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Current cultivation of vegetables to meet food security standards requires the use of pesticides which
reduce losses from pests and diseases. A cross-sectional survey for pesticides use in tomato farms
was conducted in Mwea, Kenya to assess the practices and constraints faced by the farmers. Gender,
level of education, the use of pesticides in farms, experience in tomato farming, list of common
pesticides, periodicity of pesticides spray in farms, approximate last day for pesticides spray, reason
for pre-harvest period and pesticides spray in post-harvest time were investigated. Results revealed
that, 90% farmers were men and 10% were females; 38.5% and other 38.5% attended primary and
ordinary schools; 15 and 4% had advance and university levels. About 69% of respondents knew
pesticides through other farmers; 31% through agrovets, extension officers and agricultural experts.
Around 56% farmers knew the names of pesticides through other farmers, 44% got them from agrovets,
agricultural officers and chemical companies. About 98% respondents use pesticides approved by
government, 96.2% listed each between 2 and 11 names of pesticides mostly used in tomato farming.
Almost 93% spray pesticides once a week in farms and 76.9% observe at least 7 days for the pre-
harvest period. Relatedly, 84.8% assert that waiting for the pre-harvest time is the culture of farmers in
the region. Surprisingly, 6% spray pesticides in the post-harvest period, while 84.6% assert that the pre-
harvest moment is to avoid pesticides in post-reap. Although key questions found good answers from
farmers, the quality of their knowledge is limited, shows missing information and needs reinforcement.
Agrovets appear as the legal authority and act as key informants for most farmers. Most farmers rely on
other farmers or agrovets-displacing the low or nonexistent contribution of agricultural extension
officers. Capacity building and periodic updates for agrovets and farmers are required.
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INTRODUCTION

Securing food to control hunger and food scarcity after Organization (FAO) to adopt tools and measures for a
the Second World War led the Food and Agriculture permanent solution to the problem of production of raw
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food in agriculture. From the archaic to the modern
agriculture, the use of pesticides in farms to control pests
invading the area (such as Tuta absoluta, Thrips, Leave
chlorosis, Mites, Nematodes, Bollworm) and diseases
(Stem rot, bacteria wilt, early blight, late blight, leaf rust)
on crops under food security program appeared as the
ultimate solution. No matter the case, food remains the
priority of the primary inevitabilities without which humans
cannot survive (Caprihan, 1975). Current food is likely to
contain chemicals and chemically contaminated diet is
rather a soft and silent Killer unconsciously taken
voluntarily by the consumers. Pesticides adopted for crop
protection become harmful as early depicted in the fifties
by Rachel Carson (Peshin and Dhawan, 2009; Amuoh et
al., 2011; Nunifant, 2011; Pujeri et al., 2015) if the
farmers have little and incomplete information not only on
their best use but also on the potential consequences of
misuse (Mutai et al., 2015).

The intensive use of pesticides in tomato farms (Asante
et al.,, 2013) seems to provide nice and best quality of
produce at sight for the markets and makes good deals
for both the farmers and vendors. But, this seems to have
contributed in the increase of food hazards responsible
for 200 diseases spanning from diarrhea to cancer and
diabetes in humans (WHO, 2015). To reduce the risk to
health from pesticides contaminated products and
therefore to reduce the socioeconomic burden of
diseases, the European Union (EU) has designed criteria
on pesticides residues to meet the quality for a healthy
diet. Also, the biological fight uses harmless pests to
control. The retailers and consumers of the harvested
produce have little or no relevant information. They are
deprived of knowledge on contaminated food and have
no idea, no capacities to either detect or act and take
appropriate stands against chemically contaminated food.
The solution for the raw tomato is to trace back
information from the tomato farmers. The aim being to
see whether the end tomato produce can be qualified
without test as free of chemicals contamination in
markets for instance and thus, safe for the consumers
such as the city dwellers.

Tomato was introduced in Eastern Africa by the
colonial power in early 1900 (Wachira, 2012). Real
national interest on the horticultural crop for profit making
started in the 1980s with the socioeconomic progress of
one of the pioneer in Mwea-Kirinyaga (Muru, 2009).
Tomato is actually cultivated in both open air and
greenhouses. The major producing areas of the good
include Mwea, Nakuru, Meru, Nyeri, and TaitaTaveta
(Wachira, 2012). The produce is cultivated all over the
national boundaries at an altitude 1150 and 1800 m
above the sea. Almost 300,000 farm families earn the

major part of the revenue through vegetable cultivation
(Mutuku et al., 2014). In 2011, the area under tomato
farming was around 19,000 ha from which 600,000 metric
tons were harvested releasing an income of KES 14.2
billion (Mbaka et al., 2013).

Tomato is one of the most consumed and cultivated
vegetables in the world eaten either raw or processed.
The fruit is second in the worldwide productivity of
vegetable with 458.2 million ha used for farming and 32.8
tons/ha (Abdulkareem et al., 2015). Tomato contains the
P3 substance which prevents platelets clot and curbs
death from heart diseases and strokes (Tarla et al.,
2015). The fruit is the source of many antimutagenic,
anticarcinogenic, anti-inflammatory and anti-allergic
phytochemicals (quercetin, kaempferol and myricetin).
New tomato varieties continue to be developed by plant
breeders and geneticists (Dave, 2012). The markets are
demanding best quality produce at sight. Tomato is now
an important cash crop improving the leaving standards
and creating employment (Shankara et al., 2005;
Wachira et al., 2012). Therefore, looking to fulfill the
needs of the families under the rampant poverty in
farming areas, cultivators misuse pesticides in tomato
ranches to keep the competitive level imposed by the
demand. From this point of view, a survey was conducted
in Mwea to assess farmers’ practices on the use of
pesticides in tomato farms, their knowledge on the
chemicals, their quality of interactions with the chemical
providers, as well as the whole chain included in the
tomato industry from the ground production to the sales
points including the processors.

MATERIALS AND METHODS
Study site

The study was purposively conducted in Mwea region situated in
Kirinyaga County in the central province of Kenya. It is a region of
small-scale tomato farmers partitioned into Mwea East and West.
The population in Mwea is at around 150,000 persons. An estimate
of 73% of the population is fully engaged in agriculture (Mwangi,
2014). The majority of dwellers are Kikuyu; Gikuyu and Kiswahili
are the most spoken languages. Tomato production is a major
business utilizing more than one third of the total cultivated land of
the district. The district is among the four major production areas of
tomato in Kenya (Mueke, 2007). The agricultural activities have
profoundly transformed the region structurally and economically.
Water flowing in the rivers is from Mount Kenya; this has always
been of great interest for farming tomato in the area.

The locality is at about 100 km in the south east of Nairobi City.
The district is bordered by latitudes 37°13’E and 37°30'E and
longitudes 0°32’S and 0°46’S. The district is known as a tropical
area with a semi-arid weather, the average annual temperature is
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approximately 23 to 25°C. This temperature differs by 10°C
between the minimum noticed in June and July and the highest
seen from October to March. The region is positioned at a high
altitude at around 1,800 m above the sea and at 50 km south of the
Equator (Muuru, 2009). Its climate is both cool and sunny; this
provides natural good conditions for farming. The region has an
annual average rainfall fluctuating between 1,000 and 1,800 mm
(Ndiiri et al., 2013).

Experimental

A semi-structured questionnaire was designed for the collection of
data from the tomato farmers. Preliminary field visit to Mwea was
done for meeting with some agricultural extension officers for more
information on the farming site. This included, the average number
of tomato farmers, pesticides regularly used, the contribution of the
business in the area and the challenges faced by the tomato
farmers. Information was obtained through literature review and
random semi-structure questionnaire to some researchers who
conducted studies in the area. The Pests Control Product Board
(PCPB) and Kenya Plant Health Inspectorate Service (KEPHIS)
were visited for meeting with some experts. Some agrovets were
interviewed in Nairobi to understand their implication in the
management of pesticides with the tomato farmers. The tomato
agribusiness in Kenya was also studied by meeting with some
middlemen and tomato retailers.

The questionnaire was pretested in Kamulu and improved
according to observations and findings after meeting with some
tomato farmers. Some questions were discarded while others were
added to fit with the understanding of farmers. An effort to obtain
close or same results if the questionnaires are to be reproduced
was made. A M.Sc. student was recruited during this field work for
translation from English to Kiswahili and vice versa. The study was
conducted in February and March 2017. Two key interviewers were
recruited in Mwea and trained to administer the questionnaire.
Consent and voluntary participation were always obtained from the
interviewees after the introduction of the aim of the study. The
interviewers were requested to collect data equally from both sides,
Mwea East and Mwea West. The design effect was included during
the recruitment and conversations with the farmers. Data were
collected from the peasants who only cultivate tomato all year
round and during all seasons. The number of farmers to interview
was obtained on the basis of information given by the agricultural
extension officers. The formula of Fisher was used with the
tolerance limit sets at 10% significance (Mutete, 2005) on the basis
of the estimated population fully engaged in agriculture in Mwea
(Mwangi, 2014). The formula of Fisher was followed by the formula
of Yamane (1967) and was modified as done by Inonda et al.
(2015).

Reliability

The reliability of a questionnaire stands as its ability to reproduce
similar results if the same questionnaire is repeated to the same
participants under the identical situations on two diverse occasion
and compare the scores (Melike and Ayten, 2013). This
questionnaire was first pretested to know whether the farmers will
be able to understand the questions. Secondly, pretesting also
served to see whether the expected answers from farmers will be
achieved. After administering the questionnaire, the validity has
been achieved as the expected responses were in line with the
expectations. From this, the questionnaire is reliable because if
taken once more to the same participants, they will lead towards
the same answers under similar conditions. Using the statistical tool
for analysis, this questionnaire is moderately consistent at a
Cronbach’s alpha r = 0.409.
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Data analysis

The Statistical Package for Social Sciences (SPSS) software was
used for data analysis. The data was entered and cleaned. Some
analytical tools were used. The mean were used to get the average
age of farmers and standard deviation to measure the dispersion.
The descriptive statistics were used to generate the picture of
farmers and their knowledge on the use of pesticides in tomato
farms. The linear regression contributed to show that the
middlemen use the level of education of farmers to buy the tomato.
The Bivariate correlation based on Pearson’s was used to measure
the association between two variables. The level of significance
was tested at 95% confidence.

RESULTS AND DISCUSSION
Sociodemographic characteristics of the study
Characteristics of tomato farmers

The study done covered Mwea East and West. Out of all
participants, 90% were males and 10% females. The age
of interviewees was between 22 and 70 years old with an
average of 42 years and a standard deviation of £10.236.
The survey reveals that, 8% of the farmers were between
18 and 28 years old, 23% between 29 and 35 years, 44%
between 36 and 49 years, and 25% is for 50 years and
above. Around 83% of the respondents had other
business such as buying and selling rice, 14% were
employed in jobs such as driving, providing casual labor
and 3% had no other business.

The high involvement of males in tomato farming in this
community could be linked to some factors which mostly
require men in this venture. Males were mostly
responding to the questionnaire (with the wife standing
close to him) in most farms. Maybe, the culture of the
community requires men to step forward on behalf of the
family in any given occasion involving the family such as
for this interview. Factually, the couples (husbands and
wives) were both included in tomato farming. As rooted in
African culture, females cannot take the lead of an
activity when the husband is fully connected. Surely,
reasons elucidating the utility of men may also engulf the
needs for good organizational skills, quite number of
workers, financial input and attention to details (Rutledge
et al., 2015).

These results confirm studies in India by Himani et al.
(2015) and in Cameroon by Tarla et al. (2015). They
contrast the studies of Ayandiji and Omidiji (2011) in
Nigeria who did not found a great difference (51% males
versus 49% females) among gender in their survey.

Level of education: Most of the farmers had primary
(38.5%) and secondary (38.5%) levels of education. 15%
had tertiary, 4% university and 4% never attended any
school. Most farmers from this region can read and write.
This appears to be an asset for the use of pesticides in
tomato farming by farmers. Easy communication can be
established in both English and Kiswabhili for the majority



382 Afr. J. Agric. Res.

during capacity building and easy translation can be done
to the lowest of non-educated farmers. For the minimum
who have never attended any school, it is expected that
information received by the literate on pesticide used in
tomato farms can easily be transmitted to those unable to
read and write. These results confirm the studies done in
India by Himani et al. (2015).

Tomato pesticides management
Attitude, awareness, knowledge

The first time you heard about pesticides for
protecting tomatoes in farms: Around 69% of farmers
acknowledge to have seen pesticides for the first time
from other farmers and 31% mentioned different sources
including agrovets, agricultural expert, agricultural
extension officer and during training. The sourcing for
pesticides varies. The multiple source of information is a
possibility for accurate, different or confusing information.
The single source of information may stand as erroneous,
improper and non-updated information. Farmers may be
dealing among themselves either due to unavailability of
agricultural extension officers (too few to serve all the
farmers) as noticed in Vietham by Huynh (2014) or
because, the evidence of the good production seen from
fellows’ farms may influence their behavior and increase
their reliability on other farmers.

Also, agricultural officers may be favoring some areas
or farmers while neglecting others. Tawiah (2011) in
Ghana revealed complaints that, the agricultural agents
follow and advise some tomato farmers on the basis of
prepaid or post-paid contracts. This practice is
unfortunate as the farmers may end up spraying
pesticides in farms according to inadequate information
and finally produce unsafe tomato harming the health of
consumers. This confirms that, the farmers are not
trained at the same level and consequently do not have
the same understanding of the use of pesticides.
Pesticides use in tomato farms here is therefore
confusing among farmers themselves. This confusion
raise the necessity for the harmonization of information
leading to appropriation based on the same official
knowledge.

These results contradict with both the findings from
Tawiah (2011) in Ghana where 48% of -cultivators
received their first information from other farmers and
from Bandara et al. (2013) in Sri Lanka where 48.9%
knew pesticides for the first time from neighbors and
51.1% got the first information from multiple sources
(Extension Officers, Farmers Cooperative and Dealers).
But, they confirm the results from Jamali et al. (2014) in
Pakistan where 25% deal with multiple source of
information.

The source from which farmers know how to use
pesticides: Around 63.5% of participants said that, they

learn how to use pesticides from the agrovets and 36.5%
mentioned both agrovets and other farmers. The
agrovets are the references for farmers and this gives
them the legal authority among farmers. The extension
officers and industries (which usually promote their
chemicals) were ignored by the participants. This might
happen because the agrovets are permanently present in
the region and have proved their efficacy on pesticides
use in crops. The source for the use of pesticides seems
appropriate but requires clarifications on the quality of
information provided by the agrovets.

The synthetic chemical shops called “agrovets” are
business oriented. They may not have enough time to
train or transfer information required for the best use of
pesticides to the beginners in tomato farming for
instance. If not reminded, agrovets may assume that, the
tomato farmers buying the chemicals already have
appropriate knowledge before ordering. This can be
crucial as pesticides mismanagement by farmers is
decried by a number of studies (Mutuku et al., 2014;
Tandi et al., 2014; De Bon et al., 2015). This is delicate at
the moment when chemical industries are manufacturing
an endless number of pesticides for crop protection.

Assessments of pesticides use by farmers and their
source differ and reveal several limits worldwide.
Wasudha et al. (2015) in Surinam found for instance that,
farmers knew pesticides to use in vegetable by
knowledge received from parents, other farmers and
pesticides shops. Such practices may either be accurate
or contain missing information and gaps for the new
generation of farmers. Periodic follow-up and capacities
reinforcement should be inserted in strategic plans of
governments. These can include information such as the
last spray and withdrawal period; essential actions while
spraying and after spraying; recommended pesticides to
use in tomato farms; and potential health risks and
exposure from misuse of pesticides in crops, environment
and on farmers. Maybe, some of these points and
precautions may either be known but neglected,
unknown, or forgotten.

Above this, the chemical shops might not be qualified
enough to provide accurate, complete and pertinent
information to the farmers for the best use of pesticides in
tomato farms. If trust should be on agrovets, criteria and
evidence for the level of education of personnel in
agrovets shops should be defined; a roadmap
established and, quality assessment and audit adopted
by the government. Such strategy or measures can be
applied worldwide in countries with economies in
transition or, in developing countries. These results are
consistent with the research done by Tarla et al. (2015) in
Cameroon where farmers rely on chemical vendors. Also,
they confirm the work from Jamali et al. (2014) in
Pakistan where 81% of farmers receive knowledge
through traders.

Pesticides approval by the governmental institution
Pest Control Products Board (PCPB): The farmers



were asked whether they were aware of the approval of
pesticides by the governmental institution Pest Control
Product Board. Ninety eight percent acknowledged to be
aware that the chemicals to use in the farms should be
approved by the PCPB. This reveals a good sign of
communication between farmers and farmers and
between farmers and agrovets. It shows that, almost all
farmers are using recommended agrichemicals.

The high level of regulatory requirement found in the
present study is however not common. For instance,
such knowledge is not the same in some sub-Saharan
African  countries (Tarla et al, 2015). The
misappropriation of recommended pesticides by the legal
authority might have led farmers in some nooks and
crannies to consider pesticides as an instrument that
helps to produce more tomato (May Lwin et al., 2012). It
should be made clear that, pesticides are not fertilizers;
they are only pests and diseases repellents or Kkillers.
Therefore, this must be considered and included as a
topic during capacity building of tomato farmers. These
results support the findings in Pakistan by Jamali et al.
(2014). But, contradict those released by Tarla et al.
(2015) in Cameroon where 69.9% of the farmers were
not aware of the relevance of pesticides approval by the
government and only 15% knew that they had to look at
the registration number before getting pesticides needed
from the agrichemicals shops.

Names of the mostly used pesticides in tomato
farming: A total of 96.2% cited between two and eleven
names of pesticides mostly utilized (Oshothion, Coragen,
Alpha, Genomite, Dynamech, Confidor, Diacrid, Ridomil,
Oshotane, Alphatox, Mistress, Milraz, Anthracol,
Malathion and Karate for example) using the commercial
name of the available pesticides and 3.8% were unable
to cite any. These farmers know which pesticides to use
when needed through a routine probably developed from
their experience in tomato farming. Citing these names
easily may reflect knowledge of how to use these
pesticides. But still, details on some key aspects such as
the safety/care in the way chemicals are used, the quality
of protective clothing of farmers (rubber boots,
impermeable trousers, and waterproof coverings for
instance) (Matthews et al., 2003), the number of times to
spray from planting to harvesting and, the withdrawal
period are important. The results in the present study are
in agreement with the findings of Matthews et al. (2003)
in Cameroon where pesticides listed by the farmers were
classified as frequently and uncommonly used.

Awareness of the usefulness of pesticides: About
98% of the respondents are aware of the importance of
pesticides in tomato farms. This means, it is a common
and rooted tool for tomato farming in this community.
Paiboon and Tikamporn (2014) argue that, awareness is
the response based on previous experience and related
to the effects that happened and which lead to be
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conscious of the situation. It thus becomes useful to
interrogate the quality of awareness claimed by farmers
on the usefulness of pesticides in tomato farms.

Based on their source of information, the usefulness of
pesticides in farms goes from mouth to ear and spread
easily among the farmers. The information content in
such a chain might decrease, be distorted, be incomplete
and contain incorrect advice leading to malpractices. This
may lead the farmers into wrong, inappropriate, indecent
and invalid use of synthetic chemicals in tomato farms.
Additionally, the relevance of the content released may
depend on who shared the information, the place where it
was given, the status and mood of the person at the
moment of sharing. As well, the quality of content of the
message received previously by the informant, the level
of understanding of the listener and his/her capacity of
transmitting or applying the previous information
received. The reliability of the speaker as perceived by
the listener also affects the effectiveness of the
information received.

Regarding this, simple additional information for a
better understanding and good practice of the use of
pesticides is needed. These results corroborate with the
finding from Surinam by Wasudha et al. (2015) who
reveal that 100% of the farmers were aware of the
usefulness of pesticides.

Knowledge of the use of pesticides in tomato farms:
One hundred percent of the respondents acknowledged
that they know how to use pesticides in tomato farms.
This acknowledgement expresses doubts related to the
way they usually get information on pesticides use in
tomatoes farms both for the first time and in the long run.
Nonetheless, studies of chemical use in tomato farms in
Kenya have revealed numerous shortcomings in the
practices of farmers (Nyakundi et al., 2010; Mutuku et al.,
2014).

The claim of good knowledge of use of pesticides in
tomato farms is questionable. Probably, a step by step
procedure may reveal some flaws sustained by improper
practices adopted or applied by some cultivators. This
may include spray following the direction of wind, no
break for cigarette smoking before ending with spray,
changing cloths and washing them, taking a shower
before eating and smoking; disposing empty containers
of pesticides in the farms after usage and not throwing
everywhere as seen in many farms, starting another task
within the farms without taking a bath and changing the
cloths (Paiboon and Tikamporn, 2014). These results
contradict those from Pakistan by Jamali et al. (2014)
who found many irregularities on the practices of the
farmers in the use of pesticides in vegetables.

Knowledge of the names of pesticides used in
tomatoes’ farms (The farmers’ realism): Results show
that, 56% of the participants ask other farmers and 44%
get the names from agrovets, agricultural extension
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officers and the agricultural chemical company. A large
number of farmers purchase their pesticides based on
concrete evidence in tomato farms. Probably, they
witness the status of the produces in farms before asking
the names. This shows the realism of farmers. Although it
seems logical for the farmers to do so, this result may
also be explained by the inability for some farmers to
read properly the labels on the containers of pesticides
or, their incapacity to remember the names of the
pesticides due to illiteracy (Nyirenda et al., 2011; Tarla et
al., 2015).

Relying on other farmers may show that, there is no
constant chemical pesticide regularly used in the area.
Probably, pests and diseases are either dynamic or, they
are now resistant to pesticides. Nonetheless, attention
should be paid as 67.3% of the farmers affirm that the
agrovets always promote new powerful chemical
products. A minority of the farmers got the names of
pesticides from those accredited to provide the
information (that is the right source including agrovets
and agriculture extension). The farmers are most likely to
rely on each other based on the success or the best
yields witnessed in the neighboring farms as also shown
in India by Himani et al. (2015). They learn how others
have overcome some difficulties so as to harvest good
tomatoes. This reveals the realism of the tomato farmers.
Before ordering for a pesticide, the farmers have the
reason and expected outcomes from the brand ordered.
The results in the present study support both the finding
from Jamali et al. (2014) who reminded that, the
knowledge for chemicals spray in farms has a variety of
origins and Tarla et al. (2015) who stated that farmers
order their chemicals through advices from other farmers,
suppliers and agricultural extension agent.

Knowledge and culture (An index to clarify for the 7
days of pre-harvest interval): Data reveals that 84.8%
wait before harvesting after application of pesticide
because it is the culture in the community, 6.5% say it
depends of the days of the markets, 4.3% follow the
instruction from the manufacturers, 2.2% used to be
reminded by the agricultural extension officers and 2.2%
do not know (Figure 1).

The farmers have insufficient knowledge. They should
move from blind habit of culture to real understanding of
pesticide practices and reality in the field. Insects’
resistance to pesticides is currently decried (inci and
Ikten, 2017). In spite of this, farmers of this community
are still stuck to culture which does not follow the
dynamism of insects’ pest depicted as more and more
resistant to synthetic chemicals. This trend might lead
into pesticides resistance and their misuse causing
tomato contamination and health risk exposure. The
farmers of this community seem not to be aware of the
potential health’s exposure for those consuming tomato
contaminated with chemical residues above the
maximum limits. Majority are followers of culture of

tomato farming in the area. They have no idea on
pesticide residues in post-harvest tomatoes and its effect
on the health of consumers (Shashi et al., 2016). They
apply pesticides and wait because they found it rooted in
the community. Culture being the product between man
and environment, farmers are just the followers of
practices and do not have accurate knowledge. The pre-
harvest interval here is not a precaution for the
production of safe vegetable for human consumption. If
the farmers’ knowledge is uplifted, almost all the farmers
will follow the rules. These findings are in agreement with
those of Wasudha et al. (2015). They found that 100% of
farmers in Surinam know the pre-harvest time through
parents’ experience and culture.

Famers’ pesticides practices

Number of Years farmers have used pesticides in
tomato farms: Sixty four percent of the farmers have
more than 6 years in tomato farming, 16% have between
5 and 6 years, 6% has 3 to 4 years, while 14% have only
2 years. Tomato farming has been embraced by the
community for quite some time. As such, practices as
pesticides use in farms may have become a routine for
most of these farmers. Despite this, a dual situation for
this category is envisaged: on one hand, the large
number of this group seems an asset for use of
pesticides in tomato farming. On the other hand, this set
can be a source for malpractices in case they did not
have appropriate skills for pesticides management. They
may have transferred incomplete or improper knowledge
to the young generation and the socioeconomic fallouts
will still be harmful for families and society as depicted by
Huynh (2014). The necessity to understand the level of
pesticides attained by the elders is relevant. Most of them
may have worked for years, but their management of
pesticides remains weak or shows gaps that may need
capacity building.

Again, the source where they learned about the use of
pesticides is crucial; this might unveil or give an idea of
their real use of pesticides in farms. In spite of their long
experience, capacity building for update and
reconstitutions of the knowledge on pesticides use can
be organized by the government and other stakeholders
not only in Kenya, but everywhere such results are
depicted. These results are consistent with those from
Wasuhda et al. (2015) in Surinam where most
respondents (66.7%) and Mispan et al. (2015) from
Malaysia where majority of the farmers (60%) have a lot
of experience in tomato farming and use of pesticides.

Periodicity for pesticides spray in the tomato farms:
Analysis indicates that 93.9% of the farmers spray
pesticides every week in tomato farms, 4.1% spray twice
a month and 2% spray as they feel they have to protect
the vegetable. A good percentage of farmers (93.9%)



Nguetti et al. 385

w 90
2 80
2 70
=1
& 60
s 50
o
2 40
bIJ 30
g 20
3 10 2.2 4.3 2.2
O : ¢ 2.
- Always reminded Itis writtenon Itis the culture in Depends of the Others
by the the instructions the area days of the
agricultural from the market

extension Officer manufacturer
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Figure 1. Justification for observing the pre-harvest period.

follow the same rule of spraying pesticides every week in
farms. A routine has been established in the application
of the chemicals in this community. This expresses a
commune alignment toward the same action within the
area. Although high proportion follows the same rule, the
minority may have developed unsafe thoughts on the
meaning of pesticides and its role in farms. For instance,
2% think synthetic chemicals spray is important for good
yields and returns. The latter minority may also believe in
addition that, the quantity of pesticides wrap in the
containers is not enough to cover the surface of the farms
for pests and diseases control (Shashi et al., 2016).

Institutions in charge of national approval of chemicals
in developing countries should be equipped with
laboratories for quality control of the chemicals before
recommendation. These results agree with those from
Mutuku et al. (2014) in Kaliluni-Kenya where 86.1% spray
weekly, Lutap and Atis (2013) in llocos-Philippines with
90% of weekly application, and in India by Shashi et al.
(2016) who found that 60% of farmers spray pesticides in
a weekly basis in their farms. But, they contrast with
those from Wasudha et al. (2015) in Surinam where 50%
of farmers spray pesticides twice per day- early in the
morning and late in the afternoon.

Quality of social interaction between farmers and the
approximate last day or time for spraying pesticides
on the tomato farm: Approximately, 76.9% of the
farmers have at least seven days for pre-harvest period;
7.7% harvest 14 days after the last spray, 7.7% harvest
four days after, 5.8% do harvest between 2 to 6 days
from the final chemical protection and 1.9% follow
instructions from the manufacturers (Figure 2). Six
different answers were obtained from the participants.
The disparity and inaccuracy for the pre-harvest period
remains a challenge in this community. Farmers have

limited awareness of pesticides residues effect and the
appropriate pre-harvest period which results in exposure
and potential health risk consequences on human, fauna
and environment.

These answers raise doubt on the quality of the source
of pesticides held by farmers and their awareness for the
usefulness and good management. With no certainties
for the knowledge received from agrovets and other
farmers, the understanding of pesticides in this
community remains precarious. There is a set of social
knowledge that should be assessed from the farmers.
They should reveal the place where they received the
information, the mood of the fellow who delivered the
knowledge and the quality of their relationship. These
characteristics are useful social determinants that may
influence the quality of knowledge transmitted from a
farmer to another. A qualitative survey can be developed
and tested in areas around the world. The aim is to find
the trends and potential outcomes which might lead to a
policy design for pesticides training or capacity
reinforcement of the tomato farms.

These results are consistent with those reported by
Himani et al. (2015) in India. They found that, 16% of
farmers spray pesticides even during harvest and 37%
leave a pre-harvest interval of 11 to 14 days. They also
corroborate with those of Shashi et al. (2016) where 86%
of farmers in open field wait for two days, whereas
71.42% of farmers in poly house allow a moment of
seven days for the pre-harvest time. They contrast with
the results from Ghana by Dankwah (2014) where 60% of
farmers wait for 11 to 14 days and 30% allow a pre-
harvest interval from 7 to 10 days.

Pesticides spray in post-harvest period: Although 94%
do not spray pesticides after harvesting the tomato, 6%
continue with post-harvest spray of pesticides to protect
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Figure 2. Pre-harvest interval after the last spray of pesticides in farms.

the produce. This may be explained by the need for
making a good deal with the middlemen and the fear of
postharvest diseases (alternaria, buckeye rot, gray mold,
soft rot, sour rot and bacterial soft rot) attacking the crops
(Rutledge, 2015). Other reasons may include: difficult
access to the markets and worries of returns on
investment to meet the financial households’ needs.
Postharvest spray of pesticides on tomato also signifies
insufficient knowledge of the farmers. They ought to use
chlorine gas, thiabendazole, calcium hypochlorite,
calcium chloride (CaCl,), 1-methylcyclopropene (1-MCP)
and sodium hypochlorite (Arah et al., 2016; Rutledge,
2015). This result confirms the finding in India by Himani
et al. (2015) revealing that 16% of the farmers do spray
pesticides on tomato after harvesting.

Level of education, preference of middlemen and
farm size as determinants of pesticides management
in tomato farms

The level of education plays a great role in tomato
farming and the middlemen are the assessors
determining the welfare of the tomato farmers in the
farming areas. The regression analysis between the
independent variable (preferences of the middlemen) and
the dependent variable (level of education) when tested
is at 0.05 significant. The model statistically tested at
95% level is significant (p= 0.0015). It can then be said
with confidence that, the preference of the middlemen
depends on the level of education of the farmers

There is a strong correlation between the annual
income and the farm size (r= 0.51) in which the

middlemen still play a key role by determining the variety
of tomato they prefer at post-harvest. It can confidently
be asserted that, the regression explains the independent
variable (farm size) on the variability of the dependent
variable (annual income). This may show that, more
investment in tomato farming may lead to more benefits.
This can then be related to the intensive use of pesticides
for the return on investment as the middlemen are
unpredictable on their choice. This may lead to the
misuse of pesticides if farmers do not have good
knowledge on potential repercussions on consumers at
post-harvest. The Pearson’s correlation coefficient
applied to income and farm size discloses a strong
positive association at r= 0.71. This shows that, the
farmers may likely misuse the chemicals if they are not
fully aware of their negative aspects in post-harvest. This
trend reveals the influence of poverty on the use of
pesticides in tomato farms.

Conclusion

This study has reviewed some key points able to come
with an appraisal on the use and knowledge of pesticides
in the tomato farming community Mwea. The current
results disclose gaps in understanding the use of
pesticides in tomato’s farms. Farmers are convinced of
their good practices, whereas lots are still to do. For a
community rank among the top four of the highest
producers of tomatoes in Kenya, capacity building is
needed. Of course, the community is doing so well, the
farmers are able to transfer skills on pesticides use and a
strong collaboration does exist among them. This is why



more efforts from the government and the international
community should be added in order to meet the
standards of chemical use in tomato farms and the
quality requirements of the markets for tomato. Under this
scheme, the burden of diseases will decrease in
households and governments and a sustainable
development will rise with healthy people consuming safe
tomatoes.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Abdulkareem kA, Mustapha OT, Garuba T, Kasture A, Oyeyiola, OB
(2015). Mutagenic Role of Artificial Ultraviolet (UVC) Irradiation on
the Growth and Yield of Tomato (Solanum Lycopersicon L.). J.
Pharm. Appl. Sci. 2:1.

Amuoh CN, Jaxcsen L, Spanoghe P, Delcour (2011). A case study of
health risk estimate for pesticides-users of fruits and vegetables
farmers in Cameroon. Master dissertation submitted for the degree of
Master of nutrition and rural development. Universiteit Gent
https://lib.ugent.be/fulltxt/RUG01/001/789/883/RUGO01-
001789883_2012_0001_AC.pdf

Arah IK, Gerald KA, Anku EK, Ernest KK, Amaglo H (2016).
Postharvest Handling Practices and Treatment Methods for Tomato
Handlers in Developing Countries: A mini review. Adv. Agric. pp. 1-8.

Asante BO, Osei MK, Dankyi AA, Berchie JN, Mochiah MB, Lamptey
JNL, Haleegoah J, Bolfrey-Arku Osei KG (2013). Producer
characteristics and determinants of technical efficiency of tomato
based production systems in Ghana. J. Dev. Agric. Econ. 5(3):92-
103.

Ayandiji A, Adeniyi OR, Omidiji D (2011). Determinant Post Harvest
Losses among Tomato Farmers in Imeko-Afon Local Government
Area of Ogun State, Nigeria. Glob. J. Sci. Front. Res. 11(5):22-28.

Bandara BMDP, Abeynayake NR, Bandara L, Anjalee GHI (2013).
Farmers’ perception and willingness to pay for pesticides concerning
quality and efficacy. J. Agric. Sci. 8(3):153-160.

Caprihan SP (1975). Fight against hunger in developing countries. In:
J.K. Jain Brothers. Motia Park, Sultania Road, Bhopal 462-001
(India). Food Supply 468p.

Dankwah KA (2014). Assessment of organophosphate pesticide
residues on cabbage (brassica oleracea) at the farm gate in the
Atwima Nwabiagya district, Ghana. Master Thesis in Environmental
Science, Kwame Nkrhumah University of Science and Technology,
Kumasi

De Bon H, Huat J, Parrot L, Sinzogan A, Martin T, Malézieux E,
Vayssiéres JF (2014). Pesticide risks from fruit and vegetable pest
management by small farmers in sub-Saharan Africa. A review.
Agron. Sustain. Dev. 34:723-736.

Himani T, Tanya G, Pratibha P (2015). Survey of pesticide use patterns
and farmers’perceptions: A case study from cauliflower and tomato
cultivating areas of district Faridabad, Haryana, India. Int. J.
MediPharm. Res. 01(03):139-146.

Huynh VK (2014). Farmer Perceptions and Demand for Pesticide Use:
A Case Study of Rice Production in the Mekong Delta, Vietnam. J.
Econ. Behav. Stud. 6(11):868-873.

inci S, Cengiz | (2017). Neonicotinoid resistance in Bemisia tabaci
(Genn., 1889) (Hemiptera: Aleyrodidae) populations from Antalya,
Turkey. Turk. J. Entomol. 41:2.

Inonda R, Njage E, Ngeranwa J, Mutai C (2015). Determination of
pesticide residues in locally consumed vegetables in Kenya. Afr. J.
Pharmacol. Ther. 4(1):1-6.

Jamali AA, Solangi AR, Najma M, Nizamani SM (2014). Current
scenario of pesticide practices among farmers for vegetable
production: A case study in Lower Sindh, Pakistan. Int. J. Dev.

Nguetti et al. 387

Sustain. 3(3):493-504.

Lutap LA, Atis MI (2013). Pest Management in Vegetable Production:
The Case of the Rainfed Lowlands in llocos Norte. MMSU Sci.
Technol. J. 3(1):87-107.

Matthews G, Wiles T, Beleguel P (2003). A survey of pesticides
application in Cameroon. Elsevier Crop Protection 22:707-714.

May Lwin OO, Mitsuyasu YABE, Huynh Viet KHAI (2012). Farmers’
Perception, Knowledge and Pesticide Usage Practices: A Case Study
of Tomato Production in Inlay Lake, Myanmar. J. Fac. Agric. Kyushu
Univ. 57(1):327-331.

Mbaka JN, Gitonga JK, Gathambiri CW, Mwangi BG, Githuka P,
Mwangi M (2013). Identification of Knowledge and Technology gaps
in high tunnel (‘greenhouse’) tomato production in Kirinyaga and
Embu Counties. KARI, MoA, KENFAP, KU Presented during the 2nd
National Science, Technology and Innovation week, 13th -17th May
2013, K.I.C.C., Nairobi.

Melike SD, Ayten AA (2013). Assessing the Validity and Reliability of a
Questionnaire on Dietary Fibre-related Knowledge in a Turkish
Student Population. J Health Popul Nutr. 31(4):497-503.

Mispan R, Haron SH, Khairi K, Zamir R (2015). The use of pesticides in
Agriculture Area, Cameron Highlands. Int. J. Sci. Progres Res.
15(1):19-22.

Mueke PM (2007). Insect pest incidences and yields of tomatoes grown
in high tunnel and in open field in Mwea Division Kirinyaga County,
Kenya. Thesis for the Master degree in Agricultural Entomology from
Kenyatta University.

Muru JG (2009). Kenya flying vegetables, small farmers and the food
miles debate. Africa Research Institute
https://www.africaresearchinstitute.org/newsite/publications/policy-
voices/kenyas-flying-vegetables-small-farmers-and-the-food-miles-
debate/

Mutete MM (2005). Utilisation of small grain cereals and their
contribution to the protein and energy intakes of children aged 6-59
months in Yathui Division, Machakos District, Kenya. Dissertation
submitted in partial fulfillment of the requirement for the degree of
M.Sc. in applied human nutrition in the DFSNT, Faculty of
Agriculture, UoN

Mutuku M, Njogu P, Nyagah G (2014). Assessment of pesticides use
and application practices in tomato based agrosystems in Kaliluni
Sub Location, Kathiani District, Kenya. J. Agric. Sci. Technol.
16(2):34-44.

Mwangi JK (2014). The impact of rice blast disease, its mapping and
suitability analysis for rice growing sites in the greater Mwea Region.
Thesis for the Master of Science in Landscape Planning and
Conservation, Jomo Kenyatta University of Agriculture and
Technology

Ndiiri JA, Mati BM, Home PG, Odongo B (2013). Water productivity
under the system of rice intensification from experimental plots and
farmers surveys in Mwea, Kenya. Taiwan Water Conserv. 61:4.

Nunifant KT (2011). Levels of organochlorine insecticide residues in
fresh tomatoes from some selected farming communities in
Navrongo, Ghana. A Thesis for the award of Master of Environmental
Science, Kwame Nkrumah University of Science and Technology.
http://ir.knust.edu.gh/bitstream/123456789/4109/1/NUNIFANT%20K
ONLAN%20TIMOTHY%20%20THESIS%202011.pdf

Nyakundi WO, Magoma G, Ochora J, Nyende AB (2010). A survey of
pesticide use and application patterns among farmers: A case study
from selected horticultural farms in Rift Valley and Central Provinces,
Kenya. Institute of Biotechnology Research, Jomo Kenyatta
university of Agriculture and Technology, Nairobi, Kenya.
http://ir.jkuat.ac.ke/handle/123456789/2881

Nyirenda SP, Sileshi GW, Belmain SR, Kamanula JF, Mvumi BM,
Phosiso S, Nyirenda GKC, Stevenson PC (2011). Farmers’ ethno-
ecological knowledge of vegetable pests and pesticidal plant use in
Malawi and Zambia. Afr. J. Agric. Res. 6(6):1525-1537.

Paiboon J, Tikamporn T (2014). Farmers’ awareness and behavior of
chemical pesticide uses in Suan Luang Sub-District Municipality,
Ampawa, Samut Songkram, Thailand. World Academy of Science,
Engineering and Technology. Int. J. Soc. Behav. Educ. Econ. Bus.
Ind. Eng. 8(7):2307-2310.

Peshin R, Dhawan AK (2009). Integrated Pest Management:
Innovation-Development Process- Springer Science+Business Media



388 Afr. J. Agric. Res.

B.V. http://www.springer.com/us/book/9781402089916

Pujeri US, Pujar AS, Hiremath SC, Pujari KG, Yadawe MS (2015).
Analysis of pesticide residues in vegetables in Vijayapur, Karnataka
India. World J. Pharm. Pharm. Sci. 4:07.

Rutledge AD, Wills JB, Bost S (2015). Commercial tomato production,
Agricultural Extension Service; The University of Tennessee, Institute
of Agriculture PB 737.
https://extension.tennessee.edu/publications/Documents/pb737.pdf

Shankara N, Joep LJ, Marja G, Martin H, Barbara D (2005). Agrodok
17, Cultivation of tomato production, processing and marketing,

Agromisa Foundation and CTA, Wageningen.
https://publications.cta.int/media/publications/downloads/1296_PDF_
1.pdf

Shashi V, Sreenivasa RCH, Swarupa S, Kavitha K (2016). Studies on
Pesticide Usage Pattern and Farmers Knowledge On pesticide
Usage and Technologies in Open Field and PolyHouse Conditions.
Quest J. Res. Agric. Anim. Sci. 4(3):01-08.

Tandi TEK, Wook CJ, Shendeh TT, Eko EA (2014). Chick Ofilia Afoh
Small-Scale Tomato Cultivators’ Perception on Pesticides Usage and
Practices in Buea Cameroon. Sci. Res. Health 6: 2945-2958.

Tarla DN, Manu IN, Tamedjouong ZT, Kamga A, Fontem DA (2015).
Plight of Pesticide Applicators in Cameroon: Case of Tomato
(Lycopersicon esculentum Mill.) Farmers in Foumbot. J. Agric.
Environ. Sci. 4(2):87-98.

Tawiah TB (2011). Concentration of organochlorine insecticide residues
in tomato (lycopersicon esculentum) fruit: A case study at Akumadan
in the Offinso North District of Ashanti Region. Master Thesis in
Environmental Science, Kwame Nkrumah University of Science and
Technology.http://ir.knust.edu.gh/xmlui’handle/123456789/4128?sho
w=full

Wachira MJ (2012). Comparative analysis of greenhouse versus open-
field small-scale tomato production in Nakuru-North District, Kenya.
Thesis submitted for the degree of Master of Science in Agricultural
and Applied Economics from Egerton University. http://ir-
library.egerton.ac.ke/jspui/handle/123456789/172

Wasudha M, Ori L, Ori H (2015). . A study of pesticide usage and
pesticide safety awareness among farmers in Commewijne in
Suriname. J. Agric. Technol. 11:621-36.

World Health Organization (WHO) (2015). WHO estimates of the global
burden of foodborne diseases: foodborne disease burden
epidemiology reference group 2007-2015.
http://iwww.who.int/foodsafety/publications/foodborne_disease/fergrep
ort/en/



