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ABSTRACT

One of the major concern of tomato farmers globally is the effect of Tomato leaf miner
(Tuta absoluta) (Lepidoptera: Gelechiidae) an invasive insect pest which continue to
affect tomato production. However, in Kenya, there is scarce information on the effect
of tomato farmers’ gross margin, perception and SOCio-economic characteristics on
management methods of T. absoluta in Mwea, Kirinyaga County. The broad objective
of this study was to determine the contribution of tomato farmers’ gross margin,
perception and socio-economic characteristics to the choice of management of T.
absoluta in Mwea, Kirinyaga County. The study employed the adoption and diffusion
of innovation decision and utility expected theory. The target population was 2300 open
field and 20 green-house tomato farmers in Mwea. Descriptive research design was
used in the study and multistage sampling procedure was used to get a sample of 303
respondents; 283 tomato small scale farmers and 20 green house farmers. Through a
survey, tomato farmers were randomly interviewed using semi structured
questionnaires. Primary data on tomato sales, revenue, variable costs, perception on
most efficient method of managing T. absoluta and tomato farmers’ socio-economic
characteristics was collected. Socio demographic data and crop protection data was
analyzed using descriptive statistics using SPSS version 26 and econometric analysis
was done using Stata version 17. The average gross margin for the respondent per
kilogram in one acre was at an average KES 11.44 with a minimum of KES 0.92 and a
maximum of KES 132 and multiple regression model was employed to analyze the
influence of tomato small scale farmers gross margin on choice of management method
and crop rotation was significant at (P-value=5%) and had a positive relationship with
the tomato small scale farmers gross margin. Weeding was significant at (P-value=5%)
with a negative relationship with the small scale tomato farmers gross margin. Principal
component analysis was used to estimate farmers’ perception and respondents’ aspects
on knowledge, effectiveness of control, awareness, technicality on use and cheap had
strong factor loading on component 2. Some of the respondents perceived that hired
employee health, knowledge and complete control aspects had a strong factor loading
on component 4. Technical, environment effect and cheap had strong factor loading on
component 5. The multivariate probit model estimates showed that gender, education,
age, land size, household income and extension significantly affected farmers’ choice
of pest control methods in the management of T. absoluta. The negative coefficients
showed that an increase in either one of socio-economic factors will help increase
tomato yields which are reduced by T.absoluta. The study encourages tomato small
scale farmers to use other pest management methods such as use of crop rotation and
weeding so as not to rely on use of chemical pesticides alone to control T. absoluta.
Tomato small scale farmers should join tomato farmers group and organizations
whereby they can be trained more on tomato pest management practices. National and
County policymakers should adopt policies to encourage the use of integrated pest
management methods to avoid use of excess chemical pesticides in tomato production.
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CHAPTER ONE

INTRODUCTION
1.1 Background to the Study
Tomato (Solanum lycopersicum L.) originated in the Andean region, of South America
which includes Chile, Bolivia, Ecuador, Colombia, and Peru (Melomey et al., 2019).
The actual site of the origin is unknown but it has been hypothesized to be Peru and
Mexico (Zhang et al., 2021). The five largest tomato producers in the worldwide are
China, India, the United States of America, Turkey, and Egypt. (Gilbertson et al., 2017).
In sub Saharan Africa, countries like Egypt and Kenya the tomato producers whereby
tomato is done in open fields as well as greenhouses (Mwangi et al., 2020; Mwenda et
al., 2022). Tomato is one of the most economically valued vegetable in the world, with
a projected yearly production of 182 million tonnes value of US$ 87.9 billion
(Rwomushana et al., 2019). Tomato crop is used for commercial purposes and
nutritional value, prevalent production, and as a model plant for research (Guan et al.,
2018; Melomey et al., 2019). Tomato is rich in vitamins (A and C), minerals (iron,
phosphorus, lycopene, beta-carotene), water, and has a moderate number of calories.
They can be used fresh or processed into a range of products such as juice, sauce, and

puree (Kumar et al., 2020).

Tomato production plays an important role in Africa because it provides employment
opportunities for women, who make up more than 60% of the labor force along the
continent (Woldemichael et al., 2017), important vegetable for nutrition value and also
source of income for smallholder farmers. After potato, tomato is the second most
valuable and produced vegetable in Kenya. Tomato is accounted for by 14% of total
vegetable produced in Kenya and it is grown in green house technology and open fields.
Kirinyaga, Kajiado, and Taita Taveta are Kenya's primary tomato-producing countie
(Mwangi et al., 2020). In Kirinyaga County, tomato production is done in Mwea East
and West, Kirinyaga West and Central sub-Counties.

However, tomato production in the world is severely hampered by biotic and abiotic
constraints such as diseases and insect pests (Zhou et al., 2021). Higher numbers of
pests affect tomato production economically and among them being T. absoluta. T.
absoluta (Meyrick) (Lepidoptera: Gelechiidae). T. absoluta is considered one of the
most devastating pests affecting tomato and has invaded several tomato-producing
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regions worldwide, resulting in the globalization of commerce and trade (Colmenarez
et al., 2022). This migratory pest was originally recorded in Eastern Spain in late 2006
(Urbaneja et al., 2007) and has since expanded across Europe, the Mid East, Parts of
northern America, and Sub-Saharan Africa. T. absoluta was initially documented in
Africa in 2008 and 2009 (Harbi et al., 2012), then expanded to Egypt in 2010 (Moussa
et al., 2013), and lastly to Sudan and South Sudan in 2011. (Pfeiffer et al., 2013;
Brevault et al., 2014). The pest arrived in Ethiopia and Kenya in 2012, most likely from
Sudan or Yemen (Goftishu et al., 2014). Tanzania, Uganda, and Kenya are currently
home to this species (Tonnang et al., 2015). T. absoluta had first been discovered in
Kenya in 2014 as a result of past research carried out by research organizations such as
the International Centre of Insect Physiology and Ecology (ICIPE), Kenya Agriculture
and Livestock Research Organization (KALRO), National Plant Protection
Organization (NPPO), and Kenya Plant Health Inspectorate Services (KEPHIS).

Tuta absoluta is a devastating agricultural pest that have global concern and has spread
widely across continents resulting to substantial economic damages, in tomato
cultivation and in Africa the problem is much severe to the extent that farmers are
abandoning the crop (Zekeya et al., 2022). Tuta absoluta has been reported whenever
temperatures rise due to a variety of interconnected developments, which include
accelerated level of overpopulation, industrialization, and demographic changes (Heeb
et al., 2019). Furthermore, lack of co-evolved natural predators helps describe why pest
demographic trends are greater in freshly destroyed regions than in indigenous places
where carnivorous predators are more widespread. This is especially true for migrant
predatory insects like T. absoluta (Mansour et al., 2018). Because of the steady,
continual increased carbon dioxide atmospheric concentrations, T.absoluta move by
colonizing suitable habitats (Sridhar et al., 2020).

It is extremely hard to manage T. absoluta because of its varied hostage range. Some
of the host plants include: pepper (Capsicum annuum L.), long-spined thorn apple
(Datura ferox Kunth) (Tropea et al., 2012), Devil's trumpet (Datura stramonium),
tobacco (Nicotiana tabacum L.) (Vargas, 1970) and the American nightshade (Solanum
americanum Miller) (Fernandez & Montage, 1990). Although T.absoluta prefer tomato
over other solanaceous crops, it was encountered on beans (Phaseolus vulgaris) in Italy

which acted as an alternative host (Eppo, 2009), Lycium sp. Malva sp. (Caponero,
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2009). T. absoluta also has high reproduction potential with a complex life cycle that
involves both sexual and asexual (Parthenogenetical) reproduction leading to very rapid

developmental rates at optimum temperatures (Lanzoni et al., 2002; Cocco et al., 2012).

Tuta absoluta is a serious insect pest of tomato and other Solanaceae family crops that
spreads through seedlings, diseased tomato fruit, and containers. It has become a
significant concern for tomato growers (Roge, 2022). Tuta absoluta is a severe danger
to tomato production globally, affecting yield and quality in open fields and
greenhouses. The invasion of Tuta absoluta has harmed tomato harvests in Kenya, and
tomato-growing areas such as Mwea keep reporting significant rates of the pest
(Seplyarsky et al. 2010; Desneux et al. 2011; Konan et al. 2021). It can damage all
plant sections, including the leaves, leaf veins, stems margins, the sepals, and green and
white flowers (Estay, 2000). The pests lay eggs, hatches, and young larvae pierce the
leaves, stems, and fruits of tomatoes as they feed and mature, forming mines and
galleries that reduce tomato performance and productivity by affecting the plant's
photosynthesis capabilities. If not managed, the galleries on tomato fruits expose them
to severe infection by pathogens, resulting in fruit rot (Ekesi et al., 2011) and yield
losses of up to 100%. (Desneux et al., 2010).

Farmers globally and in sub Saharan Africa use various choices of management
methods to control T. absoluta which has been affecting tomato production (Desneux
et al., 2021). These methods range from chemical, biological, cultural control methods
and use IPM. However, the choice of each management method is affected by various
factors and farmers keep into consideration on a number of aspects before choosing the
method to use to control T. absoluta. For example, farmers consider the cost of
management methods, the effect on the farmers, customers and the environmental effect
among others (Mahmoud et al., 2021; Senthoorraja et al., 2022). Further, the
availability of the choice, modern technology, farmers’ socio-economic characteristics

as well as their attitudes also affect the choice of management methods.

Kenya tomato farmers in tomato producing areas like Nakuru, Kajiado among other
areas have been using a combination of control measures, such as physical, cultural,
and biological approaches, as well as the use of registered pesticides to control T. ab-
soluta (Ogutu et al., 2022). The use of chemical control can have a positive and negative
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impact on human well-being and the environment (Shahbaz et al., 2017). Bio-pesticides
that use beneficial microbial agents could reduce reliance on pesticides and chemical
pesticides in management of T. absoluta. Integrated pest management systems and mi-
crobial agents may be able to meet pressing needs in the management of T. absoluta in
tomato production. (Sayed & Behle 2017).

Tomato farmers in Mwea East and West, Kirinyaga County use biological pest control
choices such as use of predators and natural enemies as some of the methods to reduce
tomato destruction by T. absoluta (Yadav et al., 2022). Konan et al. (2021) in their
study described predatory mirids such as Nesidiocoris tenuis and Macrolophus pygmae
as some of the natural enemies used to control T. absoluta. Farmers also rely on use of
cultural control methods whereby they use methods such as crop rotation, use of im-
proved seed varieties, irrigation. Further, the use of Intergrated pest management pro-
grams like use of selective host plants, use of selected insecticides and pesticides such

as help in controlling T. absoluta.

Tuta absoluta characteristics like pesticide resistance, leaf-mining behaviour, and in-
creased survival rate make it difficult to control using pesticides alone. The use of re-
sistant varieties combined with insecticides has been discovered to be effective and it
lessens the use of insecticides in management of T. absoluta in tomato (Nderitu et al.,
2019; Sawadogo et al., 2022). Farmers in Mwea East and Mwea West Sub-Counties
have also been using parasites such as parasitic wasps to control T. absoluta. Small
scale farmers have also been using cultural control methods such as transplanting, use
of various tomato varieties such as curled leaves varieties and crop rotation as well.
This study therefore pursued to look at some of the factors affecting the choice of each
management methods used by tomato farmers in managing T. absoluta in Mwea East

and West Sub-Counties, Kirinyaga County.

1.2 Statement of the Problem

Tuta absoluta is a challenge to both open fields and greenhouses tomato farmers and it
affects the quality and yields of tomato production in Mwea, Kirinyaga County. T.
absoluta causes up to 100% yield loss during serious outbreaks. Small scale tomato
farmers have been using chemical, cultural and biological methods to control T.

absoluta. Mechanical management, improved seeds varieties, and crop rotation are
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examples of different pest control strategies. Use of improved seeds varieties, cultural
control and use of bio pesticide have been used to give a means of reducing the usage
of agrochemicals. The specific choice of management methods used to control T.
absoluta in Mwea include: crop rotation, scouting of pests, weeding, the use of certified
seed, and the destruction of alternate hosts, among other things. The choice of T.
absoluta management method may be affected by institutional, production, marketing,
gross margin, farmers’ perception and socio-economic characteristics. However, there
exists little or no information on the effect of gross margin, farmers’ perception and

socio-economic characteristics on the choice of management of T. absoluta in Mwea.

1.3. Objectives of the Study

1.3.1 Broad Objective

The broad objective of this study was to analyze the influence of gross margin, farmers’
perception and socio-economic characteristics on the choice of management of T.

absoluta in tomato production in Mwea, Kirinyaga County.

1.3.2 Specific Objectives.
The study specific objectives comprised of:
I.  To analyze the effect of gross margin on the choice of management of T. ab-
soluta in tomato production in Mwea, Kirinyaga County.
ii.  To determine the effect of farmers’ perception on the choice of management
of T. absoluta in tomato production in Mwea, Kirinyaga County.
iii.  To determine the effect of farmers’ socio-economic characteristics on the
choice of management of T. absoluta in tomato production in Mwea, Kirinyaga
County.

1.4 Research Questions
i.  How does the farmers’ gross margin affect the choice of management of T. ab-
soluta in tomato production in Mwea, Kirinyaga County?
ii.  How does the farmers’ perception affect the choice of management of T. ab-
soluta in tomato production in Mwea, Kirinyaga County?
iii.  How does the farmers’ socio-economic characteristics affect the choice of man-

agement of T. absoluta in tomato production in Mwea, Kirinyaga County?



1.5 Significance of the Study

This study contributes toward scholarly work on effect of farmers’ gross margin,
farmers’ perception and farmer socio-economic characteristics affecting the choice of
management methods of T. absoluta in tomato production in Mwea. Assessing tomato
farmers’ gross margin analysis, perception and farmer socio-economic characteristics
on the choice of management of T. absoluta will also aid in understanding the
underlying causes that may influence technical efficiency on management methods of
T. absoluta in Mwea. The study findings provide necessary information useful to the
farmers, agricultural stakeholders and policy makers to enhance food security in Kenya.
The study findings will help in sustainable tomato production as a tactical approach for
necessary steps to realize Vision 2030 for the agriculture industry, as well as goals of
sustainable development for zero hunger, healthy life, and well-being of the citizens
through income obtained from tomato production. This will have a significant impact

on small-scale farmers in Mwea, Kirinyaga County.

1.6 Scope of the Study

This study concentrated on analysis of farmers’ gross margin, farmers’ perception and
socio-economic characteristics affecting the choice of management of T. absoluta in
tomato production among open field small scale farmers and all greenhouses. The study
focused on small scale and all greenhouse tomato farmers particularly those who
planted tomato in 2021-2022 cropping season. The study was done in Mwea East and

West Sub-Counties, Kirinyaga County.

1.7 Limitations of the Study

This study was limited by tomato production seasonality and some farmers had
abandoned tomato farming in greenhouses. The study was also limited by the
information shared by farmers and some farmers may have exaggerated information or
hidden some necessary information and in some cases respondents were not able to give

correct records on prices and earnings due to lack of farm records.

1.8 Assumptions

This study anticipated that the respondents provided honest information freely and gave
responses to the research tool. Farmers had not changed the technology used in tomato
production.



1.9 Operational Definition of Terms

Choice of Management:

Farmers’ Perception:

Greenhouse Tomato Farmers:

Gross Margin:

Management of T. absoluta:

Open Field Tomato Farmers:

Small scale Tomato Farmer:

Socio-economic Factors:

These includes ways that farmers may choose to
manage T. absoluta in tomato and they include
physical, biological, chemical, and cultural
methods.

Farmers’ opinions, awareness, understanding and
attitude towards the choice of management of T.
absoluta in tomato production.

Farmers who produce tomato in enclosed space.
Deduction of variable expenses from total
revenue.

A method of reducing T. absoluta populations to
an acceptable level in tomato production.
Farmers who practice tomato production in open
space.

Farmers who do their tomato farming in
approximately less than one acre of own or hired
land.

Aspects that affect tomato farmers influencing
the adoption of different pest control methods in
the managing of T. absoluta. They include access
to land, access to credit by farmers, farmers’
farming  experience,  education.  Group
membership, the household income among

others.



CHAPTER TWO
LITERATURE REVIEW

2.1 Overview of Tomato Production

The tomato production industry is among the best advanced, globalized, as well as
innovative field globally as a result of the agronomical practices, processing, market
range, and general productiveness organization (processed or fresh tomato consumption)
differ by country (Lopez et al., 2021). Tomato can be regarded as a rapid crop due to
its fast growth, with a maturation period which ranges between (90-150) days. It is a
vegetable that is not bothered by the length of the day. The optimal mean daily
temperature for growth is 18¢ to 25 °C, with night temperatures ranging from 10° to 20
°C. Greater temperature fluctuations for day and night, on the other hand, have a
negative impact on yield. Frost is a major threat to the crop. Temperatures above 25 °C,
combined with high humidity and strong wind, which result in a lower yield. Night-
time temperatures beyond 20 °C, combined with high humidity and little sunlight, result
in excessive vegetative growth and poor fruit production (FAOSTAT, 2021). High
humidity promotes the growth of pests and diseases, as well as the rotting of fruits. As

a result, dry climates favour tomato production.

The world's leading tomato producers are Turkey, China, United States and European
Union (FAOSTAT, 2019). Tomato production around the world has steadily increased
since 2000, increasing by more than 54% until 2017 (FAO, 2017). The processed and
fresh tomato that is produced globally is approximated to be 170 million tonnes.
Currently, global annual tomato production has gradually decreased for the past few
years and is now projected to be around 123 million tons, with a total production area
of around 4.5 million ha. This decline is due to tomato pests and diseases and T.

absoluta is a key pest contributing to decline in tomato farming.

China has been reported to be world's largest tomato producer, United States is second,
followed by India, European Union as well as Turkey (Gatahi, 2020). According to a
study conducted by (CIA, 2017) China, United States, India, European Union and
Turkey produce roughly 70% of world tomato production. Mexico has been reported
as the worldwide largest tomato exporter, seconded by United States, Spain and
Netherlands (Central Intelligence Agency). Netherlands and Spain account for 25.1%



($2.1 billion) 19% ($1.6 billion) and 12.6 % ($1.1 billion) of the world's total tomato
exports totaled, respectively (CIA, 2017).

According to FAO (2018) in Sub-Saharan Africa, Kenya has been reported as the
foremost tomato producer, and it produces an approximate of 410,033 tons per year but
the yield would be more if some of the pests such as T. absoluta could be reduced.
Farmers produce in large scale, small scale and medium scale in open fields and green
houses. Some of the tomato leading areas include Kirinyaga, Kajiado, Makueni and
Nakuru counties among others. According to previous research, for instance Zhou et al.
(2021), tomato farming is severely hampered by diseases and insect infestations which
are as a result of abiotic and abiotic stresses limitations. Table 1 shows tomato
production trends globally from the year 2016- 2020 while Table 2 show the tomato
production trends in Africa from 2016-2020.

Table 1: Tomato production trends in the world from 2016-2020

Year Tomato yield (tons) Size of land(ha)  OQutput in tons per/ha

2016 177382876 4854457 365402

2017 178024027 4876142 365092

2018 180231376 5004555 360135

2019 183014805 4999181 366090

2020 186821216 5051983 369798
FAOSTAT (2022)

Table 2: Tomato production trends in Africa from 2016-2020

Year Tomato yield (tons) Size of land(ha)  Output in tons per/ha

2016 19943527 1329580 149999

2017 19912703 1397417 142496

2018 20856566 1574434 132470

2019 21825390 1569862 139027

2020 22228893 1577885 140878
FAOSTAT (2022)

Advanced occurrences of insect pests, mainly migratory pests, are reported each time
temperatures rise due to a variety of interconnected developments, including greater
levels of increasing population, industrialization, and mobility (Heeb et al., 2019).
Production, on either hand, had declined significantly due to several barriers, including;

biological, high temperature, unpredictable rain, bad soils and organisms (Ochilo et al.,
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2019). Notable biotic factors such as arthropod pests, fungal,viral and bacterial diseases
have a high economic value on tomato production (Gilbertson et al., 2017). Table 3

shows tomato production trends in Kenya from 2016-2020.

Table 3: Tomato production trends in Kenya from 2016-2020

Year Tomato yield (tons) Size of land (ha)  Output in tons per/ha

2016 410033 1329580 410033

2017 507142 1397417 507142

2018 599458 1574434 599458

2019 567941 1569862 567941

2020 1046181 1577885 1046181
FAOSTAT (2022)

The IPM strategies ranging from combining resistant crops, biological control methods
and selective insecticides have been used in various parts of Kenya including Mwea to
control T. absoluta. Tomato producers have effectively adopted associated assistance
to developing countries like the distribution of sticky pheromone traps, the availability
of biological agents and the presentation of professional assistance by specialists. These
pest control methods offer a path forward to reduce the use of chemicals, resulting in
enhancing people health and nutrition and environmental preservation the natural world
despite the government's efforts as well as non-governmental organizations (Nderitu et
al., 2020). Combination of these control methods have been reported as being operative

in management of T. absoluta but their effect on tomato yield is unknown.

The pest control methods used by farmers, for example insecticides, biological and
cultural control methods help to manage pest damage by the most egregious pests
(Radcliffe, 2021). Further, Despotovi¢ et al. (2019) described integrated pest
management as an approach that promotes natural pest population control by employing
suitable strategies such as the enhancement of natural enemies, the introduction of pest-
resistant crops as well as through the use of insecticides appropriately. Adopting
ecologically friendly pest control approaches has been portrayed as a binary decision
between adopting or rejecting alternate pest management solutions (Kinuthia et al.,
2019). Particular approaches were combined earlier before analyzing the elements
impacting the uptake choice, which provided significant insights into the drivers of crop

management method adoption (Catherine et al., 2019).
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In the case of pest outbreaks in crop production, synthetic pesticides can be helpful.
However, a study on synthetic pesticides by Torres & Bueno (2018) found that wide
ranging insecticides are often hazardous to both useful creatures and the ecosystem.
Rather than elimination, farmers should employ pesticides to lower insect pest
infestations to a level that does not cause economic impact (Wangari et al., 2020; Van
den Berg et al., 2022). Through greater interaction of resistant crop varieties and
insecticides, it has been proven to control the pest effectively as compared to resistance
insecticides caused by uneven crop parts cover, unbalanced micronutrients, and
dangerous substances which interferes with the insect's survival and prosperity as well

as consumption while boosting insecticide performance.

Chemical pesticides have negative impacts to humans, non-target animals and they are
harmful on the environment (Abdel-Raheem et al., 2015). Combining pest management
strategies that reduce pesticide use while conserving natural enemies is critical for an
environmental sustainability. Increasing reliance on pesticides in controlling T. ab-
soluta has resulted in pesticide resistance which complicate the management. From this,
alternative measures must be implemented in this regard to moderate the impacts of this
(Wangari et al., 2020). The use of resistant host plants together with insecticides has
been reported to decrease insecticides usage while improving insecticide usefulness
through improved coverage of plant parts, lack of nutrition, and toxic substance ob-

struct the insect's growth and development (Sosa et al., 2019).

Combining predators with selective insecticides provides the best control methods and
together with IPM programs, it has led to decrease of T. absoluta, less use of insecti-
cides and fewer negative effects on human health (Heuvelink, 2018). Past studies for
instance Bueno et al. (2017) shows that chemicals are supposed to overpower pests to
a required economic level, and thus product documentation is required to use products
that are not harmful to beneficial organisms. Various strategies are underway to reduce
insecticide usage in tomato farms and these strategies range from cultural control strat-
egies which vary from use of resistant varieties, crop rotation, early planting, intercrop-
ping, spacing and use of improved seeds varieties and environmental plant material
environmental destruction of infested plant material (Zekeya et al., 2017; Abbes et al.,
2012).
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According to Miranda et al., 2005; Arno et al., 2009 study, use of IPM strategy is ef-
fective to control T. absoluta. Parasites, predators (Chailleux et al., 2013; Molla et al.,
2014) and baits (Michereff et al., 2000; Molla et al., 2011) are examples of physical
and biological agents that can be used to build an efficient integrated pest management.
As stated by Abbes et al., the routine of pheromone traps in conjunction by means of
entomophagous fungi and bacteria is prevalent in IPM projects (2012). In America and
Europe, parasitoids and predators have been used in IPM programmes and are commer-
cially available (Abes et al., 2014; Al-Jboory et al., 2012; Cely et al., 2010; Zappala et
al., 2013).

Tomato production is affected by various challenges and some of these challenges in-
clude cost of production, pests and diseases, abuse of chemicals as well as irregular
production systems (Osei et al., 2022). Some of the problems tomato farmers face in
tomato production include pests and diseases. The pests range from aphids, cutworms,
stink worms , tomato pests, cutworms, tomato hornworms, whiteflies, slugs, flea bee-
tles, spider mites, nematodes, moths, and T. absoluta (Reddy, 2018). Further various
diseases include; end rots, cankers, early mildews, tomato blights and viruses. Gatahi
(2020), emphasized on high costs of inputs, postharvest losses, marketing, pests and
diseases as some of the major challenges affecting tomato production globally for both
open field and greenhouses production. Developing countries which are the leading
tomato producers are faced with high cost of production as a major challenge in pro-

ducing tomato.

2.2 Effect of Tomato Farmers’ Gross Margin on Choice of Management Methods
The overall returns are assessed by deduction of the costs used in the crop production
and growing a crop from the overall income obtained from the crop and it is used to
measure the profitability of a crop by smallholder farmers (Ndossi et al., 2021). These
costs range from those incurred during land preparation, purchase of farm inputs, crop
protection, payment of labour, weeding, water management, harvesting, post-harvest
practices and marketing. Overhead costs such as interest rates, insurance and living
costs are not considered when assessing the gross margin of a farm because such costs
need be incurred regardless of whether the crop has been produced (Ganiu, 2019). Gross

margin is not accurate for measuring a farm profit but it is an important tool for farm
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accounting and approximating the expected profits and losses of a specific crop
(Ankrah et al., 2021).

Estimation of a whole farm profit requirements; overhead costs must be considered in
addition to enterprise gross margins. Direct costs include the land preparation, planting
materials, fertilizer, sprays, casual labor, contract harvesting, on farm post-harvest,
processing and transport to the market (Ndossi et al., 2021). The overhead costs include
wages on permanent employees, lease payments, farm insurance, repairs to water
supplies, taxation, administrative costs, depreciation of machinery and any other cost

that is not direct to crop production.

2.3 Farmers’ Perception on the Choice of Management Methods of T. absoluta in
Tomato

Attitudes and perceptions of the farmers towards each choice of pest management
practice adoption are affected by the demographical attributes and socio-status of the
farmer and also the attributes they perceive each technology has. Farmers’
understanding and attitudes toward adoption of technology or using the available
technology portrays a key part in the decision making of the farmer (Maina et al., 2021).
The farmers’ awareness and being able to acquire information influences the adoption

of technology and this affects the choices adopted by farmers.

According to Ochago (2018), farmers need knowledge to improve their skills on pest
management strategies so as to select and use appropriate pest control methods. The
skills gained influences the policies and perceptions of farmers when it comes to pest
control interpreting data as well as the application. Indeed, recent evidence suggests
that farmers' knowledge, attitudes, and practices, particularly in developing countries,
influence their choice of pesticides over alternative methods (Damalas & Khan, 2016).
Past studies shows that the concentrated use of insecticides in tomato farms appears to
provide the best value crop at market sight and helps make returns for the farmers and
the brokers (Asante et al., 2013). Lack of information, negative perceptions and poor
practices about insecticides are some of the key explanations why farmers depend on

insecticides (Schreinemachers et al., 2017).
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Farmers' perceptions on various aspects such as food safety, cost, availability of pest
control methods, ease of use and knowledge of various pest control methods are critical
components of a long-term action plan for the control of invasive tomato T. absoluta
(Materu et al., 2016). Farmers around the world use a variety of methods such as
chemical, biological, cultural and a combination of all methods which is integrated pest
management (IPM) control methods to control T. absoluta in tomato. However, the
primary mechanism to manage T. absoluta is the application of insecticides (Campos
etal., 2017; Zekeya et al., 2017).

Farmers are conscious of the significant attributes of biological pesticides and use them
with varying levels of contentment, this is according to a study performed by Moseh et
al. (2008) in Italy, Germany, and Israel to examine farmers' attitudes and experiences
about the use of bio-pesticides in strawberry farming. According to a study by Damalas
& Koutsoubos (2017), in Europe, Greek agriculturalists' awareness of insecticides and
perceptions about their danger mitigation was linked to protection. The Common
Agricultural Policy (CAP) of the European Union (EU) encourages the long-term use
of plant protection products through several mechanisms, including agro-

environmental initiatives, subsidies and green direct payments not tied to producing.

The EU believes that an optimum insecticide policy need contain tax schemes based on
ecological and well-being of the individuals as well as of standards and that these taxes
must be classified based on toxic contents (Alexoaei et al., 2022). Many farmers still
regard bio-pesticides as undesirable because they are assessed based on their
instantaneous effect on pests (Anani et al., 2020). Despite this, bio-pesticides account
for only 5% of the total plant protection market. However, consumers prefer healthier
food products, and the awareness of environmental impacts makes it an ecofriendly
solution for more sustainable agriculture. It is evidence for the estimation of an annual
bio-pesticide growth rate is at 8.64 % (Abbey et al., 2020).

Chepchirchir et al. (2021) study reported that farmers’ perception in choosing pest
control methods depends on the health effects, profitability and environmental aspects.
Some farmers perceive that non-pesticides are better off as compared to use of
chemicals since they are concerned with short term and long effects of the chemicals

on farmers’ health, animals and the environment. Farmers’ pest management methods
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are also influenced by factors such as risks of each management method as well as the
marketability of the products produced. Farmers also face obstacles on their intuition,
knowledge and experience as they choose each of the pest management methods
(Rincon et al., 2021).

2.4 Effect of Farmers’ Socio-economic Characteristics Affecting the Choice of
Management of T. absoluta in Tomato

Farmers’ social economic characteristics such as age, gender, education level and
training, group membership, land and loans accessibility, farmers’ experience and
income among others affect the choice of management of pests (Balasha, 2019;
Kinuthia et al., 2019; Cocco et al., 2021). Various socio-economic farmer
characteristics affect the farmers’ choice of T. absoluta management. Some of these
factors include; education level, training and extensional services for the farmer, land
accessibility, farmers’ group membership, household income, farmers’ experience and
expertise. According to Mwangi et al. (2015) the adoption of these pest control methods

in the management of T. absoluta is hindered by farmers’ experience and credit access.

2.4.1 Farmers’ Education Level and Training

Vegetable crops are regarded as commercially significant since they belong to the
category of intensive agriculture, which allows for a bigger profit margin than
traditional crops. Agricultural extension can help enhance crop productiveness
(Mohamed et al., 2021). Farmers' desire to embrace environmentally friendly processes
has been proven to be significantly affected by the usage of additional expertise or
extension services (Ulhaq et al., 2022). Farmers have their own methods, skills, and
ideas for solving a problem in even the most practical way possible. Technological
advances have a significant role in plant productivity. Agricultural education and
extension services should be regarded as the primary technological dissemination
instrument, with the success of many emerging technology adoption and

implementation reliant on this function (Mohammadrezaei & Hayati, 2015).

Farmers' empowerment through formal education would help them understand the need
for a shift to new technology as well as the impact of chemicals used to control pests
on the environment, farm, and farmer (Onyimbo et al., 2021). Extension workers play

an important role in providing farmers with the needed information on agriculture and
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consulting services, and their roles are critical when they encounter new issues, such as
insect outbreaks (Tambo et al., 2019). Due to constraints such as a high number of
farmers as compared to trainers, they may be constrained in their ability to give timely

and useful data from large numbers of farmers.

There is a significant effect between farmer education and environment conservative
conduct amongst farmers (Despotovi¢ et al., 2019). Education has been reported as one
of the key factors affecting farmers' willingness to accept the uncertainties regarding
new technologies and innovative sources of information (Mittal & Mehar, 2016).
According to empirical evidence, community knowledge can be just as operational as
formal extension lead in disseminating agricultural information (Shikuku, 2019).
Advisors not only provide information, but also assist farmers receive education on the
adoption of agricultural environment protection, rendering them increasingly accessible
and accepted (Lastra-Bravo et al., 2015). It has been hypothesized that trainees'
subjective norms (normative beliefs) are closely related to their level of education and
age, and that these variables are a good proxy for trainees' ability to evaluate other
people's suggestions and willingness to perform actions suggested by others (Kazeem
etal., 2017).

2.4.2 Group Membership

Small-scale farmers in underdeveloped nations have low acceptance and adoption rates
and limited accessibility to agricultural commodities and marketplaces (Sinyolo &
Mudhara, 2018). This member status is available to any agricultural organisation,
including savings clubs, marketing organizations, and marketing groups/collection
centres (Knaresboro et al., 2019). Past studies have observed that belonging to an
organization may have a good or detrimental effect on IPM adoption since it allows for
debates concerning chemical pesticides and pest management approaches. By
acknowledging farmers' accomplishments, caring for their health, and serving as an
ultimate key criterion for farmers' supportive resources, organizations’ establish a

crucial connection for farmers (Bisht et al., 2020).

2.4.3 Access to Agricultural Credit
Agriculture loans, along with modern technology, is a necessary input for increased

farm productivity and it can be obtained with minimal savings not only by small scale
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farmers but also by large scale farmers (Saqib et al., 2018). Farmers' accessibility to
official sources of loans differs significantly from their access to informal sources,
however large-scale farmers have better access to formal credit than small-scale farmers
because the former have assets and a better credit history (Sekyi et al., 2019; Balana &
Oyeyemi, 2022). Small-scale farmers have limited access to credit from both formal
and informal sources, including friends, fellow farmers, landlords and relatives.
Chandio et al. (2020) study reported that limited access to credit by farmers hinder them
from adopting modern and efficient technologies in agricultural production. The effects
of socio-economic factors such family size, age, farmer’s experience, size of land and
income on agricultural credit access have not been well documented in the literature as
described by Linh et al. (2019).

2.4.4 Access to Land

Small-scale farms are an essential element in farming, and they play an important role
in providing other organic and common benefits, such as the sustainable agriculture of
agricultural biodiversity and the improvement of indigenous nutrition safety
(Grasswitz, 2019). Some of the small-scale farmers do not own land and they rely on
leased land and this may hinder them in adopting some of the pest control strategies
because they do not own land permanently (Gao et al., 2018). Farm size is also
frequently tested as a factor influencing the adoption of sustainable practices in the
management of pest in crops and the general influence of farm size in adoption of pest
management practices is not clearly documented (Despotovi¢ et al., 2019). The
existing literature shows that there is a significant effect on the size of the land and
application of pesticides in pest control. Big farms yield higher returns that may also

motivate producers to embrace sustainable farming techniques (Liu & Brouwer, 2022).

2.4.5 Farmers’ Experience and Expertise

Farmers are focused on previous experiences, which make it challenging to embrace
new knowledge because of the focus on the continuation and gradual expansion
(Futemma et al., 2020). There is no evidence that the farming experience stimulates or
hinders the adoption of agricultural technologies (Yang et al., 2022). Farmers are facing
situations that are not only uncertain (weather, rainfall) but also interdependent
(weather directly impacts insect populations) and localized (neighbors’ choices on how

to resolve insect pests may impact their predominance). Specific information and expert
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knowledge, often based on experience instead of scientific results, are incredibly
significant in farming, where farmers are facing uncertain situations such as weather
but also mutually dependent (weather affects insect populations) and localized
(neighbors' decisions on whether and how to address insect (Noy & Jabbour, 2020).
However, policymakers, especially those pushing agricultural technology use and

involvement of field farmer schools, want precise responses (Mcfadden et al., 2022).

Experience is dependent on adoption innovative farming techniques; additionally, if
researchers must continue to developing superior technologies, these technologies that
are effective and efficient (Ainembabazi & Mugisha, 2014). The experience of the
farmer can negatively or positively affect the adoption of different pest control methods
depending on various factors such as size of land, previous methods used, extent of
extension services offered among other factors (Kwadzo & Quayson, 2021). It has been
discovered that older farmers have more experience with farming processes due to
improvement in technologies and also capital formation. Elderly producers, on the other
hand, are more risk averse and more vulnerable as physical energy declines. As a result,

the impact of age on technology adoption is uncertain (Kassie et al., 2015).

2.4.6 Farmers’ Age and Gender

Age and gender have an important influence on the choice of management of pests. The
influence can either be negative or positive depending on each pest management
practices (Knaresboro, 2019). Further, Abunyuwah et al. (2019) study found that usage
of pesticides depends on the farmers’ age and as farmers grow old, there is a reduction
in usage of pesticides. Younger farmers misuse pesticides as they perceive more
pesticides use will lead to increased productivity. Young farmers are interested in high
yields and they presume that use of excess or continued use of pesticides increases the

yields.

Past studies shows that gender plays a significant role on the choice of pest management
methods. Women put into consideration the households’ health as well as farm workers
by trying to avoid risks when choosing pest control methods (Misango et al., 2022).
Men on the other hand are influenced by economic factors such as increased

productivity for more income and reduced cost of pest control practices and social
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factors such as being recognized as an innovative farmer and producing safe products

for the consumers (Constantine et al., 2020).

2.4.7 Availability of Income

Income plays an important role especially when farmers are faced with different choices
of pest management in their farms for increased farm productivity. Zheng et al. (2019)
study shows that farmers use different criteria when allocating income to their farm
activities. Accessibility and financial criteria is used by farmers who have off-farm
income and other incomes. Abdallah et al. (2021) study describes how viable
agronomic practices affect the on-farm revenue and nutrition safety. Some of the
sustainable practices include intercropping, zero tillage as well as use of manure and
they seem to affect farm production in terms of food security and income as compared

to dis-adoption of these practices.

2.5 Theoretical Framework

The study adopted a two stage theory; decision adoption and diffusion of innovation
theory and expected utility theory. Rodgers (1962) study on technology adoption used
adoption and diffusion of innovation theory. According to Ochieng et al. (2021),
repeated learning and training is required between the farmers and other stakeholders
involved in dissemination of information on adoption of an available technology.
Globally biotechnological technologies have spread to varied degrees throughout social
systems like agricultural communities, academics, independent farmers, and internet
society (Wyckhuys et al., 2018). Long-term agricultural growth necessitates the
adoption of sustainable agricultural practices at the farm, village, and regional levels
(Sartipi, 2020). Researchers, policymakers, extension services, and the private sector
must collaborate to achieve sustainable development and the adoption of these
sustainable agricultural practices while preserving the long-term ecological and

biological ecosystems.

According to Rodgers (1962); Llewellyn & Brown (2020), adoption and diffusion
framework is based on the relative advantage and the process of learning about an
innovation. Conceptual framework of diffusion of a technology is composed of five
sequential stages through which individual’s passes when exposed to an innovation.

These stages include knowledge, persuasion, decision, implementation and
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confirmation. Adoption of a technology is based on their effectiveness and comparative
advantage and these aspects include four major elements of technology adoption.
Llewellyn & Brown (2020) in their studies described these elements as follows: General
intelligence qualities of the invention, demographic features that affect individual’s
opportunity to comprehend well about invention, comparative benefit of employing the

invention, and comparative benefit of the advancements.

The expected utility theory is often employed investigate the choice mechanisms of
farmers on adoption of technologies (Babcock & Hennessey, 1996; Maina et al., 2021).
Farmers will adopt a technology if the utility of the technology is perceived to be more
than non- adoption. The adoption decision is a binary choice that is influenced by
observed farmers characteristics, attitudes and risks associated with associated with a

technology, (z;) and the error term (%;).

I*izﬁzi+£i,li=1if1* > (1)

where; I; is the binary choice variable that equals 1 if the i®® household adopt a pest
control method and O otherwise. B shows a vector of parameters to be estimated. z
describes a vector of observable household characteristics and intrinsic factors such as

farmers’ perceptions and ¢; is the error term.

2.6 Conceptual Framework

The choice of pest management is affected by various factors and some of these factors
include the gross margin factors, farmer’s perceptions and socio-economic factors.
These factors may directly or indirectly affect the farmers’ choice of pest management
practice that will at least lead to reduction of T. absoluta (Nakhungu et al., 2021).
Tomato production gross margin involves costs and expenses used so as to the produce
quality and high yields. Some of the direct costs used tomato production include the
following: land preparation, planting materials (tomato seeds and seedlings), fuel,
fertilizers, pesticides (sprays), casual labour, harvesting, post-harvest on farm,
transportation to the market and other expenses directly involved in tomato production.
To determine the gross margin in tomato production the variable costs are deducted

from total returns from each choice of pest management.
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Various socio economic factors that affect the choice of T. absoluta management
include age, gender, income and household size, access to credit, education level, farm
produce and scale of operation. Past studies for instance Boulestreau et al. (2020) shows
that socio-economic characteristics contribute to choice of pest management practice
adopted by the farmers. Farmers’ perceptions describe the opinions, awareness and
attitudes of the farmers towards various pest management practices as described by
Sadique (2020). Some of the external factors that affect the choice of management of
T. absoluta include government agricultural policies such as input policies including
fertilizers, planting materials among others and climatic conditions. The tomato
essential provisions are entrenched inside the agriculture act that govern this segment
and Agricultural Pests Act 36 (CAP.346) and Ministry of Agriculture, Livestock and
Fisheries (2021). Figure 1 shows how all these factors affect the choice of T. absoluta

management practices adopted by farmers so as to reduce it in tomato production.
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Independent Variables

Farmers’ socio-economic
characteristics

Age

Gender

Income

Household size
Access to credit
Education level
Farmers group

Land

Working hours per day

Farmers’ perception effects on:

Food safety

Cost management method and
availability of innovations
Perceived ease of use

Farmers’ know ledge and envi-
ronment

T. absoluta

Farmers health

Gross Margin Factors

Total returns

Variable costs (Land Preparation
planting materials, fertilizers,
Sprays, casual labour, harvesting
transport to the market)

Dependent Variable
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Figure 1: Conceptual Framework.

Source: Author’s conceptualization.
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CHAPTER THREE

METHODOLOGY
3.1 The Study Area
Kirinyaga County have 5 Sub-Counties which include; Kirinyaga Central, Kirinyaga
West, Kirinyaga East, Mwea East and West as showed in (Figure 2). Tomato production
is done in all the 5 sub-Counties but most tomato farmers are in Mwea East and West

Sub-Counties.
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Figure 2: Map of Mwea from Map of Kenya showing Mwea East and Mwea West Sub-
Counties.
Source: Geocurrent (2019)

Mwea has 2 Sub-Counties namely Mwea East and West and a population of 237,382
(KHPC, 2019). Mwea is located about 100 km of Nairobi at an elevation of 1160 m

above sea level. Mwea has 8 wards namely Murinduko, Tebere, Gathigiriri and
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Nyangati, Kangai, Mutithi, Thiba and Wamumu and tomato production is done in all

them.

The area receive rain for 2 seasons; whereby long rains are experienced in (March-
May), whereas short rains occur in (October- November). Thiba and Nyamidi rivers
provide water for irrigation throughout the year (Narita et al., 2020). Mwea receives an
average annual rainfall amount about 930 mm and the temperatures lie between (14 °C-
31 °C) with a humidity ranging from 55% to 70% (Akoko et al., 2020). The soils are
deeply, medium textured loamy soils which are productive and well drained with a pH
between 6.0 and 7.0 which favours tomato production. Some of the agricultural
practices done in the area include crop and vegetable production as well as livestock
and fisheries farming (Nakhungu et al., 2021). The region climatic data favors
vegetable production especially tomato production hence it is a suitable area for the

survey.

3.2 Research Design

The survey used a descriptive cross-sectional design as described by Sharifzadeh et al.
(2018) with minor modification, to understand the gross margin, farmers’ perception
and farmer socio-economic characteristics on choice of management of T. absoluta
among small scale tomato farmers in Mwea. Cross sectional descriptive research design
aims at accurate and systematic description of a population without manipulation of the

variables through observation and measurement (Pandey & Pandey, 2021).

3.3 Target population

The study concentrated on open field small scale tomato farmers in Mwea. According
to Kirinyaga County Ministry of Agriculture, crop department, there are approximately
1200 tomato farmers in Mwea West Sub County and 1100 in Mwea East Sub County.
In both Sub-Counties, 70% of the farmers are small scale tomato farmers, 25% account
for medium scale tomato farmers and 5% include the large scale farmers. There were
approximately 20 greenhouses in Mwea region before the farmers ceased production of
tomato in greenhouses (Kirinyaga County Ministry of Agriculture, 2022). However,

during the study, it was observed that no farmer was growing tomato in the greenhouse.
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3.4 Sample Determination and Sample Size
The sample size was computed using a formula as described by Krejce and Morgan
(1970) as shown below:

N = X2NP(1-P) _ 3.841x2300%0.7(1-0.7)
T d2(N-1)+X2P(1-P)  0.052(2300—1)+3.841x0.7(1—0.7)

= 283 respondents ... ... .... (2)

where:

n = Required sample size

X? =The table value of chi-squire

N = Population size

P = Population proportion (assumed to be 0.70) 70% of the total tomato farmers
d? =The degree of freedom (0.05)

Greenhouse tomato farmer’s population was to be 20 farmers in Mwea and all the
farmers were to be sampled because they were less than 30 hence a total sample size

was to be 303 respondents.

3.5 Sampling Procedure

The survey employed a multistage sampling procedure. During first stage, Mwea East
and West Sub-Counties were particularly selected because they are the leading tomato
production areas in Kirinyaga County and they have reported T. absoluta as a challenge
in tomato production. In a second stage a sampling frame was used to obtain the sample
from Mwea East Sub-County (Murinduko, Gathigiriri, Nyangati and Tebere). Kangai,
Mutithi, Thiba and Wamumu in Mwea West Sub-County was sampled. The third stage
involved simple proportionate random sampling of tomato small scale farmers from the
sample wards and the respondents were purposively selected. The Ministry of
Agriculture, Livestock and Fisheries Development extension list of small scale tomato
farmers in the designated wards were used whereby a sample of two hundred and
eighty-three small scale tomato farmers in Mwea East and West Sub-Counties was

selected.

Target population

Sample size = X SampleSize. ..o 3)

Total popultion
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Table 4: Sampling frame for small scale tomato farmers

Mwea East Sub-County (1100 tomato Mwea West Sub-County (1200 tomato
farmers) farmers)
Ward Target sampl Greenhous ward Target sampl Greenhou
popula e e populati e se
tion (10) on (10)
Murinduko 275 34 3 Kangai 310 39 3
Gathigiriri 300 37 3 Mutithi 280 35 2
Nyangati 275 29 2 Thiba 320 40 3
Tebere 250 31 2 Wamumu 290 36 2
Total 1100 131 10 1200 150 10

Source: Kirinyaga County Ministry of Agriculture, Livestock and Fisheries
Development Office

3.6 Research Tool

The research tool was semi-structured questionnaire (Appendix I) which was adopted
to collect the data from the respondents. The tool had both open end and close end
questions for taking the data during the survey. This enabled the respondents to give

their answers freely towards the research tool.

3.7 Pilot Survey

A preliminary study was done in Buuri Sub-County, Meru County two weeks prior to
the actual study because the area had similar climatic conditions as those of Mwea East
and West Sub- counties which are favorable for tomato production. The pilot study
helped in identifying some challenges in the questionnaire and to identify some of the
ambiguous questions, phrasing, length and sequence of the questionnaire in order to
adjust them. The pilot survey also helped in knowing respondents’ reactions and range
of answers towards the tool. The pilot study participants were 25-30 respondents and
this is the minimum requirement for performing statistical study according to Mugenda
& Mugenda, (2003).

3.7.1 Validity

The Validity of the questionnaire that is the face, content and concept validity was done
by the assistance of academic supervisors and specialists from the field so as to check
whether the questionnaire was legible, clear and comprehensive and whether the results

represented the construct questions.
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3.7.2 Reliability

The study Cronbach Alpha coefficient was a = 0.89 (Table 5) whereby 17 items were
analyzed to test reliability of the questionnaire. Cronbach Alpha coefficient minimum
of 0.7 was used as a reference to test for internal consistency reliability of the
questionnaire or retain the items provided (Brown, 2002; Kapp et al., 2021). Mensah &
Onyancha (2022) reported that if: o> 0.9 - excellent, a > 0.8 - good, a.> 0.7- acceptable,

a = 0.6 - questionable, o = 0.5 =poor, and a < 0.5 = unacceptable.

Table 5: Results of the Cronbach Alpha Coefficient

Average interitem covariance: 0.2961337
Number of items in the scale: 17
Scale reliability coefficient: 0.8926

3.8 Data Collection

The study was conducted in Kirinyaga County between March and April 2022. A semi
structured questionnaire was administered to the farmers in a face to face interviews.
During the survey primary data on tomato sales and total revenue, variable costs,
perception on most efficient method of managing T. absoluta and tomato farmers’
socio-economic characteristics affecting the choice of management of T. absoluta in
tomato were collected using the structured questionnaire (Appendix I).

3.9 Data Analysis

Information obtained was categorized, tabulated and analysis was done using
descriptive statistics by use of SPSS version 26 while econometric analysis using Stata
version 17. Gross Margin with multiple regression model, principal component analysis
and multivariate probit models were used to analyze data on gross margin, farmers’

perceptions and socio-economic characteristics respectively.

3.9.1 To Analyze the Effect of Farmers’ Gross Margin on the Choice of
Management of T. absoluta in Tomato Production in Mwea, Kirinyaga
County

Gross margin analysis tool was employed to determine the choice of farmers’
management methods. Gross margin analysis tool was used for farm budgeting,
planning and management (Rickards & McConnel, 1967; Ankarah et al. 2021). Gross

margin model was used to estimate financial returns and it served as a simple proxy for
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profitability in production (Abu et al., 2011). Gross margin model was used because of
its simplicity and lack of data to compute profits for small-scale farms conditions. Gross
Margin analysis tool have been widely used to assess the economic performance of

smallholder agricultural production systems (Benu et al., 2010).

Gross margin was calculated as the gross value of production less the variable costs
directly attributing to generating the value of an individual enterprise. However, the
gross margin did not take into account the fixed costs (Conradie & Landman, 2013).

The gross margin model was stated as follows:

GMTomato - (TRTomato - TVCTomato) ................................................ (4)

where:
GMomato =Gross margin (Tomato enterprise)
TRromaro =T0tal Revenue (From Tomato sales)

TV Cromato =Total Variable Costs (in tomato enterprise)

Total tomato variable costs included: land preparation, planting materials (tomato seeds
and seedlings), fuel, fertilizers, pesticides (sprays), weeding, staking, casual labour,
harvesting, post-harvest on farm, transportation to the market. Table 6 showed the gross

margin variables.

Nkadimeng et al. (2021) study employed multiple regression for analysis of cattle
farmers’ gross margin. The multiple regression model was therefore used to analyze

the effect of tomato gross margin on choice of management of T. absoluta whereby;

Yi= BO+B1IX1+ B2X2+ B3X3+L4X4+...+ BI8XAB+U .o (5)

where;

Y; = Gross margin,368 = constant of the equation
Bi = Coefficients of independent variables

X i= Independent variables

u = error term or unexplained variations
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Table 6: Gross margin variables

Variables Description Measurement Proposed direction/
Output
Landprep Land Man days +/-
preparation
nurseryprep nurserybed Man days +/-
preparation
Plantmtrls Planting Grams +/-
materials
Fuel Fuel Litres +/-
Fert Fertilizers Kilograms +/-
Pestcds Pesticides Litres +/-
hiredlabour Casual labour Wages per day +/-
Staking Staking Cost +/-
Watering Watering Cost + -
Cultural activities  Cultural Cost + -
activities
example weding
Harvesting Harvseting Cost +/ -
Pest management Pest Cost + -
practices management
practices

Source: Author description

The management choices (X1 to X18) represented: chemical pesticides, plant
incorporated protectants (PIP), Intercropping, mulching, desuckering / pruning,
uprooting and destruction of crop residue, fertilizer application, pheromone traps,
predators, crop rotation, parasite, bio-insecticides, weeding, bio-nematicides, IPM

techniques, staking and others.

3.9.2 To Determine the Effect of Farmer’s Perception on the Choice of
Management of T. absoluta in Tomato Production in Mwea, Kirinyaga
County

The farmers’ decision and perception on choice of management of T. absoluta was
analyzed by using principal component analysis (PCA). Factor analysis was further
used to reduce farmers' choices of management criteria in the pest control process to
more manageable levels as described by Hair et al. (2013). Principal component
analysis was applied using varimax rotation with a cutoff of 1 for eigenvalues and factor
loading greater than 0.50. Kaiser-Meyer-Olkin (KMQO) measure of sampling adequacy
test was employed to determine whether there are significant differences in the
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importance of each extracted factor related to farmer’s perception on choice of

management T. absoluta use criteria and to rank factors in the event of differences.

Perceptions can be given in binary responses whereby the perception can be described
as explanatory variables with a relationship between a binary dependent variable and
set of independent variables, whether binary or continuous (Petrescu-Mag et al., 2019).
The dichotomous dependent variable was calculated as follows for the survey, Y is a
variable having two values, a decision to use a certain pest management practice or not

to.

0= Decision not to adopt a certain pest management practice

1 = Decision to adopt a certain pest management practice.

Various opinions and practices of pest management methods such as cultural control
methods, physical and mechanical control, biological and chemical control were
estimated. Farmers’ opinions and criteria used to select the choice of management of T.
absoluta was ranked using a 5- point likert rating scale using factor analysis. These
factors included; Performance and effectiveness, awareness and information criteria,
technical and operation criteria, environmental criteria and financial accessibility
criteria when selecting choice of pest management to control T. absoluta. Table 7 shows
the variables that were used in analysis of farmers’ perceptions on choice of T. absoluta

management practices.

Table 7: Farmers' perception variables

Variables Description Measurement Proposed direction/
Output
Farmerknowledge  Farmers’ knowledge Years +/-
Easeuse Ease of use 1= Easy +/-
2=Hard

Foodsafety Food safety +/-

Availabilitycontrol  Awvailability of 1=Yes2=No +/-
control method

Attitudpractices Attitude and Negative or +/-
practices positive

Cost Cost Kenya shillings +/-

Source: Author description
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3.9.3 To Determine the Effect of Farmers’ Socio-economic Characteristics on the
Choice of Management of T. absoluta in Tomato Production in Mwea,
Kirinyaga County

Multivariate Probit Model (MVP) was used to analyze farmers’ socio- economic
characteristics. MVP was used for the study of binary responses which involved
multiple choices (Chen et al., 2018). MVP description was used to analyze how socio-
economic farmer characteristics factors affecting the choice of management of T.
absoluta among small scale tomato farmers. The empirical specification of the
decision-making process over different pest control methods and socio economic
factors affecting management of T. absoluta can be analyzed using multinomial or

multivariate regression analysis (Greene, 2003).

One of the basic assumptions of multinomial models is the freedom of inappropriate
options, which means that the error terms of the choice equivalences are jointly
exclusive (Chen et al., 2018). As a result, MVVP model allowed for the possibility of up-
to-date correlation of many variables that influence the dependent variables. MVP
approximation has been used by past surveys to analyze factors that influence
agricultural technology adoption. Being a member of a group is a binary variable that
represents the primary decision maker's membership status (Mwaura, 2014). Table 8

shows socio-economic variables and their expected output:

Table 8: Farmers’ socio-economic variables

Variables Description Measurement Proposed Direction/
Output
Age Age Years + /-
Gender Gender Male=1, Female =0 + /—
Group membership ~ Group Yes or No + /-
membership
Land Land acres + /-
Farm experience Farmers’ Years + /-
experience
Credit access Credit access  Yes or NO + /-
Income Income Kenya shillings + /-
Extension services Extension + /-
Input sourcing Input source + /-

Source: Author description

31



3.10 Ethical Consideration

The study maintained integrity to guarantee the secrecy and disclosure of respondents’
data. An introduction letter (Appendix I1) telling the respondents the nature of the study
was provided by the researcher. The study ensured confidentiality to the responses of
the willing respondents. The study also conformed to Chuka University Institutional
Ethical requirements and approval (Appendix I11). A research permit was acquired from
National Commission for Science, Technology and Innovation (NACOST]I) so as to get
permission to effectively collect data for the study (Appendix V). Permission was also
sought from the Ministry of Education, the County Commissioner and County Director
of Agriculture, Kirinyaga County to collect data (Appendix V). Informed consent from

individual small scale tomato farmers was sought.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS
4.1 Questionnaire Response Rate
Questionnaire response rate by the respondents in Mwea East and West Sub-Counties
is indicated on Table 9. A total of 161 and 122 respondents in Mwea East Sub-County
and Mwea West Sub-County, respectively filled the questionnaire. This shows a sample
of 283 respondents. The respondents were drawn from 8 wards as shown in Table 9 and
the findings showed that Kangai had the leading number of respondents (20.49%). The

questionnaire return rate for the respondents interviewed was adequate (Table 9).

Table 9: Response Rate of the Respondents

What is your current Sub county? Frequency Percentage
Mwea East 161 56.89
Mwea West 122 43.11
Total 283 100

Did the respondent agree? Frequency Percentage
Yes 283 100

Total 283 100

What is your current ward? Freguency Percentage
Kangai ( Mwea west) 58 20.49
Wamumu ( Mwea west) 28 9.89
Mutithi(Mwea West) 17 6.01

Thiba (Mwea West) 38 13.43
Murinduko (Mwea east) 39 13.78
Gathigiriri (Mwea east) 29 10.25
Nyangati (Mwea east) 50 17.67
Tebere (Mwea east) 24 8.48

Total 283 100

The high return rate was achieved because all the respondents were followed up on a
regular basis through direct interactions and making phone calls. Vergani et al. (2022)
stated that if the return rate of the questionnaire is over 80%, it is termed as being

adequate.

4.2 The Type of Tomato Production Site
This study aimed to know the type of tomato production site, whether greenhouse or
open field. It was observed that there was currently no farmer producing tomato in the

greenhouse. The study observed that most farmers 99.65% of all the respondent
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produced tomato in open field while one of the respondent had a greenhouse earlier
before abandonment 0.35 % (Table 10).

Table 10: Tomato small scale production site

Tomato production site Frequency Percentage
Open field 282 99.65
Greenhouse (Before abandonment) 1 0.35

Total 283 100

The respondent urged that greenhouse could not be used for tomato production because
of the high temperatures in Mwea which could not favor tomato production. The
respondents attributed high cost of setting greenhouses as one of the major reason why
they preferred producing tomato in open fields. Mwangi et al. (2020) reported that most
farmers produced tomato in open fields probably because they had limited information
and knowledge on use of tomato production technologies such as setting up of

greenhouses and the setting cost was also very high.

4.3 Descriptive Statistics of the Small Scale Tomato Farmers

4.3.1 Socio Demographic Characteristics of the Respondents

The study observed that, majority 78.8% of small scale tomato farmers were male while
21.20% were female (Table 11). The study observed that men most likely had greater
access to farm resources than their female counterparts. It was also reported that male
are more actively involved in production of tomato than female and therefore gender
inequality existed in the study area. It was further observed that in African background,
most females do not own land and must be at home to support their families and take
care of the children. The findings are in line with those of Kinuthia et al. (2019) who

observed that small scale tomato farmers in Kenya is dominated by men.

Table 11: Gender of tomato small scale tomato farmers

Gender of the respondent Frequency Percentage
Female 60 21.20
Male 223 78.80
Total 283 100

When studying the age, it was observed that tomato small scale farmers’ mean age was

approximately 39.73 years (Table 12). The study findings are in line with Tambe et al.
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(2019) survey findings which recorded that majority of farmers were between the ages
of 31 and 40, with 86.50 % being male. It was also observed that farmers had at least
an average mean age of 10 years of schooling which showed that most tomato farmers
had attained elementary schooling (at least primary school education) which is vital in

forming farming decisions such as crop management practices.

Table 12: A Summary of Household Characteristics

Variable Observations Mean SD Min  Max
Decision maker years of schooling 283 10.57 291 5 18
Decision make age 283 39.73 7.03 23 57
Number of dependents 283 4.2 1.2 2 12
Income dependent 283 1.58 074 0 5
Children under 18 283 1.47 098 0 11
Years of experience 283 5.23 33 1 22

Note: SD= Standard Deviation

The respondents had a mean of at least 5.23 years of experience. The respondents had
an average of 4 household members and a farming experience of 4 years. Majority of
farmers had made an average of at least 3 contacts with the extension officers.
Considering education achievement, the findings showed that farmers had different
level of education at 5.39% for primary school from standards 1 to 6, 25.80% for
standard 7, 16.61% for standard 8 or secondary school under form 4, and 37.10% for
secondary form 4 and 15.19% for college or higher education (Table 13). These
findings showed that most of the respondent’s at least acquired secondary education
which is very important in decision making in the farm. Paltasingh & Goyari (2018)
study suggested that farmer education has an important effect on agricultural production
under technological advancements, and it has a strong inception influence on

agricultural production.

Table 13: Highest Education level of the decision maker

Level of education of the decision maker Frequency Percentage
Primary standard (1- 6) 15 5.30
Primary standard 7 73 25.80
Standards 8, or secondary school 47 16.61
Secondary form 4 105 37.10
College or higher 43 15.19
Total 283 100
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The survey results showed that majority of the respondents at 80.92% stated that the
household heads were responsible for making farm decisions (Table 14). These
decisions ranged from land preparation, planting, tomato crop routine management
practices such as irrigation, weeding and crop protection until the tomato crop reached
the market. From the survey findings, it was observed that 5.30% of the respondents
indicated that the spouse to the household made farm decisions. The findings also
showed that 13.43% and 0.35% reported that the household head and spouse jointly and
farm managers, respectively made farm decisions. These study results contrasts with
Acosta et al. (2020) who reported that men who were household heads, were perceived
as decision makers and male partners regarded women as having sole decision-making
power with only tasks traditionally performed by women, such as cooking as well as

weeding.

Table 14: Household decision maker income source

What is the main decision maker’s income source? Frequency Percentage
Government employment 20 7.07
Employed in business 13 4.59
Unemployed 26 9.19
Self-employed 161 56.89

Casual labour 20 7.07

Others 43 15.19

Total 283 100

Other income source Frequency Percent of responses Percent of cases
Remittances 3 1.32 2.17
Pension 2 0.88 1.45
Own-business 72 31.72 52.17
Farm paid labour 61 26.87 44.2
Crop Farming 25 11.01 18.12
Livestock 22 9.69 15.94
Farming 21 9.25 15.22
Other 21 9.25 15.22
Total 227 100 164.49

4.3.2 Farm Household Characteristics

4.3.2.1 Household Income

The respondents gave out diverse sources of income for their household and farm
undertakings. The survey findings showed that 7.07% of the respondents were

government employed, 4.59% were employed in business, 9.19% were unemployed,
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the majority at 56.89% were self-employed, 7.07% were casual laborers and 15.19%

received their incomes from other sources (Table 15).

Table 15: Tomato farmer’s organization

Is the household head a member of tomato farm- ~ Frequency Percentage
ers organization

No 201 71.02

Yes 82 28.98
Total 283 100
Reason for farmer organiza-  Frequency Percent of re- Percent of
tion sponses cases
Access to inputs 20 13.70 24.39
Access to output markets 49 33.56 59.76
Extension services 75 51.37 91.46
Finances 2 1.37 244
Total 146 100 178.05
Benefits derived from Frequency Percent of re- Percent of
Farmer organization sponses cases
Get higher output prices 26 20.63 31.71
Reduced inputs 22 17.46 26.83
Collective selling 0 0.00 0.00
Lobbying 1 0.79 1.22
Bargaining power 6 4.76 7.32
Access credit/loans 14 11.11 17.07
Pool resources for various 24 19.05 29.27
reasons

Reduced inputs cost 8 6.35 9.76
Others 25 19.84 30.49
Total 126 100 153.66

Most of the respondents who were self-employed were mostly in their farms and were

involved on tomato farming which was one of the main cash crop for their households

and the income obtained was used for paying school fees, running family errands and

purchasing of basic needs. Some of the farmers stated that they use the money for farm

activities such as land preparation, irrigation, crop protection, and payment of labour.

The study findings are in line with those of Ali et al. (2020) who observed that majority

of farm source of income was from self-employment in tomato farms and tomato

production is their key basis of revenue. In this study it was observed that some of the

farmers had multiple sources of income which ranged from remittances (2.17%),

pension (1.45%), own business (52.17%), farm paid labour (44.2%), crop framing
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(18.12%), livestock (15.94%) and farming (15.22%) [Table 15]. It was observed that

owning business was the key basis of income for the households in the study area.

4.3.2.2 Tomato Farmer Organization

The findings of this study showed that most respondents (71.02%) did not belong to a
tomato farmer’s organization or group (Table 16). This was one of the reasons which
contributed to difficulties for the extension officers to disseminate facts to the farmers.
Only 28.98% of the farmers belonged to a tomato group. The farmers gave varied
reasons on why they belonged to a tomato farmers’ organization which ranged from
access to inputs 24.39%, access to output market 59.76%, access to extension services
91.46% as well as obtaining finances 2.44% from the farmer’s organizations (Table 16).
The study further observed that most farmers 31.71% benefited from the farmer
organization by getting higher output prices. The study further observed that other
benefits derived from the farmers organization included reduced inputs, collective
selling bargaining power, access credit/loans and pooling resources for various reasons
(Table 16). The study results were in line with those of Mwenda et al. (2022) who
recorded that belonging to a group was a linked to the usage of pest information

obtained from radio programs, and other ICT-based pest information services.

Table 16: Training related to tomato production last two seasons

Training related to tomato production for the last two

seasons Frequency Percentage
No 158 55.83
Yes 125 44.17
Total 283 100
Percent of
Source of training Frequency  Percent of responses cases
Private trainers 23 10.80 18.40
Extension officers 101 47.42 80.80
Colleague farmers 60 28.17 48.00
Online platforms 14 6.57 11.20
Field day 8 3.76 6.40
Farmers seminar 6 2.82 4.80
Others 1 0.47 0.80
Total 213 100 170.40
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4.3.2.3 Access to Training

The findings observed that most respondents at 55.83% did not while 44.17% of the
respondents had at least accessed training related to tomato production over the last two
seasons (Table 17). The study observed that most farmers explained that they did not
have time to go to trainings because they were busy with farm activities and the only
trainers who visited their farms were marketers who came to advertise their products
such as chemical pesticides. Mitra & Sharmin (2019) in their study reported that
teaching and schooling aid people to understand the importance of obtaining emerging
innovations and some farm practices such as applying seed, irrigation, and fertilizer on
time. From the response cases, the study findings showed that most of the respondents
80.80% acquired training from extension officers. The study findings further observed
that other sources of training for the small scale tomato farmers ranged from private
trainers 18.40%, colleague farmers 48.00%, online platforms 11.20%, field day 6.40%
and farmers’ seminar 4.80% (Table 17).

Table 17: Information access on tomato production on phone

Do you receive tomato production from your phone? Fre- Percentage
quency
No 182 70.82
Yes 75 29.18
Total 257 100
Information kind Frequency Percent of re- Percent of
sponses cases
Tomato production information 13 33.33 50.00
General farm production Infor- 5 12.82 19.23
mation
Pest control information 2 5.13 7.69
Others 6 15.38 23.08
Total 39 100 150
Information source on control of  Frequency Percent of re- Percent of
T. absoluta sponses cases
Colleague farmers 220 31.84 77.74
Family/Relatives 42 6.08 14.84
Marketers/ sales representatives 182 26.34 64.31
Extension officers 98 14.18 34.63
Radio/TV 120 17.37 42.4
others 29 4.20 10.25
total 691 100 244.17
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The study finding are in consistent with those of Goeb et al. (2022) who reported that
tomato small scale farmers in Zambia accessed training from their fellow farmers,

extension officers, private trainers as well as online platforms.

4.3.2.4 Information Access

The findings of the study showed that most farmers acquired information regarding pest
management practices from colleague farmers. Majority of the respondents 70.82% did
not receive any information regarding tomato production on phone but a few 29.18%
received information from their mobile phones (Table 18). This can be expounded by
the respondents’ explanations, most farmers had no smartphones which could easily
access information on the internet. Further, most respondents explained that they only
used their phones to contact tomato buyers or get market information from their

colleague farmers.

Table 18: Credit access to the small scale tomato farmers

Have you accessed credit last tomato production sea-  Fre-

son quency Percentage

No 218 77.03

Yes 65 22.97

Total 283 100
Percent of re- Percent of

Loan Source Frequency sponses cases

Formal bank 5 6.17 7.69

Microfinance institution 7 8.64 10.77

SACCO 18 22.22 27.69

Community group 8 9.88 12.31

Informal sources 18 22.22 27.69

Mobile money 24 29.63 36.92

Other 1 1.23 1.54

Total 81 100 124.62

Reasons for loans Percent responses Percent of cases

Farm inputs 66.67 95.38

School fees 8.60 12.31

Land 4.30 6.15

Expand business 2.15 3.08

Farm implements/equip-

ment 18.28 26.15

Total 100 143.08
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The study findings are consistent with those of Mauti et al. (2021) who reported that
the most of tomato growers in Mwea use mobile phones to access market information.
During the study it was also reported that half of the tomato growers (50%) received
tomato production information, 19.23% on general farm production information and
7.69% on pest control information. The survey findings also depicted that majority of
the respondents 77.74% from the response cases accessed information on control of T.
absoluta from their colleague farmers (Table 18). The study findings are consistent
those of Mathinya et al. (2022) study who reported that most small-scale farmers

obtained information from their fellow farmers in South Africa.

4.3.2.5 Credit Access

Regarding credit accessibility by tomato small scale growers, the findings showed that
most farmers 77.03% did not access loans or credit that could at least helped them in
tomato production and protection while only 22.97% accessed credit (Table 19). The
reasons for failing to access credit were identified as being fear of default as well as
lack of information on some of the sources for the credit. The study results are
consistent with those of Mulume et al. (2022) who reported that there was low rate of
credit access among tomato growers in Democratic Republic of Congo due to low total
income of the household, gender, and tomato farmers' participation in a co-operative. It
was further observed that those who had acquired credit obtained it from mobile money
36.92%, while others obtained loans from formal bank, Microfinance institution,
SACCO, community group and informal sources such as borrowing from neighbors
(Table 19).

The findings also observed that most of the respondents 95.38% acquired loans for
purchase of farm inputs. Further, the respondents acquired loans for payment of school
fees, renting land, expanding business as well as purchase of farm implements such as
pipes and knapsack sprayers (Table 19). The findings are line with those of Mohammed
et al. (2019) who observed that most tomato farmers had accessibility to loans and the
reasons for loans was to purchase some of the farm inputs such seeds, pesticides and

for used for payment of labour.
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Table 19: Land ownership

Type of land ownership Frequency  percent of responses  Percent of cases

Owned 232 64.09 81.98
Rented in/lease 92 25.41 32.51
Family 38 10.5 13.43
Total 362 100 127.92
Variable Observations Mean SD Min Max
Total land Size 283 3.31 1.74 0.0025 7
Land under Agriculture 283 2.61 1.49 0.25 6
Land under crops 283 2.43 1.49 0.25 6
Land under tomato 283 0.70 0.29 0.025 1

Note: SD= Standard deviation

4.3.2.6 Land Access by Tomato Small Scale Farmers

The findings showed that 81.98% of the tomato small farmers owned land, 32.51%
rented land and those who practiced farming on family land accounted were 13.43%. It
was also observed that that tomato small scale farmers had an average land size of 3.31
with the least be 0.0025 and maximum of 7 acres whereby about 2.61 with a minimum
of 0.25 and a maximum of 7 acres was used for agricultural purposes. It was further
observed that the area under crop was an average size of 1.49 acres with a minimum
0.25 and a maximum of 6 acres. The maximum area under tomato production was 1
acre and the average land size was at least 0.70 acres (Table 20). Mwangi et al. (2020)
observed that the average land size in acres for open field small scale farmers is 0.7096
which demonstrates that the farms are subdivided and that tomato production competed
with other crops. Tambe et al. (2019) also observed same results that majority of tomato

producers owned less than one acre for tomato production.

In this study it was reported that most of the farmers 97.53% cultivated tomato and
other crops which were widely cultivated in the region included maize 91.87%, beans
58.30%, banana 31.45%, and rice 26.15% (Table 21). The respondents gave some of
the reasons for the wide growing of tomato which varied from availability of water for
irrigation from River Nyamindi and Thiba as well as water recycled from rice irrigation.
The study findings are consistent with those of Ogutu et al. (2022) study who reported
that most farmers in Mwea region grew tomato crops and other crops in the region
included rice cultivation, maize and beans. The study also sought to identify methods

that the tomato small scale farmers use to prepare land. It was observed that most tomato
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small farmers 81.27% used tractor which can be explained by the fact that the land used

for tomato production is difficult to use other methods because of the previous planted

crops such as rice.

Table 20: Crops grown by the households

What type of crops does the house- Frequency Percentof re- Percent of cases
hold grow? sponse

Maize 260 22.79 91.87
Millet 5 0.44 1.77
Sorghum 5 0.44 1.77
Beans 165 14.46 58.30
Banana 89 7.80 31.45
Peas 4 0.35 1.41
Potato 42 3.68 14.84
Sweet potato 21 1.84 7.42
Cassava 2 0.18 0.71
Rice 74 6.49 26.15
Cotton 1 0.09 0.35
Vegetables 61 5.35 21.55
Sugar cane 5 0.44 1.77
Butternut 1 0.09 0.35
Melons 3 0.26 1.06
Tomatoes 276 24.19 97.53
Nappier 23 2.02 8.13
Cowpeas 3 0.26 1.06
Green grams 11 0.96 3.89
Avocado 8 0.70 2.83
Yams 4 0.35 1.41
French beans 67 5.87 23.67
Passion 4 0.35 1.41
Groundnuts 6 0.53 2.12
Chillies 1 0.09 0.35
Total 1141 100 403.18

It was also observed that 14.84% of the respondents prepared land manually while

3.89% prepared land using animal drawn ploughs (Table 22). The findings are in

consistent with those of Shiikiba et al. (2021) who found that most farmers rely on

tractors in tomato production. When identifying the source of planting materials, it was

observed that most of the respondents (92.93%) had no nursery bed and only 7.07%

had nursery beds) for tomato seedlings. It was observed that most tomato small scale

farmers acquired their seedlings from Agricultural Organizations (44.88%) where the

tomato seedlings are ready for transplanting or they purchased the seed and took to
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Agricultural propagating organizations (42.4%). The respondents argued that seedlings
from agricultural organizations could easily adopt to their soil after being transplanted
and the seedlings were healthy as compared to those prepared to those planted in their

farms.

Table 21: Land preparation methods for tomato production

Land preparation Freguency Percentage
Manually 42 14.84
Tractor 230 81.27
Animal drawn 11 3.89
Total 283 100

Table 22: Tomato nursery bed

Do you have a tomato nursery bed? Frequency Percentage
No 263 92.93
Yes 20 7.07
Total 283 100
Fre- Percent re- Percent of
Seeds/ Seedlings source quency sponses cases
Agrovets 62 16.10 2191
Fellow farmers 44 11.43 15.55
Agricultural Organizations 127 32.99 44.88
Seeds company 32 8.31 11.31
Agricultural propagating organiza-
tions 120 31.17 42.40
Total 385 100 136.04

Further on the variety of tomato planted, it was reported that most farmers used Zara F1
(70.00%) and Rio grande (50.00%) tomato variety in their farm. Other tomato variety
used included Cal J, Money maker, The Elgon, Commando F1, Victory F1, Anna F1 ,
Ansal F; and Noeville Fy (Table 23).The study results are consistent to those of
Nuwamanya et al. (2022) who observed that most tomato farmers in Kirinyaga county

grew F1 tomato variety because of their high resistant to diseases.

4.4 Descriptive Statistics of Tomato Small Scale Farmers Crop Protection Prob-
lems, Control Methods and Routine Management

4.4.1 Tomato Small Scale Farmers Crop Protection Problems
Most of the respondents (89.40%) reported that the major challenge in tomato crop
protection was T. absoluta, tomato blight (66.43%) and black spot (25.09%). The other
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tomato problems that were encountered by the respondents included aphids, blister
beetles, cutworms, whiteflies, flee beetles, leaf hoppers, bacterial wilt, spider mites,
nematodes, american bollworm, slugs and snails black spot, powdery mildew, blossom
end rot, and false coding moth (Table 24). The respondents argued that T. absoluta was
a major challenge because it was resistant to chemicals and it spread fast during the dry
season. The study findings are similar to those of Ogutu et al. (2022) study who
observed that T. absoluta was a key challenge among tomato farmers in Kirinyaga.

Table 23: Tomato Variety

Tomato Variety Frequency Percent of responses percent of cases
Rio grande 10 18.87 50
Money maker 2 3.77 10
CalJ 1 1.89 5
The Elgon 9 16.98 45
Zara F1 14 26.42 70
Commando F1 1 1.89 5
Victory Fy 1 1.89 5
Anna Fy 1 1.89 5
Ranger F1 3 5.66 15
Terminator 9 16.98 45
Ansal F1 1 1.89 5
Noeville Fy 1 1.89 5
Total 53 100 265

4.4.2 Effect of Routine Management Practices

4.4.2.1 Staking

Regarding tomato staking, it was reported that most respondents (89.05%) stake tomato
at 4 weeks after transplanting. It was observed that 6.71% and 4.24% stake tomato at 2
and 6 weeks, respectively (Table 25). The respondents gave some of the reasons for
staking tomato as to make it easier to carry operations such as weeding, watering and
harvesting. Staking also helped the tomato fruits from rotting when they come into
contact with the soil which causes leaves and fruit spoilage staking improves fruit set,
fruit quality, and marketable yield and also facilitates harvesting and staked plants are
less likely to fail than unstacked plants which contract diseases. Lamptey & Koomson
(2021) reported that most farmers’ stake tomato at 4 weeks because it helps in

improving tomato growth and management practices such as spraying, watering and
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also harvesting becomes easier. Sharma et al. (2018) study reported similar findings

which indicated that staked tomato gave better fruit set.

Table 24 : Pest and diseases problems affecting tomato production

Percent of re- Percent of
Tomato problems Frequency sponses cases
Tuta absoluta(Tomato leaf
miner) 253 33.20 89.4
Aphids 26 3.41 9.19
Blister beetles 3 0.39 1.06
Cutworms 17 2.23 6.01
Whiteflies 21 2.76 7.42
Flee beetles 3 0.39 1.06
Tomato blight 188 24.67 66.43
Leaf hoppers 2 0.26 0.71
Bacterial wilt 30 3.94 10.6
Spider mites 27 3.54 9.54
Nematodes 7 0.92 2.47
American bollworm 1 0.13 0.35
Slugs and snails 9 1.18 3.18
Black spot 71 9.32 25.09
Powdery mildew 73 9.58 25.8
Blossom end rot 27 3.54 9.54
False Coding moth 4 0.52 1.41
Total 762 100 269.26
Table 25: Tomato staking stage
At what stage do you stake your tomato? Frequency Percentage
2 weeks after transplanting 19 6.71
4 weeks 252 89.05
6 weeks 12 4.24
Total 283 100

4.4.1.2 Irrigation

The survey findings showed that most respondents 43.84% used water from the river
for irrigation. Other sources of water included wells 27.9%, surface water 27.9%,
borehole 2.9%, spring or streams 15.22%, treated water 16.30%and canals 31.52 %
(Table 26). The study observed that the main of source of water for irrigation was River

Nyamindi and River Thiba. The study findings are similar to those Narita et al. (2020)
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who observed that River Nyamindi and Thiba provided water for irrigation throughout

the year for irrigation.

Table 26: Water sources for tomato irrigation

Source of water  Frequency Percent of responses Percent of cases
Surface water 9 2.31 3.26

Well 77 19.79 27.90
River 121 31.11 43.84
Borehole 8 2.06 2.90
Spring/stream 42 10.80 15.22
Treated water 45 11.57 16.30
Canal 87 22.37 31.52
Total 389 100 140.94

4.4.1.3 Weeding

The respondents practiced different weed control methods. Majority of the respondents
98.94% used hand weeding methods in their tomato farms A few respondents 1.41%
used chemical control method to remove weeds in their farms. The study observed that
most farmers use hard weeding because it was expensive to purchase chemicals for the
pests and diseases control so they preferred hand weeding. The study observed that
weeding was done on average 3 times, least being 1 and the highest being 6 times (Table
27). Morrison et al. (2022) study observed that most tomato farmers used hand weeding

method in management of weeds in their farms.

Table 27: Tomato weeding

Weeding method  Frequency percent of responses Percent of cases
Hand weeding 280 98.59 98.94
Chemical 3 1.41 1.41

Total 283 100.00 100.35
Variable Observations Mean SD Min Max
Weed times 283 3.18 0.67 1 6

Note: SD= Standard deviation

4.4.1.4 Harvesting
It was observed that all the respondents 100% harvested tomato manually by
handpicking. Majority of the respondents 60.78% graded tomato by the brokers or the

aggregator’s characteristics as majority sold their tomato to brokers 98.23% while
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0.35%, 0.71% and 0.71 % sold to exporters, wholesalers and other buyers, respectively
(Table 28). The respondents urged that it was cost saving to them as they could not
incur transport cost as most of them did not have any means of transport to the market.
Further, they urged that it was time consuming to go to the market and one could not
identify the buyers who were well known by the brokers. The study results are in line
with those of Mauti (2021) who reported that most farmers in the region sold tomato to
middlemen or the brokers and few farmers sold to traders directly to consumers.
Further, the study observed that other characteristics that were considered for tomato
grading included similar varietal characteristics, small, large, medium and extra-large
sizes (Table 28). The study findings are consistent to Kotamraju et al. (2021) study who
reported that tomato grading in India is according to tomato similar tomato sizes such

as being small, medium and large.

Table 28: Tomato harvesting, grading and selling

How do you harvest tomato Frequency Percentage
Manually 283 100

Total 283 100

How do you grade tomato prod- Fre- Percent of re- percent of

uct quency sponses cases

Similar varietal characteristics 138 39.32 48.76
Small 7 1.99 2.47
Large 20 5.7 7.07
Medium 6 1.71 2.12
Extra-large 6 1.71 2.12
Brokers/ aggregator characteris-

tics 172 49 60.78
Other 2 0.57 0.71
Total 351 100 124.03
Who do you sell your tomato to? Frequency Percentage
Aggregator/broker 278 98.23
Exporter 1 0.35
Wholesaler/traders 2 0.71

Other buyer 2 0.71

Total 283 100

4.4.3 Farm Pest Control Records
In this study more than half of the respondents 78.80% did not have pest control records
and 21.20 % had pest control records (Table 29). The respondents gave varied reasons

for not keeping the pest control records and these included, fear of associating
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themselves with losses, time constraint, procrastination, illiteracy of the employed
individuals in the farm and also forgetfulness. The findings are line with those of
Omotesho et al. (2022) study who reported that most farmers in Nigeria did not keep
farm records due to forgetfulness and lack of knowledge.

Table 29: Respondent’s records on pest control methods

Do you maintain pest control records Frequency Percentage
No 223 78.80
Yes 60 21.20
Total 283 100

4.4.4 Use of Agrochemicals

The study observed that most farmers 93.99% used pesticides to control pests while
about 6.01% used other alternative pest control methods (Table 30). The other
alternative pest control methods included use of certified seedlings from the agricultural
organizations, crop rotation, staking and proper tomato routine management practices
such as weeding. This can be explained by the respondent’s claims that some of the
pests such as T. absoluta can only be controlled using chemical pesticides. The results
show that the frequency of use of chemical pesticides is very high among tomato small
scale farmers. Colmenarez et al. (2022) study findings indicated that application of
pesticides remains the principal approach, although the well-documented literature
indicates the negative impacts of chemical pesticides on the environment and their low

efficacy, even in locations where T. absoluta is an introduced species.

Table 30: Pesticides use by tomato small scale farmers

Did you use pesticides/ agrochemicals in tomato production Fre- Percent-
last season quency age
No 17 6.01
Yes 266 93.99
Total 283 100

The study findings showed that tomato crop protection is labor intensive. Most of the
respondents used hired labour (77.39%) while 22.61% used family labour (Table 31).
The respondents explained that it was tedious for them to take part in all farm activities
and they preferred hiring some individuals who helped with crop protection activities

such as pesticides application and weeding. The study findings are similar to Aloysiu
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et al. (2021) study who reported that tomato crop production was labour intensive as it

involved various farm activities which ranged from routine management practices such

as weeding, irrigation and chemical application.

Table 31: Labour Source for crop protection

Source of labour used in crop protection practices? Frequency Percentage
Family 64 22.61
Hired 219 77.39
Total 283 100

4.4.5 Tuta absoluta Encounter with the Farmers
The findings reported that majority of the respondents 67.19% encountered T. absoluta
infestation a few seasons ago, 24.9% encountered T. absoluta a few years ago while

7.91% encountered the pest during the previous cropping season (Table 32).

Table 32: Tuta absoluta encounter with the farmer

when was T. absoluta first

encountered Frequency Percentage
The previous cropping season 20 7.91
A few cropping seasons ago 170 67.19
A few years ago 63 24.9
Total 253 100

Fre- Percent of re- Percent of
Tuta absoluta spread quency sponses cases
From neighbors farm 64 13.01 25.30
Seeds/seedlings 63 12.80 24.90
Infested fruits and packaging 10 2.03 3.95
Crop rotation 11 2.24 4.35
Immediately after transplanting 216 43.90 85.38
During dry season 121 24.59 47.83
Containers 3 0.61 1.19
Others 4 0.81 1.58
Total 492 100 194.47

Fre- Percent of re- Percent of
Damage area quency sponses cases
Leaf 180 41.76 71.15
Fruit 173 40.14 68.38
Fruit and leaf 72 16.71 28.46
Other tomato parts 6 1.39 2.37
Total 431 100 170.36
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Some of the respondents urged they were not able to identify the pest and therefore they
could not tell when the pest was first identified in their farms. Majority of the response
cases (85.38%) depicted that T. absoluta started spreading immediately after
transplanting. Further, the study results also showed that T. absoluta spread from
respondents’ neighbors’ farm, seedlings, infested fruits and packaging, crop rotation,
during dry season, and through containers. The respondents further explained that T.
absoluta damage areas were leaf 71.15%, fruit 68.38%, leaf and fruit 28.46 and other
tomato areas 2.37% such as stems (Table 32). Mkonyi (2021) study reported similar
results whereby the study highlighted some of the methods which T. absoluta spread in
tomato fields and they included spread from neighboring tomato fields and the pest

destroyed tomato fruit, leaves and stems.

4.4.6 Choice of Tuta absoluta Management Methods

This study sought to identify the pest management choices used tomato small scale
farmers. Majority of the respondents 97.53% reported that they used chemical
pesticides to manage T. absoluta and additional pests and diseases in tomato production
while a few farmers 2.47% used alternative pest control methods (Table 33). Zekeya et
al. (2022) indicated that controlling T. absoluta by use of chemical pesticides is tricky
due to development of rapid resistance and alternative control options such as biological
controls are scarce or expensive and only a handful of microbial agents are currently

registered for the management of the pest in Africa.

Table 33: Chemicals pesticides use by tomato small scale farmers

Chemical pesticides (1) Frequency Percentage
No 7 2.47

Yes 276 97.53
Total 283 100

This study also sought to identify some of the methods that the farmers used to control
tomato problems such as pests and diseases. The study observed farmers used multiple
choices to control the problems and most farmers 97.53% used chemical pesticides.
Other methods used ranged from Plant Incorporated Protectants (PIP), Intercropping,
Mulching, Desuckering / pruning, Uprooting and destruction of residues, Fertilizer ap-
plication, Predators, Crop rotation, parasites, Bio-insectides, Weeding, Bio-nemati-

cides, IPM techniques, Staking and Bio-herbicides (Table 34). The study results are
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similar to Chepchirchir et al. (2021) study which reported that most tomato farmers in

Kenya used chemical pesticides to control T. absoluta.

Table 34: List of pest management methods used by tomato small scale farmers to
control T. absoluta

Percent of

Pest management methods Frequency  responses  Percent of cases
Chemical pesticides 276 41.13 97.53
Plant Incorporated Protectants (PIP) 2 0.30 0.71
Intercropping 17 2.53 6.01
Mulching 31 4.62 10.95
Desuckering / pruning 31 4.62 10.95
Uprooting and destruction of resi-

dues 25 3.73 8.83
Fertilizer application 10 1.49 3.53
Predators 1 0.15 0.35
Crop rotation 86 12.82 30.39
parasites 11 1.64 3.89
Bio-insectides 8 1.19 2.83
Weeding 82 12.22 28.98
Bio-nematicides 4 0.60 1.41
IPM techniques 22 3.28 7.77
Staking 62 9.24 21.91
Bio-herbicides 2 0.30 0.71
Others 1 0.15 0.35
Total 671 100 237.1

Regarding utilization of pesticides to control T. absoluta in tomato, it was reported that
90.11% of the respondents used chemical pesticides to control the pest while 9.89 %
did not use pesticides (Table 35). Majority of the respondents (57.08%) used Occasion
star to control T. absoluta. The respondents argued that T. absoluta had become
resistant to other chemical pesticides such as coragen® but ocassiona star®, controlled
the pest effectively as compared to other chemical pesticides. The study results are
consistent to Nguetti et al. (2018) study who reported that 96.2% used chemical
pesticides to control pests and diseases for tomato production. Most of the respondents
cited some of the chemical pesticides used ranged from Tihan®, Merit®, Occasional
Star®, Coragen®, Level®, Oshothane®, Indoxacard®, Dudu accelamectin®, Akuku® and

Belt® among others. The study results contradicted Ogutu et al. (2022) study which
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reported that tomato farmers in Kenya use various chemical pesticides to effectively

Control T. absoluta and most farmers in Kirinyaga use Coragen®, to maintain the pest.

Table 35: Pesticide use on Tuta absoluta

Did you use agrochemicals during last production to control Fre- Percent-
T. absoluta? quency  age

No 28 9.89
Yes 255 90.11
Total 283 100
Chemical name  Frequency Percent of responses  Percent of cases
Tihan® 110 21.28 45.83

Merit® 36 6.96 15.00
Occassion star® 137 26.50 57.08
Coragen® 95 18.38 39.58

Level® 13 2.51 5.42
Oshothane® 14 2.71 5.83

Capro® 4 0.77 1.67

Victory® 5 0.97 2.08
Indoxacard/In-

dox® 60 11.61 25.00
Abamectin® 1 0.19 0.42

Benocab® 1 0.19 0.42

Indokin® 9 1.74 3.75

Total 517 100 215.42

The harm triggered by T. absoluta was observed to be an average of 53.88 % with a
minimum of 2% and a maximum of 100% which contributed to a yield loss of about
35.43% with a minimum of 10% and maximum of 90% (Table 36). Zekeya et al. (2022)
observed that T. absoluta causes damage and loss in tomato ranging from 50-100% in
South America, Europe and Africa where management options are most limited. The
respondents explained that the pest destroyed the plant at early stage and if not easily
noticed, no crop was harvested. Further, the respondents also explained the brokers
could not buy the infested fruit hence the farmers reported losses and it discouraged
them from planting tomato crop. Mansour et al. (2018) made the same observations
that T. absoluta caused a damage level to up to 100% in East Africa especially for open

field tomato production due to its high spread rate.

53



Table 36: Tuta absoluta damage level on tomato and yield loss

Variable Observations Mean SD Min Max
Damage level 253 53.88 2290 2 100
Yield loss 253 35.43 16.54 10 90

Note: SD= Standard Deviation, Min= Minimum, Max= Maximum

4.5 Analyzing the Effect of Farmers’ Gross Margin on the Choice of Management
of T. absoluta in Tomato Production in Mwea, Kirinyaga County

4.5.1 Tomato Production Revenue

During the study the total revenue was generated from the relationship between the total
yield sold in kilograms and the price per kilogram (Kenya shillings [KES]). The mean
total revenue in one acre was KES 511275.60 with a minimum of KES 64000 and a
Maximum of KES 1520000. It was observed that the respondents sold a mean of
8903.53 Kilograms of tomato with a minimum of 1000 and a maximum of 19000
kilograms. The study results are in line with those of Chepchirchir et al. (2021) who
reported that the average tomato yield in Kenya in one acre is 14 tonnes/acre for the
hybrid variety using irrigation, 8 tonnes/acre using hybrid variety and 6 tonnes/acre
using open pollinated variety. The average price per kilogram was KES 57.59 with a
minimum of KES 40 and a maximum of KES 100 (Table 37). The farmers explained
that the sold tomato in kilograms to the brokers and the prices varied during the seasons,
at times it was very low and at times very high. The farmers further explained that they
sold the tomato according to the brokers grading and prices. The study results are in
line with those of Mauti (2021) study who reported that an average price for tomato in
Kenya is KES 44 per Kg.

Table 37: Tomato revenue generated from tomato yield sold and price per kilogram

Variable Observations Mean SD Min Max
Total revenue 283 511275.60 207154.5 64000 1520000
Tomato yield sold 283 8903.534 3410.641 1000 19000
Price per kg 283 57.59364  6.934923 40 100
GM per acre 283 461131.10 198554.30 -5500 1415000
GM per kg 283 11.44 9.12 0.92 132

Note: SD= Standard Deviation, Min= Minimum, Max= Maximum

The Gross margin was computed by deducting the total costs from the total revenue.

From the findings the study concluded that the average gross margin for the respondent
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is KES 461131.10 per acre with a minimum of KES -5500 and a maximum of KES
141500 while the gross margin per kilogram in one acre was at an average KES 11.44
with a minimum of 0.92 and a maximum of 132. The study observed that tomato
production was profitable among the small scale farmers as observed in the value of the
gross margin (Table 37). Mbogo (2020) study reported that the average gross margin

for the open field tomato small scale farmers in the region was KES 11.23.

4.5.2 Tomato Production Costs

Agricultural farm inputs are important in tomato crop production and these inputs range
from labor, seeds, agrochemicals, stakes and transportation cost to the market. Holding
land as a fixed factor of production, the results of the study observed that the average
costs of inputs used by the respondents in one acre was KES 113226.20 with a minimum
of KES4800 and KES 204200 (Table 38). The average costs were as follows in KES:
manual labour 8102.38, Tractor cost 5232.61, Animal land preparation cost 2745.46,
certified seeds cost 13937.50, crop protection 10229.68, stakes costs 14863.25, Staking
labour cost 5869.44, Agrochemicals cost 25848.15, T. absoluta agrochemicals
16546.93, Water fuel for irrigation 8833.78, Labour irrigation 10738.98, weeding
labour 10210.41, harvesting labour 27049.89 and the transport cost 370.09 (Table 39).
The study results are line with those Mbogo (2020) study who reported that tomato
production costs in the region included the direct costs.

45.3 Effect of Tomato Small Scale Farmers Gross Margin on Choice of
Management Methods

Regarding the influence of gross margin on choice of T. absoluta management, a
multiple regression model was used. Study findings showed that the R2 in the regression
analysis indicated that the variations for different pest control methods was 0.10 which
showed that 10% of the variations on choices of management methods explained the
gross margin while the F- statistic was 1.75 and significant at 0.01 (Table 39). The study
findings are consistent with those of Stephenson et al. (2020) who reported that the
multiple regression model illustrates 10.5% of variance in gross margin, which is

determined as total value minus total cost of pest management strategies.
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Table 38: Tomato Inputs Costs in Kenya Shillings (KES)

Variable Observations Mean SD Min  Max
Total costs 283 113226.2 41535.19 4800 20420
Manual labour cost 42 8102.38  5216.13 0 20000
Land preparation tractor

cost 230 5232.61 1951.49 1000 12000
Land preparation animal

cost 11 274546  750.15 1500 4000
Certified seeds cost 16 13937.50 5078.96 6000 20000
Crop protection labour cost 283 10229.68 8811.72 0 12000
Stakes costs 283 14863.25 5246.36 1000 21000
Staking labour cost 283 5869.44 4202.76 400 20000
Agrochemicals cost 243 25848.15 12708.81 1000 55000
Agrochemicals to control

T.absoluta 254 16546.93 7316.82 0 42000
Fuel cost for irrigation 74 8833.78 5895.86 800 40000
Irrigation Labour cost 59 10738.98 4483.96 1500 35000
Weeding labour cost 269 10210.41 3970.97 1200 30000
Harvesting labour cost 283 27049.89 14021.90 1500 66000
Market transport cost 204 370.09  1407.42 0 10000

Note: SD= Standard Deviation, Min= Minimum, Max= Maximum

The study observed that two out of the eighteen hypothesized variables namely crop
rotation and weeding were significant. Crop rotation was significant at (P-value=5%)
and had a positive relationship with the tomato small scale farmers gross margin.
Weeding was significant at (P-value=5% but had a negative relationship with the small
scale tomato farmers gross margin. The coefficient of crop rotation was positive
implying that the more the farmers practiced crop rotation, the gross margin increased.
The coefficient for weeding was negative implying that the reduction in number of
weeding times for the tomato affected the gross margin of the farmers in controlling T.

absoluta.

The study results further observed that use of chemical pesticides, plant incorporated
protectants, intercropping, desuckering or pruning, uprooting and destruction of crop
residue, fertilizer application, predators, parasites, bio-insectides, IPM techniques,
staking and bio-herbicides were not significant (Table 39). The study results reported a
similar observation as Chepchirchir et al. (2021) study who observed that tomato

farmers relied on several alternate pest management strategies which ranged from
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selection of healthy tomato seeds and planting resistant varieties. Further, they observed

that crop rotation had a significant and positive relationship on control of T. absoluta.

Table 39: Effect of tomato farmer gross margin on choice of T. absoluta management

methods
Gross margin Coefficient SD t-value
Chemical pesticides 42578.05 80609.75 0.53
Plant Incorporated Protectants (PIP) -53034.4 141037.2 -0.38
Intercropping -4920.94 51808.49 -0.09
Mulching -78330.1 48164.44 -1.63
Desuckering / pruning 17734.86 45968.51 0.39
Uprooting and destruction of crop
residue 17352.58 48850.18 0.36
Fertilizer application -32942.6 65028.21 -0.51
Predators 25156.35 208081.9 0.12
56140.11*
Crop rotation * 26392.21 2.13
Parasites 20512.61 63176.56 0.32
Bio-insectides 28361.68 76895.25 0.37
Weeding -74051.7** 33579.62 -2.21
Bio-nematicides 234558.9 144983 1.62
IPM techniques -24870.9 50066.86 -0.5
Staking -46264 35461.19 -1.3
Bio-herbicides -197726 198389.7 -1
Other 65608.76 195738.6 0.34
~cons 439173.1 80808.21 5.43
Parm
Equation Observations s RMSE R-sq F P
194169. 0.101 1.75773 0.033
Gross margin 283 18 1 3 8 6

*, **and *** represent 1%, 5% and 1% respectively. Note: SD = Standard Deviation

4.6 Effect of Tomato Farmers’ Perception on the Choice of Management of T. ab-
soluta

4.6.1 Summary Statistics for the Aspects Used to Measure Farmers’ Perception on
the Choice of Management of T. absoluta

This study further tried to understand the perception of the respondents on the choice
of T. absoluta management methods. The study used a five likert scale of minimum and
maximum 1-5 respectively whereby the value represented (1= strongly disagree,
2=disagree, 3=uncertain, 4=agree, 5= strongly disagree). The aspects used to identify

the tomato small scale farmers’ perception varied from household and employee health,
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chronic illness, farmer knowledge, effective control, complete control, food safety,
environment safety, water quality, biodiversity, soil contamination, performance,
awareness information, technical, environment effect as well as if they regarded the
management method as being cheap (Table 40). Sadique (2022) study reported that
farmers considered various aspects which ranged from knowledge, experience, health
as well as the cost in adopting integrated pest management for vegetable production in

Bangladesh.

Table 40: Summary statistics for the aspects used to measure perception

Variable name Observations Mean SD Min Max
Household health 283 2.9187 0.9474 1 5
Hired employee health 283 2.8763 0.9503 1 5
Chronic illness 283 2.8975 0.9603 1 5
Acute illness 283 2.9222 0.9307 1 5
Farmer knowledge 283 3.5795 08272 1 5
Effective control 283 3.6572 0.8161 1 5
Complete control 283 2.7491 1.0471 1 5
Food safety 283 3.0353 1.0029 1 5
Environment safety 283 2.8551 09912 1 5
Water quality 283 2.8233 09914 1 5
Biodiversity 283 2.8057 09641 1 5
Soil contamination 283 2.8481 1.0356 1 5
Performance 283 3.3816 09124 1 5
Awareness information 283 3.5618 0.8664 1 5
Technical 283 3.8233 0.8694 1 5
Environment effect 283 3.7915 0.79156 1 5
Cheap 283 2.7279 1.1670 1 5

Note: SD= Standard Deviation, Min= Minimum, Max= Maximum

4.6.2 Principal Component Analysis Model to Classify the Aspects Farmers
Perceived to be Affecting the Choice of Management Methods to Control T.
absoluta in Tomato Production

The study further classified the aspects into components (1 to 17) [Table 41] to
represent summary statistics of the aspects the farmers used to measure perception.
Each aspect had a minimum of 1 and a maximum of 5 while the average mean for each
aspect was described as: household (2.9187) and employees health (2.8763), chronic
(2.8975) and acute (2.9222) illness, farmer’ knowledge (3.5795), effective control
(3.6572), complete control (2.7491), food safety (3.0353), environment safety (2.8551),
water quality (2.8233), biodiversity (2.8057), soil contamination (2.8481), .
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Table 41: Principal components for tomato small scale farmers’ perception on choice of T. absoluta management methods

Variable Compl Comp2 Comp3 Comp4 Comp5 Comp6 Comp7 Comp8 Comp9 Compl0
Household health 0.2866 -0.1465 0.188 -0.2926 -0.0979 0.0044 0.0294 -0.1319 0.2212  0.3662
Hired employee 0.2938 -0.1487 0.2533 -0.3393 -0.0389 0.0285 0.0144 -0.064 0.1422  0.2279
health

Chronic illness 0.3032 -0.1362 0.2789 -0.247 -0.0186 0.1016 0.0305 -0.088 -0.0067 -0.1731
Acute illness 0.2958 -0.1723 0.2449 -0.1341  0.0079 0.0519 0.0992 0.0122 -0.1558 -0.4224
Farmer 0.1347 0.3438 0.4138 0.3934 -0.1565 -0.2352 -0.087 0.035 0.0566  0.1451
knowledge

Effective control 0.1782 0.3435 0.403 0.2607 -0.2017 -0.0712 0.1455 0.2287 -0.0633  0.0259
Complete control 0.1866 -0.0545 -0.0398 0.5003 0.1242 0.5466 -0.0531 -0.4925 0.2624  0.1666
Food safety 0.2944 -0.0045 -0.0713 0.1136 -0.0117 0.0067 -0.2214 -0.3288 -0.5668 -0.2082
Environment 0.325 -0.0359 -0.1529 0.1396 -0.0057 -0.0946 -0.2235 0.0854 -0.0614  -0.269
safety

Water quality 0.3181 -0.0796 -0.2281 0.1244 -0.0251 -0.1786 -0.1903 0.1791  0.153 -0.0473
Biodiversity 0.2942 -0.129 -0.3086 0.1272 -0.0358 -0.1967 -0.0451 0.2409 0.2052  0.1221
Soil contamina- 0.2869 -0.0927 -0.3149 0.0502 -0.1035 -0.2116  0.1357 0.0379  0.101  0.1311
tion

Performance 0.1888 0.2824 -0.3267 -0.116 -0.2782 0.1774 0.4718 -0.0399 -0.4417  0.3238
Awareness infor- 0.1469 0.4645 -0.1647 -0.1779 -0.0791 0.4508 0.1001 0.2195 0.3801 -0.4125
mation

Technical 0.1252 0.4025 -0.0324 -0.2831 0.3836 0.1271 -0.5807 0.1489 -0.1683  0.3174
Environment ef- 0.1119 0.3667 -0.0662 -0.101  0.5093 -0.4635  0.319 -0.4431 0.1763 -0.1353
fect

Cheap 0.1403 -0.2102 0.1158 0.2127 0.6363 0.1923 0.3597 0.4465 -0.1754  0.1092
Variable Compll Compl2 Compl3 Compl4 Compl5 Compl6 Compl7 Unexplained
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Household health

Hired employee
health

Chronic illness
Acute illness

Farmer
knowledge

Effective control
Complete control
Food safety
Environment
safety

Water quality
Biodiversity

Soil contamina-
tion
Performance
Awareness infor-
mation
Technical
Environment ef-
fect

Cheap

-0.4139
-0.0974

0.3159

0.4282
0.2174

-0.2367
0.152

-0.4395
-0.1213

0.029

0.1786
0.0111

0.2297

-0.2222

0.2019
-0.0007

-0.1615

0.1776
0.0249

-0.042

-0.081
0.5112

-0.5847
-0.144

0.1194
0.0758

0.0538

0.1307
-0.4346

0.1545

0.1663

-0.1822
-0.0137

0.1479

0.0204
-0.1329

0.0211

0.0927
0.2833

-0.2257
-0.0789

0.2512
-0.3604

-0.392

0.0518
0.6129

-0.2216

0.1947

0.0697
-0.1146

0.0736

0.0287
0.0377

-0.2668

0.2636
-0.165

0.1888
0.0332

0.2112
-0.39

-0.1525

0.6577
-0.3522

-0.0613

0.0237

0.0147
0.055

-0.0943

0.5169
-0.4622

-0.3313

0.4146
-0.0092

-0.0134
0.0378

-0.222
0.3363

-0.2241

-0.0705
0.0171

0.0426

-0.0678

0.0999
-0.0001

-0.0385

0.2084
-0.2991

-0.0424

0.1794
-0.0001

-0.0052
-0.0096

0.0895
-0.54

0.6762

-0.2735
-0.0097

0.0059

0.0211

0.0175
-0.0092

0.019

-0.2232
0.5488

-0.6455

0.3425
0.0933

-0.1064
0.0389

-0.0314
0.0246

0.1018

-0.2536
0.125

0.0119

0.033

0.0005
-0.0178

-0.0093

OO O O o o o o

oo O

o o

Note: Comp= Components
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performance (3.38160, awareness information (3.5618), technicality on use (3.8233),
environment effect (3.7915) and cheap (2.7279) aspects (Table 41). The findings are
similar to those of Moinina et al. (2018) study who reported that farmers’ knowledge
among other aspects such as awareness, performance and health were key factors that

farmers considered before adopting pest management in apple production in Morocco.

4.6.3 Eigen Values for the Principal Components

The farmer aspects were further analyzed using principal component analysis method
S0 as to be able to understand their perceptions towards pest management methods used
to control T. absoluta. The Eigen values were used in the study so as to further reduce
the components into fewer aspects which gave the relation and factor loadings (Table
42). The components which had eigen value more than 1 were retained used for further
analysis. These components involved household health (6.7274), hired employee health
(1.8040), chronic (1.4165) and acute illness (1.2541) and farmer’s knowledge (1.1132)
[Table 42]. The study observed that the farmers gave some of the aspects they
considered most before application of chemical pesticides and most farmers said that
they considered their health as well as that of their employees and they could not use a
method to control T. absoluta if they had no knowledge on it or heard of the method.
Jahin et al. (2020) study employed this technique so as to retain components that
described the data without distorting the interpretations.

The orthogonal varimax rotation approach was used to obtain at the 5 major compo-
nents which were used to classify fewer highly interrelated techniques under each clus-
ter for easier understanding and generalization about the group. The study findings
showed that chronic diseases (0.30320, Environment safety (0.3250) and water quality
(0.3181) had strong factor on component 1. The study also observed that the respond-
ents’ aspects on knowledge (0.3438), effectiveness of control (0.3435), awareness
(0.4645) and technicality on use (0.4025 had strong factor loading on component 2. It
was further reported that farmers perceived that hired employee health (-0.3393),
knowledge (0.3934) and complete control (0.5003) aspects had a strong factor loading
on component 4. The study results also showed that technicality on use (0.38360), en-
vironment effect (0.5093) and cheap (0.6363) aspects had strong factor loading on com-
ponent 5 (Table 43). Ricolfi & Testa (2021) study used the orthogonal varimax rotation
method to classify highly related aspects in clusters for easier understanding.
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Table 42: Eigen value for components

Component Eigen value  Difference Proportion ~ Cumulative
Household health 6.7274 4.92337 0.3957 0.3957
Hired employee health 1 8040 0.38749 0.1061 0.5018
Chronic illness 1.4165 0.162435 0.0833 0.5852
Acute illness 1.2541 0.14091 0.0738 0.6589
Farmer knowledge 1.1132 0.337989 0.0655 0.7244
Effective control 0.775176 0.118324 0.0456 0.77
Complete control 0.656852 0.130249 0.0386 0.8087
Food safety 0.526602 0.0270975 0.031 0.8396
Environment safety 0.499505 0.0504188 0.0294 0.869
Water quality 0.449086 0.0469919 0.0264 0.8954
Biodiversity 0.402094 0.060527 0.0237 0.9191
Soil contamination 0.341567 0.0238582 0.0201 0.9392
Performance 0.317709 0.0840788 0.0187 0.9579
Awareness information 0.23363 0.0353726 0.0137 0.9716
Technical 0.198258 0.0470071 0.0117 0.9833
Environment effect 0.151251 0.0181021 0.0089 0.9922
Cheap 0.133148 . 0.0078 1

Further, the study results observed that some of the unexplained aspects from the
respondents (Table 43). All components with significant factor loadings (more than,
less than, or equivalent to 0.3) were used to analyze the varimax rotation in this
scenario. The study observed that each aspect unexplained variations included:
household (0.2406) and employee health (0.14230, chronic illness (0.1612), farmer
knowledge (0.2009), effective control (0.21300, complete control (0.4271), food safety
(0.3932), environment safety (0.2293), water quality (0.21420, biodiversity (0.2311),
soil contamination (0.2754), performance (0.3622), awareness information (0.3807),
technical (0.3364), environment effect (0.3655) as well as if they regarded the
management method as being cheap (0.2615) [Table 43]. The results findings are line
with those of Thairu (2020) study who reported that variables with high factor loadings

should be retained

The study observed that the overall Kaiser-Meyer-Olkin measure of sampling adequacy
was 0.88 (Table 44).The study further observed that each aspect had a KMO result of:
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Household (0.9025) and employee health (0.8600), chronic illness (0.8692), farmer
knowledge (0.6782), effective control (0.7634), complete control (0.8889), food safety
(0.9422), environment safety(0.9169), water quality (0.90150, biodiversity (0.8918),
soil contamination (0.9246), performance (0.8708), awareness information (0.7850),
technical (0.7704), environment effect (0.7841) as well as if they regarded the
management method as being cheap (0.8053)[Table 44].

Table 43: Rotated components with a blank of (0.3)

Variable Compl Comp2 Comp3 Comp4 Comp5 Unexplained
Household health 0.2406
Hired Employee health -0.3393 0.1423
Chronic illness 0.3032 0.1612
Acute illness 0.2504
Farmer knowledge 0.3438 0.4138 0.3934 0.2009
Effective control 0.3435 0.403 0.2130
Complete control 0.5003 0.4271
Food safety 0.3932
Environment Safety 0.3250 0.2293
Water quality 0.3181 0.2142
Biodiversity -0.3086 0.2311
Soil Contamination -0.3149 0.2754
Performance -0.3267 0.3622
Awareness information 0.4645 0.3807
Technical 0.4025 0.3836 0.3364
Environment effect 0.3667 0.5093 0.3655
Cheap 0.6363 0.2615

Note: comp=Component

The study findings were justified to use of PCA because the overall value was more
than 0.5. The results are line with those of Sarmento & Costa (2019) who reported that
KMO measure indicated that the values 0.00 to 0.49 = unacceptable, 0.50 to 0.59 =
miserable, 0.60 to 0.69 = mediocre, 0.70 to 0.79 = middling, 0.80 to 0.89 =meritorious,
0.90 to 1.00= marvelous.

4.7 Parameter Estimates of the Multivariate Probit Model on Effect of Tomato
Farmers’ Socio-Economic Characteristics on the Choice of Management of T.
absoluta

During the study, it was observed that several factors influenced tomato small scale

farmers’ decisions on use a particular choice of management to control T. absoluta.
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Multivariate probit model was used to evaluate the effect socio-economic
characteristics on the choice of management of T.absoluta. MVP model contained eight
dependent variables and six independent variables (chemical pesticides, intercropping,
desuckering, fertilizer application, crop rotation and staking) whereby five variables
(education in years, age of the decision maker, years of experience, area under
agriculture and the household income) were continuous variables and three were
dummy variables (respondent gender, accessibility to loans as well as extensional
training) [Table 45], after dropping some of the management choices which were highly

skewed.

Table 44: Kaiser-Meyer-Olkin measure of sampling adequacy

Variable KMO
Household health 0.9025
Hired Employee health 0.8600
Chronic illness 0.8692
Acute illness 0.8963
Farmer knowledge 0.6782
Effective control 0.7634
Complete control 0.8889
Food safety 0.9422
Environment safety 0.9169
Water quality 0.9015
Biodervisty 0.8918
Soil contamination 0.9246
Performance 0.8708
Awareness information 0.7850
Technical 0.7704
Environment effect 0.7841
Cheap 0.8053
Overall 0.8756

Note: KMO= Kaiser-Meyer-Olkin measure of sampling adequacy

The likelihood ratio test of x2 (positive) reject the null hypothesis of error term
correlation, and this justified MVVP model to be employed. Respondent gender, years of
schooling, decision maker age, years of experience, area under agriculture, credit
access, household income and access to extension services influenced the choice of

management methods (Table 45).
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Table 45: Multivariate Probit Results

Chemicalpesticides Intercropping  Desuckering Fertilizerapplication  Croprotation Staking
Variable Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
Respodentgender -0.407(0.649) -0.156(0.349) 0.907(0.453)* -0.617(0.304)** 0.396(0.224)* 0.467(0.254)*
Education years 0.45(0.212)** -0.022(0.052) -0.041(0.052) -0.059(0.047) 0.031(0.030) 0.036(0.033)
Decisionmakerage -0.158(0.064)** -0.033(0.031) 0.057(.021)** -0.039(0.026) -0.008(0.016) 0.026(.031)
Years’ experience -0.0003(0.074) 0.139(.048)** 0.030(0.040) 0.147(0.045)** 0.043(0.031) 0.000(0.058)**
Area agriculture 0.929(0.390)** -0.054(0.113) 0.189(0.136) 0.07(0.096) 0.157(.064)** 0.197(0.073)*
Credit access -0.811(0.866) 0.060(0 .388) -0.257(0.345) -0.108(0.346) 0.222(0.203) -0.533(0.278)
Household income 0.034(0.743) -0.676(0.356)*  -0.465(0.260)* -0.052(0.284) -0.19(0.177) -0.397(0.193)**
Extension services 0.81(0 .959) -0.669(0.366)*  -0.128(0.292) 0.000(.338) 0.146(0.201) 0.08(0.208)

*, **and *** represented 10%, 5% and 1% level of significance respectively. Number of observations = 283, Wald chi2 (88) = 220.71, Log
likelihood = -621.567, Prob > chi2 = 0.0000, Likelihood ratio test of rho=0, Chi2 (55) = 124.961, Prob > chi2 = 0.0000.
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The study findings showed that the respondent gender variable had a significant (P-
value=10%) and positive relationship with tomato small scale farmers’ choice on use
of desuckering method to control T. absoluta. Further, it was observed that gender had
a significant (P-value = 5%) and a negative relationship with fertilizer application.
Additionally, gender also had a significant (P-value=5%) and positive relationship on
crop rotation and staking as methods that the respondents used to control T. absoluta
(Table 45). The study observed that women were more inclined to like the pesticides
management techniques and these required less attention than other IPM strategies. The
survey findings are similar to Misango et al. (2022) study which observed that gender
had a positively and significant (P-value at 5%) association with adoption of various
technologies used to control pests. Obeten et al. (2021) study results also reported that
chemical control outcome category, the variable '‘Gender' had a negative and significant
effect, indicating that male compared to female farmer have a lower liking for farming
relative to use pesticides management strategies in pest management as well as the

tactics are used.

The study results further observed that education variable described the number years
of schooling for the decision maker in the farm. The findings showed that education
had a significant (P-value= 5%) and a positive relationship with use of chemical
pesticides but failed to explain T. absoluta management choice of intercropping,
desuckering, fertilizer application, crop rotation as well as staking. (Table 45). The
study results showed that an additional year in years of schooling improves the
respondent’s awareness on use of chemical pesticides. Education was not significant in
other choices of pest management (Table 45). The findings are line with those of
Donkoh et al. (2019) study who reported that higher education status created more

awareness to the farmers to adopt use of various practices in the farm.

Regarding the age of the decision maker, the study findings showed that age had a
significant (P-value=5%) but negative relationship with use of chemical pesticides. The
results further showed that age also had a significant (P-value=5%) and a positive
relationship with use of desuckering pest management choice (Table 45). An increase
in year of the respondent led to less use of chemical pesticides and age an increase in
age explains that the respondents were more experienced and preferred other IPM
management choices as compared to use of chemicals. Age did not explain other
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choices that is intercropping, fertilizer application, crop rotation and staking. These
survey results showed that the young people used more chemicals than the elderly
(Table 45). The study findings are consistent with Obetan et al. (2021) study which
reported that as age increases, the preference for farmer to use IPM techniques is

relative among maize framers in Abuja.

Further, the survey investigated the influence of farmers’ experience on choice of pest
management methods to control T. absoluta. The study observed that experience had a
significant (P-value=5%) and positive relationship with intercropping, fertilizer
application and staking management methods (Table 45). Years of experience had no
relationship with chemical pesticides use, desuckering and crop rotation. This can be
explained by the fact that the more the experienced the tomato small scale farmers were,
the more they had knowledge on use of various cultural methods to control T.absoluta.
The study results contradicted with those of Tong et al. (2022) who reported that the
more experienced the farmers, the less they adopted IPM techniques in China. The
results also showed that extensional training and accessibility had an insignificant
relationship with all the variables except intercropping pest management method which
was significant at (P-value=1%) and a negative relationship (Table 45). This showed
that reduction extensional training and accessibility led to less use of intercropping pest
management method to control T. absoluta due to lack of knowledge. The study results
were consistent with Tong et al. (2022) study which reported that farmers had less
accessibility to extension services and the government promoted it among tomato

farmers in China.

Further, the study sought to determine how the size of land affected the pest
management methods to control T. absoluta in tomato. That is depicted by the area
under agriculture influenced use of chemical pesticides, crop rotation and staking. The
area under agriculture was significant at (P-value=5%) and had a positive relationship
with chemical pesticides use and crop rotation while staking was significant at (1%)
[Table 45]. The study findings observed that an increase in size of land affected these
management choices. The survey findings were consistent to Maja & Ayano (2021)
study who reported that that land scarcity can lead to reduction in agriculture

intensification and adoption of new technologies such as use of IPM techniques.
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The study also investigated the effect of income on T. absoluta management methods.
The study results observed that income had a significant and a negative relationship
with intercropping, desuckering and staking. It was also observed that household
income was significant (P-Value at 1%) and had negative relationship with
intercropping and desuckering while Staking was significant at (P-value 5%) [Table
45). The study observed that farmers used income from multiple choices to purchase
chemical pesticides which they explained that was much effective as compared to
cultural and biological control methods. The findings were consistent to Porras et al.
(2021) study who observed that income was significant to integrated pest management

methods.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Summary of the Findings

The aim of the study was to analyze effects of tomato farmers’ gross margin, perception
and socio-economic characteristics on choice of Tuta absoluta management methods
in Mwea, Kirinyaga County. The study employed cross-sectional descriptive research
design to obtain data and understand the gross margin, farmers’ perception and farmer
socio-economic characteristics on choice of management of T. absoluta among small
scale tomato farmers in Mwea. The study projected a sample of 303 tomato small scale
farmers whereby 283 respondents practiced tomato farming in open field and
greenhouse target was 20 respondents who had ceased tomato production in
greenhouses.

The study sought to investigate the effect of tomato farmers’ gross margin on the choice
of management of T. absoluta in Mwea, Kirinyaga County. Gross margin analysis was
done by generating the tomato farmer gross margin and a multiple regression model
was used to analyze the effect of tomato farmers’ gross margin on the choice of
management of T. absoluta. The mean average total revenue in one acre of the total
tomato sold was 511275.60 KES with a minimum of 64000 KES and a Maximum of
1520000 KES. The average production costs of tomato in one acre is 113226.20 KES
with a minimum of 4800 and 204200 KES. The gross margin per kilogram in one acre
was at an average 11.44 KES with a minimum of 0.92 and a maximum of 132 KES.
Two out of the eighteen hypothesized variables namely crop rotation and weeding were
significant. Crop rotation was significant at (P-value 5%) and had a positive relationship
with the tomato gross margin whereas weeding was significant and had a negative
relationship with the tomato gross margin. The coefficient of crop rotation was positive
implying that the more the farmers practiced crop rotation, the gross margin increased.
The coefficient for weeding was negative implying that weeding for the tomato did not

affect the gross margin of the farmers in controlling T. absoluta.

The study further aimed at investigating the effect of tomato farmer’s perception on the
choice of management of T. absoluta in Mwea, Kirinyaga County. Principal component
analysis model was used to classify the aspects that the farmers perceived to be affecting
the choice of management methods used to control T. absoluta. The aspects were
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further analyzed using principal component analysis method so as to be able to
understand the tomato small scale farmers’ perceptions towards pest management
methods used to control T. absoluta. The Eigen values were used so as to further reduce
the components into fewer comments which gave the relation and factor loadings. The
components which had eigenvalue more than 1 were retained and used for further
analysis. The study findings showed that chronic diseases, Environment safety and
water quality had strong factor on component 1. The respondents’ aspects on
knowledge, effectiveness of control, awareness, technicality on use and cheap had
strong factor loading on component 2. Some of the respondents perceived that hired
employee health, knowledge and complete control aspects were had a strong factor
loading on component 4. Technical, environment effect and afforadability had strong
factor loading on component 5.

With regard to farmers’ socio-economic characteristics on the choice of management
of T. absoluta in Mwea, Kirinyaga County, a multivariate probit model was used and
the respondent gender variable showed a significant (P-value=10%) and positive
relationship with tomato small scale farmers choice on use of desuckering method to
control T. absoluta. Gender had a significant (P-value = 5%) and a negative relationship
with fertilizer application. Additionally, gender also had a significant (P-value=5%) and
positive relationship crop rotation and staking as methods that the respondents used to
control T. absoluta. Education had a significant (P-value= 5%) and a positive

relationship with use of chemical pesticides.

Age of the decision maker had a significant (P-value=5%) but negative relationship
with use of chemical pesticides. The variable age also had a significant (P-value=5%)
and a positive relationship with use of desuckering pest management choice. experience
had a significant (P-value=5%) and positive relationship with intercropping, fertilizer
application and staking management methods. The area under agriculture was
significant at (P-value=5%) and had a positive relationship with chemical pesticides
use and crop rotation while staking was significant at (1%). household income had a
significant and a negative relationship with intercropping, desuckering and staking.
Household income was significant (P-Value at 1%) and had negative relationship with
intercropping and desuckering. The results estimates showed that Staking was
significant at (P-value 5%). Access to extension services had no a significant
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relationship with all the variables except intercropping pest management method which

was significant at (P-value=1%) and a negative relationship.

5.2 Conclusions

The study results concluded that:

Tomato farmers’ returns on management choice of T. absoluta can be increased
by employing crop rotation and weeding. Chemicals use, plant incorporated
protectants, intercropping, desuckering or pruning, uprooting and damage of
crop residue, fertilizer application, predators, parasites, bio-insectides, IPM
techniques, staking and bio-herbicides were not significant

Farmers perceive that household health, hired employee health, chronic and
acute illness and farmer’s knowledge are some of the key aspects they consider
when choosing the pest management choice to use to control T. absoluta.

The effect of gender, education, age, experience, land size, loan accessibility,
household revenue and extensional services have a significant with positive or
negative relationship with the various pest management methods used to control

T. absoluta.

5.3 Recommendations

The study recommended that:

Tomato small scale farmers should are encouraged to use other pest
management methods such as use of crop rotation and weeding so as not to rely
on use of chemical pesticides alone to control T. absoluta.

Tomato small scale farmers are encouraged to seek more training from various
sources so as to be able get deeper understanding on control of T. absoluta
which is spreading very fast and reducing tomato yields.

Tomato small scale farmers are encouraged to join tomato farmers group and
organizations whereby they can be taught more on tomato pest management
practices by extension officers and other trainers.

County and National government policymakers should adopt policies that
encourage the use of integrated pest management methods to avoid use of

excess chemical pesticides in tomato production.
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5.4 Suggestion for Further Research
The suggestions include:
I.  Determine socioeconomic characteristics influence on choice of tomato
farmer’s gross margin on choice of pest management in Kenya.
ii.  Determine consumers™ opinions of chemical pesticide use in tomato production on

food safety and consumers’ health in Kenya.
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APPENDICES

Appendix I: Questionnaire

PART 1: General information of tomato farmer

Al Serial number

B| Date of interview

C| Ward (CODE A)

3.Mutithi [

1. Kangai [] 2. Nyangati [ ]
] 4.Thiba[ ]
5.Murinduko [ ] 6.Gathigiriri[]
7.Wamumu [ ] 8. Tebere[ ]

D| Location
E| Name of the respondent
F| Gender of the respondent 1=Male[ ] O=Female[ ]
G| Indicate where tomato is produced (CODE | 1=Open field/outdoor[ ] 2=
B) Greenhouse [ ]3=Both[ ]
H| Household contact number (Optional)
PART 2: Household characteristics
Code Code
Who in the household makes | Code C | How many people have lived
farm decisions? in your household for at least
6 months during the last 12
months?
Gender of main decision 1.Male | Of these people, how many
maker 0. earn an income?
Female
What is the age of main In your household, how many
decision maker? children are under 18 years?
Marital status of the Code D
household main decision
maker?
Years of schooling for the Do you or your household 1=Yes
main decision maker? have access to internet 0=No
enabled devices?
What is the main decision Code E | Do you or your household 1=Yes
maker's main occupation in have access to a steady (cell) | 0=No
terms of time spent? (hours) phone connection?
Do you or your household 1=Yes
have access to a steady 0=No
internet connection?
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CODE C: CODE D: CODE E: 1=Agriculture,
1. Household head 1=Married hunting, forestry, fishing,
2. Spouse 2=Single mining or quarrying
3. Son/daughter 3=Separated 2=Government
4. Grandchild 4=Widowed employment 3=Employed
5. Parent in business
6. Farm manager 4=Unemployed 5=self-
employed 7=Casual labor
8=0ther specify

PART 3: Farm Characteristics

A. Land allocation

Owned [ ]
Rented in/
lease [ ]
Rented [ ]
Family [ ]
Borrowed [ ]

| Land ownership

w >

moo

i What is the total area of land used for agricultural
purposes (in acres)

iif How much land did you plant tomato in the last season?

iv| Estimate the total area or size used for tomato production
for the greenhouse tomato production?(M?)

B. Land Preparation
(a) How do you prepare land? (CODE F)
(b) How much land did you prepare using tractor in the last season?
(c) What was the cost of the tractor preparation in total? (Kshs)......................
(d) How much land did you prepare using animal drawn power in the last season?
(acres)
(e) What was the cost of the animal drawn preparation in total? (Kshs).............
(H How much land did you prepare manually in the last season? (acres)
(9) If manual, how many male did you use in the last season?
(h) How much land did you prepare using chemicals?
(1) What was the total cost of chemicals used in the last season?

(J) Labour distribution for land preparation per acre
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Source | Below | Below | Above | Above | Total | Days Total
eighteen | eighteen | eighteen | eighteen worked labour
males Females | Males Females per acre cost

Family

Hired

CODE F:

1= Manually 2=Use Tractor 3=Animal power 4=0ther specify

C. Nursery bed preparation

i How do you prepare the nursery bed? (CODE F)

ii. What was the size of the nursery bed?

iii. What tomato varieties do plant in your nursery bed (CODE G)
(A)Riogrande [ ](B). Money maker[ ](C).CalJ[ ] (D). TheElgon[ ]

(E) The Star 9068 [ ] (F). NyotaF1[ ] (G). Marglobe[ ]

(H). Ndume [ ](I). Marmaid [ ] (J). Beauty[ ](K).M-82 (L). RomaVf (M).
Kilele F1 (N). ZaraF1 (O). Prostar F1 (P). Commaando F1 (Q). Victory F1 (R).
AnnaFl (S)Ranger F1 (T). Tomato assila F1

D. Do you use certified seeds? 1=yes[ ] 0=NO[ ]
] 0=NO[ ]
How many grams/ seedlings of certified seed did you plant? ...................

. What was the average cost of certified seed per gram/ seedling?

E. Do use hybrid seeds? 1= yes [
F.
G
H. What is the total cost of certified seeds per gram?

I. What is usually the germination rate of certified seed?

J. Labour distribution for nursery bed preparation

Source | Below | Below | Above | Above | Total | Days Total
eighteen | eighteen | eighteen | eighteen worked labour
males females | Males Females per acre cost

Family

Hired
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F. Water management in tomato production
(i) Water source used? (CODE J)

(a) Surface water (g) treated water

(b) Rooftop harvested (h) water reservoir

(c) Well (i) no source

(d) River (j) rain fed

(e) Borehole (k) others, please specify

(F) Spring/stream
(if) What is the distance to the main water point in dry seasons?
(iii) Do you pay for household water uses? 1 =Yes[ ] 0=No [ ]
(iv)How do you pay for irrigation water? (CODE K)
(a) Litres (d) Flat rate
(b) Per 20L jelly can (‘e) others, please specify
(c) Cubic metres
(v) What is the cost of water paid?
(vi)In what units do you pay water?
(vii)  Source of water for tomato? (CODE J)
(viii) Do you use irrigation water?

(ix)What technologies do you use for tomato crop water application? (CODE

K)

(@) Guttering[ ] (@) Pond[ ] (c)Dam[ ] (d) Tanks (e)
Jelicans

(f) Boreholes[ ] (g)Wells[ ] (h) Ground water aquifiers [ ]
(i) others

(X) What is the total cost for irrigation for one acre?

(xi)Labour distribution for watering

Source | Below | Below | Above | Above | Total | Days Total
eighteen | eighteen | eighteen | 18 worked per | labour cost
males females | Males Female acre per acre

Family

Hired
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G. Tomato crop protection
(i)What are some of the pests affecting tomato in your farm? (CODE H)
(@) Tuta absoluta[ ] (b) Aphids|[ ] (c) Blister beetles[ ] (d) Cutworms[ ]
(e) Flee beetles[ ] (f) Leaf hoppers[ ] (h) Nematodes (i)

Slugs and snails [ ]

(9) Spider mites

(if) What is the damage initiated by T. absoluta in percentage in tomato production
(if) What are some of the pest management practices do you use to control T. absoluta
(CODEI)
(@) Pesticides [ ]
(b) Plant Incorporated Protectants (PIP) [ ]
(c) Intercropping [ ]
(d) Mulching [ ]
(e) Desuckering / pruning [

(i) Predators [ ]
(j) Pathogens

(K) Parasites

() Bio-insectides
] (m) Weeding

(f) Uprooting and destruction of crop residue [ ] (n) Bio-
nematicides

(9) Fertilizer application [ ] (o) Bio-herbicides
(h) Pheromone traps

(iii) Labour distribution for tomato protection

Source | Below | Below | Above | Above | Total | Days Total
eighteen | eighteen | eighteen | eighteen worked labour
males females | Males Females per acre cost  per

acre

Family

Hired

H. Chemical control methods (use of chemical pesticides)

I.Did you use pesticide (s)/ agrochemicals in tomato production during the

last season? (IF NO skip to question 8)
1=Yes[ ] 0=No[ ]

ii.1f yes, what influenced your decision on type of pesticide/ agrochemicasl to

apply during tomato production? (CODE L)

1. On the first appearance of pests [ ] 2. On calendar basis [ ] 3. Own

farming experience [ ] 4. On recommendation by another farmer [ ]

5. On recommendation by pesticide dealer [ ] 6. On first symptom of
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crop damage [ ] 7. On recommendation by extension agent [ ] 8.
Other, specify
iii. Who applies the chemicals and agro-chemicals?
(a) Trained household male [ ] (d) untrained household male
(b) Trained household female [ ]
(c) Trained hired male [ ]

Iv.Total cost for agrochemicals used to control T.absoluta?

(e) untrained household female

(F) untrained hired female
v. Total labour cost used in agrochemicals applications to control T. absoluta?
I. Cultural activities (Non-chemical pest control methods)

(i) Did you use alternative pest control methods in the last tomato production?
1=yes[ ] 0=No[ ]

(ii) Alternative pest methods

A. Cultural = B. Biological | 1= C. Bio- =
methods | Yes control Yes chemicals | Yes
= methods = methods =
No No NO
1 | Weeding Predators Bio-insecticides
2 | Crop rotation Pathogens Plants
incorporated
protectants(PIP)
3 | Intercropping Parasites Bio-nematicides
4 | Mulching Others, specify Bio-herbicides
5 | Pruning Others,
Specify
6 | Uprooting  and
destruction  of
crop residue
7 | Fertilizer
application
8 | Pheromone traps
9 | Others specify
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J. Tuta absoluta

Q) When was T. absoluta first encountered in your farm?
(1) This cropping season [ ] (2) the previous cropping season [ ] (3)
few cropping seasons ago [ ] (4) Few years ago [ ] please
specify
(i) How does T. absoluta spread in your farm?
(a) From neighbouring farm[ ] (c) Infested fruits and packaging [ ]
(e) Container
(b) Seeds/ seedlings [ ] (d) crop rotation[ ] )]
other [ ] specify
(i) What is the proportion of tomato land that was affected by T.
absoluta in the last cropping season?
(iv)  What are the mostly affected tomato parts?
(V) What is the level of damage caused by T. absoluta in percentage in
tomato production?
(vi)  What are some of the pest management practices do you use to
control T. absoluta
(vii)  What are the yield losses as an effect of T. absoluta infestation in the
last cropping season?
K. Weeding

(i) How many times do you weed for the tomatoes till harvesting?

(if) Which methods do you use in weeding in tomatoes? (CODE J)

(ili)What is the total weeding labour cost per acre/ unit?

(iv) Labour source for weeding

Source Below Below Above Above Total
eighteen eighteen eighteen eighteen
males females Males Females

Family

Hired
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L. Staking
(i) At what stage do you stake your tomatoes?
(if) What is the cost for stakes in one acre/ greenhouse units?

(iii)Labour distribution for staking

Source Below Below Above Above Total
eighteen eighteen eighteen eighteen
males females Males Females

Family

Hired

M. Harvesting

(1) How do you harvest? (CODE) 1= Manual [] 2=Machine[ ] 3= Other,
specify
(if) What is the total yield of tomato harvested in crates? (Gross)................
(iii) Total cost of labour for harvesting per acre?
(iv) Labour distribution for harvesting
Source Below Below Above Above Total
eighteen eighteen eighteen eighteen
males females Males Females
Family
Hired

N. Postharvest management practices
(i) Where do you store tomatoes immediately after harvesting? ....................
(ii) How do you grade the products?
(ili)How do you monitor pest in packing and storing areas?
(iv)Do you maintain pest control records? 1=Yes[ ] 0=No[ ]
PART 4: INPUT SOURCING
A. Seed sourcing
(1 Where do you buy tomato seeds/ seedlings for your farm for the last
tomato production season?
(a) Agrovets[ ]
(b) Fellow farmers [ ]
(c) Agricultural organizations [ ]
(d) Seeds company [ ]

(e) Others[ ] specify..............



B. Information access

1. What was the source(s) of information on pest control methods to control T.
absoluta 1=Colleague farmers [ ] 2=Family/Relatives [ ] 3=Marketers [ ]
4=Ministry of Agriculture [ ] 5=Radio/TV [ ] 6= others [ ]

2. Do you have a mobile Phone? 1. Yes[ ] 2No[ ]

3. What kind of mobile phone? ...

4. Do you receive tomato production information from your phone? 1. Yes[ ] 2
No[ ]

5. If yes above, what kind of tomato production information?
A. Tomato production information [ ]

General farm production information [ ]

Advertisement of farm inputs [ ]

. Pest control information

moo m

Others [ ] SPeCI Y. .uiinii i

C. Extension services

I Have you accessed any training related to tomato production in | 1 =Yes[ ]
the last two years 2=No[ ]

li | If yes how many trainings

Iv | If yes above, what aspects of tomato production were you trained
on?

v | When in need, where do you access extension services?

Vi | Do you pay for extension services 1=Yes[ ]
2=No[ ]

vii | In the last and current tomato production season, how many
contacts with the extension officer had you had related tomato?

viii | What support mechanism do you need to support tomato
production?

IXx | How do you mitigate the risk associated with growing tomato
crop?
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Credit Access for tomato production

I.| Have you ever accessed a credit facility/ loan for the last | 1=Yes[ ]
tomato production season? 0=No[ ]
| If yes, what is the total amount of credit (Ksh.) received in
the last season?
1| What are the common financial needs for the farmer in re-
gards to farm activities?
iy Do you or any other member of your household getincome | 1 =Yes [ ]
from other activities than crop farming? 2=No[ ]

What other sources of income did you and other members
of your household have?

Remittances [ ]
Pension [ ]
Own-business| ]
farm paid labour[
]
Crop Farming[ ]
Livestock|[ ]
Farming[ ]

Other [ ], specify

Organizational or Group Membership

(i) Is the household head a member of a tomato farmer’s organization? 1.Yes

[ 10.Nof]

(if) What was the reason for joining the tomato farmer’s organization?

1= Access to input [ ]2 = Access to output market [ ] 3=

Extension/training services [ ] 4= Finances [ ]

5= others [ ]

(ili)What are the benefits derived from being a member of that group as

regarding choice of pest management?

(a)Get higher prices (b) reduced inputs (c) collective selling (d) lobbying

(e) bargaining power (f) access credit/loans (g) pool resources for various

reasons

(h) Reduced inputs cost (1) other, please specify ......

(ivyWhat is your contribution to the farmer’s organization?

1=Finances [ ]
2=Training [ ]
3=in kind contribution

4= time contribution
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5= any other

SPECITY ...ttt e e e e
(v) Are you or household head a member of other groups other than the farmers'
group?
1 =Yes[ ] 2=No[ ]

(vi)To what other type of organization did you or household head belong?

1 = Community/family group[ ] 2= Saving/creditgroup[ ] 3= Labour union

[ ]
4 =Women’s group [ ] S5=Men’sgroup | ] 6 =Youth group[ ]
7 = Church Group [ ] 8 = Sport and leisure group [ ] 9= other, please
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PART 5: RISK PERCEPTION ON PEST MANAGEMENT METHODS
A. How important are these management methods in your farm in controlling Tuta

absoluta?

Choice of | 1=not 2=Sligh | 3=Moderat | 4=Neutral | 5= Very im-
management very tlyim- | ely portant

method importa | portant | important
nt

Pesticides

Weeding

Crop rotation

Intercropping

Mulching

OO IWIN|F

Pruning/
Desuckering

7 Uprooting and
destruction of
crop residue

8 Fertilizer
application

9 Pheromone
traps

10 Predators

11 | Pathogens

12 Parasites

13 Bio-
insecticides
14 |PIP

15 Bio-herbicides

16 Bio-
nematicides

17 | Others, specify
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B. Risk perception of pest management methods in relation to health ( Tick where

appropriate)

With respect to
the pest control
method  used,
tick where
appropriate

1=strongly
disagree

2=disagree

3=uncertain

4=agree

5=strongly
agree

use is harmful to
household
health

Use is harmful
to the hired/
users health.

Inappropriate
use causes
chronic illness

Improper  use
causes acute
illnesses.

C. Farmer’s knowledge and awareness of choice of management methods

efficiency effect on T. absoluta. (Tick where appropriate)

With respect to
the pest control

1=strongly
disagree

2=disagree

3=uncertain

4=agree

5=strongly
agree

method  used,
tick where
appropraite
Have

knowledge
on.....

The farmer is
believes that the
pest control
method used is
effective in
controlling

T.absoluta

the farmer
believes the pest
control method
used completely
eliminates
T.absoluta
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D. Risk perception on pest management methods use in relation to environment

and food safety.

With respect to
the pest control
method used, tick
where appropriate

1=strongl
y disagree

2=disagre
e

3=uncertai
n

4=agre
e

5=strongl|
y agree

Improper use
affects food safety

Use affects air
quality
(negatively).

Use affects water
quality(negatively
)

Improper
affects
biodiversity
negatively

use

Inappropriate use
leads to  soil
contamination

E. What is your opinion on the choice of T. absoluta management methods in your

farm? ( Tick where appropriate)

Opinion on
choice of T.
absoluta
management
method

1=Strongly
Disagree

2=Disagree

3=Neutral

4=Agree

5=Strongly
agree

high
Performance
and
effectiveness

Highly  aware
and have more
information

The
management
choice is highly
technical

Highly aware of
the
environmental
effects
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Cheap as
compared to
other methods

F. How do you perceive risk on each choice of management T. absoluta methods

in your farm for general value chain players? (Tick where appropriate)

Choice of | 1= 2=slightly | 3=moderately | 4=very | 5=extremely
Management Not | risky risky risky risky
risky

Chemical
control
(pesticides use)

Biological
control

Mechanical
control

Cultural control
(Improved
seeds varieties,
irrigation,
rotation)

IPM techniques

God bless you for responding.
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Appendix Il: Introduction letter

Dear Sir/ Madam

My name is Poline Wawira Mwaniki, a student at Chuka University, Pursuing a
Master's Degree in Agricultural Economics. | am conducting an academic study on
"Effects of Tomato Farmers' Gross Margin, Perception and Socio-Economic
Characteristics on Choice of Tuta absoluta Management Methods in Mwea,
Kirinyaga County." This study's main objective is to fulfill the academic requirement
for a Master's Degree in Agricultural Economics award. I, at this moment, request your
honesty when answering the following questions. All responses will be handled with
discretion, and data obtained will aid to meeting the study intents no names nor will

personal information be published.

Thank you for participating in this study.

Yours Faithfully,

Poline Wawira Mwaniki.
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Appendix 111 : Chuka University Ethics Approval Letter

CHUKA —;@ 1 ¢ UNIVERSITY

Knowledge is Wealth (S4pightia divitia est) Akili ni Mali
CHUKA UNIVERSITY INSTITUTION ETHICS COMMITTEE

Telephones: 0612304004 P.O. Box 109 - 60400
Fax line: 0202310302 : Chuka
|
1t MARCH 2022

REF: CUIERC/ NACOSTI 219
TO: Poline Wawira Mwaniki

Dear Sir/madam

RE: Effect of Tomato Farmers’ Gross Margin , Perception and Socio;Economic
Characteristics on Choice of Tuta Absoluta Management Methods in Mwea , Kirinyaga
County

This is to inform you that Chuka University IERC has reviewed and approved your above research proposal.
Your application approval number is NACOSTI/NBC/AC-0812 .The approval period islst March 2022 to
1st March 2023

This approval is subject to compliance with the following requirements;

i
ii.

iii.

V1.

Vil.

Only approved documents including (informed consents, study instruments, MTA) will be used
All changes including (amendments, deviations, and violations) are submitted for review and
approval by Chuka University IERC..

Death and life threatening problems and serious adverse events or unexpected adverse events
whether related or unrelated to the study must be reported to Chuka University IERC within 72
hours of notification

Any changes, anticipated or otherwise that may increase the risks or affected safety or welfare of
study participants and others or affect the integrity of the research must be reported to to Chuka
University IERC within 72 hours

Clearance for export of biological specimens must be obtained from relevant institutions.
Submission of a request for renewal of approval at least 60 days prior to expiry of the approval
period. Attach a comprehensive progress report to support the renewal.

Submission of an executive summary report within 90 days upon completion of the study to Chuka
University IERC.

Prior to commencing your study, you will be expected to obtain a research license from National
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Appendix IV: Kirinyaga County Authority

MINISTRY OF EDUCATION
STATE DEPARTMENT OF EARLY LEARNING & BASIC EDUCATION

Telephone: 060-21835/0202641217 COUNTY DIRECTOR OF EDUCATION
Email kirinyagacdel@gmail.com KIRINYAGA COUNTY
When rgplying please quote P. 0. BOX 96

Ref. No. and date KERUGOYA
REF.NO.MOE/CDE/KRG/GEN/09/85/79 22N° MARCH, 2022

Ms. PAULINE WAWIRA MWANIKI

RE: RESEARCH AUTHORIZATION

Following your application for authority to carry out research on “Effects of Tomato Farmers
Gross margin, Perception and Social-Economic Characteristics on choice of Tuta absoluta
management methods in Mwea Kirinyaga County,Kenya”

| am pleased to inform you that you have been authorized to undertake research in Kirinyaga

County for a period ending 18" March 2023

The County Commissioner and Deputy County Commissioner Kirinyaga County is requested to

accord you necessary action.

(1,

SAMUEL GICHON!

FOR: COUNTY DIRECTOR OF EDUCATION
KIRINYAGA

CC.

1. County Commissioner
Kirinyaga County

2. Deputy County Commisioner
Kirinyaga County

3. SCDE — Mwea East
4. SCDE - Mwea West
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Appendix V: NACOSTI Research License

REFUELIC OF KENYA NATIONAL COMMISSION FOR
SCIENCE,TECHNOLOGY & INNOVATION

RefNo: 501386 Date of Issue: 18/March/2022
RESEARCH LICENSE

This is to Certify that Ms.. PAULINE WAWIRA MWANIKI of Chuka University, has been licensed to conduct research in
Kirinyaga on fhe topic: EFFECTS OF TOMATO FARMERS’ GROSS MARGIN, PERCEPTION AND SOCIO-ECONOMIC
CHARACTERISTICS ON CHOICE OF TUTA ABSOLUTA MANAGEMENT METHODS IN MWEA, KIRINYAGA COUNTY
for the period ending : 18/March/2023.

License No: NACOSTLP22/16358

WMt
Director General
NATIONAL COMMISSION FOR

SCIENCE.TECHNOLOGY &
INNOVATION

NOTE: This is a compater generated License. To venfy the authenticity of this document,
Scan the QR. Code using QR scanner application.
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