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The excessive use of pesticides has been identified as a main barrier to sustainable 
agriculture in the developing countries, that can lead to several negative 
consequences, posing a significant threat to the total environment. Therefore, 
the present study investigated the informedness of smallholder vegetable 
farmers on responsible use of pesticides, exploring how their knowledge, 
attitudes and protective practices (KAP) are associated with the safe use of 
pesticides. A questionnaire survey was conducted with 206 smallholder farmers 
in the central highlands of Sri Lanka to identify how KAP are associated with 
responsible use of pesticides. Secondly, two focus group discussion were 
conducted to gain insights into the farmers’ awareness of the responsible 
use of pesticides. The analysis reveals an overall deficiency in informedness 
about responsible pesticide use, primarily stemming from moderate level 
of knowledge and perceptions related to protective practices. Furthermore, 
farmers tend to face constraints due to limited access to information on 
responsible use of pesticides and a heavy reliance on pesticides, believing 
pesticides to be a primary means of increasing crops. Results also indicate 
a significant association between knowledge, practice, and informedness, 
whereas attitudes did not significantly contribute to informedness. Significant 
disparities in informedness were identified among different demographic 
groups, with men and younger farmers exhibiting higher levels of awareness. 
Thus, we suggest that farmers’ informedness can be improved by targeted 
efforts to enhance their knowledge and correct misconceptions on the use 
of pesticides.
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Highlights

 • The level of informedness on the responsible use of pesticides is 
significantly low among smallholder crop cultivators.

 • The degree of knowledge and perceptions of protective practices 
affect informedness, but attitudes do not have a significant impact.

 • Despite possessing positive attitudes, farmers often engage in 
irresponsible pesticide use.

 • The degree of informedness varies across different demographic 
characteristics, such as sex, education, age, land area owned, and 
monthly income.

 • Farmer networks, a lack of reliable information, retailer influence, 
and a conviction in the necessity of pesticides are some factors 
that contribute to the overuse of pesticides.

1 Introduction

Sustainable agriculture has garnered heightened attention as a 
means of achieving more environmentally friendly food production 
concerning the health risks and adverse environmental impacts that 
have a detrimental impact on the overall wellbeing of people (Pimbert, 
2009). Sustainable agriculture is a system that generates nutritious 
food, ensures its accessibility to all, and manages natural resources in 
a manner that maintains the functionality of ecosystems to satisfy the 
current and future needs of humanity (Velten et  al., 2015). The 

responsible use of pesticides has become a crucial aspect of sustainable 
agriculture, as the overuse or misuse of these chemicals can lead to 
far-reaching problems (European Commission, 2022). While 
completely avoiding pesticides with toxic properties is often 
impractical—given their role in meeting the food demands of a 
growing population—their responsible and informed use is strongly 
advocated (Ali et al., 2020; Rather et al., 2017). Responsible pesticide 
use involves applying them judiciously to maximize benefits while 
minimizing harmful effects. This approach requires a strong 
understanding at the user level, as farmers are the ones directly 
handling and applying pesticides. This is particularly critical for 
smallholder farmers, who frequently rely on pesticides but often lack 
the necessary knowledge and training to use them effectively 
and safely.

The present study aims to explore smallholder vegetable farmers’ 
informedness, or their ability to understand the responsible use of 
pesticides. In order to do so, we explored the association between 
knowledge, attitudes and practice perspectives on the use of pesticides 
and the informedness among selected smallholder farmers in 
Sri Lanka. Responsible use of pesticides is strongly determined by 
individual knowledge, attitudes and practice perspectives (Vlaiculescu 
and Varrone, 2022). We thus show how knowledge, attitudes, and 
perceptions of protective practices related to pesticide use among 
smallholder vegetable farmers are associated with their informedness. 
Informedness is considered a prerequisite for the responsible use of 
pesticides, that involves understanding of the several aspects of 
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pesticide use such as health risks associated with the applicator, 
selection of suitable pesticides, crop profitability and economic 
implications, and critical issues associated with incorrect application 
(European Commission, 2022). Even though there are several studies 
on pesticide use behavior and its impact on the total environment 
across countries (Jayasiri et al., 2022b; Maggi et al., 2023; Okonya 
et al., 2013), there is a lack of initial understanding of how pesticide 
use behavior among farmers is associated with informedness on 
responsible use. Studies often show that misuse of pesticides can 
constrain establishing sustainable agriculture (Datta et  al., 2016; 
European Commission, 2022), but it is still widely recognized that 
pesticide use has contributed to preventing the impact of undesirable 
organisms in cultivation and ensuring food security, mainly in the 
global south (Popp et al., 2013).

Even though irresponsible use of pesticides is harmful to the total 
environment and human health, studies suggest that crop failures are 
apparent without pesticide use, especially in a climate change situation 
(Delcour et al., 2015; Ma et al., 2021). The European Union has thus 
introduced a framework for the sustainable use of pesticides, which 
aims to reduce the risks and impacts of pesticide use and promote 
integrated pest management (IPM) and alternative approaches to 
pesticides (European Commission, 2022). This particularly highlights 
the individual level interventions for responsible use of pesticides. 
Even though sustainable agriculture is promoted, there is a severe gap 
in knowledge regarding the extent to which farmers in developing 
countries are ready for responsible pesticide use.

Responsible pesticide use is an essential component of sustainable 
agriculture, which aims to produce adequate amounts of high-quality 
food while preserving the environment and resources for future 
generations (European Commission, 2021). The responsible pesticide 
use entails applying pesticides in a manner that minimizes 
environmental contamination, protects users from hazards, and 
safeguards the health of consumers. Integrated Pest Management 
(IPM) is a cornerstone of responsible pesticide use, providing an 
environmentally friendly approach to pest management at the 
community level. FAO, 2022 defines it as careful consideration of all 
available pest control techniques and subsequent integration of 
appropriate measures, and ultimately reduce the risk for total 
environment. However, there is a significant lack of knowledge on 
IPM and responsible pesticide practices in Sri Lanka, particularly 
among smallholder farmers in the highlands where commercial crop 
cultivation is heavily promoted.

The responsible use of pesticides encompasses multiple 
dimensions, including knowledge and training on safe usage, 
informed selection of required pesticides, safe application procedures, 
environmental considerations, proper storage and disposal, legal and 
ethical compliance, as well as community and ecosystem awareness 
(Mohamed et  al., 2024). These dimensions align closely with 
knowledge, attitudes, and practice (KAP) perspectives. In the present 
study, we strived to understand how these aspects are reflected in the 
knowledge, attitudes, and practices of smallholder farmers and how 
they contribute to informed decision-making with regard to the use 
of pesticides.

Given the importance of farmers’ knowledge, attitudes, and 
perspectives on the responsible use of pesticides, several studies 
have emphasized the need to enhance farmers’ understanding and 
educate them on the judicious use of pesticides. For example, 
Sharifzadeh and Abdollahzadeh (2021) demonstrate that although 

some farmers have limited knowledge about the safe use of 
pesticides, certain interventions aimed at improving their 
knowledge and moderating their attitudes can promote safer 
pesticide practices. They suggest that educational interventions can 
yield positive outcomes by increasing awareness and knowledge 
regarding the safe use of pesticides. Furthermore, Maddah et al. 
(2020) also support this, highlighting that even one-time 
educational interventions can successfully enhance farmers’ 
knowledge, attitudes, and practices concerning pesticide use. 
Therefore, research is essential to understand the extent to which 
knowledge, attitudes, and practice (KAP) perspectives influence 
awareness of the responsible use of pesticides. Ssekkadde et  al. 
(2024) similarly recognize this need, emphasizing that educational 
interventions designed to encourage behavioral change can deliver 
significant benefits for farmers, who often use pesticides to increase 
crop yields.

Moreover, when examining the informed use of pesticides, 
research highlights the critical role of labeling, particularly in 
developing countries (Abou Ibrahim et al., 2023; Rother, 2018). For 
farmers who lack knowledge or access to reliable information, labels 
serve as a crucial tool for promoting responsible pesticide use. Farmers 
in developing countries are often blamed for pesticide poisoning and 
environmental contamination, primarily due to misuse (Abou 
Ibrahim et al., 2023). To address this issue, appropriate labeling has 
been proposed as a viable solution. Effective labeling should 
be accessible and use simple, comprehensible language tailored to the 
literacy levels of the target audience. Studies indicate that pesticide 
misuse often arises from inadequate communication about their 
responsible use. As Rother (2018) suggests, what is often labeled as 
“misuse” is better understood as “unintended use” stemming from a 
lack of awareness. To mitigate this, the use of pictograms is 
recommended to convey information clearly, especially for farmers 
who are illiterate. This challenge is particularly evident in Sri Lanka, 
where many smallholder farmers are unable to read English 
instructions, and small printed texts often go unnoticed, as we show 
in this paper.

Sri Lanka is country with more than 80% of the population living 
in rural areas and engaged in agricultural work (Central Bank of 
Sri Lanka, 2023). Rice cultivation is primarily prevalent in the dry 
zones of the country, whereas commercial vegetable farming is more 
prominent in the highland regions (Haque et al., 2021; Kadupitiya 
et al., 2022). Research indicates that profits generated from paddy 
cultivation are low relative to those from commercial crop cultivation 
in the highlands (Burchfield et al., 2018; Haque et al., 2021; The World 
Bank, 2009). Pesticides are often used in both rice and commercial 
vegetable crops, yet there is evidently heavier pesticide usage in the 
highlands, as crops growing in wet-highland areas are more frequently 
subjected to pest damage (Dissanayake et al., 2022; Sumudumali et al., 
2021; The World Bank, 2013). These farmers continue to use 
substantial amount of pesticides, fungicides, insecticides, and 
fertilizers, despite the associated high cost.

Several studies demonstrate that pesticides have become an 
indispensable ingredient in agriculture for farmers working in central 
highlands of Sri Lanka (FAO, 2021; Nishantha et al., 2016; The World 
Bank, 2013). For example, some studies found that the banning of 
certain herbicides in 2014 has severely affected the crop production of 
the country (Marambe and Herath, 2020). While the indiscriminate 
application of pesticides is acknowledged to have propagated severe 
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health consequences, highland commercial crop cultivation is 
estimated to be  a high-volume consumer of both pesticides and 
fertilizers, largely owing to the short durations of cultivated crops (The 
World Bank, 2013). Nuwara Eliya and Badulla represent two critical 
districts amidst the country’s central highlands, where World Bank 
and FAO reporting suggests smallholder vegetable farmers tend to 
apply pesticides in excess of prescribed levels (FAO, 2021; The World 
Bank, 2009).

Research indicates pesticide usage in highland vegetable 
cultivations often constitutes either unpermitted WHO class I or class 
II formulations (Padmajani et al., 2014). Studies have also identified 
pesticide application as a usual practice (without necessity), with 
farmers prone to spraying even in the absence of pest symptoms 
(Nishantha et  al., 2016; Padmajani et  al., 2014). They show that 
farmers often tend to mix various pesticides without any justification, 
operating under the belief that such combinations minimize labor 
inputs. Moreover, studies evidence a lack of preparatory measures for 
pesticide usage, including the absence of protective boots, masks, 
gloves, or attire, consequently increasing pesticide exposure and 
posing severe health risks (Jayasooriya and Aheeyar, 2016; Padmajani 
et al., 2014). As they suggest the intensive cultivation of hybrid crop 
varieties further necessitates heavy use of pesticides.

The causes of the irresponsible use of pesticides mainly include a 
lack of awareness and knowledge, and weaknesses in government 
regulations (Jayasooriya and Aheeyar, 2015, 2016). Insufficient 
technical expertise in pesticide application and integrated pest 
management, as well as an overreliance on pesticides as a preventative 
measure in cultivation, are some other causes of irresponsible 
application of pesticides. Sumudumali et al. (2021) also demonstrated 
that there is a strong influence of pesticide retailers. As a result of 
pesticide misuse, disruptions can occur in agroecosystems and the 
broader environment, causing several unintended consequences, such 
as chronic kidney disease of unknown origin (CKDu) (Jayasumana 
et al., 2014; Valcke et al., 2017). Furthermore, in Sri Lanka, many 
suicide cases in agricultural communities involve pesticide poisoning 
(Bagheri et al., 2019; Buckley et al., 2021; Weerasinghe et al., 2020). 
Pesticide poisoning among the country’s farmers has thus been 
recognized as a major health issue, though Buckley et  al. (2021) 
observed that government bans on selected pesticides have decreased 
suicide incidences. Recent assessments by Jayasiri et al. (2022a) and 
Shipley et al. (2022) found significant temporal variability in water 
quality, with pesticide and agrochemical residues highest in localized 
communities neighboring slow-moving reservoirs. Jayasiri et  al. 
(2022a) also demonstrated that common pesticide misuse 
malpractices can impart severe ecological impacts in Sri Lanka. Some 
research into the adoption of integrated pest management (IPM) 
among Sri  Lankan vegetable growers discovered that insufficient 
knowledge and information can limit farmers’ decision-making 
process regarding pesticide use (Jayasooriya and Aheeyar, 2015).

Despite ongoing efforts to promote sustainable agriculture and 
research on farmers’ preparedness for adopting sustainable 
practices, empirical studies in this area remain limited. Existing 
studies primarily focus on pesticide use, while the association 
between sustainable agriculture and farmers’ informedness and 
responsible pesticide use has not been adequately explored. This 
lack of comprehensive research hinders policymakers, particularly 
in developing countries, from formulating effective and 
community-relevant sustainable agricultural policies. Moreover, in 

our study, resonating with the theories and empirical studies, a 
responsible use of pesticides is recognized as a response associated 
with informedness resulting from the level of knowledge, attitudes 
and perspectives on protective practices.

Considering the widespread and often improper use of pesticides 
in the highlands of Sri  Lanka, a thorough understanding of the 
knowledge, attitudes, and practices driving these practices among 
smallholder farmers is crucial. This understanding is essential for 
designing sustainable interventions that effectively prepare farmers for 
adopting sustainable agriculture practices. Therefore, our study aims 
to investigate the knowledge, attitudes, and perceptions on protective 
practices of smallholder highland farmers in Sri  Lanka regarding 
responsible pesticide use. The insights gained from this study will 
be discussed in the context of promoting responsible pesticide use 
practices associated with IPM, particularly among commercial 
smallholder crop cultivators in the highlands of Sri Lanka.

2 Materials and methods

2.1 Theoretical framework and research 
design

Our study employed the Knowledge, Attitudes, and Practices 
(KAP) framework, a prevalent approach used by researchers to inquire 
into the behavioral and cognitive aspects of pesticide usage (Dunn 
et al., 2023; Liao et al., 2022). While the operationalization of this 
framework varies across studies, it can be generally adapted to assess 
smallholder farmers’ readiness for adopting responsible pesticide 
practices. The KAP framework recognizes that behavioral changes 
stem from a combination of knowledge and attitudes (Ali et al., 2020; 
Dunn et al., 2023). Considering the validation of the KAP framework 
in multiple studies related to pesticide exposure, we  adopted this 
framework for designing survey questions and focus group guidelines.

All those questionnaire items were generated in line with the 
theoretical guidelines as suggested by Ali et al. (2020) and Dunn et al. 
(2023). In the context of this study, knowledge refers to farmers’ 
overall understanding of pesticides, their usage, and the potential 
consequences associated with their application. The administered 
survey incorporated a collection of questions devised to gage 
smallholder farmers’ knowledge levels and responsible pesticide 
usage. Eight inquiry areas were included, encompassing the knowledge 
on the selection of pesticides employed, perceived toxicity and 
appropriateness, label readability and comprehension, banned 
chemical awareness, ability to distinguish different products, and use 
of protective countermeasures.

Attitudes encompass farmers’ beliefs about the effects of 
pesticides, including environmental and health impacts, and any 
potential misconceptions they may hold. To assess the attitudes of 
farmers, 10 questionnaire statements were included. These statements 
addressed topics such as the perceived effects of pesticides, access to 
pesticide purchases, and the perceived necessity of pesticides in 
farming practices.

Practices include farmers’ protective behaviors regarding pesticide 
use, including the use of safety measures, decision-making processes, 
and pesticide purchase. This study focused specifically on perceptions 
of protective practices. Ten survey statements measured perceptions 
of protective behaviors associated with pesticide use. Overall 
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responsible pesticide use is determined by the cumulative effect of the 
knowledge, attitudes, and behaviors adopted by farmers. Applying this 
framework to smallholder farmers is important because, unlike large-
scale farmers, community-level factors can readily shape the 
knowledge, attitudes, and behaviors of smallholder farmers. (The 
operationalisation procedure and questionnaire items are detailed in 
Section 1 of the Supplementary materials).

A mixed method approach, that encompassed both qualitative 
and quantitative techniques were used as the research design of the 
present study. Mixed method approach refers to a study design that 
encompasses both quantitative and qualitative methods (Bryman, 
2008). Some aspects of human behavior are difficult to grasp through 
quantitative approaches, and where qualitative inquiries are needed. 
Considering this we initially conducted a survey to gather preliminary 
insights into the factors contributing to smallholder farmers’ 
informedness of pesticide use. Thereafter, these initial findings were 
used to guide two focus group discussions. Seven participants were 
included in the first focus group discussion, and the second one 
included 8. On average 120 min were taken to complete a focus 
discussion. Both men and women took part in these focus 
group interviews.

2.2 Study area, sample, and data collection

Nuwara Eliya district in Sri  Lanka, located in the central 
highlands, is renowned for smallholder commercial vegetable farming. 
In 2022, total rainfall in Nuwara Eliya measured 2,250 millimeters (89 
inches). The wettest month was August, with 375 millimeters (15 
inches) of precipitation, while the driest was January, receiving just 30 
millimeters (1.2 inches). Per district records, 21,684 individual 

farmers were recorded in the Nuwara Eliya divisional secretariat 
division, with 20,393 involved in contemporary short-term vegetable 
cultivation. Of those, 18,253 farmers work land areas under one acre 
(Department of Census and Statistics, 2015). Figure 1 shows the map 
of the Nuwara Eliya divisional secretariat division.

Compared to other regions of Sri  Lanka, these smallholder 
farmers with less than one cultivated acre contribute most substantially 
to national vegetable demand. Research also indicates heavy pesticide 
reliance among these producers (Nishantha et al., 2016). Therefore, 
the present study focused specifically on the Nuwara Eliya district 
divisional secretariat division. Applying an 85% confidence level, a 5% 
acceptable margin of error, and a population estimate of 50%, 206 
survey respondents were recruited, encompassing both men and 
women farmers owning less than one acre.

Considering the research focus, we recruited farmers who own 
less than one acre of land. These farmers are categorized as 
smallholders, with their primary purpose being to support their 
household economy. A total number of 206 such smallholder farmers 
were selected for the study. For on-site data collection, we initially 
approached the selected smallholder farmers and gathered data 
directly from them. We then asked these farmers to identify other 
smallholder farmers within their community to participate in the 
study. This snowball sampling approach ensured representation across 
a wide range of demographic variations, including different age 
groups, genders, and communities within the same divisional 
secretariat division. Applying the principle of information power—
where the sample size is determined by the richness of data provided 
by participants—we set an 85% confidence level (Palinkas et al., 2015). 
This decision was justified by the homogeneity of participants in terms 
of their farming background, despite demographic differences. As a 
result, we were able to recruit 206 participants for the questionnaire 

FIGURE 1

Study area (Nuwara Eliya divisional secretariat division).
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survey from the Nuwara Eliya District divisional secretariat division. 
Increasing the number of participants in this context would not have 
altered the study outcomes due to the similarity of participants in their 
farming practices.

Data were collected from a structured questionnaire from those 
respondents, and the questions associated with knowledge, attitudes, 
and practices were measured on a Likert scale from 1 to 5, which 
included very unlikely/strongly disagree, somewhat unlikely/disagree, 
unsure/uncertain, somewhat likely/agree, and very likely/strongly 
agree. After analysis of the survey data, we  conducted two focus 
groups with framers (each focus group included five participants). 
Before we  asked questions, the purpose of the survey was 
communicated to participants, and we ensured their participation was 
voluntary and they could withdraw at any time. Participants provided 
consent to participate in the study. Notes were taken during the focus 
group with the participants’ consent (more details in the 
Supplementary materials).

2.3 Data analysis

The survey data were analysed using STATA 17. First, respondents’ 
demographic profiles were analysed, and the relationship between 
those variables and self-reported pesticide use informedness was 
explored. Mann–Whitney U tests and Kruskal-Wallis H tests were 
then used to identify differences in self-reported informedness. Mann-
Whiteney U test is important for analysing data with ordinal nature, 
and it compares two independent groups. Kruskal-Wallis H extends 
this to identify any differences between the distribution of three or 
more groups. These tests are thus used accordingly to identify the 
difference of informedness between respective groups of people. 
Pearson’s correlation analysis used to examine associations between 
demographics and informedness.

Respondent characteristics were compared against informedness 
using an ordinal logistic regression model (Proportional Odds Model) 
(details are provided in Table 1). Considering the ordinal nature of the 
dependent variable (informedness), the ordinal logistic regression was 
employed. Thereafter, knowledge, attitudes, and practice perspective 
levels were measured, with internal item consistency analysed via 
Cronbach’s alpha tests. An alpha value above 0.7 suggests strong 
internal consistency (Tavakol and Dennick, 2011). Additional ordinal 
logistic regression models compared each item to self-reported 
informedness or readiness for responsible pesticide use. For each 
dimension—knowledge, attitudes, and practice perspectives—several 
questionnaire items were included. The values of these items were 
averaged into three distinct categories: knowledge, attitudes, and 
practice perspectives. These averaged values were then used in the 
Structural Equation Modeling (SEM) analysis. We used SEM in order 
to reveal the impact of knowledge, attitudes, and practices on overall 
informedness toward responsible pesticide use among highland 
farmers. Tables 2–5 shows both β values and mean scores for each 
self-assessed statements.

Qualitative focus group data were transcribed and analysed by 
hand coding. A thematic analysis approach was employed (Braun and 
Clarke, 2019), with descriptive narrative excerpts presented as 
evidence. Detailed description on survey questionnaire and data 
analysis is provided in Supplementary material.

3 Results

3.1 Demographic profile of respondents

The Nuwara Eliya district has a long history of commercial crop 
cultivation, dating back to the British colonial era. These crops 
include non-traditional vegetables for Sri Lanka, such as carrots, 
leeks, radishes, cabbage, and potatoes. Many smallholder farmers 
engage in commercial crop cultivation, which is often seasonal and 
profitable. Among the 206 participants in the present study, 74.3% 
are men, while women constitute 25.7%. Female farmers often work 
alongside their husbands but are not typically sole owners of 
vegetable gardens. Highland commercial agriculture is 
predominantly male-dominant, with women being supporters of 
male farmers (husbands). Qualitative data reveal that women 
heavily rely on husbands or male farmers when selecting pesticides, 
season-appropriate seeds, and fertilizers. Gender norms thus shape 
the practices of sustainable agriculture.

Among the participants, over 50% are aged 45 and above, while 
only a small percentage falls within the 15–34 age range. Findings 
from focus groups reveal that young individuals are less inclined to 
engage in agriculture, often opting to migrate to urban areas in pursuit 
of alternative job opportunities. As a result, only a limited number of 
young members participate in commercial agriculture, despite the 
potential profits associated with commercial crop cultivation. 
Furthermore, we  observed that some individuals enter into 
commercial crop cultivation in their mid-twenties. Notably, 15.5% of 
farmers are aged 65 or older.

Furthermore, the results indicate that commercial crop cultivation 
among smallholder farmers is reasonably profitable, with over 37.9% 
earning more than 50,001 LKR (approximately $150  in 2023) per 
month. Only 8.3% indicated that they earn <10,000 LKR per month. 
While commercial crop cultivation is expensive, our results show that 
a reasonably high income can be obtained.

In terms of education among smallholder farmers, 50.5% have at 
least a secondary level education (up to the ordinary level), while only 
8.7% have no formal education. The results show that 34% of farmers 
own 81 perches or more, 22.3% own 61 to 80 perches, and 41% own 
41–60 perches. Only 10.7% own <20 perches. Focus group discussions 
revealed that a perch is priced relatively high due to its agricultural 
value. Land prices are increasing daily, and even owning a small 
number of perches can be used for agriculture to generate a reasonably 
high monthly income. Generally, these farmers do not receive a 
monthly income, but they earn a substantial amount seasonally, which 
they distribute throughout the months. For instance, one farmer 
stated, “I have 60 perches, and if I can sell leeks at a good price, I can 
earn nearly 1 million LKR. After factoring in the costs, I still make a 
profit of at least 600,000 LKR.”

Only 20.4% of farmers have formal training in pesticide use 
(mainly with young farmers who learned them in schools), while the 
rest have not received any training. The data also suggests that those 
who have received formal training do not necessarily exhibit more 
informed pesticide use practices, indicating that these trainings have 
not been effective in reaching farmers. Table 1 presents demographic 
information about the respondents along with statistical analyses 
conducted to examine the relationship between demographic 
characteristics and informedness of pesticide use.
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TABLE 1 Respondent characteristics and informedness.

N = 206 N Percentage % Informedness (a – reference 
category)

1. Mann-Whiteny/(or) 
Kruskal-Wallis
2. Chi-Square

β Odd ratios

Sex

Male 153 74.3 1.655*** 5.2330

Female 53 25.7 a U = 2222.00, z = −5.136 ***

Mean 1.26 X2 (4) = 31.324***

Std 0.438

Age

15–24 16 7.8 4.104*** 60.5821

25–34 16 7.8 2.414*** 11.1786 X2(5) = 46.141 ***

35–44 50 24.3 1.743*** 5.7145 X2 (20) = 176.775***

45–54 45 21.8 1.468*** 4.3405

55–64 47 22.8 0.418 1.5189

65 and above 32 15.5 a

Mean 3.91

Std 1.451

Monthly income

3,000–10,000 17 8.3 −2.781*** 0.0620

10,001–30,000 58 28.2 −1.292*** 0.2747 X2(3) = 41.304***

30,001–50,000 53 25.7 0.226 1.2536 X2 (12) = 69.416***

50,001 and above 78 37.9 a

Mean 2.93

Std 0.995

Level of education

No 18 8.7 −27.912 7.5504

Secondary (up to OL) 104 50.5 −4.276*** 0.0139 X2(3) = 114.74***

Secondary (up to AL) 61 29.6 −1.736*** 0.1762 X2 (12) = 277.335***

Above A/L 23 11.2 a

Mean 2.43

Std 0.804

Number of perches owned

1–20 22 10.7 −2.668*** 0.0693

21–40 23 11.2 −0.120 0.8869 X2(4) = 43.426***

41–60 45 21.8 1.079** 2.9417 X2 (16) = 102.368***

61–80 46 22.3 0.393 1.4814

81 and less 1 acre 70 34.0 a

Mean 3.58

Std 1.340

Formal training

Yes 42 20.4 4.451*** 85.7126 U = 696.50, z = −8.355 ***

No 164 79.6 a X2 (4) = 142.766***

Mean 1.8

Std 0.404

Mean values of scores in the table using scale from 1 to 5. a: reference group, *Significant at p < 0.05; **Significant at p < 0.01; ***Significant at p < 0.001.
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3.2 Association between demographic 
characteristics and informedness on 
pesticide use

Supplementary Table A1 illustrates the correlation between 
demographic characteristics and participants’ overall levels of 
informedness regarding pesticide use. The last two columns of Table 1 
present ordinal logistic regression coefficients and Mann–Whitney U 
test and Kruskal-Walli’s test values, along with chi-square values. All 
chi-square values are significant implying that there is a strong 
relationship between demographic characteristics and overall 
informedness, yet there are within group differences. Among the 
demographic characteristics, the number of perches owned exhibits a 
strong correlation with monthly income, and the level of education 
also shows a fair correlation with monthly income. This suggests that 
the level of education among farmers can positively influence their 
profits. This is corroborated by the ordinal logistic regression analysis, 
which will be  discussed later. Formal training on pesticide use 
demonstrates a fair correlation with gender and age. Male farmers 

with a younger age are more likely to have received formal training 
compared to farmers in the age range above 45.

The findings also reveal that formal training in pesticide use is 
not significantly correlated with the level of education. Descriptive 
statistics show that while some farmers with education 
qualifications above A/L have received formal training and some 
with secondary level education (A/L) have also received training, 
the correlation between these factors is not statistically significant. 
In terms of self-reported informedness, monthly income, level of 
education, and the number of perches owned are significantly 
correlated. Our results indicate that the level of education is a 
primary determinant of informedness. Notably, formal training did 
not contribute to the overall level of informedness among farmers. 
Qualitative data suggests that this lack of impact from formal 
training is primarily due to the neglect of instructions obtained 
from the trainings and the perceived ineffectiveness of these 
trainings. Farmers believe that these trainings do not directly 
contribute to increasing their profits. Moreover, most of the 
training received by younger farmers was from schools or other 

TABLE 2 Farmers attitudes on pesticide use.

Responsible use of pesticide (are they informed?) β Std. Err. P Mean Std

Cronbach’s α = 0.79

Mean = 3.86 ± 0.21

Pesticides are harmful to the environment 1.145036 0.2651387 0.000 3.76 0.717

Pesticides are harmful to human health 0.1823903 0.4037054 0.651 4.88 0.474

Pesticides are associated with several human illnesses −2.347856 0.6473773 0.000 4.89 0.310

Pesticides can yield an increased crop and profit −0.4348913 0.2257912 0.054 4.14 0.833

current environment can be protected if I do not use them 1.019566 0.2973048 0.001 3.23 0.626

If I spray low, that will reduce income 0.5240536 0.4009118 0.191 3.89 0.578

If I use pesticides, it will be costly 0.3041154 0.2829227 0.282 4.21 0.684

Pesticides affect livestock 0.4075095 0.3333293 0.222 3.52 0.510

Pesticides are mandatory in farming −1.476483 0.2742524 0.000 4.20 0.807

I think that without pesticides, I can farm −0.6079079 0.2573997 0.018 1.89 0.766

TABLE 3 Perceptions on the protective behaviors.

Responsible use of pesticide (are they informed?) β Std. Err. P Mean Std

Cronbach’s α = 0.72

Mean = 3.42 ± 0.39

Often pesticides are sprayed by me, with protective measures 0.8090954 0.1567036 0.000 2.93 1.327

Often pesticides are sprayed by another appointed person 0.8142043 0.259269 0.002 4.61 0.673

Select new products when recommended by other farmers with careful observation −0.6673219 0.2222982 0.003 3.61 0.799

Before spraying, I read and understand instructions 2.685587 0.2851504 0.000 2.16 1.464

Better to wear masks, gloves, and boots when spraying 1.358819 0.4769351 0.004 4.74 0.438

After spraying, I will have a shower 0 – – 5.0 0

Use protective places to store pesticides −1.046691 0.3925456 0.008 4.55 0.545

I discard used pesticide bottles or packets, with careful attention 1.967214 0.2933942 0.000 2.55 1.119

I spray as prescribed in labels or by informed person −0.265919 0.2449391 0.278 2.27 0.949

Before purchase and spray, I obtain instructions −1.081906 0.268267 0.000 1.8 1.105
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formal training institutions rather than task-specific 
awareness programmes.

Gender is significantly associated with age and formal training on 
pesticide use. Young women are less likely to be involved in farming 
compared to women in their late forties or fifties. Middle-aged men 
are heavily involved in commercial crop cultivation in the studied area 
and tend to use pesticides more frequently. Furthermore, compared 
to women, men are more informed about pesticide use. The Mann–
Whitney U tests confirm a significant difference between men and 
women, and the β coefficient shows that women are less informed 
about pesticide use. This is likely because men are heavily involved in 
agriculture and have greater access to information through informal 
farmer networks (this will be discussed in later sections).

Furthermore, there is a significant difference in the informedness 
of pesticide use among different age categories. As shown in Table 1, 
the β coefficients indicate that younger individuals generally exhibit 
higher levels of informedness. Those in the age group of 15 to 34 years 
show high odd ratios, suggesting a higher degree of informedness 
regarding pesticide use. In terms of monthly income, individuals with 
lower earnings are less likely to possess higher levels of informedness 
compared to those engaged in commercial crop cultivation, who can 
attain more than 30,001 LKR per month. Since pesticides involve 
significant costs, those with higher incomes tend to purchase 
pesticides more frequently compared to those with a monthly income 
below 30,000 LKR.

The level of education also plays a crucial role in being informed. 
Individuals with at least a secondary level education (A/L) are 
generally more informed compared to those with education below 
A/L. Within each group of education levels, there is also a significant 
difference in informedness about pesticide use. Among farmers 
belonging to different land categories, those in the 41–60 perch group 
exhibit a higher level of informedness with 2.9 odd ratios. Additionally, 
individuals with formal training on pesticide use generally show a 
higher level of informedness, which imply that task-tailored awareness 
programmes would increase the level of informedness.

3.3 Overall informedness among farmers 
on responsible pesticide use

Figure  2 present descriptive statistics related to overall 
awareness of pesticide use, the ability to distinguish pesticides 
from other products, the adherence to prescribed pesticide use, 
and the readiness to seek instructions. The results reveal that 
35.4% of participants express uncertainty regarding their 

awareness regarding the responsible use of pesticides. This suggests 
a general lack of awareness among farmers about responsible 
pesticide use (mean: 2.57 ± 0.07), posing a challenge for sustainable 
agriculture. These scores vary from 1 to 5, and hence 2.57 means 
lack awareness. A considerable proportion of farmers (34.5%) 
indicate a reluctance to provide a definitive answer regarding their 
awareness. Only 11.7% claim to be  somewhat informed about 
pesticide use, and a mere 4.4% assert having a strong level 
of awareness.

A significant proportion (59.2%) of farmers are uncertain about 
distinguishing between pesticides, fungicides, foliar sprays, and 
insecticides. Qualitative data reveal that farmers often use pesticides, 
insecticides, fungicides, or foliar sprays under the common term 
“wasa” (=chemical) without understanding the specific purpose of 
each item. One participant remarked, “When we see a problem in the 
cultivation, we purchase a kind of pesticide and spray it. Often vitamins 
(foliar spray) are applied to cultivations, seeking high profits.” The data 
indicate that farmers unnecessarily apply pesticides even without 
observing symptoms.

Overall, the level of understanding among farmers regarding the 
distinction between these products is extremely low. Only 7.3% of 
farmers with a higher education level can accurately distinguish 
between pesticides, fungicides, foliar sprays, and insecticides. This 
lack of understanding poses a significant barrier to increase 
informedness on pesticide use.

Only 10.2% of farmers are aware of the proper use of pesticides, 
and a significant proportion lacks adequate knowledge about 
prescribed pesticide application practices. This lack of awareness 
stems primarily from the scarcity of information sources for obtaining 
instructions. Nearly 24% of farmers are unable to use pesticides as 
prescribed, and 30.1% are unsure about the correct 
application procedures.

Moreover, it is evident that only 2.4% of farmers seek instructions 
before applying pesticides, while a large majority of 56.3% do not 
obtain any guidance. This lack of instruction is primarily due to the 
absence of readily available, responsible personnel. Qualitative data 
reveal that government-appointed agricultural officers do not provide 
adequate support to farmers. Furthermore, over 83% of participants 
believe that pesticides are essential for successful commercial crop 
cultivation, with only 3.88% expressing the opinion that pesticide use 
is not mandatory. However, no participant unequivocally stated that 
pesticide use is entirely unnecessary in commercial crop cultivation.

3.4 Knowledge, attitudes, and perceptions 
on protective practices

Following a clear explanation of the responsibilities associated 
with pesticide use, farmers’ self-reported informedness or overall 
mindset on pesticide use behavior was recorded. The knowledge of 
highland commercial crop cultivators regarding pesticide use was 
measured using eight self-assessment statements (Table 5). The 
mean total score for knowledge is 3.17 ± 0.57, suggesting a slightly 
moderate level of understanding of pesticides. All these mean 
scores may range from 1 to 5, and middle point is considered as 
moderate level, and deviation leftwards signify lack of knowledge 
and rightward drift signify higher level of mean score for the 
selected item.

TABLE 4 Correlation coefficients between knowledge, attitudes and 
practice perspectives.

Knowledge Attitudes Practices

Women −0.206** 0.019 −0.336**

Age −0.384** −0.62 −0.457**

Monthly income 0.353** −0.58 0.242**

Level of education 0.708** 0.84 0.587**

Number of perches 0.198** −0.006 0.148*

No formal training −0.729** −0.92 −0.488**

*p < 0.05; p < 0.01; ***p < 0.001.
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Table 5 also displays the mean scores and β values of the ordinal 
regression model for each self-assessment statement, along with their 
overall self-reported informedness on pesticide use. All farmers were 
aware that using pesticides without protective measures would pose a 
danger to their health and the environment. However, it is worth 
noting that many farmers are unable to read the instructions on 
pesticide packets or bottles due to language barriers. Some farmers are 
aware that certain pesticides are banned, but the majority are unaware 
(mean score of 2.82 ± 0.88). There are uncertainties even with the 
appropriate amount of pesticide use, alternatives for pesticides, and 
the toxicity of pesticides. While some farmers are aware of the toxicity 
of pesticides, a significant number are unsure. Notably, only 21.36% 
are aware of the toxicity of pesticides.

The results also demonstrate that farmers are unable to distinguish 
between pesticides, insecticides, fungicides, or foliar sprays. This 
implies that respondents have a severe lack of knowledge on pesticide 
use, which can hinder the success informedness toward responsible 
use of pesticides (Table 5).

The ordinal logistic regression analysis results indicate that among 
the eight knowledge-related factors, knowledge of choosing the 
appropriate product or type, the amount of use, the ability to 
understand instructions, and knowledge of alternatives to pesticides 
influence the overall informedness of farmers compared to other 
elements. In contrast, knowledge of toxicity and awareness of banned 
products are not significant.

Table  2 presents farmers’ attitudes toward pesticide use. 
We measured these attitudes using 10 items scale, and the total mean 
score is 3.86 ± 0.21. Overall, farmers’ attitude scores are moderate and 
leaning toward good level, suggesting a fair positive trend toward 
responsible pesticide use. However, regression results indicate that 

many statements do not influence the level of informedness toward 
the use of pesticides.

A significant majority of farmers believe that cultivation is 
impossible without pesticides. None of the respondents indicated 
even a moderate (4) or high (5) level of confidence in their ability 
to cultivate without pesticides. Notably, 42.72% believe that 
pesticides are mandatory, and 40.78% strongly agree that pesticides 
are necessary. No respondent indicated that pesticides are 
unimportant. This suggests that promoting organic agriculture in 
the hill country could face challenges. The mean scores for the 
influence of pesticides on human health and the environment are 
higher, indicating that farmers perceive pesticides to be harmful to 
both the environment and human health. Additionally, the majority 
of farmers believe that pesticides can lead to higher profits (mean 
score: 4.14). At the same time, they recognize that decreasing 
pesticide use would protect the current environment (mean score: 
3.23). Overall, the average mean scores for pesticide use as a 
mandatory practice suggest that hill country farmers are heavily 
reliant on pesticides, even with a clear understanding of the 
consequences of heavy use.

Regression results also demonstrate that, compared to other 
factors, attitudes toward the environment and the perceived influence 
of pesticides significantly contribute to informedness on pesticide use. 
When farmers perceive pesticides as mandatory, this belief negatively 
influences informedness, indicating a decreased level of knowledge 
regarding pesticide use. A significant majority of farmers (89.32%) 
believe that pesticides can harm human health. The remaining 
elements in the attitude section do not significantly influence the 
overall informedness on pesticide use among farmers, as indicated in 
Table 3.

FIGURE 2

Descriptive statistics on five main statements related to the use of pesticide. This bar chart includes four questionnaire items, each measuring the main 
knowledge areas (according to Ali et al., 2020; Dunn et al., 2023). “Very unlikely” indicates an extreme lack of understanding of the statement; “Very 
Likely” indicates a very good level of understanding. In terms of the fourth column, very unlikely indicates the extreme lack of tendency to obtain 
instruction, and very likely represents the very good tendency to obtain instructions.
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Table 3 presents the scores for perceptions of protective behaviors 
related to pesticide use. It was measured using 10 items scale, and the 
total mean value is 3.42 ± 0.39, indicating that a majority of 
respondents demonstrate a moderate level of perception of protective 
behaviors associated with pesticide use. Oftentimes, farmers prefer to 
have someone else spray pesticides instead of doing it themselves. 
Approximately 30.1% of farmers rarely spray pesticides themselves, 
and only 14.56% solely handle pesticide application. This practice of 
employing others for pesticide spraying significantly contributes to 
overall informedness regarding pesticide use, as regression coefficients 
demonstrate. A large majority of respondents tend to hire someone 
else to spray pesticides as a protective measure. However, qualitative 
data reveal that poor daily laborers are employed for spraying 
pesticides, and they lack adequate protective measures. Due to their 
fear of pesticides and their potential aftereffects, farmers often prefer 
to have someone else handle this task. Nevertheless, regression 
analysis indicates that employing a trained individual for pesticide 
spraying positively influences informedness about pesticide use.

Farmers often rely on recommendations from other farmers when 
purchasing pesticides, but this practice does not positively contribute to 
their informedness. In fact, the tendency to consider recommendations 
from other farmers can have a negative impact on informedness. A lack 
of English language proficiency hinders farmers’ ability to read pesticide 
instructions, which are often printed in English. This lack of readiness 
to read instructions also negatively affects informedness. Increasing the 
level of perception regarding the importance of reading instructions 
before spraying could positively influence the level of informedness.

On a positive note, a significant number of farmers adopt 
protective measures by wearing masks, gloves, and boots when 
spraying pesticides. This practice positively correlates with overall 
informedness regarding pesticide use. Additionally, all respondents 
indicated that they shower after spraying, making it a generally 
integrated part of their pesticide use behavior.

The majority of respondents (mean score of 4.74) store pesticides 
in a protective place, indicating that this practice is well-established in 
their behavior. However, this practice does not significantly impact 
informedness. Conversely, the perception of discarding pesticide 
packets or bottles after use positively contributes to informedness, 
with a mean value of 2.55 ± 1.11. A major concern identified through 
perception analysis is that farmers lack adequate interventions to 
spray pesticides as prescribed. This is primarily due to a lack of 
information sources and the unreadability of instructions.

Table  4 summarizes the correlation coefficients between 
knowledge, attitudes, and practice perspectives, along with 
demographic characteristics. Overall, demographic characteristics are 
not significantly correlated with attitudes. When compared to the level 
of knowledge and perspectives on protective practices, attitudes 
remain uncorrelated. Knowledge and practices exhibit a negative 
relationship with gender, indicating that men tend to be  more 
knowledgeable about pesticide use and have more positive perceptions 
of protective behaviors. Similar observations are evident for age, with 
younger individuals demonstrating a more positive trend compared 
to older adults. Moreover, farmers with higher incomes tend to exhibit 
a higher level of knowledge and practice perspectives. Higher levels of 
education are also correlated with knowledge and protective practice 
perspectives, suggesting that more educated individuals possess 
greater knowledge and more positive perspectives on protective 
practices. The same trend applies to the land area owned by farmers. 
In addition, having formal training positively contributes to the level 
of knowledge and practice perspectives to a greater extent.

Supplementary Table A2 illustrates the correlations between self-
reported informedness, level of knowledge, attitudes, and perspectives 
on protective practices. The table reveals a strong correlation between 
knowledge and practice, indicating that higher levels of knowledge lead 
to more positive practice perspectives. Despite exhibiting a moderate 
level of attitudes, farmers demonstrate that attitudes are not significantly 
related to knowledge, practices, or self-reported informedness. This 
observation suggests that even though farmers acknowledge the potential 
risks posed by pesticides to human health and the environment, they 
continue to overuse pesticides. Qualitative data confirms this finding. 
For instance, one farmer remarked, “I believe that the current environment 
can be protected if I do not spray pesticides consecutively. However, in order 
to increase profits, I spray them.” Another farmer commented, “Organic 
farming is good. But I do not think that without pesticides, hybrid crops are 
possible to grow here.” These statements highlight that despite having 
positive attitudes toward responsible pesticide use, individuals may 
prioritize short-term economic gains over long-term environmental and 
health concerns. Overall, our analysis implies that implementing IPM 
strategies will be difficult for the highland vegetable growers in Sri Lanka, 
as they are locked-in to pesticide use.

Furthermore, overall informedness, or the propensity for 
responsible pesticide use, is strongly associated with knowledge and 
practice perspectives. Attitudes do not exhibit significant correlations 
with other primary factors. All this implies that even with fairly 

TABLE 5 Farmers knowledge on pesticide use.

Responsible use of pesticide (are they informed?) β Std. Err. P Mean Std

Cronbach’s α = 0.88

Mean = 3.17 ± 0.57

Know how to choose the appropriate product/type 1.115881 0.3686602 0.002 3.12 0.900

Know about the toxicity of pesticide −0.0971702 0.2873418 0.735 2.96 0.789

Know the appropriate amount of use 1.176773 0.3477683 0.001 3.12 0.808

Can understand instructions of labels or leaflets 0.6876695 0.2729344 0.012 2.16 1.164

Know that some pesticides are banned 0.2092659 0.2692796 0.437 2.82 0.884

Know that there are alternatives to pesticides 1.020047 0.3672072 0.005 3.04 0.579

Know how to distinguish between pesticide, Foliar Spray, Fungicide, or Insecticide 0.975852 0.2791702 0.000 3.16 0.777

Know that the use of pesticides without protective measures would be dangerous (health/environment) 0 – – 5.00 0
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positive attitudes, informedness on the responsible use of pesticides 
can be  minimum due to several other background factors 
we discovered through qualitative data analysis.

The SEM results presented in Table 6 support this observation. 
Indices of fitness of the SEM confirms the appropriateness of the model. 
Path diagram is depicted in Supplementary Figure A1. The level of 
knowledge positively contributes to self-reported informedness (0.713, 
p < 0.05). Conversely, attitudes do not exert a statistically significant 
effect on informedness. For every 0.156 standard deviation increase in 
perceptions of protective practices, there is a corresponding increase in 
informedness. When knowledge, attitudes, and practice perceptions are 
zero, informedness is expected to be −3.567 standard deviations.

In summary, the SEM results demonstrate significant relationships 
between knowledge, practice, and informedness, while attitudes do 
not make a significant contribution. Indices of fitness for the structural 
model are also shown in Table 6, and overall, all reported indices 
indicate a good fit to the data.

3.5 Factors affecting the informedness for 
pesticide use

Statistical analysis revealed that the level of knowledge and 
perceptions of protective behaviors are closely associated with the 
overall informedness on responsible pesticide use among smallholder 
crop cultivators in the highland areas of Sri  Lanka. However, the 
impact of attitudes on informedness was found to be insignificant. 
Qualitative data obtained from focus group discussions revealed four 
main reasons that may contribute to this disconnect.

3.5.1 Theme 1: obtaining information from 
farmer-networks

Despite the absence of formal training in pesticide use, a large 
number of farmers demonstrate a relatively good level of knowledge 
regarding responsible pesticide practices. This knowledge primarily 
stems from their extensive experience in commercial crop 
cultivation over prolonged periods of time. With involvement in 
agriculture spanning over two decades, older farmers often rely on 
information obtained through informal social networks within 
their villages. These networks, typically formed based on shared 
interests, provide farmers with insights into pesticide use, but the 
credibility of these information is often questionable.

“Often, when we meet, we discuss matters related to our farming. 
My friends recommend certain solutions for crop diseases, and 
pesticides are often recommended by them.”

Another farmer stated, “I do not understand and know the toxicity 
of those pesticides or their real use. However, since my friends have 
experienced the use of those new products, I also tend to use them.”

Farmers’ reliance on informal social networks stems primarily 
from a lack of reliable information sources. As indicated by 
participants, government-appointed agricultural officers often lack 
sufficient knowledge about pesticide use, particularly in hilly areas. As 
a result, farmers refrain from seeking guidance from these officials.

“Agriculture officers do not know much about commercial crop 
cultivation. They just came to visit us and inform about farmer 
insurance or collecting taxes. They do not know anything 
about farming.”

Furthermore, many middle-aged and older farmers lack the ability 
to access information through the internet, primarily due to illiteracy 
in internet usage. As a result, they heavily rely on pesticide retailers for 
information. These factors collectively contribute to a shortage of 
authentic knowledge regarding pesticide use among farmers.

Despite understanding the detrimental consequences of pesticide 
overuse, farmers continue to engage in excessive usage. This behavior 
is largely attributed to the lack of reliable information and genuine 
knowledge they have received. As a result, benefits that they can 
obtain from responsible use of pesticides have been neglected.

3.5.2 Theme 2: dependence on commercial crop 
cultivation

Highland commercial crop cultivators involved in this study 
heavily rely on agriculture as their primary source of income. Even 
though some farmers or family members may engage in off-farm 
employment, farming remains the cornerstone of their income 
generation. The scarcity of alternative income sources compels farmers 
to place a heavy reliance on agriculture. This reliance often drives 
profit-seeking behavior, leading to the overuse of pesticides.

“Since we depend solely on agriculture, we have to protect our crops. 
And we think of using pesticides and other chemicals, including 
fertilizers, as much as possible.”

Hill country areas are frequently characterized by high rainfall, 
making crops susceptible to frequent pest attacks. As a result, even in 
the absence of visible symptoms, farmers tend to adopt a continuous 
approach to pesticide usage. In addition, farmers strive to apply 
multiple foliar sprays or pesticides until they meet a favorable price for 
their harvested crops.

TABLE 6 Impact of farmers knowledge, attitudes, and practice perspectives on the informedness.

Standardized Coef. Std. Err. z P > z (95% Conf. interval)

Knowledge 0.7134 0.0505 14.12 0.000 0.6143 0.8124

Attitudes 0.0463 0.0381 1.21 0.225 −0.0285 0.1212

Practice perspectives 0.1556 0.0570 2.73 0.006 0.0438 0.2674

Constant −3.567 0.7372 −4.84 0.000 −5.012 −2.122

Indices of 

fitness

SRMR CD Chi2 RMSEA AIC BIC CFI TLI

0.0 0.70 0.0 0.0 709.6 756.2 1.0 1.0
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A farmer commented, “Even after 6 months, I had to spray pesticides 
mixed with foliar spray to keep my Leaks cultivation for about 
2 weeks or more to meet a good market price.”

The financial struggles faced by farmers, characterized by the stark 
contrast between high expenditures and fluctuating crop income, 
often lead to the indiscriminate use of pesticides. Over time, this 
practice has developed a mindset indicating that pesticides are an 
indispensable element of agriculture.

3.5.3 Theme 3: dependence on collective 
experiences rather than formal information or 
attitudes

Among the studied farmers, the level of informedness 
regarding responsible pesticide use was low to moderate. This 
limited knowledge can be  attributed to their reliance on past 
experiences and the collective knowledge of farmer networks. 
Over an extended period, farmers have heavily utilized pesticides, 
and the positive experiences of increased profits have reinforced 
their existing pesticide use practices. This reliance on past 
experiences hinders the adoption of integrated pest management 
(IPM) practices at the individual level. For instance, the practice 
of spraying pesticides even in the absence of symptoms in 
cultivations has been perpetuated by past experiences and the 
experiences of other farmers.

“Heavy use of pesticides is bad for health and the environment. But 
we experienced that during past years, without spraying such an 
amount of pesticides, we cannot increase profits.”

These experiences associated with heavy pesticide use inhibit 
farmers’ understanding of responsible pesticide use. However, these 
experiences have also promoted protective behaviors related to 
pesticide use. Despite this, some farmers still fail to adhere to 
precautionary measures during pesticide application.

Another farmer commented, “Several farmers died during the past 
few years due to cancer. I think this is because of heavy pesticide use 
without any protective measures.”

Although past experiences have contributed to an increase in 
protective behaviors and knowledge levels, responsible pesticide use 
practices have not been widely adopted. This is primarily due to the 
neglect of formal information compared to the weight given to 
past experiences.

3.5.4 Theme 4: belief on mandatory association 
between pesticides and hybrid seeds

Farmers perceive pesticides as an obligatory component of 
cultivating hybrid seeds, particularly since the introduction of hybrid 
seeds in the Nuwara Eliya region. Due to the climatic conditions, 
cultivating local vegetables is challenging, leading farmers to believe 
that pesticides and associated chemical products are essential for the 
success of hybrid crops.

“We think that these hybrid seeds cannot be  grown without 
related fertilizers and pesticides. Once, I  tried to do so 
but failed.”

Farmers also expressed the belief that pest infestations cannot 
be effectively controlled without pesticide use.

“If we do not use pesticides, pest attacks cannot be resolved. It is 
constant. Therefore, from time to time, as a practice, we tend to 
spray them.”

Over time, pesticide use has become ingrained in the agricultural 
practices of farmers in the region. They firmly believe that, even in the 
absence of visible symptoms, preventive pesticide spraying is necessary 
to mitigate future pest attacks and plant diseases.

This deep-rooted belief in the mandatory association between 
pesticides and hybrid seeds contributes to the excessive use of 
pesticides, hindering the adoption of responsible pesticide 
use practices.

The mandatory use of pesticides has been advocated by pesticide 
retailers, and data indicate that they exert significant influence over 
pesticide selection, usage, and the introduction of new pesticides. 
Nevertheless, the authenticity and trustworthiness of their 
intervention are questionable, given their lack of formal training.

“We often obtain instructions from pesticide shops. They introduce 
us the relevant pesticides.”

In summary, the four factors discussed above explain why farmers 
in the hilly areas of Sri  Lanka continue to employ pesticides 
indiscriminately, despite their generally positive attitudes and 
knowledge toward responsible use of pesticide.

4 Discussion

Responsible use of pesticides is widely recognized as a cornerstone 
of sustainable agriculture, promoting total environmental health. 
However, research at the individual level on the preparedness of 
smallholder farmers for responsible use of pesticides is relatively 
limited. Our study aimed to fill this gap exploring how knowledge, 
attitudes, and practice perspectives regarding protective behaviors 
influence the overall informedness of responsible pesticide use among 
smallholder farmers in the Sri  Lankan highlands. Our approach 
entailed measuring correlations between demographic characteristics 
and the level of informedness, examining differences between 
demographic groups, and analysing how knowledge, attitudes, and 
perspectives on protective practices contribute to the overall 
informedness of responsible pesticide use.

Our study looked into the unique characteristics of highland 
commercial vegetable cultivation in Sri Lanka, where a significant 
portion of smallholder farmers are heavily engaged in seasonal 
vegetable production and hold strong beliefs in the necessity of 
extensive pesticide use. Farmers’ deep-rooted dependence on 
pesticides can be attributed to their limited understanding and lack of 
confidence in alternative pest management strategies. Our findings 
resonate with those of Dunn et  al. (2023), who identified a high 
likelihood of pesticide overuse among rice farmers in Cambodia. 
However, our findings deviate from the conclusions of Dissanayake 
et  al. (2022) by indicating that knowledge levels and practice 
perspectives play a more significant role in influencing pesticide use 
patterns than do farmers’ attitudes.
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Although a lack of knowledge, awareness, and positive attitudes 
toward IPM have often been cited as impediments to the 
implementation of IPM policies in Sri  Lanka (Jayasooriya and 
Aheeyar, 2016), our study highlights that even with relatively positive 
attitudes, the level of informedness regarding responsible pesticide use 
can be diminished by various sociocultural factors. One such factor is 
the influence of farmer networks, where individuals may be pressured 
to conform to prevailing practices, including the heavy use of 
pesticides. Somewhat similar observation was done by Mohankumar 
et  al. (2024) in India, where pesticide misuse occur as a result of 
non-authentic information received from informal farmer networks. 
Moreover, the heavy reliance on agriculture as a primary source of 
income may drive farmers to continue using excessive pesticides, even 
when they possess a good understanding of alternative approaches. 
This is due to the perceived need to maximize yields and secure their 
livelihoods. Vlaiculescu and Varrone (2022) notes that due to the same 
reason, even within EU, alternative approaches to pesticides are not 
being fully attended.

A significant majority of smallholder farmers in the Sri Lankan 
highlands hold the firm belief that pesticide application is an essential 
component of agricultural practices. This mindset often leads to the 
misuse or irresponsible use of pesticides, resulting in adverse 
environmental and health consequences. This finding aligns with 
observations made by Flor et al. (2019) in Cambodia, where a similar 
pattern of pesticide overuse was prevalent. This is comparable to some 
regions on Africa where smallholder cultivators predominantly work 
in agriculture sector (Srinivasan et al., 2022). However, it is noteworthy 
that the level of heavy reliance on pesticides observed among 
Sri Lankan farmers is not as pronounced as that seen among rice 
farmers in Cambodia (Horgan and Kudavidanage, 2020).

While no studies specifically informed us about gender norms and 
pesticide use in Sri Lanka, evidence from various studies conducted 
across different countries indicates that women generally have lower 
exposure to pesticides (Asmare et al., 2022). Findings of the present 
study align with this trend, confirming that women’s exposure to 
pesticides is minimal, primarily due to the male dominance in 
highland vegetable cultivation. Women are less likely to make 
informed decisions regarding pesticide use, relying heavily on 
instructions from men. Owing to their limited involvement in farming 
activities, women also lack awareness about the responsible use of 
pesticides. As highlighted by Wang et al. (2017), male farmers tend to 
possess better knowledge and awareness of pesticide use. Our study 
reaffirms these findings, demonstrating that women exhibit a lack of 
awareness regarding the responsible use of pesticides. However, 
we also found that highland vegetable cultivation is closely linked to 
gender norms, with men being more openly welcomed into agriculture 
than women. This gender disparity contributes to a higher level of 
informedness among men, and the farmer network among male 
farmers further amplifies this informedness.

The overall informedness among farmers regarding the 
responsible use of pesticides is significantly undermined by four main 
factors: the inability to distinguish pesticides and related chemicals, 
the inability to use them as prescribed, a belief in the mandatory use 
of pesticides, and a lack of motivation to seek instructions. Previous 
research has highlighted the impact of misconception on the 
mandatory use of pesticides and the tendency to avoid seeking 
instructions (Jayasooriya and Aheeyar, 2016; Weerasinghe et  al., 
2020). However, our study reveals an additional influential factor—the 

inability to distinguish among different products. Building on the 
work of Bagheri et al. (2019), who emphasized the importance of 
attitudes, knowledge, and perceptions in shaping safety behaviors, our 
findings support the notion that knowledge and perceptions play a 
crucial role in influencing informedness regarding the responsible use 
of pesticides.

Smallholder farmers in developing countries often come from 
impoverished communities and consider agriculture as their main 
source of income (Ali et al., 2020; Otchia, 2014). Research reveals that 
the agricultural sector employs many impoverished people because it 
does not require profound subject expertise (Horgan and 
Kudavidanage, 2020; Sumudumali et al., 2021). This is particularly 
common among highland crop cultivators in Sri Lanka, most of whom 
have lower levels of education and experience relative poverty. As a 
result, these farmers tend to focus on maximizing profits using 
pesticides and related products and heavily rely on any available 
source of information, often without verifying their authenticity. 
Therefore, research has suggested that product labeling can serve as 
an effective communication channel for promoting the responsible 
use of pesticides (Abou Ibrahim et al., 2023). However, our study 
found that respondents demonstrated only a moderate level of 
awareness regarding pesticide labels. Many found the instructions 
difficult to read or simply ignored the printed messages. Therefore, to 
effectively communicate safe pesticide usage, labels should use user-
friendly language and include pictograms. The importance of labeling 
has been widely recognized in other parts of the world where 
smallholder farmers play a significant role in agriculture.

Moreover, several studies have examined pesticide poisoning 
incidents in Sri Lanka, particularly in the dry zone, where suicide 
by pesticide poisoning is prevalent (Mohamed et  al., 2009; 
Weerasinghe et al., 2020). Our findings indicate a favorable attitude 
among farmers, likely contributing to the relatively low incidence 
of pesticide-related suicides. However, a concerning practice is the 
employment of untrained laborers for pesticide application instead 
of adequately trained individuals. To address this issue, 
we recommend providing farmers with comprehensive training on 
protective pesticide use practices, which extend beyond the mere 
use of personal protective equipment such as masks, gloves, and 
showering after application.

Overall, the findings imply that the highland crop cultivators in 
Sri  Lanka are not readily on track toward sustainable agriculture 
through the conscious use of pesticides. However, it appears that there 
is a way to integrate these farmers with practices related to the 
responsible use of pesticides. One of the main entries focuses on 
raising awareness among participants about the importance of reading 
labels and advocating for government institutions to implement 
necessary policy provisions to make labeling more user-friendly and 
comprehensible. Furthermore, the lack of a robust information-
receiving mechanism necessitates the revision of existing bureaucratic 
systems at the ground level and the training of trainers to incorporate 
knowledge about sustainable agriculture and responsible pesticide use. 
Given that fewer women work in agriculture, they have significantly 
less knowledge about responsible pesticide use. However, as studies 
suggested, in order to empower women through sustainable 
agriculture, they must be  made aware of the responsible use of 
pesticides. Moreover, alternative methodologies for pesticides can 
be employed (Srinivasan et al., 2022; Vlaiculescu and Varrone, 2022). 
Overall, our findings are analytically generalisable to agricultural 
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communities in the developing world, where the behaviors of farmers 
seem similar.

We acknowledge certain limitations of the present study. While 
our participants were smallholder crop cultivators in the highlands of 
Sri Lanka, the knowledge, attitudes, and practices of farmers with 
landholdings exceeding one acre may differ substantially. These larger 
landholders are likely to use large quantities of pesticides and related 
products, and number of these farmers are steadily increasing. Future 
studies should focus on these farmers, as they have the potential to 
evolve into large-scale commercial vegetable cultivators. We limited 
our study to highland vegetable growers in Sri Lanka, including both 
men and women. However, we did not deeply explore the gender 
dimension. Investigating gender-specific perspectives on the 
responsible use of pesticides could provide nuanced insights, 
particularly for the development of targeted policies. In addition, 
while farmer networks at the community level play a crucial role, they 
were not a primary focus of this study. Instead, we concentrated on 
understanding KAP dynamics at the individual level. Future research 
should consider examining collective decision-making among 
farmers, as it may yield important insights for promoting sustainable 
agricultural practices.

5 Conclusion

This study investigated the factors influencing informedness 
about the responsible use of pesticides among smallholder 
commercial vegetable farmers in the central highlands of Sri Lanka, 
particularly focusing on their level of knowledge, attitudes and 
practice perspectives. Overall, our findings indicated a deficiency 
in informedness on responsible pesticide use, primarily stemming 
from a moderate level of knowledge and perceptions regarding 
protective practices. Importantly, it was possible to moderate the 
level of knowledge and perceptions about practices to improve 
informedness among smallholder farmers. Farmers often find 
themselves dependent on pesticide use due to unreliable 
information sources and an economic imperative to maximize 
profits. Significant differences in informedness were identified 
among various demographic groups, with men exhibiting higher 
levels of informedness compared to women and younger farmers 
demonstrating a higher level of informedness. Proving customized 
awareness programmes to pesticide use at the individual level was 
found to enhance informedness among farmers, as formal training 
on pesticide use significantly influenced the tendency toward 
responsible pesticide use. Implementing Integrated Pest 
Management (IPM) interventions in this community posed 
challenges, as farmers could easily deviate from such practices. The 
lack of confidence in alternatives to pesticides primarily results in 
the irresponsible use of these chemicals. Therefore, authorities are 
required to introduce pragmatic solutions that promote both 
alternatives to pesticides and responsible mechanisms for 
pesticide use.
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