violated and hence a
robustlogit model was estimated to correct for the heterostmity problem in the data.

Multicollinearity
According to Koutsoyannis (1973), multicollinearitgfers to the presence of linear

relationships among the explanatory variables useal model. This situation is caused by
inclusion of related (collinear) variables in thecorometric model. With high
multicollinearity among variables, the separatéugfice of each explanatory variable on the
dependent variable cannot be estimated. The moshbleo effects of presence of

multicollinearity in the data are; wrong signs obefficients, high standard errors of
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coefficients, and high R-squarevalue even whenviddal parameter estimates are not
significant (Gujarati, 2003).

To check for presence of multicollinearity, theigace inflation factor (VIF) for each
variable was assessed. Following Gujarati(2003hef variance inflation factor (VIF) of a
variable exceeds 10, that variable is said to bhlficollinear and can be excluded from the
model.

Table 3.3: Variance inflation factors for explanatey variables used in the intensity of
adoption of IPM model

Variable VIF

Gender of the household head 1.05
Age of the household head 1.13
Years of formal schooling completed 1.19
Number of mature mango trees planted 1.17
Distance to the nearest inputs market 1.02
No of spraying protective clothing 1.18
Access to credit 1.02
Access to agricultural extension services 1.15
Occupation of the household head 1.08
Membership to agricultural group 1.08
Source of pest management information 1.14
Mean VIF 1.11

Source: Author's computation

Table 3.4: Variance inflation factors for explanatay variables used in the pesticide
misuse model

Variable VIF
Number of mature mango trees planted 1.19
Years of formal schooling completed 1.18
Number of spraying protective clothing used 1.20
Age of the household head 1.16
Distance to the market 1.02
Access to credit 1.02
Adopt at least one IPM component 1.13
Access to agricultural extension services 1.16
Dependency ratio 1.08
Gender of the household head 1.06
Membership to agricultural group 1.07
Source of pest management information 1.13
Mean VIF 1.12

Source: Author's computation
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The variance inflation factor, VIF is calculated as

1

VIF, = D

(3.19)

Where; ki is the K'explanatory variable regressed on the other exmanaariables.Rzis
equal to theRof the auxiliary regression (obtained when kfeegressor is regressed on the
remaining variables). None of the variables hatlFagreater than 10 and the mean VIF was
1.11 (Table 3.4) indicating that there was no seriproblem of multicollinearity among the
explanatory variables. Similarly, in the pesticitdsuse model none of the variables had a

variance inflation factor greater than 10 and tlemamVIF was 1.12.

3.5: Study Area

This study was conducted in Embu East Sub-Courdgmirly Embu East district)
comprising of two divisions namely; Runyenjes angeki divisions. The sub-County lies
between 1000 — 2070 meters above sea level and twdsal area of 253.4 square kilometres
of which 177.3 square kilometres is arable landcoading to 2009 national population and
housing census, the study area had a total populafi115,128 persons and average family

size of six persons, which is comparable to thaiwilar areas.

The agro-ecology of the study is heavily influendgdMount Kenya and Nyandarua
Ranges with fertile and well drained soils welltedifor tea and coffee growing. Rainfall in
the area is bimodal with long rains season in Maackune and short rains in October to
December, ranging between 800mm — 1500mm annddily.soils are generally fertile, well
drained, deep, dark reddish brown to dark browabfd clay with humic top soils mainly

humicnitisolsandandosolgJaetzoldcet al, 2006).
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Figure 3.2: Map of the study area
Source: Google Earth
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CHAPTER 4: RESULTS AND DISCUSSION
Introduction
The chapter starts by discussing the socio-econoha@rtacteristics of mango farmers as
well as their mango fruit fly IPM adoption patteri@uibsequently, the results of thePoisson
regression and logit models are presented to afisesketerminants of intensity of adoption

of the mango fruit fly IPM package and pesticidesusie respectively.

4.1: Socio-Economic and Demographic Characteristiosf Sampled Mango Farmers.

Majority of the households were headed by men @&ent) while about 12 percent
were headed by women (Table 4.1). The average holtssize was 5 persons with an
average dependency ratio of 45.52 percent implyimag level of dependency was almost
half. The age of the household head ranged frorto B years with an average of about 54
years, an indication of aging mango farmers who famed with labour constraint for
managing mango orchards.However, the average nuohlyears of growing mangoes (taken
as a proxy for experience) was 14.3. The implicatibthis result is that farmers have grown
mangoes long enough to appreciate the difficultycohtrolling mango fruit fly using
pesticides alone. The average number of years raidloeducation completed among the
sampled farmers was 9.24, indicating a fairly gtese| of literacy.

The average land size per household was 3.9 acresich they kept livestock and
produced subsistence crops. The average numbearof énterprises practiced by the
sampled mango farmers was 7. On average, sampieatera allocated 1.13 acres (28
percent) of their total land holdings to mango ards with an average of 128 mature mango
trees, suggesting that mango farming is an impbodaterprise in the study area. Only about
30 percent of these farmers operated pure stangonarchard while the rest intercropped
mangoes with annual crops particularly maize, bearg millet. Only 15 percent of the

sampled farmers were members of any agriculturalijgis) while the mean frequency of
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extension contacts was 0.69 visits per season&igilonly 10.81 percent of the sampled
farmers received credit during 2012/2013 mangoaealesults also indicate that farmers
spent an average of KShs 1,783 on pesticides farabng mango fruit fly and the average

frequency of mango spraying was 5.7 times per md2th season implying that farmers, to a
large extent, still rely on pesticide to controé thnuit fly. There was high level of awareness
(86.83 percent) about the mango fruit fly IPM pagda 37.39 percent had heard from fellow
mango farmers, 32.67 percent from ICIPE staff dyfiaeld days, 17.02 percent from mango

buyers, 15.53 percent from extension officers amg .99 percent had heard over the radio.

Table 4.1: Frequency distribution of socio-economiand demographic characteristics of
sampled mango farmers

Percentage response

Farmer characteristics n=805
Household head gender

Female 12.42
Male 87.58
Level of education
None 4.10
Primary 50.19
Secondary 31.06
Tertiary 10.68
Bachelors degree 3.85
Masters degree 0.12
Membersof an Agricultural group 14.59
Had heard about mango fruit fly IPM 86.83
Received credit in 2012/2013 season 10.81
Have off farm income 34.04
Accessed pesticide use information 67.95
Aware pesticides have negative health effects 78.01
Participated in IPM trials 55.53

Source: Survey data, 2013.

Given that about 87 percent of the farmers haddeérthe mango fruit fly IPM
package, it is expected that a high number of IRivhmonents will be adopted. Similarly,

since majority of the farmers (about 78 percent)enmvare of pesticide health hazards, it is
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expected that a high number of IPM components balladopted since IPM emphasize on

minimal pesticide use.

Table 4.2: Socio-economic and demographic characistics of sampled mango farmers

Mean Std deviation
Farmers’ characteristics
Age of household head 54 12.33
Years of formal education completed 9.2 4.24
Dependency ratio 45.52 52.69
Experience in mango farming (years) 14.3 6.54
Farmers’ farming characteristics
Number of mango trees planted 128 469.86

Mango gross margin in 2012/2013 mango season 25,379 47866
Mango gross margin per tree in 2012/2013 season 287 452.25
Distance to the nearest mango inputs market (KMsB 3 4.66

No. of fruit fly IPM components adopted, out of 8.0.80.78

Mango spraying frequency 5.04 244,
Number of spraying protective clothing used. 1.69 1.77

Total Number of farm enterprises practiced 6.64 2.13

Total value of household assets (KShs) 65,684 309299
Household size 5.3 2.21
Total land size in acres 3.86 214.
Extension contact frequency 0.69 2.55
Pesticides expenditure in 2012/2013 mango seasonl,783 2814.04

Source: Survey data, 2013

The mean years of formal education completed byhthesehold head of 9 years is an
indication of fairly good literacy levels and hertugh intensity of adoption of the package is

expected among the sampled farmers. Formal educatnables farmers to obtain and
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critically assess information under uncertainty &edce improve their trust on information
intensive technologies such as IPM developed throagearch.

The mean mango farming experience of 14.3 yeardsiamphat majority of sampled
farmers have grown mangoes long enough to appeettiatdifficulty of controlling the fruit
fly using conventional pesticides only and henaghhntensity of IPM adoption is likely to
be recorded. Discussion with key informants andl leseango farmers, who have grown
mangoes for a long time, revealed that farmers wéréhe opinion that pesticides use by
itself was ineffective against the fruit fly. Theean household dependency ratio of 45.52
percent indicates that approximately half of thegled farmers are of working-age (between
15 to 64 years) and supporting the other half ef dependent population, who are either
children (aged below 15 years) or elderly (65 aedry above). Low intensity of adoption of
the IPM package is therefore expected because HlMheomponents such as burying fallen
fruit and burning fallen fruits arelabourintenss@mponents.

The low average number of spraying gear (1.69)dgative of low level of awareness
of pesticides related health hazards and therdfaeintensity of adoption is expected.
Human pesticides poisoning occurs via four mainnaes namely; ingestion, inhalation,
dermal absorption and absorption through the e&sl(o, 2005). Farmers who are aware of
pesticides hazards and means of exposure are fkehg to use more pesticides spraying
protective clothing such as; gloves, goggles, gurtdyaoverall jackets and spraying masks.
In addition, mango farmers who use more of thesayspg protective clothing (aware of
pesticides health hazards and means of pesticioissrpng) are likely to adopt more IPM
components because IPM emphasizes on minimal jpestiase.

The average frequency of mango spraying of 5.0kkéty toimply high reliance on
pesticides to control fruit fly and consequentlylmtensity of IPM adoption is expected.

However, it could also indicate high intensity &M adoption since bait sprays, one of the
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fruit fly IPM components, requires farmers to spragingoes frequently but on small spots
usually one meter square on the tree canopy. Bwtsdurther revealed that mango farmers
had a mean extension contact frequency of 0.7. élagmoups were also not popular among
sampled mango farmers given that only 15 percerthei were members of such groups.
This implies low level of social networking amongmngo farmers hence low intensity of

adoption is expected.

4.1.1:Socio-Economic Characteristics of Mango FruiEly IPM Package Adopters and
Non-Adopters

The results of the study indicate that IPM adop#ard non-adopters had equal mean
age of 54 years. The IPM adopters and non-adopiads equal mean age of 54 years.
Adopters had an average of 9.8 years of formalaetgpcompared to non-adopters who had
an average of 8.4 years of formal schooling. THiem@ince in mean number of formal years
of schooling was significant at the 1 percent levehe high mean years of formal education
among adopters implies that they were more likelyagsess and objectively evaluate the
benefits of the mango fruit fly IPM Package complaieenon-adopters.

On average, IPM adopters had higher mango farmipgreence of 15 years compared
to non-adopters whose mean experience was 13.5 gedrthe difference in the mean was
statistically significant at 1 percent level. Dission with key informants revealed that,
farmers were of the opinion that pesticide appiicaby itself was ineffective against the
fruit fly. Consequently, more experienced farmevid overtime had experienced difficulty
of controlling fruit fly using pesticides alone) meemore likely to try alternative methods of
fruit fly control such as the IPM package in orttermprove fruit fly control effectiveness.

The average household dependency ratio (proxydioodr availability) among IPM
adopters (40.86 percent) was lower and statisfichfferent at 1 percent level from that of

non-adopters whose average dependency ratio wpserb&nt. This implies that adopters had
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more productive members (aged between 15 and 65)y#ean non adopters hence had a
higher likelihood of adopting the mango fruit fli’M package since IPM is a knowledge

intensive technology which requires adequate labmeffectively implement.

Table 4.3: Comparison of socio-economic charactetiss of adopters and Non-adopters

Non-
Adopters adopters
n=471 n=334

Variable Mean Mean Difference
Age of household head 53.88 53.74 0.14
Dependency ratio 40.8 52.1 11.3***
Number of school years completed by household

head 9.8 8.4 1.4%x
Mango growing experience (Years) 15 13.5 1.5%**
Number of mature mango trees planted 168 71 Q7***
Size of land planted to mangoes (Acres) 1.4 0.8 6**0.
Distance to nearest mango inputs market (KMs) 4 35 05
Mango spraying frequency against fruit fly 5.7 41 1.6
Number of spraying Protective clothing used 2 1.4 .60
Number of spraying strategies in case 1 pesticide

brand fails 1.4 0.8 0.6***
Freguency of extension contact 0.8 0.4 0.4%**
Total household income for the year 2013 189,284 9,088 30,226
Total value of household assets 74,074 53,850 240,2
Mango gross income for 2012/2013 season 33,441 0084, 19,433***
Number of field days attended 1.3 0.4 0.9%**
Mango gross income (per tree) for 2012/2013 seas8h8 242 76**
Number of farm enterprises practiced. 7 6 1***

Level of significance; 1percent***, 5percent** ad@percent*
Source: Survey data, 2013

IPM adopters allocated an average of 1.4 acrekedf land to mangoes with 168 trees
while non-adopters allocated 0.8 acres to mangots 7t trees and the differences in the
two meanswas statistically significant at 1 perdewél. This could be explained by the fact
that IPM adopters operated larger commercial manrgbards hence sought more effective
and less-costly pest control strategies such adRNE package in order to improve their
mango enterprise profitability. IPM adopters haghler mean annual household gross income

of KShs 189,285compared to non-adopters whose nmeame was KShs 159,058 and the
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difference in these means was statistically ingicgmt suggesting that adopters and non-
adopters earned almost equal household gross iscdgmmilarly, the difference in mean
distance to the nearest mango input market wastatstically significant.

IPM adopters had a mean annual mango gross incénabout KShs 318 per tree
compared to non-adopters whose mean gross incosikeSta242per tree and the difference
between the two means was statistically significanthe 5 percent level. This difference
could be explained by the fact that IPM adoptersibyie of using more effective fruit fly
IPM components incurred minimal fruit fly damagenbe realized higher mango yields
which translated to higher gross margins compavetbh-adopters. On average, mango fruit
fly IPM adopters sprayed their mangoes more fretipewith an average of 5.7 times of
spraying compared to non-adopters who sprayedidhédstper season and the difference
between the two groups was statistically significainthe 1 percent level. The high spraying
frequency among IPM adopters could be explainedth®y use of food bait sprays, a
component of the IPM package, which requires fasmerspray more often but on small
spots (1 meter square) on the mango tree canopy.

IPM adopters used a statistically higher numbeangten the spraying protective kit
compared to non-adopters. Results indicate thaverage, IPM adopters used about 2 items
in spraying protective gear compared to non-adeptéio used one (Table 4.3). This implies
that IPM adopters had a better understanding dtthbazards associated with pesticide use
than non-adopters and therefore used more sprayatgctive clothing to minimize exposure
to these hazards.On average, mango fruit fly IPMp&ets had more farm enterprises (7
enterprises) compared to non adopters who hadepegistes. The number of farm enterprises
practiced was used as a proxy for risk attitudegidification). This result thus implies that
mango fruit fly IPM adopters were more risk avarseomparison to the non-adopters (Table

4.3).
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4.2: Adoption of the Mango Fruit Fly IPM Package inEmbu East Sub-County
4.2.1:Components of the Mango Fruit Fly IPM Packagédopted

The most commonly adopted IPM componentswere bgriafien fruitsand attractant
trap adopted by 46.96 percentand 18.76 percerieofdspondents respectively (Table 4.4).
This was followed by bait sprays adopted by 3.78qm@ of the respondents. The least
adopted IPM component was the Augmentorium (a likatstructure)and soil inoculation
with fungal pathogens which wereboth adopted by7 Oprcent of the respondents.
Discussion with key informants revealed that m&yoof the mango farmers adopted burying
fallen fruits because it mostly relies on familyodar hence was cheaper. In addition, the
attractant trap component was also adopted by @ibpercent of farmers because the fruit
flies are attracted biethyl Eugynolattractant into the trap where they inhale insaizis
and die hence farmers are able to inspect the fog@adies in the traps (visible results).

The low adoption level of the food bait componemisvattributed to its unavailability
since it was withdrawn from the market by the maoturer (Corn Product International,
Kenya) shortly after its introduction (Kort al.,2015). Similarly, the Augmentorium (a tent
like structure) component was not widely adopted ttuthe high cost of construction while
the fungal pathogens component was not readilytaaiin the market.

Table 4.4: Mango fruit fly IPM components adopted ly sampled mango farmers

Percentage response

Components n=805
Attractant traps 18.76
Bait sprays 3.73
Use ofAugmentorium 0.373
Burying fallen fruits 46.96
Burning fallen fruits 1.99
Smoking flies out using repellent herbs 3.48
Spray traditional concoctioiNeemextracts) 1.12
Soil inoculation with fungal pathogens 0.373

Source: survey data, 2013
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4.2.2: Comparison of IPM Adoption between ICIPE Trals Project Participants and
Non-Participants

A higher percentage of mango farmers who partieghah the trials (23.04percent)
adopted the attractant trap component compared3#l 1percent among non-participants
(Table 4.5). A two sample test of proportionsof @teos of this component among the two
groups revealed that the difference was statisfisagnificant at 1 percent level. Among the
participants, 6.26 percent adopted the bait spiRlys component compared to 0.56 percent
among the non-participants and the difference batwbese proportions was significant at 1
percent level. This finding can be explained by faet that most of the IPM package
components are knowledge intensive hence more méargeers who participated in the
trials project (trained on the IPM components) ladigher likelihood of adopting them

compared to non-participants.

Table 4.5: Comparison of proportions of adopters olPMcomponents between ICIPE
trials project participants and Non-participants

Mean percentage of adopters. Difference

IPM components Trials participants (n=447) Trials non-particip&mt358)

1. Attractant trap 0.2304 0.1341 0.0963***
2. Bait sprays 0.0626 0.0056 0.0570***
3. Burying fallen fruits 0.5839 0.3268 0.2570***
4. Burning fallen fruits 0.0246 0.014 0.0198

Level of significance: 1 percent***, 5percent*¥Qpercent*,
Source: Survey data, 2013.

A higher percentage of trials participants (58.89cpnt) adopted burying fallen fruits
component compared to 33.68 percent among norcipanit and the difference was also
significant at 1 percent level. Discussion withdemango farmers and key informants
revealed that majority of the mango farmers did appreciate the importance of proper

disposal of rotting fruits to minimize fruit fly palation. Therefore those who participated in
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the trials (trained on orchard sanitation) hadghér likelihood of burying their fallen fruits

compared to non-participants.

4.2.3: Intensity of Adoption and Determinants of Inensity of Adoption of the Mango
Fruit Fly IPM Package

To address specific objective two, the proportibriaomers who had adopted at least
one IPM component was computed and the total nurib&nsity) of IPM components
adopted by each farmer was computed. In additioregaession model was estimated to
assess the determinants of intensity of adoptiahe@1PM package. The results of the study
indicated that 58.51 percent had adopted at lessbbthe mango fruit fly IPM components
and the mean number (intensity) of IPM componerdspted was 0.8. The Poisson
regression model was estimated to assess theitgtehadoption of the mango fruit fly IPM
package components. The model hada chi-square sajodicant at 1 per cent level. This
implies that the independent variables taken tageihfluence the intensity of adoption of
the mango fruit fly IPM package. The mean deviarat® (the Deviance chi-square value
divided by its degrees of freedom) was used tosasiee goodness of fit of the poison
regression model. It was used to check whether nioglel meets the equi-dispersion
assumption (mean of the dependent variable is eqoats variance). Generally, a deviance
chi-square ratio of between 0.8-1.2 indicates thatPoisson regression model is appropriate
for modelling the data (Trentecoste, 2000). THeutated Pearson chi-square ratio was 0.88
indicating that the model met the equidispersiosuagtion and is therefore appropriate

model for the data.

The results of the Poisson regression model (tald indicated that seven variables
namely: gender of the household head, educatidheohousehold head, number of mature
mango trees planted, distance to nearest mangd mptket, use of spraying protective

clothing and access to extension services hadnifisant positive influence on the intensity
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of adoption of IPM. On the other hand, source o$tpmanagement information had a

significant negative influence on intensity of IRMdoption.

Table 4.6: Poisson regression results for factorsfluencing intensity of adoption of the

mango fruit fly IPM

Dependent variable: Number of IPM components aztbpt

Marginal effects

Explanatory variables Coefficient Robust Std errors
Gender of household head (Dummy) 0.142* 0.079
Age of household head (Years) -0.025 0.113
Number of schooling years (Years completed) 0.015** 0.006
Number of mature mango trees planted (Discrete) 189 0.024
Kilometres to nearest mango input market (Contisyiou 0.070** 0.028

No of spraying protective gear used (Discrete) 903 0.014
Access to credit (Dummy) -0.001 0.089
Access to extension services (Dummy) 0.122** 0.054
Occupation of household head (Dummy) 0.077 0.058
Membership in agricultural group (Dummy) 0.049 &06
Source of pest management information (Dummy) D11 0.057
Constant -1.478** 0.623
Number of observations 805

Wald chf(15) 106.31

Prob > chf 0.0000

Pseudo R 0.038

Mean deviance ratio (test for over or under-dispejs 0.88

Level of significance; *** (1percent), ** (5percenand *(10percent)

Source: Survey data, 2013.

A one year increase in the number of years of fbedacation of the household head
increased the likelihood of adopting more IPM comgnds by 1.5 percent. The likely
interpretation of this result is that IPM is a kredge intensive technology hence more

educated mango farmers, who are more receptivewideas, had a higher likelihood of
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adopting more IPM components than less educatesl é¢maddition, more educated farmers
are more likely to effectively manage and integréte various components of the IPM
package in their orchards (Lohr and Park, 2002)s Tésult supports finding of Frisvolet

al. (2010) who found that education had a positiveugriice on adoption of best management

practices to control weed resistance to pesticides.

As expected, distance (kilometres) to the nearestgm input market had a significant
positive influence on the intensity of adoption tfe mango fruit fly IPM package.
Specifically, a one kilometre increase in distataéhe nearest inputs market was associated
with 7 percent increase in the probability of adlagptmore IPM components at the 5 percent
level. The likely explanation for this result issthmango farmers whose orchards are situated
further away from inputs market have less accegsitohased inputs such as pesticides and
hence are more likely to adopt readily availablel iEomponents (pesticides substitutes) such
as orchard sanitation to minimize fruit fly infetsta@ in their orchards. This result supports
Erbaughet al. (2010) who found that adoption of cow pea IPM asitively influenced by
distance to nearest input market. In addition Barall. (2006) reported that ease of access to

pesticides hinders adoption of IPM in India.

The size of mango orchard had a positive influemtéhe intensity of adoption of the
mango fruit fly IPM package at the one percent llefesignificance. An increase in the
number of mature mango trees planted by one inedethe likelihood of adopting more IPM
components 11.8 percent. The possible explanatiothis result is that mango farmers who
operated large mango orchards viewed mango asodtyrcrop enterprise and were thus
more likely to adopt effective pest control meth@deh as the fruit fly IPM. This finding
(Singhket al.2008) who found thatsize of land planted to paddg b negative influence on

adoption of IPM in India. However it supports fings of (MaumbeandSwinton, 2000;
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Erbaughet al.2010) who identified farm size as an important afale positively influencing
IPM adoption in Zimbabwe and Uganda respectively.

Use of spraying protective gear (proxy for awarene$ means of exposure to
pesticides poisoning) increased the likelihoodadping more fruit fly IPM components by
3.9 percent at 1 percent level of significance. faoh farmers were asked to state the
spraying protective gear they used when sprayingtiggdes on mangoes. The likely
interpretation of this result is that mango farmetr® used more of these protective clothing
were aware of pesticides hazards and means otigespoisoning, thus were more likely to
adopt more IPM components which are effective agdime fruit fly and minimize pesticide
use. In another study, awareness of pesticidetetelzealth hazard was found to have no
influence on adoption of cotton IPM in Zimbabwe @hbe andSwinton 2000).

Source of pesticides use information (Dummy, 13pelss dealers, O=otherwise) had a
negative influence on intensity of adoption of thengo fruit fly IPM package and was
significant at the 10 percent level. Seeking peanhagement information from pesticides
dealers or traders reduced the probability of adgphore IPM components by 11.1 percent,
all other factors held constant. The likely intefation of this result is that pesticides dealers
seek to maximize their sales volumes by promotadg ef pesticide products (Rastetlal.,
2003).Therefore,farmers who rely on such dealessfop pest management information are
likely to adopt fewer IPM components (which emphasminimal pesticide use) than those
who seek information from other independent souotg®st management information.

Access to extension services increased the liketth@f adopting more IPM
components by 12.2 percent at 5 percent levelgrfifstance. Access to formal agricultural
extension services enhance delivery of informatorwide range of mango fruit fly control
strategies, thus farmers who accessed these sehadea higher likelihood of adopting more

IPM components than those who did not.Gender oththesehold head also had a positive

64



influence on the intensity of adoption of mangatffly IPM package. Being a male headed
household increased the likelihood of adopting mbBid components by 14.2 percentat 10
percent level of significance.The likely explanatito this finding is that men have more
access to and own more resources such as, landiramtial production resources than
women (Kalibaet al.,2000) and are therefore more likely to adopt m&el icomponents

compared to women.

4.3: Pesticide Misuseamong Mango Farmers in Embu BEaSub-County

4.3.1:Pesticide Misuse

Majority of the sampled mango farmers (84.6 percesetd pesticides to control the
mango fruit fly. However, only 29.07 percent regdrthat pesticide spraying alone was an
effective fruit fly control strategy while the reseported that it was ineffective. In
circumstances where farmerslack non-pesticide pestagement strategies they resort to
pesticide misuse practices such as overdosingcpisttoncentration, increasing frequency
of spraying and using unrecommended pesticidesdbréiduchiri, 2012). Pesticidemisuse
means ‘application of insecticides in a higher owér than recommended dose and
frequency, spraying a mixture of two or more inggdés per application, or using
unregistered, banned, or highly toxic chemicalsagRdet al.2003). It has been established
that improper pesticides selection, unrecommengealysg frequency and improper dosage
contribute to pest resistance since they placectbade evolutionary pressure on pests

(Horticultural News, 2014).

The results of the study indicated that 67.45 pdroéthe mango farmers used at least
one or a combination of the three pesticide misleseribed in table 4.7. Slightly more than
half of the respondents (56.77 percent) reportatlttiey used pesticide brands which are not
recommended for fruit fly control and the most coomhly misused pesticide brand was
Dimethoatemeant for coffee. In facDimethoatensecticide has been banned for use in fruits
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and vegetables in Kenya (Mutuktial.,2014). Discussion with key informants revealed that
majority of the mango farmers who also grew coféainedDimethoatepesticides from

local coffee co-operatives through a check-off exyst(pesticides cost deducted from a
farmer’s coffee earnings). Such farmers used plathese pesticides, meant for coffee, to

control the mango fruit fly.

Table 4.7: Pesticide misuse amongsampled mango feens.

Practices
Percentage response (n=805)
Increase pesticides dosage 14.78
Increase frequency of spraying 21.12
Use of unrecommended pesticides brands 56.77
Do nothing 24.72

source: Survey data 2013

About 25 percent of the sampled mango farmers asa@ frequency of pesticide
spraying while use of incorrect pesticide dosage weacticed by 14.78 percent of the
sampled farmers. The study results further indac#tat mango farmers used a wide range of
pesticides brands for control of the fruit fly. Beebrands includeBalyton, Ogor, Bestox,
Marshall, Simithion, Alpha tata, Bulldock, Lannat&granate, Thiovate, Diaznon, Copper,

Wetsurf, Daspan, Thunder, Danadim, Servin, Dimdthddilraz and Twigathoate.

About 78 percent of the sampled mango farmers wesare that pesticide application
have negative health effects and about 63 percsad at least one spraying protective gear
among the five observed namely; spraying mask, efp\gumboots, overall jackets and
spraying goggles. However, about 30 percent regohaving felt sick after spraying
pesticides on their mangoes. The major pesticidg®seire symptoms reported and the
number of farmers reporting them were; dizziness gércent), sneezing (14 percent) skin
irritation (9.7 percent), nausea (4.72 percent) eughing (4.72 percent). About 21 percent

of the sampled mango farmers hired other peopéetiaally do the spraying of their mangoes
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and there was a statistically significant assammbetween hiring pesticides applicators and
tertiary and university degree levels of educafi®x0.05).

Given that majority of the farmers (70 percent)orted that pesticide spraying alone
was an ineffective fruit fly control strategy, & expected that pesticide misuse will be
prevalent in the study area. Furthermore, more treh(63percent) of the sampled mango
farmers used at least one spraying protective lggacehigh pesticide misuse is expected in
the study area since farmers feel protected frostigpedes exposure and its related health
hazards. Only 30percent of the sampled farmersktdtat they fell sick after spraying
pesticides hence pesticide misuse is expected fangers may not understand the harmful
effects of pesticides spraying.

Easy access to pesticides through check-off systeexpected to enhance pesticide
misuse, particularly use of unrecommended pestibrdads, in the study area.The positive
association between level of education (collegelwandersity levels) and hiring of pesticides
applicators suggest that more educated farmemnare likely to engage in pesticide misuse

since they are not directly exposed to pesticiaeistheir related hazards.

4.3.2: Factors Influencing Pesticide Misuse among &dhgo Farmers in Embu East Sub-
County

To achieve objective two of the study, a logit mod@as estimated to assess the
determinants of pesticides misuse, and the reatdtpresented in table 4.8 below. The chi-
square statistic for the overall performance of thedel is highly significant with a P-
valuemuch lower than 1 percent (P-value of 0.00@3)]ying that the independent variables
taken together have parameter estimates whichigméicantly different from zero at the 1
percent level. In addition, the value of the cad¢edl Hosmer-Lemeshow statistic of the
model was insignificant indicating that there is smnificant difference between the

observed and predicted values, thus the model asTit the data at 5 percent level of
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significance.Empirical results of the study revdaldat the major factors influencing
pesticide misuse were; number of years of formalcation completed, use of spraying
protective gear, adoption of at least one IPM comemd, source of pest management

information, and dependency ratio.

Table 4.8: Logit regression results for factors infiencing pesticide misuse

Dependent variable: Pesticide misuse (1= Yes, O No

Marginal Effects

Independent variables Coefficient Std errors
Gender of the household head (Dummy, 1= Yes, 0= No) -0.033 0.049
Age of the household head (Years) -0.039 0.079
Education of household head (Years of schoolingatetad) 0.013*** 0.005
Number of spraying protective clothing used (Diseye 0.055*** 0.011
Distance to nearest mango input market (Continuous) 0.023 0.019
Access to credit (Dummy, 1= Yes, 0= No) 0.003 0.057
Source of pest management information (1= Yes, 6 N 0.132*** 0.037
Access to extension services (Dummy, 1= Yes, 0= No) -0.029 0.041

Adoption of at least one fruit fly IPM component(Yes, 0= No) 0.190*** 0.036

Number of mature trees planted (Discrete) 0.032 2D.0
Membership in agricultural group (1= Yes, 0= No) osn 0.050
Dependency ratio (continuous) -0.001* 0.000
Constant -0.587 1.608

Pseudo R2 =0.1334
Wald chi2(12) = 116.66
Prob > chi2= 0.0000

Level of significance; *** (1percent), ** (5percenand *(10percent)

Source; Survey data 2013

The dependency ratio had a significant negativieiénice on pesticide misuse among

mango farmers. The likely explanation of this resithat household with more dependants
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spent a larger proportion of their incomes on baseds such as food and clothing, leaving
them with little money resources to spend on pelschence did not engage in expensive
pesticide misuse such as; increasing pesticideagéoand frequency of spraying. Another
possible explanation to this finding is that padgcapplication on mangoes is laborious
hence household with more dependants (inadequaderdorce) were less likely to engage
in labour intensive pesticide misuse practices fscfiequent mango canopy cover spraying.

Contrary to expectation, adoption of at least oago fruit fly IPM component had a
significant positive influence on use of pesticidessuse at 1 percent level. Calculated
marginal effects indicate that adoption of at least IPM component was associated with a
19 percent higher likelihood of using pesticidesumse, all other factors held constant. The
likely explanation for this finding is that durirthe survey, some of the IPM components
particularly the food bait component was unavaéahl the market since the producing firm
(Corn Product International Kenya) withdrew the qurct from the market shortly after its
introduction for undisclosed reasons (Keaeir al., 2015). Since food bait IPM component
involved pesticides spraying (usually on 1 meterasg spot on mango tree canopy), farmers
who had adopted it but could not access it fromiagket to replenish their stock were
forced to revert to the conventional canopy sprgyumich entails frequent spraying to avert
fruit losses.

It is also important to note that optimum pest ng@maent results, in the context of
IPM, are realized when all the components of thekpge are integrated together. Therefore,
in case some components are unavailable to theefarnthey may be forced to increase
pesticides application since adopting only one camept may not produce the desired pest
control results. This argument is reinforced by descriptive statistics which revealed that
only 2.48 percent and 13.79 percent of the samfdeders adopted three and two IPM

components respectively while 42.48 percent an@44adopted one and zero components
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respectively (Appendix 3). This result supportgdimgs by Maupin and Norton (2010) and
Harperet al. (1990) who found that adoption of IPM actually nre@ses chemical pesticide
spending and pounds of active pesticide ingredigmiayed on US farms.

Mango farmers who preferred to obtain pest managemé&rmation from pesticides
distributors and traders had a 13.2 percent hijkelthood of misusing pesticides compared
to those who sought this information from otherrses. Pesticide distributors and traders are
motivated by profits from pesticides sale, thusytlae likely to encourage farmers to
increase their pesticides dosage and frequencypiayisig in order to boost their sales
volumes. In addition, some traders may lack theegige to advice farmers on proper
pesticides application hence may not provide appat®p pesticides use advice to their
customers. This result supports findings of (Raskidal., 2003; Baralet al., 2006 and
Macharia et al., 2013) who found that obtaining pest managementrimétion from
pesticides dealers increased the probability otipde misuse in Bangladesh, India and
Kenya respectively.

Contrary to expectation, use of more spraying gtote clothing (used as a proxy for
awareness of pesticides health hazards and meapsstitides exposure) increased the
probability ofpesticide misuseby 13.6 percentsllikely that mango farmers who used more
spraying protective gear felt adequately protectedm pesticides exposure and
thereforeengaged inpesticides misuse through oserglef pesticide concentration, frequent
canopy cover spraying and use of unrecommendedcigest brands, without fear of
poisoning. In addition, this finding can be atttida to lack of awareness among mango
farmers on the hazardous effects of pesticides amsenatural enemies of the pest and
environmental pollution such as contamination ofteya thus applied pesticides

indiscriminately as long as they felt protectedvrpoisoning.
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Surprisingly, the number of years of formal edumattompleted by the household head
had a positive influence on pesticide misuse ansl significant at 10 percent. A one year
increase in formal education completed by the hooisehead increased the probability of
pesticide misuse by 1.3 percent, all other fachmisl constant. Descriptive statistics results
indicate that about 21 percent of the sampled fesnired other people to spray their
mangoes and there was a significant associationeleet hiring pesticides applicators and
attaining college level of education (P<0.05). Metkicated farmers who hired other people
to spray their mangoes had a higher likelihood ®fusing pesticides because they were not
directly exposed to pesticides hazards as theyaigarticipate during spraying. This result
supports findings by Harpest al., (1990) who found that the probability of pestigde

spraying increased with level of education among farmers in the US.
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CHAPTER 5: SUMMARY, CONCLUSION AND RECOMMENDATIONS

5.1: Summary

Mango production is a major source of income fothbmedium and small-scale
farmers in Kenya. However, fruit fly infestationrtails the production and trade of mangoes
since it lowers the quality and quantity of edibled marketable fruits. This consequently
hurts the livelihoods of mango farmers and traddme depend on the mangoes for income
and consumption. The primary control strategy agjaihe fruit fly in Kenya is chemical
pesticides, a strategy which has been shown tonb#ective because its larvae, the
destructive stage of the pest, is held inside thé@ fissue and it cannot be reached by
pesticides applied on the fruit surface.

This has led mango farmers to misuse pesticidesigir frequent spraying, overdosing
pesticides concentration and using unrecommend&itiges brands all targeting to improve
fruit fly control effectiveness. In addition to bei ineffective against the fruit fly, these
practices have adverse health, environmental amdoatic consequences. To respond to this
situation, ICIPE developed and conducted trialsa@mango fruit fly IPM package which was
shown to reduce fruit fly damage in pesticide istea orchards from 24-60 percent to less
than 14 percent and to also reduce pesticides yg.d percent (ICIPE, 2011 and Kibira,
2015). Despite the success of the mango fruit W Ipackage in controlling fruit fly
infestation and reducing pesticides use, its intgms adoption remains unknown. Similarly,
the factors influencing pesticide misuse among radagnershave not been studied.

The overall objective of this study was to assekgpton of the fruit fly IPM package
and pesticides misuse among mango farmers in Enasti $1b-County. Embu East sub-
County was chosen for this study because it is @mmaango producing area which hosted
the mango fruit fly IPM package trials project. Thgecific objectives were to; assess the

socio-economic characteristics of mango farmerserdene the factors influencing the
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intensity of adoption of the mango fruit fly IPM gaage and examine factors influencing
pesticide misuse among mango farmers in Embu EdsCaunty.

To achieve these objectives, primary data on secamomic characteristics of farmers,
mango production and pest management were colléctesda sample of 805 mango farmers.
Multistage sampling procedure was used to randaelgct the farmers and the data were
collected through face to face interview using misstructured questionnaire. The socio-
economic characteristics of the mango farmers vemsessed using descriptive statistics
while a Poisson regression model was estimatedntdyse the factors influencing the
intensity of adoption of the mango fruit fly IPM gage. In addition, a logit model was

estimated to examine the factors influencing pestgmisuse.

5.2: Conclusion and Recommendations

The results of the study revealed that 58.51 peéroérthe sampled mango farmers
adopted at least one component of the mango fyulPM package developed and promoted
by ICIPE. However, the mean intensity of adoptidthe IPM package was 0.8 components.
The most commonly adopted IPM component was buryatign fruits (46.96 percent),
followed by attractant traps (18.76 percent), lspitays (3.73 percent), smoking flies out
using repellent herbs (3.48 percent) and burnitigrfdruits (1.99 percent). The least adopted
components were; soil inoculation with fungal paes and orchard sanitation using a tent
like structure used to kill fruit flies while allang beneficial insects back to the orchard
(Augmentorium both adopted by 0.37 percent. The major reasded ¢or low adoption
levels of these IPM components were, unavailabilitythe market and difficulty in
construction of theAugmentoriurftent like structure). Nonetheless, these resoifdy that
adoption of the IPM package is fairly good giveattmore than half (58.51 percent) of the
farmers adopted at least one component. Howevayailability of some components

hinderedfull adoption of the IPM package.
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The empirical results of the Poisson regression ahoelvealed that the intensity of
adoption of the mango fruit fly IPM package was ipeasly influenced by; education of
household head, number of mature mango trees glagitgdance to the nearest mango inputs
market, use of spraying protective clothing, acdessextension services and gender of the
household head. However, obtaining pest managem&nrmation from pesticide dealers
and traders had a negative influence on the irtien$iadoption of the mango fruit fly IPM
package. From these results, it can be concluddpesticides traders, in a bid to increase
their sales, encourage mango farmers to intengi$giggde application to control the fruit fly
instead of adopting alternative strategies suchPa& In addition, the significant positive
effect of number of mature mango trees plantedntensity of IPM adoption suggests that
farmers who operate larger orchards derive higkeefits (reduced fruit damage and lower
pesticide expenditure) from adopting IPM comparethbse with smaller mango orchards. It
also appears that IPM results are easier to selarger mango farms. Furthermore, the
positive influence of number of years of formal ealiion on adoption of IPM implies that
the mango fruit fly IPM package is a knowledge msige technology thus more educated
farmers, able to process new information easilyeweore likely to adopt more components
than their less educated counterparts.

The positive influence of use of spraying protetiear on the intensity of adoption of
IPM implies that mango farmers who were aware gfatige health effects of pesticides and
how they are acquired (dermal absorption, ingesiiamalation and absorption through the
eye) seek alternative pest control strategies llage minimal pesticide exposure such as
IPM. Access to formal agricultural extension seegicpositively influenced intensity of
adoption of IPM implying the IPM package is a knedde intensive technology, thus
farmers who had access to formal agricultural esitenservices had a higher likelihood of

adopting more IPM components.
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The results of the study further revealed that B7ércent of the sampled mango
farmersmisused pesticides through; overdosing dst concentration, frequent spraying
and use of unrecommended pesticides brands. Tireaéstl (logit) model revealed that
number of years of formal education completed hapositive influence on pesticides
misuse.A chi square test revealed that there wag®sitive association between hiring
pesticide applicators and college and universigll®f education. The finding supports the
conclusion thatmore educated mango farmers engmgesticide misuse because they hire
other people to do the actual spraying so theyatelirectly exposed to pesticides hazards.

Adoption of at least one IPM component had a pasitfluence on pesticides misuse.
Descriptive statistics indicated that only 2.48geet of the sampled mango farmers adopted
3 IPM components while 42.48 percent and 41.24 tadomne and zero components
respectively. These findings implythat partial atiimp of the IPM package did not produce
results which could induce the farmer to reducdigéds use or abandon it completely. In
addition, the positive influence of obtaining pesinagement advice from pesticide traders
on pesticide misuse imply that traders may not jewbjective advice on pest management
to mango farmers as they seek to increase theis salumes.

Since mango farmers who used spraying protectiae gere more likely to misuse
pesticidesit would appear that they protect themesefrom pesticide health hazards with
little regard to environmental pollution arisingifn the pesticide they use. As expected, the
dependency ratio had a negative influence on pestimisuse which leads to the conclusion
that pesticides application is a labour intensitrategy hence is less appealing to mango

farmers who have more dependents and fewer preguciembers.
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The recommendation emerging from this study casumemarized as follows:

1. Pesticide traders and dealers as sources of pestga@ent information were shown
to have a negative influence on the intensity afdibn of the fruit fly IPM package,
but had a positive influence onpesticides misusés therefore recommended that
information about pest managementshould be dissgadnthrough independent
sources such as agricultural extension serviceigeo in order to enhance adoption
of IPM and minimize pesticides misuse in the staha.

2. Extension services should be made more accessibiheahgo farmers in order to
enhance adoption of IPM in the study area.

3. IPM promotional campaigns should target more ecdutctdrmers to improve intensity
of adoption.It is also recommended thatfarmers lshba encouraged to use part of
their mango revenues to attend basic educatiomderdo improve their knowledge
base and consequently enhance theirunderstandaggafltural practices such as the
IPM concept.

4. Use of spraying protective clothing (proxy for aemaess of different means of
exposure to pesticides hazards) had a significasitipe influence on both the
intensity of adoption of the IPM package and pé&d#tie misuse.Training on safe use
of pesticide should stress both the health andremviental hazards associated with
pesticide use.

5. The size of the mango orchard operated had a pesitfluence on the intensity of
adoption of the fruit fly IPM package. It is theved recommended that the mango
fruit fly IPM promotional campaignsshould focus arge mango orchard operatorsin

order to increase the intensity of its adoptiothie study area.
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7.0: APPENDICES

Appendix1: Survey questionnaire used for data cadiction

CONFIDENTIALITY

The questions | will ask you in this interview wilklp us understand the factors influencing adoptibthe
IPM package for control of mango fruit fly. The amfation gathered will be used for academic purpasdy.
Section A: Background information

Questionnaire number: ............... Enumerator’s name:
Village: ..ovvveiiiii Sub-location

[ Yo 10 o Division:

District; ..........

Section B: Household Demography:
1.1. Name of the household (HH) head:
1.2. House hold head’s mobile contact
1.3. Respondent’s name (if not HH head)
1.4. How are you related with the HH (If respondisntiot the household head)? / / &edes (1= spouse, 2=
Eldest son, 3 =Eldest daughter, 4= farm worker, 8¥ar, Specify

1.5 Gender of householdl.6 Age of (HH) (years). 1.7 Can the household hread and write?
head (1.=YES/ /I 2=NO/ /)
(1=male, 2 = female).

Section C: Household Composition:
1.8. Number of persons in the household* / / (mddkin the table below for details)

Age Male Female Total

0 year to 14 years

15 years to 64 years

More than 64 years

*A household consists of people who live in the satompound and eat from the same pot in the last 12
months
1.9. Education level of the HH head

(0). None / /

(2). Primary school / /

(2). High school / /

(3). University / /

(4). College or polytechnic) / /
(5). Other / / (Specify)

1.10. What is the total number of years spent rost?

1.11 Which year did you start growing and makingryown mango farming decisions

1.12 What motivated you to start growing mangoes?

#Section 1: Labour contribution last season.

1.13 How many household members worked in the fafaiim full time

1.14 How many household members worked in the fafaiim part time.

1.15 How many household members worked outsidéatihdy farm full time.

Section2: Mango production, sales and related cainss$ last season.

2.1 Let us now talk about your mango productioimmé@onsumption and sales last season.

Which Mango| Total Number Numbe | Total Total Total quantity of| Market
Variety  did | number | of trees in| r of | quantity of | quantity of| mangoes sold last/ buyer.
you grow last| of trees| productio | young | mangoes mangoes season. (Codes
season? (Tick planted | n now. trees harvested | consumed B.)

appropriately) | . last season.| at home.
. Qt | Unit. | Qt | Unit. | Qt | Unit | Pric
y (Cod |y (Cod |y (Cod | e per
eA). eA) e A) | Unit

1.Apple

2. Tommy
atkins

3.Ngowe

4. Kent
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5.Van dyke

6.Sensation

7.Haden

8.Sabine

9. Kagege

Other specify

Unit codes (A): 1= pieces, 2=bags; 3=crate, 4=4éayrton, 5=6kg carton, 6= other (specify

Market Codes (B): 1= farm gate, 2=village market; Bistrict market, 5= urban markets outside thetdi,
6=processors, 7= Exporter, 8= other, specify

2.2 After your mangoes have been harvested, ayeushelly sorted/graded/LEYes, 2=No

2.2.1If yes, who sorts them?. Codes, (1= seller/farmer, 2= buyer, 3= othepecify.....)

2.3 How do you sell your mangoes?(1= individually, 2 = as a group of farmersexfy

2.4 Do you have a Global Gap standard compliandéicate/. 1=yes, 2=No.

2.5. In your opinion how is the mango productiois tlast season compared to the previous season®d+M
worse now/_ /2= little worse no / / 3=Narude / / 4=little better now / /5= Mubeltter
now / /

2.6. Is there a market for your mangoes? / /1. YESIO/_/

2.7. How would you rate the market you have forrymango produce?l=very poor / [/ 2=poor/_/faiB=
/__14=Good/__/ 5=Verygood/_ /

2.8. What is the distance to the nearest market? km

2.9. Were there any mangoes you harvested thatrejereted by buyers last season? / /

2.10 If yes to 2.9 above, what were the reasoneefection?..

2.11 If yes to 2.9, indicate the amounts rejectedefich variety in the table below.

Variety Amounts rejected What did you do with tegects? (Use codes B.
Quantity Units. (Code
A)

Unit codes (% pieces, 2=bags, 3=crate, 4=4kg carton, 5=6kg aarf 6= other, specify

Codes B: (1=Leave them in the field, 2= composfaamyard manure, 3= Give them away, 4= feed to my
animals, 5= Dispose them by burying or burningo@wer, specify.

2.12 Do you intercrop mango trees with other ciopgur orchard? /1= yes, 2 = No

2.13 If yes, please give details of the intercrptgst season in the table below.

Crop intercropped with mango trees.  Acreage Quantity harvested. | Reason for intercropping
(Acres) (Code A).

Codes A (1=Consumption, 2=. Income, 3= Food di\faration, 4. Others specify.

2.14 What were your main constraints to mango ptoo last season?Please rank them in order of
importance.

Constraint l=yes 0=No Raf(Ree code)
Propagation problem
Access to farm inputs

Pests
Diseases
Post harvest handling
Other (specify)................
Rank: 1= Most serious, 2=fairly serious, 3=least serious

2.15 Which pests and / or diseases damaged yougowariast season? (Please show the pictorials kelow
respondent if unable to mention any)
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5 Internal damage of fruit by fru
Fruit fly External fruit fly damage on mandoxly.
fruit

JGASz22zOoS2

Anthracnose damage on fruits

Mango nut weevil Powdery mildew. Rusty leaf
Stem end rot (branches drying up)Mango scab (falling of fruits) Sooty moulds (whitish fruits

Section 3: | will now ask you about your mangodaurction practice

3.1 Do you keemango production records? 1=Yes, 2= No.

3.1.1.1f yes to 4.1, Which ones?/ / (Circle all that ap. (1=Labourwage records, 2= pesticide applicati
records, 3= fertilizer/manure records, 4=sales rets, 5= yield rccords. 6= other, speci)

3.2 Doyou prune your mango trees? / /Yes, 2=No

3.2.1 If yes, when did you last prune? / / (ye

3.2.2. How often do you prune your mango tree (1=yearly, 2=once in two years, 3=once in three fgal=
seasonal, 5=Never).

Section 4: Awareness &fuit fly and Mango crop protection practices lsesaso

4.1 Have you ever had fruit fly infestation in yauango orchard? /Yes =1, No=2.

4.1.11f yes to 5.1how did you know that there was fruit fly infetia in your orchard

Through 1=Symptoms on mango fruits, (circle 2=Observing the fruit fly itsell
appropriate indicator

1Black exudates on fruit surfa

2 Premature ripening of frui

3 Rotting of fruits

4 Falling of fruits

5 Others specify..................oon..
4.2 Let us now talk about fruity damage in your orchard last sea:
4.2.1 How severe was fruit fly damage on your masglast season? Codes for fruit fly damage sev/
/ (1= high, 2= moderate, 3 = low).

4.22 Out of the quantity you harvested during #& mango season, what quantities (estimates) were gkt
by fruit flies and diseases and quantity fit fole§
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Mango Total quantity| Total quantity| Quantity Quantity Total quantity of mangg
Variety of mango| of mango| damaged by damaged by sold

produced. harvested. fruit fly diseases
Qty | Unit Qty Unit Qty | Unit Qty Unit | Qty| Unit| Pric&unit

1. Apple

2. Tommy
atkins

. Ngowe

. Kent

. Van dyke

. Keitt

. Sensation

. Haden

OO |N([O|O| A~ (W

. Sabine

10. Kagege

Other
(specify) ---

Unit codes: 1= pieces; 2=bags; 3=crate; 4=4kg tam; 5=6kg carton; 6= others (specify)
4.2.2 Are there other fruits in your orchard tharevinfested by the fruit fly last seasonYés=1, No=2.
4.2.2.1. If yes, list the fruits affected indicagitheir respective output loss.

Fruits Qty harvested Damage
Quantity Unit. Use code Quantity Unit. Use code.

Code A (1= pieces, 2=bags, 3=crate, 4=4kg carton, 5=6kg @art 6= other (specify)

4.4 Awareness of mango fruit fly IPM

4.4.1 Have you ever heard of the mango fruit fiegnated pest management package introduced bERZIP
Yes=1, No=2.

4.4.2 If yes to 4.4.1, from who did you first hesyout it? / /. Code (1= extension officer,r@ango
buyer, 3=ICIPE staff, 4= from other farmers, 5=estfspecify)

4.4.3 If yes to 4.4.1, which mango fruit fly IPM roponents you are aware of? (Record all components
mentioned by the respondent)

4.4.4 Did you participate in fruit fly IPM packagiéals by ICIPE? /¥es=1, No=2.

4.4.5 If yes to 4.4.4 which year did you particgsat/

4.4.6 If no to 4.4.4 above, what is the distancé&ims) between your farm and the nearest orchardravtPM
trials were held? // Section 5: Let us now talkathmesticide use in your orchard last mango season

5.1 Did you use pesticides during the last mangs@e? /¥es = 1, No=2.

5.1.1 If yes, fill the table below indicating thegticides used, the target pests, timing and péssicosts

Pesticide | Target| Timing of | Pesticide| Package size Price perfrequency| Waiting
name pest | application.| Source | Qty Units(g/mg/ml)| package. | of days beforg
(Code A) (Code B) (KShs). | spraying. | harvesting.

Note: let the respondent mention the pesticide @used and application time followed last seasode A.
timing of spraying. (1=before flowering 2= at flovieg, 3= fruit setting, 4= shortly before harvesgjn5=other,
(specify).).Codes (B) pesticides source(1=old st@ekfriends, 3= agro vets, 4=farmer group/club, $rango
buyer/processor, 6=others spegiffs.2 From your experience, are pesticides effedin controlling the fruit
fly? // Yes =1, No=2.

5.3 What do you wear when mixing and spaying pielg&? // (Let the respondent mention and circleheait
apply).(1= Spraying masks, 2= Gloves, 3= Gumboots, 4= Gegigh= spraying overall, 6 = other, specify
5.4 Did you scout for fruit fly before pesticidemigation on mango trees last season? / EYeNo = 2.
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5.4.1 If yes, please give details of the methodsdue scout for fruit fly. /llet the respondent mention and
Circle all the codes that applyl=Use of attractant trap, 2= Observing fruit flyathage on mango fruits, 3=
Observing the pest itself, 4= other,)

5.5 What was the dosage of the main pesticide byandused last season?/ / Codes as recommended by
manufacture, 2= more, 3= less, 4= 1 don’t know).

5.6 From your experience, are there negative anfuhieffects of using pesticides? 1#yes, 2=No

5.6.1. If yes, list the negative/ harmful effects.............................

5.7 Have you or any member of your household evHer®d any pesticide related health problem¥Ye& = 1,
No= 2.

5.8 In case one pesticide brand fails to contrelfthit fly, what do you do? /dircle all the codes mentioned by
the respondent.(1 = Increase pesticide dosage, ribrelase frequency of spraying, 3= Mix differenttipéde
brands, 4= change to a different pesticide brand, 3o nothing, 6= other, specify pesticide brand fsd

| (o PP ).

5.8.1 Does the alternative method(s) applie8.8works? / / (1=yes, 2=No).

5.9 Did you hire a knapsack sprayer for sprayinggoas last season?yds=1, No=2.

5.9.1 If yes, how much did it cost per sprayingV gay? // (KShs.).

5.10 What were your spraying intervals for mangmesrlast season? //. Codes (1= after 2 weeks, t8r haf
month, 3= after 2 months, 4= after 3 months, 5hentspecify)
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4.3.0 Mango crop protection practices and adogiidruit fly IPM package.

4.3.1: 1 will now ask you about your fruit fly caot practices. (Let the respondent mention thetrag used, then record in the table below.)
Code A (1= research centers (ICIPE), 2= IPM trialcbards, 3= Neighbors, 4=Bought from local agro \dsalers, 5= provided by government agency e.g KARI

Have you ever used any of the following fruit flives =

control strategies?

1;
=2.

No

If yes,
give year
first used.

Main source
of
technology.
Code A.

Which year did
you start buying
the technology orf
your own?

Have you been

using
technology
continuously?
Yes=1, No=0.

this

Does the
technology
work? Yes =

1,No=2.

Amount spent
on the
technology last
mango seasor).
(KShs).

1 Population monitoring

Male attractant traps (male lures neethyl eugendl

Dudu lure traps

2 Biological control

Parasitoids wasps.

Fungal Biopesticides.

Weaver Ant technology.

Soil inoculation with fungus.

3 Chemical control

Broad spectrum pesticides

Less toxic insecticides e.hlethomex

Bait sprays Mazoferm andspinosad

4. Orchard sanitation

Use of Augmentorium

Bagging fallen fruits to kill fruit fly larvae.

Burying fallen fruits.

Removal of unwanted host fruits.

Burning of infested fruits

Other, specify

5. Traditional control methods

Smoke repellant herbs on mango trees.

Homemade concoctions (mixture of deterge
Mexican marigold leaves, Neem, and garlic)

nt,

6. Do nothing.

provided free by NGOs, 7= mango buyer / processgpbrter, 8= other (specify
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Section 6: Let us now talk about your perceptiompesticide application and IPM practices (use thdes
below to fill the gaps appropriately).
1= Strongly Agree | 2= Agree | 3=Somewhat Agree | 4= Disagree | 5=Strongly Disagree |
6.1 Pesticides harm natural enemies of the fruipdst / /
6.2 IPM practices are useful in controlling fruit pest. //
6.3 IPM practices are safer relative to pesticioletiol. / /
6.4 IPM inputs are readily available. / /
6.5 IPM package is affordable. / /
6.6 If you adopted any IPM component, rate theofelihg IPM attributes?
Attribute Rating(use codes).
1 Reduction in labour costs.
2 Reduction in pesticide use.
3 Reduction in pesticide expenditure.
4 Increase in yields.
5 Better mango prices/ quality improvement.

Rating: O=Ineffective; 1=Less Effectiv=Effective; 3=Very Effective
Section 7: Mango production input use and costssksson (objective 4)
7.1 Fertilizer and manure application for mangadpiciion_during last mango season.
7.1.1 Did you apply fertilizer in your mango orctidast season? //. 1= yes, No=2.

7.1.2 Did you apply manure in your mango orchastl $&ason? //. 1= yes, 2= No.
7.2.1f yesto 7.1, fill the table below recording the cosf@tilizer and manure last season.

7.2.1 Fertilizer type Qty Units code A  Cost pertu(iKShs) | Timing of application. (Code B)

7.2.2 Manure Qty Units code A  Cost per unit. (IKB | Timing of application. (Code B

Unit (Codes A): 1= wheelbarrow, 2= 50 kgs bags, 3& liter debe, 4= pick up, 5= lorry, 6 = other, spfy,
Timing of application (Code B): 1= after pruning=dnset of flowering, 3= after flowering, 4= othespecify

7.3 How much money did you spend on labour for éhastivities related to mango production last mango
season?

Activity Hired Labour Family Labour
(Fill only if the
farmer carried out the

activity)
No. of| No. of | Rate | Total No. of | No. of | Rate Total
people days Per Cost people days Per day| Cost
day (KShs) (KShs) (KShs)
Digging up
Weeding
Irrigation

Fertilizer Application

Manure Application

Pesticide Spraying

Pruning

Orchard sanitation

Top-working
(grafting).

Harvesting

Sorting andgrading.

Note: If harvesting and grading is done by the bugkease don't fill the respective rows.

Section 8: Access to credit and information on neapigpduction and pesticide use (objective 2).

8.1 Did you or your spouse receive any form of itiedn last season for the purpose of improvinghgta
production? /A=yes, No=2.

8.1.1 If yes, please fill the table below.
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Source of credit. (Use¢ Amount received Form of credit. (Code B)| Purpose of credit. (Code C
code A) KShs.

Code A.Source: 1= Farmer group, 2= other self-hgtpup, 3= Friends/Relative, 4= Bank, 5=Microfinaac
6=AFC, 7= other, specify, Code B. Form: 1= in kiredg. inputs, 2=money, 3=other (specify), Code C.
Purpose: 1= to purchase seedlings, 2= to purchi@sglizer, 3= to purchase pesticides, 5= to remiditional
land, 6= to expand crop area, 7= other (specify).

Access to mango production, pesticide use and mangdly IPM package information.

8.2 Have you been receiving information on imprgvnango production? // Yes=1, No=2.

8.3 Have you been receiving new information onipielet use? / /. Yes=1, No=2.

8.5 If yes to 8.2 and8.3 aboyvéll the table below ranking the sources of imf@tion on pestmanagement
andpesticide use and mango production last seasandér of importance. (Let the respondent mertti@m)

Source of information. Ranking for pesticide use ankng for IPM package.

Government extension officers

Farmer club / group

Family member

Neighbouring mangofarmers.

Research center (e.g. ICIPE),

Agro vet store

Pesticide supplier (Dealer).

Field days in IPM trial orchards

Mass media (TV, Newspapers)

NGOs

Radio

Demonstration plots

Reading pesticides labels.

Others (specify...)

8.5 How often do you receive new pesticide userimédion from the main source? (dften=1, rarely =2,
never = 3).

8.5 .1 If often or rarely, when was the last tinoel yeceived new pesticide use informatioméhthandyear).

8.6 How many times were you visited by an agrigaltextension officer last mango season?

8.7 How many times did you visit/consult an agrietdl extension officer last mango season? //

8.8 Did you attend a farmer field day/ seminar aango production last mango season, 1=yes, 2= No.

8.8.1 If yes, how many times did you attend theirars last season? // .

8.8.2. State the topics covered during the trainlreg the respondent mention then Circle all thdesothat
apply (1=pest and disease control, 2= pesticides s$efteaind use, 3=orchard sanitation, 4= use of arac
traps, 5= use of biological control agent, 6= segdbroduction and grafting, 7= source of high giet grafts,
8= mango marketing, 9= others, specify)

9.0: Let us now talk about your occupation, houttliecome(s) and group membership last mango season
(Objective 2, 3 and4)

9.1 What is your main occupation? Occupation cdbarming =1, other=2) othespecify.

9.2 Apart from sale of mangoes, rank your otheraiof income last season in the table below.

Ranking.| Income Number of days worked Actual Daily /weekly / monthly pay Earnings per
source. per month/ number of rate for labour and unit price farmonth/season
units sold. products sold (KShs). (KShs).
1
2
3
4
5
6
7

9.3: Group membership of the household head andpbese(s) (social network).
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9.3.1 Was the household head or spouse(s) a meshbég group last mango season?eé=1, No =2.
9.3.2If yes Please fill the table below.

Current role in the
group (Codes C).

Household Relationship of member with Type of group thg Year
Member Name the household head. (Uséhousehold memberjoined
Codes A). is registered: (Codes
B).

1).

Code A: (1= Household Head, 2= spouse).
Codes B: (1= Input supply/farmer coops/union, 2=of$/seed producer and marketing group/coops, 3=
Farmers’ Association, 4=Women’s Association, 5 =tfioAssociation, 6= Church/mosque association, 7 =
saving and credit group, 8= Others, Specify)

Codes C:(1 =Chairman, 2=Vice chairman, 3= Secretady = Treasurer, 5= Member, 6 = Ex-official,
7=others)

Section 10 | will now ask you about your Land tengystem, land use and asset ownership.

10.1 What is the total size of your land? / / acres

10.2 How many crop enterprises did you have less@e? / /.

10.2.1 Please record all the crop enterprises utalemn last season in the table below.

Plot Number Crops planted (Start wittOwnership status of plot
mangoes) (Use Codes A)

Acreage (Acres)

OO |N|O|U|RWIN|F

Code A (1= own with title deed, 2= own withoutditleed, 3=family land, 4= communal, 5=rented ino8¥ers
(specify)

10.3 If the land is rented in, what is the renga&mper season? // (KShs / Acre.)

10.4 How many livestock enterprises did you hastedaason? //.

10.4.1 Please record all the livestock you ownetld@ason in the table below. (Let the respondention)

Livestock Number | Current pricelLivestock Number Current
per head price per
head
Adult cows Rabbits
Adult bulls Pigs
Heifers Chicken
Calves. Donkeys
Young bulls Ducks
Young heifers Sheep
Goats Other,
SPECITY....oiii i

10.5 1 would now like to ask you about the assets gwn.

Assets Total Resale Assets Total Resale price/unit at
Number | price/unit at Number current state in

current state KSHS
in KSHS

Fork Jembe Hose pipe

Hoe Car

Mobile phone Radio

Generator Bicycles

Knapsack Sprinklers

98



sprayer

Ox plough Water pumps (fuel)
Panga/ Slasher Hand pump
Television lorry

Ox cart Pickup
wheelbarrow Other (specify.....)

Thank you very much for your time.

Appendix 2: Intensity of adoption of the mango fifly IPM package

Number of components adoptetlumber of RespondentsPercentage response
0 332 41.24

1 342 42.48

2 111 13.79

3 20 2.48

More than 3 0 0
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