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ABSTRACT

This study evaluated 403 farmers from the open field and greenhouse farms in Mwea Irrigation
Scheme on the types and classification of pesticides used to control pests and diseases on
tomatoes, in July 2017 to June 2018. Five greenhouse tomato farmers were purposively selected
while sample size of 196 open field farmers, calculated using Fisher’'s formula. Cross-Sectional
design using a structured questionnaire, face to face interviews and focus group discussions with
201 farmers in the eight wards, Gathingiri, Tebere, Kangai, Wamumu, Murinduko, Nyangati, Mutithi
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and Thiba. Accuracy of the data was ensured by pre-testing the questionnaire on tomato farmers
from a neighbouring Maragua sub-county, errors were corrected, and omissions added to the
questionnaire. Descriptive statistics was carried out for frequencies, percentages, means, standard
errors, variance and data subjected to T-test at 95% Confidence Interval to determine significant
differences between variables. Results from the interviews revealed that farmers applied 57 and 12
pesticides under different trade names on tomatoes in the open field and greenhouse farms
respectively. Pyrethroids, carbamates, nicotinoids, organophosphates, and organochlorines were
applied on tomatoes among others. The 20 and 12 pesticides mainly used in open field and
greenhouse farms were WHO Class Il (60%) and WHO Class Il (42%), respectively. Farmers
heavily relied on different types of pesticides to control a wide range of major pests and diseases
as Tuta absoluta and blight respectively. Chlorantraniliprole and mancozeb are the main pesticides
used in tomatoes. Most pesticides, WHO toxic class Il including pyrethroids and carbamates
should be used following manufacturers’ recommendations to prevent human health risks. Training
and awareness by the Ministry of agriculture, Kirinyanga County government are needed on use
of less toxic pesticides equally effective in controlling pests and diseases, such as WHO classes
Il and IV and bio-pesticides with minimal negative effects on human health.

Keywords: Tomato; farmers; pesticides; types; Mwea irrigation scheme; Kirinyaga County.

1. INTRODUCTION

About 20 to 40% of the world’s crop production is
lost annually to pests and diseases, each year
[1]. Diseases cost the global economy around
220 billion and insect pests around 70 US billion
dollars [2]. Farmers therefore use different types
of pesticides to protect crops against pests and
diseases as an effort to increase yields [3].
Production of enough food to meet consumer
demand on quality and quantity are almost
impossible without the use of pesticides in
developed and developing countries [4].
However, despite the usefulness of pesticides
negative impacts on the environment and human
health ranging from acute to chronic effects such
as cancer have been reported [5,6,7].

The world health organization (WHO)
classification of pesticides is a system used to
distinguish between the more and the less toxic
pesticides based on the acute risk to human
health which takes into consideration the toxicity
of the active ingredient [8]. According to food and
agricultural organization FAO and WHO (2016)
[9], the WHO hazard classes have been aligned
in an appropriate way with the Globally
Harmonized System (GHS). The WHO classifies
pesticides as extremely hazardous (class 1A),
highly hazardous (class 1B), moderately
hazardous (class Il), slightly hazardous (class Ill)
and class IV as unlikely to present acute hazard
[10].

The most common method of classifying
pesticides is based on their chemical
composition and nature of active ingredient (a.i),
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or the element bonded to the hydrocarbon
system [11]. This classification is useful in
determining the mode of application, precautions
to be taken during application and the application

rates [11]. Basing on this, pesticides are
classified as organochlorines,
organophosphates,  pyrethrins/  pyrethroids,

carbamates and organosulfur. Organochlorine
pesticides (OCPs) are highly persistent
molecules which bio-accumulate and bio-magnify
up in the food chain [12]. OCPs are absorbed in
fatty tissues of animals more rapidly than they
are metabolized and/or excreted and thus
increase in concentration as they pass up each
trophic hierarchy, hence remain in the
environment and food chain long after application
[12]. Currently, most of these pesticides have
been banned except a few which are under
restriction use [12].

Carbamates are fat soluble and are easily
absorbed through the skin and transported into
the body [13]. They inhibit enzyme
cholinesterase essential in the functioning of
nerves, which results in the death of insects and
also animals [11,14,15].

Organophosphates (OPs) are broad spectrum
pesticides controlling a wide range of pests due
to their multiple functions [11]. OPs degrade
rapidly by hydrolysis on exposure to sunlight and
air although small amounts can be detected in
food and drinking water [16]. OPs are neurotoxic
even at very low levels of exposure as they
irreversibly inactivate acetylcholinesterase
(AchE) enzyme essential for neurotransmission
in the central nervous system, resulting in
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accumulation of acetylcholine (Ach), which

interferes with neuromuscular function [17].

Organosulfur compounds have low toxicity to
young insects, a valuable property, thus are used
for selective purposes. In Kenya, pyrethroids and
carbamates are mainly used to control pests and
diseases [18,19].

Tomato (Lycopercicum esculentum mill), is the
second leading vegetable grown in Kenya as a
source of income for small-scale farmers [20,21].
Kenya produces over 340,000 tons annually
[22,23]. Kirinyaga County being the leading
producer of over 54,000 tons, by the year 2016,
of which 80% is produced in Mwea Irrigation
Scheme [23]. Tomato is sensitive to pests and
diseases and therefore the use of pesticides is
unavoidable [24]. This study was carried out to
evaluate the types and classification of pesticides
farmers apply on tomatoes in Mwea Irrigation
Scheme, Kirinyaga County.

2. MATERIALS AND METHODS
2.1 Study Area

The study was conducted in Mwea Irrigation
Scheme, one of the prime agricultural regions in
Kirinyaga County in the year 2017 (Fig. 1). It lies
between latitudes 0.540° and 0.788° South and
longitudes 37.228° and 37.497° East. The
scheme has approximately 51,444 households

with an average density of 341 persons per km?
within an area of 516.7 km? [25]. It has eight
wards namely; Gathigiriri, Tebere, Kangai,
Wamumu, Murinduko, Nyangati, Mutithi and
Thiba (Table 1). The topography of Mwea
Irrigation Scheme is relatively uniform and
extends over the flat land on the outskirts of Mt.
Kenya [25]. The area is well supplied with
irrigation water from Rivers Nyamindi and Thiba,
making it favourable for tomato farming through
the year. The irrigation water is circulated to the
farms using a conveyance system with partially
lined canal, and basin flood irrigation using
earthen canals and application system. The area
under irrigation is 260 hectares of which 40
hectares belong to out-growers National
Irrigation Board, [26].

2.1.1 The socio-economic characteristics

Kenya produces over 340,000 tons of tomatoes
annually [AFA, 2016], Kirinyaga County being the
leading producer of over 54,000 tons, by the year
2016, of which over 44,000 tons (80%) valued at
Ksh. 1,803,400,000 (approximately 18,000,000
USD), was produced by farmers and the out-
growers National Irrigation Board in Mwea
Irrigation Scheme [AFA, 2016, NIB, 2019]. The
main agricultural products from the scheme are
tomatoes, rice and French beans [26] among
others shown in Table 1. Table 2 shows the main
crops produced by farmers from Mwea Irrigation
Scheme.
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Table 1. Description and agricultural activities at the sampling sites

Sampling Altitude Longitude Latitude Agricultural activity

site/ ward (m)

Gathingiri 1151 37.391°E 0.658°S Tomatoes, French beans, onions maize, beans,
rice production, livestock

Tebere 1123 37.388°E 0.699°S Tomatoes, French bean, onions, maize, beans,
rice production, livestock

Kangai 1227 37.301°E 0.616°S Tomatoes, bananas, coffee, maize, beans, rice
production, livestock

Wamumu 1126 37.373°E 0.738°S Tomatoes, bananas, French beans, onions, water
melon, maize, livestock

Murinduko 1176 37.431°E 0.602°S Tomatoes, French beans, onions, water melon,
passion fruit, coffee, maize, livestock

Nyangati 1259 37.348°E  0.591°S Tomatoes, pawpaw, coffee, maize, rice
production, livestock

Mutithi 1160 37.281°E  0.687°S Tomatoes, maize, beans, rice production,
livestock

Thiba 1161 37.329°E  0.678°S Tomatoes, maize, beans, rice production,

livestock

Table 2. Quantities and values of main crops from 220 hectare owned by farmers in Mwea
irrigation scheme

Crop Quantity (tons) Value Ksh Value USD ($)
Tomatoes 43,200 1,754,524,800 16,552,120
French beans 37,600 1,547,679,920 14,600,754
Rice 75,000 4,800,000,000 45,2830,019

2.2 The Target Study Population

The study targeted about 403 farmers who have
grown tomatoes for more than two years in the
open field farms (398) and in greenhouse farms
(5), for local consumption in the 8 wards (Fig. 1,
Table 1) in Mwea Irrigation Scheme. All the 5
greenhouse and 196 open field farmers
(calculated using equations 1 and 2) who were
selected randomly using a table of random
numbers participated in the study. Farmers in
Mwea Irrigation Scheme heavily rely on
pesticides (not documented) to control pests and
diseases [27].

2.2.1 Study design

The study used a Cross-Sectional design
whereby a structured questionnaire, face to face
interviews and focus group discussions were
used for data collection. Accuracy of the data
being collected was ensured by pre-testing the
questionnaire on tomato growers from the
neighbouring Maragua sub-county, Kirinyaga
County after which errors were corrected and
omissions added to the questionnaire.

2.2.2 Sample size determination

During the period of study, the area had about
398 open field and 5 greenhouse tomato
farmers. All the farmers who grew tomatoes in
greenhouses were purposively selected to
participate while sample size for administering a
questionnaire to open field farmers was
calculated using Fisher’s formula (Equation 1), in
Mugenda and Mugenda [28].

n

Z2pq
72

(1)
Where;

n= Sample size when population >10,000

Z?=Square of standard normal deviate at
required confidence level (95%), = 1.96°

p = Proportion in the target population being
studied with desired characteristics

q=1-P

d = maximum tolerable error

Sample size was adjusted using Fisher's
equation 2 below, in Mugenda and Mugenda [28]
since the population of tomato farmers was less
than 10,000.
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nf =

(2)
Where;

n= The desired sample size if the target
population >10,000

N = The estimate of the population size

nf= The desired sample size when
population <10,000

the

2.3 Statistical Analysis

Data collected was coded, entered in Statistical
Package for Social Sciences (SPSS) version
18.0 and Microsoft Excel. Data cleaning was
done before analysis to check for errors, outliers
and erroneous entries. Descriptive statistics was
carried out for frequencies, percentages, means,
standard errors and variances. Data was then
subjected to T-test at 95% Confidence Interval to

determine  significant  differences between
variables.
3. RESULTS

3.1 Farmers who Applied Pesticides on
Tomatoes in Open Field and
Greenhouses

The majority of the tomato farmers were males
(81.2%). The farmers were mainly in the age
bracket of 36-45 years followed by the bracket of
46-55 years. The farmers had a mean family size
of 4.1. Results indicated that most of the farmers
had secondary school education level (46.4%),
followed by primary education level (39.3%), and
only 2.1% had no formal education. The majority
of the farmers were married (95.4%), a few of
them were single, divorced or widowed (<1%).
Most (48%) of these farmers had 5-10 years of
experience in tomato farming followed by 11-20
years’ experience (28%). A few (6.1%) had been
growing tomatoes for more than 20 years. Table
3 shows the total number of tomato farmers

(combined open field and greenhouse farms) per
site and the farmers that were interviewed per
site. Table 3 shows that Gathingiri, Tebere and
Nyangati wards had the highest number of
tomato farmers that were also interviewed.

3.2Types and Classes of Pesticides
Applied on Tomatoes in Open Field
Farms

Information obtained from farmers through
interviews showed that farmers applied 57
different pesticides, under different trade names,
on tomatoes in the open field farms during the
study period. Out of the 57 pesticides applied on
tomatoes in the open field farms, those mainly
applied were pyrethroids (27%), carbamates
(19%) and organophosphates (12%) as shown in
Fig. 2.

However, the twenty (20) pesticides mainly
applied on tomatoes in open field farms in Mwea
Irrigation Scheme are shown in Table 4. Table 4
shows that an insecticide coragen
(Chlorantraniliprole) was mainly applied on
tomatoes in the open field farms by 64% of the
farmers followed by dynamic (Abamectin) by
40%, a fungicide oshothane (Mancozeb) by 36%
and an insecticide duduthrin (Lambda-
cyhalothrin) by 32%. Coragen was used to
control tuta absoluta (leaf miner), dynamec to
control Diuraphis noxia (aphids) and Bemisia
tabaci (white flies), duduthrin to control a wide
range of insect pests such as Diuraphis noxia
while oshothane was applied to control blight on
tomatoes.

However, Fig. 3 obtained from Table 4 shows
that 60% of the 20 pesticides mainly applied on
tomatoes in the open field farms were WHO
class Il considered to be toxic when the
manufacturers’ specifications are not adhered to
[10], and WHO class Il (25%) that are slightly
toxic.

Table 3. Number of tomato farmers and those interviewed per site

Sampling site/ ward

Number of tomato farmers per

Farmers interviewed per

site site
Gathingiri 68 37
Tebere 68 37
Kangai 50 26
Wamumu 38 19
Murinduko 25 12
Nyangati 68 37
Mutithi 48 14
Thiba 38 19
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Table 4. The 20 pesticide types and classes mainly applied on tomatoes in the open field farms

Trade / common
name of pesticide

Active ingredient (a.i)

WHO classification

Type of pesticide

Group of pesticide

Percentage pesticide use

Coragen
Dynamec
Oshothane
Duduthrin
Tata alpha
Ranger
Deacarid
Thunder
Ridomil
Abamite
Bestox
Antracol
Belt SC
Mistress
Milraz
Actara
Alfatox
Prove
Twiga ace
Ambush

Chlorantraniliprole
Abamectin

Mancozeb
Lambda-cyhalothrin
Alphamethrin
Chlorpyrifos
Abamectin
Imidacloprid+ Betacyfluthrin
Mancozeb+ Metalaxyl
Abamectin
Alpha-cypermethrin
Propineb
Flubendiamide
Mancozeb+ zymoxanil
Propineb+ Cymoxanil
Thiamethoxam
Alpha-cypermethrin
Emamectin benzoate
Acetamiprid
Permethrin

Insecticide
Insecticide
Fungicide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide
Fungicide
Miticide
Insecticide
Fungicide
Insecticide
Fungicide
Fungicide
Insecticide
Insecticide
Insecticide
Insecticide
Insecticide

Organochlorine
Avermectin
Dithiocarbamate
Pyrethroid
Pyrethroid
Organophosphate
Pyrethroid
Nicotinoid
Carbamate
Avermectin
Pyrethroid
Carbamate
Diamide
Carbamate
Carbamate
Neonicotinoid
Pyrethroid
Avermectin
Neonicotinoid
Pyrethroid

63.8
40.3
36.2
31.6
255
22.4
19.4
16.3
16.3
12.8
12.8
8.7
7.7
7.1
6.6
6.1
5.6
5.6
5.6
5.1
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Table 5. The main and all pesticide types applied on tomatoes in greenhouse farms

Trade / Common Active ingredient (a.i) WHO Classification = Type of Pesticide Group of Pesticide Percentage pesticide use
name of Pesticide

Belt Flubendiamide I Insecticide Diamides 20
Coragen Chlorantraniliprole v Insecticide Organochlorine 80
Dynamec Abamectin I Insecticide Avermectin 20
Evisect Thiocyclam I Insecticide Nereistoxin analogue 80
Funguran Copper hydroxide ] Fungicide Inorganic 20
Karate Lambda-cyhalothrin I Insecticide Pyrethroid 20
Merit Imidacloprid I Insecticide Neonicotinoid 20
Oshothane Mancozeb Il Fungicide Dithiocarbamate 20
Ridomil Metalaxyl-M+Mancozeb v Fungicide Carbamate 20
Thunder Imidacloprid+ Betacyfluthrin I Insecticide Nicotinoid 40
Actara Thiamethoxam \Y Insecticide Neonicotinoid 20
Goldazim Carbendazim Il Fungicide Carbamate 20

89



Momanyi et al.; EJNFS, 11(2): 83-97, 2019; Article no.EJNFS.2019.015

Diamides
4

Sulphur
Organic 5%

5%

Avermectins

7%_\

/

%
al el

Others
5%

Pyrethroids
27%

y

Organochipmgesssssss— 4

T
| o

7%

Nicotinoids/

9%

Carbamates
19%

—

— ———
\ Organophosphates

12%

Fig. 2. Percentages of pesticide groups for 57 pesticides used on open field farms

70

60

50
S

o 40
m©
=

§ 30
(O]
o

20

10

0

Class Il

60
25
I 15

Class llI Class IV

Fig. 3. WHO Percentage, classification of 20 pesticides mainly used on tomatoes in open field
farms

3.3 Types and Classes of Pesticides
Applied on Tomatoes in the
Greenhouses

Results obtained through interviews on all
pesticides farmers applied on tomatoes in
greenhouses are shown in Table 5. Fig. 4
obtained from Table 5 shows that 33% of the
pesticides applied to control pests and diseases
in greenhouses were WHO class Il that are toxic,
42% were WHO class Il that are slightly toxic,

while 25% were WHO class IV that are not toxic
[10].

Table 5 shows that pesticides mainly applied in
greenhouses were insecticides, with similar
indication as in open field farms (Table 4) that
insect pests are the major problem faced by
farmers who grow tomatoes in both the
greenhouse and the open field farms in Mwea
Irrigation Scheme. Chlorantraniliprole (coragen)
mainly applied in the open field farms is also the
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main pesticide used to control insect pests in the
greenhouse farms (Table 5). In addition,
Thiocyclam (evisect) was also mainly used in the
greenhouses (Table 5).

Only three fungicides, Copper hydroxide
(funguran), mancozeb  (oshothane) and
Metalaxyl-M+Mancozeb (ridomil gold) were used
to control disease causing fungi Phytophthora
infestans (late blight) and Alternaria sp (early
blight) in the greenhouse farms (Table 5).
However, results in Fig. 5 obtained from Table 4

show that pesticides mainly applied in
greenhouses were carbamates (25%) and
nicotinoids (25%).

3.4Pests and Diseases that Affect

Tomatoes in Mwea Irrigation Scheme

Seven insect pests and three diseases that
mainly affect tomatoes grown in open field and
greenhouse farms in Mwea Irrigation Scheme
are shown in Figs. 6, 7 and 8 respectively.

3.4.1 Pests and diseases that affect tomatoes
in open field farms

The insect pests and diseases farmers controlled
on tomatoes in the open field farms are shown in
Figs. 6 and 7 respectively. The pesticides used
to control insect pests and diseases on tomatoes
in open field farms are shown in Table 4. Results
in Fig. 6 show that 92.3%, 80.6% and 63.8% of
the pests controlled in open field farms are Tuta
absoluta (leaf miner), mites and Bemisia tabaci
(white flies) respectively, an indication that the
three insect pests are the major problem in open
field farms.

The diseases farmers controlled on tomatoes in
open field farms are displayed in Fig. 7. Results
in Fig. 7 show that blight was the main disease
controlled by 95% of the farmers who grow
tomatoes in open field farms. However, powdery
mildew and rust were other diseases farmers
controlled.

3.4.2 Pests and diseases that affect tomatoes
in greenhouses

Insect pests that were controlled in greenhouse
farms are shown in Fig. 8, and insecticides used
to control the insect pests are shown in Table 5.
Results in Fig. 8 show that Bemisia tabaci
(whiteflies) were a common and major problem
to all greenhouse farmers, while Tuta absoluta
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(leaf miner) and Diuraphis noxia (aphids) were
controlled by 80% of the farmers, an indication
that there are a severity of insect pest attack in
greenhouses, similar to open field farms
(Fig. 6).

However, blight and powdery mildew were the
only diseases controlled in greenhouses using
fungicides shown in Table 5. Farmers started
applying fungicides from the nursery immediately
after transplanting the crop to prevent attack from
diseases.

4. DISCUSSION

4.1 Pesticide Types Applied on Tomatoes
in Mwea Irrigation Scheme

Tomatoes are sensitive to pests and diseases
and use of pesticides is unavoidable [24].
However, farmers applied different types of
pesticides in  Mwea Irrigation Scheme.
Insecticides mainly used were coragen, dynamic
and evisect while fungicides mainly used were
oshothane, ridomil and antracol. However, the
hazards posed on human health and
environment has raised concerns about the
safety of pesticides [29]. Results from the study
show that 99.5% of farmers used different types
and WHO classes of pesticides on the open field
(Table 4, Fig. 2) and in greenhouse farms (Table
5, Fig. 4) to control specific insect pests and
diseases (Figs. 6, 7 and 8), which were a major
problem in Mwea Irrigation Scheme. Similar
results indicating use of insecticides and
fungicides to control enormous pests and
diseases on tomatoes was reported by Mueke
[27] in Mwea sub-county; in Tanzania [30], major
horticultural zones in Kenya [18,19], and other
African countries [31,32].

Farmers in Mwea Irrigation Scheme mainly used
WHO class Il pesticides on open field farms and
WHO class Ill in greenhouses respectively (Figs.
4 and 5). The pesticides used were mainly
carbamates, organophosphates, nicotinoids and
pyrethroids because of their effectiveness in
controlling pests and diseases. Similar findings
were reported by [18] in Kathiani District, Kenya
that farmers mainly applied pyrethroids and
carbamates on vegetables. WHO class |l
pesticides are toxic and their residues are likely
to remain in the crop when used inappropriately
[30]. Toxicological studies [33,34] have revealed
that some pesticides (eaten in food) could cause
human health effects ranging from short-term,
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such as headache, nausea and diarrhoea, to
long-term effects, such as cancer, teratogenesis
and damage to the immune system, among
others have been linked to pesticides [7,35,386].
Incidents of poisoning after consuming crops
contaminated with pesticides have been
attributed to misuse or negligence in observing
the safety intervals before harvesting the crop
[37]. Food safety is an area of concern for low
and middle income countries where regulatory,
surveillance and control systems are unable to
address the range of potential hazards [38].
Similar results were reported by Kariathi et al.
[30] that farmers in Tanzania heavily applied

50
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o un

Class Il

Class Il

WHO Class 11 pesticides which contaminated
tomatoes that were consumed locally.

Exotic, (example Lycopersicum esculentum
Elium cepa) or indigenous (example Amaranthus
hybridus,  Corchorus  olitorius)  vegetable
production is widely distributed across Africa,
including Kenya [39]. However, consumption in
sub-Sahara Africa is below the expected
minimum of 400 g per day [40].Kenya produces
over 4 million metric tons of vegetables valued at
over 640 million US Dollars, the leading in
production and value being Irish potatoes,
tomatoes and cabbages [41].
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Different types of vegetables are consumed daily folic acid and minerals like calcium, iron and

in the diet [42,43] to provide vitamins, phosphorus that protect our bodies against
antioxidants, carotene, ascorbic acid, riboflavin, diseases [42,43] such as cancers, diabetes, and
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heart diseases [44]. Since farmers in mwea
irrigation scheme mainly use who class i
pesticides to control pests and diseases on
vegetables such as tomatoes [45], pesticide
residues may remain in the vegetables at the
time of consumption when toxic who class ii are
used without adhering to specified
recommendations by the manufactures [30].
Eating such vegetables with pesticide residues,
in the daily diet, could cause acute or chronic
negative effects to the health of the consumers
[7].

5. CONCLUSION

The study established and documented a wide
range of pests and diseases that attack tomatoes
both in the open field farms and in greenhouses
in Mwea Irrigation Scheme. The results revealed
that the main insect pests of tomatoes in the
scheme are Bemisia tabaci (whiteflies), Tuta
absoluta (leaf miner) and Diuraphis noxia
(aphids), and blight is the main disease. Due to
heavy infestation of pests and diseases on
tomatoes farmers heavily use many different
types of synthetic pesticides, mainly insecticides
and fungicides, to control them. However, most
of the pesticides used on tomatoes were WHO
class Il that were mainly pyrethroids,
carbamates, nicotinoids and organophosphates.
WHO class Il pesticides are toxic and should be
used as specified by the manufacturers.
Compliance to the pesticide use standards will
prevent occurrence of their residues in the
tomatoes and other vegetables and this will
minimize pesticide residue effects on human
health. From the results of this study, it would be
important to frequently monitor and evaluate the
residue levels of pesticides in all vegetables
grown in Mwea Irrigation Scheme to determine
their safety. Likewise, there is the need for
promotion and awareness creation by Ministry of
agriculture livestock and fisheries (MALF) and
Kirinyaga County government on use of less
toxic pesticides that are equally effective in
controlling pests and diseases. Less toxic
pesticides are those in WHO class Il and IV and
bio-pesticides that have minimal negative effects
on human health.
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