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Highlights 

 Five topics of tropical insecticide research were identified as particularly sustainable 

 We discussed drivers impacting these research topics in the tropics 

 Studies combining different topics and interdisciplinary research were highlighted 

Abstract 

Tropical cropping systems are highly dependent on synthetic insecticides, which generates sustainability 

issues. We performed a bibliometric analysis of the current insecticide literature (2017-2019) and used 

the Sustainable Development Goals roadmap to identify research topics in insecticide research that 

should be promoted to attain sustainable cropping systems. Bioinsecticides and integrated pest 

management were identified as potential substitutes for synthetic insecticides while insecticide 

contamination, degradation and impacts on non-target organisms were pinpointed as topics with the 

potential to lessen detrimental effects of synthetic insecticides. We also highlighted how peculiarities 

specific to the tropics (tropical climate, high biodiversity, strong traditional knowledge, insecticide 
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regulations, lack of local scientific data, and farmer training through extension services) affect the 

identified research topics and why they should be taken into account. We finally suggest to combine the 

identified research topics in order to promote research synergies across disciplines. 

Introduction 

Tropical cropping systems are highly dependent on synthetic insecticides for pest control, 

especially in commercial crops [1–3]. Insecticides can affect human health [4], persist in the soil, pollute 

water sources [5], harm non-target organisms such as pollinators and soil microorganisms [6] and induce 

resistance in targeted pests [7]. Pest management based only on chemical insecticides is therefore 

unsustainable. The 17 Sustainable Development Goals (SDG) adopted in 2015 by the United Nations offer 

a roadmap to attain a sustainable world by 2030. This roadmap is made of 169 specific targets (full list 

available at https://sustainabledevelopment.un.org/topics/sustainabledevelopmentgoals). The SDG can 

be used as a framework to orient insecticide research towards a more sustainable pest management. 

This is especially true in less-developed tropical countries where major challenges for zero hunger (SGD 

2) and good health and well-being (SDG 3) remain to be addressed [8]. 

In this study, we performed a bibliometric analysis to identify current and promising insecticide 

research topics in tropical countries that could be fostered to meet the SDG. To do so: i) we searched the 

literature (Web of Science) on insecticide research (query = “insecticide*”) for the last three years (2017-

2019) from tropical countries, ii) we screened the titles and abstracts of one fifth (n = 439) of randomly 

selected articles (out of 2212) to identify the major research topics and subtopics, iii) we classified the 

remaining articles using a supervised classification model based on the most frequent keywords for each 

topic, and iv) we aligned subjectively each research topic with relevant specific targets among the 17 

SDG (see detailed methodology in Supplementary Material). Finally, we selected the five most SDG-

aligned research topics and discussed their relevance under the abiotic, biotic and human-related 

peculiarities of the tropics. In this context, we proposed future research directions to be fostered in 

order to attain a more sustainable pest management in the tropics. Note that we focused our discussion 

on the use of insecticides in cropping systems, even though animal and human health were also part of 

the literature survey and identified topics. 
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Insecticide research topics to be promoted to meet the SDG 

Our literature survey revealed 2212 articles published across 59 tropical countries for the period 

2017-2019. We identified 11 research topics during our screening encompassing a total of 41 subtopics 

(Table 1), which were aligned with 11 out of the 17 SDG (Figure 1). We selected five topics as being key 

for achieving SDG because they were in line with at least 7 SDG (Figure 1, in blue): i) contamination by 

insecticides, ii) insecticide degradation and bioremediation, iii) insecticide impacts on non-target 

organisms, iv) integrated pest management, and v) bioinsecticides. The selected research topics fell into 

two main categories: they were either related to insecticide fate and impact on the environment or 

related to alternative less-harmful solutions to synthetic insecticides. 

Contamination by insecticides, insecticide degradation and bioremediation, and insecticide 

impacts on non-target organisms explore the fate and impact of insecticides on the environment. 

Contamination by insecticides is a worldwide issue occurring when insecticide compounds accumulate 

within water, soil, or plant tissues (including residues in crop products). However, a contamination event 

is limited in time because these pesticide compounds will ultimately degrade naturally through both 

abiotic (e.g. volatilization, oxidation) and biotic (e.g. enzymatic degradation) pathways [9]. Restoration 

strategies (e.g. bioremediation) have been developed to strengthen the natural degradation in order to 

remove insecticide residues from contaminated substrates [10,11] (SDG 6, 14 & 15). Nevertheless, 

during the window of time when insecticides are not yet degraded (from days to years depending on the 

compound and abiotic conditions), non-target organisms (e.g. soil biota, natural enemies, fishes) can be 

exposed to these compounds through many exposure routes (inhalation, ingestion,…) that can be fatal 

depending on the dose [12], resulting in potential disruption of related ecosystem services (SDG 14 & 

15). We believe that more research on contamination and degradation of insecticides, along with their 

impacts on non-target organisms will help to promote access to clean water free of chemicals (SDG6), 

reduce food and water contaminations to support good health (SDG3), encourage responsible 

consumption and production of insecticides (SDG12) and reduce impact on both aquatic (SDG14) and 

terrestrial (SDG15) biodiversity (Figure 1). 

Integrated pest management and biopesticides explore the alternative solutions to synthetic 

insecticides. Indeed, the unsustainable nature of synthetic insecticide use, which led researchers to 

develop the concept, paradigm today, of integrated pest management (IPM), “a decision support system 

for the selection and use of pest control tactics, singly or harmoniously coordinated into a management 

strategy, based on cost/benefit analyses that take into account the interests of and impacts on 
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producers, society and the environment” [13]. IPM proposes a combination of rational use of synthetic 

insecticide [14], with other solutions such as companion plants that can act as repellent (push), trap 

crops that are attractive to the pest (pull), or nectar-provisioning plants that attract natural enemies. 

Another alternative to synthetic insecticides, sometimes included within IPM, are bioinsecticides. These 

products are defensive chemical compounds naturally produced by microorganisms, fungi, or plants that 

are mass-produced and delivered to farmers for pest control [15]. The majority of these natural products 

are usually less persistent than synthetic insecticides, which reduces environmental contamination, and 

are less harmful to non-target organisms [16]. Bioinsecticides, especially the phytochemicals, can be 

produced locally [17], thereby increasing farmers’ resilience (SDG 11) and reducing pest management 

costs (SDG 1). Finally, a landscape approach to ecosystem services (including natural pest control) goes 

beyond IPM in scope and scale, with promising results for pest management [18]. 

An additional way to promote more sustainable cropping systems consists in combining several 

research topics within the same approach. For example, Amoabeng et al (2019) [ref. 19] identified plants 

with the potential to control pests through both bioinsecticide development and natural enemy 

enhancement. Another study explores the combined effect of biochar and earthworms on both 

insecticide bioremediation and carbon sequestration [20]. These combined research topics are aligned 

with a more diverse set of SDG while keeping the cost of research unchanged. 

We acknowledge a few limits to our approach. First, topic alignments with SDG only reflect our 

opinions that depend on our experiences and would have been different if other or more views were 

included. Second, our classification model showed a moderate accuracy (Kappa score of 0.6), which 

implies that the number of papers within each category should be considered with caution. Finally, we 

may have missed rare research topics because we decided to use a subsample of papers for topic 

definition. 

Tropics-specific drivers affecting insecticide research 

Even though we believe that research topics identified earlier should be promoted to attain 

more sustainable cropping systems, we also think that some tropics-specific drivers should be accounted 

for while executing research on these topics. Indeed, most environmental research has been carried out 

in temperate countries [21] and has then guided implementations in tropical countries. However, a 

number of peculiarities specific to the tropics that are usually not taken into account may lead to 
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misleading results and recommendations leading to unsustainable use of insecticides in the tropical 

context.  

1. Tropical climate 

 Tropical climate is usually warmer and more humid than temperate climate. These abiotic 

conditions promote pest population growth, which may result in more frequent pesticide applications 

[22].  At the same time, abiotic degradation of insecticides has been shown to be faster under tropical 

conditions, because of the higher temperature accelerating volatilization, chemical degradation, and 

microbial degradation [22,23]. At the same time, the high precipitation in tropical regions increases the 

risk of runoff and leaching of insecticide compounds [23]. However, even if higher degradation and 

leaching occur, a recent global assessment of insecticide concentrations in surface waters showed higher 

concentrations of several insecticides in tropical compared to temperate regions [24]. Additionally, 

whilst insecticides disperse, accumulate and degrade differently under tropical conditions, most of the 

recommendations in tropical countries are still based on research conducted in temperate regions, 

leading to potentially inadequate management [23,25]. Finally, climatic conditions are heterogeneous 

across the tropics with several ecosystems showing dryer conditions, such as the Tropical Andes, which 

increases the issue of transferring solutions developed for temperate systems to the tropics. We 

therefore stress the need for more research on insecticide contamination and degradation under tropical 

climate (SDG 9). 

2. High biodiversity and local traditional knowledge 

Tropical areas harbor the greatest biodiversity in the world along with a longstanding traditional 

knowledge held by local people. The high plant biodiversity offers a wide array of defensive chemicals 

from which bioinsecticides can be manufactured. For instance, neem oil, one of the oldest commercially 

available botanical insecticides is extracted from a tropical plant (Azadirachta indica, Meliaceae). 

Moreover, many by-products of local crops could readily be used as botanical insecticides (SDG 11 & 12). 

For example the Andean Lupine (Lupinus mutabilis, Fabaceae) cultivated for human consumption needs 

to be washed before consumption to remove toxic alkaloids with potential insecticidal activity [26]. 

Farmers in less-developed tropical countries are also more interested in using botanical insecticides 

because of a longstanding traditional knowledge about local plants [17]. Botanical diversity also offers a 

vast pool from which companion plants can be selected for nectar provision or push-pull systems used in 

IPM. Therefore, biodiversity in the tropics has a strong potential to develop local sustainable solutions 
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(SDG 9 & 11) for pest control that could be guided by traditional knowledge through a partnership with 

local communities (SDG 17). 

3. Insecticide regulations 

In less-developed tropical countries, insecticide regulations are generally less constraining than 

in their temperate counterparts. This leads to both negative and positive consequences. On the one 

hand, more flexible regulations facilitate the development and commercialization of new bioinsecticides 

(SDG 9), whereas insecticide regulations are major barriers to commercialization in temperate countries 

[17,27]. On the other hand, many synthetic chemicals with longer persistence and higher toxicity for 

non-target organisms, including humans, have been banned in more developed countries but are still 

allowed in less-developed tropical countries [3]. Moreover, the standard non-target organisms used in 

toxicological studies to evaluate the environmental risks of insecticides generally originate from 

temperate countries [28]. For example, the honey bee (Apis mellifera, Hymenoptera) is used as a 

standard species to assess the impact of insecticides on pollinators, even though pollination in the 

tropics is highly dependent on stingless solitary bees that are not included in the evaluation [29]. A 

similar conclusion has been reached for non-target organisms participating in organic matter 

decomposition [25]. Therefore, studies on ecotoxicology of non-target organisms should evaluate the 

impacts on species present in the tropics instead of focusing on irrelevant temperate species. Overall, 

these examples stress the need to reduce inequalities of insecticide regulations between developed and 

less-developed countries (SDG 10). 

4. Extension services and training 

Agricultural extension services occupy a central role for diffusing pest control innovations, 

recommendations and training to farmers in less-developed countries [30,31]. Since the 1990’s the type 

of extension organizations has shifted from mainly public agencies to a diversity organizations including 

NGO, farmers’ associations or private extension services [31,32]. The increase in private extensions 

present several issues: i) smallholder farmers are not the main targets because of their low solvency 

[31,33] and ii) private extensions usually have a dual role of merchandizing insecticides and advising 

farmers [30,34]. Extension personnel should be trained to propose alternative solutions to insecticides 

such as IPM, bioinsecticides or to provide taxonomic services. A global survey highlighted the “shortage 

of well-qualified expert and extensionists” about IPM in developing countries [35]. Local production of 

bioinsecticides could also be guided by extensionists, given that farmers spontaneously show interest on 
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this topic [16]. A taxonomic service offered by extensionists could also help farmers to correctly identify 

pests and use a control method only when the pest is present, thereby reducing untargeted use [36]. 

Additionally, insecticide overuse by untrained farmers in the tropics can be a source of higher insecticide 

contamination that could also be avoided through better training [37]. Overall, the current pluralistic 

extension agencies need to better communicate and coordinate, both among themselves and with 

farmers, to synergistically improve extension services [31,32]. New learning tools, such as model-based 

games, might represent promising methods to address these issues [38,39]. Altogether, these examples 

illustrate the need for a better education of farmers and extensionists about insecticides (SDG 4). 

5. Lack of data and local funding 

The lack of reliable data in tropical compared to temperate regions impedes drawing strong 

conclusions about the level of contamination in tropical waters and soils [24,40], and the impact on non-

target organisms [37]. This lack of data may be addressed through the development of harmonized 

protocols relevant across tropical areas, the training of local scientists and the access to sophisticated 

scientific equipment in some developing countries [25,40,41]. Local data is of particular importance for 

IPM because management solutions are developed on a case-by-case basis, with a redesign process 

accounting for the local context [34,42]. New methods of participatory data collection such as citizen 

science or living labs could also help to fill the gap. For example, the FAMEWS mobile phone app allows 

farmer to scout for fall armyworms (Spodoptera frugiperda) in their fields, and provides monitoring data 

and early warnings back to farmers [43]. Finally, funding is necessary to obtain these data, but is also 

necessary to sustain IPM programs in the long run to avoid chemical companies from filling the gap, 

leading to the abandonment of more sustainable control methods [34]. Increased coordination between 

extension services and combining several funding sources might provide more resilient funding (SDG 1 & 

17).  

Conclusion 

All the identified research topics and tropical drivers could be unified under the Efficiency-

Substitution-Redesign framework for a conversion to a sustainable agriculture promoted by Pretty et al 

(2018) [ref. 42]. Indeed, the Efficiency stage can be linked with all the identified topics and with the 

necessity to perform research accounting for tropical climate and biodiversity, and the need to gather 

more data within tropical countries. The Substitution stage applies to bioinsecticide development and 

IPM, offering sustainable alternatives to synthetic insecticides, and highlighting the need for more data 
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and a better education of farmers through the central role of extension services. Finally, the Redesign 

stage applies to all identified topics and insists on the case-by-case basis that requires more data under 

the specific local and wider tropical context. 

In future research, some SDGs that we considered as not directly related to our identified topics 

could be further explored. For example, unequal gender (SDG5) access to extension service occurs [44] 

and should be taken into account by promoting interdisciplinary research necessary to attain 

sustainability [45]. Additionally, new research topics such as nanoparticle insecticides are too recent to 

evaluate their impact on sustainability (e.g. long-term impact on the environment and health) but may 

be promising avenues for sustainable research on insecticides in the tropics [46,47].  
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Figure 1 – Alignment of insecticide research topics with the specific targets of the Sustainable 

Development Goals (SDG) and the number of published articles for the period 2017-2019 in tropical 

countries. In the discussion, we mainly focus on the topics aligned with more than 7 targets (highlighted 

in blue). Circle diameter reflects the number of targets aligned with the research topic for each SDG. The 

SDG most aligned with research topics are highlighted in orange. Six SDG were not considered as directly 

aligned with research topics and are shown at the bottom part. Tropical countries are defined as having 

at least half of their land mass between the Tropics of Cancer and Capricorn. Only articles fulfilling the 

search criteria (TS = insecticide*) with accessible abstract and written in English were explored/read. The 

alignments between targets and research topics reflect the opinions of the authors.  
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Table 1 –Research topics (11) and subtopics (41) identified from our literature search and their 

alignments with specific targets from the Sustainable Development Goals (SDG). The list is based on the 

screening of the titles and abstracts of 439 articles randomly selected about insecticide research in 

tropical countries published between 2017 and 2019. The specific target numbers refer to the detailed list 

available at https://sustainabledevelopment.un.org/topics/sustainabledevelopmentgoals. 

Research topic Subtopic 
Specific targets (of the 17 SDGs) 
aligned with topic (combining 
authors' opinions) 

Insecticide resistance in insects 
 

2.3; 3.3; 9.5 

 Insecticide resistance mechanisms  

 
New technology in resistance detection  

 
Case study assessment of resistance  

 
Development of database on insect resistance  

  Population genetic structure   

Bioinsecticides  
1.5; 2.1; 2.3; 2.4; 2.5; 3.3; 3.9; 
6.3; 9.5; 11.4; 12.4; 13.3; 14.1; 
15.9; 17.7 

 

Development and synthesis of new bioinsecticide 
and biorepellent   

 

Case study assessment of bioinsecticide and 
biorepellent  

 
Botanical extracts  

 
Entomopathogen microorganisms  

  Plant elicitors   

Synthetic insecticides  
2.3; 2.4; 3.3; 9.5 

 

Development and synthesis of new chemical 
insecticides  

 
Case study assessment of chemical insecticides  

 
Chemically treated baits  

 
Adjuvant effect on insecticide effectiveness  

 
Mixture of insecticides  

Insecticides in houses  
3.3; 3,9; 9.5 

 Treated nets and bed nets  

 
Wall lining  

  Indoor residual spraying   

Contamination by insecticides  2.1; 3.9; 6.3; 6.6; 9.5; 11.4; 12.4; 
14.1; 15.9; 17.7 

 Water pollution by insecticides  

 
Soil pollution by insecticides  

 

Development of biosensors and immunosensors for 
insecticide detection  

  Insecticide residues in food   

Insecticide degradation and 
bioremediation 

 2.1; 3.9; 6.6; 9.5; 11.4; 12.4; 14.1; 
15.9; 17.7 

 

Development of new technology for insecticide 
removal   
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  Natural degradation rate of insecticides   

Integrated pest management  1.5; 2.1; 2.3; 2.4; 2.5; 3.9; 6.3; 
9.5; 11.4; 12.4; 14.1; 15.9; 17.7 

 IPM case studies  

 
Identification of new natural enemies  

 
Visual deterrent  

 
Combined effect of biocontrol agents  

 
Varietal selection of pest-resistant plants  

  Pheromone and kairomone trap   

Human drivers impacting 
insecticide effectiveness 

 
2.3; 3.3; 6.3; 9.5; 12.4; 14.1 

 Access to pest control methods  

 
Incentives for insecticide use  

  Policy and regulation   

Insecticide impacts on non-target 
organisms 

 3.9; 9.5; 11.4; 12.4; 14.1; 15.5; 
15.9; 17.7 

 Insecticide impacts on natural enemies  

 
Insecticide impacts on organisms in water  

 
Insecticide impacts on pollinators  

  Insecticide impacts on soil microorganisms   

Insecticide impacts on human 
health  3.9; 6.3; 9.5; 12.4; 14.1 

 Insecticide poisoning  

  Self-poisoning   

Nanoparticle insecticides  
2.3; 3.3; 3.9; 6.3; 9.5; 14.1; 17.7 

 Nanoformulation  

  Micro- and nanoencapsulation   
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