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Logistic Regression Analysis of Applicators’ Compliance with the Recommended Doses of

Pesticides on Watermelon in Yobe State, Nigeria

ABSTRACT

The study investigated applicators’ compliance with the recommended doses of pesticides on
watermelon in Yobe State, Nigeria. A multi-stage sampling procedure was adopted to select one
hundred and seventy-three (173) respondents for the study. Primary data were collected using a
structured questionnaire. Data were collected on socio-economic characteristics, training in
pesticide application, awareness of hazards associated with pesticides, access to information on
hazards associated with pesticides and compliance with recommended doses of pesticides. The
results revealed that the mean age of the respondents was 43.19, 97.7% were married 73.4% did
not have English language reading ability. Training in application of pesticides (0.18), awareness
of hazards associated with pesticides (0.28) and access to information (0.43) were low. Most
(91.9%) respondents did not comply with the recommended doses of pesticides. Awareness of
hazards (B= 2.74, p = 0.01) and access to information (B= 1.45, p = 0.08) significantly
influenced compliance with the recommended doses of pesticides. Stakeholders in the agriculture
and food sectors should plan and implement schemes to train, inform and boost awareness of the
pesticide applicators on hazards associated with pesticides to motivate compliance with
recommended doses of pesticides, produce safe watermelon and sustain a healthy environment.
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1. INTRODUCTION

Watermelon (Citrulus lanatus) refers to the fruit and vine like plant of climbing and trailing
herbs of the family Curcubitaceae [1]. It originated in tropical areas of Africa near Kalahari
Desert [2], now widely cultivated and consumed in Nigeria. The fruit has a thick rind and fleshy
center that possesses attractive colour, high water content and sweet combination of sucrose,
glucose and fructose [3, 4]. Watermelon is rich in vitamins B, C, and E; minerals such as
phosphorus, magnesium, calcium, and iron, as well as antioxidants, which naturally boost and

sustain human health [3, 5]. Economically, it is a major income earner for the farmers as there is



wide acceptance and consumption of the fruit as thirst-quenching summer snack throughout the
country [6]. The highest production of watermelon occurs in the drier Savannah agro-ecology of

the northern region of Nigeria [6].

The success of watermelon farming partially lies in farmers’ capacity to manage and control
pests. Watermelon attracts destructive insects that bring losses to farmers, except they are
controlled. There would be 78% loss in fruit production without the use of pesticides [7].
According to [1] the watermelon farmers use pesticides to control pests on their farms. The
motivating factor for using pesticides is to reduce crop losses and increase yields [8, 9]. Pest
refers to any animal or plant which harms or causes damage to man, his animals, crops, or
possession. Agricultural pests include insects, mites, plant pathogens, and weeds [10].
According to [11], pesticide is any substance, or mixture of substances of chemical or biological
ingredients intended for repelling, destroying or controlling any pest. Pesticides therefore include
insecticides (bug killers), herbicides (weed Killers), and fungicides (fungus Killers), rodenticides

(rat killers) and antimicrobials [10].

The use of pesticides among farmers is ubiquitous worldwide [8]. In Nigeria, farmers rely
heavily on pesticides for the control of pests [12, 13]. However, pesticide misuse has acute or
chronic hazardous effects on human health [10]. About 3 million farmers suffer from severe
pesticide poisoning while about 25 million suffer from mild pesticide poisoning, leading to 180,
000 deaths annually in developing countries [14]. The use of lindane, a banned pesticide, on fruit
and vegetable crops over a prolonged period of time affect the nervous system, liver, kidney and

may even induce cancer [15].

In Nigeria, food produce contain pesticide residues [8], many of which were reported for their
adverse impacts and deaths [10, 16, 8] and there is no legal duty to monitor them [17]. A study
conducted in Gashua, Bade Local Government of Yobe State in Nigeria on assessment of
organophosphorus and pyrethroid pesticide residues in watermelon and soil samples established
the presence of alarming levels of pesticide residues much higher than maximum residue limits
(MRLs) and acceptable daily intake values (ADIs) for vegetables and soil set by the European
Union (EU) [1]. Furthermore, [18] in their study on the assessment of pesticide residue levels in
common fruits consumed in Lagos State, Nigeria, further affirmed that watermelon exceptionally

had residues of atrazine, clothianidin, omethoate and oxamyloxime above WHO/FAO MRLs. It



is not only farmers’ health that may be endangered but also the health of the consumers of
watermelon. The rising cases of ailments and deaths of consumers of agricultural produce linked
to the use of pesticides on the farms bring to the fore the germane issue of compliance with the

manufacturers’ recommended doses of pesticides on watermelon farms in the study.

Misuse of pesticides has been linked to lack of adequate information, lack of knowledge and
awareness of hazards associated with misuse of pesticides, lack of training on correct handling of
pesticides, low education level of the rural populace, poor application technology, and weak
legal provision [10, 17]. The study is a sequel to the finding of [1] on the presence of pesticide
residues in watermelon in Bade Local Government Area of Yobe State. The current study made
attempt to ascertain the determinants of compliance of applicators with the recommended doses
of pesticides in Yobe State. Specifically, the study aimed to identify the socio-economic
characteristics of pesticides applicators, ascertain whether or not they had training on appropriate
use of pesticides, examine the applicators’ level of awareness of hazards associated with
pesticides, identify the level of access to information on hazards associated with pesticides, and

ascertain compliance of applicators with the recommended doses of pesticides.
2. METHODOLOGY

The study was carried out in Yobe State in the Northeast of Nigeria. The State is bounded on the
North by Niger Republic and on the East by Borno State. Also, it borders Gombe State to the
Southwest, Bauchi to the West and Jigawa State to the Northwest. Its vegetation is
predominantly Sudan Savannah with a fringe of Sahel Savannah in the far North. Yobe land
consists of plain drained seasonally by Komadugu River and its tributaries in the North and by
the Gongola River in the South. It is situated within latitudes 11° 45’ N and 13° 30’ N and
longitudes 9° 30" E and 12° 30" E, with a total land area of 47,153 square kilometers [19]. The
State experiences between 120 to 140 days of rainfall annually ranging between 500 mm to 1000
mm from north to south. Between December and February is the harmattan period, which is
characterized by dry, cold and dusty wind. The hottest period in a year is between March and
early June with temperature recording over 40°C [19]. The State’s projected population was 3,
924, 186 in 2021 using a population growth rate of 3.56% from population of 2, 321, 339 in 2006
[20].



The population of the study comprised all pesticide applicators (farmers or farm workers) in
watermelon farms in Yobe State. Yobe State Agricultural development Project (ADP) has two
zones; namely Zone 1 and Zone 2. The Local Government Areas (LGAS) in Zone 1 are Bade,
Jakusko, Karasuwa, Nguru, Machina, Bursari, Gaidam, Yusufari and Yunusari while Zone 2
comprises Fika, Nangere, Damaturu, Tarmuwa, Gujba, Gulani Fune and Potiskum LGAs.

A descriptive survey research design was adopted in the study. A multi-stage sampling procedure
was used to select the sample for the study. First stage involved purposive sampling of zone 1
because of the presence of high number of watermelon farmers. Second stage involved a
purposive sampling of four (4) LGAs from the zone; the selected LGAs were Bursari, Geidam,
Jakusko and Yusufari based on high concentration of watermelon farmers. The third stage was a
simple random sampling of six (6), four (4), two (2) and four (4) wards from Bursari, Geidam,
Jakusko and Yusufari respectively. The list of applicators was generated in a reconnaissance
survey of the study areas in collaboration with four enumerators. A total of one hundred and

seventy three (173) respondents were finally selected for the study as shown in Table 1 below.

Table 1: Sampling procedure and sample size

LGAs Wards Sample size
BURSARI JAWA/GARUNDO 02
GUBA/DAPSO 15
GUJI/METILARI 08
DAPCHI 03
DANANI/LAWANTI 10
BAYAMARI/DAMAYA 15
GEIDAM JORORO 11
MA’ANNA 11
ASHEIKRI 11
BALLE 22
JAKUSKO GIRGIR BA’YAM 13
JAWUR KATAMMA 19
YUNUSARI KACHALLARI 10
BANDERI 10
YUSUFARI 09
ALAIJIRI 04
4 LGAs 16 WARDs 173

A structured questionnaire was used to collect primary data. The dependent variable of the study

is compliance with the recommended doses of pesticides, which was measured by asking the



respondents to tick how they determine the doses of pesticides to add to water in 16litre capacity
Knapsack. If they were guided by using label information to determine the quantity, the score is
1, otherwise the score is 0. Independent variables include socio-economic characteristics,
training on pesticide handling and use, awareness of hazards associated with pesticides, and
access to information on hazards associated with pesticides. Training on pesticides was measured
by asking the respondents to indicate whether or not they had training on pesticide handling and
use. There were five items with ‘Yes’ and ‘No’ responses, which were scored ‘1’ and ‘0’
respectively. The total score is the training index for each respondent. If the estimated mean is
greater than 0.5, it implies that training is high and otherwise low. Awareness of hazards
associated with pesticides was measured by asking the respondents to indicate whether or not
they were aware of different hazards associated with pesticides. There were five items with “Yes’
and ‘No’ responses, which were scored ‘1’ and ‘0’ respectively. The total is the awareness index
for each respondent. If the estimated mean is greater than 0.5, it implies that awareness is high
and otherwise low. Access to information on hazards associated with pesticides was measured by
asking the respondents to indicate the extent to which they had access to information from
different media and sources using a three-point rating scale of ‘Always’, ‘Occasionally’ and
‘Never’ which attracted 2,1, and 0 respectively. The total score is the access index for each
respondent. If the estimated mean is greater than 1.0, it implies that access is high and otherwise
low. Data were analysed with both descriptive (percentages, frequency counts and means) and
inferential statistics (Logit Regression Analysis) using IBM SPSS Statistics version 25. The

definitions of variables and logit model are given in Table 2 below:

Table 2: Definitions of variables

Variable Definition Sign

Dependent variable Dummy

Y Compliance = 1, Non-compliance =0 +/-

Independent variables

Age Continuous, age (year) +/-

Education level Continuous, the number of years of formal +
education

English language reading ability =~ Dummy, can read =1, cannot read =0 +

Hausa language reading ability Dummy, can read =1, cannot read =0 +

Household size Continuous, number of people living and eating +
from the same pot

Experience in pesticide Continuous, number of years of application of +

application pesticides




Primary occupation Dummy, farming =1, others =0 +/-

Estimated annual income Continuous, income from farming in Naira +
Training in pesticide application ~ Continuous, training index +
Awareness of hazards associated Continuous, awareness index +
with pesticides

Access to information on hazards Continuous, access index +

associated with pesticides

Binary logit model was used to determine factors affecting compliance of applicators with
pesticides doses recommendation. The study assumed that the probability of applicators’
compliance with recommended doses of pesticides is influenced by their socio-economic

characteristics, cognitive and institutional factors:

Binary logistic regression model of compliance

Pi
(1-Pi)

=a+fLnAge + BLnEdu + SALnEngrabl + fLnHaurabl +

+fLnHoussiz + fLnExp + fLnPriocc + fLnAnninc + fLnTrnpesa + fLnAwahaz
+ fLnAccinf
Where:
Ln Y= Compliance of applicators (1=Compliance, 0=Non-compliance
o = Constant
Bi = Regression coefficient (1=1, 2, 3,...... ,11)
LnAge = Age (years)
LnEdu = Education (years)
LnEngrabl = English reading ability (Can read=1, Cannot read=0)
LnHaurabl = Hausa reading ability (Can read=1, Cannot read=0)
LnHoussiz = Household size (number of people living together)
LnExp = Experience (years)
LnPriocc = Primary occupation (Farming =1, otherwise =0)
LnAnninc = Annual income (Naira)
LnTrnpesa = Training in pesticide application (index)
LnAwahaz =Awareness of hazards (index)

LnAccinf = Access to information (index)



3. RESULTS AND DISCUSSION

3.1 Socio-economic Characteristics of the Respondents

The results in Table 3 reveal that 27.8% of the respondents were within the age bracket of 31-40
years while 41.0% were within the age bracket of 41-50 years. The mean age was 43.19. The
results imply that most respondents were young and active applicators. The finding is similar to
the finding reported by [6] on watermelon farmers being within active and productive age
brackets. Table 3 further reveals that all (100%) the respondents were males. Therefore,
watermelon production and application of pesticides was an exclusive male business. Most
(56.1%) of the respondents did not have formal education. Only 17.3% and 22.5% had primary
and secondary education respectively. The finding corroborates the finding reported by [6] that
majority of watermelon farmers were not educated. Lack of formal education impedes farmers’
ability to read and write and make critical decisions in their productive activities. Also, Table 3
reveals that 73.4% of the respondents did not have English Language reading ability despite the
fact that pesticide labels were printed in English. Also, 49.7% could not read Hausa Language
materials. Inability to read pesticide labels implies that most respondents are predisposed to
misapply pesticides on their farms. Furthermore, most (97.7%) of the respondents were married.
The result implies that they had to shoulder family responsibilities, which places high demand on
them to boost watermelon production and earn high income. The finding is corroborated by the
finding of [21] that most watermelon farmers were married. Table 3 also shows that 53.2% of the
respondents had 1-10 years of experience in pesticide application. The mean year of experience
was 9.96. The result implies that the respondents had a substantial level of experience in
pesticide application. Also, Table 3 reveals that the primary occupation of 96.5% of the
respondents was farming. It implies that farming was the predominant livelihood of the
respondents in the area. Furthermore, the estimated annual income of the respondents from
farming fell within N350,000.0 and N1, 350,000.0. The mean annual income was N1,550,058.8.

The finding implies that farming generated a modest income for the respondents.

Table 3: Socio-economic characteristic of the respondents

Variable Percentage (n=173) Mean Standard Deviation

Age




21 -30

31-40

41 -50

51 and above

Sex

Male

Education level

No formal education
Primary education
Secondary education
Tertiary education
English language reading
ability

Can read

Cannot read

Hausa language reading
ability

Can read

Cannot read

Marital status

Married

Not married

Household size

1-10

11-20

21 and above
Experience in pesticide
application (Years)
1-10

11-20

21 and above

Primary occupation
Farming

Trading

Estimated annual income
(Naira)

N350,000 —<N1,350,000
N1,350,001- N2,350,000
N2,350,001 and above

12.7
27.8
41.0
18.5

100.0

56.1
17.3
22.5
4.0

26.6
73.4
4.2

50.3
49.7

97.7
2.3

53.2
42.8
4.0

63.0
34.7
2.3

96.5
3.5

60.0
21.7
7.5

43.19

9.96

9.91

1,550,058.8

9.36

5.48

6.37

891, 223.7

Source: Field Survey, 2024

3.2 Respondents’ Training in Pesticide Application



Table 4 reveals that the overall mean (0.18) of training in pesticide application undergone by the
respondents was low. Training in mixing the right dose of pesticide (mean= 0.18), maintenance
of sprayer (mean=0.18), spraying of pesticide (mean=0.18), safe disposal of pesticide containers
(mean=0.18), and use of personal protective equipment (mean=0.18) were low. The finding
implies that the respondents were very disposed to misuse pesticides and this poses a great risk to
human and environmental health. The finding is similar to the finding of [12] about lack of
training among applicators of pesticides.

Table 4: Respondents’ Training in Pesticide Application

S/N  Training item Yes No Mean
i Mixing the correct pesticide doses 18.5 81.5 0.18
I Maintenance of knapsack sprayer 17.9 82.1 0.18
iii  Pesticide application 17.9 82.1 0.18
iv  Safe disposal of pesticide containers 17.9 82.1 0.18
% Use of personal protective equipment 18.5 81.5 0.18
Overall mean 0.18
Source: Field survey, 2024 Mean > 0.5 indicates high training while mean < 0.5 indicates low
training

3.3 Respondents’ Awareness of Hazards Associated with Pesticides

Table 5 reveals the level of awareness of hazards associated with pesticide application. Majority
(79.8%) were not aware that improper pesticide application can contaminate the rivers/streams,
77.5% were not aware that consumption of watermelon containing high pesticide residues can
damage the kidneys of consumers, 74.0% were not aware that non-use of personal protective
equipment exposes the applicators to various health issues, 71.1% were unaware that the
consumers of watermelon containing pesticide residues can get sick while 56.1% were not aware
that pesticide residues accumulate in high quantity in watermelon due to overdose. The findings
imply that awareness level of the respondents on the hazards associated with pesticide
(mean=0.28) was low. The finding agrees with the findings reported by [22, 23] on prevailing
pesticide users’ lack of knowledge of the risks associated with pesticides. This can affect the
respondents’ application practices in a way that poses a great danger to humans and their

environment.

Table 5: Respondents’ Awareness of Hazards Associated with Pesticides

S/IN  Awareness item Aware % Not aware Mean




%

i Pesticide residues accumulate due to 43.9 56.1 0.44
overdose

I Consumers of contaminated watermelon can 28.9 71.1 0.29
get sick

i Possible damage to the kidneys of consumers 22.5 77.5 0.23
of watermelon with high pesticide residues

\Y Non-use of personal protective equipment 26.0 74.0 0.26
exposes applicators to hazards

% Improper application of pesticide 20.2 79.8 0.20
contaminates river/stream
Overall mean 0.28

Source: Field survey, 2024 Mean > 0.5 indicates high awareness while mean < 0.5 indicates low
Low awareness

3.4 Respondents’ Access to Information on Hazards Associated with Pesticides

Table 6 reveals that the overall mean (0.43) of access to information on hazards associated with
pesticides was low. Access to radio information (mean=0.53), television information
(mean=0.31), social media information (mean=0.47), extension agents’ information
(mean=0.70), farmers association’ information (mean=0.31), pesticide dealers’ information
(mean=0.60) and NAFDAC’ information (mean=0.10) were low. However, extension agents
were ranked 1%, pesticide dealers were ranked 2™ and radio was ranked 3™ as sources of
information on hazards associated with pesticides. The finding is corroborated by the finding of
[10] who reported lack of access to adequate information as one of the factors responsible for the
misuse of pesticides. The findings’ implication is that more information dissemination needs to
be carried out using different channels/media in order to boost respondents’ awareness of
hazards associated with pesticides.

Table 6: Respondents’ Access to Information on Hazards Associated with Pesticides

S/N Access to information Always Occasionally Never Mean Rank
i Radio information 1.2 50.3 48.6 0.53 3rd
i Television information 0.6 30.1 69.4 0.31 5th
il Social media information 1.7 43.4 54.9 0.47 4t
iv  Extension agents’ information 16.2 37.6 46.2 0.70 1%
\Y Farmers association’ information 2.9 24.9 72.3 0.31 g
Vi Pesticide dealers’ information 23.1 13.3 63.6 0.60 2nd
vii  National Agency for Food Drug 0.6 9.2 902 010 7"

Administration and Control

(NAFDAC)

Overall mean 0.43

Source: Field survey, 2024 Mean > 1.0 indicates high access while mean < 1.0 indicates low



access
3.5 Respondents’ Compliance with Recommended Pesticide Application Doses

Table 7 shows that 76.3% of the respondents mixed pesticide doses with water by imitating the
practice of fellow farmers. However, giving the low training acquired by the majority of
respondents in Table 4, the implication is that they were imitating a wrong practice. Only 8.1%
of the respondents applied the pesticide label information to determine the correct doses of
pesticides. Hence, 8.1% of the respondents complied with the recommended application doses of
pesticides while 91.9% did not comply. The finding is similar to the findings reported by [22, 14]
on poor compliance with pesticide doses. But the finding contrasts with the finding of [24] who
reported that most applicators read through the label instruction before application of pesticides.

Table 7: Respondents’ Compliance with Recommended Pesticide Application Doses

S/N  Compliance indicator Compliance % Non-compliance %
i I mix the dose I think is enough 11.0
I | use my past experience with other 4.6
pesticides
ii | apply label information to determine the 8.1
dose
Y | imitate the dose as done by fellow farmers 76.3
Total 8.1 91.9

Source: Field survey, 2024

3.6 Determinants of Compliance with the Recommended Pesticide Application Doses

The logistic regression analysis of the compliance of the respondents with the recommended
pesticide doses was carried out. The Dependent Variable (DV) was compliance, and age,
education, English language reading ability, Hausa language reading ability, household size,
experience in pesticide application, primary occupation, estimated annual income, training in
pesticide application, awareness of hazards associated with pesticide application and access to
information on hazards associated with pesticide application as predictor variables. A total of
173 cases were analysed, and the full model significantly predicted compliance (Omnibus Chi-
square= 55.613, df=11, p<0.001). The model accounted for between 27.5% and 63.9% of the
variance in compliance, with 98.1 non-compliance of respondents successfully predicted.
However, only 50.0% of prediction for the compliance group was accurate. Overall, 94.2% of
the prediction was accurate. Table 8 shows that awareness of hazards associated with pesticides
and access to information on hazards associated with pesticides reliably predicted compliance.

The value of the coefficients reveals that each unit increase in awareness is associated with an



increase in the odds of compliance by a factor of 2.74. The odd ratio=2.74 implies that ceteris
paribus, awareness of hazards associated with the use of pesticides increases the respondents’ log
odds of compliance with the application of recommended doses of pesticides by 2.74.
Furthermore, access to information on hazards associated with pesticides reliably predicted
compliance. The odd ratio =1.45 implies that ceteris paribus, access to information on hazards
associated with pesticides increases the respondents’ log odds of compliance with the application
of recommended doses of pesticides by 1.45.

Table 8: Determinants of Compliance with the Recommended Pesticide Application Doses

Variable B S.E. Wald p>z Odds
Coefficient Ratio

Age 0.153 0.105 2.129 0.145 1.165

Education -15.304 3002.136 0.000 0.996 0.000

English language reading ability -2.266 1.489 2.317 0.128 0.104

Hausa language reading ability -13.553 3084.781 0.000 0.996 0.000

Household size -0.177 0.114 2.440 0.118 0.837

Experience with pesticide application 0.183 0.120 2.321 0.128 1.201

Primary occupation -1.297 1.897 0.497 0.494 0.273

Estimated annual income 0.000 0.000 0.174 0.677 1.000

Training in pesticide application 0.091 0.233 0.153 0.696 1.096

Awareness of hazards associated 1.006 0.390 6.643 0.010** 2.735

with pesticides

Access to information on hazards 0.370 0.212 3.049 0.081* 1.448

associated with pesticides

Constant -11.216 4.117 7.424  0.006 0.000

Omnibus tests Chi-square 55.613, df=11, p<0.001 (0.000)

Cox & Snell R? 0.275

Nagelkerke R? 0.639

Hosmer and Lemeshow p>0.05 (0.997)

Source: Field survey, 2024 ** p<0.05

4. CONCLUSION AND RECOMMENDATIONS

The study concluded that watermelon farmers had low training in pesticide application. They
also had low awareness of hazards associated with the application of pesticides. Access to
information on hazards associated with the use of pesticides through different channels/media
was also low. Most of the watermelon farmers did not comply with the recommended doses of
pesticides. Awareness of hazards associated with the use of pesticides and access to information
on hazards associated with the use of pesticides statistically and significantly influenced
positively the watermelon farmers’ compliance with the recommended doses of pesticides.

Therefore, based on the findings of the study, it was recommended that training on correct



handling and application of pesticides should be made a regular practice by the agricultural

stakeholders, governments, individuals and agencies whose concerns are food security, food

safety and environmental health. There should be a regular dissemination of information to

watermelon farmers on hazards associated with the use of pesticides and the need to comply with

recommended pesticides application doses.

REFERENCES

1.

10.

Mahmud, M. M., Akan, J. C., Mohammed, Z., and Battah, N. Assessment of
Organophosphorus and Pyrethroid Pesticide Residues in  Watermelon (Citrulus
lanatus) and Soil Samples from Gashua, Bade Local Government Area Yobe State,
Nigeria. Journal ~of  Environment Pollution and Human Health, 2015,  3(3), 52-
61 http://pubs.sciepub.com/jephh/3/3/1

Kyriacou, M. C.; Leskovar, D. I.; Colla, G.; Rouphael, Y. Watermelon and Melon Fruit
Quality: The Genotypic and Agro-Environmental Factors Implicated. Sci. Hortic. 2018,
30, 8-12.

Romdhane, M. B.; Haddar, A.; Ghazala, |.; Jeddou, K. B.; Helbert, C. B.; Ellouz-
Chaabouni, S. Optimization of Polysaccharides Extraction from Watermelon Rinds:
Structure, Functional and Biological Activities. Food Chem. 2017, 216, 355-364. DOI:
10.1016/j.foodchem.2016.08.056.

Bianchi, G.; Rizzolo, A.; Grassi, M.; Provenzi, L.; Scalzo, R. L. External Maturity
Indicators, Carotenoid and Sugar Compositions and Volatile Patterns in ‘Cuoredolce®
and ‘Rugby’ Mini-Watermelon (Citrullus Lanatus (Thunb) Matsumura & Nakai)
Varieties in Relation of Ripening Degree at Harvest. Post Biol. Technol. 2018, 136, 1-11.
DOI: 10.1016/j.postharvbio.2017.09.009.

Choudhary, B. R.; Haldhar, S. M.; Maheshwari, S. K.; Bhargava, R.; Sharma, S. K.
Phytochemicals andAntioxidants in Watermelon (Citrullus Lanatus) Genotypes under
Hot Arid Region. Indian J. Agric. Sci. 2015, 85, 414-417.

Afolabi, M. T. Determinants of watermelon production and its impact on the farmers in
Ifelodun L.G.A, Kwara State, Nigeria. Ruhuna Journal of Science, 2019, 10 (2), 149-160.
Tudi, M., Daniel Ruan, H., Wang, L., Lyu, J., Sadler, R., Connell, D., & Phung, D. T.
Agriculture Development, Pesticide Application and Its Impact on the Environment.
International Journal of Environmental Research and Public Health, 2021, 18(3), 1112.
https://doi:https://doi.org/10.3390/ijerph18031112

Omoyajowo, K. O., Adesuyi, A. A., Omoyajowo, K. A., Odipe, O. E. and Ogunyebi, L.
A. Strategies To Reduce Pesticide Residues In Food: Remarks On Pesticide Food
Poisoning Scenarios In Nigeria (1958-2018). Journal of Agricultural Sciences
(Belgrade), 2022, 67, (2), 105-125

Amusat, A. I., Okewole, S.A., Rafiu, R.A. and Amusat, M. A. Overview of Pesticide
Usage, Misuse and Its Impact on Environmental Degradation in South-western States and
Some Part of Northern States in Nigeria. Journal of pesticide science and Pest Control,
2023, 2 (1) DOI: 10.58489/2833-0943/013

Ojo, J. Pesticides Use and Health in Nigeria. Ife Journal of Science, 2016, 18 (4), 981-
991



http://pubs.sciepub.com/jephh/3/3/1
https://doi:https:/doi.org/10.3390/ijerph18031112

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

FAO and WHO (2022). Guidance on good labelling practice for pesticides (Second
revision) — International Code of Conduct on Pesticide Management. Rome.

Adesuyi, A. A., Njoku, K. L., Akinola, M. O., Nnodu V. C. Pesticides related knowledge,
attitude and safety practices among small-scale vegetable farmers in lagoon wetlands,
Lagos, Nigeria, Journal of Agriculture and Environment for International Development,
2018, 112 (1): 81-99, DOI: 10.12895/jaeid.20181.697

Sosan, M.B., Oladepo, O.W. and Ajibade, T.S. Assessment of pesticide wastes disposal
practices by cocoa farmers in southwestern Nigeria. Journal of Solid Waste Technology
and Management, 2020, 46 (2), 230-238.

Aniah, P., Kaunza-Nu-Dem, M. K., Dong-Uuro, P. P., Ayembilla, J. A.;, & Osumanu, I.
K. Vegetable farmers’ knowledge on pesticides use in Northwest Ghana. Environment,
Development and Sustainability, 2021, https://doi.org/10.1007/s10668-020-00916-6
Oguntola, S. (2021). South-west: prolonged pesticides use accounts for rise in kidney
failures  infarming  communities.  Nigerian ~ Tribune, May 20, 2021.
Tribuneonline.com/south-west-prolonged-pesticide-use-accounts-for-rise-in=kidney-
failures-in-farming-communities-study/

Ojoye, T. Pesticide abuse: Growing concerns over poisoning of farm produce, livestock,
Punch, 25" December, 2018

Ikenna, O. D. Pesticides are harming Nigeria: it’s time to update the law. Sustainable
Nigeria programme, Heinrich Boell Stiftung (hbs) Nigeria office, The Conversation.
Published: July 27, 2023

Omoyajowo, K., Njoku, K. L., Amiolemen, S., Ogidan, J., Adenekan, O., Olaniyan, K.,
Akande, J., & lIdowu, I. Assessment of pesticide residue levels in common fruits
consumed in Lagos State, Nigeria. LASU Journal of Research and Review in Science,
2018, 4, 56-62.

Umar, Y. A., Abu, I. A., Sani, M. H., Idi, S. and Owoade, E. O. Gender Analysis of
Cattle Farmers’ Participation in Cattle Production in Bauchi and Yobe States, Nigeria,
Asian Journal of Extension, Economics and Sociology, 2023, 41(9), 637-646.

National Population Commission (NPC). Annual Statistical Abstract on Nigeria
Population Census. National Population Commission, Abuja, Nigeria; 2006.

Otunaiya, A. O. and Adedeji, I. A. Technical efficiency of watermelon (Citrullus lanatus)
production in Ogun State, Nigeria. International Journal of Applied Agricultural and
Apicultural Research, 2014, 10 (1&2): 44-53

Bon, H., Huat, J., Parrot, L., Sinzogan, A., Martin, T., Malezieux, E. et al. Pesticide Risks
from Fruits and Vegetable Pest Management by Small Farmers in Sub-Sahara Africa. A
Review. Agronomy for Sustainable Development. 2015, 34(4): 723-736.

Kainga, P.E., Miller, T.A., & Epidi, T.T. Assessment of Awareness of Benefits and
Hazards Posed by Agricultural Pesticides to Farmers in Selected Communities of Bayelsa
State, Nigeria. International Journal of Research in Agriculture and Forestry,2016, 3 (2),
32-40.

Bulu, Y. I., Adewole, M. B. and Faluyi, J. O. An Analysis of Adherence of Precautions in
Herbicide Application for Weed Control in Selected Cities of Southwest, Nigeria.
Ethiopian Journal of Environmental Studies and Management. 2017, 10(10): 1310-1322



https://doi.org/10.1007/s10668-020-00916-6




