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Abstract

Pesticides play a key role in agriculture by decreasing crop losses caused by in-
sect pests. They increase crop production translating to national food security and
contribute to improvement in human health by controlling disease vectors. De-
spite their role in controlling disease vectors, pesticides are toxic and have detri-
mental effects on human health, environment and biodiversity if used improperly.
The present work reported findings of an assessment of pesticide use and applica-
tion practices in Kikome village, Makueni County, Kenya. The major economic
activity in this region is farming. Pests are problematic in this region due to high
temperature that favors their growth and multiplication compelling farmers to use
pesticides in their management. A survey involving 53 respondents, selected by

purposive sampling, was carried out to assess pesticide use and application prac-
tices. Open ended questionnaires were administered through face to face inter-
views with the respondents. All the respondents interviewed during the study
were using chemical pesticides as the sole method of pest management. Among
various chemical compounds in the pesticides used by farmers, pyrethroid (87%),
neonicotinoid (69.6%), and carbamate (63%) based pesticides were the most fre-
quently used. Farmers used pesticides more frequently at flowering stage (44%)
relative to other phenological stages. Most of the respondents (69.2%) had no
access to extension services. This study reported poor farmers’ practices on pesti-
cide use which threatens the diversity and abundance of insect pollinators.
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1. Introduction

Biodiversity and associated ecosystem services are keys to human health [1]. Pollination is essential in provision of
food and fibre, overall ecosystem resilience, aesthetics, and genetic diversity. Approximately, two thirds of crops feed-
ing the world are insect pollinator dependent [2]. Reduced crop yield and misshapen fruits are caused by inadequate
pollination and not necessarily inadequate agricultural inputs [3]. Pests are major causes of crop yield and quality re-
ductions in that they contribute to endemic poverty mostly in the developing countries [4]. They are key inputs in agri-
cultural production in reducing crop losses due to infestation by pests and diseases. Pesticides are toxic and cause envi-
ronmental pollution and death of beneficial organisms such as insect pollinators [4]. Unexpected environmental conta-
mination has resulted from use of very toxic pesticides, inadequate management and poor handling practices [5]. Car-
bamate based pesticides are toxic to parasitic wasps and bees [6]. Although organosulphates are easily hydrolysed, they
are highly toxic to invertebrates and insects [7]. Majority of farmers in Eastern Kenya using pesticides do not manage
pollination in any way and use pesticides as sole method of pest control [4]. The present study seeks to assess the extent
of pesticides use and application practices in Kikome village in Makueni County and their potential detrimental effects
on diversity and abundance of insect pollinators in Kikome, Makueni County.
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2. Materials and methods
2.1. Description of the study area

The study was conducted in Kikome village, Makueni-Eastern Kenya (S 02.14504°, E 037. 80262°, and elevation
803m above sea level) between the month of September and October, in 2017. The village is in the arid and semi-arid
zones of Eastern Kenya. Soils are usually sandy characterized by a pH range of 5.1 to 7.2 and low to moderate organic
matter content (0.43 %-1.87 % TOC). The area is characterized by dense bushes, shrubs and wild trees. The area expe-
riences a bimodal type of rainfall with short rains in November/December and long rains in March/April. The area ex-
periences high temperatures of 35.8°C and high rate of evaporation. Generally, high temperatures are experienced dur-
ing the day and low temperatures at night.

2.2. Study design

The instrument for the survey was a questionnaire which was designed using information sourced from literature re-
view. A pilot test was done before the actual survey to ensure that the questionnaire was adequate in obtaining the re-
quired information. The questionnaire had both open and close-ended questions. Pre-visits were done to familiarize with
the study area, discuss with the relevant authority (chief, area in charge and village elders) and inform the respondents
of the intended exercise and its purpose. The study population was comprised of horticulture farmers in Kikome village
and was determined using procedures established by equation 1 [8]. A total of 53 respondents were involved in the sur-

vey using the formulae:

nf = + Equation 1

¥ poputation
Where N is the known population, n is the sample size.
Out of the 53 respondents, 7 did not answer the questions correctly and were therefore excluded from data analysis.
Therefore, only data from 46 respondents were considered for analysis.

2.3. Data collection

The questionnaire was administered to individuals within households who used pesticides and not necessarily the
farm owners. The respondents were selected by purposive sampling method. A standardized questionnaire was used as
a measurement tool and consisted of (1) socio-demographic characteristics as age, gender, and level of education, (2)
information regarding pesticides use in controlling common pests, the common crops, major problematic pests and the
types of pesticides that they used in pest management, (3) practices on using pesticides, including time of the day and
cropping stage that respondents applied pesticides more frequently. Information on whether farmers received any train-
ing on pesticides use and application practices were also gathered.

2.4. Data analysis techniques

Quantitative data collected was analyzed using descriptive statistical techniques that were frequencies, percentages,
and standard errors. This was done using the statistical package for Social sciences (SPSS) version 22 [9]. In regards to
qualitative data, farmers were allowed to list their responses in an open-ended format and later analyzed using statistical
techniques which includes frequencies, percentages and standard errors using SPSS version 22. The multinomial logit
model was used to estimate the factors that determined farmers’ choices in using and applying chemical pesticides. Es-
timated coefficients were compared with the base category. The likelihood ratio statistics were indicated by the
Chi-square test and checked if it was significant statistically. The Hausman’s specifications test procedure was used to
check the validity of the model of the independence of the irrelevant alternatives.

3. Results
3.1. Characteristics of the study population

The characteristics of respondents within the study area are given in Table 1. About 69.6% of the respondents were
male while 30.4 % were female. The majority of respondents were young people aged between 34-41 years (26.1%).
Most respondents had acquired primary level of education (52.2%), while the least had attained college/university level
of education (15.2 %) (see Table 1).
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Table 1. Characteristics of the study population

Demographic aspect Frequency (n) Proportion (%)
Gender
Male 32 69.6
Female 14 30.4
Total 46 100
Age brackets
18-25 4 8.7
26-33 11 23.9
34-41 12 26.1
42-49 6 13.0
50-57 9 19.6
>58 4 8.7
Total 46 100
Level of education
Primary 24 52.2
Secondary. 15 326
University/college 7 15.2
Total 46 100.0

3.2. Common crops grown and the common arthropod pests within the area

There was a wide diversity of crops grown within the County (Figure 1). The most commonly crops grown include
cowpea, maize, green grams and sorghum in increasing order of importance. Cowpea was the most commonly grown
(91% of all crops grown in the study area) (Figure 1). The least commonly grown crops were coriander, Amaranthus sp,
pumpkin and cucumber.

The study also reported a diverse population of arthropod pests within the study area (Figure 2). The most proble-
matic pest reported affecting crop production was whiteflies (84.6%) while the diamondback moth was the least prob-
lematic (2.2%) (Figure 2).
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Figure 1. Common crops grown within Kikome village, Makueni County.
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Figure 2. Arthropod pests encountered by farmers in Kikome, Makueni County.
3.3. Pesticides used within the study area

All the respondents interviewed during the survey were using chemical pesticides in pest management. A total of 41
pesticides belonging to 14 chemical groups were recorded. Pyrethroid (87%), carbamate (69.6%) and neonicotinoid
(63%) based pesticides were the most frequently used (Table 2). In addition, 58.7% of the pesticides used belonged to
WHO class Il while Class 1V pesticides were the least used (15.2%) (Figure3).

m Class Il

m Class Il

m Class 1V

Figure 3. WHO classification of the commonly used pesticides within Kikome, Makueni County.
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Table 2. Pesticides used within Kikome, Makueni-Eastern Kenya

SIN Chemical class % Pesticide Activelngredient WHO
use Class
. | Lambda
1 Pyrethroid 87 Karate Cyhalothrin 1l
Pentagon' Lambda 1]
Cylohathrin
. Lambda
Duduthrin Cylohathrin 1l
Engeo' Lambda [
Cylohathrin
| Lambda
Torado Cyhalothrin I
Tata alpha' Alphacypermethrin 1l
Profile' Alphacypermethrin 1l
Bestox' Alphacypermethrin [
Atom' Deltamethrin [
Cyclone' Cypermethrin 1l
Betafos' Beta cyfluthrin [
2 Carbamate 69.6 Antracol” Propineb AV
Antracol” Propineb v
Merit' | Indioxacarb [
R(';:)?('j‘l' Metalaxy! 11
M"thaEe Mancozeb v
super
Dithane® Mancozeb I
EMthane M45° Mancozeb v
Dithane M45" Mancozeb v
3 Neonicotinoid 63 Actara' Thiamethoxam 1
Engeo' Thiamethoxam I
Prosper” Clothianidin Il
Presento' Acetamiprid [
Thunder' Imidacloprid [
Confidor' Imidacloprid [
4 Strobilurins 26.1 Ortiva Azoxystrobin I
Prosper” Triflocystrobin I
Nativo Tryfloxystrobin I
Nativo Tebuconazole I
Ortiva" Difenoconazole [
5. Avermectin 60.2 Alonze' Abamectin Il
Dynamic' Abamectin [
Romectin' Abamectin [
Prove' Emamectine Benzoate 1l
6 Inorganics 21.7 Thiovit™ Sulfur Il
Amicop” Copper oxychloride [
Funguran® Copper hydroxide [
7 Organophosphate 19.6 Dithane M45" Chlorpyrifos v
Betafos' Chlorpyrifos [
Oshothion' Malathion [
8 Triazole 19.6 Score” Difenoconazole 1]
9 Phthalicacid diamides 34.8 Belt' Flubendiamide 1l
10 gulfonyl_amin_og:ar 8.7 Attribute” Propoxycz_alrbazone- I
onyl-triazoniline Sodium
11 Benzimidazole 17.4 Chariot™ Carbendazim 1l
12 Sulfooarbaide 10.9 Pegasus' Diafenthiuron 1l
13 Acylamines 30.4 Ridomil Gold" Mancozeb 1l
14 Anthranilic 34.8 Coragen' Chlorantraniliprole v
diamide

| = Insecticide, F = Fungicide, H = Herbicide.
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3.4. Pesticide application practices

The number of respondents who applied pesticides in the morning was twice (13%) higher than those who applied in
the evening (6%). About 17% of the respondents chose either a morning or evening spraying regime. In addition, 10%
of respondents applied pesticides at any time of the day (Figure 4).

About 44% of the respondents applied pesticides more frequently at the flowering stage while a few number (3%)
applied pesticides frequently in all stages of production (Figure 5). Other respondents applied pesticides frequently dur-
ing the germination, vegetative, budding, and fruit set stage. Most of the respondents (69.2%) had no access to exten-
sion services and were not trained on pesticide use and application practices (Figure 6).

18

16

Number of respondents (%)
& o ® o b &
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Mormning Evening Moming or Any time during
evening the day

Time of spraying pesticides

Figure 4. Time of the day of spraying pesticides.

Figure 5. Cropping stage when farmers applied pesticides more frequently.
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Figure 6. Farmers trained on pesticide use and safety.
3.5. Determinants of farmers’ choices in pesticide use and application practices

Different social economic characteristics are important for their consideration in their potential to influence the prop-
er use or misuse of pesticides.

3.5.1. Time of spraying pesticides

The multinomial regression model was found to be significant (X2 = 46), d.f = 27, p = 0.013), and explained 68.1%
of variation of spraying time as explained by gender, age, education level (Table 3). Education and age were found to
significantly influence time of spraying but gender of farmers did not have any impact (Table 4).

Table 3. Model Fitting Information

Mog g Likelihood Ratio Tests
Model -2 Log Likelihood Chi-Square Df Sig.
IUN 97.051
Final 51.041 46.009 27 0.013

Table 4. Likelihood Ratio Tests

Mogﬁiltsi;t‘;ing Likelihood Ratio Tests
Effect  Reduoed Model Chi-Square of Sig
Intercept 51.041° 0.000 0 .
Age bracket 78.023 26.982 15 0.029
Level of education 72.735 21.694 9 0.010
Gender 52.053 1.012 3 0.798

3.5.2. Cropping stage when farmers frequently used pesticides

The multinomial regression model was found to be significant (X2 = 79), d.f = 45, p = 0.001), and explained 86% of
variation of the cropping stage when farmers frequently applied pesticides as explained by gender, age, education level
(Table 5). The age, level of education and gender were found to significantly influence time of spraying (Table 6).
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Table 5. Model Fitting Information

Model Fitting
Criteria

-2 Log
Likelihood

Intercept only 119.327
Final 39.716 79.611 45 0.001

Likelihood Ratio Test

Chi-Square df Sig.

Table 6. Likelihood Ratio Tests

Model Fitting Likelihood Ratio Tests
Criteria
-2 Log Likelihood of . .

Effect Reduced Model Chi-Square df Sig.

Intercept 39.716° 0.000 0
Age bracket 87.070 47.354 25 0.004

Level of 76.976 37.259 15 0.001
education

Gender 56.960 17.243 5 0.004

4. Discussion

Gender is an important aspect influencing social practices as each gender has hyper sensitivities that are hormonally
controlled [10]. Previous studies have indicated that spraying of pesticides is mainly done by men who also decide on
what pesticides to spray [11].

Majority of the respondents in this study were young people aged between 34-41 years. Age is an important factor
influencing decision making [12], as young people in farming tends to be flexible in decision making and the ability to
adopt new technologies. Previous studies also reported that old people did not trust any new technology, as well as
adopting safe handling methods in pesticide use [12]. The same authors also observed that old farmers were conserva-
tive and held onto their past convectional practices as the use of DDT (Dichlorodiphenyltrichloroethane) due to the ear-
lier gains in inputs associated with its use.

Majority of respondents in this study had acquired primary level of education, while the least had attained universi-
ty/college level. Education has positive impact on farmers’ lifestyles [13]. Educated farmers have an ability to under-
stand effects of pesticides on human health and environment [14]. It is encouraging that 15.2% of respondents had re-
ceived college/university education. Such a category of farmers would need little exposure in pollinator conservation
issues to enable them to embrace good agricultural practices that are biodiversity friendly. Having the majority of far-
mers with low levels of education is a major concern [15]. This is because such farmers may not understand the scien-
tific principles of insect pollination and implications of indiscriminate use of chemical pesticides on insect pollinators.
As a result, they may engage in pest control practices that have detrimental effects on insect pollinators interfering with
benefits associated with them.

All the respondents interviewed during the survey used chemical pesticides in pest management. Previous studies
among smallholder vegetable farmers in Ethiopian Central Rift Valley also reported that all respondents were using
chemical pesticides as the sole method of pest management [11]. The authors observed that no IPM strategy or biologi-
cal control was being used by farmers neither were the principles fully understood.

In another study, it was recorded that 98.6% of respondents used pesticides solely in the management of tomato pests
in Kathiani District, Kenya [16]. The authors reported 19 chemical pesticides containing 21 chemical compounds with
carbamates, pyrethroids and organophosphates being the most frequently used. Besides, Class Il pesticides were the
most frequently used (68.4%) followed by class IV (21.1%) and class 111 (10.5%).

In the assessment of farmers’ knowledge on pesticide use within smallholder potato farms in Uganda, it was reported
that all respondents in South-Eastern highlands were using chemical pesticides in pest management majorly fungicides
and insecticides [17].

Majority of the respondents in the present study were using pesticides more frequently during the flowering period. A
study was conducted at both pre-flowering and flowering stage to compare the impacts of Dimethoate (organophosphate)
and lambda-cyhalothrin (pyrethroid) on sunflower pollination and associated yield in Eastern Kenya [4]. The authors
observed that plots treated with insecticides recorded a lower number of developed seeds, of smaller size and lower
weight than the control (untreated plots). In addition, the plots that were treated with dimethoate (organophosphate)
recorded a lower number offoraging bees relative to plots sprayed with lambda-cyhalothrin (pyrethroid). They recom-
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mended that farmers should adopt pest management practices that are bee-friendly.

The majority of respondents applied pesticides either in the morning or evening. This shows that they were informed
on the best time of the day when pesticides should be applied. Applications made either early in the morning or late
evening minimizes exposure of insect pollinators to pesticides since the floral resources are depleted and the foraging
activity of diurnal insect pollinators is low [18]. Evening applications are safer because of the longer exposure period
before diurnal insect pollinators visit the crop [19]. Previous studies indicated that evening insecticide applications,
even at the flowering stage, reduced negative impacts of pesticides on the foraging activities of the honey bees [4]. In
addition, the authors recorded more yield in plots treated with insecticides in the evening than in the morning.

In Ethiopia, previous studies reported that the respondents did not fully understand the environmental effects of pes-
ticides [20]. Majority of farmers were unable to read pesticide labels which could provide instructions for use since the
label was written in foreign language or the letter font was too small.

The majority of respondents in the present study had no access to extension services on pesticides use and safety.
This agrees with studies done elsewhere. In a survey to assess the impacts of training farmers on pesticide use and ap-
plication practices in Greece, the authors observed that farmers’ knowledge and beliefs in pesticide hazard control cor-
related with safety compliance [21].

Poor practices in using chemical pesticides as well as application practices in the present study can be attributed to
farmers’ lack of adequate technical knowledge and training on pesticide use and application practices. All stakeholders
including environmental Non-Governmental Organization, agrochemical industry, extension workers and health practi-
tioners should provide technical support to farmers to address the existing knowledge gaps.

Training farmers has proved useful in changing farmers’ mind set in using and applying chemical pesticides [22, 23].
This is because pesticides are complex, hazardous and toxic. Also, small scale farmers may find the information pro-
vided on the label to be very technical to understand. Farmers would therefore need technical support from both state
and non-state actors for correct pesticide use and application practices.

Lack of training on pesticide safety is the possible reason why the principles of biodiversity conservation are not put
into consideration during pest management. As such, farmers have a mindset that chemical pesticides have a quick
knockdown effect hence their preference. Moreover, methods of pest management such as biological control and IPM
(Integrated Pest Management) are not fully understood by farmers.

5. Conclusions

There is overreliance on the use of chemical pesticides as all respondents were using chemical pesticides as the sole
method of pest management. There was frequent use of relatively toxic chemical group of pesticides mostly the pyreth-
roid, carbamate and neonicotinoid based pesticides during the flowering stage which is a risk to the insect pollinators
feeding on the nectar and pollen.

The study recommends further studies on the effects of the most frequently used chemical pesticides and application
practices on the diversity and abundance of insect pollinators.
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