
 

 

i 

 

 

 

 

 

 

 

 

 

Effect of Pesticide Use on Crop 

Production and Food Security in 

Uganda 
 

Research Paper #24  

March 2024 

 

Authors:  Linda Nakato, Umar Kabanda, Pauline Nakitende, Tess 

Lallemant & Milu Muyanga 

 

 

 

 

 

 

 
 

 



 

 

ii 

 

Food Security Policy Research, Capacity, and 

Influence (PRCI) Research Papers 
      
This Research Paper series is designed to disseminate timely research and policy analytical outputs 

generated by the USAID-funded Feed the Future Innovation Lab for Food Security Policy Research, 

Capacity, and Influence (PRCI) and its Associate Awards and Buy-ins. The PRCI project is managed 

by the Food Security Group (FSG) of the Department of Agricultural, Food, and Resource 

Economics (AFRE) at Michigan State University (MSU), and implemented by a consortium of three 

major partners: the International Food Policy Research Institute (IFPRI), Cornell University, the 

Regional Network of African Policy Research Institutes (ReNAPRI), and the Institute for Statistical, 

Social, and Economic Research (ISSER) at the University of Ghana. The MSU consortium works with 

governments, researchers, and private sector stakeholders in Feed the Future focus countries in Africa 

and Asia to co-create a global program of research and institutional capacity development that will 

enhance the ability of local policy research organizations to conduct high-quality food security policy 

research and to influence food security policy more effectively while becoming increasingly self-reliant. 

 

Copies of all PRCI Research Papers and Policy Briefs are freely downloadable in pdf format from this 

link. Copies of all PRCI papers and briefs are also submitted to the USAID Development Experience 

Clearing House (DEC) to AgEcon Search. 

 

STATEMENT OF SUPPORT 

 
This research is made possible by the generous support of the American people through the United 

States Agency for International Development (USAID) through funding to the Feed the Future 

Innovation Lab for Food Security Policy Research, Capacity, and Influence (PRCI) under grant 

7200AA19LE000001. The contents are the responsibility of the study authors and do not necessarily 

reflect the views of USAID or the United States Government. Copyright © 2021, Michigan State 

University and Cornell University. All rights reserved. This material may be reproduced for personal 

and not-for-profit use without permission from but with acknowledgment to MSU and Cornell. 

Published by the Department of Agricultural, Food, and Resource Economics, Michigan State 

University, Justin S. Morrill Hall of Agriculture, 446 West Circle Dr., Room 202, East Lansing, 

Michigan 48824, USA. 

 

 

  

http://www.canr.msu.edu/prci/publications/
http://www.canr.msu.edu/prci/publications/
https://dec.usaid.gov/dec/home/Default.aspx
https://dec.usaid.gov/dec/home/Default.aspx
https://ageconsearch.umn.edu/


 

 

iii 

 

Authors 
Linda Nakato - Economic Policy Research Centre (EPRC), Makerere University, Kampala, 

Uganda. 

Umar Kabanda - Economic Policy Research Centre (EPRC), Makerere University, Kampala, 

Uganda. 

Pauline Nakitende - Economic Policy Research Centre (EPRC), Makerere University, Kampala, 

Uganda. 

Tess Lallemant - Cornell University, United States. 

Milu Muyanga - Michigan State University, United States. 

 

Contact Author: 

Linda Nakato 

Email: lnakato@eprcug.org/lindanakato@gmail.com 

Phone: +256-779-969-861 

Authors’ Acknowledgments 
 

The authors express their gratitude for the technical assistance rendered by PRCI. Special appreciation 

is extended to the STAAARS+ management teams at both Cornel University and Michigan State 

University for their invaluable moral and technical support throughout the paper-writing process. 

Furthermore, heartfelt thanks are extended to the management of the Economic Policy Research 

Centre (EPRC) for their provision of resources, crucial to the success of this project. The team also 

acknowledges the constructive feedback provided by numerous researchers, both from EPRC and 

other institutions, who participated in the feedback workshops. Their time and expertise significantly 

contributed to the enhancement of our paper.  



 

 

iv 

 

ABSTRACT 
 

The increasing pest proliferation has continued to cause a serious threat to food security in Uganda. 

This study explores the impact of pesticide adoption on food security in Uganda. Specifically, it seeks 

to assess whether the use of pesticides ensures food security, with crop productivity serving as an 

intervening variable. Employing the control function approach with fixed effects estimation on a 

dataset comprising 1,656 households spanning the periods 2013/2014, 2016/2015, and 2018/19 to 

2019/20 obtained from the Uganda National Panel Survey, the study reveals several determinants 

influencing pesticide use in Uganda. The findings also highlight that the adoption of pesticides 

demonstrates a positive influence on crop productivity. However, when assessed through indicators 

such as Food Consumption Score (FCS), Minimum Acceptable Household Food Consumption 

(MAHFP), and Household Dietary Diversity Score (HDDS) at the pre-harvest stage, the results do 

not indicate a statistically significant correlation of pesticide use and food security outcomes. 

Consequently, beyond enhanced crop productivity and the pre-harvest activities focused on in the 

study, it is imperative to consider the post-harvest application of pesticides to comprehensively explain 

how pesticide use effects food security in Uganda. Based on the positive link between pesticides and 

crop productivity, its recommended that government should increase awareness on and access of 

insecticides among farmers. Given that insects are the main pests damaging crops in Uganda. It is also 

important for Uganda to reform and reactive a regulatory framework having a licensing system to 

regulate private local market dealers’ sale of pesticides. Given that the majority of the households 

purchase their pesticides from private traders in the local/village market. This approach might 

improve the quality of pesticide purchased by farmers and, increase pesticide use to diversify produce 

of more nutritious foods, to ultimately enhance access and nutrient intake per meal in Uganda. 
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EXECUTIVE SUMMARY 
 

 

Globally, pre-harvest pests damage account for about 35% on average of the potential yield. In 

Uganda, crop losses due to pests and diseases are estimated at 10-20% (pre-harvest) with an annual 

loss in monetary terms amounting to US$ 35-200 million (bananas), US$60-80 million (cassava), 

US$10 million (cotton), and US$8 million (coffee). As a result, this has constrained food access among 

poor households and the susceptibility to pests and diseases in most of the food insecure regions is a 

major obstacle to staple food availability, limits food access and leads to food security.  

Therefore, adoption of pesticides can prevent large crop losses, raising agricultural output and farm 

income. Consequently, insufficient attention has been given to empirical research exploring the 

connections between pesticide use and crop productivity as a critical pathway for ensuring food 

security. Unlike the numerous studies which have delved into the analysis of factors influencing crop 

productivity among smallholder farmers in various developing nations, there remains a notable gap in 

investigating the relationship between pesticide adoption and crop productivity within the context of 

food security studies.  

The empirical gap identified motivates the study to focus on crops such as cassava, maize, beans, 

ground nuts, and banana (matooke) and assess whether the use of pesticides ensures food security, 

with crop productivity serving as an intervening variable. Specifically, the research aims to examine 

the effects of pesticide use on crop productivity, and by extension on food security in the case of 

Uganda. The study employs the control function approach with fixed effects estimation on a dataset 

comprising 1,656 households spanning the periods 2013/2014, 2016/2015, and 2018/19 to 2019/20 

obtained from the Uganda National Panel Survey. 

Finding of this study reveals several determinants influencing pesticide use in Uganda. These include 

pesticide prices, gender dynamics, mechanization levels, the adoption of improved seedlings, and the 

incorporation of both organic and inorganic fertilizers. Gender emerged as a significant determinant, 

highlighting that male-headed households are less inclined to engage in pesticide use. Our analysis also 

show that the adoption of pesticides demonstrates a positive influence on crop productivity.  

Results further show that through indicators such as Food Consumption Score (FCS), Minimum 

Acceptable Household Food Consumption (MAHFP), and Household Dietary Diversity Score 

(HDDS) at the pre-harvest stage, there is no statistical correlation between pesticide use and food 

security outcomes. Consequently, beyond enhanced crop productivity and the pre-harvest activities 

focused on in the study, it is imperative to consider the post-harvest application of pesticides to 

complete the explanation of pesticide effect on food security in Uganda.  

Based on the positive link between pesticides and crop productivity, government through its 

collaboration with extension worker and farmers needs to increase on the awareness on and access of 

insecticides among farmers. Given that insects are the main pests damaging crops in Uganda. It is also 
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important for Uganda to reform and reactive a regulatory framework having a licensing system which 

can mandate private local market dealers to attain certification prior to the sale of pesticides. Given 

that the majority of the households purchase their pesticides from private traders in the local/village 

market. This expose farmers to counterfeits pesticides on sale due to lack of stringent criterions to 

license and monitor the sale of pesticides at the village level. This approach might improve the quality 

of pesticide distributed, diversify pesticide use to produce more nutritious food groups, and ultimately 

enhance access and nutrient intake per meal in Uganda. 
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I. Introduction and Motivation 

Pests have damaging effects on global, local crop yields and household welfare (Sawicka, 2020). 

Globally, pre-harvest pests damage account for about 35% on average of the potential yield (Oerke, 

2005). In Uganda, crop losses due to pests and diseases are estimated at 10-20% (pre-harvest) with an 

annual loss in monetary terms amounting to US$ 35-200 million (bananas), US$60-80 million 

(cassava), US$10 million (cotton), and US$8 million (coffee) (PARM,2017). 

Despite the growing incidence of pest-related crop damage, pesticide adoption in Africa remains to 

be low. Pesticides appear in different forms including fungicides, insecticides, herbicides, and 

rodenticides (Amaral, 2014). Fungicides are used to destroy fungi, insecticides to kill insects, and 

herbicides to kill weeds (Mnif, 2014). The most prevalent understanding of pesticides is in terms of 

chemical classifications, with pesticides being categorized into organic and inorganic constituents. 

(Kim, 2017). Some evidence finds that farmers experience an increase in food toxification when 

inorganic ingredients are adopted (Dessart et al., 2019; Knowler and Bradshaw, 2007, Malek et al., 

2019; Zimmermann and Britz, 2016). Other shows that pesticides can prevent large crop losses, raising 

agricultural output and farm income (Popp, et al, 2012). While Africa accounts for only 2-4% of the 

global pesticide market of US$31 billion (Williamson et al., 2008), the 2019/2020 Uganda National 

Household Survey (UNPS) in Uganda, reports that only 6% of Ugandan farmers use pesticides. 

Though the dependence on pesticide is growing significantly in Africa, it is very low in Uganda as 

compared to other countries like Tanzania, Nigeria, and Ethiopia where according to Sheahan and 

Barrett (2017) pesticide use stood at 13%, 31%, and 33% respectively. 

At regional level in Uganda, for areas located in the Karamoja region, they are more prone to food 

insecurity and staple food prices are also significantly elevated, with most poor households highly 

dependent on markets for food (Food Security Outlook, 2023). As a result, this has constrained food 

access among poor households while staple food prices are also expected to remain high due to high 

food prices driven by below-average domestic supplies, above-average regional demand, and high fuel 

prices (Ibid). Similarly, between June and August 2022, an estimated 625,000 people suffered acute 

food insecurity in Teso (IPC, 2022). Additionally, over 250,000 people were deemed to be in an 

emergency partly caused by seasonal pests and diseases (ibid). The susceptibility to pests and diseases 

in most of the food insecure regions is a major obstacle to staple food availability, limiting food access 

and leading to food security. Indeed, Andersson and Isgren, (2021) cite crops such as cassava, maize, 

beans, ground nuts, and banana (matooke) as the main five crops affected in other regions of Uganda. 

Consequently, insufficient attention has been given to empirical research aimed at exploring the 

connections between pesticide use and crop productivity as a critical pathway for ensuring food 

security. While numerous studies have delved into the analysis of factors influencing crop productivity 

among smallholder farmers in various developing nations (Obasi et al., 2013; Mango et al., 2017; 

Mekuriaw et al., 2018; Myeni et al., 2019), there remains a notable gap in investigating the relationship 

between pesticide adoption and crop productivity within the context of food security studies. Notably, 
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research on food security (Sinyolo et al., 2014; Musemwa et al., 2015; Walsh and Van Rooyen, 2015; 

Sinyolo and Mudhara, 2018) has yet to explore the role of pesticide adoption as a contributing factor 

to crop productivity and, consequently, food security. The empirical gap identified motivates the study 

to focus on analyzing the effects of pesticide use on food security. Specifically, the research aims to 

examine the effects of pesticide use on crop productivity, and by extension on food security in the 

case of Uganda.  

The study uses a panel dataset covering 1,656 households in the period 2013/2014, 2015/2016, 

2018/19 and 2019/20. This data is obtained from the Uganda National Panel Survey (UNPS), which 

is carried out annually with a nationally representative sample of households. The survey is conducted 

by the Uganda Bureau of Statistics (UBoS) in partnership with the World Bank. In the study, 

household food security is measured using the Food consumption Score (FCS), Months of Adequate 

Household Food Provisioning (MAHFP), and Household Dietary Diversity Score (HDDS).  

The research reveals that adoption of pesticides has a positive influence on crop productivity. 

However, when assessed through indicators such as FCS, MAHFP, and HDDS, the results do not 

indicate a statistically significant relationship between pesticide use and food security outcomes. While 

the study focus is on pre-harvest activities, a comprehensive understanding of post-harvest application 

of pesticides and its effect on food security needs to be established to fully explain the overall food 

security context in Uganda.  

The rest of the paper is organized as follows: Section 2 presents the conceptual framework, section 3 

examines the data used for the study, section 4 presents the empirical strategy, section 5 presents the 

study findings and discussions, and section six concludes with a summary and policy 

recommendations. 

2. Conceptual Framework  

Most of the evidence confirm that proper use of pesticides can prevent large crop loss, thus increase 

crop productivity (Popp et al., 2013). However, there are persistent barriers to pesticide adoption 

among farmers such as the limited knowledge on how to manage persistent pests damage on crops 

(Andersson and Isgren, 2021). This is partly attributed to minimal education of users specifically in 

regard to the harmful effects of pesticides on crop production (Mubushar, 2019). Some of the farmers 

have inadequate knowledge about pesticide toxicity, and the majority don’t use it appropriately 

(Oesterlund, 2014). Many farmers misinterpret label instructions (Kaye et al. 2015). ).  Other 

determinants confirmed to influence the adoption of pesticide includes gender, age, educational level, 

farming experience, access to extension services, availability of agrochemical shops, and access to 

credit (Denkyirah et al., 2016; Sanzidur, 2003; Enete and Igbokwe, 2009). 

The link between pesticide adoption and food security is established through examining the effect of 

crop productivity on food damage (Fenik, 2011). Most of the evidence also confirm that proper use 

of pesticides can prevent large crop loss, thus increasing crop productivity (Popp et al., 2013). On the 
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contrary, the improper application of pesticides increases the toxification of crops, increasing pesticide 

residues and lowering the nutrient quality of the food (Grewel et al. 2017). 

Several studies confirm that pesticide use has a positive effect on food security (Popp, et al, 2012). The 

link between pesticide adoption and food security is established through examining the effect of crop 

productivity on food security (Fenik, 2011). Studies also show that adopters of improved pesticides 

are more likely to be food secure than non-adopters (Feleke et al, 2004). In the same direction, the 

effect of pesticides use on food security and the channel of crop productivity in Uganda is scantly 

researched. Therefore, this study fills the research gap by adopting the conceptual framework in Figure 

1.  

Figure 1: Conceptual framework linking pesticide use, crop productivity and food security 

Authors construction, 2023 

3. Data  

This paper uses the Uganda National Panel Survey (UNPS) dataset with the design and 

implementation supported by the Living Standards Measurement Study and Integrated Surveys on 

Agriculture (LSMS-ISA) project through the Uganda Bureau of Statistics (UBoS) with agricultural 

households dealing in crops as the target sample. The UNPS is implemented annually and is carried 

out at a national level with a representative sample of households. The survey is conducted in two 

visits per wave to capture agricultural outcomes associated with the country’s two cropping seasons. 

Farmers use of Pesticides Crop productivity Food security 

Function of: 

Household characteristics  

(Age of the household head, 

Education level of household 

head, Household size, Gender of 

household head, Location of the 

household head, Marital status of 

household head, Membership to 

farmer organization) 

Farm-level characteristics 

Mechanization, Use of improved 

seedlings, Use of organic 

fertilizer, Use of inorganic 

fertilizer 

Institutional 

Characteristics 

Access to extension services 

 

Function of: 

Pesticide use, Household 

characteristics, Farm-level 

characteristics, Institutional 

characteristics 

Function of: 

Crop production, Household 

characteristics, Farm-level 

characteristics, Institutional 

characteristics 
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Therefore, each household is interviewed twice a year in visits approximately six months apart. The 

study considers the four most recent waves of 2013/14, 2015/16, 2018/19 and 2019/20. The UNPS 

has other waves before 2013/2014, however for this study we use waves starting from 2013/2014. 

This is adopted to reduce the effect of attrition that result from a sample refresh made in 2013/14. 

For this study, the dataset for this study is an unbalanced panel dataset and focuses on five key 

commonly prone crops to pests in Uganda, that is cassava, maize, beans, ground nuts, and bananas 

(matooke). 

 

3.1. Variable Definitions 

Food security is proxied by three variables i.e., Food consumption Score (FCS), Months of Adequate 

Household Food Provisioning (MAHFP), and Household Dietary Diversity Score (HDDS). FCS is a 

continuous variable calculated based on dietary diversity, food frequency, and nutritional content of 

various food groups (World Food Programme, 2008). FCS between 0 to 21 signifies poor food 

consumption, one between 21.5 to 35 signifies borderline food consumption, and greater than 35 

signifies acceptable food consumption. MAHFP is a count variable that measures the number of 

months that a household is able to meet its food needs (Bilinsky and Swindale, 2010). It ranges from 

0 to 12 with higher values signifying higher food security status. HDDS is a count variable that shows 

the number of food groups consumed by a household over a given reference period (Swindale and 

Bilinsky, 2006). It ranges from 0 to 12 with higher numbers showing more food groups consumed by 

a household, hence food security. Due to data limitations, the HDDS in this study is based on a seven-

day recall period as opposed to a 24-hour recall period.  

Pesticide use is captured using is a dummy variable that takes on the value of one if the household 

used pesticide, and zero if not. As already mentioned, pesticide use does not usually have a direct 

effect on food security. It however influences food security indirectly through its effect on crop 

productivity and income. For the purposes of this study, the research investigated the crop 

productivity channel. Following (Aragon et al., 2022), the study model crop productivity at the farm 

level rather than the crop/plot level. Farm productivity is defined as the value of total farm production 

by the area planted in acres. Other control variables include household-level, farm-level, and 

institutional-level characteristics. Household level characteristics included are age of the household 

head, education level of the household head, marital status of the household head, household size, 

gender of household head, membership to a farmer group, and location of the household. Farm-level 

characteristics include mechanization, use of improved seedlings, use of organic fertilizer, and use of 

inorganic fertilizer while institutional-level characteristics include access to extension services.  

Table 1 presents key variable definitions and summary statistics. The sampled households have 

experienced decreasing food consumption score and household dietary diversity score over time. The 

FCS slightly decreased from 51.28 in 2013/14 to 48.71 in 2019/20. However, even with this decreasing 

FCS, the households are generally still food secure. On the other hand, the HDDS has decreased from 

8.34 in 2013/14 to 1.59 in 2019/20 which signifies that households on average consume less food 
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groups over time. Specifically in 2019/20, sampled households consumed foods from approximately 

two food groups. The MAHFP has been relatively stable over time showing that households are food 

secure as they have access to food for over 11 months in a year. 

The crop productivity was 8,334 kgs per acre but reduced over the years to 6,512 kgs per acre. We 

observe a general increase in pesticide use from 19 percent in 2013/14 to 25 percent in 2019/20. The 

household size was relatively stable between 2013/14 and 2018/19 with approximately five household 

members. However, there was a marked decrease in the household size in 2019/20 with an average 

household having one member. 

The median pesticide price, proportion of males, household age, marital status of household head, 

education level of household head, the proportion of households in the urban areas, inorganic and 

organic fertilizer use, and use of improved seedlings have remained relatively stable over time. 

Generally, there is a decline in farmer group membership, household access to extension services, and 

use of machines. 
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Table 1: Descriptive statistics 

Variable Description 

Mean 

2013/14 2015/16 2018/19 2019/20 Overall 

FCS Food Consumption Score 51.28 49.16 49.24 48.71 49.75 

MAHFP Months of Adequate household Food Provisioning 11.29 11.49 11.52 11.57 11.45 

HDDS Household Dietary Diversity Score 8.34 3.19 1.90 1.59 4.19 

Overall crop 

productivity Farm crop productivity in kgs per acre 
8,334 7,947 7,483 6,512 7,698 

Pesticide 1 if the household uses pesticides and 0 otherwise 0.19 0.19 0.28 0.25 0.22 

Pesticide price 
The median price of pesticides at the sub-county level 16,829 17,631 16,680 16,447 16,949 

Household size Number of members in the household 5.03 5.16 5.29 1.00 4.39 

Gender 1 if the household head is a male and 0 otherwise 0.31 0.28 0.30 0.28 0.29 

Age The age of the household head 48.31 48.08 50.05 51.36 49.21 

Married 1 if the household head practices monogamy and 0 otherwise 0.74 0.78 0.75 0.75 0.76 

Degree and above 

1 if the household head highest level of education is less degree and 

above and 0 otherwise 
0.00 0.01 0.01 0.01 0.01 

Urban 1 if the household is located in an urban area and 0 otherwise 0.07 0.09 0.10 0.08 0.09 

Organic Fertilizer 1 if the household uses organic fertilizer and 0 otherwise 0.14 0.14 0.18 0.20 0.16 

Inorganic fertilizer 1 if the household uses inorganic fertilizer and 0 otherwise 0.08 0.09 0.10 0.12 0.09 

Farmer group 

membership 

1 if the any household member belongs to a farmer group and 0 

otherwise 
0.11 0.09 0.03 0.03 0.07 

Extension services 1 if the household has access to extension services and 0 otherwise 0.22 0.16 0.09 0.09 0.15 

Mechanization 1 if the household uses any machine and 0 otherwise 1.00 1.00 0.23 0.23 0.68 

Seedlings 1 if the household uses improved seedlings and 0 otherwise 0.25 0.27 0.22 0.21 0.24 
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4.  Estimation Strategy  

To actualize the conceptual framework illustrated in Figure 1, the research develops a theoretical 

model linking pesticide adoption and food security while accounting for the mediating role of crop 

productivity.  

There are mainly two issues considered when specifying the econometric models to be estimated: 

First, pesticide use is likely to influence food security indirectly through its effects on agricultural 

production and household income. Second, pesticide use is potentially endogenous in agricultural 

production and household income models. The study uses the control function approach suggested 

by Wooldridge (2010) to circumvent the endogeneity problem. Considering these two issues, research 

suggest the following estimation strategy:  

First stage estimation of pesticide use model on a vector of covariates where at least one of them is a 

plausible instrumental variable. The study uses pesticide prices as an instrumental variable as they 

influence the use of pesticides but do not directly influence crop productivity. Pesticide price is 

calculated as the value of purchased pesticides in Uganda shillings divided by the quantity of purchased 

pesticides. Because we can only observe prices for households that purchased pesticides, the research 

uses the median price at sub county level to fill up for households that did not purchase or use 

pesticides. 

Second stage follows the estimation of crop production model whereby pesticide use enters as a 

covariate while controlling for its potential endogeneity. Third stage estimation uses food security 

models. Consequently, we estimate the following models:  

First stage: Pesticide use equation.  

 

𝐼𝑖𝑡 = 𝑍𝑖𝛿 + 휀𝑖𝑡 (1) 

 

Second stage: Crop productivity equation  

  

𝑌𝑖𝑡 = 𝐼𝑖𝑡𝜌11 + 𝑋1,𝑖𝑡𝜂1 + 𝜃1휀�̂�𝑡 + 𝑐1,𝑖 + 𝜇1,𝑖𝑡 (2) 

 

Third stage: Food security equation (indicators of food security)  
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𝐶𝑖𝑡 = Ŷ𝑖𝑡𝛼𝑖 + 𝑋2,𝑖𝑡𝜂2 + 𝑐3,𝑖 + 𝜇3,𝑖𝑡 (3.6) 

 

In the first stage, the study estimates the pesticides use equation (1). The model on the pesticide 

adoption decision is a binary choice where the farmer can choose to adopt the use of pesticides or 

not. A household that decides to adopt pesticide use or not is based on a latent outcome (i.e., the net 

benefit they will derive from the use). The research observes pesticide adoption status of the 

household, but there are certain preferences of the household that the study does not observe for 

example, farmers expectations from the adoption or non-adoption like the net yield anticipated from 

either using or not using pesticides.  In equation (1), I  is a binary variable that takes on the value of 1 

if a household has used pesticide in time t and 0 otherwise, Z is all observable factors that influence 

the use of pesticides, such as pesticide price, household and farm-level characteristics (e.g. age of the 

household head, education level of household head, household size, gender of household head, 

location of the household head, mechanization, use of improved seedlings, use of organic fertilizer, 

use of inorganic fertilizer). 

In the second stage, model (2) is estimated. The dependent variable is crop productivity (Y), I is as 

defined in the first stage, X is a vector of control variables as contained in Z in equation (1) with the 

exclusion of pesticide price. The study also includes the residuals (ε ̂) from the first stage pesticide use 

estimation to eliminate endogeneity concerns between pesticide use and the error term (µ). In the third 

stage, the dependent variable (C) captures food security measured using the FCS, MAHFP, and 

HDDS. The research includes the predicted crop productivity (Ŷ) from the second stage crop 

productivity estimation as a proxy for the household productivity expectations. 

The second and third-stage models are estimated using fixed effects based on results from the 

Hausman test that favor fixed effects over random effects. Both models are generated using bootstrap 

standard errors with 50 replications since they involve generated regressors. 

5. Findings and Discussion 

5.1. Descriptive 

5.1.1 Overview of Pesticide Use in Uganda 

Generally, the share of agricultural households that use pesticides has been fluctuating over time and 

in Figure 2 the study observes an increase from 19.49 percent in 2015/2016 to 27.81 percent in 

2018/19. However, there is a marked reduction of pesticides use between the two waves from 27.81 

percent in 2018/19 to 24.69 percent in 2019/20. 
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Figure 2: Share of households that use pesticides 

Source: Authors construction, (UNPS DATA) 

Over the years, the majority of those that use pesticides often use insecticides closely followed by 

growth regulators and harvest aids (Figure 3). This suggests that the primary pests affecting crops 

manifest as insects, and pesticides are employed to manage them by either eliminating or deterring 

their undesirable and destructive behaviors that pose a threat to food production. This aligns with the 

findings of Bayiyana et al. (2023), who elucidated that the prudent application of systemic insecticides 

during planting in Uganda proved to be the most economically efficient method for controlling 

whitefly issues in cassava cultivation. 

 
Figure 3: Type of pesticide used by different households 

Source: Authors construction, (UNPS DATA) 
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The UNPS data in the paper shows that 97% of households purchase the pesticides they use. 

Throughout the waves, the majority of the households source their purchase from private traders in 

the local/village market followed by private traders in the district market. This signifies that the quality 

of pesticides sold for income generation is predominantly influenced by individual actors at the local 

level in village outlets, as opposed to government-led, large-scale financing of pesticide distribution, 

thus constraining subsidies for high-quality pesticides. This observation is in line with Bergquist's 

findings in 2022, indicating that household actors in local markets have a comparatively diminished 

impact on the localized consequences of policy changes. While local prices are less tethered to global 

prices, this affects the quality of pesticides available to farmers within the context of limited regulatory 

oversight at village level. This underscores the imperative of regulating the local private actors in 

pesticide supply chain. 

 
Figure 4: Purchase of pesticides 

Source: Authors construction, (UNPS DATA) 

5.1.2. Pesticide Use, Food Security and Overall Crop Productivity  

We conduct a univariate independent t-tests to compare food security status of households that use 

pesticides to those that do not use pesticides. We further compare overall productivity of households 

that use pesticides to that of households that do not use pesticides.  

From the results (Table 2), we observe that households that use pesticides are more food secure than 

those that do not use pesticides. Specifically, households that use pesticides have a higher food 

consumption score and slightly more months of food provision than those that do not use pesticides. 

However, there is no difference in the Household Dietary Diversity Score for the different 

households.  
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The results further show that households that use pesticides have a significantly higher crop 

productivity than households that do not use pesticides. We cannot, however, conclude based on the 

univariate findings and we seek to test our hypotheses in a multivariate setting.  

Table 2: Results of univariate t-tests 

 Pesticide use = Yes Pesticide use = No 

t-stat  Mean Obs. Mean Obs. 

Food security 

FCS 52.438 N = 905 48.973 N = 3143 -5.243 

MAHFP 11.600 N=905 11.407 N = 3143 -3.712 

HDDS 4.218 N = 905 4.178 N = 3143 -0.319 

Crop productivity 

Overall crop productivity 

(kgs/acre) 

10286.22 N = 905 6952.799 N = 3143 -6.428 

 

5.2. Empirical Results 

5.2.1. First Stage Estimation: Determinants of Pesticide Use 

The results show that pesticide price, gender, extension services, mechanization, seedlings, and organic 

and inorganic fertilizer use are significant determinants of pesticide use in Uganda. Specifically, 

pesticide price and gender have a negative and significant relationship with pesticide use. This means 

that as the price of pesticides increases, its use decreases. It should however be noted that the 

coefficient on pesticide price bears little economic significance. This empirical finding aligns with 

Ayu's (2019) elucidation, demonstrating that pesticide prices exert a noteworthy and adverse influence 

on pesticide utilization. Furthermore, Rahman's (2003) assertion underscores the expectation that 

alterations in pesticide prices are likely to correspond with concomitant changes in pesticide usage 

patterns. 

Concerning gender dynamics, the study outcomes indicate a reduced propensity for pesticide adoption 

in households headed by males, reflecting a coefficient of 0.234. This trend is ascribed to the 

predominant role of men as primary decision-makers in agricultural contexts. Consequently, decision-

making processes lean towards embracing pest management strategies that emphasize sustainability 

and cost-effectiveness, with a preference for approaches minimizing reliance on chemical pesticides. 

Contrarily, Atiku (2022) shows that women are inclined to use fewer pesticides due to being 

susceptible to experiencing acute-to-chronic health issues arising from pesticide exposure. 

Extension services, mechanization, seedlings, and organic and inorganic fertilizer use have a positive 

relation with pesticide use implying that households that have access to extension services, use 

machines, use improved seedlings, use organic fertilizer, and use inorganic fertilizer are more likely to 

use pesticides. Access to extension services provides farmers with knowledge of the different existing 

technologies such as pesticides that increase their chance of applying such technologies. Moreover, 

households that are open to adopting one technology are more likely to adopt different technologies. 
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Indeed, the results highlight that households that adopt Sustainable Agricultural Practices (SAPs) such 

as mechanization, improved seedlings, organic and inorganic fertilizers are more likely to use 

pesticides. Nonetheless, the limited acceptance of contemporary SAPs and use of pesticides can be 

linked to variations in technology preferences, cultural acceptability, and the appropriateness of a 

specific technology for tasks within women's agricultural activities (Quisumbing and Pandolfelli, 2010; 

Doss and Morris, 2001). Table 3 shows the results of the first stage estimation of the determinants of 

pesticide use (Equation 1). 

Table 3: Determinants of pesticide use (Logit estimation) 

Variables Pesticide 

Pesticide price -0.000018*** 
 (4.04e-06) 
Gender (Male=1) -0.234* 
 (0.128) 
Age (Household head) -0.004 
 (0.017) 
Age squared 5.47e-06 
 (0.000) 
Married (Household head) 0.039 
 (0.142) 
Degree (education level of household head) -0.202 
 (0.405) 
Urban -0.093 
 (0.154) 
Household size 0.013 
 (0.019) 
Farmer Group -0.052 
 (0.186) 
Extension services 0.241* 
 (0.139) 
Mechanization 1.254*** 
 (0.136) 
Seedlings 0.789*** 
 (0.096) 
Organic fertilizer 0.457*** 
 (0.106) 
Inorganic fertilizer 1.708*** 

 (0.131) 

Year dummies Yes 
Constant -2.697*** 
 (0.440) 
R-square 0.1527 
Χ2 507.33*** 

Observations 4,048 
Number of households 1,656 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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5.2.2. Effects of Pesticide Use on Crop Productivity 

Table 4 reports the fixed effects regression results of the effect of pesticide use on crop productivity 

in Uganda. The coefficient of the first stage pesticide residuals equation is significant which shows 

that pesticide use is potentially endogenous in that model.  

The results show that crop productivity is positively and significantly associated with pesticide use. In 

other words, pesticide use is associated with an increase in crop productivity. A unit increase in 

pesticide use increases crop productivity by 1.805 kgs per acre. This aligns with Fanzo's (2014) 

assertion that the adoption of pesticides enhances crop productivity, thereby reduce pest damage, and 

increase overall food availability. However, Wordofa (2020) supplements by emphasizing that the 

application of pesticides regarding HDDS can enable farmers to cultivate nutrient-rich crops and 

dietary diversity is instrumental in improving per capita calorie intake. Ntakyo (2019) adds that that in 

Uganda, the more commercialized a household is, the more likely to consume less of the required 

calories per adult, equivalent per day.  

Besides pesticide use, the study confirms that inorganic fertilizer use also influences crop productivity. 

However, crop productivity decreases with inorganic fertilizer use. Specifically, households that use 

inorganic fertilizer exhibit a 62.4 percentage point reduction in crop productivity compared to 

households that do not use inorganic fertilizer. 

Table 4: Fixed effects estimation results for overall crop productivity 

Variables Log of Overall Crop Productivity 

Pesticide 1.805*** 

 (0.653) 

Gender (Household head) 0.105 

 (0.445) 

Age (Household head) -0.078 

 (0.071) 

Age_sq 0.001 

 (0.001) 

Married (Household head) -0.179 

 (0.289) 

Degree (education level of household head) -0.065 

 (2.032) 

Urban 0.229 

 (0.320) 

Household size -0.005 

 (0.032) 

Farmer Group 0.016 

 (0.325) 

Extension services -0.039 

 (0.238) 

Mechanization 0.005 
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Variables Log of Overall Crop Productivity 

 (0.272) 

Seedlings -0.093 

 (0.193) 

Organic fertilizer 0.237 

 (0.216) 

Inorganic fertilizer -0.624* 

 (0.319) 

First-stage pesticide residuals -0.531** 

 (0.247) 

Year dummies Yes 

Constant 9.934*** 

 (1.930) 

Observations 4,048 

Number of households 1,656 

R-squared 0.148 

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

5.2.3 Effect of crop productivity on food security 

Table 5 presents the results for the effect of crop productivity on food security as measured by the 

FCS, MAHFP and the HDDS. Column 1 reports results pertaining to the Food Consumption Score 

(FCS), column 2 contains results for Months of Adequate Household Food Provisioning (MAHFP), 

and column 3 contains results for the Household Dietary Diversity Score (HDDS). 

The research indicates that there is no significant correlation between crop productivity and food 

security, as evidenced by the expected productivity variable derived from the second-stage productivity 

model. This suggests that the use of pesticides does not indirectly impact food security through the 

channel of crop productivity. Consequently, although an increase in crop yield potential is often linked 

to heightened vulnerability to pest attacks, resulting in varying absolute gains and losses (Oerke et al. 

1994), the post-harvest management of food, encompassing transport, storage, processing, and 

packaging quality poses a risk to the availability of food. 

While applying pesticides can effectively manage high yields, ensuring the availability of food after 

harvesting becomes crucial. The study highlights a gap in the development of crop protection 

measures to prevent and control post-harvest losses during storage for food security to be guaranteed. 

Instead, the focus has primarily been on pre-harvest losses and addressing the impact of pests on crop 

production in the field. The study emphasizes the importance of examining the entire food chain, 

extending beyond crop production and preharvest activities, to mitigate post-harvest losses that 

undermine food security. This holistic approach is crucial to ensure that the substantial quantities 

produced from the application of pesticide at both pre- and post-harvest can be preserved, ultimately 

guaranteeing food security (Popp 2011). 
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Table 5: Fixed effects estimation results for food security 

Variables FCS MAHFP HDDS 

Expected productivity -1.045 -0.017 -0.131 

 (2.707) (0.017) (0.089) 

Gender (Household head) -2.931 0.041** 0.095 

 (1.969) (0.016) (0.064) 

Age (Household Head) -0.368 -0.007** -0.002 

 (0.389) (0.003) (0.016) 

Age squared 0.004 0.000** 0.000 

 (0.003) (0.000) (0.000) 

Marital status of household head    

Married 8.087 -0.008 0.146 

 (5.631) (0.018) (0.174) 

Divorced/separated -2.049 0.004 -0.071 

 (5.884) (0.023) (0.190) 

Widow/widower 4.540 -0.007 0.0312 

 (5.994) (0.020) (0.194) 

Education level of household head    

Primary 0.444 0.024* 0.083 

 (2.139) (0.013) (0.064) 

Secondary -0.354 0.042** 0.077 

 (3.269) (0.016) (0.099) 

Diploma -1.736 0.015 -0.024 

 (4.604) (0.021) (0.128) 

Degree 6.739 0.036* 0.190 

 (8.577) (0.021) (0.239) 

Urban 0.025 0.011 0.047 

 (1.459) (0.008) (0.047) 

Household size 0.344* -0.000 -0.002 

 (0.191) (0.001) (0.006) 

Farmer Group 0.018 0.016** 0.022 

 (1.335) (0.008) (0.035) 

Extension services -0.796 -0.011 0.016 

 (0.942) (0.008) (0.029) 

Mechanization 2.199 -0.006 0.090 

 (1.354) (0.010) (0.068) 

Seedlings 1.088 0.002 0.064** 

 (0.837) (0.007) (0.026) 

Organic fertilizer -0.085 0.008 0.066 

 (1.199) (0.010) (0.048) 

Year dummies Yes Yes Yes 

First-stage pesticide residuals 0.614 0.003 0.029* 

 (0.559) (0.004) (0.017) 

Observations 4,048 3,639 3,633 

R-squared 0.032   

Number of Households 1,656 1,247 1,244 

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Several control variables merit examination. A positive correlation exists between the gender of the 

household head and food security, as gauged by the Multi-dimensional Assessment of Household 

Food Security (MAHFP). This implies that male-headed households have higher food security as 

compared to female-headed households. Similarly, households that have members who belong to 

farmer groups have significantly higher food security as measured by the MAHFP. In addition, farmer 

groups provide a platform for members to share agricultural knowledge, techniques, and best practices 

(Bliss, 2019).  This knowledge exchange leads to improved farming methods, increased crop yields, 

and better resilience to environmental challenges, enhancing overall food security (Tsouvalis, 2000). 

The results further highlight a negative and significant relation between the age of the household head 

and MAHFP. This implies that as the age of the household head increased, MAHFP reduced by 0.006. 

Given the observed average MAHFP for the sample though, this finding has no significant economic 

effect. 

A positive and significant relation is observed between the household head's marital status and food 

security measured by the FCS and HDDS. This shows that households headed by married heads have 

higher food security compared to their counterparts. 

Furthermore, as household size increases, the FCS increases. A larger household can potentially have 

more individuals available for agricultural activities and income-generating work. This increased labour 

force can contribute to higher agricultural productivity and income, improving the household’s overall 

food security. These are anticipated to result in enhanced accessibility to and utilization of food 

(Mulwa and Visser, 2020; Nkegbe et al., 2017). 

Finally, Households that use improved seedlings have significantly higher food security as measured 

by HDDS. Many improved seedlings are bred to be resistant or tolerant to common diseases and 

pests. This reduces the risk of crop losses due to infections, ensuring a more stable and thereby 

guaranteeing a more dependable and stable food supply (Moumni et al., 2020; Kumar and Gupta, 

2020). 

6. Conclusion and Recommendation  

Due to the growing concern about pesticide damage on food security, in Uganda, this paper analyses 

the effect of pesticide use on crop productivity and food security in the country. Following the random 

effects regression methodology, analysis of household pesticide adoption and food security was 

undertaken using panel data on 1,656 households from the Uganda National Panel Surveys covering 

the period 2013/2014, 2016/2015 2018/19 to 2019/20. 

Our analysis reveals that, notwithstanding the escalating menace posed by pest-related crop 

impairment, the adoption of pesticides in Africa, notably in Uganda, remains disproportionately low. 

The empirical findings of the study underscore that a mere 22.4% of Ugandan farmers engage in 

pesticide utilization, presenting a stark contrast to the heightened prevalence of pesticide use observed 

in other African nations such as Nigeria, and Ethiopia (Sheahan and Barrett, 2017). 
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While proper application of pesticides has been established to avert considerable crop loss and 

increase agricultural productivity (Popp et al., 2013), the research reveals pesticide prices, gender 

dynamics, educational attainment, mechanization levels, utilization of improved seedlings, and the 

incorporation of organic and inorganic fertilizers as factors that determine its adoption. Gender 

emerges as the key factor that influence pesticide use by indicating a reduced propensity for pesticide 

adoption in households headed by males. This is ascribed to the predominant role of men as primary 

decision-makers and embrace pest management strategies that emphasize sustainability and cost-

effectiveness, with a preference for approaches minimizing reliance on chemical pesticides. 

The reliance on purchasing pesticides from private traders at the village level potentially compromise 

quality and standards, given that these transactions often prioritize profit generation and lack 

regulatory oversight. This also contrasts with government-led initiatives for large-scale distribution 

that could facilitate access to higher-quality pesticides through subsidies. In light of these findings, it 

is recommended, that government through its collaboration with extension worker and farmers 

increase on the awareness and access of insecticides among farmers. Given that insects are the main 

pests damaging crops and pesticides are employed to manage them by either eliminating or deterring 

their undesirable and destructive behaviors, this will increase on the knowledge and determination of 

high-quality insecticide to deter insecticide damage on crops. 

The utilization of pesticides demonstrates a positive impact on crop productivity within the context 

of Ugandan agriculture. Empirical evidence from the study affirms that households engaging in 

pesticide use exhibit a heightened likelihood of experiencing increased crop productivity. 

Consequently, the absence of effective pest control measures places farmers at risk of substantial crop 

losses to pest infestations. In light of these considerations, it is proposed that Uganda reforms and 

reactive a regulatory framework having a licensing system which mandates private local market dealers 

to attain certification prior to the sale of pesticides. Given that the majority of the households purchase 

their pesticides from private traders in the local/village market. This exposes farmers to counterfeits 

pesticides on sale due to lack of stringent measure to monitor the sale of pesticides at the village level. 

Such regulatory measures are envisioned to guarantee access to quality pesticides protecting the 

agricultural produce of farmers from the potential adverse consequences associated with poor quality 

and improper pesticide use. 

However, the overarching findings is that agricultural productivity as measured by various indicators 

such as food consumption score FCS Month od Adequate Household Food Provisioning (MAHFP) 

and Household Dietary Diversity Score (HDDs) doesn’t exhibit a statistically significant correlation 

with food security outcome. Consequently, it is inferred that additional variables may contribute to 

the determination of food security outcomes beyond the singular influence of agricultural productivity 

at pre-harvest field level. Therefore, it is recommended that further research endeavours be 

undertaken to explore and analyze other factors that potentially influence food security outcomes, 

with a food chain view considering both pre- and post-harvest management of food produced to 

explain food security. Specifically, for future research, it would be interesting to study post-harvest 

income and post-harvest handling practices as channels of food security as opposed to using only crop 
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productivity adopted in this paper. Anticipated contributions from subsequent researchers are 

expected to enhance the explanation of the intricate interplay of pesticide use and food security 

channels and their influence on food security. 

7. References 

Adejumo, O., Ojoko, E., & Yusuf, S. (2014). Factors influencing choice of pesticides used by grain 

farmers in Southwest Nigeria. 

Agnes, R. Q. (2013). Generating evidence on individuals' experience of food insecurity and 

vulnerability. Global Food Security, Volume 2, Issue 1, Pages 50-55. 

Akoto, O., Andoh, H., Darko, G., Eshun, K., & Osei-Fosu, P. (2013). Health risk assessment of 

pesticides residue in maize and cowpea from Ejura, Ghana. Chemosphere, 92(1), 67–73. 

Amaral, A. F. (2014). Pesticides and Asthma: Challenges for Epidemiology. Front Public Health. 

2014;2:6. 

Anang, B. T., & Amikuzuno, J. (2015). Factors Influencing Pesticide Use in Smallholder Rice 

Production in Northern Ghana. Agriculture, Forestry and Fisheries (AFF). 4. 77-

82.10.11648/j.aff.20150402.19. 

Atinkut-Asmare, B., Freyer, B., & Bingen, J. (2022). Women in agriculture: Pathways of pesticide 

exposure, potential health risks and vulnerability in sub-Saharan Africa. Environ Sci Eur 34, 89 

(2022). https://doi.org/10.1186/s12302-022-00638-8 . 

Bilinsky, P., & Swindale, A. (2010). Months of Adequate Household Food Provisioning (MAHFP) for 

Measurement of Household Food Access: Indicator Guide (v.4). Washington, D.C.: FHI 

360/FANTA. 

Bliss, K., Padel, S., Cullen, B., Ducottet, C., Mullender, S., Rasmussen, I. A., & Moeskops, B. (2019). 

Exchanging knowledge to improve organic arable farming: An evaluation of knowledge 

exchange tools with farmer groups across Europe. Organic agriculture, 9, 383-398. 

Carvalho. (2017). Pesticides, environment, and food safety. Food and Energy Security Review; 6(2): 48–60. 

Denkyirah, E. K., Okoffo, E. D., Adu, D. T., Aziz, A. A., Ofori, A., & Denkyirah, E. K. (2016). 

Modeling Ghanaian cocoa farmers' decision to use pesticide and frequency of application: the 

case of Brong Ahafo Region . Springerplus. 2016 Jul 19;5(1):1113. 

Dessart, F. J., Barreiro-Hurlé, J., & Bavel, R. V. (2019). Behavioural factors affecting the adoption of 

sustainable farming practices: A policy-oriented review. European Review of Agricultural 

Economics. 



 

 

13 

 

Doss, C. (2001). Designing Agricultural Technology for African Women Farmers: Lessons From 25 

Years of Experience. World Development. 29. 2075-2092.10.1016/S0305-750X(01)00088-2. 

Dwivedi, S. A., Sonawane, V. K., & Pandit, T. R. (2022). Review on the Impact of Insecticides 

Utilization in Crop Ecosystem: Their Prosperity and Threats. Department of Entomology, 

School of Agriculture, Lovely Professional University. 

EFSA. (2013). Scientific Report of EFSA. The 2010 European Union report on pesticide residues in 

Food. European Food Safety Authority. 2, 3 European Food Safety Authority (EFSA), Parma, 

Italy. EFSA Journal, 11(3), 3130. 

Enete, A., & Igbokwe, E. (2009). Cassava Market Participation Decisions of Producing Households 

in Africa. Tropicultura 27, 129-136. 

European-Commission. (2022). Emergency Response Coordination Centre. Daily Flash June 2022. 

FAO. (2022). FAOSTAT: Fertilizers indicators. In: FAO. Rome. Cited October 

2022http://www.fao.org/faostat/en/#data/EF. 

Feleke, S., Kilmer, R., & Gladwin, C. (2005). Determinants of food security in Southern Ethiopia. 

Agricultural Economics. 33. 351-363. 10.1111/j.1574-0864.2005.00074.x. 

Fenik, J., Tankiewicz, M., & Biziuk, M. (2011). Properties and determination of pesticides in fruits and 

vegetables. TrAC Trends Anal. Chem. 2011;30:814–826. 

Food-Security-Outlook. (2023). A typically high food prices to sustain acute food insecurity among 

vulnerable market reliant households. https://fews.net/east-africa/uganda/food-security-

outlook/february-2023. 

Freeman, L. E., Hoppin, J. A., Lubin, J. H., Koutros, S., Andreotti, G., Zahm, S. H., . . . Alavanja, M. 

C. (2011). Atrazine and cancer incidence among pesticide applicators in the agricultural health 

study (1994-2007). Environ Health Perspect. 2011 Sep;119(9):1253-9. 

Grewel, A. S., Singla, A., Kamboj, P., & Dua, J. S. (2017). Pesticide residues in food grains, vegetables 

and fruits: A hazard to human health. J Med Chem Toxicol 2(1):40–46. 

IPC. (2022). Uganda: Acute Food Insecurity Situation June - August 2022 and Projection for 

September 2022 - January 2023. Retrieved from https://www.ipcinfo.org/ipc-country-

analysis/details-map/en/c/1156041/?iso3=UGA. 

Isgren, E., & Andersson, E. (2021). An Environmental Justice Perspective on Smallholder Pesticide 

Use in Sub-Saharan Africa. The Journal of Environment & Development, 30(1), 68-97. 

https://doi.org/10.1177/1070496520974407.  



 

 

14 

 

J Fanzo., C. S., Remans, R., Mara, V., Briseño, J. S., Cisewski, D., Denning, G., & Fracassi, P. (2014). 

Simulating potential of nutrition-sensitive investments. Center for Globalization and 

Sustainable Development. The Earth Institute, Columbia University New York. 

József, P., Károly, P., & János, N. (2012). Pesticide productivity and food security. A review Agronomy 

for Sustainable Development, 33 (1), pp.243-255. ff10.1007/s13593-012-0105-xff. ffhal-01201350. 

Kansiime, M., Mulema, J., Karanja, D., Romney, D., & Day, R. (2019). Natural radioactivity in urban 

soils of mining centers in Armenia: Dose rate and risk assessment. Chemosphere, Volume 

225, 2019, Pages 859-870. Rome: PARM/IFAD. 

Kaye, E., Nyombi, A., Mutambuze, I. L., & Muwesa, R. (2015). Mancozeb residue on tomatoes in 

Central Uganda. J Health Pollut 5(8):1–6. 

Kim, K. H., Kabir, E., & Jahan, S. A. (2017). Exposure to pesticides and the associated human health 

effects. Sci. Total Environ. 2017;575:525–535. 

Knowler, D., & Bradshaw, B. (2007). Farmers' Adoption of Conservation Agriculture: A Review and 

Synthesis of Recent Research. Food Policy 32(1):25-48. 

Lauren, F. B., Benjamin, F., Thibault, F., Matthias, H., Edward, M., & Andrés, R.-C. (2022). Scaling 

Agricultural Policy Interventions. Working Paper 30704, Retrieved from Paper 30704, 

Retrieved from https://www.nber.org/system/files/working_papers/w30704/w30704.pdf. 

Luke, K. C. (2017). System Effects: A Hybrid Methodology for Exploring the Determinants of Food 

In/Security. Annals of the American Association of Geographers, 107:5, 1011-1027, DOI: 

10.1080/24694452.2017.1309965. 

MAAIF. (2018). Register of agricultural chemical registered under section 4 of the agricultural 

chemicals (control) act, 2006 at 6th April 2018. (In): Register of agricultural chemical registered 

under section 4 of the agricultural chemicals (control) act, 2006. Ministry of Agriculture 

Animal Industry and Fisheries. 

Malek, Ž., Douw, B., Vliet, J. V., Van-Der, Z. E., & Verburg, P. H. (2019). Local land-use decision-

making in a global context . Environ. Res. Lett., 14 (8) (2019), Article 083006. 

Mango, N., Makate, C., Tamene, L., Mponela, P., & Ndengu, G. (2017). Awareness and adoption of 

land, soil and water conservation practices in the Chinyanja Triangle, Southern Africa. Int. Soil 

Water Conserv. Res. 5, 122–129. doi: 10.1016/j.iswcr.2017.04.003. 

Mbanya, W. (2011). Assessment of the constraints in soybean production: a case of the Northern 

Region, Ghana. J. Dev. Sustain. Agric. 2011;6(2):199–214. 



 

 

15 

 

Mekuriaw, A., Heinimann, A., Zeleke, G., & Hurni, H. (2018). Factors influencing the adoption of 

physical soil and water conservation practices in the Ethiopian highlands. Int. Soil Water 

Conserv. Res. 6, 23–30. doi: 10.1016/j.iswcr.2017.12.006. 

Mnif, W., Hassine, A. I., Bouaziz, A., Bartegi, A., Thomas, O., & Roig, B. (2011). Effect of Endocrine 

Disruptor Pesticides: A Review. Int. J. Environ. Res. Public Health. 2011;8:2265–2303. 

Möhring, N., Kudsk, P., Jørgensen, L. N., Ørum, J. E., & Finger, R. (2021). An R package to calculate 

potential environmental and human health risks from pesticide applications using the 

'Pesticide Load' indicator applied in Denmark. Comput. Electron. Agric., 191 (2021). 

Moumni, M., Allagui, M. B., Mancini, V., Murolo, S., Tarchoun, N., & Romanazzi, G. (2020). 

Morphological and molecular identification of seedborne fungi in squash (Cucurbita maxima, 

Cucurbita moschata). Plant Disease, 104(5), 1335–1350. 

Mubushar, M., Aldosari, F. O., Baig, M. B., Alotaibi, B. M., & Khan, A. Q. (2019). Assessment of 

farmers on their knowledge regarding pesticide usage and biosafety. Saudi J Biol Sci. Nov; 26 

(7):1903-1910. 

Mulwa, C. K., & Visser, M. (2020). Farm diversification as an adaptation strategy to climatic shocks 

and implications for food security in northern Namibia. World Development, 129, 104906. 

Musemwa, L., Muchenje, V., Mushunje, A., Aghdasi, F., & Zhou, L. (2015). Household food insecurity 

in the poorest province of South Africa: level, causes and coping strategies. Food Secur. 7, 

647–655. doi: 10.1007/s12571-015-0422-4. 

Myeni, L., Moeletsi, M., Thavhana, M., Randela, M., & Mokoena, L. (2019). Barriers affecting 

sustainable agricultural productivity of smallholder farmers in the Eastern Free State of South 

Africa. Sustainability. 11, 3003. doi: 10.3390/su11113003. 

Nazli, Z. U., Nathan, C. P., Andy, V., Justin, B., Meng, W., & Matei, G. (2022). Sustainable land use 

and viability of biojet fuels. Nat Sustain 6, 158–168. https://doi.org/10.1038/s41893-022-

00990-w. 

Ngabirano, H., & Birungi, G. (2020). Pesticide Use In Vegetable Production In Rural Uganda - A Case 

Study of Kabale District, South Western Uganda. African Journal of Agricultural Research, 

16, 1573-1581. 

Nkegbe, P. K., Abu, B. M., & Issahaku, H. (2017). Food security in the savannah accelerated 

development authority zone of Ghana: An ordered probit with household hunger scale 

approach. Agriculture & Food Security, 6(1), 1–11. 



 

 

16 

 

Ntakyo, P. R., & Van-den-Berg, M. (2019). Effect of market production on rural household food 

consumption: Evidence from Uganda. Food Sec. 11, 1051–1070 (2019). 

https://doi.org/10.1007/s12571-019-00959-2. 

Obasi, P. C., Henri-Ukoha, A., Ukewuihe, I. S., & Chidiebere-Mark, N. M. (2013). Factors affecting 

agricultural productivity among arable crop farmers in Imo State, Nigeria. Am. J. Experiment. 

Agricult. 3, 443–454. doi: 10.9734/AJEA/2013/2030. 

Oerke, E. (2006). Crop losses to pests. The Journal of Agricultural Science, 144(1), 31-43. 

doi:10.1017/S0021859605005708.  

Oesterlund, A. H., Thomsen, J. F., Sekimpi, D. K., Maziina, J., Racheal, A., & Jørs, E. (2014). Pesticide 

knowledge, practice and attitude and how it affects the health of small-scale farmers in Uganda: 

A cross-sectional study . Afr Health Sci. 2014 Jun;14(2):420-33. doi: 10.4314/ahs.v14i2.19. 

PMID: 25320593; PMCID: PMC4196420. 

Okoffo, E. D., Denkyirah, E. K., Adu, D. T., & Fosu-Mensah, B. (2016). A double-hurdle model 

estimation of cocoa farmers' willingness to pay for crop insurance in Ghana. Springerplus. 

2016 Jun 24;5(1):873. doi: 10.1186/s40064-016-2561-2. PMID: 27386322; PMCID: 

PMC4920799. 

PARM (2017). Crop pests and disease management in Uganda: status and investment needs (by M. 

Kansiime, J. Mulema, D. Karanja, D. Romney and R. Day). Rome: PARM/IFAD. Available 

Popp, J., Pető, K. & Nagy, J. Pesticide productivity and food security. A review. Agron. Sustain. Dev. 

33, 243–255 (2013). https://doi.org/10.1007/s13593-012-0105-x 

Rwamigisa, P. B., Birner, R., Mangheni, M. N., & Semana, A. (2013). How to Promote Institutional 

Reforms in the Agricultural Sector? A Case Study of Uganda’s National Agricultural Advisory 

Services (NAADS). International Conference on the “Political Economy of Agricultural 

Policy in Africa”, Pretoria, 18-20 March 2013, 1-25. 

Sanzidur, R. (2003). Farm-level pesticide use in Bangladesh: Determinants and awareness. Agriculture, 

Ecosystems & Environment, Volume 95, Issue 1,2003, Pages 241-252. 

Sheahan, M., & Barrett, C. (2016). Food Policy. 67. 10.1016/j.foodpol.2016.09.010. 

Sinyolo, S., & Mudhara, M. (2018). The impact of entrepreneurial competencies on household food 

security among smallholder farmers in KwaZulu Natal, South Africa. Ecol. Food Nutri. 57, 

71–93. doi: 10.1080/03670244.2017.1416361. 

Sinyolo, S., Mudhara, M., & Wale, E. (2014). The impact of smallholder irrigation on household 

welfare: The case of Tugela Ferry irrigation scheme in KwaZulu-Natal, South Africa. Water 

SA. 40, 145–156. doi: 10.4314/wsa.v40i1.18. 



 

 

17 

 

Ssemugabo, C., Bradman, A., Ssempebwa, J. C., Sillé, F. C., & Guwatudde, D. (2022). An assessment 

of health risks posed by consumption of pesticide residues in fruits and vegetables among 

residents in the Kampala Metropolitan Area in Uganda . Food Contamination 9, 4 (2022). 

Swindale, A., & Paula, B. (2006). Household Dietary Diversity Score (HDDS) for Measurement of 

Household Food Access: Indicator Guide (v.2). Washington, D.C.: FHI 360/FANTA. 

Tsouvalis, J., Seymour, S., & Watkins, C. (2000). Exploring Knowledge-Cultures: Precision Farming, 

Yield Mapping, and the Expert–Farmer Interface. Environment and Planning A: Economy 

and Space, 32(5), 909-924. https://doi.org/10.1068/a3213. 

Uludere Aragon, N., Parker, N., VanLoocke, A., Bagley, J.E., Wang, M., & Georgescu, M.R. (2022). 

Sustainable land use and viability of biojet fuels. Nature Sustainability, 6, 158-168. 

Vieira, J. F., Soares, V. N., Villela, F. A., Espinola, J. E., Castanho, F. R., & Almeida, T. L. (2014). Use 

of thiamethoxam as bioactivator on cucumber seed physiological quality and seedling 

performance. De Revista Brasileira de Ciências Agrárias, 9, 317–321. 

Walsh, C. M., & Van Rooyen, F. C. (2015). Household food security and hunger in rural and urban 

communities in the Free State Province, South Africa. Ecol. Food Nutri. 54, 118–137. doi: 

10.1080/03670244.2014.964230. 

Williamson, S., Ball, A., & Pretty, J. (2008). Trends in pesticide use and drivers for safer pest 

management in four African countries. Crop protection, 27(10), 1327-1334. 

Wooldridge, J. M. (2010). Econometric Analysis of Cross Section and Panel Data . MIT Press Books, 

The MIT Press, edition 2, volume 1, number 0262232588, February. 

Wordofa, M. G., & Sassi, M. (2020). Impact of agricultural interventions on food and nutrition security 

in Ethiopia: Uncovering pathways linking agriculture to improved nutrition . Cogent Food 

Agric. 

Wudil, A. H., Muhammad, U., Joanna, R.-S., Ladislav, P., & Mortala, B. (2022). Reversing Years for 

Global Food Security: A Review of the Food Security Situation in Sub-Saharan Africa (SSA). 

International Journal of Environmental Research and Public Health 19, no. 22: 14836. 

https://doi.org/10.3390/ijerph192214836 . 

Zimmermann, A., & Britz, W. (2016). European farms’ participation in agri-environmental measures. 

Land Use Policy, 50 (2016), pp. 214-228. 


