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ABSTRACT
The adoption of integrated pest management practices has been widely promoted in 
low- and middle-income countries to enhance farmers’ economic outcomes. The main 
challenge is the lack of quantitative synthesis of scholarly works to ascertain whether, for 
farmers in these countries, those who adopt a single component or a full bundle of 
integrated pest management practices achieve higher yields, farm income, food security 
and reduced pesticide use compared to non-adopters. The review followed the Preferred 
Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) methodology. 
A total of 24 studies were used for the review based on strict inclusion and exclusion 
criteria. Meta-analysis was employed to combine the individual and overall effect sizes 
across these studies. The results indicate that there is evidence that adopting integrated 
pest management practices has the potential to lead to a large improvement in crop 
yield for farmers. The findings also reveal that such adoption causes a small effect in food 
security level, and a moderate to large effect in farm income for farmers. The evidence 
further suggests that adopting these practices does not directly lead to behavioural 
change among farmers in reducing synthetic pesticide use. Overall, the findings demon
strate that adopting integrated pest management practices is a promising strategy for 
improving farmers’ economic outcomes in low- and middle-income countries. 
Policymakers and development partners should not only focus on IPM programmes 
for economic improvements for farmers, but also address behavioural barriers to ensure 
effective and consistent adoption for the desired environmental benefits.
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1. Introduction

Agricultural production systems globally and especially low- and middle-income countries (L&MICs) in South 
Asia, North Africa, Europe, South America and sub-Saharan Africa continue to face unprecedented challenges 
(FAO, 2017; Giller, 2020). A significant proportion of the rural population in these low- and middle-income 
countries depends on agriculture as their primary source of income, food and employment. However, pest- 
related challenges continue to derail their efforts and threaten their already fragile food systems and 
livelihoods. Improving the effectiveness of IPM adoption can play a crucial role in ensuring food security, 
rural incomes and resilience in these countries.

Globally, over 2.5 billion people rely on food systems for their livelihoods, and global food demand is 
projected to increase by 50% in 2025, with sustainable agricultural intensification becoming imperative 
(FAO, 2023). However, for several decades, farmers in these low- and middle-income countries have heavily 
resorted to and continue to resort to the use of synthetic pesticides in managing crop pests (Peshin & 
Dhawan, 2009; Pimentel & Peshin, 2013). The downside is that many of these farmers have limited knowl
edge on safe usage and inadequate training, leading to the misapplication of these pesticides with little 
recourse for actual pest infestation levels and in stronger dosages to achieve control effectiveness (Möhring 
et al., 2020; Wangithi et al., 2021). Chemical pesticide overuse and its consequent harmful effects on human 
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health and the environment have been a recurring concern in agriculture in L&MICs over the past 50 years 
(Resosudarmo, 2014; Waddington, Aloe, et al., 2014).

The promotion and adoption of integrated pest management (IPM) practices have become an important 
consideration in the quest to ensure the sustainable production of crops for human consumption (Misango 
et al., 2022; Nyang’au et al., 2020; Peshin & Dhawan, 2009). Integrated pest management practices developed 
in many countries consist of a mixture of cultural, biological, mechanical, and/or chemical techniques to 
control pest populations (Eckstein et al., 2021; Sekabira et al., 2022). The argument has been that IPM is the 
most economically viable form of crop protection (Cuynoat et al., 2001; Kibira et al., 2010; Morse & Buhler,  
1997; Peshin et al., 2007; Pimentel & Peshin, 2013; Singh et al., 2008). The practice promotes sustainable 
farming through the minimal usage of pesticides, thereby protecting the environment, improving the health 
of communities as well as conferring resilience on agriculture and food systems (Pimentel & Peshin, 2013).

Integrated pest management practices also minimise the environmental impact of pest control measures, 
providing environmental and human health benefits (Huang & Li, 2024; Li & Fantke, 2022). It also maximises 
the prospects for farmers to improve economic return on their crops. Through the farmer-field schools’ 
concept, IPM programmes have been introduced to farmers in the developed and developing world, with 
farmers being trained on the use of various control technologies (Waddington, Snilstveit, et al., 2014). These 
IPM components include soil treatment, selection of suitable plant varieties (Priya et al., 2022); crop rotation 
(Khan et al., 2021); inter-planting or strip cropping (Hassan et al., 2016), choice of planting dates (Rahman 
et al., 2021), weed control and use of trap plants (pull and push systems). Others include the male 
annihilation technique (MAT) using pheromone traps or mass trapping, bait application technique, sterile 
insect technique, burying of fallen fruits, burning of fallen fruits and crop residues, fruit bagging technology, 
minimally prescribed pesticide application, early harvesting and biological control using parasitoids, pre
dators or insect pathogens (Kibira et al., 2010; Korir et al., 2015; Nyang’au et al., 2020; Rajashekhar et al., 2024).

Most of the studies analysing the effects of adoption of IPM technologies by farmers in L&MICs have 
applied quasi-experimental approaches using observational data. For instance, Propensity Score Matching 
(PSM) by Githiomi et al. (2019); regression discontinuity designs by Salazar et al. (2020) and differences-in- 
differences (Gichungi et al., 2021; Kibira et al., 2015; Nyang’au et al., 2020). Others include the instrumental 
variable analysis by Fernandez-Cornejo (1996), ex-post facto design using with and without comparison after 
IPM programme implementation (Sharma et al., 2015), multinomial endogenous switching regression/ 
treatment effects (Ma & Abdulai, 2019; Midingoyi et al., 2019). Other studies have also adopted the discrete 
and multinomial choice models (Abdollahzadeh et al., 2017; Bonabana-Wabbi et al., 2012; Kabir et al., 2023; 
Owusu & Abdulai, 2019; Rahman et al., 2021) as well as count data and machine learning approaches (B. 
Muriithi et al., 2018; Singh et al., 2008; Mulungu et al., 2024; Zakaria et al., 2020). A limited dependent variable 
approach and mixed methods analysis of the concept have also been done (Bonabana-Wabbi & Taylor, 2008; 
Borkhani et al., 2013; Norton et al., 2008).

The evidence and synthesis conundrum lies in the fact that despite the extensive promotion and adoption 
of IPM practices among farmers in L&MICs, the evidence on their effectiveness remains scattered and 
context-dependent. There is a need to quantitatively synthesise existing studies to ascertain whether 
among crop farmers in low- and middle-income countries (L&MICs), adopters of integrated pest manage
ment practices have higher yield, farm income, food security and reduced pesticide use compared to non- 
adopters. The objective of this systematic review and meta-analysis is to contribute to the literature by filling 
the quantitative synthesis gap by examining the effects of adoption of IPM practices on economic and 
behavioural outcomes of farmers in L&MICs to inform evidence-based decision-making, and to present an 
almost complete picture of the best available evidence. Additionally, the review addresses a critical gap in 
the literature on the effectiveness of adoption of IPM practices in low- and middle-income countries.

Following the PICOS (Population, Intervention, Comparison or Control, Outcome and Study) framework 
for systematic reviews, White et al. (2020), the population considered for the review comprises farmers who 
cultivate any food crop, tree crop or cash crop in an L&MIC setting. The key intervention involves farmers’ 
adoption of Integrated Pest Management (IPM) practices or technologies for pest management (including 
insects, diseases) with a clearly defined comparison or control group. To reflect the various definitions of IPM 
in the literature, the review operationalises IPM adopters as farmers who adopt at least one component or 
full bundle of an IPM intervention method or tool (treatment) developed to manage crop pests or diseases, 
or farmers who use synthetic pesticides together with IPM adoption. These definitions are adopted to 

2 E. KONDO ET AL.



capture the different components of IPM interventions analysed in the retrieved papers for the review. The 
economic outcomes of interest include yield, farm income, food security, and a behavioural aspect pertain
ing to the quantity of pesticide use. These economic outcomes necessitate specific investigation, as they 
represent the productive, financial, and welfare dimensions of farm households’ livelihoods Midingoyi et al.,  
2019; Pretty & Bharucha, 2015). IPM practices or IPM technologies, though slightly different, have been used 
interchangeably in studies, for example, Midingoyi et al. (2019), Nyang’au et al. (2020) and B. W. Muriithi et al. 
(2016), and the approach is adopted throughout the paper. The studies retrieved for the review are studies 
that employed the quasi-experimental design methodology or the non-randomised controlled trials 
approach.

Our findings demonstrate that adoption of a component or a full bundle of integrated pest management 
practices appears to be a promising approach to improving the economic outcomes of farmers in L&MICs. 
First, the review establishes evidence that adoption of a component or a full bundle of IPM practices has the 
potential to lead to a large improvement in the yield of farmers in L&MICs. Second, adoption of IPM practices 
causes a small effect in food security, and a moderate to large effect in the farm income for farmers who 
adopt such practices in L&MICs. Third, there is evidence that adoption of IPM practices does not directly 
reduce the quantity of the use of synthetic pesticides by farmers, leading to a sub-optimal desired environ
mental effect. This finding could be attributed to the easy accessibility of all forms of synthetic pesticides, the 
initial costs associated with IPM packages and a lack of understanding or awareness of IPM principles, despite 
its perceived benefits. Additionally, in countries where the prevalence of pest infestations is high, farmers 
trained in IPM may still use pesticides as a risk mitigation strategy, especially when market or weather-related 
uncertainties are high.

The rest of the paper is organised as follows: we outline the review protocol and methodology in 
Section 2, which details the data sources, search strategy, study selection and data extraction process, 
while Section 3 presents the statistical synthesis approach. In Section 4, we present the results and 
discussion, while the conclusion and implications for future research are presented in Section 5

2. Materials and methods

2.1. Review protocol and methodology

In the absence of randomised control trials (RCTs), non-randomised control trials or quasi-experimental 
designs that define treatment and control (comparison) groups based on observational data can be used for 
systematic reviews and meta-analysis (Harris et al., 2005; Petticrew & Roberts, 2006; Rockers et al., 2015). 
Results from these studies may represent the best available evidence and should be employed in review 
analysis where there are no RCTs (Oya et al., 2017). Studying evidence generated from credible quasi- 
experimental designs can give an estimate of the nature, direction, and size of effects on which future RCTs 
could be based on while also representing the best evidence in some fields (Barker et al., 2024; Petticrew & 
Roberts, 2006).

However, the drawback of using quasi-experimental designs or observational studies for meta-analysis is 
premised on the low certainty of evidence assumption since such designs usually do not confer strong 
causality as against the high certainty of evidence assumption employed in experimental design studies or 
RCTs (Rockers et al., 2015). This study, therefore, followed the low certainty of bias assumption since only 
quasi-experimental studies were used for the review. The low certainty evidence assumption implies a high 
likelihood that confidence in the estimate of the effect size reported in such studies might be significantly 
different from the actual effect size.

The review employed the Preferred Reporting Items for Systematic and Meta-Analysis (PRISMA) metho
dology (Moher et al., 2009; Oya et al., 2017; Page et al., 2021; Pahlevan Sharif et al., 2019; Sekabira et al., 2022). 
The PRISMA checklist for systematic reviews and meta-analysis includes a checklist of items that must be 
strictly followed in undertaking the review. Items considered for the review comprised plausible published 
articles related to the study. The features of interest in these articles include the title of the article, abstract, 
introduction, methods used, discussion and the reported results. The objective of the PRISMA method of 
systematic review and meta-analysis is to assist in a complete review of all possible original studies that 
quantitatively analysed the subject matter, and in particular, reference to low- and middle-income countries.
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2.2. Data sources, search strategy and study selection

The gathering of evidence for the study was undertaken through the search of the Scopus database as 
well as a general internet search. The initial command using the Scopus search engine resulted in 
7,173 documents, while other internet sources yielded 78 documents. Screening of the documents 
was done to only include relevant papers for the study while following strict inclusion and exclusion 
criteria. The inclusion and exclusion criteria were applied by limiting the document type to only 
papers found in journals that have reached the final publication stage. This implies that papers that 
are not journal articles and at the pre-print stage of publication, and articles in the press were all 
excluded from the study. Only papers within the domain of social science and in the economics 
subject area, and agriculture, and on integrated pest management conducted in Africa, Asia and South 
America, which constitute the largest block of countries that fall under the L&MICs bracket were 
included.

We included only peer-reviewed journal articles, implying that conference papers, working papers, 
etc. were all excluded from the review. Only papers published in the English Language that addressed 
adoption of IPM practices or technologies, were accessed for the study. The drawback here is that 
relevant articles published in languages other than English, which were excluded, could bias the 
results. The review did not include papers that did not consider the key economic outcomes of interest. 
Though the review was limited to IPMs, studies dealing with other variants of IPM, such as Integrated 
Production and Pest Management (IPPM) were included. Additionally, the primary articles for the final 
review included only quantitative studies that employed quasi-experimental designs using observa
tional data and were published in the last 20 years for which information for comparison groups was 
available.

The Boolean operators ANDs and ORs were constructed to search for published papers on the subject 
from the Scopus database. Other papers were also searched using the general internet Google search. The 
Mendeley Reference Manager was the Bibliographic reference tool to save all downloaded primary articles. 
The Boolean indicators and command or syntax used for the Scopus search are: ((“adoption AND impacts AND 
integrated AND pest AND management OR practices OR technologies (LIMIT-TO (SRCTYPE,‘j’)) AND (LIMIT-TO 
(PUBSTAGE,final’)) AND (LIMIT-TO (SUBJAREA , ‘SOCI’) OR LIMIT-TO (SUBJAREA , ‘ECON’)) AND (LIMIT-TO 
(DOCTYPE , ‘ar’)) AND (LIMIT-TO (LANGUAGE , ‘English’)) AND (LIMIT-TO (EXACTKEYWORD , ‘Integrated Pest 
Management’) OR LIMIT-TO (EXACTKEYWORD , ‘Agriculture’) OR LIMIT-TO (EXACTKEYWORD , ‘IPM’) OR LIMIT-TO 
(EXACTKEYWORD , ‘Africa’) OR LIMIT-TO (EXACTKEYWORD , ‘Asia’ OR LIMIT-TO (EXACTKEYWORD , “South 
America”)).

The PRISMA flow diagram displays the databases from which articles were searched for the review and 
shows the identification and selection criteria employed (Figure 1).

In the study identification stage, 6,050 articles were removed before screening following 
a rigorous, robust and systematic review of the articles as outlined above. Duplicates found from 
both the Scopus database and the internet search resulted in 100 studies were duly removed from 
the study. One Thousand One Hundred and One articles representing 15% of all articles identified 
were screened based on their titles and abstracts. The authors, titles, abstracts and other features of 
the Scopus-accessed articles were saved in Excel, and manual screening was done to check their 
suitability for subsequent selection for inclusion or exclusion. Screened articles were later retrieved 
and saved in the Mendeley Bibliographic Reference Manager. Two hundred and thirty-two articles, 
representing 3% of the identified papers, were successfully retrieved and assessed for eligibility for 
the review. A further 208 articles representing approximately 3% of the papers identified were finally 
removed from the study based on the inclusion and exclusion criteria stated and their lack of 
suitability for the review as stated in the PRISMA flow chart. In all, 24 studies representing about 
10% of the articles accessed for eligibility were included in the final review (with data extracted 
from these studies for the review).

The retrieved and analysed articles in the L&MICs that met the strict inclusion and exclusion criteria 
outlined in the methodology include studies from Kenya (6 studies), India (2 studies), China (1 study), Peru (1 
study), Thailand (1 study), Bangladesh (5 studies), Pakistan (1 study), Philippines (1 study), Serbia (1 study), 
Iran (2 studies), Ghana (1 study) and Uganda (2 studies) constituting 24 studies in all.
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2.3. Data extraction process

Systematic reviews aim to identify all studies that are relevant to the research question and to synthesise 
data about the design and risk of bias of studies (Litte et al., 2008; Stanley & Doucouliagos, 2012). Results 
(data) extracted from the included studies were therefore synthesised and critically appraised. Data retrieved 
from these studies followed the guidelines of the Centre for Reviews and Dissemination (CRD) (2009) and 
included data on general information of the papers including the name of the author(s), year of publication, 
country of intervention; and study characteristics including data on study or evaluation design, and unit of 
allocation. Outcome data/results detailing standard deviation, sample size, treated sample size, control 
sample size, mean difference, significance level, and p-values (or t-statistic) were also retrieved (see 
Table 1). Data extracted to determine effect size also included the regression coefficients and regression 
standard errors. For a thorough and meaningful meta-analysis, only evidence generated from studies that 
analysed the same outcome at the time points indicated was used for the synthesis (Stanley & Doucouliagos,  
2012).

3. Statistical synthesis

The statistical synthesis of the results was carried out using meta-analysis. Meta-analysis is a statistical 
technique for combining results of independent, but similar, studies to obtain an overall estimate of 

Figure 1. Identification and selection of articles based on PRISMA methodology.
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Table 1. Description of studies in order of outcome variables analysed.
Publication 
information Metadata

Author(s)/Year
Country of 

intervention Evaluation method/study design
Outcome 
variable Analysis method

[1] Nyang’au et al. 
(2020)

Kenya Difference-in-Differences Household dietary diversity 
index (HDDI)

Differences in mean 
outcomes between 
participants and non- 
participants

[2] Midingoyi et al. 
(2019)

Kenya Multinomial endogenous switching 
treatment regression

Mango income Differences in mean 
outcomes between 
adopters and non- 
adopters

[3] Kibira et al. (2015) Kenya Difference-in-Differences 
(With and without; before and 
after comparison)

Mango income Differences in mean 
outcomes between 
participants and non- 
participants

[4] Isoto et al., (2014) Uganda Treatment and endogenous 
selection model

Income from Arabica coffee 
production

Mean differences between 
adopters and non- 
adopters

[5] Githiomi et al. 
(2019)

Kenya Propensity score matching Gross margin (farm income) 
from avocado, citrus, 
pawpaw and banana 
production

Differences in mean 
outcomes between 
adopters and non- 
adopters

[6] Owusu and 
Abdulai (2019)

Ghana Two-step Multinomial logit model Income from vegetable 
production

Mean differences between 
adopters and non- 
adopters

[7] Chepchirchir et al. 
(2017)

Uganda Generalised propensity score 
matching

Income from maize production Differences in mean 
outcome between 
adopters and non- 
adopters

[8] Gichungi et al. 
(2021)

Kenya Difference-in-Differences (With and 
without; before and after 
comparison)

Pesticide use in mango 
production

Differences in mean 
outcomes between 
participants and non- 
participants

[9] Abdollahzadeh 
et al. (2017)

Iran Multinomial logistic regression 
model

Pesticide use in rice production Mean difference between 
adopters and non- 
adopters

[10] Allahyari et al. 
(2016)

Iran Multinomial endogenous switching 
regression

Pesticide use in olive 
production

Mean differences between 
adopters and non- 
adopters

[11]Josue-Canacan 
(2022)

Philippines Multinomial endogenous switching 
regression

Pesticide use in rice and corn 
production

Mean differences between 
adopters and non- 
adopters

[12] Khan and 
Damalas (2015)

Pakistan Multinomial endogenous switching 
regression

Pesticide use in cotton 
production

Mean differences between 
adopters and non- 
adopters

Publication 
information

Metadata

Author(s)/Year Country of  
intervention

Evaluation method/study design Outcome 
variable

Analysis method

[13] Despotović et al. 
(2019)

Serbia Mixed methods-structural equation 
models

Pesticide use in wheat-maize- 
sugar beet-sunflower-soya 
productions

Mean differences between 
adopters and non- 
adopters

[14] Kabir et al. (2022) Bangladesh Multinomial endogenous switching 
regression

Pesticide use in vegetable 
production

Differences in mean 
between adopters and 
non-adopters

[15] Kabir et al. (2023) Bangladesh Multinomial logistic regression Pesticide use in vegetable 
production

Mean differences between 
adopters and non- 
adopters

[16] Rahman et al. 
(2018)

Bangladesh Propensity score matching Pesticide use in vegetable 
production

Mean differences between 
treated and control 
groups

[17] Sharma et al. 
(2015)

India Ex-post factor design. (Using a pre- 
existing condition as treatment)

Pesticide use in vegetable 
production

Differences in mean 
outcomes between 
treated and control 
groups

[18] Salazar et al. 
(2020)

Peru Regression discontinuity design Mango yield (total output) Differences in mean 
outcomes between 
treated and control 
groups

[19] Ma and Abdulai 
(2019)

China Endogenous 
switching probit model regression

Apple yield Differences in mean 
outcomes between 
adopters and non- 
adopters

(Continued)
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treatment effect (Dettori et al., 2021; Glass, 1976; Margaliot & Chung, 2007; Nyaga & Arbyn, 2022; Palmer & 
Sterne, 2016). The main components of meta-analysis include effect sizes, forest plots, funnel plots, hetero
geneity and publication bias. In meta-analysis of binary outcomes, odds ratios and risk ratios are the 
commonly reported effect size measures, but for continuous outcomes, Hedges’s adjusted g and 
Cohen’s d are the commonly reported effect size measures (Çoğaltay & Karadağ, 2015; Hedges, 1982; Litte 
et al., 2008; Stanley & Doucouliagos, 2012). In this study, Hedges’s g is the reported effect size measure due to 
the continuous nature of the outcome variables. The three common models for meta-analysis are the 
common-effect, fixed-effects and random-effects models. This current synthesis employs a random-effect 
model, which assumes that the true effect of treatment estimate for each study varies (Hunter & Schmidt,  
2004; Moore et al., 2020; Vaessen et al., 2013).

For a general model 

Where εj
0s are sampling errors and εj,N 0; σ2

j

� �
, although the σ2

j s are unknown, meta-analysis does not 
estimate them. It treats the estimated values, σ2

j s of these variances as unknown and uses them during the 
estimation. A random effects model assumes that the study effect sizes in Equation (1) are different, that is, 
θj�θj

0 forj�j0, but that they are random. The population parameter on which the sample studies were used 
can therefore be expressed as 

The random effects model assumes that the study effect sizes are different and that the collected studies 
represent a random sample from the larger population of studies and can thus be described as follows 
(DerSimonian & Laird, 1986; Hedges, 1982). 

Where uj 0; τ2ð Þ, and as indicated before εj,N 0; σ2
j

� �
:The parameter τ2 represents the between-study 

variability and is often referred to as the heterogeneity parameter. It estimates the variability among the 
studies beyond the sampling variability. When τ2 ¼ 0, the random effects model reduces to the common- 
effect model. Where there is excess variability (heterogeneity) between study results, random-effects models 
typically produce more conservative estimates of the significance of the treatment effect than fixed-effects 
models. The random-effects models also give higher weights to smaller studies and lower weights to larger 
studies than fixed-effects analysis. We employ the maximum likelihood estimation method for the analysis.

Table 1. (Continued).
Publication 
information Metadata

Author(s)/Year
Country of 

intervention Evaluation method/study design
Outcome 
variable Analysis method

[20] Peshin et al. 
(2009)

India With treatment and without 
treatment analysis. (One-group 
before and after comparison 
design)

Cotton yield Differences in mean 
outcomes between 
participants and non- 
participants

[21] Timprasert et al. 
(2014)

Thailand Heckman sample selection model Vegetable yield Mean differences between 
adopters and non- 
adopters

[22] Midingoyi et al. 
(2024)

Kenya Control function (Dose-response 
function)

Maize yield Mean differences between 
adopters and non- 
adopters

[23] Rahman and 
Norton (2019)

Bangladesh Inverse probability weighted 
regression adjustment

Bitter-gourd yield Differences in mean 
outcomes between 
adopters and non- 
adopters

[24] Fuad et al. (2019) Bangladesh Propensity score matching Vegetable yield Mean differences between 
adopters and non- 
adopters

Source: Authors’ compilation.
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4. Results and discussion

This section reports the results of the review. The outcome variables identified in the studies include yield, 
farm income (net farm returns), pesticide use, health, environment, food security (per capita calorie con
sumption, household dietary diversity index), farmer knowledge and attitudes. However, the analysis was 
limited to yield, farm income, food security and pesticide use outcomes. Table 1 shows the description of 
studies from which the data for the study were generated.

As earlier indicated, the studies retrieved for the analysis include Kenya (6 studies), India (2 studies), 
China (1 study), Peru (1 study), Thailand (1 study), Bangladesh (5 studies), Pakistan (1 study), 
Philippines (1 study), Serbia (1 study), Iran (2 studies), Ghana (1 study) and Uganda (2 studies) 
constituting 24 studies in all. Most of the studies from Kenya that addressed the objective were 
heavily focused on the adoption of IPM practices or technologies in mango production. The studies 
from India evaluated the impact of adoption of IPM among vegetable and cotton farmers, while the 
study from China evaluated the impact of the adoption of IPM among apple farmers. The study from 
Peru evaluated the impact of a fruit-fly eradication programme among agricultural fruit producers. The 
study from Serbia assessed the adoption of IPM practices among wheat farmers; Bangladesh on bitter 
gourd and vegetable growers; Pakistan, Thailand, and Iran on cotton, vegetable, and rice growers, 
respectively. The Ghana study examined the impact of adoption of IPM technologies among vegetable 
farmers.

4.1. Descriptive statistics of variables

Prior to the statistical analysis, the dataset was set or declared in a meta-analysis format in STATA. The 
descriptive statistics of the results are presented in Table 2. The total number of observations is 24. The 
minimum (oldest) year of an included paper based on the inclusion criteria is 2009, and the maximum 
(newest) year of an identified paper is 2024. The descriptive statistics for the other variables, including the 
system and moderating variables, are displayed.

4.2. Effects of adoption of IPM practices on farmers’ economic outcomes

The effect size measured individual study outcomes between the intervention (treatment/adoption) 
group and the control (comparison/non-adoption) group. The meta-analysis summary also includes 

Table 2. Descriptive statistics of variables, including system variables and moderators.
Variable Observation Mean Std. Dev. Min Max

Year of publication 24 2018.17 3.41 2009.00 2024.00
Treated mean 24 218.38 239.36 33.50 990.42
Treated standard deviation 24 96.69 83.50 11.61 365.63
Treated sample 24 197.21 111.38 64.00 455.00
Control mean 24 169.37 188.19 5.63 644.11
Control standard deviation 24 132.54 195.27 2.09 871.29
Control sample 24 166.88 93.40 50.00 403.00
Author 24 12.50 7.07 1.00 24.00
Country 24 5.54 3.50 1.00 12.00
Outcome 24 3.08 0.88 1.00 4.00
Yield 24 0.38 0.49 0.00 1.00
Income 24 0.25 0.44 0.00 1.00
Pesticide use 24 0.38 0.49 0.00 1.00
Food security 24 0.04 0.20 0.00 1.00
Crops 24 7.46 3.27 1.00 12.00
Study design 24 1.13 0.45 1.00 3.00
Intervention 24 11.88 6.66 1.00 23.00
Meta identifier 24 12.50 7.07 1.00 24.00
Meta effect size 24 1.17 2.37 −2.93 7.77
Meta standard error 24 0.15 0.07 0.08 0.41
Meta confidence interval (lower) 24 0.88 2.29 −3.24 6.97
Meta confidence interval (upper) 24 1.46 2.46 −2.62 8.57
Meta study size 24 364.08 161.23 132.00 655.00
Meta weight 24 0.18 0.00 0.18 0.18

Source: Authors’ computation.
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heterogeneity analysis, individual and overall effect sizes (Table 3). The overall effect size indicated 
by θ is 1.159 with a 95% CI of [0.237–2.080]. The corresponding test of significance of H0 : θ ¼ 0; 
(p< 0:1Þ; which is statistically significantly different from zero. The homogeneity test that indicates 
the presence of between-study heterogeneity further shows a Q-test statistic of 3550.25 with 
a (p< 0:1Þ, indicating a significant heterogeneity among the individual studies (see Appendix 1 for 
further confirmation). The intervention outcome by subgroup analysis also reveals interesting 
findings.

The results indicate that all four outcomes respond positively to farmers’ adoption of a component or 
a full bundle of IPM practices. In other words, the outcome variables increase with farmers’ adoption of IPM 
practices. Specifically, the results from the subgroup meta-analysis indicate that the individual effect sizes for 
three outcomes: food security, farm income and pesticide use, are 0.118, 0.640 and 0.719, respectively. 
Following Cohen’s (1988) effect size benchmarks, these findings indicate only small to medium positive 
effects generated in these outcomes through the adoption of IPM practices among farmers. Small effect in 
the food security outcome and a moderate to large effect in the farm income and pesticide use outcomes. 
These findings imply there is room to ramp up the promotion and adoption of specific and relevant IPM 
practices among farmers in L&MICs to generate a large effect on these outcome variables (especially for food 
security and farm income). This may also call for the development of tailor-made IPM packages that suit the 
conditions of L&MICs to make adoption more impactful.

Table 3. Intervention outcome by subgroup meta-analysis.
Study Hedges’s g [95% conf. interval] % weight

Group: Food security 4.18
Nyang’au et al. (2020) 0.118 −0.109 0.344
theta 0.118 −0.109 0.344
Group: Farm income
Midingoyi et al. (2019) 1.324 1.108 1.541 4.18
Kibira et al. (2015) −0.786 −1.074 −0.497 4.17
Isoto et al (,2014) 2.236 1.899 2.574 4.16
Githiomi et al. (2019) −2.932 −3.241 −2.623 4.17
Owusu and Abdulai (2019) 1.284 0.911 1.657 4.16
Chepchirchir et al. (2017) 2.710 2.468 2.952 4.17
theta 0.640 −0.910 2.190
Group: Pesticide use
Gichungi et al. (2021) 2.504 2.197 2.811 4.17
Abdollahzadeh et al. (2017) −1.659 −1.918 −1.400 4.17
Allahyari et al. (2016) 1.100 0.821 1.378 4.17
Josue-Canacan (2022) −0.602 −0.850 −0.355 4.17
Khan and Damalas (2015) 0.603 0.389 0.817 4.18
Despotović et al. (2019) 0.081 −0.085 0.247 4.18
Kabir et al. (2022) −1.023 −1.303 −0.744 4.17
Kabir et al. (2023) −0.192 −0.366 −0.017 4.18
Rahman et al. (2018) 6.510 6.119 6.901 4.16
Sharma et al. (2015) −0.102 −0.435 0.231 4.16
theta 0.719 −0.652 2.090
Group: Yield
Salazar et al. (2020) 0.659 0.486 0.832 4.18
Ma and Abdulai (2019) 3.872 3.548 4.196 4.17
Peshin et al. (2009) 7.766 6.966 8.567 4.06
Timprasert et al. (2014) 0.302 0.066 0.537 4.18
Midingoyi et al. (2024) 0.673 0.508 0.837 4.18
Rahman and Norton (2019) 2.153 1.800 2.506 4.16
Fuad et al. (2019) 1.420 1.178 1.662 4.17
theta 2.386 0.587 4.185
Overall
theta 1.159 0.237 2.080
Heterogeneity summary
Group df Q P > Q tau2 %I2 H2

Food security 0 0.00 0.000
Farm income 5 1013.43 0.000 3.728 99.44 179.03
Pesticide use 9 1602.48 0.000 4.876 99.68 315.74
Crop yield 6 682.90 0.000 5.861 99.73 370.80
Overall 23 3550.25 0.000 5.281 99.70 329.82

Test of group differences: Q_b = χ2(3) = 7.00 Prob > Q_b = 0.072. 
Source: Authors’ computation.
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The findings also imply that farmers may not be deriving the optimal benefit from the adoption of existing 
IPM practices, thereby requiring IPM policy interventions that focus on training farmers in these practices. 
Furthermore, the findings suggest that there is a high level of ineffectiveness in adopting existing IPM 
practices in L&MICs, particularly in terms of improving food security and farm income. However, with respect 
to yield, the finding shows an individual effect size of 2.386, indicating a large effect in this outcome. This 
finding suggests that there is a significant improvement in agricultural yield when farmers in L&MICs adopt 
IPM practices. To further visually explore the study-specific effect sizes and to demonstrate how close they 
are to the overall effect size, a forest plot is presented as shown in Figure 2. The individual study effect sizes, 
as well as the pooled effect size, measure the average number of standard deviation changes in the 
respective economic outcomes of treated groups over control groups. The 95% confidence interval indicates 

Figure 2. Forest plot with bars showing the effect sizes in outcomes between treated (adopters) and control (non-adopters).
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the likely range of effect sizes across different studies and also represents the chance that the true effect in 
the population will lie within the range estimated (Dettori et al., 2021; Stewart et al., 2016).

The red diamond below the studies represents the individual effect, while the green diamond represents 
the overall pooled effect for the included studies with the width of the diamond showing the confidence 
interval for the individual or overall effect. As earlier indicated, the presence of between-study heterogeneity 
is evident in the different outcomes analysed. The implication, therefore, is that in L&MICs, there is a high 
level of variability (heterogeneity) in studies assessing the effect of adoption of IPM practices on producer 
outcomes when different outcomes are considered. To account for the likely cause(s) of these between-study 
heterogeneities, a meta-regression using the maximum likelihood approach was estimated using modera
tors (see Appendix 2).

Three moderators (sample size, crop type, and country of study), which could be potential sources of 
between-study variance, were controlled for. The analysis reveals that 7% of the between-study variance is 
explained by the three covariates used as moderators. The I2

ml statistic from the meta-regression output 
indicates that approximately 99% of the residual variation in the studies is due to heterogeneity, which may 
be explained by other covariates, with the null hypothesis of no residual heterogeneity rejected (see 
Appendix 2). An alternative presentation of the forest plot using the Standardised Mean Difference (SMD) 
as the measure of effect size is presented in Appendix 3.

4.3. Effect of adoption of IPM practices on food security

Only one study investigated the effects of participation in IPM programmes on the food security of farming 
households in L&MIC. Nyang’au et al. (2020) in their study in Kenya reported that the adoption of IPM 
technology had no significant effect on household dietary diversity index (HDDI) in comparison to non- 
adoption. The meta-analysis revealed a similar finding. The effect size indicated that the intervention results 
in a small effect on the food security outcome. Hence, evidence of the finding indicates that IPM intervention 
causes a small increase in the household dietary diversity index. In a related study, in improving food security 
using four pathways of production, value chains, market reforms and land tenure, Bodnár et al. (2011), 
established clear evidence between agricultural production and food availability which in turn ensures 
households’ dietary diversity.

4.4. Effect of adoption of IPM practices on farm income

The review examined six studies that analysed the effect of adopting IPM practices on farm income, which for 
all the reviewed studies was measured in the currencies of the study countries. The results reveal that 
adoption of a component or a full bundle of IPM practices was found to have a positive and significant effect 
on household farm income. The joint pooled effect from the meta-analysis also reveals a medium effect of 
the intervention on the outcome for adopters as compared to non-adopters. This evidence suggests that 
adoption of IPM practices causes a slight or moderate increase in farm income. The moderate positive effect 
on farm income compared to the large positive effect on yield could be due to the high levels of postharvest 
loss and lack of market access to farmers since postharvest loss is very high in L&MICs (Jarman et al., 2023; 
Karoney et al., 2024; Kumar & Kalita, 2017). The lack of market access due to poor roads and trade restrictions, 
linked to the blanket application of policies on harmful organisms and pesticide residues, could be 
contributing to the small positive effects on farm income.

4.5. Effect of adoption of IPM practices on pesticide use

Ten studies investigated the effects of adopting IPM technologies on pesticide use and pest treatment 
decision-making (e.g. Githiomi et al., 2019; Sharma et al., 2015). The meta-analysis of the evidence from the 
included studies produced a moderate to large effect of adopting IPM interventions on the quantity of 
pesticide use. This finding implies that the adoption of IPM technologies does not directly translate into 
reduced pesticide use among farmers in L&MICs, as they continue to use pesticides in pest management. 
Typically, since IPM interventions are designed to reduce synthetic pesticide use among farmers, the increase 
in pesticide application use may be due to enhanced precision or better targeting under IPM practices. 
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Furthermore, this finding may be attributed to the ready availability of synthetic pesticides, the initial costs 
associated with IPM packages, and a lack of understanding or awareness of IPM principles, despite the 
perceived benefits of IPM. Additionally, in countries where pest infestations are prevalent, farmers trained in 
IPM may continue to use pesticides as a risk mitigation strategy, particularly when faced with market or 
weather-related uncertainties.

4.6. Effect of adoption of IPM practices on yield

The review investigated seven studies that analysed the effects of adoption of IPM practices on 
agricultural crop yield. Yield was either measured in kilograms per acre or fruits per tree (Gichungi 
et al., 2021; Ma & Abdulai, 2019; Peshin et al., 2009; Salazar et al., 2020). The findings from the reviewed 
studies all indicate that adopting IPM practices results in an increased level in yield for adopters 
compared to non-adopters. With the low certainty of evidence assumption underpinning quasi- 
experimental evaluation studies, the meta-analysis findings show that with respect to the yield outcome, 
adoption of IPM practices leads to a large effect. Based on the estimated joint pooled effect estimates, 
the evidence suggests that the IPM intervention results in a large increase in crop yield. However, we 
generalise this evidence with caution due to the low certainty of evidence assumption as indicated.

5. Conclusions, policy recommendations and limitations of the review

The objective of this systematic review and meta-analysis was to examine the economic and behavioural effects 
of adopting integrated pest management practices in low- and middle-income countries. Considering quasi- 
experimental studies and employing quantitative synthesis to 24 articles retrieved based on strict inclusion and 
exclusion criteria under the PRISMA methodology, it explored the hypothesis that IPM adopters have significantly 
higher yield, farm income, food security and reduced pesticide use compared to non-adopters. In particular, this 
systematic review establishes that there is evidence that adoption of integrated pest management practices has 
the potential to lead to a large improvement in the yield of farmers in L&MICs. This finding calls for the 
prioritisation and targeted scaling and promotion of IPM practices under local biotic and abiotic stress conditions.

The findings highlighted that adoption of integrated pest management practices causes a small increase in 
the food security outcome and a moderate to large effect in farm income for farmers. Policy-wise, low- and 
middle-income countries could leverage these findings to ensure unhindered market access for IPM-cultivated 
crops, which may command premium prices to boost farmers’ income and ensure food security. Furthermore, 
IPM could be incorporated into nutrition-sensitive agricultural policies and climate-resilient agriculture to 
promote steady food crop production and safer environments. We also recommend the deliberate promotion 
of IPM in areas with high food insecurity and frequent pest-related crop losses within these countries.

With the findings showing no evidence of the desired behavioural change of reduction in pesticide use 
among adopters of integrated pest management practices, policymakers and development partners in low – 
and middle-income countries should not only target IPM programmes to improve farmers’ economic out
comes, but that such programmes must also crucially address behavioural barriers to effective and consistent 
adoption to achieve the optimally desired environmental outcomes.

Interpreting the positive meta-analysis results for certain outcomes as definitive evidence regarding the effects 
of adopting IPM practices on farmers’ economic outcomes in low- and middle-income countries should be 
approached with caution. The reliance on purely quasi-experimental studies, which do not establish strong 
causality, the limited number of studies included in the primary articles for the review, and the significant level of 
heterogeneity in the outcomes should be taken into account in this context. Lastly, the study’s exclusive focus on 
low- and middle-income countries, without comparison to high-income countries, represents a limitation that 
should be addressed in any future review.
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Source: Authors’ computation.

Appendix 2. Meta-regression results

Effect size Coefficient

Constant 1.326 
(1.835)

Sample size 0.003 
(0.003)

Crop type −0.045 
(0.145)

Country −0.145 
(0.136)

Number of observations = 24. 
Residual heterogeneity. 
Tau2 = 4.902. 
I2 (%) = 99.7. 
H2 = 291.56. 
R-squared (%) = 7.17. 
Wald chi2 (3) = 1.79. 
Probability > X2 = 0.62. 
Test of residual homogeneity: Q_res = X2 (20) = 3118.70 Prob > Q_res = 0.0000. 
Source: Authors’ computation.

Appendix 3. Presentation of forest plot using the Standardised Mean Difference (SMD)
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Source: Authors’ computation.
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