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Abstract 

Climate change and endocrine disrupting chemicals are currently amongst key drivers for a range of 

non-communicable diseases and adverse human health conditions. Pesticides constitute an important 

source of endocrine disrupting chemicals. A growing public health concern is the potential relationship 

between climate change and adaptive increases in agricultural pesticide use. Effectively, with 

increases in pesticide use, there may be increased potential for elevated pesticide exposures and, 

thus, increased endocrine disrupting health risks. The aim of this thesis was to assess whether climate 

change is a key risk perpetuating factor for endocrine disrupting health risks due to increased 

agricultural pesticide uses and exposures. The study was conducted in Zimbabwe with farmers in the 

cotton farming district of Rushinga. Three research methods: 1) interviews with farmers, 2) 

quantitative structure-activity relationship modelling and, 3) stakeholder interviews with government 

cotton agronomists working as extension officers in Rushinga district who acted as key informants. 

Qualitative in-depth interviews were conducted with 50 active smallholder farmers who had grown 

cotton for a minimum of 30 years. The interviews gathered farmers’ perceptions and observations 

regarding climate change, changes in pest types, pest populations, pesticide use patterns, pesticide 

handling practices, and adaptive practices, amongst others. Quantitative structure-activity 

relationship modelling was, further, applied in identifying key risk pesticides of concern. Amitraz, 

endosulfan, fenvalerate and lambda-cyhalothrin were determined as having a high likelihood of acting 

as endocrine disruptors, as validated by literature highlighting the four pesticides’ hormone-related 

cognitive, physiological and reproductive adverse health effects. Findings indicated that a number of 

farmers’ adaptative practices were found to be incremental and, potentially, maladaptive, thereby 

enhancing pesticide use and exposure. This was indicative of climate change’s potential for 

perpetuating pesticide-related endocrine disrupting health risks. Opportunities exist, however, for 

farmers to reduce pesticide use, and, thus, potential endocrine disrupting health risks through certain 

autonomous transformational adaptive practices, such as crop switching and cotton acreage 

reduction. Assistance to farmers by the government and development agencies, for enhancing 

opportunities for transformational adaptation is therefore recommended. Furthermore, there is need, 

at policy level, for phasing out pesticides with endocrine disrupting properties. There is, furthermore, 

a clear need for enhancing farmers’ access to, and comprehension of, pesticide risk information 

through various innovative means, including research translation to reduce exposure risks. 
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INTRODUCTION 
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1.1 Introduction 

Climate change and endocrine disrupting chemicals (EDCs) are considered, separately, to be key 

drivers for a range of non-communicable adverse human health outcomes (1–6). In recent years, these 

issues have gained significant scientific and policy attention (4,7–13).  However, potential 

interrelationships between them have not, as yet, been well researched to ascertain how they interact 

to adversely impact human wellbeing, although humans may be at risk. 

There is a longstanding concern within the chemicals and health literature regarding the ability of 

certain pesticides to act as EDCs that imitate or block natural hormones (6,20–22). By their 

formulation, pesticides are meant to inhibit insects, weeds, fungus, rodents, and other living 

organisms whose presence may be undesirable or deleterious from proliferating (23,24). They thus, 

are inherently toxic, constituting a human health hazard of note (25–27). Pesticides with endocrine 

disrupting potential may cause a range of chronic diseases and conditions affecting development, 

reproduction, neurological function, metabolism, immunity, as well as influencing some hormone-

related cancers in exposed individuals and their offspring (13,28–30). Low levels of exposures below 

the benchmark doses traditionally recognised as standard in toxicological assessments are believed to 

be more significant in causing adverse endocrine-disrupting health effects than higher doses (5,14,31–

34). It is, therefore, paramount for farmers to avoid, rather than minimise exposures. This is, however, 

a challenge, especially in low- and middle-income countries (LMICs), where personal protective 

equipment (PPE) is lacking or ineffective. An additional challenge stems from climate change’s ability 

to exacerbate human exposure to pesticides, particularly smallholder farmers in the LMICs (35–37). 

Research suggests that certain climate change effects, including rainfall variability and warmer 

temperatures, may be linked to enhanced photo-degradation, volatilisation and dissipation of 

pesticides, as well as rapid pest breeding and spatial expansion of pest habitats, (38–45). With these 

changes, farmers’ adaptive responses lead to increased pesticide applications, leading to substantial 

volumetric increases in pesticide use, and risks for elevated exposures to EDCs may be high.  

Conclusive findings regarding climate change’s impact on pesticide use patterns are presently 

preliminary, with limited understanding of farmers’ pesticide-related adaptive practices and 

challenges. However, considering existing climate change impacts on increasing pest populations, a 

relationship between climate change and adaptive increases in the use of agricultural pesticides is 

likely. A focus on farmers’ adaptation practices’ impacts on pesticide use and pesticide exposure could, 

therefore, shed new insight on the relationship between climate change and endocrine disruption.  
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1.2 Study Aim 

The aim of this study was to determine whether climate change was a key risk factor in increasing 

Zimbabwean smallholder cotton farmers and their families’ exposure to endocrine disrupting 

pesticides and their resulting health effects. 

1.3 Study objectives 

The aim of the study was addressed by the following specific objectives: 

1. To document the endocrine disrupting potential of commonly used and registered cotton 

pesticides in Zimbabwe, and identify key pesticides of concern. 

2. To describe the potential health effects of Zimbabwean smallholder cotton growers’ increased 

use of endocrine disrupting pesticide in response to climate change adaptation. 

3. To assess whether Zimbabwean farmers’ adaptive responses to climate change impact their 

pesticide use. 

4. To identify the potential of climate change as a perpetuating factor for pesticide exposure and 

endocrine disrupting health risks. 

5. To assess key factors, in the past 30 years, impacting pesticide use by Zimbabwean 
smallholder cotton growers living in Rushinga district. 

1.4 Structure of the thesis 

Chapter 2 is the literature review, focussing on the themes - pesticides, endocrine disruption and 

climate change - relevant to the study objectives. The chapter focusses on literature addressing a 

potential relationship between climate change and endocrine disruption through agricultural 

pesticides. Key gaps in the literature are identified, and were used to frame the study undertaken. 

In Chapter 3, the third and fourth objectives of the study are addressed. In this chapter, endocrine 

disrupting health risks associated with the cotton pesticides, and the potential of these health risks to 

constrain adaptation are assessed. Firstly, pesticides of concern are identified using endocrine 

Disruptome, a validated in silico approach for assessing EDCs by their probability of binding with 

selected hormone receptors. Thereafter, identified key pesticides of concern’s potential to interfere 

with adaptation is assessed. The assessment is based on reviewed evidence of health risks associated 

with interferences in the proper signalling of the hormones affected by the pesticides. 

Chapter 4 addresses the second objective of the study. The use of pesticides by cotton farmers as an 

option for adapting to climate change-related changes in pest characteristics (such as pest populations 
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and pest types), is assessed. The impacts of this incremental adaptation are weighed, and other non-

incremental adaptive practices are evaluated. 

Chapter 5 is the final results chapter, and it addresses the fifth objective of the study, namely, 

examination of the perpetuating role of climate change in pesticide exposure and potential endocrine-

related health risks. The chapter assesses the role of climate change in modifying farmers’ practices 

impacting their exposures to pesticides, to continue or increase farmers’ and their families’ pesticide 

exposures. 

Chapter 6, which addresses the first objective of the study, provides a qualitative assessment of 

changes in the use of pesticides by Zimbabwean smallholder cotton farmers in the past 30 years using 

a political-ecologic lens. In this chapter, which has been published as a journal article (46), details 

regarding the research design, sample selection and data collection, applicable to the rest of the thesis 

chapters, are outlined. 

In the final chapter, Chapter 7, key findings of this thesis are discussed. Strengths and limitations of 

the study are highlighted, and recommendations for policy and further research are made. 
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2.1. Introduction 

This chapter presents the literature reviewed covering the following themes central to the study – 

pesticides, endocrine disruption and climate change. Key gaps in the literature were identified, and 

have been used to frame the study undertaken. 

2.2. Pesticides, adverse health effects and global action 

Pesticides are extensively used in agriculture throughout the world due to their real, and often 

perceived, advantages of improved crop quality and enhanced productivity, (1–3). They are, however, 

consistently flagged by research for their adverse effects on human health as their benefits often do 

not outweigh their costs, especially for smallholder farmers (4–7). Because pesticides have non-

species-specific modes of action, unintended human exposures are a major public health concern (8–

10). Epidemiological and laboratory assessments have, on numerous occasions, shown that exposure 

to pesticides may lead to a range of diseases and disorders, including acute rashes, dizziness and 

breathing difficulties and chronic neurotoxic, reproductive and carcinogenic effects, amongst others 

(8,11–14). Research indicates that pesticides are associated with significant levels of mortality, 

especially in the LMICs which account for the majority of pesticide-related deaths globally, despite 

using only a fraction of the world’s pesticides (11,15). Estimates attribute between 220 thousand and 

300 thousand deaths worldwide to pesticide poisoning each year, while up to 3 million hospitalisations 

are believed to be related to acute poisoning (14). In addition, 25 million people are estimated to 

experience mild poisoning, with 750 thousand others developing a range of chronic illnesses (14). 

However, these numbers are most likely grossly underestimated due to a lack of adequate surveillance 

data, particularly in the LMICs.  

Notable progress has been achieved at the global level to ban or restrict the use of certain pesticides 

considered to be environmentally persistent, causing new exposures and adverse health effects long 

after their initial use. Several pesticides used in agriculture globally are, therefore, replacements for 

toxic and persistent classes of organochlorine pesticides whose production and use are restricted 

under the Stockholm Convention on Persistent Organic Pollutants (16–18). These replacements, 

including organophosphates, carbamates, triazines and pyrethroids are, however, now themselves 

being cited for a range of acute and chronic health effects (19–22). Despite the development and 

promotion of alternatives to pesticides, given documented health effects and pest chemical 

resistance, the indication is that pesticides, in the foreseeable future, will continue being used for pest 

control (2,3,23). There is, thus, a need for stricter regulation of production and use of all classes of 

chemical pesticides, including those which, based on currently used methods of toxicity assessment, 

have low levels of toxicity. 
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2.3. Pesticides as endocrine disruptors 

In recent years, evidence has increasingly linked commonly used agricultural pesticides to endocrine 

disruption (22,24–26). An endocrine disruptor, as defined by the World Health Organisation, 

International Programme on Chemical Safety (WHO-IPCS) is “an exogenous substance or mixture that 

alters function(s) of the endocrine system and consequently causes adverse health effects in an intact 

organism, or its progeny, or (sub) populations”. (to insert REF:2002). The concern with endocrine 

disrupting pesticides is their interference in the function of natural hormones (7,27,28). By mimicking 

and blocking hormones, as has already been noted, EDC pesticides reduce the capacity of the human 

body to perform its functions optimally (7,24,29), a clear cause for a growing public health concern 

regarding increased use of pesticides in smallholder agriculture. 

Endocrine disruptors were first reported as a new class of toxic agents in 1993 (30–32). For nearly four 

decades since then, researchers have faced significant challenges in trying to develop standardised 

methods of determining the endocrine disrupting capabilities of chemicals. Progress in in vivo, in vitro 

and, increasingly, in silico research and screening has, however, enabled steady identification of 

potential endocrine disruptors, including pesticides, in the recent years (33–37). There are, however, 

still numerous challenges encountered by researchers in trying to identify EDCs despite this progress. 

First, since EDCs belong to a wide range of chemical classes, they are not similar in their chemical 

structure, which makes predicting their endocrine disrupting capabilities based on chemical structure 

difficult (29). Furthermore, EDCs comprise chemicals which are identified by their mechanism of 

action, not the purpose for their usage (30), which means EDCs may be occuring in many products 

used for different purposes. There are, also, several processes by which the hormonal system can be 

interfered with, including the binding, synthesis, elimination, transport, secretion, metabolism, 

release and production of hormones (29,38–41). These processes alter hormone levels, inhibit or 

stimulate the production and metabolism of hormones, or change the way hormones travel through 

the body, thus affecting the functions that these hormones control in many ways (28,42,43). This 

makes it difficult, time consuming and expensive to screen every chemical for its potential to interfere 

with the hormonal system by all ways possible. 

Endocrine disrupting pesticides impact organ systems of the body, resulting in a range of acute and 

chronic diseases and conditions (Table 2.1). In the high-income countries where research on EDCs has 

mostly been done, a significant increase in endocrine disrupting diseases and conditions in the past 

40 years has been documented (7,44). These diseases and adverse conditions have included 

premature puberty, male congenital disorders, reproductive disorders, neurobehavioural disorders, 

obesity, diabetes, and hormone dependent cancers such as prostate, ovarian and breast (24,38,45,46). 
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Prevalence in the LMICs is unknown, and very difficult to estimate due, as has already been stated, to 

a lack of surveillance data in many of these countries. 

Table 2.1: Systemic and organ effects associated with exposure to EDC pesticides 

Systemic and 
Organ effects 

Adverse effects/ 
Diseases Pesticides References 

Metabolic  
Pancreas Obesity, type-2 diabetes  

Organochlorine 
pesticides, e.g. DDE, 
heptachlor, HCB, DDT, 
and chlordane 

(16,43) 

Thyroid 
 

Reduction in thyroid hormones 
Altered of human body 

DDT and HCB 
(hexachlorobenzene) (39,47,48) 

Cardiovascular 
Heart 

Obesity induced coronary heart 
diseases, stroke, blood pressure 
problems 

A range of pesticides  
(49–51) 

Reproductive  
testis 
ovaries 
 

Disorders of the male 
reproductive system, e.g. 
reduced sperm quality, 
inhibited spermatogenesis and 
reduced testis weight, infertility, 
Poor sperm quality 
DNA damage  
Birth defects of reproductive 
organs, limbs, cleft lips and the 
central nervous system  

Organochlorines, e.g. 
endosulfan, DDT 
Organophosphates, 
e.g. parathion, 
dimethoate 
Pyrethroids, e.g. 
permethrin 
Carbamates, e.g. 
carbofuran 
Atrazine, 
Mancozeb 

(52,53) 

Central nervous  
Brain 
Gonadal 

Neurodegenerative disorders, 
Neurobehavioural challenges, 
including reduced cognitive 
performance 
 

Organophosphates, 
e.g. chlorpyrifos 

(4,11,54,55) 
 

Carcinogenic 
multiple organs 

Low immune system, 
Hormone dependent cancers - 
breast, ovarian, prostate, 
testicular, thyroid  

Organochlorines (low 
immunity)  

(26,56,57)  

 

Some of the most commonly studied effects of endocrine disrupting pesticides are those that relate 

to the reproduction system and development. Prenatal exposure to EDC pesticides has consistently 

been observed to result in a range of adverse effects, especially for boys (46,58,59). In a study 

conducted in Denmark investigating the prevalence of urogenital malformations in sons of gardeners 

and farmers, for example, high incidence of cryptorchidism in sons of women working in gardening 

was found (45). As the risk was not increased in sons of males in the same occupation, the results were 

suggestive of an association between these particular incidences of cryptorchidism with the exposure 

of the mother. Other studies, however, indicate that male exposures to EDC pesticides may also have 
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effects on reproductive outcomes. For example, one study observed significantly increased incidences 

of miscarriages among the wives of male pesticide applicators (60). Similarly, other studies found that 

wives of pesticide applicators experienced a higher frequency of miscarriages than those who were 

not married to pesticide applicators (61,62). The health end points resulting from exposure to EDC 

pesticides do not, therefore, necessarily depend on who is exposed, as the exposures of either men 

or women may have adverse endocrine disrupting effects impacting offspring. 

Research evidence shows that the age of an exposed individual and the dose or duration of exposure 

are important factors in potential health risks associated with exposure to EDCs (63–65). Foetuses, 

infants and children are highly susceptible (63). Significant harm resulting from exposure to endocrine 

disruptors occurs during the early development stages of the foetus (45,65,66), which is of concern 

for female farmers and farm workers. Developmental exposure may result in adverse effects that last 

long after the endocrine disruptor has been secreted from the body (24,67,68). Exposure during 

childhood has been observed to result in adverse effects that may manifest in adulthood, and in 

agricultural settings in LMICs child labour occurs on farms, where exposures to pesticides occurs. For 

instance, exposure to EDCs early in life has been observed to be associated with cognitive and 

neurological impairment due to irreversible neuronal damage (69). Furthermore, clinical and 

epidemiological sets of evidence suggest that many male reproductive diseases and disorders, 

including hypospadias (abnormally developed urethra), cryptorchidism (undescended testicles), as 

well as infertility, and testicular cancer are of antenatal origin, associated with EDC exposures 

(46,59,67). 

Farm residence is often cited in epidemiological studies to be associated with adverse health 

challenges and disorders that include low birth weight, foetal death, childhood cancers, 

cryptorchidism, cryptorchidism, and congenital heart defects (62,70–75). A study focusing on pubertal 

boys in rural South Africa made an association between farm residence and adverse health, possibly 

resulting from exposures to ED pesticides (74). The association between residential proximity to farms 

and adverse health implies that distance from where spraying activity takes place is an important 

factor influencing exposure to pesticides. Although research on EDCs has centred around children, as 

they are more susceptible to endocrine disruption due to their developing organs and systems, 

exposure to EDCs in adulthood may also, result in a range of diseases and adverse conditions 

(7,8,40,60,76,77). There is, thus, recognition that pesticides are an important source of endocrine 

disruptors which are associated with endocrine disruption in both children and adults. The 

involvement of women and children in the handling of pesticides or contaminated materials (e.g. 

washing contaminated clothes), and their exposure to spray drift in relation to where they live, and 

work are important risk factors for exposure to EDC pesticides. Increasing evidence shows that 
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exposure to EDC pesticides may result in adverse effects centred around the body’s systems and 

organs due to interferences in the release, excretion or metabolism of hormones affecting those 

systems and organs (25,26,64,78). 

2.4. Climate change’s impact on pesticide use and exposure risks 

Climate change refers to human-induced alterations in long-term weather characteristics, resulting in 

the world becoming warmer overall, and different regions experiencing rainfall variability and short-

term extreme weather (79,80). In Zimbabwe, climate change has been marked by a warming trend, 

with the annual mean temperature increasing by 0.4°C since the year 1900. Due to its land-locked 

location, Zimbabwe is susceptible to experiencing warmer temperatures than the global average (81). 

From the available scientific literature, there does not seem, however, to be consensus regarding any 

significant decline in rainfall, although there has been marked rainfall variability (82–87). Variability in 

rainfall, as well as high evapotranspiration rates due to warmer temperatures, are resulting in a 

negative water balance, causing water stress in many parts of the country, prompting farmers to 

engage in a range of adaptation measures (88–91). In view of these changes, some researchers have 

sought to have an in-depth understanding of the implications of climate change on crop production, 

pest populations and distribution as well as pesticides use in Zimbabwe. 

Temperature and rainfall changes associated with climate change may affect pesticides in two broad 

ways. Climate change may directly affect the environmental fate of pesticides (i.e., how they break 

down in the environment), and indirectly, climate change may influence, or affect pesticide use in 

response to changes in pest characteristics (92). 

2.4.1. Shifting crop pests in a changing climate 

A growing body of literature shows a relationship, based on observations and projections, between 

climate change and major changes in geographical ranges, seasonality and proliferation of many 

agricultural pests (97–101). The drivers of such changes include climate change induced changes in 

temperature, rainfall and carbon dioxide (102). Alterations in these three drivers may affect pests in 

a number of ways, including increased overwintering, spatial changes in distribution, as well as 

increases in number of generations and population growth rates, (92,103). Certain studies show that 

temperature increases of 1.5-2.5°C could expand the range of the cotton pink bollworm into the 

Central Valley of California, where it is currently not a pest. (102). Similarly, in a comprehensive meta-

analysis, researchers demonstrated an association between climate change and the range limits of a 

number of species of pests and herbs in the northern hemisphere which are, on average, moving 6.1 

km per decade northward, or +/-2.4m upward as temperatures become warmer moving poleward 
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(104,105). The same analysis also found that there is a mean shift towards earlier spring timing of 2.3 

days per decade, including earlier frog breeding, bird nesting, first flowering, tree bud bursting, and 

arrival of migrant birds and butterflies. These changes, impacting pest prevalence in many parts of the 

world, may influence pesticide-related adverse health due to potential increases in EDC pesticide uses 

and exposure. In Zimbabwe, very few studies have attempted to determine the relationship between 

climate change and pesticide use. However, researchers have modelled the potential impact of 

climate change on the distribution of the coffee white stem borer in the eastern part of the country 

and concluded that climate change has significant potential to increase the geographical distribution 

of the coffee pest (106). This may entail the application of pesticides used to control the pest on a 

wider geographical scale. 

2.4.2. Climate change’s impact on changes in cropping patterns and pesticide use 

Climate change is likely to impact (and has, in certain areas, already been found to impact) cropping 

patterns, pests and pesticide proliferation, which have been suggested to have an impact on adaptive 

changes in pesticide applications in farming. With the impact of climate change, farmers may 

adaptively shift certain agricultural crop production towards regions that were previously not suitable 

for farming (107,108). For example, there have been suggestions in the United States of America (USA) 

that both corn and wheat production may migrate northwards as temperatures and precipitation 

increase. However, the southern parts of the country are expected to get warmer and drier, which 

could result in decreased crop production (107). Warmer northern region temperatures may also lead 

to longer growing seasons, potentially allowing increased farming activities, but also growth in pest 

populations and increases in pesticide use. Similarly, there have been suggestions that projected 

temperature increases in England may result in adaptive changes in crop production, with crops such 

as sunflowers, grapes, peaches and maize potentially being introduced (92,108). Such changes may 

impact on the ranges and magnitude of crop pests and their associated pesticides, risking new 

pesticide exposures. 

In Zimbabwe, researchers have suggested that increasing rainfall variability, rising temperatures and 

a negative water balance may be distorting Zimbabwe’s agro-ecological boundaries, with potential to 

affect cropping patterns, pest distribution as well as pesticide application. Some studies have re-

delimit the boundaries of Zimbabwe’s natural agro ecological regions using climate change data 

(71,72). Observations are that increased rainfall variability and rising temperatures have distorted the 

original agro-ecological boundaries, pointing to potential changes in future cropping patterns. There 

have been suggestions that due to warmer temperatures, cotton suitable areas will have significantly 

increased by the year 2080 (89). Such expected changes, as shown earlier, may result in new patterns 

of pesticide uses which could result in increased pesticide exposures. 
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2.4.3. Effect of climate change on the environmental fate of pesticides 

Climate change may lead to accelerated volatilisation and enhanced degradation of pesticides 

(biodegradation and photo-degradation) due to warmer temperatures (92,93). In one study, annual 

soil residues of the herbicide isoproturon over a 20-year period were examined, and findings indicated 

an association between warmer soil temperatures and substantial herbicide degradation (94). A field 

study in the Netherlands observed that warmer temperatures may result in the loss of up to half of 

applied pesticides due to increased pesticide volatilisation (95). Combined increases in pesticide 

volatilisation and faster degradation may significantly reduce the concentration of pesticides, which 

may necessitate adaptive increases in pesticide applications by farmers (94–96). This, however, may 

increase pesticide exposures thereby increasing pesticide-related endocrine disrupting health risks for 

farmers and their families.  

 

2.5. Pesticide exposure risks for smallholder farmers 

Endocrine disruption is a major concern for small scale farming given the high levels of exposure to 

agricultural pesticides, for both pesticide handlers and bystanders (109,110). In Zimbabwe, while it is 

difficult to establish aggregate statistics regarding pesticide poisoning as the country does not have 

an official register for pesticide-related poisoning, biological monitoring has characterised the 

prevalence of pesticide exposure among smallholder farmers as being “high” (111–113).  There are 

several risk factors which, together, influence these high exposures, including the duration of 

exposure, non-usage of personal protective equipment (PPE), risk communication, risk perception, 

and residential proximity to crop fields. 

2.5.1. Duration of exposure 

In occupational settings, research suggests that the duration that a farmer takes spraying a pesticide, 

which translates to the duration of their exposure to that particular pesticide, may be related to the 

quantity of pesticides to which they are potentially exposed (55,114). This is particularly significant in 

smallholder farming in Sub-Saharan Africa where one person, usually the head of the household, is 

responsible for spraying (110). While the duration of spraying could be reduced when several sprayers 

are involved, the challenge that may emerge is the increased risk of several people spraying in the 

same field being exposed to pesticide spray drift. Furthermore, the size of the field being sprayed also 

impacts exposure. For instance, a study in Ivory Coast reported that cotton farmers’ pesticide 

exposure risks were significantly related to the size of cultivated fields being sprayed (115). 
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Smallholder farmers with larger fields to spray are therefore more likely subjected to longer durations 

of exposure to pesticides than farmers with smaller fields. 

2.5.2. Farm tasks 

Another factor that influences pesticide exposures among smallholder farmers is the range of work 

tasks that a person has to perform. Pesticide applicators are likely to become exposed to more 

pesticides as compared to other household members not directly involved in the handling of 

pesticides. For example, a study conducted in Kwekwe, Zimbabwe, observed that different farm tasks 

impacted on farmers’ pesticide exposures differently (111). In rural small-scale farming, pesticide 

spraying is a task that is usually performed by males. Women and children, however, are exposed to 

significant amounts of pesticides even though they may not always be directly involved in spraying. 

This occurs, for example, through re-entering recently sprayed fields to harvest or weed and from 

washing pesticide-contaminated clothes. 

2.5.3. Farmers’ Perceptions 

Several studies have observed that inadequate use, or non-usage of PPE by pesticide applicators was 

related to high levels of pesticide exposure (23,111,116–118). However, farmers’ low usage and non-

usage of PPE is, generally, influenced by many factors, including unaffordability and misperception of 

risks regarding the effect of pesticides. For instance, in the aforementioned study on the exposure of 

cotton farmers to pesticides in Ivory Coast, it was determined that exposure was partly influenced by 

farmers’ attitudes regarding pesticide related health symptoms to which they had become 

accustomed (115). The occurrence of human health hazards related to pesticide exposure was 

accepted as part of the necessary cost of cash crop agriculture. The same study also noted that certain 

farmers’ perceptions about pesticide drift also contributed to their pesticide exposures. They 

preferred to spray their fields when the wind speed was high, since high wind speed was perceived to 

help spread the chemicals much more widely to a larger field area, thus, reducing the quantity of 

pesticides that they needed to apply, which, to them, amounted to time and monetary savings. This 

practice may, however, facilitate exposure to excessive amounts of pesticides. 

2.5.4. Risk communication 

Ineffective risk communication and non-comprehension of risk information on pesticide labels are also 

factors influencing pesticide exposure for farmers in LMICs. Risk communication is a process that 

should enable informed decision making through information provision or knowledge transfer about 

risks, especially in relation to their magnitude and reduction measures (119). Inadequate, or 

ineffective, risk communication may be contributing to hazardous pesticide exposures in LMIC 
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smallholder agriculture. In Zimbabwe the risk of pesticide exposures among cotton farmers in 

Zimbabwe is worsened by farmer s’ label illiteracy (120). Colour codes (used on pesticide labels in the 

LMICs) were designed for ease of comprehension of risk information by illiterate farmers. However, a 

study focussed on cotton farmers in Chipinge District showed that as many as 58% could not correctly 

rank the four pesticide colour triangles used on pesticide labels in Zimbabwe (121). This implies that 

the use of colour triangles is probably not effective enough to communicate the risks, since farmers 

do not know what levels of risks the different colours represent. 

In a study focussed on South African farm workers, it was found that 50% or more of respondents had 

‘misleading, incorrect and critically confused’ interpretations of label pictograms (122). The level of 

comprehension of technical information by the South African farmers was deemed low, as pesticide 

labels were not understood by farm workers as technically intended. Farmers and farm workers in 

many LMICs are at risk of using pesticides not fully aware of the harms posed by the pesticides that 

they use. However, farmer training, in addition to risk communication through labels and pictograms 

has been described as an important exercise that equips farmers with enough skills to handle 

pesticides and to minimise exposures (115). 

2.5.5. Bystander risks 

Non-occupational pesticide exposure factors may include proximity to fields where spraying takes 

place, such as farm residence (70,74,123). For instance, a study in Bangladesh found that people not 

working in agriculture but living within 200 metres of agricultural fields showed evidence of pesticide-

related neurotoxic effects, while people living more than 200 metres from the agricultural fields did 

not (124). Other non-occupational exposures can occur from exposures to pesticide drift, para-

occupational through laundering, residential dust, contaminated clothes and shoes brought home 

from the fields and residential washing (123,125,126). Furthermore, tasks allocated to family 

members not directly involved in spraying, such as weeding in fields adjacent to those being sprayed 

or re-entry into recently sprayed fields were risk factors for non-occupational pesticide exposure, 

particularly for family members of pesticide sprayers in smallholder farming (127–129). 

2.5.6. Heat as an exposure factor 

Further to the impact of climate change on pesticide use and exposure risks discussed above, there 

have also been suggestions that climate change has the potential for acting as an additional factor in 

pesticide exposure (92,130,131). Climate change-related temperature increases may slow down the 

rate at which farmers work, thereby potentially subjecting them to longer exposure durations (132–

134). There, however, is need for further research to ascertain the full impact of heat on pesticide 

exposure. 
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Climate change is one of many factors that may influence pesticide exposure. Its role is likely to 

become more significant in the future, and as it becomes so, it is likely that health risks that are 

associated with pesticides will be amplified. Of particular concern, particularly in relation to 

Zimbabwean cotton farmers’ pesticide exposures, is the type of pesticides to which they are exposed. 

As shown earlier, there are endocrine disrupting pesticides used in farming to which farmers are 

exposed, and, due to the impact of climate change, they may become exposed to larger quantities of 

these pesticides in the future.  

2.6. Conclusion 

The reviewed literature has indicated that agricultural pesticides are an important source of EDCs to 

which farmers in the LMICs may increasingly be exposed due to climate change. Increased exposures 

are likely to result from adaptive increases in pesticide use. There is need, however, for an assessment 

of farmers’ actual adaptive practices resulting in pesticide use increases as these have not been fully 

explored in the present body of literature. 

  



 

20 
 

References 

1.  Cooper J, Dobson H. The benefits of pesticides to mankind and the environment. Crop Prot 
[Internet]. 2007 Sep [cited 2014 Jul 11];26(9):1337–48. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S026121940700097X 

2.  Hashemi SM, Damalas CA. Farmers’ Perceptions of Pesticide Efficacy: Reflections on the 
Importance of Pest Management Practices Adoption. J Sustain Agric [Internet]. 2010 Dec 7 
[cited 2014 Feb 28];35(1):69–85. Available from: 
http://www.tandfonline.com/doi/abs/10.1080/10440046.2011.530511 

3.  Pimentel D, Burgess M. Integrated Pest Management [Internet]. Pimentel D, Peshin R, 
editors. Integrated Pest Management. Dordrecht: Springer Netherlands; 2014. 47–57 p. 
Available from: http://link.springer.com/10.1007/978-94-007-7796-5 

4.  Gilden RC, Huffling K, Sattler B. Pesticides and health risks. J Obstet Gynecol neonatal Nurs 
[Internet]. 2010 [cited 2014 Aug 27];39(1):103–10. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/20409108 

5.  Guerrero-Bosagna C, Jensen P. Globalization, climate change, and transgenerational 
epigenetic inheritance: will our descendants be at risk? Clin Epigenetics. 2015;7(1):10–2.  

6.  Dennis LK, Lynch CF, Sandler DP, Alavanja MCR. Pesticide use and cutaneous melanoma in 
pesticide applicators in the agricultural heath study. Environ Health Perspect. 
2010;118(6):812–7.  

7.  WHO/UNEP. State of the Science of Endocrine Disrupting Chemicals - 2012. Bergman A, 
Heindel JJ, Jobling S, Kidd KA, Zoeller RT, editors. Geneva: United Nations Environment 
Programme and the World Health Organization; 2013.  

8.  Kim K-H, Kabir E, Jahan SA. Exposure to pesticides and the associated human health effects. 
Sci Total Environ [Internet]. 2017 [cited 2018 Oct 3];575:525–35. Available from: 
http://dx.doi.org/10.1016/j.scitotenv.2016.09.009 

9.  Ewence A, Brescia S, Johnson I, Rumsby PC. An approach to the identification and regulation 
of endocrine disrupting pesticides. 2015 [cited 2017 Aug 2]; Available from: http://ac.els-
cdn.com/S0278691515000162/1-s2.0-S0278691515000162-main.pdf?_tid=732519d4-7773-
11e7-9aac-00000aacb35f&acdnat=1501672520_13a469c50cca3f01fb6cb3eb2446a9d2 

10.  Bourguignon J-P, Slama R, Bergman Å, Demeneix B, Ivell R, Kortenkamp A, et al. Science-
based regulation of endocrine disrupting chemicals in Europe: which approach? lancet 
Diabetes Endocrinol [Internet]. 2016 Aug [cited 2016 Dec 21];4(8):643–6. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/27312524 

11.  Tomer V, Sangha JK, Ramya HG. Pesticide: An Appraisal on Human Health Implications. Proc 
Natl Acad Sci India Sect B - Biol Sci [Internet]. 2015;85(2):451–63. Available from: 
http://dx.doi.org/10.1007/s40011-014-0388-6 

12.  Lekei E, Ngowi A V, London L. Hospital-based surveillance for acute pesticide poisoning 
caused by neurotoxic and other pesticides in Tanzania. Neurotoxicology [Internet]. 2014 Mar 
2 [cited 2014 Mar 30];In Press. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24594208 

13.  Mancini F, Van Bruggen AHC, Jiggins JLS, Ambatipudi AC, Murphy H. Acute pesticide 
poisoning among female and male cotton growers in India. Int J Occup Environ Health 
[Internet]. 2005 [cited 2016 Oct 31];11(3):221–32. Available from: 



 

21 
 

http://www.ncbi.nlm.nih.gov/pubmed/16130962 

14.  Jørs E, Neupane D, London L. Pesticide Poisonings in Low- and Middle-Income Countries. 
Environ Health Insights [Internet]. 2018 [cited 2019 Apr 6];12:1178630217750876. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/29326530 

15.  Chandrasekharan NK, Fareed M, Pathak MK, Bihari V, Mathur N, Srivastava AK. Adverse 
Health Effects of Pesticides in Agrarian Populations of Developing Countries. In: Whitacre DM, 
editor. Reviews of environmental contamination and toxicology [Internet]. 200th ed. New 
York: Springer; 2009. p. 33–51. Available from: 
http://www.springerlink.com/index/10.1007/978-1-4419-1352-4 

16.  Evangelou E, Ntritsos G, Chondrogiorgi M, Kavvoura FK, Hernández AF, Ntzani EE, et al. 
Exposure to pesticides and diabetes: A systematic review and meta-analysis. Environ Int 
[Internet]. 2016 [cited 2017 Aug 2];91:60–8. Available from: http://ac.els-
cdn.com/S0160412016300496/1-s2.0-S0160412016300496-main.pdf?_tid=20257f10-777f-
11e7-a7df-00000aab0f27&acdnat=1501677535_9d71c68ed1106927da3d8ce9f8cda342 

17.  Dalvie MA. DDT: Health Effects. Ref Modul Earth Syst Environ Sci [Internet]. 2013;(April):1–5. 
Available from: http://dx.doi.org/10.1016/B978-0-12-409548-9.02152-7 

18.  UNEP. Ridding the World of POPs: A Guide to the Stockholm Convention on Persistent 
Organic Pollutants. Geneva, Switzerland: United Nations Environment Programme; 2005.  

19.  Zimba M, Zimudzi C. Pesticide management practices among rural market gardening farmers 
near Harare , Zimbabwe. S Afr J Sci. 2016;112(9):1–5.  

20.  Morais S, Dias E, Pereira MDL. Carbamates: Human Exposure and Health Effects. Impact 
Pestic. 2012;(January):21–38.  

21.  Weselak M, Arbuckle TE, Wigle DT, Walker MC, Krewski D. Pre- and post-conception pesticide 
exposure and the risk of birth defects in an Ontario farm population. Reprod Toxicol 
[Internet]. 2008 Aug [cited 2014 Jul 11];25(4):472–80. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18586452 

22.  Brander SM, Gabler MK, Fowler NL, Connon RE, Schlenk D. Pyrethroid Pesticides as Endocrine 
Disruptors: Molecular Mechanisms in Vertebrates with a Focus on Fishes. Environ Sci Technol 
[Internet]. 2016 Sep 6 [cited 2016 Dec 21];50(17):8977–92. Available from: 
http://pubs.acs.org/doi/pdf/10.1021/acs.est.6b02253 

23.  Lekei EE, Ngowi A V, London L. Farmers’ knowledge, practices and injuries associated with 
pesticide exposure in rural farming villages in Tanzania. BMC Public Health [Internet]. 2014 
Apr 23 [cited 2014 Sep 15];14(1):389. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3999359&tool=pmcentrez&ren
dertype=abstract 

24.  Schug TT, Janesick A, Blumberg B, Heindel JJ. Endocrine disrupting chemicals and disease 
susceptibility. J Steroid Biochem Mol Biol [Internet]. 2011 Nov [cited 2014 Feb 25];127(3–
5):204–15. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3220783&tool=pmcentrez&ren
dertype=abstract 

25.  Zhang J, Zhang J, Liu R, Gan J, Liu J, Liu W. Endocrine-Disrupting Effects of Pesticides through 
Interference with Human Glucocorticoid Receptor. Environ Sci Technol [Internet]. 2015 [cited 
2018 Oct 3];50:435–43. Available from: https://pubs.acs.org/sharingguidelines 

26.  Mnif W, Hassine AIH, Bouaziz A, Bartegi A, Thomas O, Roig B. Effect of endocrine disruptor 



 

22 
 

pesticides: a review. Int J Environ Res Public Health [Internet]. 2011 Jun [cited 2014 Feb 
23];8(6):2265–303. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3138025&tool=pmcentrez&ren
dertype=abstract 

27.  Zoeller RT, Brown TR, Doan LL, Gore  a C, Skakkebaek NE, Soto  a M, et al. Endocrine-
disrupting chemicals and public health protection: a statement of principles from The 
Endocrine Society. Endocrinology [Internet]. 2012 Sep [cited 2014 Jan 27];153(9):4097–110. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3423612&tool=pmcentrez&ren
dertype=abstract 

28.  Diamanti-Kandarakis E, Bourguignon J-P, Guidice LC, Hauser R, Prins GS, Soto AM, et al. 
Endocrine Disrupting Chemicals: An Endocrine Society Scientific Statement. Endocr Rev. 
2009;30(4)(June):293–342.  

29.  Lee D-H. Evidence of the Possible Harm of Endocrine-Disrupting Chemicals in Humans: 
Ongoing Debates and Key Issues. Endocrinol Metab [Internet]. 2018 Mar [cited 2018 Nov 
13];33:44–52. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29589387 

30.  Barouki R. Endocrine disruptors: Revisiting concepts and dogma in toxicology. Comptes 
Rendus - Biol [Internet]. 2017;340(9–10):410–3. Available from: 
http://dx.doi.org/10.1016/j.crvi.2017.07.005 

31.  Slama R, Vernet C, Nassan FL, Hauser R, Philippat C. Characterizing the effect of endocrine 
disruptors on human health: The role of epidemiological cohorts. Comptes Rendus - Biol. 
2017;340(9–10):421–31.  

32.  Colborn T, vom Saal FS, Soto AM. Developmental Effects of Endocrine-Disrupting Chemicals in 
Wildlife and Humans. Environ Health Perspect [Internet]. 1993 [cited 2017 Aug 
2];101(5):378–84. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1519860/pdf/envhper00375-0020.pdf 

33.  Vuorinen A, Odermatt A, Schuster D. In silico methods in the discovery of endocrine 
disrupting chemicals. J Steroid Biochem Mol Biol J Steroid Biochem Mol Biol [Internet]. 2013 
[cited 2017 Sep 3];137:18–26. Available from: http://ac.els-cdn.com/S0960076013000733/1-
s2.0-S0960076013000733-main.pdf?_tid=f45977bc-90a9-11e7-a809-
00000aacb35f&acdnat=1504444709_bddabd2ff960fa6a31cb7c1229867bdb 

34.  Plošnik A, Vračko M, Mavri J. Computational study of binding affinity to nuclear receptors for 
some cosmetic ingredients. Chemosphere [Internet]. 2015 [cited 2017 Sep 3];(135):325–34. 
Available from: http://ac.els-cdn.com/S004565351500421X/1-s2.0-S004565351500421X-
main.pdf?_tid=5478cf5a-90ad-11e7-bc30-
00000aab0f6b&acdnat=1504446159_dfee2de31a36ff8357add30d27dd2f3b 

35.  Kolšek K, Mavri J, Dolenc MS, Gobec S, Turk S. Endocrine Disruptome - An Open Source 
Prediction Tool for Assessing Endocrine Disruption Potential through Nuclear Receptor 
Binding. J Chem Inf Model [Internet]. 2014 [cited 2017 Sep 3];54:1254–67. Available from: 
http://pubs.acs.org/doi/pdfplus/10.1021/ci400649p 

36.  Birkhøj M, Nellemann C, Jarfelt K, Jacobsen H, Andersen HR, Dalgaard M, et al. The combined 
antiandrogenic effects of five commonly used pesticides. Toxicol Appl Pharmacol. 
2004;201(1):10–20.  

37.  Luccio-Camelo DC, Prins GS. Disruption of Androgen Receptor Signaling in Males by 
Environmental Chemicals. J Steroid Biochem Mol Biol [Internet]. 2011 [cited 2017 Oct 



 

23 
 

5];127(1–2):74–82. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3169734/pdf/nihms293433.pdf 

38.  Mostafalou S, Abdollahi M. Pesticides and human chronic diseases: Evidences, mechanisms, 
and perspectives. Toxicol Appl Pharmacol [Internet]. 2013 Apr 15;268(2):157–77. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/23402800 

39.  Giray B, Cağlayan A, Erkekoğlu P, Hıncal F. Fenvalerate Exposure Alters Thyroid Hormone 
Status in Selenium- and/or Iodine-Deficient Rats. Biol Trace Elem Res [Internet]. 2010 Jun 2 
[cited 2017 Oct 10];135(1–3):233–41. Available from: 
http://link.springer.com/10.1007/s12011-009-8506-7 

40.  Fleșeriu A. Endocrine disrupting pesticides and their impact on wildlife and human health. Int 
J Bioflux Soc. 2010;2(1):1–5.  

41.  Padmanabhan V, Cardoso RC, Puttabyatappa M. Developmental programming, a pathway to 
disease. Endocrinology. 2016;157(4):1328–40.  

42.  Malgorzata K, Wójtowicz AK. Impact of endocrine-disrupting chemicals on neural 
development and the onset of neurological disorders. Pharmacol Reports [Internet]. 2013 
[cited 2018 Oct 2];65:1632–9. Available from: http://www.if-
pan.krakow.pl/pjp/pdf/2013/6_1632.pdf 

43.  Maqbool F, Mostafalou S, Bahadar H, Abdollahi M. Review of endocrine disorders associated 
with environmental toxicants and possible involved mechanisms. Life Sci [Internet]. 
2016;145:265–73. Available from: http://dx.doi.org/10.1016/j.lfs.2015.10.022 

44.  Bergman A, Heindel JJ, Kasten T, Kidd KA, Jobling S, Neira M, et al. The impact of endocrine 
disruption: a consensus statement on the state of the science. Environ Health Perspect 
[Internet]. 2013 Apr 1;121(4):A104-6. Available from: http://ehp.niehs.nih.gov/1205448/ 

45.  Weidner IS, Møller H, Jensen TK, Skakkebaek NE. Cryptorchidism and hypospadias in sons of 
gardeners and farmers. Environ Health Perspect [Internet]. 1998 Dec;106(12):793–6. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1533236&tool=pmcentrez&ren
dertype=abstract 

46.  Skakkebaek NE, Rajpert-De Meyts E, Main KM. Testicular dysgenesis syndrome: an 
increasingly common developmental disorder with environmental aspects. Hum Reprod 
[Internet]. 2001 May;16(5):972–8. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/11331648 

47.  Boas M, Feldt-Rasmussen U, Main KM. Thyroid effects of endocrine disrupting chemicals. Mol 
Cell Endocrinol [Internet]. 2012;355(2):240–8. Available from: 
http://dx.doi.org/10.1016/j.mce.2011.09.005 

48.  Cheek AO, Kow K, Chen J, McLachlan JA. Potential mechanisms of thyroid disruption in 
humans: interaction of organochlorine compounds with thyroid receptor, transthyretin, and 
thyroid-binding globulin. Environ Health Perspect [Internet]. 1999 Apr;107(4):273–8. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1566512&tool=pmcentrez&ren
dertype=abstract 

49.  Nissen SE, Wolski K. Rosiglitazone Revisited: An Updated Meta-analysis of Risk for Myocardial 
Infarction and Cardiovascular Mortality. Arch Intern Med [Internet]. 2010 Jun 28 [cited 2017 
Oct 9];170(14):1191–201. Available from: 



 

24 
 

http://archinte.jamanetwork.com/article.aspx?doi=10.1001/archinternmed.2010.207 

50.  Ivanova EA, Parolari A, Myasoedova V, Melnichenko AA, Bobryshev Y V, Orekhov AN. 
Peroxisome proliferator-activated receptor (PPAR) gamma in cardiovascular disorders and 
cardiovascular surgery. 2015 [cited 2017 Oct 9]; Available from: https://ac.els-
cdn.com/S0914508715001549/1-s2.0-S0914508715001549-main.pdf?_tid=ecb59862-ace0-
11e7-964c-00000aab0f6c&acdnat=1507546950_71f56f8db210d7f60de856091d8b8a03 

51.  Sarafidis PA, Lasaridis AN. Actions of Peroxisome Proliferator - Activated Receptors - y 
Agonists Explaining a Possible Blood Pressure-Lowering Effect. Am J Hypertens [Internet]. 
2006 [cited 2017 Oct 9];19:646–53. Available from: 
https://watermark.silverchair.com/19_6_646.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy
7Dm3ZL_9Cf3qfKAc485ysgAAAfEwggHtBgkqhkiG9w0BBwagggHeMIIB2gIBADCCAdMGCSqGSI
b3DQEHATAeBglghkgBZQMEAS4wEQQMxabd62g2NEWW7cwhAgEQgIIBpOwDFjkDikhIBPT4cj
fGh2GtimN_UMS1QWDJUv1bP39uSh 

52.  Mehrpour O, Karrari P, Zamani N, Tsatsakis AM, Abdollahi M. Occupational exposure to 
pesticides and consequences on male semen and fertility: A review. Toxicol Lett [Internet]. 
2014;230(2):146–56. Available from: http://dx.doi.org/10.1016/j.toxlet.2014.01.029 

53.  de Jager C, Aneck-hahn NH, Bornman MS, Farias P, Spanò M. DDT exposure levels and semen 
quality of young men from a malaria area in South Africa. Malar J [Internet]. 2012;11(Suppl 
1):P21. Available from: http://www.malariajournal.com/content/11/S1/P21 

54.  Hatcher JM, Pennell KD, Miller GW. Parkinson’s disease and pesticides: a toxicological 
perspective. Trends Pharmacol Sci [Internet]. 2008 Jun [cited 2014 Jul 11];29(6):322–9. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18453001 

55.  Elbaz A, Clavel J, Rathouz PJ, Moisan F, Galanaud JP, Delemotte B, et al. Professional exposure 
to pesticides and Parkinson disease. Ann Neurol. 2009;66(4):494–504.  

56.  Welton MD, Robb SW, Shen Y, Guillebeau P, Vena J. Prostate cancer incidence and agriculture 
practices in Georgia, 2000–2010. Int J Occup Environ Health. 2015;21(3):251–7.  

57.  Ejaz S, Akram W, Lim CW, Lee JJ, Husain I. Endocrine disrupting pesticides: A leading cause of 
cancer among rural people in Pakistan. Exp Oncol. 2004;26(2):98–105.  

58.  Xing J-S, Bai Z-M. Is testicular dysgenesis syndrome a genetic , endocrine , or environmental 
disease , or an unexplained reproductive disorder ? Life Sci [Internet]. 2018 Feb 1 [cited 2018 
Dec 4];194(43):120–9. Available from: https://www-sciencedirect-
com.ezproxy.uct.ac.za/science/article/pii/S0024320517306161 

59.  Driesche S Van Den, Kilcoyne KR, Wagner I, Rebourcet D, Boyle A, Mitchell R, et al. 
Experimentally induced testicular dysgenesis syndrome originates in the masculinization 
programming window. JCI insight [Internet]. 2017 Mar 23 [cited 2018 Dec 4];2(6):1–20. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28352662 

60.  Garry VF. Pesticides and children. Toxicol Appl Pharmacol [Internet]. 2004 Jul 15 [cited 2014 
Mar 30];198(2):152–63. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15236951 

61.  Petrelli G, Mantovani A. Environmental risk factors and male fertility and reproduction. 
Contraception [Internet]. 2002 Apr;65(4):297–300. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/12020782 

62.  Kristensen P, Irgens LM, Andersen A, Bye AS, Sundheim L. Birth Defects among Offspring of 
Norwegian Farmers , 1967-1991. Epidemiology. 1997;8:537–44.  



 

25 
 

63.  WHO. Endocrine Disrupters and Child Health: Possible developmental early effects of 
endocrine disrupters on child health. Geneva; 2012.  

64.  McKinlay R, Plant J a, Bell JNB, Voulvoulis N. Calculating human exposure to endocrine 
disrupting pesticides via agricultural and non-agricultural exposure routes. Sci Total Environ 
[Internet]. 2008 Jul 15 [cited 2014 Feb 23];398(1–3):1–12. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18417188 

65.  Jobling S, Bjerregaard P, Blumberg B, Brandt I, Brian J V., Casey SC, et al. Evidence of 
endocrine disruption in humans and wildlife. In: Bergman Å, Heindel JJ, Jobling S, Kidd KA, 
Zoeller RT, editors. State of the Science of Endocrine Disrupting Chemicals - 2012. Geneva: 
United Nations Environment Programme / World Health Organization; 2013. p. 163–79.  

66.  Taxvig C, Vinggaard  a M, Hass U, Axelstad M, Metzdorff S, Nellemann C. Endocrine-disrupting 
properties in vivo of widely used azole fungicides. Int J Androl [Internet]. 2008 Apr [cited 
2014 Jan 28];31(2):170–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18067565 

67.  Meeker JD. Exposure to environmental endocrine disruptors and child development. Arch 
Pediatr Adolesc Med [Internet]. 2012 Jun 1 [cited 2017 Nov 13];166(6):E1-7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22664748 

68.  Giulivo M, Lopez de Alda M, Capri E, Barceló D. Human exposure to endocrine disrupting 
compounds: Their role in reproductive systems, metabolic syndrome and breast cancer. A 
review. Environ Res [Internet]. 2016;151:251–64. Available from: 
http://dx.doi.org/10.1016/j.envres.2016.07.011 

69.  Sánchez-Santed F, Colomina MT, Herrero Hernández E. Organophosphate pesticide exposure 
and neurodegeneration. Cortex. 2016;74:417–26.  

70.  Xiang H, Nuckols JR, Stallones L. A geographic information assessment of birth weight and 
crop production patterns around mother’s residence. Environ Res [Internet]. 2000 Feb [cited 
2014 Mar 16];82(2):160–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10662530 

71.  Bell EM, Hertz-picciotto I, Beaumont JJ. A Case-Control Study of Pesticides and Fetal Death 
Due to Congenital Anomalies. Epidemiology. 2001;12(2):148–56.  

72.  Reynolds P, Von Behren J, Gunier RB, Goldberg DE, Hertz A, Harnly ME. Childhood cancer and 
agricultural pesticide use: an ecologic study in California. Environ Health Perspect [Internet]. 
2002 Mar;110(3):319–24. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1240773&tool=pmcentrez&ren
dertype=abstract 

73.  Garcifa-rodriguez J, Garcifa-martin M. Exposure to Pesticides and Cryptorchidism: 
Geographical Evidence of a Possible Association. Environ Health Perspect. 
1996;104(10):1090–5.  

74.  English RG, Perry M, Lee MM, Hoffman E, Delport S, Dalvie MA. Farm residence and 
reproductive health among boys in rural South Africa. Environ Int [Internet]. 2012 Oct 15 
[cited 2014 Sep 17];47:73–9. Available from: 
http://www.sciencedirect.com/science/article/pii/S016041201200133X 

75.  Carmichael SL, Yang W, Roberts E, Kegley SE, Padula AM, English PB, et al. Residential 
agricultural pesticide exposures and risk of selected congenital heart defects among offspring 
in the San Joaquin Valley of California. Environ Res [Internet]. 2014 Nov [cited 2017 Aug 
26];135:133–8. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0013935114002990 



 

26 
 

76.  Langley-Evans SC, Mcmullen S. Developmental Origins of Adult Disease Concept of 
Programming. Med Princ Pr [Internet]. 2010 [cited 2017 Nov 13];19:87–98. Available from: 
www.karger.com 

77.  Frye C, Bo E, Calamandrei G, Calzà L, Dessì-Fulgheri F, Fernández M, et al. Endocrine 
disrupters: A review of some sources, effects, and mechanisms of actions on behaviour and 
neuroendocrine systems. J Neuroendocrinol. 2012;24(1):144–59.  

78.  Bushra S, Ahmad M. Impact of organochlorines on endocrine system: A review. Int J Adv Biol 
[Internet]. 2014 [cited 2017 Aug 2];1(1). Available from: 
http://s3.amazonaws.com/academia.edu.documents/37663511/1114ijab01.pdf?AWSAccess
KeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1501676761&Signature=0Hu87y0k2r%2FMRWwZ
K5ZbTwpeSwo%3D&response-content-disposition=inline%3B 
filename%3DIMPACT_OF_ORGANOCHLORINES_ON_ENDOCRI 

79.  Balbus JM, Boxall ABA, Fenske RA, McKone TE, Zeise L. Implications of global climate change 
for the assessment and management of human health risks of chemicals in the natural 
environment. Environ Toxicol Chem [Internet]. 2013 Jan [cited 2015 Jun 12];32(1):62–78. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3601433&tool=pmcentrez&ren
dertype=abstract 

80.  IPCC. Annex II: Glossary. In: Mach KJ, Planton S, von Stechow C, editors. Climate Change 2014: 
Synthesis Report Contribution of Working Groups I, II and III to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change. Geneva, Switzerland, Switzerland: IPCC; 
2014. p. 117–30.  

81.  Government of Zimbabwe. Zimbabwe’s National Climate Change Response Strategy. Harare; 
2014.  

82.  Unganai LS. Historic and future climatic change in Zimbabwe. Clim Res. 1996;6:137–45.  

83.  Nicholson SE. A Semi-Quantitative Regional Precipitation Data Set for Studying African 
Climates of the Nineteenth Century, Part 1. Overview of the Data Set. Clim Change. 
2001;50:317–53.  

84.  Hulme M, Doherty R, Ngara T, New M, Lister D. African climate change : 1900 – 2100. Clim 
Res. 2001;17:145–68.  

85.  Fauchereau N, Trzaska S, Rouault M, Richard Y. Rainfall Variability and Changes in Southern 
Africa during the 20th Century in the Global Warming Context. Nat Hazards. 2003;29:139–54.  

86.  Chamaillé-Jammes S, Fritz H, Murindagomo F. Detecting climate changes of concern in highly 
variable environments: Quantile regressions reveal that droughts worsen in Hwange National 
Park, Zimbabwe. J Arid Environ [Internet]. 2007 Nov [cited 2014 Jan 21];71(3):321–6. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0140196307001589 

87.  Mazvimavi D. Investigating changes over time of annual rainfall in Zimbabwe. Hydrol Earth 
Syst Sci. 2010;14(2002):2671–9.  

88.  Kusangaya S, Warburton ML, Archer van Garderen E, Jewitt GPW. Impacts of climate change 
on water resources in southern Africa: A review. Phys Chem Earth, Parts A/B/C [Internet]. 
2013 Oct [cited 2014 Feb 23]; Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S147470651300140X 

89.  Brown D, Chanakira RR, Chatiza K, Dhliwayo M, Dodman D, Masiiwa M. Climate Change 
Impacts, Vulnerability and Adaptation in Zimbabwe. London; 2012. (IIED Climate Change). 



 

27 
 

Report No.: 3.  

90.  Jiri O, Mafongoya P, Chivenge P. Smallholder Farmer Perceptions on Climate Change and 
Variability: A Predisposition for their Subsequent Adaptation Strategies. J Earth Sci Clim 
Change [Internet]. 2015 [cited 2016 Dec 21];6(5). Available from: 
http://www.omicsonline.org/open-access/smallholder-farmer-perceptions-on-climate-
change-and-variability-a-predisposition-for-their-subsequent-adaptation-strategies-2157-
7617-1000277.php?aid=54776 

91.  Mudzonga E. Farmers’ Adaptation to Climate Change in Chivi District of Zimbabwe [Internet]. 
[cited 2017 Mar 23]. Available from: http://www.trapca.org/working-
papers/Evengelista_adaptationtoclimatechangerevised.pdf 

92.  Noyes PD, McElwee MK, Miller HD, Clark BW, Van Tiem L a, Walcott KC, et al. The toxicology 
of climate change: environmental contaminants in a warming world. Environ Int [Internet]. 
2009 Aug [cited 2014 Feb 24];35(6):971–86. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19375165 

93.  Schiedek D, Sundelin B, Readman JW, Macdonald RW. Interactions between climate change 
and contaminants. Mar Pollut Bull. 2007;54:1845–56.  

94.  Bailey SW. Climate Change and Decreasing Herbicide Persistence. Pest Manag Sci [Internet]. 
2004 Feb [cited 2014 Mar 3];60(2):158–62. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/14971682 

95.  van den Berg F, Kubiak R, Benjey WG, Majewski MS, Yates SR, Reeves GL, et al. Emission of 
Pesticides into the Air. Water Air Soil Pollut. 1999;115:195–218.  

96.  Benitez FJ, Real FJ, Acero JL, Garcia C. Photochemical oxidation processes for the elimination 
of phenyl-urea herbicides in waters. J Hazard Mater [Internet]. 2006 Nov 16 [cited 2014 Mar 
14];138(2):278–87. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16839678 

97.  Wingfield JC. Comparative endocrinology, environment and global change. Gen Comp 
Endocrinol [Internet]. 2008 Jul [cited 2014 Jan 30];157(3):207–16. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18558405 

98.  Fand BB, Kamble AL, Kumar M. Will Climate Change Pose Serious Threat to Crop Pest 
Management: A Critical Review? Int J Sci Res Publ. 2012;2(11):1–14.  

99.  Moe SJ, De Schamphelaere K, Clements WH, Sorensen MT, Van den Brink PJ, Liess M. 
Combined and Interactive Effects of Global Climate Change and Toxicants on Populations and 
Communities. Environ Toxicol Chem [Internet]. 2013 Jan [cited 2015 Jun 12];32(1):49–61. 
Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3601420&tool=pmcentrez&ren
dertype=abstract 

100.  Bebber DP, Ramotowski MAT, Gurr SJ. Crop pests and pathogens move polewards in a 
warming world. Nat Clim Chang [Internet]. 2013 Sep 1 [cited 2014 Feb 23];3(11):985–8. 
Available from: http://www.nature.com/doifinder/10.1038/nclimate1990 

101.  IPCC. Summary for Policymakers. In: Shukla PR, Skea J, Buendia EC, Masson-Delmotte V, 
Pörtner H-O, Roberts DC, et al., editors. Climate Change and Land: an IPCC special report on 
climate change, desertification, land degradation, sustainable land management, food 
security, and greenhouse gas fluxes in terrestrial ecosystems. In Press; 2019.  

102.  Gutierrez AP, D’Oultremont T, Ellis CK, Ponti L. Climatic limits of pink bollworm in Arizona and 
California: Effects of climate warming. Acta Oecologica [Internet]. 2006 Nov [cited 2014 Mar 



 

28 
 

15];30(3):353–64. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S1146609X06000749 

103.  Parmesan C, Ryrholm N, Stefanescu C, Hill JK, Thomas CD, Descimon H, et al. Poleward shifts 
in geographical ranges of butterfly species associated with regional warming. Nature. 
1999;399(June):579–83.  

104.  Parmesan C, Yohe G. A globally coherent fingerprint of climate change impacts across natural 
systems. Nature [Internet]. 2003 Jan 2;421(6918):37–42. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/12511946 

105.  Parmesan C. Influences of species, latitudes and methodologies on estimates of phenological 
response to global warming. Glob Chang Biol [Internet]. 2007 Sep [cited 2014 Jan 
26];13(9):1860–72. Available from: http://doi.wiley.com/10.1111/j.1365-2486.2007.01404.x 

106.  Kutywayo D, Chemura A, Kusena W, Chidoko P, Mahoya C. The Impact of Climate Change on 
the Potential Distribution of Agricultural Pests: The Case of the Coffee White Stem Borer 
(Monochamus leuconotus P.) in Zimbabwe. Doucet D, editor. PLoS One [Internet]. 2013 Aug 
27;8(8):e73432. Available from: http://dx.plos.org/10.1371/journal.pone.0073432 

107.  Tubiello FN, Rosenzweig C, Goldberg RA, Jagtap S, Jones JW. Effects of Climate Change on US 
crop production : Simulation Results using two Different GCM Scenarios . Part I: Wheat, 
Potato, Maize, and Citrus. Clim Res. 2002;20:259–70.  

108.  Bloomfield JP, Williams RJ, Gooddy DC, Cape JN, Guha P. Impacts of climate change on the 
fate and behaviour of pesticides in surface and groundwater--A UK perspective. Sci Total 
Environ [Internet]. 2006 Oct 1 [cited 2014 Feb 27];369(1–3):163–77. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/16914182 

109.  Sugeng AJ, Beamer PI, Lutz E a, Rosales CB. Hazard-ranking of agricultural pesticides for 
chronic health effects in Yuma County, Arizona. Sci Total Environ [Internet]. 2013 Oct 1 [cited 
2014 Mar 16];463–464:35–41. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23783270 

110.  Sheahan M, Barrett CB, Goldvale C. Human health and pesticide use in Sub-Saharan Africa. 
Agric Econ. 2017;48(Supplement 27-41).  

111.  Mugauzi R, Mabaera B, Rusakaniko S, Chimusoro A, Ndlovu N, Tshimanga M, et al. Health 
Effects of Agrochemicals among farm workers in commercial farms of Kwekwe district, 
Zimbabwe. Pan Afr Med J. 2011;9(26):1–8.  

112.  Tagwireyi D, Ball D., Nhachi CF. Toxicoepidemiology in Zimbabwe: pesticide poisoning 
admissions to major hospitals. Clin Toxicol [Internet]. 2006 Jan [cited 2014 Feb 17];44(1):59–
66. Available from: http://informahealthcare.com/doi/abs/10.1080/15563650500394878 

113.  Tagwireyi D, Ball D., Nhachi CF. Differences and Similarities in Poisoning Admissions Between 
Urban and Rural Health Centers in Zimbabwe. Clin Toxicol [Internet]. 2006 Jan [cited 2014 
Feb 23];44(3):233–41. Available from: 
http://informahealthcare.com/doi/abs/10.1080/15563650600584279 

114.  Lebailly P, Bouchart V, Baldi I, Lecluse Y, Heutte N, Gislard A, et al. Exposure to pesticides in 
open-field farming in France. Ann Occup Hyg. 2009;53(1):69–81.  

115.  Ajayi OC, Akinnifesi FK, Sileshi G. Human health and occupational exposure to pesticides 
among smallholder farmers in cotton zones of Côte d’Ivoire. SciRes. 2011;3(10):631–7.  

116.  Bakhsh K, Ahmad N, Tabasum S, Hassan S, Hassan I. Health hazards and adoption of personal 



 

29 
 

protective equipment during cotton harvesting in Pakistan. Sci Total Environ [Internet]. 2017 
[cited 2018 Feb 1];598:1058–64. Available from: 
http://dx.doi.org/10.1016/j.scitotenv.2017.04.043 

117.  Matthews G, Wiles T, Baleguel P. A survey of pesticide application in Cameroon. Crop Prot 
[Internet]. 2003 Jun [cited 2014 Jul 11];22(5):707–14. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0261219403000085 

118.  Kuye RA, Donham KJ, Marquez SP, Sanderson WT, Fuortes LJ, Rautiainen RH, et al. Pesticide 
Handling and Exposures Among Cotton Farmers in The Gambia. J Agromedicine [Internet]. 
2008 Apr 18 [cited 2014 Mar 15];12(3):57–69. Available from: 
http://www.tandfonline.com/doi/abs/10.1080/10599240801887876 

119.  Rother H-A. Communicating pesticide neurotoxicity research findings and risks to decision-
makers and the public. Neurotoxicology [Internet]. 2014 Mar 15 [cited 2014 Mar 30]; 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24642183 

120.  Maumbe BM, Swinton SM. Hidden health costs of pesticide use in Zimbabwe’s smallholder 
cotton growers. Soc Sci Med [Internet]. 2003 Nov [cited 2014 Feb 23];57(9):1559–71. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0277953603000169 

121.  Maumbe BM, Swinton SM. Why Do Smallholder Cotton Growers in Zimbabwe Adopt IPM? 
The Role of Pesticide-Related Health Risks and Technology Awareness. Michigan; 2000.  

122.  Rother H-A. South African farm workers’ interpretation of risk assessment data expressed as 
pictograms on pesticide labels. Environ Res [Internet]. 2008 Nov [cited 2015 Apr 
9];108(3):419–27. Available from: 
http://www.sciencedirect.com/science/article/pii/S0013935108001485 

123.  Deziel NC, Friesen MC, Hoppin JA, Hines CJ, Thomas K, Beane Freeman LE. A Review of 
Nonoccupational Pathways for Pesticide Exposure in Women Living in Agricultural Areas. 
Environ Health Perspect. 2015;123(6):515–24.  

124.  Khan KM, Karnati J, Hamid I, Koceja D, Islam MZ, Khan MA. Residential proximity to 
agricultural fields and neurological and mental health outcomes in rural adults in Matlab, 
Bangladesh. Int J Environ Res Public Health. 2019;16(18):1–12.  

125.  Deziel NC, Freeman LEB, Graubard BI, Jones RR, Hoppin JA, Thomas K, et al. Relative 
Contributions of Agricultural Drift, Para-Occupational, and Residential Use Exposure 
Pathways to House Dust Pesticide Concentrations: Meta-Regression of Published Data. 
Environ Health Perspect. 2017;125(3).  

126.  Damalas CA, Koutroubas SD. Farmers ’ Exposure to Pesticides : Toxicity Types and Ways of 
Prevention. Toxics. 2016;1–10.  

127.  Mrema EJ, Ngowi AV, Kishinhi SS, Mamuya SH. Pesticide Exposure and Health Problems 
Among Female Horticulture Workers in Tanzania. Environ Health Insights. 2017;11:1–13.  

128.  Lu JL. Risk factors to pesticide exposure and associated health symptoms among cut-flower 
farmers. Int J Environ Health Res. 2005;15(3):161–9.  

129.  Cooper SP, Darragh  a R, Vernon SW, Stallones L, MacNaughton N, Robison T, et al. 
Ascertainment of pesticide exposures of migrant and seasonal farmworker children: findings 
from focus groups. Am J Ind Med [Internet]. 2001 Nov;40(5):531–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/11675622 

130.  Gatto MP, Cabella R, Gherardi M. Climate change: The potential impact on occupational 



 

30 
 

exposure to pesticides. Ann Ist Super Sanita. 2016;52(3):374–85.  

131.  Kattwinkel M, Kühne J-V, Foit K, Liess M. Climate change, agricultural insecticide exposure, 
and risk for freshwater communities. Ecol Appl [Internet]. 2011 Sep [cited 2016 Jul 
21];21(6):2068–81. Available from: http://doi.wiley.com/10.1890/10-1993.1 

132.  Applebaum KM, Graham J, Gray GM, LaPuma P, McCormick SA, Northcross A, et al. An 
Overview of Occupational Risks From Climate Change. Curr Environ Heal Reports [Internet]. 
2016;(February):13–22. Available from: http://link.springer.com/10.1007/s40572-016-0081-4 

133.  Kjellstrom T, Gabrysch S, Lemke B, Dear K. The “hothaps” programme for assessing climate 
change impacts on occupational health and productivity: An invitation to carry out field 
studies. Glob Health Action. 2009;2(1).  

134.  Kjellstrom T, Butler AJ, Lucas RM, Bonita R. Public health impact of global heating due to 
climate change: Potential effects on chronic non-communicable diseases. Int J Public Health 
[Internet]. 2009 [cited 2017 Aug 26];55:97–103. Available from: 
https://link.springer.com/content/pdf/10.1007%2Fs00038-009-0090-2.pdf 

 

  



 

31 
 

CHAPTER 3 
 

Determining Zimbabwean smallholder cotton farmers’ pesticide-
related endocrine disruption health risks  

 

Paper overview 

Key endocrine disrupting pesticides of concern used by farmers were identified by conducting in silico 

experiments using a validated quantitative structure activity-relationship online program called 

Endocrine Disruptome. Thereafter, a literature review of the endocrine disrupting health risks of the 

identified key pesticides was conducted. 

Contribution to the thesis and novelty 

In this paper, addressing objectives 3 and 4 of the thesis, a relationship between climate change and 

endocrine disruption, through identified key pesticides of concern, is established. Key pesticides of 

concern have potential to impact cognition, physiological functions and reproduction - functions 

which are considered important for adaptive capacity.  
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Abstract 
There is growing concern about human exposure to potential endocrine disrupting pesticides which 

can interfere with the normal function of the hormonal system. These is, therefore, need for 

generating more scientific evidence in the identification of these pesticides, and use that evidence for 

regulations for protecting humans from exposures to EDC. This study was conducted in Zimbabwe 

where recent evidence links climate change to increased agricultural pesticide use, suggesting 

potential for increased pesticide-related endocrine disrupting health risks for farmers. Endocrine 

Disruptome, a web-based in-silico technique for estimating the endocrine disrupting potential of 

chemicals, was used to determine the endocrine disruptor profiles of 15 agricultural pesticides used 

by Zimbabwean smallholder cotton farmers. Amitraz, endosulfan, fenvalerate and lambda-cyhalothrin 

were determined to be pesticides of high concern which could progressively lead to cognitive 

impairment, type-2 diabetes, and obesity among other effects affecting farmers. The risks from 

endocrine disrupting pesticides are high and they, therefore, need to be addressed in relevant policies. 

Furthermore, in light of climate change’s potential for increasing human exposures to endocrine 

disrupting pesticides, there is need for broader global consensus regarding the regulation of endocrine 

disruptors, as well as greenhouse gas emissions reduction. 
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1. Introduction 

There are growing scientific and regulatory concerns for protecting human health emanating from the 

role of climate change in the increased use of, and potential human exposure to pesticides in 

agriculture (1–3). There are further concerns arising from research evidence suggesting that certain 

agricultural pesticides have potential to interfere with the normal function of the hormonal system 

(4–6). These pesticides, which fit the profile of endocrine disrupting chemicals (EDCs), or simply 

endocrine disruptors, act by binding to human nuclear hormone receptors, thereby blocking or 

activating the processes which natural hormones control (7–9). They, thus, interfere with important 

biological processes such as metabolism, synthesis, elimination and transportation of hormones (6,7). 

Such interference may result in adverse developmental, cognitive, reproductive, metabolic, 

carcinogenic and immune health effects, among others (5,10–12). In addition, EDCs have the capacity 

to impact beyond exposed individuals, potentially resulting in trans-generational inheritance of 

abnormal phenotypes, including epigenetic misregulation (13–15). The quality of life of individuals not 

directly exposed to EDCs themselves may, thus, also be adversely impacted. Considering projected 

climate-related changes in cropping patterns, pest activity, pesticide degradation and pesticide 

volatilisation (6–8), potential for future increases in agricultural pesticide use, pesticide exposure and 

related endocrine disrupting health risks for farmers and their families exists. These is, therefore, need 

for generating more scientific evidence in the identification of EDCs, and use that evidence for 

regulations for protecting humans from increasing exposures to potential endocrine disrupting 

pesticides. 

In this article, we determine the endocrine disrupting potential of pesticides used in the Zimbabwean 

smallholder cotton farming sector, and assess potential endocrine disrupting health risks for farmers 

and their families resulting from exposure to these pesticides. Firstly, we present results from the 

determination of the endocrine disrupting potential of pesticides through Quantitative Structure 

Activity Relationship (QSAR) modelling. For this determination, we used Endocrine Disruptome, a 

validated molecular docking web-based and open-source program which is regarded to have sufficient 

power for predicting the endocrine disrupting potential of chemical compounds (16,17). Using the 

Endocrine Disruptome results and review of literature, we then discuss the associated potential 

endocrine-related health outcomes. 

2. Material and Methods 

This study comprised a case-study among 50 smallholder cotton growers of Rushinga district in the 

north-east part of Zimbabwe (Figure 1 and Appendix 3). Interviews were conducted over a period of 

six months between July and December 2015. 
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Figure 1: Location of the study area 

2.1. Data collection 

The pesticides analysed for endocrine disruption potential were obtained from three sources. Firstly, 

the Pesticide Registration Office in the Ministry of Agriculture supplied an official list of pesticides 

recommended for use in cotton farming in Zimbabwe. Secondly, a leading cotton company provided 

a list of the pesticides distributed to cotton farmers who receive inputs under contract farming 

arrangements in Rushinga. Finally, a list of pesticides actually used by farmers was compiled from 

interviews conducted with the study farmers (18). A consolidated list of all pesticides which appeared 

on any of the three lists was then compiled and used for analysis using. Among the pesticides reported 

to be used by farmers, were three which were not on the list of recommended pesticides for use in 

Zimbabwean cotton farming by the Ministry of Agriculture; namely atrazine, a herbicide, as well as 

two insecticides dimethoate and endosulfan. These have been included in the consolidated list (Table 

1). 
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Table 1: Consolidated list of pesticides used by farmers 

Pesticide trade name (N = 20) Active ingredient (N=16) Pesticide classes (N=9)  
Acetamark Acetamiprid Neonicotinoid 
Mospilan Acetamiprid Neonicotinoid 
Amitraz Amitraz Amidine 
Atrazine Atrazine Triazine 
Carbaryl naphthyl methylcarbamate Carbamate 
Cartap  Cartap hydrochloride Thiocarbamate 
Decis forte Deltamethrin Pyrethroid 
Fenvalerate Fenvalerate Pyrethroid 
Fortis K Lambda cyhalothrin Pyrethroid 
Karate Lambda cyhalothrin Pyrethroid 
Lambda Lambda cyhalothrin Pyrethroid 
Larvin Thiodicarb Carbamate 
Marshal Carbosulfan Carbamate 
Hostathion Triazophos Organophosphate 
Rogor Dimethoate Organophosphate 
Spinosad Spinosyn A 

Spinosyn D 
Spinosyn 

Tedion Tetradifon Organochlorine 
Tetradifon Tetradifon Organochlorine 
Tetradion Tetradifon Organochlorine 
Thionex Endosulfan Organochlorine 

 

2.2. Data Analysis 

The identified pesticides’ active compounds were analysed using the Endocrine Disruptome 

programme to evaluate their endocrine disruption potential based on their binding action to human 

nuclear hormone receptors. The programme runs on an open-source platform called the Docking 

interface for Target Systems (DoTS). Running in the background is the programme AutoDock Vina, 

which performed all the molecular docking experiments (19). Given that one of the modes of action 

of EDCs is direct binding to nuclear receptors, in silico molecular docking is valuable in predicting the 

binding potential of chemical compounds to multiple hormone receptors simultaneously. Endocrine 

Disruptome assesses the endocrine disrupting potential of chemicals through simulation binding with 

12 different human nuclear hormone receptors of 16 conformations (12 agonist and 4 antagonist) that 

regulate the human immune system, metabolism, behaviour, reproduction and development (Table 

2) (19). 

  



 

36 
 

Table 2: Human hormone receptor conformations available in Endocrine Disruptome for analysis 

Hormone receptor conformation Abbreviation 
Androgen receptor  AR 
Androgen receptor antagonist  AR an 
Estrogen receptor alpha  ER α 
Estrogen receptor alpha antagonist  ER α an 
Estrogen receptor beta  ER β 
Estrogen receptor beta antagonist  ER β an 
Glucocorticoid receptor  GR 
Glucocorticoid receptor antagonist  GR an 
Liver X receptor alpha  LXR α 
Liver X receptor beta  LXR β 
Peroxisome proliferator-activated receptor alpha  PPAR α 
Peroxisome proliferator-activated receptor beta  PPAR β 
Peroxisome proliferator-activated receptor gamma  PPAR γ 
Retinoid X receptor alpha  RXR α 
Thyroid hormone receptor alpha  TR α 
Thyroid hormone receptor beta  TR β 

 

To begin the experiments, 16 active ingredients of the 20 pesticide products (Table 1) were identified 

through review of the relevant safety data sheets (SDS) accessed from the manufacturers’ websites. 

The SDSs are issued by the pesticide manufacturers indicating the pesticide’s active ingredients, along 

with other information such as health risk information and exposure prevention measures. Certain 

products had the same active ingredients but are formulated into different products and sold under 

different names. For the purpose of this exercise, only active ingredients were put through the 

experiment process. For example, three pesticides sold by different companies as Fortis K, Lambda or 

Karate all had lambda cyhalothrin as their active ingredient. For the 16 active ingredients, simplified 

molecular input line entry system (SMILES) strings, which are unique chemical language notations that 

act as identifiers of chemical structures for computer applications (20), were obtained from the 

PubChem database (https://pubchem.ncbi.nlm.nih.gov/) for entry as inputs into the Endocrine 

Disruptome model. Using the SMILES strings, three molecular docking experiments were conducted, 

on three different days, for each of the 16 pesticide active ingredients. For validity, it was important 

to repeat the experiments, because test-to-test variability may occur, even with small differences in 

the results, from one run of the experiment to another (21). 

Across the three experiments conducted, Endocrine Disruptome failed determine the endocrine 

disrupting probability of the active ingredient Cartap hydrochloride. The results presented here are, 

thus, of the remaining 15 active ingredients. By default, Endocrine Disruptome presents molecular 
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docking results as a combination of four distinct colour codes and docking score values on applied 

thresholds of binding free energies for specific receptors, obtained with AutoDock Vina (Table 3). The 

four colour codes represent divisions of four probability binding affinities, based on threshold values 

obtained from calculations of sensitivity (SE) and validation experiments (19). The threshold values 

are converted into the coloured codes, depending on the binding affinity of the compounds. These 

are, red, which indicates a high probability of binding (i.e. high probability of interference with the 

hormonal system), green indicates the lowest degree of binding (i.e. low probability of interfering with 

the hormonal system), while orange and yellow are intermediate binding results (19). The developers 

of Endocrine Disruptome described the red and green classes to mean “high probability of binding” 

and “low probability of binding”, respectively (19). They did not, however, describe the binding 

probabilities of the orange and yellow classes in a comparable manner. However, for purposes of 

comparison in this study, we have ascribed the orange class to mean a “intermediate high probability” 

of binding and the yellow class to mean a “intermediate low probability” of binding (Table 3).  

Table 3: Threshold values of probability of binding free energies (in kcal/M) for specific receptors Values source: (19) 

Target receptor 

Docking thresholds 
High probability Intermediate 

high probability 
Intermediate low 
probability 

Low probability 

AR >-8.6 >-8.1 >-7.4 <-7.4 
AR an > -8.4 >-7.6 >-3.1 <-3.1 
ER α >-9.3 >-8.8 >-8.2 <-8.2 
ER α an >-10.7 >-9.5 >-8.6 <-8.6 
ER β >-9.52 >-8.7 >-8 <-8 
ER β an >-9 >-8.6 >-8.3 <-8.3 
GR >-10.7 >-9.7 >-7.3 <-7.3 
GR an >-9.8 >-9.2 >-8.5 <-8.5 
LXR α >-11.9 >-10.7 >-9.8 <-9.6 
LXR β >-12.1 >-11.3 >-10.3 <-10.3 
PPAR α >-10 >-9.4 >-8.9 <-8.9 
PPAR β >-10.5 >-10.1 >-9.6 <-9.6 
PPAR γ >-10.3 >-9.6 >-8.9 <-8.9 
RXR α >-12.1 >-10.8 >-10 <-10 
TR α >-10.2 >-9.2 >-7.2 <-7.2 
TR β >-10.5 >-9.4 >-7.8 <-7.8 

 

2.3. Ethical Approval and consent to participate 

Ethical approval was granted by the Human Research Ethics Committee of the University of Cape 

Town’s Faculty of Health Sciences (HREC Ref: 300/2015). In Zimbabwe, further approval was granted 
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by the Ministry of Health and Child Care’s Epidemiology and Disease Control Directorate as well as the 

Ministry of Home Affairs. All participants provided written informed consents. All methods were 

performed in accordance with relevant guidelines and regulations. 

3. Results 

Results from the Endocrine Disruptome experiments (Table S1) are summarised in Table 4.  

Table 4: Distribution of 15 study pesticides by probability of binding with hormone receptors 

 
 
 
Pesticides 

Human nuclear hormone receptor conformations 
 
AR AR 

an 
ER 
α 

ER 
α 
an 

ER 
β 

ER 
β 
an 

GR GR 
an 

LXR 
α 

LXR 
β 

PPAR 
α 

PPAR 
β 

PPAR 
γ 

RXR 
α 

TR α TR 
β 

Triazophos                 
Thiodicarb                 
Tetradifon                 
Spinosyn D                 
Spinosyn A                 
Lambda                 
Fenvalerate                 
Endosulfan                 

Dimethoate                 
Deltamethrin                 
Carbosulfan                 
Carbaryl                 
Atrazine                 
Amitraz                 
Acetamiprid                 

 
Key: 

 

3.1. Highly probable EDC pesticides and affected hormone receptors 

Amitraz was the only study pesticide which produced high probability (red) Endocrine Disruptome 

results in the experiments. Tables 4 and 5 illustrate that Amitraz showed a high probability of binding 

with the ER α hormone receptor. It also had intermediate-high probability of binding with two other 

hormone receptors (ER α and TR β). The tables also show that the ER α hormone receptor was the 

only of the sixteen hormone receptor conformations to have a red Endocrine Disruptome result, 

suggesting the highest probability of binding with a pesticide.  

 

 

 High 
probability 

 Intermediate high 
probability 

 Intermediate low 
probability 

 Low 
probability 
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Table 5: Study pesticides probable and highly probable to be endocrine disruptors 

High and intermediate high 

probability hormone receptors 

High and intermediate high ED probability pesticides 

Amitraz 
Lambda 

cyhalothrin 
Fenvalerate Endosulfan 

AR an     

ER α     

PPAR γ     

RXR α     

TR β     

GR     

 

3.2. Probable EDC pesticides and affected hormone receptors 

The pesticides, lambda-cyhalothrin, fenvalerate and endosulfan collectively showed intermediate-

high probability of binding with five hormone receptors (Table 5). Lambda-cyhalothrin showed that it 

would bind with four of these, which are: RXR α, GR, PPAR γ, and TR β, becoming the study pesticide 

with the probability of binding with the highest number of hormone receptors. Fenvalerate produced 

intermediate high probability results of binding with three hormone receptor conformations shared 

with lambda cyhalothrin (i.e., PPAR γ, RXR α and TR β), while Endosulfan showed intermediate high 

probability of binding with one hormone receptor, the AR an.  

3.3. Pesticides less probable to be EDCs 

The rest of the pesticides (n=11) showed only low to intermediate low probability of binding with the 

16 nuclear hormone receptor conformations. Only the spinosyn pesticides produced low probability 

for binding to all the 16 hormone receptor conformations. The other nine pesticides produced both 

low and intermediate low binding probability results, with deltamethrin, tetradifon and carbaryl 

having intermediate low probability of binding to at least five hormone receptor conformations each 

(Figure 3). 
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Figure 1: Distribution of study pesticides with low and intermediate low binding probabilities 

3.4. Pesticide categorisation by concern 

Based on endocrine disruption probability, we categorised all pesticides by concern (from highest 

concern to low concern), which is important for health-risk communication and prioritisation of 

mitigation (Table 7). Amitraz, which showed the only high endocrine disruption potential in the 

experiments, is considered the pesticide of highest concern, while endosulfan, fenvalerate, and 

lambda cyhalothrin which showed intermediate-high endocrine disruption potential, are regarded as 

pesticides of high concern for Zimbabwean cotton growers. These four appear to be the most 

problematic pesticides due to high or intermediate-high potential for binding with six different 

hormone receptors. The nine pesticides (triazophos, thiodicarb, tetradifon, dimethoate, deltamethrin, 

carbosulfan, carbaryl, atrazine, acetamiprid) whose experiment results indicated intermediate-low 

endocrine disruption potential are categorised under pesticides of medium concern, while the two 

spinosyns are considered to be low-concern pesticides. To the cotton growers and their families, the 

highest and high concern pesticides have a considerable potential for causing a range of endocrine 

disruption-related health effects. 
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Table 6: Summary of endocrine disruption concern 

Category Pesticides 

Highest concern Amitraz 

High concern endosulfan, fenvalerate, lambda cyhalothrin 

Medium concern triazophos, thiodicarb, tetradifon, dimethoate, deltamethrin, carbosulfan, 

carbaryl, atrazine, acetamiprid 

Low concern spinosyn A, spinosyn D 

 

4. Discussion 

Establishing the endocrine disrupting potential of pesticides is complex, and it remains a challenging 

task for scientists and regulators. In silico modelling using Endocrine Disruptome provided a means to 

identify which of the pesticides the study farmers were using have a potential of being EDCs and thus 

raise concern needing to be further investigated. It is of interest to note that, except for the two 

spinosyns, A and D, all the study pesticides showed varying potential (high, intermediate-high and 

intermediate-low probability) for endocrine disrupting activity by binding to at least one of 16 

hormone receptor conformations. Thus, based on the hormone receptors examined in the current 

study, 86% of pesticides used by Zimbabwean smallholder cotton growers showed an indication of 

endocrine disruption. 

Amitraz is a formamidine pesticide used in pest control as an acaricide and an insecticide (22). In 

Zimbabwean cotton farming, amitraz is used as an acaricide to control red spider mite (23). Amitraz 

is designed to act by activating octopamine receptors which are found in the insects nervous systems 

(24). Octopamine acts as a neurohormone, neuromodulator and a neurotransmitter to mediate 

several physiological events, including endocrine gland activity, starting and sustaining various 

rhythmic as well as complex social behaviours (22,25). Amitraz is, thus, supposed to work as a 

xenohormone sensitive towards the neural system. Since there are similarities in effect processes 

between organisms and humans (26), amitraz’s mode of action is concerning in relation to potential 

endocrine disruption in humans. 

Evidence from current literature suggests that exposure to amitraz is associated with several 

endocrine-related conditions, including disruption of sex hormones (27). This was confirmed in this 

study by the Endocrine Disruptome experiments conducted. These sex hormones, particularly 

estrogen, have a secondary function of regulating human brain function, which may affect behaviour 

in exposed individuals (28,29). In a comprehensive review of amitraz, the pesticide’s negative impacts 
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on cognitive functioning were confirmed, and the inheritance of its neurodevelopmental endocrine 

disrupting effects due to gestational or lactational exposure were highlighted (27). 

The most probable endocrine disrupting effects, which are the effects of highest concern for the study 

population, relate to amitraz’s interference with estrogen hormone via the ER α receptor. Effects of 

this interference, which include obtrusion in glucose metabolism, obesity, cardiovascular problems, 

neural, behavioural and psychotic disorders, warrant strict regulation. Amitraz is already a banned 

pesticide in certain parts of the world, including the European Union (EU), where it has been placed 

on the endocrine disruptors list. It is also listed as suspected endocrine disruptor on the Pesticide 

Action Network (PAN) bad actor chemicals list, as well as the TEDX list (Colborn list) of potential 

endocrine disruptors. 

Endosulfan is an organochlorine pesticide which is used to control cotton bollworms in Zimbabwe 

(30,31). In vivo studies have previously shown endosulfan to possess some endocrine disruptor 

properties (6,32,33). Binding of endosulfan with the AR an hormone receptor could result in several 

adverse health effects, including anti-androgenic activity. Since endosulfan is persistent, its continued 

usage renders farmers susceptible to exposure long after the crop has been harvested. This gives 

farmers and their families elevated risk of endocrine disrupting health effects. Endosulfan was listed 

for elimination under the Stockholm Convention on Persistent Organic Pollutants in 2011. Zimbabwe 

ratified the convention in 2012, and subsequently banned the use of the pesticide in 2014. However, 

farm inventories in 2016 identified recently imported stockpiles, even though official records show 

that endosulfan was last imported in 2011 (34). In addition to being environmentally persistent, 

endosulfan is also a suspected endocrine disrupting pesticide, which is listed under the EU, PAN and 

the TEDX lists of endocrine disruptors. There is a need for greater action in blocking its access onto 

the Zimbabwean pesticides market, as well as educating farmers about its ban. 

The results from this study concur with other research which has identified fenvalerate as an 

endocrine disrupting pesticide (6,35,36) and yet it is still sold for use in Zimbabwe. It has been found 

to be a thyroid hormone antagonist and an antagonist of the action of progesterone and has, thus, 

been associated with poor semen quality (36–38). Endocrine disrupting evidence for lambda-

cyhalothrin, a pyrethroid pesticide, suggests that it may act as an estrogen agonist in humans (39). 

Further evidence from in vivo studies point to the possibility of it causing changes in the thyroid 

hormone, and having reproductive toxicity in mammals (35). In the study area, possible endocrine 

disrupting effects of lambda-cyhalothrin binding with four hormone receptors might include diabetes, 

obesity, and neurodegenerative disorder, among others. The pesticide is already listed on the EU. PAN 
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and TEDX lists of suspected endocrine disruptors. Since the study findings indicate lambda-cyhalothrin 

to be of high concern, restricting and controlling its use should be considered. 

Since several pesticides are used on the same crop during a four to six-month growing season, the 

possibility of simultaneous exposures to multiple pesticides is quite high. The usage of pesticides not 

recommended in cotton farming, such as dimethoate, atrazine and endosulfan, indicates that farmers 

could be exposed to more pesticides than those officially known known to be used in cotton farming. 

Given the multiplicity of chemicals used by farmers, there is potential for additive and synergistic 

activity of pesticide mixtures resulting in more negative effects on the hormone system compared to 

exposure to a single chemical (40,41). Continuous exposure to multiple EDCs for study participants 

may have significant implications for endocrine disrupting diseases and conditions. As a regulatory 

measure, there is need for strict control of access to the pesticide market to reduce the total number 

of chemicals to which farmers are exposed. 

In the experiments conducted, two pesticides, lambda cyhalothrin and fenvalerate showed 

intermediate high probability of binding to the peroxisome proliferation-activated receptor gamma 

conformation (PPAR γ). The PPARs play an important role in regulating glucose and lipid homeostasis 

(42). Activation of PPAR γ, which is abundantly expressed in the adipose tissue (i.e. body fat), has anti-

diabetic effects (43). In clinical practice, PPAR γ agonists are used in the treatment of diabetes due to 

their glucose-lowering activity. PPAR γ agonists also have some blood pressure-lowering effects by 

interfering with angiotensin II hormone-mediated pathways (44,45). Studies have shown, however, 

that excessive activation of PPAR γ may result in several adverse health effects, including fluid 

retention, weight gain, compromised cardiac function, congestive heart failure and heart attack 

(46,47). In addition, hypoglycaemia (low blood glucose) has been reported to be a major effect of the 

activation of PPAR γ, particularly for persons on insulin therapy. Therefore, exposures to PPAR γ 

agonist pesticides, such as lambda cyhalothrin and fenvalerate, may result in comorbidities. For 

instance, hypoglycaemic episodes mediated by exposure to PPAR γ activating pesticides may result in 

deficits of cognitive functioning, fatigue, and loss of consciousness, in addition to possibly 

compromised cardiac function (48,49). 

The study findings showed intermediate high probability for the antagonism of the androgen receptor 

(AR). Androgens are important for regulating the proper development of male reproductive system 

and maintenance of function throughout adult life, including the ability to reproduce (50). Exposure 

to AR antagonists, antiandrogens, may result in testicular dysgenesis syndrome (TDS), which is a 

collective of several interrelated abnormalities such as testicular cancer, cryptorchidism, hypospadias 

and male infertility (51,52). Exposure to a high number of intermediate high probability and 
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intermediate low probability xenoandrogen pesticides has potential to impact on TDS. Excessive 

activation of the ER and suppression of the AR could negatively impact on male fertility.  

5. Conclusion 

This study used Endocrine Disruptome QSAR modelling to predict the endocrine disrupting potential 

of commonly used pesticides in Zimbabwean cotton farming. Amitraz, endosulfan, fenvalerate and 

lambda-cyhalothrin were highlighted as pesticides of high concern as they showed great potential to 

cause endocrine disruption. While only those hormone receptor conformations validated by 

Endocrine Disruptome were examined, the possibility of the analysed pesticides causing endocrine 

disrupting potential through other receptors which have not been examined as yet should not be 

dismissed. Furthermore, since endocrine disrupting potential was assessed based on the evaluation 

of single chemicals, there may be more risks due to additive effects of pesticide active chemicals.The 

risks from endocrine disrupting pesticides used in the Zimbabwean smallholder cotton farming sector 

should, therefore, be regarded as high and they need to be addressed in relevant policies. 

Furthermore, in light of climate change’s potential for increasing human exposures to endocrine 

disrupting pesticides, there is need for broader global consensus regarding the regulation of endocrine 

disruptors, as well as greenhouse gas emissions reduction. and use that evidence for regulations for 

protecting humans from exposures to EDC 
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CHAPTER 4 
 

Climate change, pesticides and adaptation: Health risks and 
opportunities for Zimbabwean smallholder cotton growers 

 

Paper overview 

This paper builds on the findings presented in Chapter 3 that changes in farmers’ use of pesticides, 

that increase exposures, are impacted by several factors. This paper specifically examines how 

farmer’s adaption to climate change impacts on the shifting pesticide use patterns. 

Contribution to the thesis and novelty 

This paper addresses the second objective of the study by presenting the research findings linked to 

assessing the impact of farmers’ adaptive practices on pesticide use. Findings show that since 

Zimbabwean farmers perceive that the growing season is shortening, they adopt a range of adaptive 

practices, including incremental changes in pest management practices. The findings highlight, 

however, that some opportunities for reducing pesticide use may exist through transformational 

adaption. 
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Abstract 

Purpose - This study assessed whether Zimbabwean smallholder cotton farmers’ adaptive responses 

to climate change influence their pesticide use and potential health risks. 

Methodology - A qualitative study was conducted, based on interviews with 50 smallholder farmers 

who had been growing cotton for at least 30 years. 

Findings - All participants perceived a shorter cotton growing season due to climate change, 

prompting them to adopt a range of adaptive practices. These included incremental changes in pest 

management practices, such as keeping ratoon crops and increasing spraying frequencies, increasing 

farmers’ overall pesticide use. Transformational practices, however, such as reducing cotton acreage 

and diversifying crops provided opportunities for decreasing overall pesticide use on converted land. 

Research implications – Incremental changes in pesticide use for adaption strategies are 

potentially maladaptive as they increase smallholder farmers’ pesticide-related health risks. 

Transformational adaptive options, however, highlight that with appropriate policy support for 

farmers to transition from growing pesticide intensive crops, adaptation might facilitate overall 

reductions in pesticide use and potential exposures to hazardous pesticides, thereby providing 

multiple benefits. 
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Originality/Value – This study provides an insight into how adaptation strategies and practices to 

climate change impacts on farming may affect pesticide use and potential health risks for smallholder 

farmers. More significantly, it highlights the existence of opportunities for reducing pesticide use by 

transformational adaptive planning which assists farmers in transitioning from pesticide-dependent 

agriculture which would maximise the health benefits of adaptation. 

Key words – Incremental adaptation, transformational adaptation, maladaptation, pesticides, health 

risks, smallholder farmers 
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1. Introduction 

A growing public health concern is the influence of climate change on increased use of pesticides in 

agriculture  (1–4). As elevated temperatures lead to accelerated dissipation of pesticides through 

enhanced photo-degradation and faster volatilisation (2,5–7), increases in the volume and frequency 

of pesticide application may be expected. Changes in temperature and rainfall patterns, furthermore, 

facilitate the introduction of new, and possibly more, pesticides into farming areas, as cropping 

patterns and practices adapt to suit new agro-climatic conditions (8,9). Enhanced concentrations of 

atmospheric carbon dioxide have, in addition, been observed to reduce plant nutritional values 

(10,11), potentially leading to increases in pest plant consumption and, thus, pesticide applications. 

With increasing pesticide applications, however, there is an increased risk of higher pesticide 

exposures and adverse human health outcomes, especially for farmers. Health risks of increasing 

concern are those associated with exposures to endocrine disrupting chemical (EDC) pesticides which 

act by mimicking and blocking hormones, thereby compromising the optimal function of the human 

body (12–14). Understanding how responses to climate change affect pesticide use is, therefore, 

crucial for decision making in climate change adaptation, pesticide exposure minimisation and health 

risk management. 

Studies conclusively linking climate change to increases in agricultural pesticide use are currently 

limited. Inferences are, for instance, largely drawn on experiments, simulations, and analyses of 

secondary data, not on observed changes in farmers’ practices (2,4,7,15–21). Several the studies, 

further, either lack, or have limited focus on human pesticide-use behaviour, or human health risk 

implications. Moreover, although increasing quantities of pesticides are, at times, applied on crops to 

reduce climate change-related pest impacts on production (22,23), little research has, to date, 

examined farmers’ pesticide use in the context of climate change adaptation.  

Adaptation refers to measures for avoiding damage, or enhancing the capacity to cope with the effects 

of climate change by, for instance, adjusting in practices (24–26). Adaptation can be described as 

incremental, whereby established coping solutions are reinforced, or transformational which involves 

making interventions that fundamentally change the various social, economic, and biophysical 

components of a system (27–29). Transformational adaptation may, thus, include relocation, changing 

livelihood strategies, and substituting crops in agriculture (9,29). Decisions and actions to adapt are 

influenced by how people perceive climate change, depending on personal experiences, socio-

economic status, beliefs about climate change and environmental factors, among others (30–32). 

Since perceptions regarding climate change are recognised to influence livelihoods (33), they, thus, 

serve as an important support for implementing adaptation. This article presents the findings of a 
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larger study which assessed whether Zimbabwean smallholder cotton farmers’ perceptions regarding 

climate change influenced their pesticide use and, in turn, their health risks. 

2. Material and Methods 

The findings presented here forms part of a larger study focusing on the potential role of climate 

change in perpetuating Zimbabwean smallholder cotton growers’ health risks from exposures to 

endocrine disrupting pesticides. They build on previous findings which highlighted that from the early 

1980s until 2015, cotton growers recorded increases in both pest populations and pesticide use (34).  

2.1 Study Area 

The study was carried out from July 2015 to December 2015 in Zimbabwe, where evidence indicates 

that climate change is altering the country’s natural farming regions and pest habitat ranges (8,35–

37). Certain study findings, further, indicate that by the year 2080, the area suitable for cotton 

growing, a pesticide intensive crop, would have significantly increased in the country (38). The study 

was centred on Rushinga district, located in the north-eastern part of the country (Appendix 3), as 

farmers in this region extensively use pesticides for cotton production. Rushinga district covers part 

of the country’s natural farming region IV, which is hot and dry and sensitive to climate related 

deviations in rainfall and temperatures. In the last population census in 2012, the district had a 

population of 74,000 people and 17,000 households; while cotton production was the main source of 

income for approximately 90% of the households (39,40). 

2.2 Data collection 

Semi-structured in-depth interviews were conducted with 50 Rushinga cotton growers. All 

participating farmers had consistently used pesticides for at least 30 years, a period long enough to 

make climate change inferences (24,41). The selection process of participants has previously been 

published (34). Since climatic events may be subject to recall bias, as they may be wrongly 

remembered or misinterpreted (32), questions regarding specific events and those seeking exact 

numerical measures were avoided, to ensure validity and reliability. Participant farmers were first 

asked about their perceptions regarding temperature and rainfall, as well as whether they had 

observed any changes in the past thirty years. The recorded perceptions were collated and validated 

against recent analyses of rainfall and temperature change records by Nyakudya and Stroosnijder 

(2011), and the Ministry of Environment, Water and Climate (43). Thereafter, farmers were asked 

about changes in their farming practices being implemented, as ways of coping with observed changes 

in rainfall and temperature. Following initial analysis of farmers’ responses, interviews to confirm and 
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corroborate farmers’ observations and practices were conducted with key three informants who are 

agricultural extension workers in Rushinga district. 

2.3 Data Analysis 

A qualitative data analysis software, NVivo (versions 11 and 12), was used for the management and 

coding of all interview transcripts. To understand farmers’ perceptions regarding climate change and 

their adaptation strategies, different coding methods were applied in a four-stage process, starting 

with structural coding, followed by attribute coding, descriptive coding and, finally, magnitude coding 

(44). Structural coding, a first cycle coding method for the initial categorisation of large amounts of 

textual data, was used to code entire interview transcripts for further in-depth analysis within 

categories (44,45). Data were coded into five literature-derived a priori perceptions data categories 

regarding key climate change characteristics and observed effects, namely; temperature, rainfall, 

growing season, acreage and cropping patterns (32,35,36,38) (Table 1). These five were chosen as 

they are the most relevant for adaptation for the study farmers.  

Thereafter, all five categories were analysed in more detail using descriptive coding, which is a topic 

coding technique that summarises a passage by assigning to it topic words or phrases (44). Descriptive 

codes to capture detailed perceptions were developed based on participant’s statements, which 

depicted change over time; namely: changes in temperature characteristics, changes in rainfall 

characteristics, changes in growing season, changes in cotton acreage, and changes in other crops 

grown (Table 1). All descriptively coded sections of the transcripts were subjected to further and more 

detailed analysis using magnitude coding, a technique which adds a statistical texture to qualitative 

data by describing intensity or frequency of a variable of interest (44). Magnitude codes developed 

illustrated the 50 participants’ perceptions regarding changes that have happened over the past 30 

years concerning rainfall, temperature, cotton growing season, cotton acreage and cropping patterns. 

For example, analysing farmers’ responses to the first question in Table 1 regarding temperature 

change, three coding techniques in the order of structural (broad), descriptive (narrow) and 

magnitude (specific) coding were used. Magnitude coding was used to categorise the responses in the 

50 perception questions to indicate either an increase or a decrease in overall temperature. 
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Table 7. Coding variables used for analysing interview responses 

Questions Structural codes Descriptive Codes Magnitude Codes 

In the past 30 years, have 
there been any changes in 
temperature? 

Temperature 
Changes in 
temperature 
characteristics 

Increase 

No change 

Decrease 

Have there been any 
changes in rainfall in the 
past 30 years? 

Rainfall 
Changes in rainfall 
characteristics 

Increase 

No change 

Decrease 

No change 

Shorter 

Have changes in 
temperature and/or rainfall 
affected your cotton 
growing season in any ways? 

Growing season 
Changes in 
growing season 

Longer 

No change 

Shorter 

Have there been any 
changes in your cotton 
acreage in the past 30 years 

Acreage 
Changes in cotton 
acreage 

Increase 

No change 

Decrease 

Have there been any 
changes in your cropping 
patterns in the past 30 
years? 

Cropping patterns 
Changes in other 
crops grown 

Increase 

No change 

Decrease 

 

3. Results and Discussion 

3.1 Participants’ demographics 

The study participants’ ages ranged from 54 to 73 years. Thirty-six of the 50 interviews were 

conducted with male heads of households, who had indicated that it was they who had actively carried 

out pest management duties, such as pesticide spraying, on their farms in the past 30 years. Nine 

interviews were conducted with female heads of households, and the remainder (n=5) were 

conducted with male-female couples, who indicated that they had both been equally involved in pest 

management activities.  
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3.2 Perceptions regarding climate change  

All farmers who took part in the study believed that the local climate had changed in some way. They 

identified effects in terms of three key climate change characteristics, or metrics of interest - namely: 

increase in the average atmospheric temperature (n=42), average decline in total rainfall (n=27) and 

shortening of the growing season (n=49) (Table 2). Identified changes were reflected in their reasoning 

for implementing some adaptation strategies such as reducing the average acreage devoted to 

growing cotton (n=38) and diversification of crops (n=50). 

Table 8. Participant perceptions in relation to key climate change characteristics and adaptive responses (N = 50) 

Questions 
Structural 
codes 

Descriptive 
Codes 

Magnitude 
Codes 

Magnitude 
Responses 
n (%) 

In the past 30 years, have 
there been any changes in 
temperature? 

Temperature 
Changes in 
temperature 
characteristics 

Increase 42 (84%) 

No change 08 (16%) 

Decrease 00 (0%) 

Have there been any changes 
in rainfall in the past 30 years? 

Rainfall 
Changes in 
rainfall 
characteristics 

Increase 01 (2%) 

No change 22 (44%) 

Decrease 27 (54%) 

Have changes in temperature 
and/or rainfall affected your 
cotton growing season in any 
ways? 

Growing 
season 

Changes in 
growing 
season 

Longer 00 (0%) 

No change 01 (2%) 

Shorter 49 (89%) 

Have there been any changes 
in your cotton acreage in the 
past 30 years? 

Acreage 
Changes in 
cotton acreage 

Increase 02 (4%) 

No change 02 (4%) 

Decrease 46 (92%) 

Have there been any changes 
in your non-cotton cropping 
patterns in the past 30 years? 

Cropping 
patterns 

Changes in 
other crops 
grown 

Increase 50 (100%) 

No change 00 (0%) 

Decrease 00 (0%) 

 

3.2.1 Changing temperature patterns 

Most of the study participants (84%; n=42) believed that temperatures in Rushinga had become 

warmer in the past 30 years. Fifteen percent (n=8) believed there had been no change, while none 

mentioned it becoming cooler (Table 3). Almost three quarters of the participants who believed 
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temperatures were increasing in Rushinga, indicated that summers were hotter, characterised by 

episodes of above average and extremely hot temperatures above 40⁰C (72%; n=36). Participants 

further observed that winters were warmer, in comparison to the early 1980s (62%; n=31). Several 

participant quotes illustrate these perceptions in changes in temperature over the past 30 years: 

“Since we have no means of measuring the temperatures, we cannot be very sure. However, I 

believe that the way it is hot nowadays is so different from how it was in the past” (Participant 

CZ 08). 

“Yes, temperatures have changed a lot. It's now much hotter than in the past” (Participant TM 

04). 

“There has been a change in temperature. It is now warmer than in the past. High 

temperatures used to be associated with the rains, but nowadays it just gets too hot without 

any rains falling” (Participant TM 26). 

A similar study by Moyo and colleagues (2012) found, likewise, that farmers in other districts of 

Zimbabwe perceived, consistent with climatological data, that temperatures had increased. Evidence 

for Southern Africa shows that the whole region has experienced an overall increase in temperature 

over the recent past (46,47). Zimbabwe, in particular, has experienced a slightly higher rate of 

warming than the regional average, and is expected to continue with this trend, due to its continental 

interior location, which makes it prone to more rapid warming (43). 

3.2.2 Changing rainfall patterns 

Fifty-four percent (n=27) of respondents noted that the overall seasonal amount of rainfall had 

declined, while forty-four percent (n=22) reported no changes in seasonal quantity (Table 2). Just one 

of the farmers reported an increase in seasonal rainfall amounts. There was some consensus in farmer 

perceptions that rainfall patterns reflected changes in the annual variability. Such respondents 

described rainfall as becoming more sporadic, and reported droughts as being more frequent. The 

number of rainy days per year were seen as reducing, as shown by the following comments: 

“Yes, there are great changes. We are no longer receiving any rainfall. During the rainfall 

season, we can count the number of days that it rains meaningfully, maybe just three times, 

the whole season. When the rain goes, it goes for good. Around March, we are no longer 

receiving any rains like we used to in the past” (Participant TM4). 

“I have only noticed that the way it rains now is different from how it rained in the past. In the 

past, by the 24th October we would have already received rainfall and planted our crops. In 
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the recent years, however, we are looking at around Christmas time to start receiving our first 

rains” (Participant CZ4). 

“Yes, there is a big difference. In the past we would have rains till March. Nowadays the rains 

just come all at once, say starting around the beginning of December, then when it stops 

raining in February, that will be it; the end of the rain season” (Participant CZ17). 

Participants’ perceptions seem to concur with earlier analyses of the effect of climate change on 

rainfall in Zimbabwe, which suggested a decrease in rainfall (48–52). However, more recent analyses 

indicate that climate change effects on rainfall are not yet statistically significant within the available 

historical rainfall record stretching back to 1920 (53). Nyakudya and Stroosnijder (2011) analysed 

Rushinga district’s rainfall data for the period 1980–2009, and found that the district had not 

experienced a statistically significant decline in rainfall amount during that period. They observed high 

variability for both annual and seasonal rainfall totals, however, with high incidence of droughts, 

which agrees with farmers’ observations. While there does not appear to be a significant decline in 

rainfall in Rushinga, temperature increases are, nonetheless, responsible for increasing water stress 

due to increased evapotranspiration. 

3.2.3 Shorter growing season 

Most participants (98%) indicated that the cotton growing season had become shorter, as compared 

to 30 years previously (Table 3). Only one participant was of the view that the length of the growing 

season had not changed, and none of the farmers believed the season had become longer. Participants 

observing a shorter season also described the growing season as shifting to starting later and ending 

early. Whereas in the past, the cotton growing season was six months long, commencing in October 

and ending in March, observations by farmers suggest that it has shifted and shortened - with onset 

in mid-December, ending towards the end of February or the beginning of March as illustrated by the 

following comments: 

“Yes, the growing season has changed. In the past, farmers would have prepared their fields 

and put some lines in their fields and planted their cotton around the 15th of October, but 

these days people are getting way into December before they have prepared their fields” 

(Participant CZ1). 

“The season has changed because the rains are coming late, and they are leaving us early. So, 

the season is now very short. In the past, we had rains from around October till March or April” 

(Participant CZ4). 
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Currently, there are limited published studies that show evidence of shifting growing seasons in 

Zimbabwe. A study on farmers’ climate change perceptions carried out in two Zimbabwean districts 

by Moyo and colleagues (2012) showed, however, that farmers largely believed that the rainy season 

had shifted; - starting late, and ending early and abruptly. There are recent observations of late onset 

of rains over other places in Southern Africa (54), suggesting the possibility of a regional shift in the 

growing season. In the study district of Rushinga, the indication is that perceptions of a shifting season 

might be triggering some adaptive responses, shaping overall pesticide use in the district’s cotton 

production system. 

3.3 Adaptation practices 

3.3.1 Changing pest management practices 

As a way of adapting to the shorter season, participating farmers reported a new illegal practice, 

prevalent in the past 10 to 15 years, of keeping residue crop from the previous season, called ratoon 

cotton. Participant’s indicated that the changing season played a role in their reluctance to destroy 

cotton stalks as legally required to reduce bollworm breeding, as illustrated in the quotes below: 

“The season has changed. By now, I should have cut my cotton stalks and already prepared 

my land. But they are still standing in the field, and it’s October. The season is now starting 

very late. Its starting even on the 15th of December” (Participant CZ8). 

This was corroborated by one key informant who is an agricultural extension officer who said the 

following: 

“There has been a big change; pests have increased in their population… farmers are no longer 

cutting and burning their cotton stumps. Those farmers who do not cut and burn them end up 

maintaining their ratoon crops which are pests infested. By the time the rains come, bollworms 

and their eggs will already be in the plants” (Participant CZ 15). 

To farmers, ratoon cotton is attractive for both climatic and economic reasons. The crop, which can 

be harvested in a shorter time than a newly planted one, is characterised by a well-established root 

system, which enables it to survive long dry spells (55). Farmers, therefore, find ratoon cotton to be 

more suited a shorter season. Ratoon cotton, however, provides shelter to pests, such as bollworms, 

against which farmers use regulated broad-spectrum pyrethroid pesticides, much earlier in the season 

than gazetted (56). For instance, in the study district, pyrethroid pesticides are supposed to be used 

between 25 December and 28 February only (56,57). However, as bollworms harboured by the 

ratoons appear much early, farmers spray pyrethroids, which they use to control bollworms, as early 

as in November - thereby compromising the opportunity for biological insect control. Without 
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biological control, farmers become increasingly dependent on large amounts of pesticides to control 

pests on their farms. Ratoon cropping, thus, appears to be a climate change adaptive practice which 

has the potential to significantly increase the use of pesticides, and thus subsequent health risks for 

farmers and their families in the study area. 

It was also noted that the frequency with which farmers sprayed their crops had increased when 

compared to when they started growing cotton in the early 1980s. Increases in pesticide use were also 

reported, while some farmers held the opinion that pesticides were no longer effective in controlling 

pests. Participating farmers previously reported reduced efficaciousness of pesticides and increasing 

amounts of pesticide use per hectare in the past 30 years (34). Farmers’ perceptions regarding climate 

change appear to have had a significant influence on their pesticide use increases, as a form of 

incremental adaptation. Elevated temperatures may, however, cause greater volatility and faster 

photo-degradation of pesticides, causing farmers to perceive reduced efficaciousness (1,5,6,17,18). 

Combined effects of volatilisation and degradation processes may, thus, be causing farmers to 

increase pesticide application in terms of quantity, array and frequency, making incremental 

adaptation a maladaptive option. There is, however, a need for further research in this regard. 

3.3.2 Changing cropping patterns 

Ninety-two percent (n=46) of farmers reduced their average cotton acreage from 2.5 hectares during 

the 1980s and early 1990s, to just over one hectare at the time of the study, in part as a way of 

adapting to climate change (Table 3). These farmers cited low yields due to poor rains and increasing 

pest populations, as some of the main reasons responsible for the reduction in cotton acreage. Other 

reasons cited included a persistent low market price which had acted as a disincentive, high input 

costs, and old age, as the following quotations illustrate: 

“We have reduced our cotton acreage and increased that of maize because maize production 

does not need intensive use of pesticides. We have also increased our groundnuts acreage 

because with ground nuts we can make peanut butter and sell” (Participant CZ 24). 

“I have considered that in future I should completely stop growing cotton and concentrate on 

the other crops. There have been major changes in harvests per acreage mainly because of the 

changes in weather conditions. The harvests that we used to have in the past when we used 

to receive reliable rainfall are so different from the harvests we are currently having per 

hectare” (Participant CZ 25). 
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“Yes, there have been changes. In the past cotton was doing very well, but nowadays it is not 

growing well, and there are now a lot of pests, that is why i am just increasing the acreage of 

ground nuts and maize” (Participant TM 23). 

Only four percent (n=2) of farmers reported having maintained their acreage (Table 3). Just two of the 

participating farmers (4%) increased their acreage by between half and one hectare, hoping to 

maintain the same level of cotton income in the context of falling yields and poor market prices. 

All 50 farmers reported that they had diversified cash crop types grown on their farms due to 

perceived mean annual rainfall variability, the changing growing season and persistent non-

commensurate low cotton revenue. On average, two major crops were grown by participating farmers 

during the 1980s and the early 1990s – maize for subsistence, and cotton as a cash crop. Participants 

reported having increased their average production to four crops, with the addition of some small 

grains for subsistence and ground nuts as a cash crop, starting from the late 1990s. 

These transformational adaptation strategies have several socio-economic benefits, such as 

improvements in food security, minimising risks associated with failure of one crop to reach maturity 

and increase in yield stability (30,58,59). In terms of pesticide use implications, what is critical for 

Rushinga district farmers is that crop diversification provides them with an opportunity to use less 

pesticides, as they do not use pesticides on the other crops. Thus, contrary to the study proposition 

that farmers’ perceptions regarding climate change would cause them to increase pesticide use, their 

transformational adaptive options appear to create opportunities for reducing pesticide use. 

3.4 Health risk implications 

Intensified pesticide application for adaptation purposes may temporarily control pest problems but 

end up being maladaptive as this practice may unwittingly result in increased pesticide exposures and 

associated health risks (60–63). Of concern, as mentioned earlier, are possible chronic endocrine 

disrupting health effects for exposed persons, and their progeny, of EDC pesticides which mimic and 

block hormones (12–14,64). Exposure to EDC pesticides is associated with several long-term health 

conditions, including hormone related cancers, diabetes, reproductive problems and certain 

transgenerational effects (65–67). With pesticides potentially constituting the major source of 

exposure to EDCs for farmers and their families, adaptive increases in pesticide use may perpetuate, 

or amplify, endocrine disrupting health risks. Health outcomes associated with EDCs may take decades 

to appear, even among children of those originally exposed (68,69). Hence, any adaptive measures 

which influence decisions regarding pesticide use, potentially affect pesticide-related health risks both 

in the short-term and the long-term. Since increases in pesticide use may constitute a form of 

adaptation, there is a clear need for the strengthening and support of alternative adaptive options 
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already pursued by farmers, as well as a need for promotion of other positive adaptive measures 

supported by policy, including training, development of adequate protective equipment for farmers, 

information dissemination, as well as changes in pest management. 

4. Conclusion 

Perceptions regarding climate change may elicit adaptive responses by smallholder farmers, which 

may amplify and perpetuate the use of pesticides with long-term health risks. There are, however, 

opportunities for reducing pesticide use by transitioning from growing pesticide intensive crops to 

those which do not depend on pesticides. This research highlighted how transformational adaptation 

planning that promotes alternative crops and adoption of integrated pest management practices can 

maximise health benefits of adaptation practices for farmers; as well as supporting agricultural sector 

resilience, thus allowing farmers to realize multiple benefits. Well-designed adaptation strategies by 

policy makers for aiding farmers to cope with the impacts of climate change may potentially result in 

substantial and sustainable reductions in pesticide use. This may result in reduced pesticide exposure-

related health risks for farmers in the low- and middle-income countries. 
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CHAPTER 5 
 

Climate change as a perpetuating factor in endocrine disruption-
driven health risks for Zimbabwean smallholder cotton producers 

 

Paper overview 

This paper examines farmers’ adaptive practices which continue or increase their exposures to 

pesticides to perpetuate endocrine disrupting health risks associated with the pesticides. 

Contribution to the thesis and novelty 

This paper, which addresses the fifth objective of the study, assesses the potential for climate change 

in perpetuating pesticide exposure-related endocrine disrupting-driven health risks. Climate change, 

through adaptation practices, increases and continues pesticide-related adverse health outcomes to 

modify pesticide exposure risks for themselves and members of their households. 

Role of Candidate 

The candidate conceptualised the study, designed the data collection instrument, collected and 

analysed the data. The candidate also wrote the manuscript which was commented on by the 

Supervisors. 

Publication Status 

Submitted to the Journal of Agromedicine 

Appendices related to this paper 

Appendix 1:  Ethics clearance  

Appendix 2:  Informed consent 

Appendix 3:  Location of the study area 

Appendix 4:  Interview guides 

Appendix 5:  S1 Table - Consolidated criteria for reporting qualitative studies checklist  
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Abstract 

Objectives: This study assessed the potential for climate change as a perpetuating factor in causing 

endocrine disrupting health risks through increasing pesticide exposures amongst Zimbabwean 

smallholder cotton growers.  

Methods: A qualitative study was conducted, based on semi-structured interviews with smallholder 

cotton farmers of Rushinga district. 

Results: Farmers were found to be engaging in practices that potentially influence their exposures to 

endocrine disrupting pesticides. There were strong indications for climate change modifying such 

practices, with the potential to increase and continue pesticide-related adverse health outcomes. 

Conclusion: A multi-stranded approach is needed to remove highly hazardous pesticides. In view of 

temperature increases as a result of projected climate change, effective interventions to assist farmers 

in coping with rising temperatures are recommended. These include affordable, effective and climate-

appropriate light-material personal protective equipment. 

Keywords: climate change; endocrine disruption; pesticide exposure; smallholder farming; Zimbabwe 
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1. Introduction 

Climate change has been linked to increases in agricultural pesticide use due to temperature and 

rainfall-related changes in the migration, dispersal, overwintering, reproduction and growth of insect 

pests (1–3). Spatial expansion of areas under crop production, and accelerated dissipation, 

degradation and dispersion of pesticides have, further, been identified as significantly increasing 

agricultural pesticide use (4–6). Such developments are of concern for public health because of health 

implications of increased and hazardous pesticide exposures (4,7,8). 

Increases in pesticide use are often inferred to imply increased pesticide exposure risks and adverse 

health for farmers (1,6). Increases in pest habitat ranges, and associated spatial expansion of areas 

under pesticide application as a result of climate variability are also seen to result in increased 

pesticide exposures (4,5). Furthermore, heat-induced discomfort linked to rising temperatures for 

outdoor workers, and resulting from using personal protective equipment (PPE), is proposed to 

influence, as well as amplify the practice of working without PPE. Handling pesticides without PPE is a 

common risk factor for occupational pesticide exposure (9,10). Empirical assessments and evidence 

to support such relationships are, however, required. 

Climate change, therefore, may be conceptualised as a perpetuating factor, or a maintaining factor 

(11), in pesticide-related adverse health, as it may potentially facilitate an extended duration of 

farmers’ exposure to pesticides. The concern is that pesticide exposures may lead to adverse effects, 

including long-term consequences of interferences in the functioning of the hormonal system caused 

by pesticides considered to be endocrine disruptors (12–14). Such pesticides are associated with a 

range of adverse immunological, reproductive, developmental, neurological and carcinogenic effects 

(15–21). Endocrine disruptors, also known as endocrine disrupting chemicals (EDCs), act at extremely 

low concentrations (22,23), such that it is difficult to establish a threshold below which exposure to 

endocrine disrupting pesticides may be deemed “safe” for farmers and their families. 

Given this difficulty, and the aforementioned potential for adverse health effects, in light of climate 

change impacting pesticide use, the study presented here aimed to assess climate change factors that 

have the potential for perpetuating exposure to pesticides with endocrine disrupting health risks for 

farmers and their families. By identifying these factors, the intention was to identify policy relevant 

interventions to protect farmers from hazardous exposures. 

2. Methods 

This article conforms to the consolidated criteria for reporting qualitative research (COREQ), which 

was used to develop aspects of reflexivity, study design, data analysis and the reporting of findings for 
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the enhancement of rigor, credibility and transparency (24) (Appendix S1 Table). The study was carried 

out in Zimbabwe, where biological monitoring shows a high pesticide body burden among the rural 

smallholder farmers (25). Furthermore, evidence suggests Zimbabwe’s climate is becoming warmer 

and drier, with significant impacts on the agricultural sector, and, further, potentially on pesticide use 

and exposure patterns (26–28). Increases in insect pest populations and spatial expansion of pest 

habitat ranges, have, in addition, prompted adaptive changes in cropping patterns, and increases in 

agricultural pesticide use (26,29–31). 

2.1. Study Area 

The study was conducted in the rural cotton farming district of Rushinga, located in North-Eastern 

Zimbabwe, which covers part of the country’s hot and dry agro-ecological region (32,33). The district 

has a population of a little over 74 000 people, of whom 52% are female (34). Approximately 90 

percent of the district’s 17 000 households are actively involved in the production of cotton, a labour-

intensive, multiple-pest-susceptible and multiple-pesticide-intensive crop (35–37).  

2.2. Data Collection 

Semi-structured interviews were conducted, from July 2015 to December 2015, to smallholder cotton 

farmers of Rushinga district, who were identified by snowball sampling. Eligibility to participate in the 

study was based on farmers having continuously grown cotton for a minimum of 30 years, a period 

deemed long enough to potentially show climate change attribution in the larger study, of which this 

article is part (38). Farmers also had to be actively involved in cotton farming at the time of the 

interviews, as their insights on current practices, conditions and circumstances impacted by climate 

change were a key focus. Further interviews were conducted with four key informants in April 2016, 

after preliminary analysis for emergent themes to triangulate data and help interpret farmers’ 

responses. Three of the key informants were agricultural extension officers, while one informant was 

an employee of a cotton company with long-term operations in the district. All participants provided 

written informed consent before taking part in the study. 

The design of the study interview guide was informed by a review of the literature to understand the 

risk factors which influence farmers’ exposures to pesticides. Appropriate questions relating to 

farmers’ behavioural practices, as well as socio-economic and environmental conditions and 

characteristics, deemed to be relevant risk factors for pesticide exposure, were incorporated in the 

interview guide (39). Farmers were asked about those behavioural practices that might constitute risk 

factors for pesticide exposure, including ownership and usage of personal protective clothing, food 

consumption, and rehydration practices, as well as non-behavioural factors such as location of 
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homesteads relative to that of cotton fields. Detailed methodological procedures have been published 

(29). 

2.3. Data Analysis 

A qualitative data analysis software, NVivo (version 12), was used to aid the data analysis process. All 

50 interviews were transcribed verbatim and translated into English, before they were subjected to 

thematic analysis. Coding was systematically conducted following question responses, from one 

transcript to the other, rather than coding entire transcripts. This approach was used in order to 

ensure consistency in the application of codes in terms of how farmers responded to a particular 

question. After relevant responses on all the 50 transcripts were coded, the process was repeated to 

ensure that refined definitions of codes were applied consistently and accurately throughout the 

participant responses across all transcripts. 

A suitable coding technique was uniformly applied to participant responses to each of the interview 

guide questions. For instance, for the question, “do you use any personal protective equipment?”, 

magnitude coding, was used to quantify the response (40). For this question, a priori codes “YES” and 

“NO”, based on the expected responses, were used. On the other hand, for the question “how do you 

ensure you remain hydrated while spraying pesticides?”, descriptive coding was employed. The 

descriptive codes developed were “drink fluids”, “wear sun hat”, “wear long sleeved clothes”, “work 

in the morning”, “no action”. At this initial stage, follow-up questions to clarify farmers’ responses 

were excluded from the analysis. After the coding process, different codes were classified into several 

categories, which were later subjected to further classification. Ultimately, all categories were classed 

into two a priori risk factor themes, “behavioural practices” and “conditions and characteristics”, for 

the analysis to directly address the aim of this article. It was after the classification of emergent 

categories into themes, that follow-up questions were analysed to provide deeper meaning to the 

different categories. 

3. Results and Discussion 

3.1. Participants’ demographics 

Thirty-six males, nine females and five couples who identified themselves as the heads of households 

involved in an aspect of pesticide management took part in the study. The farmers were aged between 

54 years and 73 years, and their years of cotton farming ranged from 30 years to 43 years. 

3.2. Adverse effect of spraying pesticides in hot weather conditions 

Farmers and key informants perceived a relationship, based on experience, between increasing 

temperatures and elevated pesticide toxicity. They remarked that due to increasingly warmer and 
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drier conditions, exposure of skin to certain pesticides was resulting in bruises, burning sensations or 

extreme skin irritation, as illustrated by the following quotes: 

The usage of chemicals by farmers in this heat, particularly when some of them lack sufficient 

protective clothing, irritates their skin and leaves it cracked... the heat of the sun causes a 

reaction that irritates the skin where the pesticides get in contact with the skin, because 

farmers do not always have sufficient protective equipment (Agricultural Key Informant 03). 

If you get exposed to cotton pesticides in hot weather conditions, you get bruises and burns 

(Respondent: CZ 12).  

An observation which I started to notice recently is that during the cotton season I develop a 

certain kind of darkness in my complexion that is different from my normal complexion. After 

the cotton season, however, I notice that my l complexion turns normal again (Respondent: 

CZ 11). 

The perception that heat amplifies pesticide toxicity corresponds with observations in ecotoxicological 

investigations, which associate increases in temperature with increases in chemical toxicity. One 

study, for instance, found that increases in temperatures rendered earthworms more susceptible to 

experiencing adverse effects associated with particular pesticides (4). Due to climate change-related 

temperature increases, there is increased risk for more severe toxic impacts from the same volume of 

pesticides. Further research, however, on the effects of increasing ambient air temperatures on the 

severity of human pesticide exposure health outcomes is needed. 

3.3. Risk of oral exposure 

All participating farmers (N=50) showed awareness regarding the risks of oral pesticide exposure 

associated with eating or drinking while carrying out their spraying routines. Many respondents 

indicated, however, that they drank water and a home-brewed millet drink, mahewu; while some 

reported also eating food. Farmers stressed that it was important for them to eat and drink, for 

reasons indicated in Table 1. Some farmers, further, had family members bringing food for them to 

eat in the cotton fields, as highlighted in the following conversation with one farmer: 

Respondent CZ 15: Sometimes I drink mahewu, or even chew sugar cane… my wife and 

children often bring my breakfast to the fields. 

Interviewer: Are you telling me about practices that you personally engage in? 

Respondent CZ 15: Yes, I’m simply telling you the truth as it is. 
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Table 1: Farmers’ reasons for drinking and eating while spraying pesticides 

Reason Illustrative quotes 

Hunger and thirst 

When I feel hungry, I take a break and I sit down to eat (Respondent: 
TM 09). 

I bring with me a container of water to the field. When I feel thirsty, I 
drink the water (Respondent: TM 21) 

Energy replenishment 

I will be working, so I need to eat and drink so that I can continue 
working (Respondent CZ 08). 

Working in cotton farming is a very labour intensive and painful job 
that requires eating (Respondent: CZ 15). 

Antidote for exposure 

I rehydrate myself by drinking water. After spraying about 5 knapsacks, 
I take a container with water and drink. When I drink, I actually drink a 
lot of it so that it cleanses my system, in case I would have accidentally 
inhaled pesticides while spraying (Respondent: TM 16). 

These chemicals affect health a lot. When we spray, we make sure that 
we drink a pint of milk afterwards in order to cleanse the body of the 
chemicals. (TM 22) 

Risky attitude - used to 
pesticides 

As farmers who have been using these pesticides for many years. We 
are now so used to them, and we know that they cannot affect us in a 
long term (Respondent: CZ 15). 

Home is too far to 
return for lunch 

Since our fields are far, we carry our lunch (Respondent: TM 25) 

 

Studies have shown that climate change makes pesticides more volatile, that is – due to warmer 

temperatures, pesticide vapours may disperse more readily through the air (41,42). There is, 

therefore, significant possibility for climate change to amplify and perpetuate oral exposure risks for 

farmers, as a result of their food consumption and drinking practices during spraying routines. 

Respondents’ practice of placing food on the edges of fields being sprayed, for instance, may be 

susceptible to contamination if left insufficiently covered. Furthermore, due to high pesticide 

volatilisation rates linked to hot temperatures, food consumed near a recently sprayed cotton field 

may be contaminated if it remains exposed for a substantial period of time. In addition, under climate 

change conditions, where farmers may use high amounts of pesticides to curb pest proliferation 

(1,29,43), drinking milk as an antidote against exposures may unwittingly accelerate pesticide 

absorption, since certain pesticides are highly lipophilic (12,44). 
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3.4. Pesticide exposure risks by touch 

Where respondents took precautions not to drink water while spraying, certain farmers indicated that 

they drank a lot of water before they started spraying. The difficulty indicated with this practice, 

however, was that they would have to urinate whilst in the midst of their spraying routines. This 

frequently resulted in farmers unwittingly exposing themselves to pesticides by touching their genital 

region with contaminated hands as explained by the farmer here quoted: 

If you are spraying strong pesticides, such as Lambda, and happen to touch, or somehow, 

expose your genitals while urinating, you would be guaranteed of a sleepless night busy 

scratching (Respondent: TM 17). 

The genital area is highly sensitive to pesticide exposure and has the highest absorption rate potential 

of all of the human skin (45). It is estimated that pesticide absorption through the skin of the genital 

region is rapid enough to be equated to directly injecting pesticides into the blood stream (45,46). In 

light of projected climate change-related temperature increases, therefore, farmers’ rehydrating by 

drinking excessive volumes of water may exacerbate pesticide absorption through this absorptive 

region of the human body. Although there is a clear need for farmers to sufficiently wash their hands 

with uncontaminated water and soap, should they undertake to relieve themselves, this is often 

impractical when water is limited. There is need, therefore, for awareness raising so that farmers 

become aware about adaptive practices that can unwittingly make them vulnerable to pesticide 

exposure and related potential adverse health effects. 

3.5. Exposure risks due to lengthy and more frequent spraying routines 

The duration of a spraying session, according to the respondents, was dependent on several factors, 

including the number of people spraying, the height of the cotton plants and the type of pest 

infestation being controlled. On average, however, it took a single participating farmer two days to 

complete spraying one hectare of bollworm infected cotton. For many farmers, spraying sessions 

averaged five hours per day, with the day divided into morning and afternoon spraying shifts, 

punctuated by midday breaks of between one and three hours as the following quotes indicate: 

Each day I start around 8 am and finish around 5pm. Normally, i take a pause in the afternoon 

(Respondent: TM 06). 

It all depends on the height of the cotton. It can take a day up to four days to spray one hectare, 

depending on the size of the cotton (Respondent: TM 07). 

Of these 3 hectares, I make subdivisions for the purposes of spraying. It takes me a week. I 

spray from Monday to Friday. I spray in the morning from around 7am after the dew has 



 

79 
 

evaporated till around 11 am when I break. Then, if my portion is not yet finished, I return in 

the late afternoon, say around 3pm to 5pm to finish off (Respondent: TM 16). 

Key informants suggested that increasing pest populations and increasingly warmer ambient air 

temperatures were most likely increasing the duration of spraying, as well as its frequency. One 

observed that: 

For some, the heat impedes them from completing their tasks in time. Farmers now have 

defined afternoon breaks, unlike in the past when they would just continue spraying 

throughout the whole day, without taking any long noon breaks (Agricultural Key Informant 

03). 

Pesticide spraying is a labour-intensive activity which may be extremely risky for pesticide applicators, 

when carried out in a hot environment over long periods of time. Risks for applicators may emanate 

from core body temperature increasing above 38o C, resulting in dehydration, fatigue, stress and 

autonomous adaptation (47,48). When the core body temperature rises, there is a possible reduction 

in executive functioning, and higher chance of errors and work accidents (49,50). Autonomous 

adaptation, further, is manifest in the body naturally slowing down work to reduce the risk of heat 

stroke which, however, may result longer duration of exposure for farmers (49). Handling pesticides 

under such circumstances may, therefore, increase exposures due, for instance, to accidental 

spillages. 

In light of climate change-related increases in pesticide volatilisation (1,51), the practice of having two 

spray episodes per day may render farmers vulnerable to elevated inhalational pesticide exposures, 

when they spend their noon breaks on the edges of recently sprayed fields. There may also be 

increased exposure risk for pesticide sprayers, should they repeat wearing of contaminated clothes 

due to lack of time for washing - since the same clothes would need to be worn on several consecutive 

days. 

3.6. Gendered and para-occupational dimensions of pesticide exposures 

In all male-headed households (n=41), mixing and spraying of pesticides were described as primarily 

male tasks, while tasks for females in these households were indicated as fetching water used in the 

mixing of pesticides, weeding recently sprayed fields, harvesting recently sprayed crops and washing 

contaminated clothes. Females’ contributions in the mixing and spraying of pesticides were, however, 

acknowledged by a few of the interviewed male heads of households. In the female-headed 

households (n=9), the heads of households would do the mixing and spraying of pesticides. Some 

school-going teenage male members of these households were, however, said to be often actively 
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involved in the mixing and spraying of pesticides as well. The following quotes illustrate the gendered 

dimensions of tasks and potential exposures: 

My wife is the one who washes the clothes which I use when I spray… She will not be wearing 

any latex gloves; she just washes with her bare hands using soap (Respondent: TM 04). 

I mix pesticides as the man! I spray, as the man, and, as the man, i also wash the knap sack 

sprayer. My wife, however, as the woman, is the one who washes my clothes that I wear when 

I would be spraying pesticides (Respondent: TM 09). 

My son is the one who mixes and sprays and washes the pesticide containers. He completed 

grade seven recently (around 14 years old). When he finishes spraying, I wash his clothes, since 

he will be tired. At times, he washes them himself. He sprays wearing his everyday clothes… 

and his sandals (Respondent: TM 13). 

Para-occupational exposures are exposures of family members to pesticide residues, on clothes or 

shoes - for instance, brought home by a pesticide applicator, or exposures of bystander-family 

members in the vicinity of fields being sprayed (52). Thus, the practices of bringing contaminated 

clothes home and weeding or harvesting recently sprayed fields are important risk factor for para-

occupational exposure (52,53). With climate change-related increases in the frequency of pesticide 

spraying, there are implications for elevated exposure risks for women and children, who are often 

responsible for washing of contaminated clothes, bringing of food to the fields, and weeding or 

harvesting recently sprayed fields. The exposure of children and pregnant or lactating women is 

significant, as this may influence critical endocrine disruption-related developmental health outcomes 

for children, infants and foetuses (54–56).  

Another practice, potentially elevating para-occupational exposures, is that of farmers returning home 

without washing after spraying. Due to challenges in water availability, and the absence of bathing 

facilities in the fields, farmers frequently wash themselves only when they get home. Contaminants 

are thus transported into the home environment. To minimise para-occupational exposures, farmers 

will have to avoid engaging in any activities, including physical contact with children, when they return 

home, prior to removing work clothes and washing themselves. For this to be a mainstreamed 

practice, farmers would require access to information on the exposure and health risks of this practice. 

3.7. Drift exposure risks from rowing cotton around homesteads 

Since cotton farming is a labour-intensive activity, farmers stressed the advantages of growing crops 

in the field surrounding their homesteads, including easy access to water for mixing with pesticides, 

and the ability to immediately wash oneself immediately after spraying. Very few farmers who did not 
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grow cotton around their homesteads cited safety concerns, for both humans and livestock, as the 

major reason for not doing so. The following quotations highlight certain sentiments of selected 

farmers regarding growing cotton around homesteads. 

The field that surrounds my homestead is actually the one which produces the most cotton 

(Respondent: CZ 10). 

When I spray, I only tell children to avoid playing near the rock where I mix pesticides… my wife 

will be helping with carrying water (Respondent: CZ 17). 

It is not good to grow cotton near the homestead because neighbours’ chickens may eat dead 

worms, and that may result in fights (Respondent: TM 02). 

I do not grow cotton in that field to protect the kids who may pick a contaminated object and 

get exposed to the pesticides (Respondent: TM 25). 

Smallholder farming settlements of Rushinga district, as is the case throughout Zimbabwe, are 

characterised by homesteads, which are surrounded by fields. This constitutes a pesticide exposure 

risk factor for children and other family members who do not necessarily handle pesticides as they 

can be exposed to pesticide in several indirect ways (57). Growing cotton around homesteads is an 

important risk factor for the exposure of children, as they spend much of their time playing outdoors. 

They become exposed to pesticide drift during the spraying of pesticides (52,53) and become 

susceptible to continued exposures to volatilised pesticides. As participating farmers indicated the 

need to spray more frequently, due to climate impacts on pest proliferation and faster pesticide 

degradation (1,6), children will likely be exposed to significant amounts of pesticides during the cotton 

season, which lasts up to five months. Exposure of children to pesticides, particularly endocrine 

disrupting pesticides, during this critical stage in their lives may have long lasting adverse effects on 

their development (56,58). There is a need, therefore, for farmers to change their practices and only 

grow cotton in those fields which are further from homesteads. Local-scale policy measures may be 

needed for coordinated enforcement of drift exposure reduction, since failure to change practices by 

a neighbouring farmer may still have significant drift exposure effects on those in close proximity. 

3.8. Exposure risks related to types, ownership and usage of personal protective 

equipment 

Personal protective equipment (PPE) owned by participating farmers was limited to gumboots, 

coveralls (one piece) and work suits (two pieces). None of the interviewed farmers reported ownership 

of other types of PPE recommended on the labels of agricultural pesticides, such as rubber gloves, 
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goggles, and respirators or face masks to reduce dermal, oral, eye and respiratory routes of exposures. 

They indicated, however, that they improvised - as shown in Table 2. 

Table 2: Personal Protective Equipment used by participating farmers 

What farmers in Rushinga generally used for 
PPE 

Purpose 

shoes covering the whole foot, sandals, 
slippers, Knee-high rubber boots/gumboots 

Protecting feet against pesticide exposures 

Raincoats, polythene sheeting 
Protection against spills on the back while 
carrying a knapsack 

Scarf, bandana, a clean piece of cloth, a 
handkerchief (no respirator or breathing mask) 

filter out hazardous chemicals from entering 
the lungs 

Non-spill proof coveralls, work suits, overcoats, 
long pairs of trousers, long sleeved shirt, short-
sleeved t-shirts 

To cover the body including arms and legs 

Sun hat (no sun hat) For protection against direct overhead sun  

Plastic bags (no gloves) To protect exposure by touch 

Sunglasses (no goggles) To protect against exposure in the eyes 

 

Climate change may worsen exposure risks for women who assist with mixing and sometimes spraying 

pesticides, as any available pieces of PPE are usually the size of, and reserved for the male head of 

household. When farmers owned part of the recommended PPE, it would be for use by only one 

member of the household, usually the male head, as illustrated by the following quotation: 

When we spray my husband will be wearing the only raincoat that we have, and I will be 

wearing a jacket. Then he also wears his pair of gumboots and a hat. I wear a pair of canvas 

shoes (Respondent TM 25). 

Farmers’ reasons for low and non-usage of PPE were analysed and grouped into four categories, as 

shown in Table 3. In addition to the provided reasons, observations showed that of the recommended 

PPE, only coveralls and work suits were sold in local shops at the two major service centres of Rushinga 

district. Other PPE such as latex gloves, breathing masks and googles were not available. 
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Table 3: Reasons for low, inconsistent and non-usage of PPE 

Reasons Illustrative quotes 

 

Physical discomfort 
caused by PPE 

I would not be able to work properly... Imagine how hot gumboots 
are. I would not wear gumboots and coveralls on top. I could take off 
my clothes so that I can have some cool air (Respondent CZ 08). 

It's not healthy at all to work while wearing all that. When you wear 
coveralls, or overcoats you can feel so much heath, and sweat a lot… 
Normally when you spray over the weekend, my body only recovers 
around Wednesday. I feel too much heat, and sweat a lot, beyond 
what is normal (Respondent CZ 15). 

No, it’s not possible. By the time you finish working you would have 
been thoroughly cooked (Respondent CZ 16). 

 

Unaffordability 

No, he just goes to spraying wearing his everyday clothes. We do not 
have the money to buy the protective clothing. Even shoes, when he 
sprays, he will be wearing these open sandals (Respondent TM 13). 

I just wear normal clothes. It’s because I do not have them, and I do 
not afford to buy them (Respondent TM 08). 

 

PPE not provided under 
input schemes 

. 

Cotton companies which supply us inputs under contract farming say 
protective clothing is the farmer’s own business to worry about 
(Respondent CZ 12). 

 

Lack of access to and 
comprehension of 
pesticide hazard 
information 

 

We just spray dressed the way I dress every day… there is a 
difference in the pesticides. In the past, the pesticides were more 
powerful, and they needed protective clothing. In the past, I used to 
wear some protective clothing. The pesticides, then, were so 
powerful… Nowadays, the pesticides are so weak (Respondent CZ 
06). 

 

As shown earlier, evidence suggests that temperature increases may lead to changes in pesticide 

toxicity (4). With climate change, exposure to the same volume of pesticides may, therefore, increase 

adverse health outcomes for farmers due to this enhanced pesticide toxicity. Farmers working in hot 

environments for long durations might, therefore, be at a greater risk of exposure and adverse health 

outcomes, considering that their propensity to wear PPE, or the correct type of PPE, is very low, while 

pesticides are simultaneously becoming more volatile and more toxic. There is a clear need, therefore, 
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for cotton companies and the government to avail basic PPE such as goggles, and respirators to 

farmers at affordable costs, with accessibility even in remote rural areas.  

3.9. Perceptions regarding PPE-related discomfort and pesticide exposure risks 

Certain respondents perceived that PPE, such as gumboots and coveralls, would cause heat and 

mobility-related discomfort, if they were to attempt utilising such equipment - as shown by the 

following quotations: 

I break around 1 pm when it becomes too warm as the gumboots become too hot. 

(Respondent: TM 26) 

If it's available I would suffer from heat while wearing it, I would rather let the chemicals entre 

my body than bear the heat (Respondent TM 08). 

It is not appropriate to work wearing protective clothing covering the body. What one needs 

to do is to wear sandals so that there is sufficient aeration (Respondent TM 21). 

While a range of social, economic and environmental factors were clearly responsible for farmers’ PPE 

non-usage and non-ownership, the role of climate change in reinforcing these circumstances for 

farmers appeared significant. Due to increases in ambient air temperatures, recommended and 

available PPE for use by farmers in Zimbabwe, such as gumboots and coveralls appear unsuitable, as 

they may cause heat-related discomfort for users. Climatically unsuitable PPE caused some farmers to 

choose to work without any protection at all, subjecting them to dangerous levels of pesticide 

exposure. Such a finding confirms earlier observations that heat is associated with higher risks of 

harmful exposures and injury, as heat-related discomforts cause workers to take off their PPE (59,60). 

With climate-related increases in pesticide volatilisation, the probability of inhalational, dermal and 

eye exposure risks increase for the pesticide applicators who work without PPE. 

The protective practice by certain farmers of covering themselves in polythene sheets and raincoats 

may lead to extreme heat exhaustion. While the impermeable material may provide protection 

against spillages and dermal exposures in general, it may also block the free exchange of heat from 

the body to the external environment (60,61). When heat exchange is impeded, the core body 

temperature my increase, resulting in autonomous adaptation (47) and potential longer duration for 

pesticide exposures. 

4. Conclusion 

The focus of this article was to assess the potential for climate change in perpetuating pesticide 

exposure for Zimbabwean smallholder cotton farmers and their families. There were strong 
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indications for climate change exacerbating pesticide exposure risks, not only for pesticide applicators, 

but for women and children at risk of para-occupational exposure. There is clear cause for concern for 

policy makers and health professionals regarding differential exposures to mitigate potential 

endocrine disrupting impacts for all exposed, but particularly children and women. Delimitation of 

buffer zones prohibiting the growing of cotton and the usage of pesticides near homesteads, as well 

as general education and re-education about para-occupational pathways should be prioritized. In 

view of projected climate change, effective interventions to assist farmers in coping with the effects 

of rising ambient temperatures, such as dehydration and potential heat-related syndromes are 

recommended. In view of temperature increases as a result of projected climate change, effective 

interventions to assist farmers in coping with rising temperatures are recommended. These include 

affordable, effective and climate-appropriate light-material personal protective equipment. 

Information on the role climate change plays in increasing hazardous pesticide exposure health risks 

needs to be made available to policy makers, farmers and community members through various 

innovative means.  
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CHAPTER 6 
 

Climate Variability, Perceptions and Political Ecology: Factors 
Influencing Changes in Pesticide Use Over 30 Years by Zimbabwean 

Smallholder Cotton Growers 
 

Paper overview 

This published article addresses the first objective of the thesis. It assesses changes in pesticide use 

by Zimbabwean smallholder cotton farmers of Rushinga district from the early 1980s to the 2015 

season. It also assesses the key factors impacting the noted changes. 

Contribution to the thesis and novelty 

This chapter attempts to set the basis for understanding the significance of climate change in the 

context of multiple factors impacting pesticide use. Increases in pesticide use and pest populations, 

suggestive of a bi-directional causal relationship, are reported. Contributing factors for these increases 

are noted as farmers’ perceptions regarding pests and pesticides, farmers’ pest management 

practices, climate variability, and political ecologic factors encompassing farmers’ limited agency and 

power dynamics between the government and the cotton farmers. 

Role of Candidate 

The candidate conceptualised the study, designed the data collection instrument, collected and 

analysed the data. The candidate also wrote the manuscript which was commented on by the 

Supervisors. The candidate also addressed comments made by the article reviewers before final 

submission for its publication. 

Publication Status 

Published: Zinyemba, C., Archer, E. & Rother, H.-A. 2018. Climate variability, perceptions and political 

ecology: Factors influencing changes in pesticide use over 30 years by Zimbabwean smallholder cotton 

producers. PLOS ONE. 13(5):e0196901. DOI: 10.1371/journal.pone.0196901. 
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Abstract

Pesticides represent a potential public health hazard of note in farming communities.

Accumulating evidence indicates that some pesticides used in agriculture act as hormone

disrupters, with the potential to result in chronic health effects. Despite such a growing evi-

dence base, pesticides remain the preferred method of pest control in agriculture worldwide.

In many parts of Sub-Saharan Africa, usage is on the increase. This qualitative study

assessed changes in the usage of pesticides by Zimbabwean smallholder cotton farmers in

the past 30 years. Farmers reported an increase in the usage of pesticides, specifically

insecticides, since the early 1980s. An increase in pest populations was also reported. The

findings suggested a bi-directional causal relationship between the increase in pest popula-

tion and the increase in pesticide use. Factors which emerged to have collectively impacted

on the changes include climate variability, limited agency on the part of farmers, power

dynamics involving the government and private cotton companies and farmers’ perceptions

and practices. An Integrated Pest Management Policy for Zimbabwe is recommended to

facilitate integration of chemical controls with a broad range of other pest control tactics.

Continuous farmer education and awareness raising is further recommended, since farm-

ers’ perceptions can influence their practices.

Introduction

Pesticides continue to serve as the method of choice for pest control in agriculture throughout

the world, despite evidence that their usage does not always result in decreased crop losses

[1,2]. In many parts of Sub-Saharan Africa, overdependence on pesticides by smallholder

farmers appears to be characterised by unsustainable pest control practices, thereby disrupting

natural pest control [3]. Furthermore, overdependence on pesticides provides cause for con-

cern regarding human health risks from indirect and direct exposures. For example, pesticides

may enter the environment from air, soil and water contamination [4,5], with a likelihood of
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indirect human exposure [6]. People not directly involved in the handling of pesticides have

been observed to become exposed through pesticide drift [7], contaminated water [4,8], as well

as consuming food with pesticide residues [9,10]. Pesticide applicators and field workers face

the highest risks of direct pesticide exposures through activities such as mixing [11], spraying

[12,13] and washing contaminated spraying equipment [14]. Agricultural pesticides thus rep-

resent a potential public health hazard of note, particularly for smallholder farmers and their

families.

Increasing evidence shows that certain agricultural pesticides have the potential to cause

higher health risk to humans than previously assumed [15]. For instance, certain pesticides

have, in recent years, proven to be hormone disruptors [16–18], while several are suspected to

be [19]. The implication is that these pesticides pose a high risk of interfering with the ability

of cells to communicate hormonally [20], by either mimicking or blocking hormones, thereby

disrupting the body’s normal functions [21]. For exposed farmers and their families, this may

result in a variety of adverse growth, reproductive [22], developmental [23], neurological [24],

metabolic and immune effects [21], as well as certain hormone-linked cancers[25]. Small-

holder farmers in Low and Middle-Income Countries (LMIC) are at a particularly high risk of

negative health effects, since they experience higher rates of pesticide exposures [12]. Any

increase in pesticide use, especially those pesticides which contain hormonally-active ingredi-

ents, can therefore, potentially increase smallholder farmers’ and their families’ hormone-

related health risks.

Despite growing evidence regarding their adverse health impacts, pesticides are still consid-

ered to be necessary inputs to certain farming activities, such as cotton production. In cotton,

a range of pests may pose a serious constraint to crop production, particularly for smallholder

farmers [26]. In Zimbabwe, for example, where cotton is the most pesticide-intensive crop

grown by smallholder farmers, up to ten different types of cotton pests are encountered

[27,28]. Farmers rely almost solely on pesticides to control such pests during each growing sea-

son. Despite such a diversity of pests encountered, there have, however, been assertions that

there is, in general, more dependence on pesticides by Zimbabwean farmers than is really

required[29,30]. It is likely, therefore, that apart from pest occurrence, there may be other sig-

nificant factors also influencing the usage of pesticides.

Studies have shown that in addition to the occurrence of pests, several other political-eco-

nomic factors significantly impact patterns of pesticide use by smallholder farmers in LMICs

[31]. Political ecology, which examines the impact of broad scale political-economic factors on

local level pesticide use [31], may provide a useful framework for examining these factors.

Research shows that increased pesticide use patterns by smallholder farmers are not simply the

result of careless and indiscriminate use of pesticides, but are also affected by other factors

beyond farmers’ control [10,32,33]. For instance, a study in Tanzania showed that the pesticide

industry influences pesticide use by deploying pesticide vendors to farming communities in

order to achieve high sales volumes [34]. Research has also shown that agricultural liberalisa-

tion in many parts of Africa during the early 1990’s led to easier access to pesticides through

the development of illegal and informal trading of pesticides in countries such as Senegal and

Benin [35]. In Zimbabwe, the usage of pesticides by smallholder cotton farmers may have been

influenced by both government and the cotton industry [36–38], among other factors. During

the mid-1990s, when the cotton sector was liberalised, it was observed that about 80% of insec-

ticides used by rural farmers in Zimbabwe were applied in cotton [27]. A key factor impacting

high rates of pesticide use in cotton may be linked to the increasing numbers of young people

engaging in cotton production as a livelihood due to limited opportunities of employment in

the shrunken formal economy. Furthermore, Zimbabwe’s biotechnology policy, which bars

the adoption of genetically modified organisms in agriculture, could be indirectly contributing

Factors influencing changes in pesticide use
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to high rates of pesticide use in cotton production, which could be avoidable. The policy

framework constrains the adoption of a genetically modified cotton crop containing genes

from the soil bacterium bacillus thuringiensis, Bt cotton, which has been credited for reduced

pesticide use intensity in certain cotton producing countries (such as India and China)

[39,40].

This article uses a political-ecologic lens to describe and explain factors identified to have

collectively impacted on changes in pesticide uses by Zimbabwean smallholder cotton farmers

of Rushinga district over a period of 30 years. A criticism of political ecology is, however, that

focus is limited to the influence of broad-scale structural forces, thus potentially ignoring

other influences such as farmers’ behaviours [31]. Farmers have been widely reported to

change their pesticide use patterns due to their practices and misperceptions about pesticides

[1,34,41]. There is, further, growing recognition that climate variability and change may result

in more pests and increased usage of pesticides in agriculture [42]. There have been sugges-

tions that changes in the climatic parameters such as rainfall and temperature may encourage

pests which could, in turn, influence increased application of pesticides in agriculture [43–46].

Farmers’ pesticide-use decisions are, therefore, as mentioned earlier, impacted by a multitude

of factors, both within and outside their control. This article thus presents Zimbabwean farm-

ers’ perceptions, farming practices, as well as short term climate variability identified to may

have impacted on changes in pesticide use, in addition to broad political-economic drivers. By

understanding these factors, efforts can be made to minimise dependence on pesticides for

pest control by Zimbabwean smallholder cotton farmers. A key objective would be to ensure

that policies and practices are not promoting overuse, and that there are mechanisms to effec-

tively address and improve farmers’ pest control practices.

Materials and methods

The findings presented in this paper form part of a larger study examining whether climate

change is a key factor perpetuating health risks associated with human exposures to hormone

disrupting agricultural pesticides. As a result of the climate change component in the larger

study, 30 years [47] of consistent cotton farming were used as the benchmark for participant

inclusion in the study. This study conforms to the consolidated criteria for reporting qualita-

tive research (COREQ-32), comprising a formal 32-item checklist for explicit and comprehen-

sive reporting of qualitative studies [48]. As a way of improving transparency, rigor and

credibility, COREQ was used to guide developing aspects of reflexivity, study design, data anal-

ysis and the reporting of findings (S1 Table).

Research design and study area

A qualitative case- study was conducted in the rural cotton farming district of Rushinga,

located in North-Eastern Zimbabwe. This research design was used since no pesticide use rec-

ords were available to allow for longitudinal quantitative analyses. In the absence of these rec-

ords, assessments based on observations and perceptions by cotton farmers were used in this

study.

The population of Rushinga district, based on the 2012 national population census, is 74,

040 people (48% males and 52% females) and 17, 125 households, [49]. Rushinga district lies

in Zimbabwe’s natural agro-ecological region IV, which is characteristically hot and dry

[50,51]. Approximately 90 percent of households are involved in the production of cotton,

which is affectionately known as white gold [38]. This district was selected as cotton, a pesticide

intensive crop, has formed the main source of income since its introduction in the district dur-

ing the 1980s.

Factors influencing changes in pesticide use
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Sample selection

Snowball sampling was used for participant recruitment. Those who were recruited had been

consistently involved in cotton farming during the past 30 years. As a starting point, names of

seven potential participants were proposed by the Rushinga District Agricultural Research and

Extension Services Office. Of these, three who met the inclusion criteria were recruited in the

study. The other four were no longer involved in cotton production, and were thus ineligible

to participate. All initial seven farmers provided 17 names of other potential participants.

Throughout the data collection exercise, all farmers contacted were asked to propose names of

other potential participants, with a final total of 121 names being provided. Of these, 68 ful-

filled the inclusion criteria, with 53 recruited to take part in the study until data saturation [52]

was reached. Having reached saturation, it was not necessary to interview the remaining 15

farmers. Interviews were conducted with self-identified heads of households. Participation in

the study was entirely voluntary. All participants signed informed consent forms written and

read out in their vernacular Shona language prior to the interviews.

Four key informants were recruited to take part in this study. One, a long-serving employee

with a cotton company, was interviewed as a cotton industry key informant. This key infor-

mant had an educational background in agriculture and had worked for the cotton industry in

Rushinga district since 1997, responsible for marketing, pesticide distribution and extension

work. Three Rushinga District Agricultural Extension Officers were interviewed as agricultural

key informants. For recruiting, the District Agricultural Research and Extension Services

Office were initially requested to provide names of officers who had served for up to 30 years

in the district. None could be identified. Names of those who had served for up to 20 years

were thus requested and five names were suggested. All of them were approached to take part

in the study, and three (one female and two males) agreed. The other two declined for personal

reasons. In this paper, we present findings from both in-depth interviews with cotton farmers

and key informant interviews focusing on pesticide use factors.

Data collection

Data collection was conducted in two phases, starting with face to face in-depth semi-struc-

tured interviews with cotton farmers between July 2015 and December 2015. As mentioned

earlier, these interviews were stopped when saturation was reached [52]. In-between data col-

lection, farmers’ interviews were transcribed during January and February 2016. Thereafter,

transcribed texts were provided to participants during the months of March and April 2016

for verification and confirmation. All 53 interviews were conducted at farmers’ homesteads by

a three-member research team consisting of CZ and two experienced research assistants

(female and male) who spoke the local dialect (Shona Kore-kore). Research assistants were

first trained by CZ on the aim of the study and the ethics of the study, including the impor-

tance of confidentiality of information gathered, participants’ rights and reading out and

explaining the informed consent. Farmers were asked questions concerning their experiences

with and observations about changes in pest populations and pesticide-use practices in the

past 30 years (S2 Table). All interviews were audio-recorded with participants’ written

consent.

Phase two of the study involved face-to-face interviewing of four key informants in April

2016. These were conducted after the initial analysis of farmers’ interviews as a way of explain-

ing, corroborating and triangulating themes in the data, as well as collecting sector insights.

Questions for the agricultural key informants were designed based on emergent patterns in

the data collected from the farmers. These included their knowledge and perceptions about

increases in pest populations and increases in pesticide use by farmers. Key informants were
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further questioned about their roles as extension workers and the role of their parent ministry,

which enabled making inferences about their respective influences in the usage of pesticides.

The cotton industry key informant was interviewed relating to the role of the cotton industry,

such as what factors they consider to be important when drawing-up contracts with farmers,

the role of the cotton industry in managing pests and pesticide resistance, and the nature of

training which they give to farmers.

Data analysis

Three participating farmers’ interviews were excluded from analysis after quality control, due

to inconsistencies which could not be resolved. Of the remaining 50, there were 36 male heads

of households, nine female heads of households and five couples who chose to be interviewed

together. All 50 interviews were transcribed verbatim and then translated into English (S1

Text). Upon completion, transcripts and their corresponding audios were analysed by a pro-

fessional translator for consistency and accuracy. A qualitative data analysis software, NVivo

(version 11), was used for transcript management and aiding data analysis, particularly coding.

Coding involved a four stage process starting with attribute coding, followed by structural cod-

ing, magnitude coding and descriptive coding techniques [53]. Guided by magnitude ques-

tions asked during interviews, structural coding was used to code entire transcripts into five

broad data categories (structural codes)—namely: pesticide-use, pesticide efficacy, pesticide

sufficiency per hectarage, pest populations (Table 1) and participant demographics. Thereafter,

attribute coding technique was used to assign codes for participants’ attributes such as age,

gender, and years of cotton farming.

The remaining four categories were analysed in more detail, using magnitude coding and

descriptive coding techniques. Magnitude codes are qualitative, quantitative and/or nominal

indicators which are used to indicate intensity or frequency of phenomenon [53]. In this

study, magnitude codes indicated changes that happened in the past 30 years in as far as pesti-

cide use and pest populations are concerned. Mathematical symbols were used for magnitude

codes; ‘‘+’’ indicating an increase, ‘‘—’’ indicating a decrease, and ‘‘=’’ indicating no change.

Descriptive coding technique was then used to code details pertaining to current pesticide effi-

caciousness and current pesticide sufficiency (Table 1). The rest of the interviews which were

not analysed using the aforementioned coding techniques, together with all the key informant

interviews, were analysed by thematic analysis [53]. By this process, data were analysed with

thematic statements, rather than short codes (S3 Table). This led to the emergence of three

themes from the data, namely: (i) climate variability, (ii) political ecology and (iii) farmers ‘per-

ceptions and practices.

Table 1. Some interview questions and codes developed from data.

Questions Structural codes Magnitude

codes

Descriptive

Codes

1. Would you please describe how the quantity of pesticides which you use on your farm has changed over the

past 30 years?

pesticide use (+) increase n/a

(=) no change

(-) decrease

2. Would you please describe how the population of all pests which you encounter on your farm has changed

over the past 30 years?

Pest populations (+) increase n/a

(=) no change

(-) decrease

3. Do the pesticides which you currently use on your farm kill insects when you use them according to

instructions?

Pesticide

effectiveness

n/a Effective

Not Effective

4. Are the quantities of pesticides which you currently receive from contractors to use on your farm enough to

control pests which you encounter throughout the season?

Pesticide

sufficiency

n/a Sufficient

Not sufficient

https://doi.org/10.1371/journal.pone.0196901.t001
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Ethical statement

Ethical approval was granted by the Human Research Ethics Committee of the University of

Cape Town’s Faculty of Health Sciences (HREC Ref: 300/2015). In Zimbabwe, further

approval was granted by the Ministry of Health and Child Care’s Epidemiology and Disease

Control Directorate and the Ministry of Home Affairs through Provincial Minister for Masho-

naland Central Province, the Rushinga District Rural Council and the Rushinga District

Administrator.

Results and discussion

Participants’ ages ranged between 54 to 73 years. Cotton farming experience in years ranged

between 30 and 43, with 33 years being the average, as most farmers started growing cotton in

1982. All 50 farmers reported consistently using chemical insecticides to manage insect pests

for cotton farming. Asked about the methods of pest control which they used upon detection

of pests, 76 percent of farmers who responded to the question (or 64 percent of all participating

farmers) indicated that they exclusively relied on chemical pesticides (Table 2).

To control weeds, only a few farmers (n = 11) had ever used herbicides in their three

decades of cotton farming. All farmers indicated that they controlled weeds physically by using

hand hoes, while none relied on herbicides exclusively. Due to relatively low usage of herbi-

cides, farmers generally used the word ‘pesticide’ to refer to insecticides, except where a dis-

tinction was made between herbicides and insecticides. Likewise, in this study, the same

terminology is adopted.

Increase in pesticide use

Responding to the first substantive magnitude question, most farmers (60%) reported an

increase in pesticide use from the time each farmer started growing cotton up to the 2014/2015

season. Furthermore, 84 percent of the farmers perceived an increase in pest populations on

their farms during the same period (Fig 1).

Reported increases in pesticide use ranged from double, on average, to several times in out-

lier cases. The following farmer’s comment illustrates:

‘‘The pesticides that we used in the past were very strong. We used to get 200ml, and we would
use the same small bottle till we harvested. But, nowadays we have the types of Lambda which
we get in 500mls. Just that one 500ml bottle is not enough. You need four or five of such bottles
for you to be able to harvest, which means the pesticides that we are getting nowadays are very
weak, they do not have power” (Respondent: CZ 04).

It is of interest to note that 22 percent reported a decrease in pesticide use, while 18 percent

indicated that there had been no change in pattern and quantity of applications. However,

nearly all farmers had the perception that the total amount of pesticides they were using were

Table 2. Methods of pest management.

Pest control method % farmers

(n = 42)

Exclusively pesticides 76

Integrated—pesticides and other methods such as hand-picking worms, spraying aphids with

crashed chillies, crashed herbs, or a washing powder mixture.

24

Exclusively other methods (no pesticides) 00

https://doi.org/10.1371/journal.pone.0196901.t002
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not commensurate with changes in pest populations on their farms. Ninety four percent of

farmers believed that the amounts of pesticides they were using on their farms were not suffi-

cient for their pest control needs.

Factors influencing pesticide use increases

Increases in the usage of pesticides in Rushinga appear to be impacted by a combination of,

amongst others, three key influencing factors explored during thematic analysis (shown out-

side the dash triangle in Fig 2). The first of these factors was developed through a political ecol-

ogy lens, focussing on power dynamics between farmers and agricultural institutions which

impact on pesticide-use decision making. Political ecology, while directly impacting on the

usage of pesticides, further has an indirect impact on pest populations and pesticide efficacy.

The second key influencing factor pertains to farmers’ perceptions, including their practices,

which have a direct impact on the efficacy of pesticides, while indirectly impacting on pest

populations and, thus, the usage of pesticides. The third key influencing factor, over which

farmers (and institutions) have no direct control, but appear to be responding to, is climate

variability. Climatic variation in Rushinga District seems to have a direct impact on pest popu-

lations, while indirectly impacting on pesticide use and pesticide efficacy. These three influenc-

ing factors are discussed in the following sections in detail.
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Political-ecological impact

The findings in this study concur with findings from other parts of the world which attest that

there are political-economic forces which may significantly influence patterns of pesticide use

in agriculture [31]. In Rushinga district, usage of pesticides by smallholder cotton farmers has

been, to an extent, influenced by institutions and actors such as the government, cotton com-

panies and agricultural extension workers. All participating farmers indicated that they had

always grown cotton under contract farming arrangements; which meant they received inputs

(e.g., pesticides, chemical fertilisers and seeds) from the government and the cotton companies

on credit. This dependence on credits effectively limits their agency–that is, they have never

been fully in charge of their pesticide use decision making process. Instead, decisions made by

the government, cotton companies and agricultural extension officers seem to have signifi-

cantly influenced farmers’ pesticide use. The roles of these institutions and actors are ex-

pounded on below.

Key informants indicated that cotton was officially introduced in Rushinga district in 1982

by the government. For 12 years thereafter, the government held a monopoly over the cotton

sector, being the sole supplier of inputs such as seeds, fertilisers and pesticides. During this

period, the government made limited effort to provide farmers with the know-how to farm

with an integrated pest management approach that does not rely solely on chemical control

(e.g. cultural and biological pest control methods).

The sector was liberalised in 1994, paving the way for private companies to become

involved in cotton production and marketing [38]. However, two decades into liberalisation,

the legacy of exclusive use of pesticides for pest control persisted. According to the cotton

industry key informant, cotton companies have largely been unsuccessful in their quest to

break the culture of exclusive pesticide use through their pest management training pro-

grammes. It appears, thus, in Zimbabwe, that government support of the usage of pesticides in
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cotton farming is precedent. This is, however, not peculiar to the Zimbabwean situation. It has

been observed that a number of governments in Africa significantly influence pesticide use

patterns through extension programs which encourage the usage of chemical pesticides

[34,54].

Despite liberalisation, the government of Zimbabwe remains responsible for key research

and regulatory issues which impact on the usage of pesticides through the Ministry of Agricul-

ture’s Cotton Research Institute (CRI). The CRI is mandated by the government to, among

other functions, develop pesticide rotation and spraying calendars for different regions of the

country as a way of managing pesticide resistance by limiting the period during which broad-

spectrum pesticides may be used [28,55]. However, spraying calendars tend to encourage

increased use of pesticides, as they base spraying on calendar dates rather than scouting prac-

tices and observations of pest incidences.

The contribution of the cotton industry in the increasing usage of pesticides in Zimba-

bwean smallholder cotton farming has been through its unequal power relations with farmers.

These unequal relations are summarised in Table 3.

The local cotton industry supplies inputs, and then guarantees purchase of farmers’ pro-

duce, paying them the difference between the market price at the time of selling and the cost of

inputs [37]. When agreements are made under contract farming, farmers sign for three dis-

tinct classes of pesticides. However, it is the companies which determine the specific brands

and quantities per hectare of pesticides to be issued to farmers, as well as the timing of deliver-

ing these pesticides to farmers. This effectively limits farmer agency, with limited ability to

make important decisions governing their pesticide use patterns.

The supply of pesticides constitutes a critical component of contract farming in the Zimba-

bwean cotton industry. Companies have, however, often been implicated for failing to honour

their contractual obligations [56]. For instance, the pesticide distribution system was described

by both farmers and key informants as inefficient. Farmers, on occasion, receive pesticides late

when they would have already bought some on a cash basis—ironically from the cotton com-

panies themselves, if not from the agricultural input stockists. One farmer remarked:

‘‘The companies come and make us sign contacts and just give us seed. They promise to supply
the chemicals and fertilisers later. Hoping the companies would honour their contractual obli-
gations to supply the said inputs before the appearance of pests. However, they tell us later that
they cannot supply us with anything else” (Respondent: CZ 17).

When they finally receive their contractual pesticides, some farmers make use of them,

despite no apparent need as a way of simply getting rid of them before the end of the season

Table 3. Contribution of cotton industry to pesticide use increases.

Theme Explanation

Disregard of

contracts

Pesticides are often distributed late, when farmers would have already bought contingency

supplies, resulting in pesticide accumulation.

Power and control The industry determines the pesticide brands and the quantities of pesticides to be distributed

to farmers. Farmers have little or no agency.

Rigid contracts Contracts empower industry to attach farmers’ property, resulting in fear of losing property

providing motivation for excessive pesticide use.

Industry standards Lowly-grade cotton due to pest attack is poorly remunerated both on the local and global

markets.

Pesticide market Presence of a thriving and unregulated local pesticide market in which the cotton companies

are players of note.

https://doi.org/10.1371/journal.pone.0196901.t003
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due to safety concerns [57]. A few farmers, however, noted that when pesticides are disbursed

late, they store them for use the following season, even when pesticides, such as acaricides,

would be rotated. Zimbabwe cotton farming regions follow a three-year acaricide rotation

scheme aimed at managing resistance [28]. Failure to rotate may be seen to promote resistance

due to lengthy exposure to increasing amounts of the same pesticide.

The terms of contracts signed between cotton companies and farmers appear to contribute

further to the need for farmers to increase their usage of pesticides. The cotton industry key

informant noted that when farmers sign for input credits, they sign off their livestock, or any

other movable properties they possess, as surety. Farmers are fully informed that when they

fail to adequately control pests they risk having their property attached by the cotton compa-

nies. The increase in the usage of pesticides is, therefore, partly influenced by a secondary

motivation to protect assets against attachment.

It also appears that stringent global market demands for high quality cotton play a crucial

role in making pesticides critically important in cotton farming. Low quality cotton, compro-

mised by pests, is poorly remunerated, and it often fails to attract break-even purchase prices

for farmers. Market demands for cotton of high quality which can compete on the export mar-

ket may be pressuring farmers to use higher quantities of pesticides in controlling pests. This

pressure put on farmers has resulted in the industry seeing an opportunity to develop a pesti-

cide market targeting smallholder farmers. According to both farmers and key informants,

before liberalisation, no pesticide dealers were present in Rushinga district, and the local agri-

cultural input stockists did not sell any pesticides. Thus, without anywhere to purchase addi-

tional pesticides, pesticide quantities used did not exceed government controlled limits. After

liberalisation, however, both agricultural input stockists and cotton companies commenced

selling pesticides to any farmers who needed additional supplies. Observations by the research

team revealed that several agricultural input stockists in the district stocked pesticides through-

out the year. Liberalisation thus opened a cash-basis pesticide market which may be contribut-

ing to higher usage of pesticides by affording farmers.

All farmers indicated that they had been educated about cotton farming, identification of

pests, as well as the safe handling of pesticides by the agricultural extension workers whom

they regarded to be the primary source of expert information. The extension workers, how-

ever, appeared to advise farmers in ways that reinforce a paradigm of pesticide reliance. All

three agricultural extension workers noted that their core responsibility is teaching farmers

about good farming practices, including proper usage of pesticides. They believed that their

influence on farmers’ farming practices, including the usage of pesticides, was significant.

They remarked that they encourage farmers to use both insecticides and herbicides. They also

argued that the advantages for farmers of using herbicides, for example, include health benefits

as illustrated by the following key informant’s comment:

‘‘The herbicides are very good. It is unfortunate that these companies do not give any to our
farmers here. We would want our farmers to have access to cheap supplies because herbicides
will make their workload lighter. You have seen them. Don’t they look old? They are still very
young; they look old because weeding manually with the hoes makes people age faster. When
they spend several hours, each week, weeding it’s not good for their health” (Key Informant:

CZKI 01).

Even though this study observed that farmers generally regarded the extension workers as

experts, most farmers had not heeded advice to use herbicides. Instead, farmers always pre-

ferred to weed manually, as this was a cost-effective alternative to herbicides use.
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Farmers’ perceptions and practices

Previous studies have observed limitations of political ecology theory, and shown that its focus

on political-economic influences alone ignores how farmers’ perceptions and practices impact

on the usage of pesticides [31]. Taking cognisance of this, the current study considered how

farmers’ perceptions and practices influence increased usage of pesticides. In Rushinga district,

farmers’ attitudes and perceptions about the efficaciousness of pesticides appear to have also

contributed to increases in the usage of pesticides.

Certain of the farmers interviewed revealed misconceptions about benefits that can be

derived from pesticides, which might have also contributed to increased pesticide use. For

instance, certain farmers understood the purpose of pesticides to be more than simply that of

controlling pests. Respondent CZ 12, for example, believed that carbaryl 85, a carbamate pesti-

cide whose mode of action is interference with insect nervous systems, has some fertiliser

properties.

‘‘. . . we use Carbaryl 85. This pesticide provides feeding to the cotton. The leaves remain green,

and the crop will be healthy. If the leaves are not healthy, then we do not have cotton. A tree
without good leaves is not a tree. So, we use Carbaryl, it gives feeding” (Respondent: CZ 12).

Such misconceptions by certain smallholder farmers of Rushinga district are consistent

with findings of other studies elsewhere, which have shown that perceived benefits from pesti-

cides have an impact on farmers’ pesticide use patterns [1,58,59].

When farmers’ perceptions about pesticide efficacy were sought, only eight percent believed

that the pesticides currently supplied by industry were effective in controlling their cotton

pests while the majority (92%) believed otherwise.

Pesticides were described as having become ‘‘weak”, or having ‘‘lost their power”. Certain

farmers believed that the pests, rather than the pesticides had changed. They described pests as

having become ‘‘addicted” or ‘‘used” to the pesticides. Their perceptions were suggestive of one

thing—pesticides were no longer considered to be efficacious in controlling pests. In particu-

lar, some farmers interviewed had a negative view of broad-spectrum pyrethroid pesticides,

such as lambda-cyhalothrin, which they perceived as no longer efficacious against pests. Boll-

worms were particularly reported to be surviving pyrethroid applications. Some of the quota-

tions that capture farmers’ perceptions about pests and pesticides possibly contributing to

pesticide use are presented in Table 4.

Farmers’ observations about pests, and their perceptions about why pesticides were no lon-

ger efficacious, were leading them to engage in practices possibly contributing to increases in

pest populations (Table 5). For instance, some of the farmers who perceived that their pesti-

cides were no longer efficacious reported manipulating their pesticide preparation formulae

by mixing more pesticides together with the same volume of water than is recommended. For

example, one farmer remarked:

‘‘I double the concentration of the pesticides. If the label directions say that I should put only
30 mls in my 15-litre knapsack, i simply double and make it 60mls” (Respondent: CZ 06).

Other farmers reported mixing several types of pesticides in the knapsacks to make cock-

tails before spraying. Such farmers believed that cocktails would be more efficacious in con-

trolling bollworms which they reported to be unresponsive to pyrethroid treatments. Some

farmers, such as Respondent CZ 16, engaged in preventive spraying, under the impression that
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bollworms would be exposed to the pesticides before they got the chance to infest their cotton.

However, such prophylactic treatments and usage of cocktails could risks genetically predis-

posing pests to be resistant to particular pesticide formulations [2,60]. Resistance is failure of a

pesticide to achieve an expected level of control on a pest population, which is caused by

repeated exposure of the pest population to a particular pesticide [61,62]. There is, therefore,

need for further research in future to ascertain if there is pesticide resistance due to farmers’

practices in the study area.

‘‘If you spray your cotton with lambda before the worms are present, they will die. But, if you
delay and get in to spray after the red bollworm has entered the bolls, controlling it is very diffi-
cult” (Respondent: CZ 16).

More than three quarters of farmers (82%) indicated that they used self-developed spraying

calendars, which required them to spray at regular intervals, which are essentially weekly

spraying time tables. During the 1980s and the 1990s, Rushinga farmers sprayed on average

fortnightly, after having done scouting. Previous studies have concluded that because calendar

based spraying is not based on field observations, it is not the best approach to pest control

[26,63]. For example, in several Francophone African countries, where spraying was entirely

based on a calendar schedule until the late 1980s, researchers have inferred that this approach

may have contributed to the development of pesticide resistance [63–65].

In Rushinga, the use of calendar spraying rather than scouting and predetermined action

levels [61] may have resulted in farmers using increasing amounts of pesticides, particularly

Table 5. Selected practices by farmers contributing to increases in pesticide use.

Farmers’ practices

• Mixing several pesticides in the same knapsack to make concoctions

• Calendar-based spraying rather than scouting-based spraying.

• Maintaining ratoon cotton crops.

• Using wrong pesticide to water ratios when mixing pesticides.

• Preventive spraying.

https://doi.org/10.1371/journal.pone.0196901.t005

Table 4. Farmers’ general perceptions about pests and pesticides.

Some Perceptions about pests

• Maybe it’s because the worms are now used to the pesticides
• either the pesticides have lost power or they still have power, but the pests themselves have developed resistance.
• worms go deep in the ground to the root of the plant as a way of dodging the pesticides.
• What happens is, if we just spray anyhow, those pests will get addicted to the pesticides and in the long run they will

not die.
• The increase in pest populations is because the pesticides are not able to kill.

Some Perceptions about pesticides

• I think they (pesticide manufacturers) have reduced the strength of the pesticides
• pesticides are no longer powerful, as powerful as they used to be
• when they expire they never tell us that these pesticides have expired . . . we are buying pesticides that are expired.

• In the past, the pesticides were much stronger.
• They are intentionally making the pesticides ineffective so that farmers would return to buy more.
• I also think it’s because these cotton companies . . . also give us expired pesticides as they cannot afford to lose money

by throwing them away.

• It's the same pesticides, but these days they use counterfeit pesticides.

https://doi.org/10.1371/journal.pone.0196901.t004
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pyrethroids, resulting in the unintentional elimination of beneficial insects. As mentioned pre-

viously, scouting is important as it aids farmers’ decision-making processes, avoiding applica-

tion of pesticides when pest populations are too low, thereby allowing the build-up of natural

enemies. It has been suggested that elimination of beneficial insects by the overuse of pyre-

throids may result in increasing pest population, due to an indirect effect of pesticide-induced

resurgence [28,64].

The usage of pesticides may have well increased in Rushinga district due to intentional, but

ill-informed, elimination of beneficial insects, which would otherwise play a key role of con-

trolling insect pests. Some farmers reported killing predators, because predator activities were

deemed to have a negative effect on the quality of cotton. For example, ladybird beetles were

considered undesirable as illustrated in the following comment:

‘‘There have been a lot of the red ones the ladybird beetles in the recent years. They appear at
the end, when the cotton bolls start opening. They discolour the cotton and make it become
brown in colour. But we spray them with Carbaryl 85 and manage to control them. These ones
die quickly” (Respondent: TM 22).

Another group of farmers targeted beneficial insects, such as syrphids [66] which predate

on aphids [67], due to their inability to recognise them. For instance, some farmers mistakenly

identified predator insects as cotton pests. One farmer remarked that:

‘‘There are also good insects that are our helpers that we see eating some of the (bad) insects.
For example, there are syrphids which feed on eggs and smaller moths. But, the problem with
the syrphids is that their excreta resemble that of spine (spiny bollworm). Therefore, we as
farmers, may not always recognise the difference and start spraying thinking that there is
spine” (Respondent: CZ 11).

Due to these misconceptions, certain farmers use significant amounts of pesticides to eradi-

cate harmless, and, in some cases, beneficial insects. This is indicative of the need for training

in cotton pest identification and integrated pest management.

Climate variability

Climate change in Zimbabwe is characterised by erratic rainfall patterns, warmer temperatures

and an increase in the intensity and frequency of mid-season dry spells [68,69]. Local climate

data for the region of study were not available to the authors since there was no weather sta-

tion. Nevertheless, interviewed farmers indicated that inter-annual variability in rainfall was

often associated with defined pest activity. For instance, those seasons characterised by low

rainfall and long dry spells during the rainy season were often observed to be associated with

high pest incidences. Aphids, in particular, were reported to characteristically increase in pop-

ulation following prolonged periods of dry weather during the rainy season. One respondent

noted that:

‘‘Aphids are now a genuine problem for us unlike during the years when we started growing
cotton in the district. Then, our seasons were still clear and predictable as it rained normally.

Nowadays everything is different. The aphids are mainly promoted by lack of continuous rain-
fall during certain seasons. If there is a lengthy dry spell, for example three weeks, there will
appear a lot of aphids. But, during those seasons when we get normal rains for this area, with-
out those long dry spells which waste our money on pesticides, the populations we encounter
will be normal, and we also do not use above normal amounts of pesticides to control them.
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The pesticides which we receive from the companies will be sufficient, but if the season is bad,

we are obliged to purchase more pesticides” (Respondent: TM 06).

There is an indication that during drought conditions, farmers use significantly higher

amounts of pesticides to control aphids, as compared to seasons with normal rainfall patterns.

Using increasing amounts of pesticides appears to be farmers’ own chosen way of adapting to

climate variability in order to continue with cotton production. This approach is indicative of

constrained adaptation capacity.

Another climate adaptive strategy which also appears to be contributing to increases in pest

populations is the practice of keeping ratoon crops. These are regrown from the remains of

root stock from the previous season. Very few farmers admitted to keeping ratoons because

the practice is an offence in Zimbabwe[28]. However, several farmers indicated knowledge of

ratoon cotton being maintained by other farmers. Field observations by CZ revealed cotton

stalks in some fields during the month of November, three months after the deadline for cot-

ton stalk destruction, possibly being kept for regrowth.

Certain researchers have shown that Zimbabwean smallholder farmers find ratoon cotton

attractive for economic and climatic reasons [70]. It is cheap, as it saves seed costs, whilst it

also ensures an early crop that establishes from the first rains of the season. Furthermore, the

ratoon crop has a well-established root system, which ensures survival during seasons marked

by low rainfall or severe mid-season droughts. In Rushinga, some interview responses, such as

the following, indicate that perceived changes in the rainfall pattern are contributing to this

practice:

Yes, there has been a big change; pests have increased in their population. This is because of
the changes in rainfall patterns. People are no longer cutting and burning their cotton stumps.
“Those farmers who do not cut and burn these, end up maintaining their ratoon crops which
are pests infested” (Respondent: CZ 15).

The major concerns regarding the keeping of ratoon cotton crops relate to pests and dis-

eases. Farmers who keep ratoons in Zimbabwe tend to control insect pests by using broad-

spectrum pyrethroid pesticides early in the season. Pyrethroids in Rushinga district are regu-

lated to be used between 25 December and 28 February. However, with ratoon crops, boll-

worms emerge early, prompting farmers to start using pyrethroids as early as in November,

several weeks earlier than the recommended dates. When the pyrethroids are used early, bio-

logical insect control may be compromised due to the elimination of beneficial insects before

they would have had the chance to predate on the pests, potentially causing farmers to respond

by using higher quantities of pesticides.

Conclusion

Study findings suggest a bi-directional causal relationship between increasing pest populations

and increasing pesticide use due to a combination of factors including farmers’ perceptions

and practices, the roles of government and the cotton industry as well as climate variability.

Increasing pesticide use may result in higher incidences of pesticide exposures, which is of

great concern for human health in many Low and Middle-Income Countries. Appropriate

practices and policy measures for pest management and pesticide use reduction are, therefore,

necessary to reduce potential pesticide-related health risks for farmers and their families. An

Integrated Pest Management Policy for Zimbabwe is recommended to facilitate integration of

chemical controls with a broad range of other pest control tactics such as preventive measures,
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cultural controls, biological controls, and host plant resistance. The major limitation of this

study has been the lack of pesticide use data and local climate data for the area of study to ver-

ify participants’ observations and perceptions which inform their practices. As such, there is a

risk that misperceptions about pests and pesticide use practices may be assimilated into local

knowledge systems, and be passed on to future generations of farmers. There is, therefore, a

clear need for continuous farmer education and awareness raising about the importance of

scouting, using pesticides according to label instructions, and biological and cultural pest con-

trol techniques, including identification of beneficial insects.
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CHAPTER 7 

 

CONCLUSION 
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7.1. Introduction 

This chapter summarises the key findings presented in the preceding chapters (Chapters 3-6), 

highlighting the key contributions and limitations of the study in relation to the two main themes that 

emerged - that is, the interplay between climate change and endocrine disruption through agricultural 

pesticides, and the potential impact of adverse endocrine disrupting health outcomes on farmers’ 

adaptive capacity. The conclusion, further, proposes recommendations for policy interventions and 

future research. 

7.2. Impacts of climate change adaptation on pesticide use and 

exposure 

This study has demonstrated that Zimbabwean farmers may change their existing pesticide use 

practices, thereby intensifying their use of pesticides, to cope with (i.e., adapt to) the effects of 

changing weather patterns on pest characteristics. Farmers may, for instance, simply increase how 

often they spray pesticides, resulting in spraying higher quantities (Chapters 1, 3, and 5). Such 

incremental adaptation techniques, however, render farmers more susceptible to pesticide exposure 

and potential adverse health effects. The study has also shown that, to cope with changing weather 

patterns, farmers modify their pest-handling practices, which may, in turn, elevate pesticide 

exposures (Chapter 6).  

The findings have shown that changes in farmers’ climate change-related perceptions influenced their 

practices, thereby amplifying pesticide uses and potential exposures. Perceptions regarding PPE-

related discomfort, and risks associated with heat stress, for instance, were contributing to farmers’ 

non-usage of PPE, thereby elevating pesticide exposure risks.  

Study findings have, further, shown that farmers current adaptation techniques, such as ratoon 

cropping and prophylactic spraying, may undesirably result in a feedback loop that may result in the 

elimination of insect pest predators (Chapter 3). The removal of biological controls out of the insect 

pest management equation may result in pest population increases. This could, inadvertently, set in 

motion a cycle of pest populations growth, increasing pesticide applications, amplified pesticide 

exposures and increased pesticide-related health risks.  

The study has observed that certain adaptation practices by farmers may render women and children 

vulnerable to pesticide exposure and, thus, potential adverse health effects. Surrounding homesteads 

with cotton for easy access to water may, for instance, subject women and children to pesticide drift. 

Furthermore, increased frequency of spraying suggests increased exposure risks for women and 
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children who wash contaminated clothing and breath in spray drift. With climate change, women and 

children may be more vulnerable to pesticide exposure and potential adverse health risks than male 

sprayers, who have an option of taking exposure preventive measures. Such a finding aligns with 

observations in vulnerability studies - namely that the most vulnerable place may not be a predictor 

of the most vulnerable population (1). With climate change-related increases in pesticide spray 

frequencies, women and children whose physiology further increases their exposure health risks (2–

4), may thus, be at a potentially higher risk of adverse endocrine disrupting effects. 

Climate change may, therefore, increase pesticide use and exposures due to deliberate adaptive 

changes in existing pesticide use practices, exposure practices, as well as pest management 

techniques. Further research to determine the potential contribution of these adaptive practices to 

pesticide resistance is essential to provide a robust evidence base for decision making by 

policymakers. There is, nevertheless, a need for the Zimbabwean government and others in the LMICs 

to assist farmers in transitioning to sustainable non-incremental forms of adaptation. Furthermore, in 

light of projected climate change impacts on insect pests, there is an urgent need for educating 

farmers on the health benefits of adopting integrated pest management (IPM) approaches. These 

combine biological, cultural, physical and chemical pest control methods which effectively reduce 

farmers’ dependence on, and overuse of chemical pesticides for pest control.  

7.4. Opportunities for intervention 

Lessons learned through this study provide an evidence base for improved health risk management 

and policy interventions. Findings of this study offer a view contrary to the assertion that climate 

change would encourage the expansion of cotton production (5–7), which would, in turn, potentially 

amplify pesticide use. It has been shown that farmers’ adaptive decisions may also result in a decline 

in pesticide use, thus potentially benefitting the health and wellbeing of farmers and their families. 

With appropriate support for adaptation, adopting a range of transformational adaptive measures, 

including switching to less pest-dependent crops, may present any opportunity for improving farmers’ 

health. 

Furthermore, the study observation that farmers no longer consider pesticides to be effective in 

controlling pests presents an additional opportunity for reducing pesticide use and improving overall 

health and wellbeing. A focus on introducing IPM to farmers who wish to continue growing cotton 

would, for instance, enable them to tap the benefits of biological and physical pest control techniques. 

Integrated pest management would facilitate a reduction in pesticide use while, at the same time, 

potentially increasing farmers’ yields, improving livelihoods and supporting improved wellbeing and 

health through reduced pesticide use. 
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The study findings suggest that resilience is not necessarily associated with wellbeing. Farmers whose 

adaptive preferences involved keeping ratoon crops may have strengthened their resilience in the 

short term by harvesting cotton within a short growing season. This, however, may be considered as 

maladaptive, as it involves excessive application of pesticides, which may render farmers and their 

families highly vulnerable to pesticide exposures, and susceptible to adverse health risks. This 

observation suggests that resilience does not have absolute qualities - it is multifaceted. There is a 

need, therefore, for an assessment of adaptive strategies adopted by farmers as they may build 

resilience only in the short time while their long-term consequences may be adverse. 

7.5. Limitations of the Study 

This study has presented findings which are location specific. The key data analysed are the 

perceptions and practices of a specific group of Zimbabwean smallholder farmers, defined by their 

specific contextual environment. Certain of the study findings and recommendations may, therefore, 

not be generalised to regions outside of Zimbabwe, where differences in local-scale circumstances, 

including policies and access to pesticides or perceptions regarding climate change influence adaptive 

practices may exist. 

An additional limitation is that only active farmers who had been growing cotton for at least 30 years 

were recruited to take part in the study. While the 30 years threshold was justified for climate change 

reasons, the major limitation with such a long period of time is recall bias. Recall bias has the challenge 

that study findings may not be accurate. Furthermore, the study might have failed to recruit certain 

farmers who might have satisfied the recruitment criteria, even though they might remember the 

period when cotton was introduced in the early 1980s well.  A further limitation of this study has been 

the lack of pesticide use data, and local climate data for the area of study to verify participants’ 

observations and perceptions which inform their practices.  

The quantitative structure-activity relationship experiments conducted in this study focussed on only 

one mode of action of EDCs, i.e. binding action. A challenge with endocrine disruption is that there 

are several modes of action to the disruption of the endocrine system. Additional modes of action 

targeting metabolism, transport, synthesis and elimination of hormones would have provided a better 

picture of the endocrine disrupting potential of the study pesticides. Without examining endocrine 

disrupting potential against the rest of the modes of action, a pesticide cannot conclusively be 

declared to be a non-endocrine disruptor. 

Finally, this study has only focussed on endocrine disrupting health effects, even though other adverse 

health outcomes which are not related to endocrine disruption may, similarly, be affected by climate 
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change, compromising farmers’ adaptive capacities. There is a need, therefore, for further research 

to understand the interplay between climate change and different diseases and adverse health 

conditions, and to ascertain how a range of chronic, acute, communicable and non-communicable 

diseases may impact climate change adaptation. 

7.7 Conclusion 

This study contributes to ongoing global research addressing the relationship between climate change 

and human health that is playing a vital role in informing the multilateral climate negotiations and 

country-level decision making. The findings characterised the interplay between climate change and 

endocrine disruption through agricultural pesticides. The main conclusion from this research is that 

climate change may be a key risk perpetuating factor impacting on human hormone functioning, as it 

has a compounding effect on pesticide use and pesticide exposure for smallholder farmers and their 

families. Among the key study findings is the role of adaptation in continuing and increasing the use 

of pesticides. Certain adaptive practices by farmers may either influence new pesticide exposures, or 

enhance existing exposure. This finding is significant as this study is, possibly, one of the first to have 

sought to qualitatively explore the role of adaptation in understanding the relationship between 

climate change and pesticides. The study has, further, determined that adverse endocrine disrupting 

health effects associated with pesticides may potentially compromise farmers’ capacity to adapt to 

climate change. This is critical, as it affirms that total wellbeing is as important a determinant of 

climate change adaptive capacity as often-recognised socio-economic determinants are. 

Another key finding of this study has been the demonstration that opportunities for reducing pesticide 

use, and, thus, potential endocrine disrupting health risks for farmers and members of their families 

may be exploited through certain transformational adaptive practices. It is important, therefore, to 

recognise that with appropriate support rendered to farmers, there may be improvements in the 

overall wellbeing and livelihoods of farmers and their families through conscious and planned 

adaptation. This dissertation acknowledges the multifactorial exposure risks Zimbabwean farmers 

have to potential endocrine disrupting pesticides. There is a need for research to assess the interplay 

and weighting of each. In purview of the changing climate, there is also an identified need for 

monitoring and evaluation of farmer health through longitudinal tracer studies to identify any long-

term effects of exposure. 
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Appendix 2: Informed Consent  
HREC Ref: 300/2015 

  Consent to be Interviewed - Farmers  
 

Characterising the Role of Climate Change in Perpetuating Zimbabwean Farmers’ Health Risks from 

Exposure to Endocrine Disrupting Pesticides 
 

 
Investigator 

Information Sheet 

My name is Cliff Zinyemba. I am a PhD student in Public Health at the University of Cape Town, South 

Africa. As part of my studies, I am interviewing selected cotton farmers in Rushinga district to see if long- 

term changes in the weather have increased common cotton pests and the use of pesticides. I want to know if 

farmers and their families’ health is affected by these changes, especially to the types of pesticides they 

come into contact with. 

Purpose and Importance of this Research 

The importance of this research goes beyond my getting a PhD. The findings are expected to add to our 

knowledge about how long-term changes in weather may cause farmers to continue using pesticides which 

are harmful to their health. This knowledge will help researchers, government and others to make better 

decisions to protect the health of farmers who use pesticides 

Why I have contacted you 

You are one of the people who have been randomly selected to participate in the study. If you agree to 

participate, you will be asked several questions about your cotton farming history, pesticide uses and 

exposures, and changes in the weather. This should take approximately one hour to complete. 

Confidentiality of Information Collected 

This interview is private. Your name will not appear on any documents. Only I will have access to your 

interview information. All recordings will be stored in a locked steel ‘trunk’ similar to the ones that are 
used by boarding school students. The recordings will be kept locked until October 2020 when I will 
destroy them by burning. 

Voluntary nature of participation 

Your participation in this study is completely voluntary. You have the right to stop the interview and withdraw 

from the study at any time and you do not need to explain why. 

Potential Risks associated with your participation 

I do not expect any risks arising from your participation in the study. If, as a result of the interview, you have 

any fears and anxiety about possible health conditions resulting from pesticide exposure, I encourage you to 

visit the Chimhanda government hospital to discuss any concerns with qualified medical personnel. 

Expected benefits to you 

There will not be any personal financial or material benefits from participating in this study. However, you 

will be compensated with $2 for taking part in the study. Furthermore, you will be invited to attend a 

training session on the possible health effects of pesticides and how to prevent these, as well as using 

different pest control methods which will be facilitated by a pesticide management expert at the end of 

October 2015. Contact Persons 

You may contact the Principal Investigator, who is my supervisor, for further questions about the research 

using the following contact details: 
 

Associate Professor Hanna-Andrea Rother 

University of Cape Town 

Environmental Health Division 

Centre for Environmental and Occupational Health Research 

School of Public Health and Family Medicine 

Anzio Road, Cape Town, South Africa. 

Email: andrea.rother@uct.ac.za 

 Tel: (+27) 21 406 6721 
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If you have any questions regarding your rights and welfare as research participants, please feel free to contact 

the University of Cape Town’s Faculty of Health Sciences Human Research Ethics Committee using the 

following details: 
Shuretta Thomas 

Human Research Ethics Committee Administrator 

Faculty of Health Sciences, University of Cape Town 

E52, Room 24, Old Main Building, Groote Schuur Hospital 

Observatory, Cape Town, South Africa 
Tel. (+27) 21 406 6338; Email: shuretta.thomas@uct.ac.za 

 

You may also contact the Technical Committee of the Medical Research Council of Zimbabwe using the 

following contact details: 
The Chairman 

Technical Committee, Medical Research Council of Zimbabwe 

Corner Josia Tongogara/Mazowe Street, Harare 

Tel: (+263) 479 17 92; Email: mrcz@mrcz.org.zw 
 

My contact details: 
Cliff Zinyemba 

My address at Rushinga growth point: 

Rushinga Rural District Council Guest House 

My permanent address in Zimbabwe: 

9 Ngoni Road, Dombotombo, Marondera; Cell number: (+263) 776 747 478 

My address in South Africa: 

Centre for Environmental and Occupational Health Research 

School of Public Health and Family Medicine 

Anzio Road, Cape Town, South Africa. 

Cell number: (+27) 73 007 5015; Email: cliff.zinyemba@gmail.com 
 

 

Consent of participant 
By signing this document: 

• I voluntarily agree to take part in the study outlined above. 

• I understand that I have the right to withdraw from the study at any time without having to justify my 

decision for doing so. 

• I understand that all information I will provide will remain confidential. 

 
Participant Number……………… Participant’s Signature 

…………………………………………… 

Signature of Witness Interviewer’s signature 

………………………………………… …………………………………………… 

Date ……………………………... 
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HREC Ref 300/2015 
Appendix 4: Consent to be interviewed - Key Informants  

Characterising the Role of Climate Change in Perpetuating Zimbabwean Farmers’ 

Health Risks from Exposures to Endocrine Disrupting Pesticides 
 

 
Investigator 

Information Sheet 

My name is Cliff Zinyemba. I am a PhD student in Public Health at the University of Cape 

Town, South Africa. As part of my studies, I am interviewing selected cotton farmers in 

Rushinga district to see if changes in the weather has affected common cotton pests and the use 

of pesticides. I want to know if farmers and their families’ health is affected by these changes, 

especially to the types of pesticides they come into contact with. 

Purpose and Importance of this Research 

The importance of this research goes beyond my getting a PhD. The findings are expected to 

add to our knowledge about how long-term changes in weather may cause farmers to continue 

using pesticides which are harmful to their health. This knowledge will help researchers, 

government and others to make better decisions to protect the health of farmers who use 

pesticides. 

Why you have been contacted 

As a key informant, you have been selected to take part in this study because of your work 

experience and knowledge which, I believe, will be of value to this study. 

Confidentiality of Information Collected 

This interview is private. If you agree to participate you will be interviewed for approximately 

20 minutes. The discussion will be audio recorded so that I will be able to type every word that 

you say onto a piece of paper in exactly your words. I will study that typed paper together with 

those from other study participants as I will be doing my analysis. If you do not wish to be 

recorded you do not need to participate. You are not required to introduce yourself by name so 

that your voice will not be matched with your name. Your name will not appear on any 

transcripts or reports. I will transfer the audio-tape from the audio recorder and securely keep 

it on a password-protected computer. I will secure its back-up version on a password-protected 

external hard drive. I will delete the recordings from my devices after five years, in October 

2020. 

Voluntary nature of participation 

Your participation in this study is completely voluntary. You have the right to withdraw from 

the study without having to justify your reasons for doing so. 

Potential Risks associated with your participation 

I do not expect any risks arising from your participation in this study. 

Expected benefits to you 

There will not be any personal financial or material benefits resulting from participating in this 

study. However, if you would be interested in receiving any peer-reviewed publications arising 

from this research, I would be glad to send them to your email as soon as they are available. 

 

Contact Persons 

You may contact the Principal Investigator, who is my supervisor, for further questions about 

the research using the following contact details: 
Associate Professor Hanna-Andrea Rother 

University of Cape Town 
Environmental Health Division 

Centre for Environmental and Occupational Health Research 

School of Public Health and Family Medicine 

Anzio Road, Cape Town, South Africa. 

Email: andrea.rother@uct.ac.za 
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HREC Ref 300/2015 
Appendix 4: Consent Form for Key Informants Version 2 

 Tel: (+27) 21 406 6721 
 

If you have any questions regarding your rights and welfare as research participants, please feel 

free to contact the University of Cape Town’s Faculty of Health Sciences Human Research 

Ethics Committee using the following details: 
Shuretta Thomas 

Human Research Ethics Committee Administrator 

Faculty of Health Sciences, University of Cape Town 

E52, Room 24, Old Main Building, Groote Schuur Hospital 

Observatory, Cape Town, South Africa 
Tel. (+27) 21 406 6338; Email: shuretta.thomas@uct.ac.za 

 

You may also contact the Technical Committee of the Medical Research Council of 

Zimbabwe using the following address: 
The Chairman 

Technical Committee, Medical Research Council of Zimbabwe 

Corner Josia Tongogara/Mazowe Street, Harare 

Tel: (+263) 479 17 92; Email: mrcz@mrcz.org.zw 
 

My contact details: 
Cliff Zinyemba 

My address at Rushinga growth point: 

Rushinga Rural District Council Guest House 

My permanent address in Zimbabwe: 

9 Ngoni Road, Dombotombo, Marondera; Cell number: (+263) 776 747 478 

My address in South Africa: 

Centre for Environmental and Occupational Health Research 

School of Public Health and Family Medicine 

Anzio Road, Cape Town, South Africa. 

Cell number: (+27) 73 007 5015; Email: cliff.zinyemba@gmail.com 
 

 

Consent of participant 
By signing this document: 

• I voluntarily agree to take part in the study outlined above. 

• I understand that I have the right to withdraw from the study at any time without having 

to justify my decision for doing so. 

• I consent to the audio-recording of this discussion. 

• I understand that all the information that I will provide will remain confidential. 

• I confirm that I am willing to take part in the study. 

 
• Participant Number……………… Participant’s Signature 

• …………………………………………… 

• Signature of Witness Interviewer’s signature 

• ………………………………………… …………………………………………… 

• Date ……………………………..... 
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Appendix 4: Interview Guides 
 

 
 Characterising the Role of Climate Change in Perpetuating Zimbabwean Farmers’ 

Health Risks from Exposures to Endocrine Disrupting Pesticides 
 

 

Date:  /  /   

Participant Number:     

Consent: A consent form was read to the participant, they understand that their participation 

is voluntary, they have agreed to participate, and they have signed the consent form. 

Tick 

 

 

 

1. Gender: Male Female 
 

2. Age/DOB:   
 

3. For how long have you lived in Rushinga?  Years/ Since   
 

 

4. What is the size of your farm?  Hectares /  Acres. 
 

 

 
 

 
1. What are the names of the cotton pests that are commonly found on your farm (you 

may describe them if you do not know their names, or identify them from pictures 

provided)? 

2. With which of these pests would you say you have had the most problems over the 

past 20 years? 

3. Have you been noticing any changes in the amount of pests on your farm over the past 

20 years? (describe the changes) 

4. Have there been any changes in the types of pests on your farm in the past 20 years? 

(describe the changes) 

5. In addition to the numbers and types of pests already talked about, are there any other 

concerns you have about pests on your farm? 

6. Which other crops have you been growing along with cotton over the past 20 years? 

 

7. Have there been any changes in the relative acreage of crops grown on your farm over 

the past 20 years? (e.g. more land devoted to growing groundnuts) 
 

 

 

 

126 

Section 1: Demographic Characteristics 

Section 2: Pests and cropping patterns 



 
 

 

 

 
 
 

1. What are the names of the pesticides that you have used on your farm in the past 20 

years? (list all those which you remember) 

2. Has the amount of the pesticides that you use on your farm changed over the past 20 

years? 

what are the reasons for this change? 

3. Are the quantities of pesticides that you are currently using enough to control pests on 

your farm? Explain: 

4. Do you use any personal protective equipment when spraying pesticides? 

(i) If yes, which personal protective equipment do you have? (list all) 

(ii). If No, why do you not use any personal protective equipment? 

5. You said earlier that your farm is  hectares, how long does it normally take 

you, on average, to spray it?     

6. Do you grow cotton in the fields surrounding your homestead? 

7. Do you drink any water while applying pesticides? 
 
 

 

1. Would you say the temperature has changed in Rushinga over the past 20 years? 

(i). If yes, please describe the changes that you have observed 

2. In the past 20 years, would you say there have been changes in the amount of rainfall 

received has changed in Rushinga? 

(i). If yes, please describe the changes that you have observed 

3. In the past 20 years, would you say the season for growing crops has changed in 

Rushinga? (e.g. early/planting, longer/shorter season) 

(i) If yes, please describe 

4. Are there any other changes in nature and your surrounding environment that have 

happened in the past 20 years that you think might have been caused by changes in 

temperature and rainfall? 

5. In the past 20 years have any changes in seasons, temperature or rainfall affected your 

farming activities? 

(i). If yes, please explain, how? 
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Section 3: Pesticide Use 

Section 4: Climate Change 



 
 

 
 

 

1. Do you have other sources of household income besides cotton farming? 

(i) If Yes: Which are these other sources? 

(b) What percentage do the other sources contribute to total household income? 

2. Would you stop growing cotton if changes in rainfall, temperature and seasons 

resulted in more pests? 

3. Other than chemical pesticides, do you use other methods of pest management? 

(i). If yes, which methods do you use? 

(ii). If No, why do you not use any other methods of pest management? 

4. Have you ever attended a course on Integrated Pest Management? 

 

 
The End: Thank You for your participation 
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Section5: Vulnerability 



 
 

Topics for Key Informant Interview Guides 

The following interview guides will be finalised after the questionnaire survey as the results 

of the survey will be used to inform all interviews and discussions. 

i. Pests, Pesticides and Health 

− Have there been changes in types of cotton pests, pest populations and persistence in 

the past 20 years and beyond? Are there any pests that have appeared, re-appeared or 

disappeared? 

− What do farmers think are the causes of any observed changes? 

− What methods, other than use of pesticides, do farmers use to manage pests? 

− Are there any trends in pesticide use? Do farmers use more pesticides now than they 

used 20 years ago? 

− What are the common medical conditions (short-term and long-term), in farmers’ 

observations and opinions, are associated with the pesticides that they use? 

 
ii. Climate Change 

− What are the changes in rainfall, temperature and seasons have farmers observed in 

the past 20 years and beyond 

− What are the indicators of climate change in Rushinga district? 

− In what ways are observed changes affecting cotton farming? 

− What strategies do farmers use to enable them to work in high day temperatures? 

− What options are available for farmers mitigating the effects of climate change in 

cotton farming? 

 

 
− What are the major trends in climate in Zimbabwe 

− What are the plausible projections for future climate trends in Zimbabwe? 

− What factors influence rural farmers’ social vulnerability to climate change? 

− In what ways may rural farmers’ resilience to climate change be enhanced? 

 
 

− Is climate change affecting cotton farming in any ways? 

− Is climate change affecting cotton pests in any ways? Have there been observed any 

trends in cotton pest infestations, seasonality and populations? 

− Are the pesticides used by farmers effective enough to control pests? 

− What are the likely future trends in cotton pest populations, seasonality and 

infestations in relation to projected climate trends? 
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Appendix 5 
 

 

S1 Table: Consolidated criteria for reporting qualitative studies (COREQ) checklist 
 

Item Guide Questions/Description 

Domain 1: Research Team and Reflexivity 
Personal Characteristics 

Interviewer Cliff Zinyemba (CZ) 

Credentials PhD Candidate 

Occupation Full time PhD student 

Gender Male 

Experience & training First involvement in questionnaire administration was in 2001. Training in 
Geography and Human Ecology at bachelor’s and master’s levels 
respectively 

Relationship with participants 

Relationship established No form of relationship with any of the study participants 

Participant knowledge of the 
interviewer 

Participants did not know the interviewer or research assistants prior to 
the interview 

Interviewer characteristics No characteristics were reported 

Domain 2: Study Design 
Theoretical Framework 

Methodological orientation and 
theory 

Thematic analysis. Themes were developed from data collected during 
interviews. Political ecology theory was used in the study 

Participant Selection 

Sampling Snowball sampling 

Method of approach Face-to-face 

Sample size 50 

Non-participation None 

Setting 

Setting of data collection Data was collected at participants’ homesteads 

Presence of non-participants No 

Description of sample At least 30 years of consistent cotton farming; Males (36), females (9) and 
couples (5) 

Data Collection 

Interview guide The questions were written by the authors. The questionnaire was pilot 
tested on 6 farmers. 

Repeat interviews No 

Audio/Video recording Audio recording was used 

Field notes Yes 

Duration 30-50 minutes 

Data saturation Yes. Data saturation was reached when data categories were repeated in 

interviews. Coding was independently checked by co-investigators, AR 
and EA 

Transcripts returned Physical transcripts were not returned, but selected participants were 
contacted for clarification and interpretation of statements made 

Domain 3: Analysis and Findings 
Data Analysis 

Number of data coders One (CZ) 

Description of the coding tree Yes 

Derivation of themes Themes were derived from data collected 

Software Nvivo 11 

Participant checking No 

Reporting 

Quotations presented Yes 

Data and findings consistent Yes 

Clarity of major themes Yes 

Clarity of minor themes Yes 
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Appendix: 6 
 
 

S2 Table: Interview guide 
 

Discussion Topics Examples of specific questions and probes 

Pesticide use 1. What are the names of the pesticides that you have used on 

your farm in the past 30 years? (mention all those which you 

remember) 

 
2. Has the amount of the pesticides which you use on your farm 

changed over the past 30 years? 

i. Would you please explain how? 

ii. What could be the reasons for these changes? 

 
3. Are the quantities of pesticides that you are currently using 

enough to control pests on your farm? 

i. (If not) what do you think are the reasons for this? 

 
4. Have you ever used herbicides on your farm in the past 30 

years? 

i. (If yes) Do you remember the names of these 

herbicides? 

ii. (If never or stopped using) Can you please tell me the 

reasons why? 

 
5. Have you ever received training in alternative ways of 

controlling pests without using chemical pesticides? 

i. (alternatively) Have you had any form of education or 

training about controlling pests? 

 
6. Other than chemical pesticides, do you use other methods of 

pest management? 

i. Would you please describe these methods? 

ii. if farmer does not use any other methods) Are you 

aware of any other methods, even if you do not use 

them yourself? 

Pest characteristics 1. What are the names of the cotton pests that are commonly 

found on your farm 

i. if you do not know or recall any names, would you 

please describe them to me? 

 
2. Have there been any changes in the types of pests on your 

farm in the past 30 years? 

i. Would you please describe these changes? 

ii. Have you noticed any new pests? 

 
3. With which of these pests would you say you have had the 

most problems over the past 30 years? 

i. Would you please describe the nature of problems you 

have had with these pests? 



  

 3. Have you been noticing any changes in the amount of pests on 

your farm over the past 30 years? 

i. Would you please describe these changes? 

 
4. In addition to the issues already talked about, are there any 

other concerns you have about pests on your farm? 
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Appendix:7 
 
 

S3 Table: Quotes exemplifying themes 

1. Change in pesticide use 
 

Transcripts\\CZ 01 

No, we are using plenty of pesticides. 

It’s the fault of us farmers. There are some things that we are not doing right. For instance, some 

farmers grow cotton, say this season, and after harvesting they do not destroy the cotton stalks. 

Others leave the stalks standing in the fields and they say they are keeping them to re-grow. The 

problem with these re-growths is that those farmers with these start their season with applying 

broad-spectrum pesticides, while I, in my adjacent farm start with dimethoate. So, the problem is 

that i may end up having to use plenty of pesticides because the adjacent farmer did not destroy 

the stalks and then i will start to encounter a lot of pests. That's a serious problem that we are 

having in farming. Farmers are not destroying their cotton stalks. 

Transcripts\\CZ 02 

Yes, we now use more herbicides, mainly because there is now a more serious problem with the 

herb, chaguduma 

Transcripts\\CZ 03 

The amount has increased 

Transcripts\\CZ 05 

There are changes now. These days we are now using more pesticides per hectare than we used 

in the past. 

Transcripts\\CZ 07 

But, i also realise that in the past in this field here i would need only two bottles, but nowadays i 

need up to 8 bottles. The amount of pesticides that i need now to control pests on the same farm 

has more than doubled. 

Transcripts\\CZ 08 

Well, we are now growing on a smaller portion. There are some who are now just doing regrows, 

which need a lot of pesticides. It’s because they are attacked by pests early. It’s not allowed, but 

sometimes people are tempted to just steal also. 

Transcripts\\CZ 09 

No, there is no difference, its only that in the past there were more pesticides made available to 

the farmers. Nowadays, if you want to get more pesticides the cost of them is rather prohibitively 

high. So, the pests are now getting their chance. 

During the old days we used a lot of pesticides. Nowadays we notice that the amount of pesticides 

used is getting lower. 

Because the price is getting higher and things are getting more expensive. 

Transcripts\\CZ 12 

No, it’s just the same. It's just that changes in pesticide names have changed. In the past, the 

pesticide which i referred to as Oncol, used to be Rogor. Then it was renamed Dimethoate, 

Thereafter Oncol, Marshall, and then they gave us that powdered one which i talked about 

Acetamark. 

Yes, the amount of pesticides used has not changed. Because, the dimethoate which we are 

talking about, we use number 30, the Oncol, we use the same number 30 and then the powdered 

one, we just use number 30. 

Transcripts\\CZ 13 

It’s mainly because in the past there were fewer cotton farmers, so we could get as much 

pesticides as we wanted from the cotton companies with whom we had contracts. Nowadays 

there are now too many of us. We are now being rationed when it comes to receiving pesticides 
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being told that we do not have to always just spray anyhow, we must first survey the field and 

only spray when pests are spotted. 

In the past, we used to use a significantly higher amount of pesticides as compared to nowadays 

Transcripts\\CZ 15 

We reached a point when we used a lot of pesticides, also depending on the size of cultivated 

land. But, it was also because of 'resistance' found in the worms. We started using a lot of 

pesticides. 

Like i said, now the worms are very resistant. It’s due to such factors as ratooning the crops. The 

worms go deep in the ground to the root of the plant as a way of dodging the pesticides. When 

we plant to cotton the plant will already be diseased. Mainly because of these worms and other 

infestations. We notice that in the past we would spray fortnightly after scouting for pests. And 

even after the two weeks the pests would not be too much. Nowadays it’s different, after 

spraying today within three/four days you find there are pests. 

It's the same pests that have just been there, only that they would be resisting. 

Transcripts\\CZ 16 

There have not been any changes; to me the amount i use per hectare has remained stable over 

the years. 

Transcripts\\CZ 17 

We now use less amounts of pesticides. The supply that is coming from the companies is now a bit 

crooked. In the past, once you are contracted, you knew that the company would give you all the 

inputs needed to produce on your hectare all at once. 

Transcripts\\CZ 19 

These days we use more pesticides than in the past. 

Transcripts\\CZ 20 

We are still using the same amount because they are still giving us the same number of bottles 

per hectare, but we observe that in the rate at which the pests are dying is now different. But, the 

measurements that we use for the concentration of pesticides in our knapsacks are the same as 

those which we used many years ago, nothing has changed. 

Transcripts\\CZ 21 

Yes. We have used less amounts over the years because we have also been receiving less. That is 

why i have resorted to killing the worms physically. 

Transcripts\\CZ 23 

Yes. We are now using more pesticides. 

I think it’s because people are now doing regrows. And these keep hosting pests. If the 

neighbour’s farm has regrowths, pests from their farm will cross over to my own farm. It’s 

because when they do not destroy their cotton stalks, pests will keep surviving in these stalks. 

Transcripts\\CZ 24 

Yes, in the past we used to apply a lot of pesticides compared to nowadays. 

Yes, in the past we used to use many pesticides. Now, we know better. We now know at this stage 

i use that pesticide, at that stage i use this pesticide, and then towards the end i use Gukurahundi 

and again that Acetamark again. The reason why we use it towards the end again is that those 

aphids get into the cotton. 

Transcripts\\CZ 25 

No, there haven’t been any changes. It’s basically the same amount. 

Transcripts\\TM 02 

I think the pesticides are the same; it’s only the names that have changed. The pesticides are still 

strong, it only calls for one's knowledge to use the pesticides. 

Transcripts\\TM 04 

No, they have not changed. Our only request is that they should make them stronger so that we 

can be able to kill pests. 

Transcripts\\TM 05 
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These days there seem to be more pesticides 

These days there are more pesticides, but they are weak, yet in the past we had fewer pesticides, 

but they were more powerful. 

 Transcripts\\TM 06 

We are now using fewer pesticides. These days they are giving us just one bottle per hectare, for 

instance. 

Transcripts\\TM 07 

Yes, in the past we used more pesticides. The companies gave us our pesticides all at once, and 

there was no need to go and look for extra pesticides. Nowadays we are receiving fewer 

pesticides. 

Transcripts\\TM 09 

No, there is no change. I only see as if it’s the names that are changing. I see that it appears as if 

Fernkill, for example is simply changing the name, of its changing the percentage of how it kills. 

Transcripts\\TM 11 

I see that there is a change. In the past, we would receive all types of pesticides, and we would 

use and not finish it the whole season 

Transcripts\\TM 12 

Yes, we are now using more pesticides than we used in the past. 

Transcripts\\TM 13 

Yes, there is a change. We are now using fewer pesticides, and these no longer have power. They 

absolutely have power. 

Transcripts\\TM 19 

There are now more pesticides. But they are not effective in controlling the pests. 

Transcripts\\TM 25 

Yes. Nowadays there are fewer pesticides as compared to the past. 

Transcripts\\TM 27 

Nowadays there are fewer pesticides. In the past the pesticides had a lot of power. 
 

2. Change in pest population 
 

Transcripts\\CZ 02 

Yes, the lady bird has increased its population. During the 1980s we didn’t encounter a lot of 

these. 

No, there isn't any increase in pests, except that i notice more problems with the weeds. 
Transcripts\\CZ 03 

There seems to be an increase in the population of the red boll worm because some of the 

pesticides seem to have lost their power. 

This is causing the population of the pests to increase. Therefore, if they made the pesticides a bit 

stronger, i thing we would, at least, be able to control the pests. 

It's the increase in the population of worms. They never get completely destroyed, so we tend to 

continue spraying. 
Transcripts\\CZ 04 

Pests’ populations are increasing because people are no longer cutting their cotton stalks. 

Therefore, the pests are developing resistance because they stay there. They do not die because 

these stalks will not have been cut and burned. The worms will have stayed in the stalk such that 

when you attempt to kill it using pesticides it will not die. 

Why pest types are increasing is that people are not taking care of their stalks. in the past we used 

to cut and burn our cotton stalks soon after harvest, and by September everyone would have 

burned their stalks. Nowadays, you find these stalks still standing in the fields. Therefore, the pests 

are just there. When we spray them, these pests would be very resistant. To say you have killed 

them, what sort of pesticide would you have used? The pesticides that we have these days we 
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always say they no longer work; of course, so, how would they if these pests are left to survive 

through summer growing season, winter and again another growing season? 
 Transcripts\\CZ 05 

I think it’s all got to do with the pesticides that we are now using. I think the pesticides are no longer 

as powerful as the pests which we used in the past. In the past the pesticides were so strong, even 

the smell was so powerful such that after spraying, one could not get into the field to weed because 

the smell would be so prohibitively strong. Nowadays it’s so different; if you spray today, you may 

return tomorrow to weed the same field. 

The worms are increasing in their population, particularly the red and the green ones. 

I think it’s because the pesticides are no longer as powerful as they were in the past. 
Transcripts\\CZ 06 

Right. There are significant changes. Pests are growing in their numbers. The pesticides that we are 

currently using are not powerful. Maybe it’s because the worms are now used to the pesticides, i 

don’t know? Therefore, they are not dying and are simply multiplying. 

Not dying, but actually increasing in their numbers. 
Transcripts\\CZ 07 

Well, these have always been there. It’s only when you delay spraying them that you think they are 

increasing. They need carbaryl to prevent them. So you must not delay. But, in general, these pests 

have not increased or decreased. I only notice that if there is a delay on my part i tend to encounter 

more of the pests. 
Transcripts\\CZ 08 

They are increasing 

I think it’s because of resistance that we are giving to these pests, because of the many types of 

pesticides that we use. You hear one farmer say i use this pesticide and another one saying they 

use that, and so on. But, we are not able to completely kill them. 
Transcripts\\CZ 09 

If we compare pests in the past with pests now there is a difference. I see that the way we live now 

is making it different. The pesticides that we use now are different. In the past, we would receive 

two buckets of cabaryl-85, and one bottle of Thiodan. During that time, i think we were getting 

more pesticides. Nowadays it seems the amount of pesticides are being reduced. They are now 

being overpowered by the pests. People nowadays are buying extra pesticides on top of what used 

to be the standard and what they receive from the cotton companies. Its different from in the past 

when they were just throwing pesticides at us for use. They didn’t have much knowledge. 

No, there is no difference, its only that in the past there were more pesticides made available to 

the farmers. Nowadays, if you want to get more pesticides the cost of them is rather prohibitively 

high. So, the pests are now getting their chance. 
Transcripts\\CZ 10 

Aphids are the ones which seem to have been growing in terms of their amount. For your crop to 

be a good crop, you must first win the initial battle against aphids. However, we do not always get 

the pesticides against these aphids in time. If you manage to get your pesticides against aphids in 

time, you know that you are growing your cotton very well, because carbaryl 85 will make your 

cotton look healthy with very good leaves, but ̀ you will have sprayed for aphids. 
Transcripts\\CZ 11 

Yes, in the past they were fewer, and now they seem to have slightly increased in their population. 

Farmers are not getting the pesticides on time, they get them late that is why there end up 

appearing a lot of pesticides in the fields. The pesticides are not available in time. The issue is, 

farmers do not have the money to buy pesticides, and they wait for the pesticides which they get 

on credit from the cotton companies. But, the distribution of these pesticides is not efficient, they 

arrive late. Therefore, pests end up multiplying in the fields. In the past, when farmers signed for 

input loans with one company which was operating in the area then, they would receive all their 

inputs at once, before they started planting. When farmers received their pesticides before they 

even planted, they would control the pests once they appeared, and this managed pests to low 
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levels. This time, farmers receive pesticides when the pests are already appearing and normally 

they would have already lost several bolls to the pests. 
Transcripts\\CZ 12 

Yes. There are a lot of pests. 

Yes, there are changes. The pest population has significantly increased because nowadays people 

are increasingly lacking money for buying seeds and are therefore resorting to ''regrowths'' of the 

old plants from the previous season. We are supposed to but slashing and burning these cotton 

stalks, which others are now growing as their new plants in a new season. Others only destroy their 

crops too late after the deadline for destroying and burning the cotton stalks. Therefore, these pests 

are harboured for a long time and they do not completely die. Therefore, they increase their 

population. When farmers favour regrowths, there is no longer crop rotation in the fields as they 

continue with the same crops in the same fields. It's now different from what the situation was like 

in the past when the agricultural extension officers would do inspections, encourage farmers to 

destroy cotton stalks and even fine those who flouted the regulations. 
Transcripts\\CZ 13 

The changes that i have seen is that even if you are spraying your crop very well, if there is an 

adjacent farmer who is not spraying his crop well, worms from his farm may migrate to your own 

crop. But if you are both spraying very well, the worms will be controlled. 
Transcripts\\CZ 15 

Yes, there has been a big change; pests have increased in their population. This is because of the 

changes in rainfall patterns. People are no longer cutting and burning their cotton stumps. Those 

farmers who do not cut and burn these end up maintaining their ratoon crops which are pests 

infested. By the time the rains come these worms will already be in the plant. Worse still, the type 

of pesticides which we were using the previous years are so ineffective, they just do not work and 

the cotton all gets eaten by the pests. Sometimes we do not get the pesticides in time, such that 

when we finally receive our pesticides it will be impossible to control the worms. 
Transcripts\\CZ 16 

I think pests are not increasing in their population. If you spray your cotton with lambda before the 

worms are present, they will die. But, if you delay and get in to spray after the red bollworm has 

entered the bolls, controlling it is very difficult. You will have to return next week and you might 

find it outside after it has finished consuming one plant. As long as it is inside the boll, it will not die 

because it will enclose itself inside. 
Transcripts\\CZ 17 

The increase in pest populations is because the pesticides are not able to kill. 

The concern that i have is that the pesticides are not controlling the pests, so the population of 

pests is increasing. 
Transcripts\\CZ 19 

Yes, these have been increasing steadily over the years. The past two seasons have been the worst. 

They even do not respond to the pesticides. 

I think it’s because the pesticides no longer have power. 

I also think it’s because these cotton companies when they give input credits to us they also give us 

expired pesticides as they cannot afford to lose money by throwing them away. When we use these 

Pesticides will not work because they would have expired. 

The long ones, the green ones and the yellowish ones are the ones that seem to be increasing in 

their numbers. 
Transcripts\\CZ 21 

In the past they were much fewer. In the recent years the pests have been increasing in population. 

It’s mainly because we haven't been receiving enough pesticides from the cotton companies. We 

have then resorted to moving in the field to physically capture the worms and then kill them using 

a wire. If you do not see the worm it can eat all the cotton bolls in the vicinity. 
Transcripts\\CZ 22 

It seems there have been increasing numbers of the red ones. 
Transcripts\\CZ 23 
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Yes, in the beginning the red bollworm was not as much as it is now. The population numbers have 

significantly increased in the recent years. And there has also been changes in the types of 

pesticides used against it. 

I think its because people are now doing regrows. And these keep hosting pests. If the neighbour’s 

farm has regrowths, pests from their farm will cross over to my own farm. It’s because when they 

do not destroy their cotton stalks, pests will keep surviving in these stalks. Last year but one, for 

example, we ended up observing that some plants that had already developed several bolls started 

to develop a disease that appeared like mutation of plant cells. After five days to a weak the plant 

would wilt and eventually just dry. Some say it is caused by the worms which would have survived 

in the ground. When we cut the plants right where there appeared to be diseased, we found that 

there were some small white worms. 
Transcripts\\CZ 24 

Let me take you back, in answering you. In the past when we were growing cotton, there was no 

talk of having to make cotton cuttings. Which they are also calling ''regrowths''. In the past, it was 

less prevalent. We would harvest our cotton, then cut the cotton stalks and burn them. Nowadays, 

people no longer cut their cotton stalks. They are now just having regrowths. The worms are now 

remaining in the soil. When it rains, the cotton stalks immediately shoot, and the worm would be 

there, already having laid some eggs. That is the reason why the red bollworm is increasing in its 

population. It is no longer responding to pesticides. It is now surviving during both the planting 

season and the off season. 
Transcripts\\CZ 25 

The American seems to have significantly increased. 
Transcripts\\TM 01 

The red spider, the American bollworm, and the red bollworm have increased their population. 
Transcripts\\TM 02 

I have not really noticed any changes 
Transcripts\\TM 04 

Yes, they are growing in their population. In the past they used to accuse us of destroying cotton 

stalks late, but in the recent years, I am always destroying my stalks even before I have sold my 

cotton, but I do not see any decline in population sizes. In fact, they are actually multiplying their 

numbers. They are now used to the pesticides that we use. 

I wish we could receive our inputs timeously so that we can see if these pests are just there because 

they are not being targeted for destruction timeously, or because they have developed resistance. 
Transcripts\\TM 06 

There aren’t any significant changes as long as pesticides are available to kill them. But, if there are 

fewer pesticides the pests can increase. 
Transcripts\\TM 07 

I think they are getting fewer. 
I think it’s because of the pesticides that we are receiving. 

They are stronger, they are trying. 

No, in the past they were much fewer, and i would always spray them and they would all go. 
Transcripts\\TM 08 

I see that the aphids have increased. The red bollworm has also increased. It’s because there are 

some, those of us who do not cut and burn their cotton stalks. The bollworm goes down that stalks 

and lays its eggs in the roots of the plant. When it rains these eggs will hatch, and it will become 

impossible for us to control it once it hatches. 
Transcripts\\TM 09 

The pests are actually increasing in population size. 
Transcripts\\TM 10 

Never the less, red bollworm is the one that seems to be increasing in population. 
Transcripts\\TM 11 

I see the green worms as having increased in population. These also eat the leaves of our crop. 
 Transcripts\\TM 12  
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My observation is that there is an increase in the population of the worms. 

Yes, these days there are generally more pests in cotton than what it used to be like in the 

beginning. 
Transcripts\\TM 13 

Those that have significantly increased are those that are green. These have increased and they do 

not even respond to the chemical pesticides when sprayed on. 

They have significantly increased, and they do not respond to the pesticides. They don't. 
Transcripts\\TM 14 

Yes, there are changes. I see that the aphid population is becoming lower. But, the worms that 

affect the bolls, i have realised that if you find the pesticides for them, they can be controlled, but 

if there is not enough pesticides, there can be a serious problem, cotton may not reach good 

harvests 
Transcripts\\TM 15 

There has been an increase in the population of the red ones 

From the way i see it, i think they have not increased in population because there are now a lot of 

people who are now growing cotton. 
Transcripts\\TM 16 

The red bollworms, the American and the red spiders are increasing in population every year. 

Yes, i would say over the past twenty years the pest populations have increased, and if we use the 

type of pesticides that we are receiving to control them they are not getting killed by these 

pesticides. 
Transcripts\\TM 17 

I have observed that there are more Red boll worms because people are not slashing and burning 

their cotton stalks as they should. That's the problem. If a worm is left alive this season, it will be 

impossible to control it next season because it would have developed resistance. It would not die 

when sprayed on. What i would want to encourage all farmers is to destroy their cotton stalks just 

the way tobacco farmers destroy theirs and burn them. Just the way our agricultural extension 

officers encourage. 

There are now more pests as compared to in the past. They are actually keeping on growing in their 

numbers. 
Transcripts\\TM 19 

Yes, nowadays there are more pests 
Transcripts\\TM 20> 

These green and red worms are the ones which are increasing in their population. 
Transcripts\\TM 21 

Yes, since we started i am noting that the pests are increasing. This is because the pesticides which 

they are giving to us do not have power 
Transcripts\\TM 23 

The amount of pesticides is increasing because there are some farmers who are not taking care of 

their cotton stalks. The worms that result as a result of the ratoon crops are very deadly. They easily 

destroy the bolls. 

No. there is a difference. In the past there were fewer red bollworms. These days there are now 

more of such because of the increasing practice of people not cutting the cotton stalks. 
Transcripts\\TM 24 

Well, in the past there were fewer pests, but there were many people who were growing cotton. 

Nowadays there are fewer farmers still growing cotton, and those growing are now growing on a 

smaller scale, but the pests are always appearing in larger quantities as soon as cotton is planted. 
Transcripts\\TM 25 

Aphids and red bollworms have increased in population. 

Yes, they are increasing. 
Transcripts\\TM 26 

Yes, there are those which have increased in their populations over the past couple of years. They 

appear like grasshoppers, but they do not fly, they feed on the cotton (jassids). 
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Yes. Nowadays there are more pests because there is too much sun, and it is too warm. 
Transcripts\\TM 27 

Yes, there are more pests now than there used to be in the past. 

Yes, there seem to be some changes. 

In the past we would only spray with Rogor after our cotton had grown in height by several 

centimetres. But, nowadays, we need to spray it while it will still be very short near the ground. 

 

3. Change in Pesticide effectiveness 
 

Transcripts\\CZ 02 

With insect pests the problem is with the pesticides. It's hard to understand if the the pesticides 

are still effective. I think they have reduced the strength of the pesticides. In the past we would 

spray this week, and then get back to the field next week. Nowadays if we spray today, we will 

return to spray the day after tomorrow. If you do not go back to spray within the same week you 

will find your crop totally destroyed when you go back. 

I really think that the power of the pesticides has been reduced. 

We used to use Carbaryl 85, then Rogor, then Thiodan and then Gukurahundi. These pesticides 

had their full strength! They were very strong; they could really kill. Malbak was really effective. 

Thiodan was banned completely. 
Transcripts\\CZ 03 

Well, its relatively effective, but at a very low rate. 

I am referring to the power of the pesticides. The pesticides have low power. The pests die, but the 

ones that die are the ones that are sprayed while outside the cotton bolls. Those that manage to 

enter the cotton bolls are not easily killed. 

We do not rotate pesticides. The ones we use year after year are all the same. As long as the 

pesticides have not yet expired one can always keep for the following season. 
Transcripts\\CZ 04 

The pesticides that we used in the past were very strong. We used to get 200ml, and we would use 

the same small bottle till we harvested. But, nowadays we have the types of Lambda, that's the 

pesticide whose name i had forgotten, the one that itches a lot; we get 500mls of it. But, just that 

one 500ml bottle is not enough. You need four/five for you to be able to harvest, which means the 

pesticides that we are getting nowadays are very weak, they do not have power. 

I always keep for use the next season. 
Transcripts\\CZ 05 

Because the pesticides are no longer powerful, as powerful as they used to be. Under normal 

circumstances, if i spray today i should return for another round in two weeks time. However, these 

days it’s taking only one week. If i go back to inspect my cotton next week i will find pests, so i will 

have to spray. 

Yes, it is effective if you are not hesitant to use as much as you can. If you are hesitant and less 

generous with it you will lose your crop to the pests. You have to spray every week. If you skip just 

one week when you return the following week you will find all your crop destroyed. 
ranscripts\\CZ 06 

The pesticides that we are currently using are not powerful. Maybe it’s because the worms are now 

used to the pesticides, i don’t know? Therefore they are not dying and are simply multiplying. 

In the past, we would only spray every other week, two weeks apart between spray periods, and 

you would go and scout and see very few pests present. But, the past few seasons, we have been 

spraying, and then on return the following day we would find pests still present. Not dying, but 

actually increasing in their numbers. 

It is the power of the pesticides. That is what we have observed. We tried to maintain our 

measurements that we have always used in the past, but we are observing that either the pesticides 

have lost power or they still have power, but the pests themselves have developed resistance. 
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Were sometimes there may be changes, because the following day when i go and inspect my field 

i find some dead pests, but still, there will also still be those resistant ones which will still be alive. 
Transcripts\\CZ 08 

Yes, there are now many types, we hear there is this type and that type. But, from my experience 

Fernkill is the only one that is very helpful. The other ones do not help us in any way. 
Transcripts\\CZ 09 

They are now being overpowered by the pests. 

The only problem that is see with regards to the pesticides that we buy is that when they expire 

they never tell us that these pesticides have expired. They just market knowing that their pesticides 

have expired. I only know that it’s expired when i spray. Even when i try to increase the 

concentration of the pesticides, they don’t work. It’s only after close examination that i realise that 

we are buying pesticides that are expired. For example, that is the case with those companies from 

which we get loans. They never explain to us that the pesticides are expired. When we use the 

pesticides the worms will damage our crops because the pesticides will have no effect on them. 

There, that is where i have seen that there is a problem. They do not tell us that their pesticides are 

expired. 
Transcripts\\CZ 10 

Yes, its enough because the bottles of pesticides these days are a bit bigger; but the pesticides are 

not as strong as the ones which we used in the past. In the past the pesticides were much stronger. 

Even Thiodan which is now called Thiamex; there is no longer the Thiodan that used to be there in 

the past. That one was quite strong; if you used it there was never going to be a single worm found 

on your cotton. 

Definitely, even a lot of other farmers agree that these days the pesticide manufacturers are 

'limiting' the strength of the pesticides. Even the moths no longer have 'excuse' with the pesticides. 

We may wrongly say that they have now become resistant, and yet the pesticides are the ones 

which are now much weaker. 
Transcripts\\CZ 11 

Eh, yea. All the pesticides that we have talked about, especially the Gukurahundi which control the 

worms are in the same group; they work, they are effective. There are no pesticides that are 

ineffective. 
Transcripts\\CZ 13 

It’s not enough because the strength of these pesticides is limited. 
Transcripts\\CZ 14 

It's to do with marketing. You see, if i was telling you this in business, i would tell you the truth, but 

not the whole truth, knowing that tomorrow you would return for the rest of the truth. 

It's a deliberate thing. They are making the pesticides ineffective, so that farmers would return to 

buy more. But, the standards association of Zimbabwe would have tested and endorsed something 

else. 

Yes, i am talking about the standards association of Zimbabwe, if things are not standardised they 

are subject to manipulation. 

Yes, but they are subject to manipulation. 

It's just similar to the bottled water that you buy and drink in Harare. It's got a standards association 

of Zimbabwe logo, but it is bottled straight from Mukuvisi River. If you drink it you will be struck by 

diarrhoea before you even reach Mazowe. Isn't it standardised. This is Zimbabwe.. Chuckles. 
 

Transcripts\\CZ 15 

The change is that they resist if we use the same type of pesticides. So, what we ought to do is that 

if we use Fernkill for two seasons, for example, we must change to Fenvalerate. If we use the same 

type of pesticide they will resist and not die. 

Yes, at other times due to our ignorance and also just using the pesticides that are available to our 

disposal; but the consequence is that the pests will grow in their population. 
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We reached a point when we used a lot of pesticides, also depending on the size of cultivated land. 

But, it was also because of 'resistance' found in the worms. We started using a lot of pesticides. 

Like i said, now the worms are very resistant. It’s due to such factors as ratooning the crops. The 

worms go deep in the ground to the root of the plant as a way of dodging the pesticides. When we 

plant to cotton the plant will already be diseased. Mainly because of these worms and other 

infestations. We notice that in the past we would spray fortnightly after scouting for pests. And 

even after the two weeks the pests would not be too much. Nowadays it’s different, after spraying 

today within three/four days you find there are pests. 
Transcripts\\CZ 16 

If you spray your cotton with lambda before the worms are present, they will die. But, if you delay 

and get in to spray after the red bollworm has entered the bolls, controlling it is very difficult. 

No. What happens is, if we just spray anyhow, those pests will get addicted to the pesticides and in 

the long run they will not die. So, we first assess in the field for the presence of the eggs of the red 

bollworm. If we find them we then spray. If the eggs are sprayed they will be affected by the 

pesticides and they will not hatch. 
Transcripts\\CZ 17 

No, it’s not, particularly this one that they call lambda. It does not do anything to the worms. 

No, it is something to do with the pesticide. 

The increase in pest populations is because the pesticides are not able to kill. 

The concern that i have is that the pesticides are not controlling the pests, so the population of 

pests is increasing. 
Transcripts\\CZ 19 

I think it’s because the pesticides no longer have power. 

I also think it’s because these cotton companies when they give input credits to us they also give us 

expired pesticides as they cannot afford to lose money by throwing them away. When we use these 

pesticides they will not work because they would have expired. 

I think the pesticides have lost their power. 
Transcripts\\CZ 20 

It's the same pesticides, but these days they use ‘’zhing-zhong’’ pesticides. The smell is the same, 

but the names have changed, and the power of the pesticides has also changed. Nowadays these 

pesticides do not have power. 

we observe that in the rate at which the pests are dying is now different. In the past the pests died 

completely, but with the types that we are now using we still struggle because the pests always 

remain on the fields. That is why we often ask whether the new pesticides are now less powerful 

compared to the ones that we used in the past. 
Transcripts\\CZ 22 

The pesticides no longer have power. We had the pesticide called Thiodan, that one had so much 

power. 
Transcripts\\CZ 24 

Then we spray. The pesticide we used in the past seems to be outdone by the Acetamark in killing 

aphids. 

In the past the pesticides were powerful, but the pests and diseases were also very few. Nowadays, 

the pesticides are powerful because they are changing the pesticides each year. The pesticides 

which we use this year are not the same ones that we will use next year. 

I think we really need new pesticides that can effectively the red bollworm because the pesticides 

that we currently have are no match to this worm. When we spray, and then when we return to the 

field to scout, we find it, and then we end up looking for its presence and killing it manually. 
Transcripts\\TM 01 

I have observed that diseases are increasing due to the fact that the chemicals are now very weak 

on aphids. 

Yes. In as far as i have observed, i am convinced that the chemicals that we are now using have lost 

their power. The chemicals are no longer suitable for the worms that are there. Could it be 
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resistance? I wonder! But, i have observed that even when i tried to grow cotton in a field that i had 

never before used for cotton, i realised that when i sprayed for pests expecting to return after 14 

days, within three days i would notice the presence of pests, clearly meaning that they never died. 

And, that means that the pesticides are weak, they are not effective in killing these pests at all. 

Yes, there have been changes? The pesticides are now so weak. 
Transcripts\\TM 02 

Yes, they are. They are very strong. If you, as a farmer, think that the chemicals are weaker or not 

enough, then do not grow your crop on a large scale so that your chemicals can be sufficient. 
Transcripts\\TM 05 

These days there seem to be more pesticides, but these have no power to kill pests. We may 

spend the whole week spraying, but the pests will always remain. If i spray today and go back to 

my field tomorrow i will still find the worms present. 

We are receiving sufficient pesticides in terms of quantity, but the pesticides are insufficient when 

it comes to their effectiveness to kill pests. They just don’t have power at all. 

Transcripts\\TM 09 

Yes, it appears these pests are now resistant to the type of pesticides that we use to control them. 

I used to think that the type of pesticides that we are receiving to control them do not have power 

any longer. 

Transcripts\\TM 11 

I observe that the pesticides that we used in the past had power. The current pesticides are less 

powerful. 

Transcripts\\TM 12 

It’s difficult really to know. In the past there were few worms, so maybe they were easier to control. 

So for us to really see if the pesticides are working or not is difficult. 
 

Transcripts\\TM 13 

Tthese no longer have power. They absolutely have power. 

Transcripts\\TM 15 

There is a difference, the current pesticides are effective, but not as much as the ones which we 

used in the past. 

Transcripts\\TM 16 

Lambdar is the pesticide which we are receiving these days, and my personal assessment as far as 

its effectiveness is concerned it that it is failing to control worms. But, if you make efforts to look 

for another type you see changes. 

It’s changing. In the past we used strong powerful pesticides such as Thiodan. The pesticides which 

we are now using are less powerful, and they are failing to effectively control pest. In order to 

control the pests, it is best to control the eggs. If we fail to control the worms while they are still 

eggs, we may control to a certain extent, but not 100 percent. 

Personally i have used an herbicide called Cotguard. I noticed the results that it is a very effective 

herbicide. 

Transcripts\\TM 17 

This is so because Lambdar is no longer effective in controlling these pests. It’s because we are using 

the same Lambdar on the same worms over many year that is why it is now resistant. 

In the past the pesticides had so much strength. Those were real pesticides. If you sprayed with 

Karate, nothing would be left alive in the field. Karate was deadly. 

Well, the type we are getting such as Lambdar are delivered to us already expired. 

Transcripts\\TM 19 

There are now more pesticides. But they are not effective in controlling the pests. It’s mainly 

because we are receiving our pesticides late after pests have already attacked our crops. 

Transcripts\\TM 20 
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Yes, there are differences. We now use more pesticides than we used in the past. In the past we 

used only two types of pesticides which were very strong. Nowadays there are more pesticides 

which are no powerful at all. 

Yes, they are killing, but they are not as effective in killing worms. The pesticides have not enough 

power to kill the worms. 

Transcripts\\TM 21 

Yes, since we started i am noting that the pests are increasing. This is because the pesticides which 

they are giving to us do not have power 

Yes, these pests feed on the crops a lot. If you spray, say today, and go back to inspect tomorrow, 

you will still find them alive. They don't die. 

Transcripts\\TM 23 

In the past we used to receive enough, but these day there is just more but they are not working. 

Transcripts\\TM 24 

Nowadays there are more pesticide varieties, but the way they work or their effectiveness is 

different. 

The pesticides may be enough, but their problem is they ineffectiveness when it comes to killing 

the pests. Some pests die, others do not. 

Because the pesticides will be without any power; they will be weak. 

Transcripts\\TM 27 

In the past the pesticides had a lot of power. 
 

4. Change in pesticide sufficiency 
 

Transcripts\\CZ 01 

Well, they tell us to use a single bottle of pesticides on one hectare. They give us very little 

pesticides. We are not getting enough pesticides from the cotton companies where we have 

contracts. So, we end up buying extra bottles of pesticides. If i just relax and rely on the pesticides 

that i receive from the cotton companies i will lose everything. 

Transcripts\\CZ 04 

The pesticides that we used in the past were very strong. We used to get 200ml, and we would use 

the same small bottle till we harvested. But, nowadays we have the types of Lambda, that's the 

pesticide whose name i had forgotten, the one that itches a lot; we get 500mls of it. But, just that 

one 500ml bottle is not enough. You need four/five for you to be able to harvest, which means the 

pesticides that we are getting nowadays are very weak, they do not have power. 

No, it’s not sufficient. We really need more pesticides. At times when we scout and see that there 

are pests, we just ignore and pretend as if we do not see anything so that we conserve our pesticides 

so that they can last us the season. However, under normal circumstances, cotton should always 

be sprayed at the sighting of pests. This is because pests do not stop eating our crop, day and night. 

But, because the pesticides are not that plenty, we have no other choice than to just pretend as if 

we do not see that there are pests. 

Transcripts\\CZ 07 

It’s actually not enough because i cannot completely destroy the pests. 

Transcripts\\CZ 09 

The pesticides that we use now are different. In the past, we would receive two buckets of cabaryl- 

85, and one bottle of Thiodan. During that time, i think we were getting more pesticides. Nowadays 

it seems the amount of pesticides are being reduced 

People nowadays are buying extra pesticides on top of what used to be the standard and what they 

receive from the cotton companies. Its different from in the past when they were just throwing 

pesticides at us for use. They didn’t have much knowledge. 

Well, the pesticides are enough, if you have your money. Because there can never be a shortage of 

pesticides. There is plenty of pesticides. 
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Transcripts\\CZ 10 

There is a change. In the past, when we were being loaned, we would get enough pesticides for the 

whole acreage, if you decided to buy on your own that is when you would notice that your crops 

would be attacked by pests. That is why we would loan. We would get the whole kit. If, for example 

you got a loan for two hectares, per hectare they would give you two bottles of Gukurahundi' Rogor 

two, and two packs of Carbaryl 85. 

These days the quantities have declined. They no longer give a full set. 

Transcripts\\CZ 12 

Yes, it is enough. It's similar to overdosing a goat that you want to treat for worms. If you overdose 

what do you expect from it? 

Transcripts\\CZ 16> - § 2 references coded [1,39% Coverage] 

But, the cotton companies are the ones that tend to limit the amount of pesticides that they give 

to people. 

Yes, i always find it sufficient. 

Transcripts\\CZ 19 

Usually the amount of pesticides that they give us are not enough, so we end up going to buy extra 

bottles. In the past where we used three bottles we are now using double that amount, but the 

worms are still not getting finished. 

Transcripts\\CZ 21 

It’s mainly because we haven't been receiving enough pesticides from the cotton companies. 

Transcripts\\CZ 22 

In the past when we got input loans, we would get enough pesticides. If i got a loan for 2 hectares 

and then decided to grow three, then it would not be enough. In the past, they would give us 

enough. Nowadays they no longer give enough pesticides. 

Transcripts\\CZ 24 

Yes, but if used properly. The problem that we face is that we grow cotton on 2 hectares, and then 

receive only two or three bottles of pesticides which are not sufficient. 

No. But, if you follow instructions and use the pesticides properly everything will go well because 

on 1 hectare you must use 2 packs of Acetamark, then 2kgs or Carbaryl 85, and three bottles of 

gukurahundi. That should be sufficient, if used properly. 

Transcripts\\CZ 25 

Yes, they are enough, if scouting is done well. There are actually even some left overs. Pesticides 

are not to be sprayed weekly even when there are no pests. 

Transcripts\\TM 02 

Those with enough pesticides are able to kill and destroy pests. if you do not have enough pesticides 

you will not win the battle against the pests. 

Transcripts\\TM 04 

Pesticides have been reduced. These days we are given only two bottles of Fernkill per hectare. But, 

the proper way to do it is that they should give us three to four bottles per hectare. 

Transcripts\\TM 05 

We are receiving sufficient pesticides in terms of quantity, but the pesticides are insufficient when 

it comes to their effectiveness to kill pests. They just don’t have power at all. 

Transcripts\\TM 06 

No, we are not having enough. 

Transcripts\\TM 08 

No, they are not sufficient because i limit my spraying. I try to skip a week between my spray 

intervals. But, when i skip a week maybe it rains, and then when it rains my pesticide is washed off, 

and then the worms will eat my crop. 

Transcripts\\TM 09 
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Since i usually get my inputs on credit under contract farming arrangements, sometimes the 

pesticides are not enough because the company giving the credit may give not enough pesticides 

and it may also give after long intervals 

 
They are sufficient if you get a loan contract with a company that supplies enough pesticides. If you 

get a loan with a company that supplies pesticides that are not enough you end up selling livestock 

in order to buy extra pesticides. 

 
No, they are not. We actually have to buy extra pesticides because the amounts that we receive are 

not sufficient. 

Yes, they can be sufficient, particularly if you have enough pesticides. Only that, what is happening 

now is that the companies from which we get inputs on contract are the ones who are messing up 

because of the way they are giving us pesticides. We are not able to destroy the pests because they 

are giving pesticides that are not in tandem with the length of the season. 

The pesticides are finished before the cotton bolls have even opened up. That is when the worms 

attack our crops. 

 
No. We usually get our pesticides on credit from the cotton companies; so when i get once the 

companies may just tell me that the pesticides which i collected are already enough, even though i 

would still need more pesticides to control the pests on my farm. That is the problem that we face 

which makes the amount of pesticides used on the fields become insufficient. 

 
No, they are not enough because at times we lack the financial means to buy sufficient amounts of 

pesticides. In fact, that is the biggest problem. 

They have been limiting the amount they have been giving us. 

Nowadays we are now receiving fewer pesticides and they are not enough. By the time we harvest 

all our pesticides would have been finished. 

 
No, they are not enough, particularly if you get your inputs on credit. 

In the beginning, we were getting good pesticides. They would give us Rogor, carbaryl, Thiodan and 

gukurahundi. They would give us about four or 5 different types. 

 
No, they are not enough. For those of us who are on contact farming who receive inputs on credit, 

we always get pesticides that do not match the acreage. Sometimes we end up having to buy on 

our own or risk losing the crop to worms. 

 
No, they are not enough. Under normal circumstances, per hectare i should use two bottles of 

Rogor, two bottles of Fernkill, and two bottles of Carbaryl. But, nowadays they give us only one 

bottle, and this is not enough, resulting in our cotton becoming susceptible to pest attacks. 

 
No, they aren't enough. You may spray but soon after spraying you will still find pests. 

 

 

5. Practices increasing pesticide use 
Transcripts\\CZ 05 

No, we do not use any pesticides on the other crops, except on cow peas which is usually attached 

by aphids. We spray Acetamark on cow peas before and after they have developed pods. 

Transcripts\\TM 12 

Transcripts\\TM 13 

Transcripts\\TM 15 

Transcripts\\TM 16 

Transcripts\\TM 22 

Transcripts\\TM 25 

Transcripts\\TM 26 

Transcripts\\TM 27 

Transcripts\\TM 14 

Transcripts\\TM 21 

Transcripts\\TM 23 
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we use it because we know that it works against aphids. 
Transcripts\\CZ 06 

Well, it may be enough if i use it following the instructions written on the label. I follow the label 

directions. However, the pesticides are not effective in killing the pests 

I double the concentration of the pesticides. If the label directions say that i should put only 30 mls 

in my 15 litre knapsack, i simply double and make it 60mls. 
Transcripts\\CZ 11 

No, i do not use any pesticides on other crops, except only in cotton 
Transcripts\\CZ 12 

You will use measurements such as Number 30 if it has grown too tall. Say the 1st of February comes 

but the companies from which loans are applied for have not delivered, and you have Carbaryly-85, 

you take cup number 30 and mix 10 cups in 50 litres of water. This will work in the place for Fernkill 

or Fenvalerate. 

Well, it's nothing but ignorance. Not knowing the right pesticide to use. You see a farmer getting in 

the field to spray dimethoate because they may have spotted American bollworms. When they see 

that the worms are still there after a couple of days, they take the same Dimethoate and 

Fenvalerate and mix, to make a cocktail, with the belief that if they mix the pesticide will become 

stronger and kill the worms. They will be doing it wrongly. 
Transcripts\\CZ 23 

Yes, in groundnuts we often encounter aphids. We spray them with a pesticide. 
Transcripts\\CZ 25 

All that i can say is that, you see. If you take a drum of red sea and pour one shovel of sugar in it, 

you will not be able to taste the sugar. What i have observed is that farmers are a bit too ignorant; 

when the agricultural extension officers tell them to mix a certain amount of pesticides with 15 

litres of water, they always make mistakes. But, if a farmer makes the right mixture, the pests will 

die. 
Transcripts\\CZ 16 

If you spray your cotton with lambda before the worms are present, they will die. 



148 

 

 

Appendix: 8 
 

 

S1 Text: Interview transcript excerpts 
 

CZ 01 

Which pests do you encounter on your farm? 
We first encounter aphids when it is hot. These days the pesticides are so different. Dimethoate, or 

Rogor is no longer effective in killing pests. It no longer has power. In the past we used Shahsa, you 

see! 'Onkoll' and it was very effective in killing aphids. 

What other pests do you encounter? 
Worms; The red ones, and the other ones! They eat our cotton. 

Are there any other pests? 
I would say these are the ones, when it comes to those pests that eat our cotton. But, you know, 

cotton also needs fertiliser. 

What is the name of the weed that is most problematic for you? 
There is 'chinzungu', that one is very difficult. Even when we spray it with pesticides, it does not die 

easily. 

Is there a particular pest which you would say has been most problematic pest in the past 30 years? 

It's the Redboll worm because it can easily multiply; it lays plenty of eggs. If it enters the boll, the 

moment it leaves be assured that it has laid its eggs within that boll. 

Would you say there have been any changes in the past three decades in terms of the population of 
pests? 
In the past we used to grow a lot of cotton. Well, i would say our harvest has dramatically been 

reduced. 

What is causing that reduction in your harvest? 
I believe it is because they are giving us pesticides which do not have power. I might be able to grow 

cotton on a very big piece of land spraying very well, but the problem is that the worms are not 

dying. 

Have there been any changes in pest types in the past thirty years? 

There are certain flying insects that have a very foul smell. They are also found in tomatoes 

sometimes. 

What colour are they? 

They are blue. They fly. If they pee on your white cotton you will not get a good grade. 

So, are you saying these pests were not seen in the past, but you now see them often these days? 

Yes, in the past this type was not there. 

Are there any other concerns as far as pests are concerned? 

Yes, the issue is only about spraying these pests, because our cotton will have already turned white, 

so our task will be to spray them so that they do not affect the grade of our cotton. 

And the weed that you referred to, chinzungu, did you have problems with it in the past? 

No, we didn't have any serious problems with it; it's really just a recent problem. 

How do you control the weeds? 

The only way to deal with it is to weed it using hoes. 

Do you not use any pesticides against it? 

No, even if you use any herbicides against chinzungu, it will not die. It's very difficult to control. 

Are there any other crops which you grow other than cotton? 

Yes, I also grow maize, mhunga and mashava. 
Do you use any pesticides on these crops? 

No! We only use fertilisers. But, in mhunga we do not use any fertiliser. 

Has the acreage of cotton changed over the years relative that of the other crops? 

In the past we used to dedicate much of the land and resources to cotton. But, nowadays we are 

growing less cotton and expanding the acreage of the other crops, maize, mhunga, mashava and 

even ground nuts. 

Which pesticides do you use in cotton? 
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I use Fernkill, Dimethoate, also known as Rogor, and then Carbaryl-85, Thiodan is no longer being 

used these days. We used to use that powdered Thiodan in the past. 

Why is Thiodan no longer in use? 

I really do not know. 

And, what do you use against weeds? 

There is a new type of herbicide, whose name i do not recall. 

Do you often change pesticides in different seasons, or you use the same pesticides season after 

season? 

Well, cotton pesticides never change, no matter what. If they decide to change the type of pesticides 

where we buy them, we will just know that this type is Gukurahundi, and then that one is Carbaryl - 

85, and this is the one to use first, and so forth and so forth. 

So, they normally do not change your pesticides, is that what you are saying? 

Yes, they just continue to give the same pesticide, for example Thiodan is no longer being sold, so 

we now know that there is the Fernkill. 

What do you do with left-over pesticides at the end of the season? 

I always examine the expiry date of the pesticides. If it has expired, i always throw away. But if it's 

not yet expired i keep it for use the next season, knowing that it's not yet expired. 

Would you say these recent years you are now using more or less pesticides compared to three 

decades ago? 

No, we are using plenty of pesticides. 

What might be the reasons for using such a lot of pesticides? 

It’s the fault of us farmers. There are some things that we are not doing right. For example, some 

grow cotton, say this season, and after harvesting they do not destroy the cotton stalks. Others leave 

the stalks standing in the fields and they say they are keeping them to re-grow. The problem with 

these re-growths is that those farmers with these start their season with applying gukurahundi, 

while I, in my adjacent farm start with dimethoate. So, the problem is that i may end up having to 

use plenty of pesticides because the adjacent farmer did not destroy the stalks and then i will start 

to encounter a lot of pests. That's a serious problem that we are having in farming. Farmers are not 

destroying their cotton stalks. 

Are you finding the pesticides which you are currently using sufficient to kill the pests which you 

encounter on your farm? 

Well, they tell us to use a single bottle of pesticides on one hectare. They give us very little 

pesticides. We are not getting enough pesticides from the cotton companies where we have 

contracts. So, we end up buying extra bottles of pesticides. If i just relax and rely on the pesticides 

that i receive from the cotton companies i will lose everything. 

Other than pesticides, do you use any other methods of integrated pest management? 

No, i solely rely on pesticides and nothing else. 

Have you ever had any training on IPM? 

No, never 

Thank You for your participation  
 

CZ 02 

Q: Which pesticides are commonly found on your farm? 

R: There are moths, red bollworms, American bollworms, aphids and the ladybird beetle. 

Q: Since around 1982, which, among these pests, has given you the most problems? 

R: Worms are the most problematic. Whenever we grow cotton we have to be prepared to deal with 

these. 

Q: Is there a type, among these pests that has changed in its population size? 

R: Yes, the lady bird has increased its population. During the 1980s we didn’t encounter a lot of 

these. 
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Q: Is there one particular pest that was not present when you started growing cotton, but is now 

being sighted? 

R: It's actually these types of beetles. In fact, there are actually two types. The one with the red 

colour and the other one which is green-like. 

Q: And, when it comes to weeds on your farm, is there a type of weed that's problematic? 

R: Yes, There is chidhongi, which is also known as chaguduma, and another type called chinzungu 
because its leaves resemble those of groundnuts and another type called chenamoyo. 

Q: Are there any other crops which you grow in addition to cotton? 

R: Yes, alongside cotton we also grow maize and groundnuts. 

Q: Have there been any changes in the acreage of cotton relative the acreage of these other crops 

over the years? 

R: In the beginning we were growing a lot of cotton. We had so much faith in the crop. But now, due 

to the problems associated with the market price of cotton, we have decided to grow maize for 

food. It's much better. 

Q: Which pesticides do you use on your cotton? 

R: We normally use 85, Acertamak, Fenkill, and Lambda 

And which herbicides do you use to control weeds? 

I use atrazine 

Has the amount of pesticides you use per hectare changed since you started farming? 

Yes, we now use more herbicides, mainly because there is now a more serious problem with the 

herb, chaguduma 

And as far as pests are concerned …? 

No, there isn't any increase in pests, except that i notice more problems with the weeds. 

With insect pests the problem is with the pesticides. It's hard to understand if the the pesticides are 

still effective. I think they have reduced the strength of the pesticides. In the past we would spray 

this week, and then get back to the field next week. Nowadays if we spray today, we will return to 

spray the day after tomorrow. If you do not go back to spray within the same week you will find your 

crop totally destroyed when you go back. 

I really think that the power of the pesticides has been reduced. 

We used to use Carbaryl 85, then Rogor, then Thiodan and then Gukurahundi. These pesticides had 

their full strength! They were very strong; they could really kill. Malbak was really effective. Thiodan 

was banned completely. 

Why was Thiodan banned? 

They say it was very strong such that when domestic animals ate any plant remnants they would die. 

Do you use other methods of pest control other than pesticides? 

I use herbicides to kill the weed, chaguduma, but i also use my hoe to weed. Where there are plenty 

of weeds the herbicide, Atrazine, is not effective enough. So we always use our hoes for weeding, a 

lot. 

Have you ever received any training on integrated pest management? 

Our agricultural extension officers are the ones who normally teach us. 

You said the pesticides are no longer strong..? 

Oh, yes, their strength is now greatly reduced 

Do you cut and burn your cotton stalks each and every year? 

Yes, we do. But the problem is that some farmers are now doing 'regrows' in order to cut costs on 

buying seeds. In the past nobody was doing regrows because there were lots of inspections and 

arrests. 

By the 15th of August every farmer would have cut and burnt their cotton stalks, and those would 

not have destroyed theirs by September would be fined. 

 
Thank You  
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CZ 03 

Which pests are commonly found on farm? 

I normally come across worms. These are of two types; the American Bollworm and the Red 

bollworm. There are also aphids, but they are not in large population. 

Which pest would you say has given you the most problems over the past years? 

Red bollworms are the most problematic. 

Have there been any changes in the red bollworm population over the past two to three decades? 

There seems to be an increase in the population of the red boll worm because some of the 

pesticides seem to have lost their power. 

In addition, the number of farmers who are now growing cotton seems to have increased. What 

effect does that have? 

This is causing the population of the pests to increase. Therefore, if they made the pesticides a bit 

stronger, i thing we would, at least, be able to control the pests. 

Are there any new pest sightings? 

Yes, i would say, there might be new pests because in the past the pests were much fewer. There 

might actually now be new worms that we just do not know. 

But, have you made any sightings of a new pest? 

I wouldn't want to lie, i have never come across any new pests that are different from those that we 

have always known. 

So, you said the population is the main change? 

Yes, it’s the pest population. No matter how much you spray, they never go. 

Are there any other concerns regarding pests on your farm? 

No. 

Which other crops do you grow? 

I also grow maize, ground nuts and mashava 
Looking at the acreage of cotton relative that of these other crops, have there been any changes in 

the recent years? 

Yes, my cotton acreage has dwindled relative to the other crops. I am cutting down on cotton 

because there is no water. Water shortage is the main cause. Cotton must be planted early. If you do 

late planting you will lose all of it to livestock. The rains are no longer reliable. Whan it rains the 

rainfall is sporadic. 

What are the names of the pesticides that you have used on your farm? 

There is Fenvalerate, karate, lambda, Acetamark, then Dimethoate, and others that i do not recall at 

this moment. 

Which of these do you use on the worms? 

I normally use lambda, Fenvalerate, Dimethoate, Acetamark, and i have also mentioned those that 

are also used on aphids. 

Why do you use so many pesticides? 

Well, some of the pesticides that we used in the past are no longer available; we do not see them 

anymore. 

Has the amount of pesticides used on your farm changed from the time you started back in 1986? 

The amount has increased 

What might be the cause of this increase? 

It's the increase in the population of worms. They never get completely destroyed, so we tend to 

continue spraying. 

Now that your amount of pesticides has increased, has there been a corresponding increase in 

pesticide effectiveness? 

Well, its relatively effective, but at a very low rate. 

What do you mean by the 'rate'? 
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I am referring to the power of the pesticides. The pesticides have low power. The pests die, but the 

ones that die are the ones that are sprayed while outside the cotton bolls. Thos that manage to 

enter the cotton bolls are not easily killed. 

So, if you say you should be spraying every week, does that mean you do not scout? 

No, we scout. But, the problem is that these pesticides do not have power any longer. That is why 

we now know that we should spray, nearly every week. 

Do you use other methods of pest control? 

No, there are no other methods that can be done. 

And weeds? 

With the weeds i often do manually, but the past two seasons i have been using herbicides because i 

have just been able to afford them. 

Have you ever had training on IPM? 

We are taught how to use our pesticides. There are different measurements that come with 

different cups. We use different cups for different sizes of the cotton. We start with smaller cups and 

then use the largest cups when the cotton has grown big and when there are also a lot of pests. The 

cups are put in 15 litres of water. 

Is this something that you were taught, or it’s by experience? 

This is what our agricultural extension officers teach us. 

 
Thank You for your Participation  

 

CZ 04 

Which pests are commonly found on your farm? 

The main ones are red spider mite, the American bollworm and the red bollworm. 

With which of these have you had most problems over the past years of your cotton growing? 

It's the red spider mite because the pesticides to use against it are not readily available. We no 

longer find the pesticides to use against it. Once it have entered your field you are done. 

Oh, so the main issue is that the pesticides are no longer found? 

No. They are there, we can find them, but the problem is that they are no longer powerful enough to 

kill. In the past we would use three bottle of liquid pesticides and one bag in powdered form. Once 

spotted, we would just carry our knapsack and bomb it. Nowadays, it seems the population is 

increasing. It’s a real problem. 

Have there been any changes in the amount of pests on your farm in the past 30 years? 

Pests’ populations are increasing because people are no longer cutting their cotton stalks. Therefore, 

the pests are developing resistance because they stay there. They do not die because these stalks 

will not have been cut and burned. The worms will have stayed in the stalk such that when you 

attempt to kill it using pesticides it will not die. 

Are there any changes in the types of pests? 

Yes, there are also new pests. It's only that i do not know some of the names. But, the ones that are 

known are the likes of red spider mite, red bollworm, and the American bollworm. Some of the 

newer pests, i don’t know their names. There is one that is green-like with yellow stripes. One of the 

worms is called kambasha after the colours of the bus that used to ply our Rushinga route many 

years ago. There are also new types of aphids that are now colonising our fields whose specific 

names we are not sure of. Then there are other pests that are striped that cut the cotton, but the 

names are the problem for me. 

What might be the cause of these changes? 

Why pest types are increasing is that people are not taking care of their stalks. in the past we used to 

cut and burn our cotton stalks soon after harvest, and by September everyone would have burned 

their stalks. Nowadays, you find these stalks still standing in the fields. Therefore the pests are just 

there. When we spray them these pests would be very resistant. To say you have killed them, what 

sort of pesticide would you have used? The pesticides that we have these days we always say they 
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no longer work; of course so, how would they if these pests are left to survive through summer 

growing season, winter and again another growing season? 

Looking at weeds; what are the main types of weeds that are found on your farm? 

There is a weed that is whitish in colour. We manually weed it and throw it away. Other common 

types of weeds that we encounter are bwerere, and chaguduma, and moyochena. Then there is 

another one called chinzungu, which is the most problematic for cotton farmers. 

What other crops do you grow? 

I also grow maize and groundnuts. 

Do you ever mix your crops in the same fields? 

No, we cannot mix cotton with any other crops because of the pesticides we use. If we mix with 

cucumbers, for example, children might go and pick them and eat unbeknown to them that there 

are pesticides on the cucumbers. Our agricultural extension officers always remind us that we 

should never mix crops. 

Has the acreage of cotton changed relative to other crops? 

The land needed for cotton is always larger, if you are to realise a good harvest. You need at least 

3hectares. 

How much do you normally harvest per hectare? 

Well, in the past when we used to get enough fertilisers we used to realise as much as 6/7 bales per 

hectare. Nowadays, because we no longer receive enough fertilisers, our harvests have declined. We 

are now realising just enough to survive, just about 2/3 bales per hectare. 

Which pesticides do you use on your farm? 

We first use Dimethoate, or Mospilan. It’s still the same pesticide, only that Mospilan is in powdered 

form. We use it against aphids. 

When the plant starts to flower, we use Carbaryl 85. This is used against red bollworm. 

Thereafter, we use karate, or this other one that is itchy. I do not remember the name, but it is in 

the same family as karate. It is very itchy. 

Has the amount of pesticides used over the past thirty years changed? 

The pesticides that we used in the past were very strong. We used to get 200ml, and we would use 

the same small bottle till we harvested. But, nowadays we have the types of Lambda, that's the 

pesticide whose name i had forgotten, the one that itches a lot; we get 500mls of it. But, just that 

one 500ml bottle is not enough. You need four/five for you to be able to harvest, which means the 

pesticides that we are getting nowadays are very weak, they do not have power. 

Now that you are using more, would you say you are having sufficient to kill your pests? 

No, it’s not sufficient. We really need more pesticides. At times when we scout and see that there 

are pests, we just ignore and pretend as if we do not see anything so that we conserve our pesticides 

so that they can last us the season. However, under normal circumstances, cotton should always be 

sprayed at the sighting of pests. This is because pests do not stop eating our crop, day and night. 

But, because the pesticides are not that plenty, we have no other choice than to just pretend as if 

we do not see that there are pests. 

Do you use any pesticides to control weeds on your farm? 

No, i do not. I always weed manually. I once tried using herbicides, but i realised that i have little 

knowledge about them. 

Do you use any other forms of pest control? 

No. I only use pesticides because there is no other way that the pests would die except by the use of 

pesticides. They are only killed by pesticides. 

Have you ever received education of the usage of pesticides? 

We receive education from our agricultural extension officers. 

 
Thank You  

 

CZ 05 
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Which pests do you commonly come across on your farm? 

There are aphids, then some round boll worms that get into the bolls, and then there are the 

American bollworms. 

Which is the most problematic? 

I think all of them are very problematic. 

But i think the aphids are very problematic. But, including the worms as well. 

Since 1984, have you noticed any changes in pest populations? 

Yes, there are changes. There are now many pests? 

What do you think is causing an increase in these pests? 

I think it’s all got to do with the pesticides that we are now using. I think the pesticides are no longer 

as powerful as the pests which we used in the past. In the past the pesticides were so strong, even 

the smell was so powerful such that after spraying, one could not get into the field to weed because 

the smell would be so prohibitively strong. Nowadays it’s so different; if you spray today, you may 

return tomorrow to weed the same field. 

Are there any changes in the types of pests? 

Uhmm, there is one green moth. That one cuts the terminal bud of the cotton plant. 

Is this the same moth that’s got a nasty smell? 

No, it’s not. This particular one is only found during the rainy season. 

Have you communicated to the agricultural extension officers about this moth? 

No, i never informed about it since it’s a moth that's found everywhere; i just assume that it might 

just have been missed by the pesticides. It does not always cut the terminal buds, but it just happens 

that when it gets to a plant it may cut. This is not a fulltime cotton pest, if i may say. 

Now, with regards to the population, would you say that the population of pests is changing? 

The worms are increasing in their population, particularly the red and the green ones. 

What do you think is the reason for the increase in the population of these worms? 

I think it’s because the pesticides are no longer as powerful as they were in the past. 

Which types of weeds do you come across in your fields? 

We normally have problems with chenamoyo, chaguduma, and chinzungu, and chenamoyo which 

prick when you touch or walk on it. 

Do you use any herbicides for weeds? 

We never afford to buy the herbicides, so we always weed manually. 

Which other crop do you grow? 

We also grow ground nuts, maize, cow peas, mashava, and mhunga. 

Do you use any pesticides on the rest of the crops? 

No, we do not use any pesticides on the other crops, except on cow peas which is usually attached 

by aphids. We spray Acetamark on cow peas before and after they have developed pods. 

Is it the same one that you use in cotton? 

So, when you use it on your cow peas, is it because your agricultural extension officers recommend 

it, or it’s simply because you know that it works against aphids? 

Laughter ... we use it because we know that it works against aphids. 

In cotton, which other pesticides do you use? 

There is Fenvalerate, Carbaryl 85, Fernkill, Thiamex, Thiodan, 

Is the amount of pesticides used on a hectare the same as that used in the past? 

There are changes now. These days we are now using more pesticides per hectare than we used in 

the past. 

Why are you using more nowadays? 

Because the pesticides are no longer powerful, as powerful as they used to be. Under normal 

circumstances, if i spray today i should return for another round in two weeks time. However, these 

days it’s taking only one week. If i go back to inspect my cotton next week i will find pests, so i will 

have to spray. 
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So, you now use more pesticides. But, are these pesticides that you are now using more of, effective 

enough to kill and control the targeted pests? 

Yes, it is effective if you are not hesitant to use as much as you can. If you are hesitant and less 

generous with it you will lose your crop to the pests. You have to spray every week. If you skip just 

one week when you return the following week you will find all your crop destroyed. 

So, are you telling me that you just spray even when you have not scouted and found any pests? 

You actually see the pests. Usually, when you see those moths flying in your field, it means that they 

are laying their eggs. So you should immediately spray. 

Have you ever farmed on contract, getting input loans from cotton companies? 

I did that a couple of years ago. Nowadays I’m doing it on my own 

Alright, when you used to do contract farming, did you ever receive any protective clothing from the 

companies? 

That is the farmer's own business. What concerns those companies is that the farmer has received 

the inputs that he needs to grow cotton. Finding protection is the farmer's own business. Even the 

companies themselves, never entertained the discussions regarding protective clothing for farmers. 

But, do you realise that is is your right to receive protection if you are getting into a contract to 

produce them their cotton? 

Yes, its our right, but our enemy is our ignorance. We never ask for protection even though we know 

that we are potentially putting ourselves on the path to the hospital. 

Do you get any information on alternative pesticides or on how to use pesticides effectively and 

protecting your health? 

Yes, we get this kind of education from our agricultural extension officers when we go for our 

meetings. 

 
Thank You for your time  

 

CZ 06 

Which pests do you come across on your farm? 

We normally deal with red bollworms, American bollworms, aphids, and moths. After these we then 

face a problem of red spider mite. This results in a disease that affects mainly the colour of the 

leaves and they start to fall off. 

Which of these is the most problematic? 

The American bollworm is the most problematic. A single worm can destroy several bolls in a very 

short space of time. 

Over the past two to three decades, are there any noticeable changes in as far as the population of 

pests is concerned on your farm? 

Right. There are significant changes. Pests are growing in their numbers. The pesticides that we are 

currently using are not powerful. Maybe it’s because the worms are now used to the pesticides, i 

don’t know? Therefore they are not dying and are simply multiplying. 

Is there a new pest that you have started sighting in the recent years, but was rare in the past? 

Uhhm, i haven’t seen any new pests. I only see the difference in the stubbornness of the worms to 

die. 

Is there another pest that seems to have disappeared or that seems to be growing smaller in 

numbers compared to twenty or thirty years ago? 

No, there isn't. If anything, the pests are only increasing in numbers, rather than disappearing. 

Which other crops do you grow? 

I also grow beans, and maize, and sun flowers and mhunga. 

Has your cotton acreage changed in the past years relative that of the other crops? 

Yes, the cotton acreage has declined mainly because of the crop's market price. I really loved and 

enjoyed my cotton, but i am now finding a crop that is selling for a better price on the market. A 
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crop such as beans. I am planning to grow more beans and i have an area where i want to grow 

them. 

Which pesticides do you use against the pests that you have talked about? 

Very good! We use Acetamark against aphids. Then for the worms, the red spider and the American, 

we can use Dimethoate, or Gukurahundi, or karate. 

And against moths, what do you use? 

We use these same pesticides. Once we spray on the leaves they will not flay and land on these. The 

moths only affect the leaves; they do not have any effect on the bolls. 

From your observations, are there any changes in the amount of pesticides used on your farm, over 

the years? 

In the past, we would only spray every other week, two weeks apart between spray periods, and you 

would go and scout and see very few pests present. But, the past few seasons, we have been 

spraying, and then on return the following day we would find pests still present. Not dying, but 

actually increasing in their numbers. 

What do you think is the main cause of all these changes? 

It is the power of the pesticides. That is what we have observed. We tried to maintain our 

measurements that we have always used in the past, but we are observing that either the pesticides 

have lost power or they still have power, but the pests themselves have developed resistance. 

In terms of quantity of the pesticides that you are currently using on your farm, are you using 

enough? 

Well, it may be enough if i use it following the instructions written on the label. I follow the label 

directions. However, the pesticides are not effective in killing the pests 

So, when you realise that the pesticides are not effective in killing the pests, what do you do? 

I double the concentration of the pesticides. If the label directions say that i should put only 30 mls 

in my 15 litre knapsack, i simply double and make it 60mls. 

When you double it, do you see any effect? 

Were sometimes there may be changes, because the following day when i go and inspect my field i 

find some dead pests, but still, there will also still be those resistant ones which will still be alive. 

Do you use any other methods of pest control? 

Before we start spraying, we first inspect the plants, as a family. We kill some worms that we find 

with our own hands. Afterwards, we then spray the chemicals to kill those that would have hidden 

Which weeds are common on your field? 

Here the main weeds that we find are chinzungu, bwerere, and chaguduma. 

How do you control these weeds? 

I often use both herbicides and manual weeding. When i use herbicides, like last year, i use 

Paraquat. 

Do you get any training on the usage of pesticides? 

Yes, from our agricultural extension officers 

 
Thank You for your time  

 

CZ 07 

Which are the names of pests which are commonly found on your farm? 

There are those that eat the cotton, and others that suck the sap. Since i started growing cotton, if 

you delaying spraying your cotton, it will be attacked by aphids. When it grows reaching the stage of 

developing bolls you start to encounter red bollworms and the American bollworm. 

Which is the most problematic? 

Yes, the red bollworm is the most problematic pest. 

Are there any changes that you notice in the amount of these pests? 

Well, these have always been there. It’s only when you delay spraying them that you think they are 

increasing. They need carbaryl to prevent them. So you must not delay. But, in general, these pests 
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have not increased or decreased. I only notice that if there is a delay on my part i tend to encounter 

more of the pests. 

Are there any new pest sightings? 

There is one whose name i do not know. It has spikes, it eats on the cotton plant. Its colour is brown. 

It was there in the past, but it was not common in the cotton. With this one, even if you put 

pesticides, it won’t die. 

Do you have any other concerns with pests on your farm? 

Scouting in the field is important. If you see the America bollworm, then be assured there are eggs 

on the undersides of the leaves. 

Which other crops do you grow? 

I also grow maize, mashava, and mhunga. 

Have there been any changes in the relative acreage of cotton over the past years? 

Well, in my case there are always changes. 

Which pesticides do you use on your farm? 

I use Fenvalerate, cabryl-85, then Acetamark for aphids. 

Are there any changes in the amount of pesticides used? 

If you start late you use a lot of pesticides. But if you grow your cotton at the beginning of the 

season you tend to use less because you will have started before the pests have arrived. 

But, i also realise that in the past in this field here i would need only two bottles, but nowadays i 

need up to 8 bottles. The amount of pesticides that i need now to control pests on the same farm 

has more than doubled. 

So, you are now using more, but do you find that the pesticides are enough? 

It’s actually not enough because i can not completely destroy the pests. 

Do you use any other methods of pest control? 

There are other methods, but i always use pesticides. For weeds, i normally weed manually. 

Have you ever had training on other methods of pest control? 

I do scouting, and if there are no moths i do not spray. The agricultural extension officers are the 

ones who teach us the techniques of scouting 

Thank You for your time  
 

CZ 08 

What are the names of all pests found on your farm? 

These are several pests that are found, such as some worms that when sprayed on we need to find 

the type of pesticides that kill them 

What are the manes of these worms? 

There is one that is called round worm, but the extension officers are the ones who know best. 

Which is the most problematic? 

I can’t remember the real name right now 

Have you noticed any changes in pest population since your first involvement in cotton farming? 

They are increasing 

What might be the cause? 

I think its because of resistance that we are giving to these pests, because of the many types of 

pesticides that we use. You hear one farmer say i use this pesticide and another one saying they use 

that, and so on. But, we are not able to completely kill them. 

Which other crops do you grow? 

I grow maize, mhunga and mashava. 

Have there been any significant changes in the relative proportions of all the crops which you grow 

over the past years? 

Yes. The land used for cotton is getting smaller, because when we sell our cotton we are not getting 

good satisfactory returns. In the past if i sold a bale of cotton i would buy a cow, but now i cannot 
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buy even a bar of soap. I they say i should get 50or 60 dollars for the bale, it means i am getting 

absolutely nothing for my crop and labour. 

Which pesticides do you use? 

We normally buy from Agricura, and this company supplies us with a lot of pesticides that we use. 

Fernkill, usually, is the one that kills most of the worms. 

And for the weed, what do you do? 

Our disadvantage is that for the weeds we do not use any herbicides, we just weed manually. So, we 

weed three times in the season. 

Are there any changes in pesticide uses? 

Yes, there are now many types, we hear there is this type and that type. But, from my experience 

Fernkill is the only one that is very helpful. The other ones do not help us in any way. 

Are these pesticides enough? 

Well, we are now growing on a smaller portion. There are some who are now just doing regrows, 

which need a lot of pesticides. It’s because they are attacked by pests early. It’s not allowed, but 

sometimes people are tempted to just steal also. 

Have you ever done regrowths yourself, no i haven’t, but i am hoping that this season, uhhm .. 

uhmm, those who are doing regrowths are the ones who are actually having good harvests. 

Do you use other methods of pest control? 

We use pesticides only. There is no other way of dealing with the pests. But, for the weeds, i 

sometimes weed manually. 

Have you ever received any training on the management of pests? 

Yes, the extension officers come and teach us. 

Thank You for your time  
 

CZ 09 

Can you please name all the pesticides which you come across on your farm? 

Mainly the red bollworm is the one that i see the most. Then there are also aphids that i see. These 

feed on the leaves. The red boll worm is the most problematic pest in cotton 

Over the past 35 years, have there been any changes in pest populations? 

If we compare pests in the past with pests now there is a difference. I see that the way we live now 

is making it different. The pesticides that we use now are different. In the past, we would receive 

two buckets of cabaryl-85, and one bottle of Thiodan. During that time, i think we were getting more 

pesticides. Nowadays it seems the amount of pesticides are being reduced. They are now being 

overpowered by the pests. People nowadays are buying extra pesticides on top of what used to be 

the standard and what they receive from the cotton companies. Its different from in the past when 

they were just throwing pesticides at us for use. They didn’t have much knowledge. 

Would you say in the past there were more pests? 

No, there is no difference, its only that in the past there were more pesticides made available to the 

farmers. Nowadays, if you want to get more pesticides the cost of them is rather prohibitively high. 

So, the pests are now getting their chance. 

And the types of pests are there any changes? 

I do not see any changes. The same pests that were there in the past are the same that are there 

now. 

Which weeds do you have to deal with in your cotton fields? 

We now have certain types weed that we are now finding in our fields. Not knowing whether its the 

result of crops that we receive that come from other places. There is the weed called chinzungu 

which we didn’t know in the past which is now a problematic pest in the area. 

Which other crops do you grow? 

I also grow maize and ground nuts 

How does the size of cotton acreage compare with the acreage of other crops over the past years? 
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The acreage of cotton is becoming smaller relative the other crops? It’s getting smaller because 

these days for the farmer to buy inputs, let me give an example, in the past when we used to get 

financial loans; if the loaners say 4 hectares of cotton, they would give you 8 fifty kg bags of D 

fertilisers, and 4 bags of top fertilisers. That time the prices were very affordable. Nowadays, you 

just receive just one or two bags. So, it’s now different, and people are now growing on small 

portions that are in line with the amount of inputs they have. 

In the past through the 1980s we were growing cotton on a larger scale. But of late things have 

changed. This is also due to the rainfall which has also changed. The way it is raining these days is 

different, it’s lower. It’s stopping much earlier. It’s coming on time, but then it goes much early. 

That’s the problem which i see. Maybe the climate has changed, i wouldn’t know. But i see that the 

main problem is that the rain season is coming to an end early. 

Which pesticides do you use? 

In the past we used pesticides such as Agrithane; nowadays we use the likes of Fenvalerate. 

Against which pests do you use Fenvalerate? 

There is 85 and Fenvalerate. They work in the same way only that 85 is used first before there is 

more rain. When the rains have picked, we start using Fenvalerate because when it rains Fenvalerate 

cannot be washed by the rains. That's the difference. 

Which other pesticides do you use? 

There are a lot of them. 

Which ones do you recall? 

There is Fenvalerate, and then there is Thiodan, then 85, and the other ones i cannot recall right 

now. 

Which ones do you use to kill weeds? 

Honestly speaking, i have never used any herbicides. I only weed manually. I do not have much 

knowledge about the herbicides. I only hear other people talk about them. But, i would also want to 

use them, because when things start, it’s just one person who starts with it and then the rest of the 

people also join until everyone has knowledge. 

Since you started cotton growing, would you say there have been any changes in the amount of 

pesticides that you use per hectare? 

During the old days we used a lot of pesticides. Nowadays we notice that the amount of pesticides 

used is getting lower. 

Why? 

Because the price is getting higher and things are getting more expensive. 

Are the amounts of pesticides that you are currently using enough to control pests on your farm? 

Well, the pesticides are enough, if you have your money. Because there can never be a shortage of 

pesticides. There is plenty of pesticides. The only problem that is see with regards to the pesticides 

that we buy is that when they expire they never tell us that these pesticides have expired. They just 

market knowing that their pesticides have expired. I only know that it’s expired when i spray. Even 

when i try to increase the concentration of the pesticides, they don’t work. It’s only after close 

examination that i realise that we are buying pesticides that are expired. For example, that is the 

case with those companies from which we get loans. They never explain to us that the pesticides are 

expired. When we use the pesticides the worms will damage our crops because the pesticides will 

have no effect on them. There, that is where i have seen that there is a problem. They do not tell us 

that their pesticides are expired. 

So, you also do contract farming? 

Yes, i sometimes do. 

Have you attended training on integrated pest management? 

I have attended once at Chimhanda, but i did not complete the training. So i didn’t get a certificate. 

But our agricultural extension officers always educate us. 

Do you use other methods of pest control? 
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I only use pesticides to kill insect pests. There is no other way. But, when it comes to weed, i always 

use a hoe to weed manually. 

How do you know that it’s now time to spray, Is it by following the calendar, or you use other 

methods? 

I scout for insects. When there are no insects i do not spray. 

 
Thank You  

 

CZ 10 

Since when have you been involved in cotton farming? 

We started just after independence. We started growing cotton in 1982. When we started i 

harvested 16 bales, and then i became the chairman of Kuwirirana cotton farming group. 

 
What is the size of your cotton field? 

In the beginning we had 2 acres. We were getting inputs on loan. We would be loaned equipment 

and chemicals. They would give us 4 containers of chemicals. 

 
Which type of agro-chemicals were you receiving? 

We were receiving different types, including Rogor, carbaryl 85, Thiodan and gukurahundi. 
 

Has your acreage ever changed from the initial 2 acres? 

We have been surpassing that, reaching 5 to 6 acres. We were now enjoying it, and the family has 

been growing; we needed money to pay for school fees. We used to grow different types of cotton 

varieties on demo-plots, including FQ, SZ, and others. 

 
6:46,6 - 9:41,2 
What are the names of cotton pests that are commonly found on your farm? 

We first encounter Aphids. When your cotton has grown 15 centimetres, you first spray with rogor. 

 
Against which pests will you be spraying it? 

Against aphids 

 
Do you spray with rogor only because the plant has reached 15 cm, or are there other factors that 

you consider? 

We scout for aphids first. We also used the same scouting technique to identify red spider, and 

against red spider we used mospran, which was very effective against red spider. 

 
Other than Aphids and the Red Spider, which other pests are found? 

There is the Red Boll worm, once the cotton has developed bolls. We scout for it. Red boll worm 

comes first, followed by the American boll worm. If you scout and see there are boll worms, you 

start spraying the affected area, and then you spray the rest of the field as preventive. 

 
Are there still other pests? 

There are other ground pests that are killed using a pesticide that is applied on the cotton seed. 

 
What are the names of these pests found in the ground? 

These include certain worms and millipedes. 

 
9:41,2 - 11:16,6 
With which of these pests would you say you have had the most problems over the past 30 years? 
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With the red boll worm we have the advantage that it often comes out of the boll, and when it does 

so that is when it encounters the pesticides outside. The American boll worm, on the other hand, 

only comes out of the boll after it has finished eating the whole boll and has laid its eggs inside the 

boll. 

 
So, is that the reason why farmers are encouraged to? 

To slash and burn their cotton stalks. Precisely! 

And, when you are spraying your cotton, it is encouraged also to spray on the edges of the field as a 

preventive measure against the movement o moths. 

 
Oh, so moths are another of the pests to add to the ones which you mentioned earlier on? 

Yes, these moths lay their eggs on the cotton bolls which later turn into worms. 

 
11:16,6 - 12:19,6 
From around 1982 when you started growing cotton, have you been noting any changes in the 

amount of pests found on your far? 

Aphids are the ones which seem to have been growing in terms of their amount. For your crop to be 

a good crop, you must first win the initial battle against aphids. However, we do not always get the 

pesticides against these aphids in time. If you manage to get your pesticides against aphids in time, 

you know that you are growing your cotton very well, because carbaryl 85 will make your cotton 

look healthy with very good leaves, but ̀ you will have sprayed for aphids. 

 
12:19,6 - 12:58,6 
Have there been any changes in the types of pests on your farm since you started growing cotton 

back in the early 1980s? 

There are beetles, called ladybird that come at the end when you are about to harvest. They fly. 

 
Were these not found during the early days in the 1980s? 

No, they were not there. 

 
12:58,6 - 13:46,4 
Which other crops have you been growing along with cotton over the past 30 or so years? 

We also grow maize for food. We can not only grow cotton while we have nowhere to get food, that 

is why the acreage of cotton sometimes tend to get reduced when we grow more maize for food. 

 
13:46,4 - 14:39,8 
You said earlier on, before we started recording, that your cotton acreage has dropped significantly 

and you no longer prioritise cotton as much as you used to in the past. Which crops are you now 

growing in the fields that were once dedicated to cotton? 

We now grow maize, sorghum, and rapoko. 

 
What made you to scale down on your cotton production? 

We scaled down on cotton because of the market price; cotton is a very labour intensive crop and 

the market price has been going down. So we see it better to concentrate on food crops. 

 
14:39,8 - 16:01,0 
What are the names of pesticides that you have used on your farm in the past 30 years? 

The first pesticide that we use is rogor, followed by carbaryl 85. After carbaryl 85 when you start 

noticing worms you introduce Thiodan, then you use gukurahundi at the end. 

 
Which pesticide is gukurahundi? 
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It’s a name used for pesticides such as Fenkill, and so on. These days the names are always changing. 

20 ECC used to be 

 
16:01,0 - 19:13,2 
Has the amount of pesticides that you use on your farm changed over the past 30 years? Why? 

There is a change. In the past, when we were being loaned, we would get enough pesticides for the 

whole acreage, if you decided to buy on your own that is when you would notice that your crops 

would be attacked by pests. That is why we would loan. We would get the whole kit. If, for example 

you got a loan for two hectares, per hectare they would give you two bottles of Gukurahundi' Rogor 

two, and two packs of Carbaryl 85. 

 
And these recent years, is that the same amount that you are still using per hectare? 

These days the quantities have declined. They no longer give a full set. 

 
Now that the quantities are lower, would you say that when you spray your fields you are having 

enough pesticides against the pests which you encounter? 

Yes, its enough because the bottles of pesticides these days are a bit bigger; but the pesticides are 

not as strong as the ones which we used in the past. In the past the pesticides were much stronger. 

Even Thiodan which is now called Thiamex; there is no longer the Thiodan that used to be there in 

the past. That one was quite strong; if you used it there was never going to be a single worm found 

on your cotton. 

 
So, are you suggesting that the pesticides used these days are no longer as strong? 

Definitely, even a lot of other farmers agree that these days the pesticide manufacturers are 

'limiting' the strength of the pesticides. Even the moths no longer have 'excuse' with the pesticides. 

We may wrongly say that they have now become resistant, and yet the pesticides are the ones 

which are now much weaker. 

38:34,5 - 39:58,8 
You said, earlier when we had not started recording that you use herbicides to control weeds in both 

your cotton and your maize. Which herbicides do you use? 

Yes, i use atrazine. 

43:15,0 - 45:13,2 
Other than using chemical pesticides, are there other methods of pest control that you use? 

We scout. Scouting is the best method of protecting your crops. There are times when you just 

waste pesticides when you are spraying even when there are no pests. Scouting is growing cotton! 

But, at the beginning when your crop is just about fifteen centimetres you must spray your cotton, 

even when you have not scouted or seen any pests in order to protect against aphids. When it has 

reached about h40 centimetres you spray with carbaryl 87 so that your cotton can have good leaves. 

 
45:12,0 - 49:14,2 
Have you ever attended a course on integrated pest management? 

I have never attended any training, but my knowledge has been passed on to me by our agricultural 

extension officers. The extension officers have been our teachers; always. When i was the chairman 

of our cotton farming group, i would go to Rushinga and the agricultural extension officers would 

teach all chairmen who would have gathered. When i returned home i would then call for a meeting 

with all the members of my group and then i would go into the field of each and every one of them 

and demonstrate how to scout for pests and teach them all that i would have learned from the 

extension officers. I used to produce a report about what i observed in every farmer's field, and what 

i would have advised them. 

 
Thank You  
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CZ 11 

Which pests do you encounter on your farm? 

We first encounter leaf eaters, and then we find aphids 

Which leaf eaters are these? 

These include grasshoppers, the gaggers, and the spodoptera. Then we also encounter aphids, these 

aphids can be put in the same group as termites that stay underneath the plant in the ground. Then 

there are some spines, Redboll worms, the American which we call the heliothis. These are the main 

pests that are found in cotton. But, this season there has been spotted a new pest which we have 

dubbed madzibaba. We have never had serious pests with such moth in the past. In the past we 

could only spot it after the cotton was already white and due for harvest. That’s when we would 

spot it on cotton. It's brownish, it does not fly away if you approach it, and you can easily catch it. It's 

like an egg, and it just develops like that. 

Why do you call in madzibaba? 

Because it is white in colour It looks like an envelope. 

Its main effect is that it affects the colour of the cotton. Cotton is white or goldish, but when this 

pest lands on the cotton it shed the colour leaving it brownish in colour. 

Then, among the leaf eaters, there is another one called anomis, this is one among those that feed 

on the leaves. 

There are also good insects that are our ''helpers'' that we see eating some of the insects. For 

example, there are twukamba which feed on eggs (of the worms), and there are also syrphids which 

also feed on eggs and smaller moths.. But, the problem with the syrphids is that when it feed it feeds 

its excreta resemble that of the spine. Therefore, farmers may not recognise the difference and start 

spraying thinking that there is spine. 
With which pest have you had most problems over the years? 

Yes, as far as I have observed, the American is the most dangerous and not the red bollworm as 

many people often believe. The American can destroy up to 60 bolls in one day because it just feeds 

on a bit of the flowers, and then without finishing that particular flower, it abandons it and moves on 

to the next one, but damage will have already been affected. It can potentially destroy 30 to 60 

flowers in a single day. 

Over the years, have you noticed any changes in the population of pests you encounter? 

Yes, in the past they were fewer, and now they seem to have slightly increased in their population. 

In the past, the American was green, and now it is coming in two colours, a mixture of green and 

brown colours. But, this stripped one is still an American, its feeding mechanism is the same. But, it 

is not difficult to control because this American does not get inside the boll. So, as soon as you finish 

spraying, if it gets exposed to the pesticides it can easily die. 

And in terms of pest types, are there any changes? 

No, all the pest that were there in the past are the ones which we see now. However, the manner in 

which we are controlling them is the one that is disturbing. You see, what happens is, some pests are 

very fast to get destroyed. That is why you see that others are not being very clear when they talk. 

Farmers are not getting the pesticides on time, they get them late that is why there end up 

appearing a lot of pesticides in the fields. The pesticides are not available in time. The issue is, 

farmers do not have the money to buy pesticides, and they wait for the pesticides which they get on 

credit from the cotton companies. But, the distribution of these pesticides is not efficient, they 

arrive late. Therefore pests end up multiplying in the fields. In the past, when farmers signed for 

input loans with one company which was operating in the area then, they would receive all their 

inputs at once, before they started planting. When farmers received their pesticides before they 

even planted, they would control the pests once they appeared, and this managed pests to low 

levels. This time, farmers receive pesticides when the pests are already appearing and normally they 

would have already lost several bolls to the pests. 
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So, are you, effectively, saying that the problem is the management of the pests, and not the pests 

themselves? 

Yes, that is the problem. 

Are there any other concerns with regards to pests on your farm? 

What happens is that if pesticides are used correctly, they control pests effectively. The problem is 

that we, the farmers do not have enough knowledge and have not received enough education about 

proper usage of pesticides. Personally, i lay my blame on our agricultural extension officers. There is 

not enough knowledge and education in those people. 

I see! 

They do not have enough knowledge about this crop, cotton! I wish they had also gone to Kadoma 

cotton research institute where i went to do my cotton training. I have often gone around my ward, 

ward 13, just to assist farmers and impart them with knowledge about this crop and the proper 

usage of pesticides. There are still people who are using wrong pesticide to water proportion 

mixtures. They have the belief that if they put more pesticides and make a stronger concentrate that 

will easily kill the pests. So, there is really need for educating all the farmers. 

Do you also grow other crops apart from cotton? 

In fact, there is also the issue that farmers ignore extension officers' advice. The extension worker 

may call for a meeting with farmers and educate them on certain issues, but then the farmers always 

have the attitude that they know better than the extension workers because they have many years 

of farming experience while the extension officer is often young and inexperienced in as far as 

farming is concerned. But, the farmers tend to overlook the fact that the extension workers will have 

come from agricultural colleges. Others say that they have been growing cotton for a very long time, 

so they know everything that needs to be known about it, yet they do not know that there are many 

changes that are happening due to changes in climate. You see? So, the agricultural extension 

officers are to blame and yet they are also sometimes not to blame because some farmers say they 

have been growing cotton for a very long time. 

Okay, i see. Which other crops do you grow, in addition to cotton? 

I also grow maize, mhunga, mashava, and sometimes i grow mhunga enough to supply the whole of 

ward 13. There was one season in which i harvested 60 bags of mhunga, and i gave to people in need 

in the area. 

Is mashava in Shona the same as millet in English? 

No, mhunga is millet. Mashava is sorghum. 

Okay. 

Maize! Each year i harvest 2 and half tonnes. I was lucky at one point that a local ngo working in the 

area wanted to build me a small domestic sile for the storage of my harvests, but the elders of the 

village became jealous; you know, if the king does not have it, you can’t have it. So the money was 

diverted and the domestic sile was built at the chief's homestead instead. So, at the moment i am 

storing my harvest in the house. Despite the fact that my silo was diverted, that does not deter me 

from growing and producing. Each year i do dry planting of maize and harvest 2 and half bales. I 

never under achieve. I do not know what hunger is. 

Do you use any pesticides on the other crops which you also grow? 

For spraying? 

Yes 

No, i do not use any pesticides on other crops, except only in cotton. 

Are there any changes in the acreage of cotton relative the acreage of the other crops? 

Well, according with the tonnage that i harvest in cotton or maize, if i realise that it's better to 

increase my cotton acreage because i have a certain target, i just increase the cotton acreage. But 

the maize acreage remains the same because at times we harvest a lot of maize, much more than 

we can consume such that when we harvest we will still have plenty of maize from the previous 

season's harvest. 

Which pesticides have you used since you started growing cotton? 
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Usually each season i first use Acetamark against aphids. After Acetamark, i use Carbaryl 85 so that i 

can boost my cotton and that its leaves may broaden so that it can photosynthesize at maximum 

potential. Then, I then use Gukurahundi, which is Fernkill and Fenvalerate. Sometimes Fernkill and 

Fenvalerate are ''used'' to our fields here in Rushinga. Sometimes you hear a person saying these 

pesticides are no longer killing pests. It's because there is no (longer) rotation with acaricides. So, 

there is need for the rotation and the introduction of other pesticides such as monochrotophos so 

that we may stop the use of Fenvalerate. The red bollworm and the American are now resisting 

Fenvalerate because all the years these are the same pesticides that are used against these worms. 

So, is there no rotation? 

Yes, there is no rotation of these two pesticides. There is always Fenvalerate and Fernkill. They are 

both Gukurahundi, in the same group as monochrotophos. But, Monochrotophos is good, maybe 

they are afraid because of that purple label, but farmers are ''now educated'' they know that those 

pesticides kill. They just need a little education, but i can say that most farmers know that there is 

need for protective clothes. Monochrotophos has a purple label, if it is introduced in the field it can 

cause a ''reaction'' of ''controlling'' the red boll worm and the American so that they do not just get 

used to Fernkill and Fenvalerate. 

So, are these the main pesticides which you use? 

There are also, among the aphids that i already talked about, there is also that other pest, this one 

that is controlled by acaricides; there are acaricides that control the red pest aphid, what is it called 

by the way? 

Is it the beetle? 

No, it's not the beetle. Okay, lets continue, i will remember it as we talk. 

Alright, just say it when it comes to your mind. 

Are there any changes, over the years, in the amounts of pesticides which you use on your farm? 

Well, that now depends on knowledge. I can grow a small area and use less pesticides, depending on 

whether scouting will be happening or not. Scouting is the thing that is ''very very important''. You 

may walk into the field and see signs of feeding by pests on your crops. This does not necessarily 

mean that you should then get in with the pesticides and spray. Rather, you should then do the 

scouting. Sometimes scouting is good. In the past we did zig-zag, or steady traverse. This is the one 

that is currently used. How this is done is, you step left, then right, right. By so doing, you can quickly 

tell the extent of the presence of pests and then plan to return and spray. If you just decide to enter 

and spray without doing any scouting, there might only be one plant that would have been attacked 

by the pests while the rest of the field not scouted would have not been affected. 

Are the pesticides which you currently use on your farm enough to control pests? 

Eh, yea. All the pesticides that we have talked about, especially the Gukurahundi which control the 

worms are in the same group; they work, they are effective. There are no pesticides that are 

ineffective. What is needed is the ''reaction'' of the pesticides when mixed with water in the 

knapsack. That is the moment when the 'reaction' of killing changes. If you pour cup number 22 or 

cup number 30 in 15 litres of water, by the time the sound of the bubbles is heard, its indicative that 

the pesticide is effective and can kill. But, when we, farmers, add cup number 60 instead of cup 

number 30, the pesticide will be rendered ineffective. Let me give you a practical example. Have you 

ever seen, say, if we take a red bollworm and throw it in a container of Gukurahundi, say Fernkill? It 

will just move and go. Nothing will happen because there will not be any reaction that would have 

happened. But, if you add water, it will die. 

Do you use any other forms of pest control other than the usage of chemical pesticides? 

Yes. I, may do what is called ''acaricides'' in English whereby this week i may do scouting at the very 

beginning before i start using pesticides, i may confuse and control pests by using hot chillies. Even 

when the cotton has developed bolls, i may confuse the worms so that they do not get used and 

resistant to pesticides by using hot chillies. I just grind a lot of hot chillies and put in the knapsack 

and spray with it. When the pests get exposed to the hot chilly mixture they will not move and 
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simply stay in one place. That is the method that i often use by using our own indigenous way of pest 

control. 

How do you use the acaricides? (Question asked by research assistant who interjected) 

The pesticides? 

Yes 

I can use acaricides, remember i was saying there is red spider mite; oh, yes i have now remembered 

that pest which i was failing to recall earlier on. 

Oh, okay, the red spider mite! Yes, the red spider mite. Red spider mite, also known as kafuwe in 

Shona, is often found invading the cotton fields. These are aphids which, once they invade a cotton 

field, they ''bomb'' till the cotton wilts and eventually just dries. These suck a lot of plant sap. So, 

against the red spider mite i use ''what is called acaricides''. It is mainly killed by using rogor. I first do 

spot spray, if i see that; okay, it's here and there and there and there. I leave markers where i spot 

them, and return with the acaricides and do ''spot spray''. If i spot it at more than five points in the 

field, i then do ''blanket spray'' whereby i just spray the whole field. So, for the control of acaricides, 

here in Rushinga we may be using Fernkill, while in another part of the country, say Gokwe, they 

may be using Fenvalerate Then, in Chiredzi they may use monochrotophos. Next year, in Chiredzi 

they may receive Fenvalerate, and then monochrotophos should be sent to Rushinga and Fernkill to 

Gokwe. 
Okay! 

That is what is called acaricides! 

Oh yes; rotation! 

So that by so doing this rotation the pests may not get resistant to the pesticides. For example, here 

its year after year Fernkill, Fernkill, Fernkill. 

Okay, so here there is no defined rotation that is happening, is that what you are saying? 

Yes, there is no proper acaricides here! 

But, what is causing that? That there is no rotation? Is it because you just buy what is available? 

What is causing this is that these cotton companies are going to request that in Rushinga the farmers 

are mainly interested in gukurahundi pesticides which are Fernkill and Fenvalerate. They do not have 

knowledge that there must be acaricides (rotation). 

Have you ever received any training on integrated pest management? 

No, i have never done a course on the management of pests alone. However, when i did my cotton 

growing course in Kadoma, the course covered issues about pest management. But, i have the desire 

to do such a course, if, in my ward there were to be chosen an individual to do such a course. 

What was the name of the course which you attended in Kadoma? (Research assistant) 

It was called Cotton Management and Selling. 

 
Thank You for your Time  

 

CZ 12 

Since when have you been involved in cotton farming? 

I have been growing cotton since 1994 when i completed my secondary education; but i actually 

started to be actively involved in activities such as spraying since 1989 when i was only fifteen years 

old. 

What is the size of your farm? 

The size of my farm, at the moment is if 5 hectares 

On these 5 hectares, do you mix cotton with other crops? 

Yes, i mix with other crops. 

So, what percentage is taken up by cotton, on average? 

Two hectares 

And which other crops do you grow on the remaining 3 hectares? 

I grow ground nuts on 1 hectare and maize on the remaining 2 hectares. 
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Do you use any chemical pesticides in growing maize and ground nuts? 

Yes, i use herbicides in maize. I use Roundup and Gramaxon. 

Alright, now, let’s talk about cotton. Which pests do you encounter in your cotton farming? 

The first thing when growing cotton, the pests that we encounter at the beginning of the season that 

attack our crop are aphids. After aphids, there come jassids. These are small flying insects that suck 

the sap out of the leaves. This results in leaves wilting and drying u. Then, again in cotton there is the 

red spider which is also found feeding on the plant. 

So, red spider comes after these two? 

Yes, the way it enters the cotton field is usually through being brought from the tomato fields when 

its present there. It sticks on the clothes and when you enter the cotton field it then moves onto the 

cotton plant. Where it is present you find the portion of the crop that is affected appears to have 

leaves that are burnt in appearance. The leaves will just be falling off, and the cotton will not grow. 

Then there is a worm that we call the American bollworm. This appears when the cotton is at the 

flowering stage. This worm attacks the flower, it feeds on the flowers. It’s inside at the centre of the 

flower. Then when the cotton has developed bolls, there is the red bollworm. 

So, just clarify this to me. The American bollworm appears when... 

It appears when the plant has flowered, towards the stage of developing the bolls. That's when it 

appears and destroys. 

And the red bollworm comes afterwards? 

Yes, the red bollworm follows to enter inside the bolls and feed from within the bolls. 

Oh, okay, that's the difference. I see. 

Yes. These are the main worms found here in Rushinga. 

Of these pests, with which one have you had the most problems over the past years since your initial 

involvement in cotton farming? 

The most problematic are the aphids. Aphids interfere with the growth of cotton. When they are 

present, the cotton will not grow well. It will not grow at all. The leaves will appear dirty as if there is 

molasses. Aphids are mainly promoted by lack of rainfall. If there is a lengthy dry spell, for example 

three weeks, there will appear aphids. But, there are certain cotton varieties that are less susceptible 

to aphid attack because these have fewer leaves, for example the seed variety called Alba FQ 904. 

This variety has few leaves, so plant cannot harbour a lot of aphids. 

Okay. I see. Yes, because the leaves are fewer. So, are they trying to come up with varieties with 

fewer leaves? 

From when you were first involved in cotton farming till now, are there any changes in the pest 

population in cotton? 

Yes. There are a lot of pests population. 

Compared with the population in the past, are there any changes? 

Yes, there are changes. The pest population has significantly increased because nowadays people 

are increasingly lacking money for buying seeds and are therefore resorting to ''regrowths'' of the 

old plants from the previous season. We are supposed to but slashing and burning these cotton 

stalks which others are now growing as their new plants in a new season. Others only destroy their 

crops too late after the deadline for destroying and burning the cotton stalks. Therefore, these pests 

are harboured for a long time and they do not completely die. Therefore they increase their 

population. When farmers favour regrowths, there is no longer crop rotation in the fields as they 

continue with the same crops in the same fields. It's now different from what the situation was like 

in the past when the agricultural extension officers would do inspections, encourage farmers to 

destroy cotton stalks and even fine those who flouted the regulations. 

Still on pests, are there any changes that have happened in terms of pest types over the years? 

Yes, there is a certain type of worm. I do not recall its name. It's rare, but it somehow resembles the 

American bollworm in some way. It attacks crops by destroying the shooting stem of the plant. 

When this worm has attacked, you just notice the plant by its wilting appearance. When you dig 

under the plant you also notice that it also attacks the root core of the plant as well. But, this worm 
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is rare, but it seems to be multiplying as a result of the regrowths which are increasingly becoming 

popular. 

So, you often come across this worm? 

Well, it’s rare. What is often seen is its destructive effects. Only if you are lucky, that is when you can 

actually come across it. Since i started farming i have only come across it just once. I normally always 

see where it would have gone past by the destruction that it leaves. It is increasing its effect, and 

possibly population, as a result of the regrowers. 

Which weeds are found on your farm? 

The weeds that i come across are broad-leaves, for example chimunzwa/chifeso, and then there is 

chaguduma, mhande and bwerere. Bwerere has lateral roots which just spread on the ground such 

that when it rains after weeding it without shaking off the soil it will immediately grow again. 

Do you use any herbicides against these? 

Yes, i use Gramaxon. I may use in combination with paraquat. This, i do during planting because if i 

use Paraquat after planting i may destroy all the plants. One solution is to modify the nozzle of the 

sprayer by putting a small funnel made using the opening of a plastic drink bottle, and then spray 

pointing to the ground, not reaching the plant. 

Okay. I see. Now, tell me. You said you also grow maize and groundnuts. Since you started growing 

cotton, have there been any changes in the acreage of cotton relative the acreage of the other 

crops? 

My cotton acreage sometimes goes up, so i often rent land from others and grow up to 5 hectares of 

cotton in some seasons. I usually exceed 2 hectares when i have enough money to buy inputs. But, 

the other reason why i end up renting land from others is that i often do demo plots, usually with 10 

to 12 different varieties. So, i then take out of these varieties and demonstrate to people during field 

days which varieties are most suited for our area of Rushinga. Then we explain to fellow farmers the 

advantages and disadvantages of different varieties. This is in the same line with the variety which i 

talked about earlier, the FQ904, which has fewer leaves. 

This variety with fewer leaves; don't the fewer leaves affect the amount of chlorophyll for the plant 

and thus the size and amount of bolls per plant? 

No. They actually develop good big balls. In addition, the quality of the cotton is good such that it 

fetches a higher price on the market per kilo. 

But, then. I think this is a bit pricey to buy as seed? 

Yes, it is a bit expensive. They differentiate the pricing. I even grew once seed cotton as foundation. 

Of the cotton which you have grown in your demo-plots, are there varieties which you would 

strongly recommend to not be grown here in Rushinga? 

Yes, particularly SZ94. This one is not good. It just develops a lot of attractive looking big leaves that 

the plants look like shrubs, but when it comes to boll production it develops very few bolls. 

Okay, so when it develops many broad leaves it also implies more pesticides will have to be used, 

right? 

Right, and the aphids themselves become fulltime resident because there will be a lot of leaves. 

Are there many who grow it? 

Yes, particularly in the past, many people used to grow it, but now the agricultural extension officers 

are discouraging farmers from growing it. 

Just tell me, do those farmers who get their inputs on credit have any choice as far as choosing 

which seed to grow is concerned? 

What happens is, it depends on when you want to borrow they ask you how much you produced the 

previous season. If you produced 1000kg you belong to the Gold Club. Those in the gold club are 

respected farmers, with their own files at the cotton company. They are different from those who 

produce just about 200kg. Those would not ask for the most expensive seed. But, those in the Gold 

club have the privilege of receiving the most expensive seed varieties. These are given demo plots 

which will be used for field days. Those who receive the seed, particularly to grow cotton seed, are 

not permitted to grow any other variety because this seed is not allowed to mix with the other 
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varieties. They extract the seed at the ginnery, then that seed variety will be sent back into 

production. 

Which pesticides do you use against pests on your farm? 

When we start spraying at the beginning of the season we use Oncol, or Marshall, or Dimethoate. 

These are the pesticides that we use against aphids and jassids which suck the chlorophyll out of the 

leaves. Thereafter, we use Carbaryl 85. This pesticide provides 'feeding' to the cotton. The leaves 

remain green, and the crop will be healthy. If the leaves are not healthy, then we do not have 

cotton. A tree without good leaves is not a tree. So, we use Carbaryl, it gives feeding. In addition, 

Carbaryl is used to control the worm which i talked about earlier on, the American bollworm. Here in 

Rushinga, the regulation is that we do not use the gukurahundi pesticides, which are Fenvalerate 

and Fernkill, before 1 February. 

Oh, i see. So, there are dates when these can be used? 

Yes, the reason being that if you start using Fernkill or Fenvalerate while your crop is still 15cm, 

20cm, or 30cm it will not grow any taller than that. These gukurahundi pesticides are there to be 

used only for a short period. If they are used from the first of February, by the 10th of March, the 

bolls of our cotton will be opening. So, if you start to use it in November, October, November, 

December, January, February, March, April, using gukurahundi all these months, cotton will not 

grow. In addition, the worm will become very resistant. If you do not have Fernkill or Fenvalerate, as 

determined by the size of your cotton, you use Carbaryl-85. You will use measurements such as 

Number 30 if it has grown too tall. Say the 1st of February comes but the companies from which 

loans are applied for have not delivered, and you have Carbaryly-85, you take cup number 30 and 

mix 10 cups in 50 litres of water. This will work in the place for Fernkill or Fenvalerate. 

Tell me, when gukurahundi is used, is there a rotation of these in a systematic manner? 

No, we just use them both depending on which one they provide us with. There is Tamolin, which is 

also there, then Fenvalerate and Fernkill. Then, i had forgotten when i gave the names of the 

pesticides used against aphids. There is Acetamark, a sachet that is approximately 50 grams. That 

sachet will be enough to use on a 1 hectare plot till harvest. It has a number 3 cup, the smallest. You 

take this and mix in 500mls of water and shake and then use cup number 30 to measure from this 

and mix with 15 litres of water in the knap sack and get in the field to spray. 

So, the gukurahundi, you say, is used against the American bollworm, right? 

Yes, for the American bollworm. And also, for the red bollworm and the American bollworm. It can 

work. What is not allowed when using pesticides, is to mix powder and liquid pesticides. For 

example, say today i want to spray and then i take Carbaryl 85, Oncol, and Fenvalerate and mix in 

the same knapsack. It's not recommended because you will notice the plants developing black spots 

on the leaves. It’s not recommended. Let the powder be used on it’s on, and the liquid on its own. 

So, explain this to me. Let's say this week i use Fenvalerate and the use another type next week, is it 

not discouraged? 

It's possible to do that, but most farmers do not know much about how to grow cotton, otherwise if 

they do that their debts will continue spiralling. In cotton farming, there is what we call scouting. By 

so doing, a farmer will be checking for pests in the field, time and again the farmer moves on the 

edges, in the middle and again on the other edges, and see how many plants are affected by aphids. 

Put a marker there where there are aphids. Move again towards the centre, and see if there is 

something, in a squared area. Then if there are pests in just one squared area and the rest of the 

field is not affected, go get the knapsack and spray only that squared area which is affected by the 

pests. The problem with those farmers who do not know the technique of scouting is that once they 

see pests on one or two plants they spray the whole field. Wasting pesticides. It is important to 

know what is scouting. Just see where you have seen the American bollworm and spray only that 

area where you have observed the bollworm. If you do that, as a farmer, your pesticides loan will 

not go up. Loans go up due to lack of knowledge. That is when you find farmers spending a long time 

in the field spraying while there is nothing in the field. You hear farmers saying gentle this week i did 

not spray, so next week i want to spray. That is wrong. Farmers must see if there are pests in the 
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field and ask themselves if the amounts of pests are in tandem with the amount of pesticides which 

they use. 

Can you say that over the past 20 or so years that you have been involved in cotton farming there 

have been any changes in the amount of pesticides used to control pests on your farm? 

No, it’s just the same. It's just that changes in pesticide names have changed. In the past, the 

pesticide which i referred to as Oncol, used to be Rogor. Then it was renamed Dimethoate, 

Thereafter Oncol, Marshall, and then they gave us that powdered one which i talked about 

Acetamark. 

So, is it the same chemical called by different brand names? 

Yes. It is the same. There is the one which we call Acetamark. This is meant for aphids. 

So, you are saying what has changed are the names? 

Yes, the amount 

Yes, the amount of pesticides used has not changed. Because, the dimethoate which we are talking 

about, we use number 30, the Oncol, we use the same number 30 and then the powdered one, we 

just use number 30. 

So, when other farmers say that the pesticides no longer have power, what do you think they really 

mean? 

Well, it's nothing but ignorance. Not knowing the right pesticide to use. You see a farmer getting in 

the field to spray dimethoate because they may have spotted American bollworms. When they see 

that the worms are still there after a couple of days, they take the same Dimethoate and Fenvalerate 

and mix, to make a cocktail, with the belief that if they mix the pesticide will become stronger and 

kill the worms. They will be doing it wrongly. 

So, you say you use cup number 30, do you think this is effective, or you wish there was a bigger 

cup? 

No. This is good. This is 100 percent correct. Because, when i went to study the agronomy of cotton 

and when i went to do scouting for two years, that is the education that i got. If there are pests in 

the field, the cup to use is the recommended cup. 

But, do you think that what is currently recommended is enough? 

Yes, it is enough. It's similar to overdosing a goat that you want to treat for worms. If you overdose 

what do you expect from it? 

I ask because when i speak with other farmers they tell me that when they see that the pests are not 

dying they increase the concentration of the chemical in the mix. 

That does not work. They will actually be making mistakes. 

Have you ever received education on how to protect your health from exposures to pesticides? 

Yes. When i did my training we were taught that the pesticides are dangerous and they can kill. We 

were taught to always wear protective clothing and when handling pesticides. We were also taught 

how to safely store pesticides out of reach of children. 

 
Thank You very much for your participation  

 

CZ 13 

Do you weed these crops manually or you use herbicides? 

I use herbicides, but i started using herbicides only recently. I had first to consult with the 

agricultural extension officers, and they told me that it was perfectly alright to use the herbicides 

instead of manually weeding. 

Which herbicide do you use? 

I use Atrazine. 

Which pesticides have you used in cotton to date? 

I have used gukurahundi against the worms, then for aphids i have used Rogor, then carbaryl-85 and 

Thiodan. 

Which pests do you come across on your farm? 
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There are aphids, and then there is the red boll worm and the American bollworm? 

Which among these is the most problematic? 

I can tell you that cotton is a crop that does not tolerate being affected by any pests, particularly 

aphids and that worm, the American bollworm. The effect of the aphids is that the cotton will 

appear as if its wilting, and this is so unpleasant, and then the American bollworm gets inside the 

boll, and when it does so it eats everything inside the boll. 

Does cotton also have diseases which you have to deal with? 

The aphids that i have talked about are the ones that result in the disease for the plant. 

Alright, i see. Since you started growing cotton, have you observed any changes as far as pests 

populations are concerned on your farm? 

The changes that i have seen is that even if you are spraying your crop very well, if there is an 

adjacent farmer who is not spraying his crop well, worms from his farm may migrate to your own 

crop. But if you are both spraying very well, the worms will be controlled. 

That was in terms of population; how about in terms of pest types, are there any changes? 

We have observed that sometimes the armyworm may attack our crop, even though it is most 

common in maize. If spotted in cotton we normally spray the field right round. 

Which other crops do you grow? 

I also grow maize, ground nuts and mashava also known as mapfunde. 

Has the acreage of cotton changed relative to that of the other crops? 

Since i started my acreage was high, until recently when i down-scaled. 

Which pesticides did you say you use? 

I use gukurahundi, 85, and Rogor, and Thiodan. 

Is there another type that was used in the past, put is no longer being found? 

Yes, there was Karate. This one was used as Thiodan. Now, it was banned because if it was used in 

excess amounts it had the effect of 'burning’ the cotton. Additionally, it was examined and it was 

noted that it was not good for the farmers. Some farmers used it properly, but there are also those 

who used it improperly. 

Has there been a change in the amount of pesticides that you use on your farm per unit area? 

In the past we used to use a significantly higher amount of pesticides as compared to nowadays. 

Why has the amount dropped? 

It’s mainly because in the past there were fewer cotton farmers, so we could get as much pesticides 

as we wanted from the cotton companies with whom we had contracts. Nowadays there are now 

too many of us. We are now being rationed when it comes to receiving pesticides being told that we 

do not have to always just spray anyhow, we must first survey the field and only spray when pests 

are spotted. 

Are the pesticides you are receiving enough to control pests on your farm? 

It’s not enough because the strength of these pesticides is limited. 

Do you use other methods of pest control other than just pesticides? 

No. For insects i use only pesticides. For weeds i use herbicides as well as weeding manually. 

How do you know that there are pests? Do you use a time table for spraying? 

I first inspect my cotton, the leaves and the bolls to see if there are any pests feeding on my crop, or 

boring the leaves. Afterwards, i inspect the bolls to see if there are no worms that have bored them. 

And then i move from corner to corner of the field walking to see. If the field is alright, there is no 

need for spraying. But if there is evidence of pests attacking my crop i get in and spray. if they still 

continue eating, i also continue spraying until those worms are all finished. 

Do you get education about safe usage of pesticides? 

Yes, we have always been getting education from the chairperson of our cotton farming group. 

Then our agricultural extension officers teach us about the dangers of pesticides, and that they kill; 

that all containers must be burned, they must not be thrown into the toilet because they may 

destroy the beneficial worms that live in the toilet. 

Thank You for your participation  
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CZ 14 

When was the last season you grew cotton? 

I want to go and burn the ratoon crops, just today or tomorrow. The ratoon crops have a problem 

with the American bollworm. 

Are they still in the field? 

No, they have been slashed; what’s left is to burn them. But, with that, the side effect is that if you 

harvest ratoon crop it will be a problem on the international market. So, when i worked with field 

workers i always encouraged farmers to destock it and burn by the 31st of September. But, with the 

dollarization, if you go down to Mzarabani or Mkumbura, ratoon crops are now shrubs, almost trees. 

Ratoon crops produce more cotton than new plants, but with the problem of the American 

bollworm, at the international market the cotton will be condemned. That's a key point that should 

be addressed, but it's not possible to address this as long as the price for cotton is not raised. 

Farmers cannot afford to go and buy seeds. They would rather go for the ratoon crop. The ratoon 

crop actually leaves the farmer with more money. 

Controlling the American bollworm is very difficult. 

Which pesticide is best suited for its control. 

It does not have a chemical agent to control it. Unless they discover a chemical. 

But, which chemicals are farmers using? 

Those guys are not interested. If i sell you my cotton and I’m done with you and i get my cash, and 

the business is done. When you take that cotton to make lint it will not be having any lint strand, 

because the cotton with lint strand should be long. But, after attack by the American bollworm, the 

lint will be chipped, such that you will have to join it for it to reach a certain length. It's not very good 

for the textile manufacture. 

So, you have talked about the American bollworm, which other pests are found here in Rushinga? 

Red bollworm, jassids, uhmm, American bollworm, and aphids. The effect of aphids is that the 

cotton will be discoloured and not clear white. At the same time, if the aphids suck a lot of sap, the 

strand length will be affected. Therefore, when you spray the aphids with Carbaryl that will help 

control it. 

Jassids are grasshoppers. These eat the leaves. The leaf has chlorophyll, chlorophyll has green 

pigment, green pigment has photosynthesis, photosynthesis has starch, and starch will produce the 

strand. So, if the leaf is perforated, it means that the production of starch is affected and that affects 

everything, and the boll will become stunted. 

Which pest is the deadliest? 

The American bollworm is the deadliest because the cotton can be condemned on the international 

market. Cotton may actually be shipped from here to Brazil, but if the strand is found to have been 

affected by the American bollworm, the cotton will be shipped back or disposed of. You see the 

cost? 

So, won’t it have other uses? 

They will tell you this it’s useless. Then you use if for stock feed. That has serious financial 

implications on the company and the income of farmers. 

During the twenty years that i worked for a cotton company, there used to be bonuses given to 

farmers. They would get these bonuses when their cotton fetched a good price on the international 

market, maybe an extra 20 or fifty cents per kg. 

Over the years, have you observed any changes in the types of pests found in cotton? 

There was a time when we used cruiser. This pesticide was effective against jassids and aphids. For 

the first 3 weeks the farmer would not get in the field with a knapsack. There is nothing as laborious 

and painful work as carrying the knapsack. So, if there are cruiser treated seeds, the seeds would 

have the pesticide that would kill the jassids and aphids? 

Is it the same as bt cotton? 
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No, but they are similar. I'm really not that familiar with bt cotton. With cruiser treated cotton, 

farmers could dip the seeds in the cruiser and then plant the seed the following day. When it 

absorbs, and when it germinates the pesticide becomes effective. The moment the aphids attack 

they will be affected. 

Was this cruiser ever used here in Rushinga? Yes it was, and its advantage was that it was effective 

for the first three weeks. 

And was it discontinued? 

I think it was discontinued because of the political or economic situation. People are no longer 

growing cotton as they used to. People have resorted to growing ground nuts and other small grains. 

For how long was cruiser seed used in Rushinga district? 

It was used during three to four seasons. Cruiser treated seeds were effective. Farmers were assured 

that three weeks after planting there was no need for any spraying on their crop. 

Have there not been any seeds developed to be toxic to the American bollworm? 

As far as i know there hasn't been much success in engineering seeds to be toxic to the American. 

But, since i am no longer working for the cotton company, and i no longer have access to magazines i 

cannot say this with certainty. But, all that i know is that the only way to deal with the American 

bollworm is to destock the cotton. What happens is, if you leave the cotton stalks, the American 

bollworm will come and hibernate in it. When it shoots it can easily attack the crop. 

Is there any change in the types of pests in the area over the past thirty years? 

No, there hasn’t been any change. 

You talked about the issue that people are no longer growing cotton the way they used to in the 

past. What is the main reason for this change? 

It's economical, rather political. 

Which crops are people now adopting? 

Well, speaking from myself, i now prefer to grow more ground nuts. Early cropping. If you grow 

ground nuts early, you can harvest something meaningful and be able to send children to school. 

When i was still working at Cottco, people used to get good returns from their cotton. If, for 

example a farmer harvested only three bales; one bale would send children to school, the second 

one would buy a plough, and the third one would buy a cow, and the fourth one would buy inputs 

for the next season. A farmer would have already paid off their loan with the cotton companies if 

they had taken a loan. Nowadays, it’s no longer the case. Those farmers who are taking loans to 

farm under contract have more to lose because the revenue is not enough to even pay off the initial 

loan, so at the end the cotton companies end up attaching these farmers' properties in order to 

recover their money. 

Which pesticides have been used in the past years? 

Agrithane, Sanvalerate, Fenvalerate, 

did you say Sanvalerate? 

No, when we talk of pesticides, we are talking about carbaryl, eh, there are companies involved here 

that deal with aphids. If we talk of aphids we are talking about other companies that are on their 

own end. 

Dimethoate is administered against aphids, Acetamark is used against aphids. 

There was Agrithane that was used against worms. After Agrithane then there came Sanvalerate, 

Fenvalerate. These were just names, but the same pesticides. For example, if you are the new 

manufacturer you may decide that everything will now be named after your company, while the 

composition remains the same. So, what we are saying is that there came Sanvalerate, Fenvalerate, 

but the origin was Agrithane. 

Okay 

That was the gukurahundi. 

Then, there was dimethoate. Dimethoate was replaced by Acetamark. Acetamark was just a small 

powder packet that was enough to spray one hectare. 

Karate was also used against worms. 
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Some farmers say that the pesticides have lost their power, you, as an expert, what is your take on 

that? Is it about the pesticides or about the pests themselves, or both? 

It's to do with marketing. You see, if i was telling you this in business, i would tell you the truth, but 

not the whole truth, knowing that tomorrow you would return for the rest of the truth. 

So, what are you saying? 

It's a deliberate thing. They are making the pesticides ineffective, so that farmers would return to 

buy more. But, the standards association of Zimbabwe would have tested and endorsed something 

else. 

Do you not think that it is the issue of farmers keeping ratoon crops? 

Yes, i am talking about the standards association of Zimbabwe, if things are not standardised they 

are subject to manipulation. 

But, pesticides are standardised. 

Yes, but they are subject to manipulation. 

It's just similar to the bottled water that you buy and drink in Harare. It's got a standards association 

of Zimbabwe logo, but it is bottled straight from Mukuvisi River. If you drink it you will be struck by 

diarrhoea before you even reach Mazowe. Isn't it standardised. This is Zimbabwe.. Chuckles. 

Ratoon crop is just like tobacco. It needs to be destocked and burned. The worm will simply go and 

rattle on the stalks and lay its eggs. If left, it will become uncontrollable. When your crop grows it 

will go and affect the bolls. The lint strand will not be strong. When you send it to Brazil they will 

condemn it and simply tell you that it is not the right grade for our spinners. It is very expensive to 

ship cotton and then it gets condemned. 

Thank You for your participation  
 

CZ 15 

 
Which are the common pests that you encounter? 

I encounter the American bollworm and the caterpillars that cut the plant and leaves. 

What are they like? 

These are grasshoppers that just cut the leaves. And aphids. 

There are three types of worms. These are the red bollworm, the American and the green one 

whose name i can't recall at the moment. 

Which pest would you say is the most problematic? 

It's the red bollworm. This one is deadly. It starts destroying from when the cotton starts flowering 

and then if it does not get the flower, it will still get inside the boll and eat from within. It is very 

difficult to control. 

Since you started growing cotton, do you notice any changes in the population of pests that you 

encounter on your farm? 

The change is that they resist if we use the same type of pesticides. So, what we ought to do is that if 

we use Fernkill for two seasons, for example, we must change to Fenvalerate. If we use the same 

type of pesticide they will resist and not die. 

Are there any years that you just continue using the same pesticide simply because it’s the one that 

is available, even though you know that you ought to rotate these pesticides? 

Yes, at other times due to our ignorance and also just using the pesticides that are available to our 

disposal; but the consequence is that the pests will grow in their population. 

Would you say the population of pests has changed compared to the past? 

Yes, there has been a big change; pests have increased in their population. This is because of the 

changes in rainfall patterns. People are no longer cutting and burning their cotton stumps. Those 

farmers who do not cut and burn these end up maintaining their ratoon crops which are pests 

infested. By the time the rains come these worms will already be in the plant. Worse still, the type of 

pesticides which we were using the previous years are so ineffective, they just do not work and the 
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cotton all gets eaten by the pests. Sometimes we do not get the pesticides in time, such that when 

we finally receive our pesticides it will be impossible to control the worms. 

And, as far as the types of pests are concerned, are there any changes? 

In the past we didn’t have problems with the red spider. In the recent years, we have realised that 

the red spider is increasingly becoming common in the cotton fields. 

In your opinion, what is causing the emergence of red spider in cotton? 

I think it's because some farmers were mixing tomatoes and cotton, so that when they go to spray 

their cotton they would also spray their tomatoes. So, the movement of pests between the two 

crops has become possible. 

You said that the way it is raining is making people prefer ratoon cotton. So, do you see there being 

a clear relationship between how it is raining now and farmers' practices in preferring ratoon crops? 

Yes, definitely. Cotton requires six months. For instance, this October we should have already done 

dry planting. But the problem now is that the rains will only come in December. If we dry plant, by 

the time the rains come the crop would have dried. If we plant in December, the cotton will not 

really mature because the season will be short. It will then need to reach June/July for it to be a 

good crop. So, when people resort to ratoon, the crop will sync with the short season perfectly well. 

People now prefer to flout the regulations governing ratoon crops in cotton and risk facing the wrath 

of the law. If ratoon cotton is well fed with fertilisers it will give a very good harvest. 

So you said you do not use any chemicals to control weeds, right? 

Yes 

How about for the control of insect pests? 

Against insects i use chemicals yes. 

Which ones do you use? 

I use the likes of carbaryl-85, Acetamark, Fernkill, lamda, Fenvalerate. We once used Karate, but 

then it was banned because it was too harmful to human health if you touched it without gloves, or 

if it just touched your skin. At times people risked, just getting used to it saying that they are now 

used to it. Protective clothing was only found at the feet and some overalls. Hands would just be 

bare, and nothing to cover the nose and mouth. No hat either. 

So, you say Karate was discontinued because it was harmful to health? 

Yes, but all pesticides are all harmful to human health. But with karate you could easily feel its 

effects. Itching on the skin. 

In terms of the quantity of pesticides which you use, would you say there have been any changes in 

the amount used per hectare? 

Well, in the past, not knowing how pesticides are made; we used to use the likes of Thiodan and 

carbaryl-85. These liquid pesticides were not yet there. With the passage of time, we started using 

the liquid ones. We would mix Thiodan and Carbaryl 85. Later on the liquid ones were introduced, 

and we called these ones the Gukurahundi, the type of liquid pesticides. 

Would you say there have been any changes in the amounts used? 

We reached a point when we used a lot of pesticides, also depending on the size of cultivated land. 

But, it was also because of 'resistance' found in the worms. We started using a lot of pesticides. 

After using a lot of pesticides, do you find the pesticides being effective in controlling the pests? 

Like i said, now the worms are very resistant. It’s due to such factors as ratooning the crops. The 

worms go deep in the ground to the root of the plant as a way of dodging the pesticides. When we 

plant to cotton the plant will already be diseased. Mainly because of these worms and other 

infestations. We notice that in the past we would spray fortnightly after scouting for pests. And even 

after the two weeks the pests would not be too much. Nowadays it’s different, after spraying today 

within three/four days you find there are pests. 

So, the pests you find just a few days after spraying are they new pests or they are the same pests? 

It's the same pests that have just been there, only that they would be resisting. 

When you grow cotton, do you get loan on contract or you buy your own inputs? 
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I have been getting loans in the recent years, but at the beginning in the 1980s we had to stand on 

our own. 

But, with the passage of time Cottco, while it was still under the grain marketing board, started 

providing loans. Seed could not be bought anywhere except when it was bought via loans. In the 

past we could travel to Bindura to buy seed. But when the Cottco credit scheme, people started to 

get loans. 

Right now, can people buy seed cash without necessarily getting it as a loan? 

There is a bit of kakubatirira (injustice) there because you need to find a company to give you seed 

on credit. Then you get yourself into unwanted credits. You may then buy your own pesticides if you 

wish to have not a huge debt. 

What other methods of pest control do you use other than pesticides? 

There are some traditional methods that we use against aphids. We have, at times used Surf 

washing powder and red-hot chillies against aphids. 

How do you prepare and administer these? 

You crush the chillies and sieve then mix with water and put the water in your knap sack and spray 

as normal. If we do not have Rogor, we just use chillies to control aphids. 

So, are you telling me that the washing powder that we use to wash clothes can work as a pesticide? 

Yes, it is quite effective. 

There is also another plant that is called kambanda that is like marijuana. We have also tried that 

one. It can be soaked and then use the water as a pesticide. That plant smells a lot. 

Is it not the one that Zezuru people call zumbane? 

That is the precise one. Zumbane is the name. 

Have you ever received any training of the safe use of pesticides? 

Yes, my wife was lucky to be the chairwoman of our cotton group for many years. So she always 

attended those trainings for chairpersons. 

May i now ask these questions to your wife? What sort of training did you receive? 

Every year before the beginning of the cotton growing season in October, we always received 

training from the cotton companies. 

Did you receive any training on the management of pests? 

Yes, we were taught how to mix pesticides such as Carbaryl for the control of aphids. We were 

taught so that we would also come back and teach our people. Then when the plants developed 

bolls we would receive further training on the use of Fernkill, mixing it etc. I would then return and 

demonstrate to my group. Even how to apply fertilisers, we were always taught. 

Did you also receive any education on the dangers of pesticides to human health? 

Yes, we received such education as well. We were always encouraged to wear overalls and safety 

shoes. But, the problem was that the companies only provided overalls and a pair of safety shoes to 

the chairperson so that i would be able to demonstrate to my group members. They never provided 

to every member. 

They also provided me with a bicycle so that i would be able to travel to the fields of each and every 

member of my group and do assessments and provide advice. I would then go to the company and 

give my report, then if there were any issues arising the company would send their representative 

with a motorbike to the farmers. 

Alright thank you.  
 

CZ 16 

Which pests are found in your cotton fields? 

Here we mainly come across aphids, jassids, red bollworm and the American boll worm as well as 

certain white flies call bed backs. 

Which of these pests is most problems? 

The red boll worm is the one that really give us the most problems. 
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As far as your own observation is concerned, would you say there are any changes in pest 

populations? 

I think pests are not increasing in their population. If you spray your cotton with lambda before the 

worms are present, they will die. But, if you delay and get in to spray after the red bollworm has 

entered the bolls, controlling it is very difficult. You will have to return next week and you might find 

it outside after it has finished consuming one plant. As long as it is inside the boll, it will not die 

because it will enclose itself inside. 

Tell me. I have a question based on your previous reply. Do you spray after you have seen pests, or 

you spray in a preventive way? 

No. What happens is, if we just spray anyhow, those pests will get addicted to the pesticides and in 

the long run they will not die. So, we first assess in the field for the presence of the eggs of the red 

bollworm. If we find them we then spray. If the eggs are sprayed they will be affected by the 

pesticides and they will not hatch. 

Are there any changes in pest types? 

No, there aren't any changes. The same types that we have always known are the ones that we see 

today present. 

Which pesticides do you use against the pests that you encounter on your farm? 

I use Carbaryl -85, Rogor, Acetamark, and Fernkill or lambda. 

And how do you normally control weeds? 

I have never used any herbicides. I always weed manually. I first use a cultivator, thereafter i use a 

hoe. 

Are there any changes in the amount of pesticides used per hectare? 

There have not been any changes; to me the amount i use per hectare has remained stable over the 

years. But, the cotton companies are the ones that tend to limit the amount of pesticides that they 

give to people. 

So, do you find the amount of pesticides you receive from the cotton companies sufficient to control 

pests per hectare? 

Yes, i always find it sufficient. 

Do you sometimes re-grow your cotton stumps from the previous season? 

Since i started farming i have never regrown my cotton stumps. If i do the regrowths, i may end up 

being the loser because those crops need a lot of pesticides. And i may lose a lot of money. 

Nevertheless, the regrowth crops are quicker; they develop before the new crops. 

Do you use other methods of pest control other those pesticides? 

Yes. I also kill the red bollworms manually when i find them. If it rains the pesticides may be washed 

off, so if the red bollworm leaves the boll and encounters no pesticides outside it may continue 

going and destroying the bolls. So sometimes i physically kill them. 

The problem with the red bollworms is that they can cause so much devastation. One bollworm can 

destroy up to 70 bolls before it dies. 

Have you ever attended any courses on pesticide uses? 

I did training on cotton farming in general; about land preparation and the assessment for cotton 

pests and diseases, and identification of the moths that result in the Redboll worm. 

Where were you trained? 

I was trained just down the road at the Cargill depot. 

Were you also trained on the safe usage of pesticides and how they affect your health? 

Yes, we were trained, and advised that we must not spray against the wind direction as the wind will 

be blown towards you. 

Thank You for your time.  
 

CZ 17 

Do you buy your own inputs for the 1 hectare, or you get on credit? 
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I get my inputs on credit. Last year i even paid 20 dollars for the preparation of my field because i do 

not have any cows. 

How much did you harvest on your 1 hectare? 

I managed just a single bale. 

In the past, how much did you get on 1 hectare? 

In the past, when we were receiving enough inputs, i could get as much as 3 and half bales on one 

hectare. 

Why is it that the harvest has plummeted? 

It's because of the ''supply'' of the companies, and the price at which they are buying from us. When 

they come, they try to woe us by saying they will support us with all the inputs. But when it comes to 

the supply of the inputs such as the chemicals and the fertilisers, they then say they do not have, 

they cannot supply us and then we start to look around for these. 

Are you saying, the more the inputs, the better the harvest? 

Yes, particularly the fertilisers, from compound L, and AN, and the chemicals. 

The companies just come and make us sign contacts and then just give us seed. They then promise 

to supply the chemicals and fertilisers later, while the season is already going, and then you grow 

your crop hoping the companies would honour their contractual obligations and supply the said 

inputs timeously. But, then they just later on tell us that they cannot supply anything else. 

Which pesticides are common on your farm? 

In the beginning, there are jassids. These suck the sap of your crop from the leaves. If you do not 

control them you will see your leaves wilting and looking unhealthy. You should control these jassids 

with carbaryl-85. The cotton companies do not supply with this. So, this instantly affect the growth 

of the plant. So, when you plant your cotton you must already have your carbaryl-85 at hand. You 

must also have at hand Acetamark, which is used to control aphids. These aphids also suck from the 

leaves. 

Which other pests do you encounter? 

In addition to the aphids and the jassids, another pest is the red bollworm. The red bollworm feeds 

on the bolls of the cotton. It must be controlled before it gets inside the boll. Then, there is the 

American bollworm, which is green in colour. This one is easier to control that the red bollworm 

because it feeds from outside, unlike the American which feeds from within the bolls. When the red 

bollworm enters the boll, it seals its entrance, which makes it very difficult to control it. The best 

way to deal with the red bollworm is to control it while they are still eggs laid on the leaves. The eggs 

are quite visible. 

Which pests do you use to control the red bollworm? 

In the past when we were young, my father mentored me using Fernkill. After Fernkill, they 

introduced the one that we are now using, called Lambda. Before lambda, there was Ferncure. 

During that time of Ferncure, another brand was called Shasha and then another one was called 

moto. But, nowadays, since 2010, we are using lambda. 

Which pest would you say you have had the most problems with? 

The most problematic pest which severely affects our harvest is the red bollworm. This is so because 

once they eat, the boll is destroyed and lost. 

Are there any changes in the amount of pesticides used now, compared to years in the past? 

We now use less amounts of pesticides. The supply that is coming from the companies is now a bit 

crooked. In the past, once you are contracted, you knew that the company would give you all the 

inputs needed to produce on your hectare all at once. During those days, around this month of 

September was when those companies contacted people, and they would deliver the inputs, all the 

input requirements, including fertilisers. They would give complete inputs commensurate with the 

size of land for which you would be loaning. 

So, if the amount of pesticides has declined, is it enough to control pests? 

No, it’s not, particularly this one that they call lambda. It does not do anything to the worms. 

Would you say it is to do with the pesticide, and not to do with the pests themselves? 
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No, it is something to do with the pesticide. 

The increase in pest populations is because the pesticides are not able to kill. 

Do you have any other concerns with regard to pests on your farm? 

The concern that i have is that the pesticides are not controlling the pests, so the population of pests 

is increasing. 

Are there any changes in as far as the types of pests found on your farm are concerned? 

Here i have never noticed any new pests. However, those who grow cotton near the Mozambique 

border in the Mafigu and Nyatsato areas, that there are new types of moths that are destroying 

cotton. And these new moths are ''resistant'' to the pesticides. 

Which other pesticides do you use? 

What i know, in cotton farming is that, at first, you must use Acetamark, after Acetamark stage two, 

you use carbaryl-85, after carbaryl-85, we need what we need the purple triangle pesticides such as 

the likes of Lambda, Ferncure, Fernkill. 

The way i see it. These purple triangle pesticides, such as Lambda, have effect on the health of 

people. The moment the pesticide has contact with the skin, or when spraying and the nozzle is 

tipped, and the pesticide makes contact with the face or the skin, it itches in a way that really hurts. 

As peasant farmers, we do not have the ''combat'' that should protect us from these pesticides. Just 

the way i am dressed right now, I am good for spraying any pesticides. My knapsack may just spill 

some pesticides, and i may suddenly get hurt. We sometimes request the companies to include 

personal protective equipment in their loans when they extend inputs to us, but they always make 

false promises. But, there is only one company that once responded; Cargill, by simply providing 

some breathing masks that just close the mouth and the nose. 

Do you use pesticides on other crops? 

No. With the rest of the crops, there is no need for any pesticide use. We only need to weed 

manually with hoes. But with cotton it’s different. The field must be very clear of any weeds. 

Which weeds do you encounter on your farm? 

Here we have problems with chaguduma and chinzungu. 

How do you control it? 

Here i have never seen anybody use Cotguard, and i do not have an idea what colour it is. 

So, how do you control weeds on your farm? 

I always weed manually. 

Have you ever gotten training on safe use of pesticides and other methods of pest control? 

No, i have never done anything as far as training is concerned. 

 
Thank You for your time  

 

CZ 18 

 
Which pests are commonly found on your farm? 

The main ones are red spider mite, the American bollworm and the red bollworm. 

With which of these have you had most problems over the past years of your cotton growing? 

It's the red spider mite because the pesticides to use against it are not readily available. We no 

longer find the pesticides to use against it. Once it have entered your field you are done. 

Oh, so the main issue is that the pesticides are no longer found? 

No. They are there, we can find them, but the problem is that they are no longer powerful enough to 

kill. In the past we would use three bottle of liquid pesticides and one bag in powdered form. Once 

spotted, we would just carry our knapsack and bomb it. Nowadays, it seems the population is 

increasing. It’s a real problem. 

Have there been any changes in the amount of pests on your farm in the past 30 years? 

Pests’ populations are increasing because people are no longer cutting their cotton stalks. Therefore, 

the pests are developing resistance because they stay there. They do not die because these stalks 



181 

 

 

will not have been cut and burned. The worms will have stayed in the stalk such that when you 

attempt to kill it using pesticides it will not die. 

Are there any changes in the types of pests? 

Yes, there are also new pests. It's only that i do not know some of the names. But, the ones that are 

known are the likes of red spider mite, red bollworm, and the American bollworm. Some of the 

newer pests, i don’t know their names. There is one that is green-like with yellow stripes. One of the 

worms is called kambasha after the colours of the bus that used to ply our Rushinga route many 

years ago. There are also new types of aphids that are now colonising our fields whose specific 

names we are not sure of. Then there are other pests that are striped that cut the cotton, but the 

names are the problem for me. 

What might be the cause of these changes? 

Why pest types are increasing is that people are not taking care of their stalks. in the past we used to 

cut and burn our cotton stalks soon after harvest, and by September everyone would have burned 

their stalks. Nowadays, you find these stalks still standing in the fields. Therefore the pests are just 

there. When we spray them these pests would be very resistant. To say you have killed them, what 

sort of pesticide would you have used? The pesticides that we have these days we always say they 

no longer work; of course so, how would they if these pests are left to survive through summer 

growing season, winter and again another growing season? 

Looking at weeds; what are the main types of weeds that are found on your farm? 

There is a weed that is whitish in colour. We manually weed it and throw it away. Other common 

types of weeds that we encounter are bwerere, and chaguduma, and moyochena. Then there is 

another one called chinzungu, which is the most problematic for cotton farmers. 

What other crops do you grow? 

I also grow maize and groundnuts. 

Do you ever mix your crops in the same fields? 

No, we cannot mix cotton with any other crops because of the pesticides we use. If we mix with 

cucumbers, for example, children might go and pick them and eat unbeknown to them that there 

are pesticides on the cucumbers. Our agricultural extension officers always remind us that we 

should never mix crops. 

Has the acreage of cotton changed relative to other crops? 

The land needed for cotton is always larger, if you are to realise a good harvest. You need at least 

3hectares. 

How much do you normally harvest per hectare? 

Well, in the past when we used to get enough fertilisers we used to realise as much as 6/7 bales per 

hectare. Nowadays, because we no longer receive enough fertilisers, our harvests have declined. We 

are now realising just enough to survive, just about 2/3 bales per hectare. 

Which pesticides do you use on your farm? 

We first use Dimethoate, or Mospilan. It’s still the same pesticide, only that Mospilan is in powdered 

form. We use it against aphids. 

When the plant starts to flower, we use Carbaryl 85. This is used against red bollworm. 

Thereafter, we use karate, or this other one that is itchy. I do not remember the name, but it is in 

the same family as karate. It is very itchy. 

Has the amount of pesticides used over the past thirty years changed? 

The pesticides that we used in the past were very strong. We used to get 200ml, and we would use 

the same small bottle till we harvested. But, nowadays we have the types of Lambda, that's the 

pesticide whose name i had forgotten, the one that itches a lot; we get 500mls of it. But, just that 

one 500ml bottle is not enough. You need four/five for you to be able to harvest, which means the 

pesticides that we are getting nowadays are very weak, they do not have power. 

Now that you are using more, would you say you are having sufficient to kill your pests? 

No, it’s not sufficient. We really need more pesticides. At times when we scout and see that there 

are pests, we just ignore and pretend as if we do not see anything so that we conserve our pesticides 
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so that they can last us the season. However, under normal circumstances, cotton should always be 

sprayed at the sighting of pests. This is because pests do not stop eating our crop, day and night. 

But, because the pesticides are not that plenty, we have no other choice than to just pretend as if 

we do not see that there are pests. 

Do you use any pesticides to control weeds on your farm? 

No, i do not. I always weed manually. I once tried using herbicides, but i realised that i have little 

knowledge about them. 

Do you use any other forms of pest control? 

No. I only use pesticides because there is no other way that the pests would die except by the use of 

pesticides. They are only killed by pesticides. 

Have you ever received education of the usage of pesticides? 

We receive education from our agricultural extension officers. 

 
Thank You  

 

CZ 19 

 
Which pests do you encounter on your farm? 

There are many pests. There are worms, there are red ones which are not long, and then there are 

green ones which are long, and those that are yellowish which are long. The red ones are the ones 

that bore the bolls and get inside the cotton bolls. The long ones feed from outside. 

Of these, which one would you say gives you the most problems on your farm? 

The red worm 

Would you say that since you started growing cotton there have been changes in as far as the 

population of pests are concerned on your farm? 

Yes, these have been increasing steadily over the years. The past two seasons have been the worst. 

They even do not respond to the pesticides. 

What do you think is the reason why they no longer seem to respond to the pesticides? 

I think it’s because the pesticides no longer have power. 

I also think it’s because these cotton companies when they give input credits to us they also give us 

expired pesticides as they cannot afford to lose money by throwing them away. When we use these 

pesticides they will not work because they would have expired. 

In terms of pests types, are there any changes that you notice with regards to the types? 

The long ones, the green ones and the yellowish ones are the ones that seem to be increasing in 

their numbers. 

Which weeds do you find on your farm? 

There is chaguduma, or chidhongi, and then there is also one called chinzungu. 

How do you control these weeds? 

We always exclusively weed physically using hoes. We never use any chemicals. 

Which other crop do you grow? 

We also grow maize, and ground nuts, and mhunga, mapfunde and cow peas. 

Has the acreage of cotton changed relative that of the other crops over the years? 

Well, the acreage always varies each year depending on how much we desire to grow. 

Alright. So, tell me which pesticides do you use? 

There are Carbaryl 85, Rogor and the gukurahundi. 

Do you buy these pesticides or you get them on credit? 

We normally get them on credit 

Looking at the amount of pesticides you use, over the years would you say there are any changes in 

the amount of pesticides you use? 

These days we use more pesticides than in the past. Usually the amount of pesticides that they give 

us are not enough, so we end up going to buy extra bottles. In the past where we used three bottles 
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we are now using double that amount, but the worms are still not getting finished. We end up 

following them and identify where they are and then kill them physically. 

Why is it that there is such a big problem with these worms? 

I think the pesticides have lost their power. 

Other than pesticides, do you use other methods of pest control? 

We only use pesticides 

Have you ever trained or received education on pesticides? 

No, we have never received any education. But we only know about the effects of the pesticides, for 

example we know that if there is a spill on your skin you feel it itching. When that happens we get a 

piece of soap and quickly wash it off so that the itchiness can quickly end. 

 
Thank you for your participation  

 

CZ 20 

 
Which pests do you encounter on your farm? 

We come across jassids. These cause cotton leaves to become wilting. Then there are aphids. And 

green worms, and then there are red worms that we see when the cotton has developed bolls. This 

type stays inside the bolls and start to feed from within. If you break open the boll you can see it. 

Which pest is most problematic for you? 

I find aphids most problematic because this area is a very hot area. So, if there is a two week dry 

spell we normally start to notice aphids. But once there are bolls we then also start to have serious 

problems with a lot of the red worms. 

Are there any changes in the types of pests? 

Yes, there is a new type, a black flying insect. That one stays in the forest but i have noticed that it is 

increasingly visiting cotton. Its effect is that it cuts the cotton stem, just the top part that grows 

going up. It can cut several plants. Its' rare to find it in the act, you only see your cotton cut. But i 

was lucky one day when i saw it. Its black in colour, but it also has a yellow pigment. I wonder which 

pesticide would affect it. 

Which weeds do you come across on your fields? 

Here there are several types of weed that are present. There is chidhongi and bwerere. Bwerere 

grows tall and can pose stiff competition for nutrients with the crops. There is also another type 

called chinzungu which grows laterally, as opposed to bwerere which grows vertically. 

Do you use any herbicides? 

No, we normally use hoes and weed manually. But, our agricultural extension officers always 

encourage us to use herbicides. They say the advantage of herbicides is that it lessens our burden in 

the field as we will not have to go and spend several days in the fields weeding. They say the use of 

herbicides will slow us growing old. But, despite their encouragement, we have never used 

herbicides. They cost money. 

Which pesticides do you use against pests? 

We use Acetamark, carbaryl-85, and in the past we used to spray with Fernkill. It's the same 

pesticides, but these days they use ‘’zhing-zhong’’ pesticides. The smell is the same, but the names 

have changed, and the power of the pesticides has also changed. Nowadays these pesticides do not 

have power. 

Has the amount of pesticides you use per hectare changed over time? 

We are still using the same amount because they are still giving us the same number of bottles per 

hectare, but we observe that in the rate at which the pests are dying is now different. In the past 

the pests died completely, but with the types that we are now using we still struggle because the 

pests always remain on the fields. That is why we often ask whether the new pesticides are now less 

powerful compared to the ones that we used in the past. No one has ever told us openly that these 

days they are making pesticides that are less powerful for us. But, the measurements that we use 
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for the concentration of pesticides in our knapsacks are the same as those which we used many 

years ago, nothing has changed. 

Do you use any other methods of pest control, other than the usage of pesticides? 

No, i always and exclusively control with pesticides. 

Have you ever attended training on pest management? 

No, i have never, but we have agricultural extension officers here who always teach us about proper 

farming. 

If you go and get the extension officers and bring them to your field they always come and offer you 

practical advice. 

Have you ever received any education on the dangers of pesticides? 

No, we have never had such education 

 
Thank You for your participation  

 

CZ 21 

 
Which pests do you come across in your cotton fields? 

There are aphids and worms. Some of the worms are green while others are red. 

Which one gives you the most problems? 

The red one is the one that is really problematic 

Have there been any changes in the population of pests? 

In the past they were much fewer. In the recent years the pests have been increasing in population. 

What has been the cause of such an increase? 

It’s mainly because we haven't been receiving enough pesticides from the cotton companies. We 

have then resorted to moving in the field to physically capture the worms and then kill them using a 

wire. If you do not see the worm it can eat all the cotton bolls in the vicinity. 

Which other crops do you also grow? 

I grow maize. I also intend to grow groundnuts as my main cash crop. 

Which weeds do you come across? 

There is chaguduma and another type which has spikes. If you do not weed that one out then be 

assured that you will not harvest any cotton where it exists. 

Do you use any herbicides? 

No, i always weed manually. 

Which pesticides have you used for pests on your farm over the years? 

It’s mainly Acetamark for aphids and Fernkill for worms. 

Has the amount of pesticides used been changing? 

Yes. We have used less amounts over the years because we have also been receiving less. That is 

why i have resorted to killing the worms physically. 

Have you ever been educated on cotton farming? 

Yes, i once attended training at Cottco. 

Did they also educate you on the dangers of pesticides? 

No, they did not. 

You already talked about the effects of pesticides, i think i have exhausted my questions. 

 
Thank you very much.  

 

CZ 22 

Which cotton pests are commonly found on your farm? 

There are red worms and then the green ones. But the ones that cause the greatest destruction are 

those that eat the bolls. 

Have there been any changes in terms of pest populations in the past 30 years? 
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It seems there have been increasing numbers of the red ones. 

Are there any changes in terms of the types of pests observed over the past 30 years? 

No, i have not seen any changes 

Do you have any other concerns? 

No concerns about pests. It’s just that the cotton is not paying well. How can a woman of my age 

carry a pump on her back only to produce for a cotton company? 

Which weeds are found on your farm? 

There is chinzungu, bwerere, and then this one which started appearing recently, here we call it 

chenamoyo. Then there is also chaguduma. 

Which other crops do you grow? 

I also grow maize, groundnuts, mapfunde, and mashava 
Which cotton pesticides have you been using all these years? 

We have used Gukurahundi, Acetamark, and 85 Carbaryl. 

Have there been changes in terms of pesticide requirements on your farm over the past 30 years? 

In the past when we got input loans, we would get enough pesticides. If i got a loan for 2 hectares 

and then decided to grow three, then it would not be enough. In the past they would give us 

enough. Nowadays they no longer give enough pesticides. 

Are the pesticides used these days enough? 

No. The pesticides no longer have power. We had the pesticide called Thiodan, that one had so 

much power. 

Which herbicides do you use? 

We have never used any herbicides. We always weed manually. 

Do you use other methods of pest control other than the use of pesticides? 

No. We have always used pesticides. 

Have you ever received education on other methods of pest control? 

No 

Do you receive personal protective clothing from cotton companies? 

No 

How do pesticides affect your health? 

When you spray, if the pesticides blows on your face, it feel burning on the face and the eyes. 

Thank you for participating  

CZ 23 
 

Which pests do you come across on your farm? 

There are several. We first encounter aphids. Then there follow, these ones, what are they called, by 

the way! 

Which pest would say is most problematic? 

It's the red bollworm 

Are there any changes, in the past 30 years, in the types of pests found on your farm? 

Yes, in the beginning the red bollworm was not as much as it is now. The population numbers have 

significantly increased in the recent years. And there has also been changes in the types of pesticides 

used against it. 

And which weeds do you find in your fields? 

There are broadleaves, such as chidhongi, chinzungu and chenamoyo or feso. 
Let me ask something about the red bollworms, when do you spray them? Is it when you see them 

or when you see the eggs? 

We spray when we see the eggs. The eggs won’t take time to hatch, so if we spray on the eggs the 

eggs will die, of if they hatch they hatch and immediately encounter pesticides. If you do not find the 
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eggs you will have to spray as the worms. But, the disadvantage is once it becomes a worm it gets 

inside the boll. When it leaves one boll it gets inside another one. 

Which pesticides do you use against pests in your field? 

At the beginning we use 85. This is used before worms start appearing. 85 is also good for the plant, 

it seems it also contains a fertiliser; plants grow well when they are sprayed with 85. This pesticides 

is applied to control aphids. Thereafter, there are the likes of Lambdar, the Rogor. Rogor itself is no 

longer used, Lambda is now the one that is in use. Then there are the Fenkill, used against worms. 

Then there is Acetamark which is also used against aphids. 

Okay, so are these the main pesticides which you use? 

Yes, these are the ones which we use, but there are indications that things are not well. 

Alright, so please would you tell me. In the past thirty years, are there any changes in the amount of 

pesticides used over the years? 

Yes. We are now using more pesticides. 

What is the reason for the increase in pesticide use? 

I think its because people are now doing regrows. And these keep hosting pests. If the neighbour’s 

farm has regrows, pests from their farm will cross over to my own farm. It’s because when they do 

not destroy their cotton stalks, pests will keep surviving in these stalks. Last year but one, for 

example, we ended up observing that some plants that had already developed several bolls started 

to develop a disease that appeared like mutation of plant cells. After five days to a weak the plant 

would wilt and eventually just dry. Some say it is caused by the worms which would have survived in 

the ground. When we cut the plants right where there appeared to be diseased, we found that there 

were some small white worms. 

Okay, so are these some kind of new worms different from the ones which you have always had to 

deal with in cotton over the years? 

Yes. They are new, they started only last year but one. 

Is this a problem that you have heard other farmers also talk about, or its just peculiar to your own 

field? 

Other farmers have also talked about sighting these same worms affecting their cotton crops as well. 

Have you informed your agricultural extension officers about these worms? 

Yes, we informed somebody. 

Okay. 

This problem started only recently. If you inspect the plant, you will see that there will not be any 

pests on it, but if you look down where the plant meets with the soil, that's where you notice that 

the plant will have developed some kind of roughness. If it were a human being, we would say they 

would have been affected by ringworm (chisasa). If you pluck the plant and break it from the point 

where it is affected, that is when you discover that there would be small white worms, and the 

appearance of the plant stem would resemble that which would have been affected by termites. 

They will just be localised at that point only and not all over the plant. But, despite that they affect 

the plant in such a way that we end up losing plants which would have developed a lot of bolls. 

When that happens, do you harvest these bolls? 

No, they will be just bolls which would have not matured at all. 

Have you used any pesticides to try and target controlling these worms? 

No, we haven't yet since this problem appeared just recently. 

Even a very big plant, if it’s affected by these worms you start noticing it giving in by starting to wilt. 

Have you ever been educated on the harmful effects of pesticides? 

Yes, when i did my cotton farming training we were educated on the dangers of pesticide exposures. 

And the effects may result in bearing a disabled child. That’s when you find people trying to find a 

witch after having born a disabled child and yet the cause would have been the pesticides which we 

use. 

Are there other methods of pest control that you use apart from the use of pesticides? 
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No, there are any other methods. Instead, we were actually encouraged to use herbicides instead of 

manually weeding so that the work becomes less physically strenuous. We were also taught about 

the different types of sprayers; some have advantages of being light weight, others have advantages 

associated with being strong, while others have the advantage of the ability to spray a large area, for 

example spraying four lines when going in one direction, especially those that came from Brazil. 

Then there are those who operate large commercial farms who spray using planes, then those who 

use what appears to be a bike. 

 
Thank You for your participation  

 

CZ 24 

Which cotton pests are found on your farm? 

There are aphids, then the red bollworm, which is most problematic. There is also a green worm 

which feeds on the flowers before they develop into the boll. The red one eats the bolls, then it lays 

its eggs inside the boll and then they can instantly multiply. 

Among these, which one has grown in population? 

In my experience as a cotton farmer, in the past we used to have a pesticide called rogor, then 85, 

then Thiodan, and the other one the fourth one whose name i can no longer recall. These worms are 

sprayed at following certain stages. We used rogor in the past. After rogor and the rest of the 

pesticides that i have talked about, there then was a powdered one called Acetamark. This one was 

different from rogor. With rogor, we would measure the lid of a bottle and mix with 15 litres of 

water in the knapsack. With the Acetamark, we measure a teaspoon and mix with 15 litres of water 

in the knapsack. Then we spray. The pesticide we used in the past seems to be outdone by the 

Acetamark in killing aphids. 

So, is this Acetamark powder a recent pesticide? 

Yes it’s a recent one. We no longer buy rogor. 

Then 87 is used to control the green worm. If we spray with Acetamark, we then spray with 85 so 

that the leaves would open up so that the green worm cannot get a change to attack the crop. 

Thereafter, we use what we call the gukurahundi to kill the red bollworm. 

Which of these pests would you say is the most problematic for you? 

For me the most problematic are the aphids as well as the red bollworm. 

Over the years, have you noticed any changes in pest populations on your farm? 

Let me take you back, in answering you. In the past when we were growing cotton, there was no talk 

of having to make cotton cuttings. Which they are also calling ''regrowths''. In the past, it was less 

prevalent. We would harvest our cotton, then cut the cotton stalks and burn them. Nowadays, 

people no longer cut their cotton stalks. They are now just having regrowths. The worms are now 

remaining in the soil. When it rains, the cotton stalks immediately shoot, and the worm would be 

there, already having laid some eggs. That is the reason why the red bollworm is increasing in its 

population. It is no longer responding to pesticides. It is now surviving during both the planting 

season and the off season. 

Have there been any changes as far as the types of pests found on your field are concerned? 

Yes, in the past we used to apply a lot of pesticides compared to nowadays. So, there are some 

changes that are happening, in the past we used to labour a lot carrying the sprayers. There are now 

also new sprayers that are less physical; you simply insert some batteries and start to spray. 

So, tell me, why were you suing more pesticides in the past? 

In the past the pesticides were powerful, but the pests and diseases were also very few. Nowadays, 

the pesticides are powerful because they are changing the pesticides each year. The pesticides which 

we use this year are not the same ones that we will use next year. 

Are there any other concerns about pests on your farm? 



188 

 

 

I think we really need new pesticides that can effectively the red bollworm because the pesticides 

that we currently have are no match to this worm. When we spray, and then when we return to the 

field to scout, we find it, and then we end up looking for its presence and killing it manually. 

Which pesticides have you used on your farm? 

The pesticides that we used in the past are Rogor, Carbaryl 85, Gukurahundi and another one which i 

do not recall. But these are the four pesticides which we received from the company Agricura. 

Nowadays people just use the Acetamark which i referred to earlier and gukurahundi and 85. The 

three of them are the ones that we are now using. 

Would you say that the amount of pesticides you use have changed over the years? 

Yes, in the past we used to use many pesticides. Now, we know better. We now know at this stage i 

use that pesticide, at that stage i use this pesticide, and then towards the end i use Gukurahundi and 

again that Acetamark again. The reason why we use it towards the end again is that those aphids get 

into the cotton. If you examine it, it may be discoloured, or have a black colour; that is the cotton 

whose bolls opened up while there were some aphids. Then there are also some pests that are red, 

which multiply very fast, that are also found in cotton. We also spray with Acetamark in order to kill 

these so that they do not affect the quality of the cotton. 

Would you please describe these pests? 

These pests are red in colour. We call then by the name vana Rudo (ladybird beetles) because they 

travel in a group. They can be 50 grouped together. 

Are the pesticides which you are currently using enough to control pests on your farm? 

Yes, but if used properly. The problem that we face is that we grow cotton on 2 hectares, and then 

receive only two or three bottles of pesticides which are not sufficient. 

If they are not sufficient, what do you do? 

That's when you see then your crop being attacked by the pests 

Are you not then buying extra bottles with your own cash resources? 

No. But, if you follow instructions and use the pesticides properly everything will go well because on 

1 hectare you must use 2 packs of Acetamark, then 2kgs or Carbaryl 85, and three bottles of guku 

Other than using pesticides, are there any other methods of pest control that you use? 

No, there aren't other methods which i use except using pesticides. Other people, when they talk, 

say that there are other ways, especially against aphids. Do you know the plant called nhundurwa? 

Yes, nhundurwa, the yellow plant? 

Yes, they say, you take it and crush it, and then you mix it with Surf washing powder in water, and 

then use it for spraying. Aphids will die. 

Alright. Does this work? 

Yes, it works. If you spray vegetables with it, aphids will die. 

You may also take the urine of cows. It also works to kill aphids. 

But these are our own community science, kkkkk 

Yes, it's this comminity science that we actually want, kkkk 

Yes, that is what we do. Others say you take; you know right we peel maize from the chaff. If we 

burn the chaff into ash, we take that ash and put in water and then sieve and use the water to spray. 

It itches when it gets into contact with the aphids. 

Have you ever received training in the ways of managing pests on your farm? 

Yes, we have received trained by the agricultural extension officers. 

There is another question that we did not ask earlier on. Which weeds are found on your cotton 

fields? 

There are several types of weed that are found on the cotton fields. There is chinzungu, there is 

chidhongi, and there is sawi. 
How do you control weeds? 

I do not use any herbicides, i only weed manually. We use a cultivator, thereafter we get into the 

field and weed with hoes. So, the reason why we do not want to use any herbicides is just one or 

two; we will not be able to get any pumpkin leaves, we will not be able to eat ay cucumbers, we will 
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not be able to eat any pumpkins because once you spray with any herbicides it means there will not 

grow anything else except cotton or maize. But, us wanting cucumbers, pumpkins and pumpkin 

leaves, we do not spray. 

Thank you very much for your time.  
 

CZ 25 

 
Which are the pests commonly found on your farm? 

The first ones to attack the crop are the aphids, which are then followed by the red bollworm and 

the American. 

Are these all? 

Yes, they will be mixed, the leaf eaters and the spy(inaudible) 

Which among these pests would you say have changed in their population over the past 30 years? 

The American seems to have significantly increased. 

Have you observed any changes, over the past 30 years in as far as the types of pests found on your 

farm is concerned? 

The types are always the same. There have not been any changes. 

Are there any other concerns concern pests on your farm? 

All that i can say is that, you see. If you take a drum of red sea and pour one shovel of sugar in it, you 

will not be able to taste the sugar. What i have observed is that farmers are a bit too ignorant; when 

the agricultural extension officers tell them to mix a certain amount of pesticides with 15 litres of 

water, they always make mistakes. But, if a farmer makes the right mixture, the pests will die. 

Which weeds are commonly found on your farm? 

There is one that we call chinzungu, then bwerere, and chaguduma. 

Which other crops do you grow on your farm? 

I also grow maize, sunflowers, mashava and groundnuts 

Has there been any change in as far as your cotton acreage is concerned relative the other crops? 

Yes, i have actually decided that i should completely stop growing cotton, and concentrate on the 

other crops. There have also been major changes in harvest per acreage mainly because of the 

changes in weather conditions. The harvests that we used to have in the past when we had more 

rains are now so different from the harvests that we are currently having per hectare. 

Which pesticides do you use on your cotton farm? 

There is Acetamark and Dimethoate, these are all Rogor. Then there is carbaryl-85, then there are 

likes of fernkill, these are now the gukurahundi pesticides and fenvalerate. 

Has the amount of pesticides used on your farm changed? 

No, there haven’t been any changes. It’s basically the same amount. 

Are the pesticides used sufficient to control the pests? 

Yes, they are enough, if scouting is done well. There are actually even some left overs. Pesticides are 

not to be sprayed weekly even when there are no pests. 

Which herbicides have you used on your farm? 

I have never used any herbicides, i always weed manually. 

Are there any other methods of pest control that you use? 

No, there are no other methods that i use. I only use the pesticides. 

Have you ever received any training or education on the safe use of pesticides? 

No, i haven’t 

Have you ever received any ppe from cotton companies? 

No, i have never been given any. But, they should give together with the input loans, and then 

farmers will just pay together with the inputs when they deliver their crops. 

Do you use pesticides on the other crops that you grow? 

Yes, in maize i use a pesticide called dicteret against worms, and then in mashava i use Acetamark 

against aphids, and in cow peas i use 85. 
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When you use these pesticides, do you use the same pesticide proportions in your knapsack as those 

used when spraying cotton? 

No, the concentrations vary with the crops. I consult with the agricultural extension officers and ask 

what sort of mixtures to use on various crops. 

 
Thank you for your participation  

 

TM 01 

Pests found in the fields 

There are Red spider, aphids, red bollworm, and American boll worm. 

The aphids stay on the leaves and the suck the sap out of the leaves. The red spider damages cotton 

in that the cotton plant will not be healthy because it sucks and that leads to change of colour; the 

red bollworm is brown in colour. It enters inside the bolls. When it enters it will be very small, and it 

will grow big whilst inside the cotton boll if there are no pesticides to destroy it. The American 

bollworm is a worm with zebra-like colours. It feeds from outside. If there are no pesticides to 

control it, it can cause the loss of many bolls, which may result in the farmer losing his crop. Then 

there are also flying insects, they are small and white in colour. They also suck on the plant. Then in 

the ground, there is a white worm that goes onto the root stem and then interferes with the flow of 

nutrients up the stem of the plant. If the cotton stalks are not destroyed and burnt, this is the worm 

that can become a problem. 

Which of these would you say have increased in population over the years? 

The red spider, the American bollworm, and the red bollworm have increased their population. 

Any changes observed over the past thirty years? 

I have observed that diseases are increasing due to the fact that the chemicals are now very weak on 

aphids. 

Changes in relation to pests? 

There have not been any observed changes because the pests were eating from the ground. 

Do you have any other concerns with regard to pests on your farm? 

Yes. In as far as i have observed, i am convinced that the chemicals that we are now using have lost 

their power. The chemicals are no longer suitable for the worms that are there. Could it be 

resistance? I wonder! But, i have observed that even when i tried to grow cotton in a field that i had 

never before used for cotton, i realised that when i sprayed for pests expecting to return after 14 

days, within three days i would notice the presence of pests, clearly meaning that they never died. 

And, that means that the pesticides are weak, they are not effective in killing these pests at all. 

Which weeds are found in your cotton fields 

There is chidhongi, and chinzungu. These are really tough. 

Do you also grow other crops apart from cotton? 

I also grow ground nuts, and maize, and cow peas. 

Have there been any changes in the acreage of cotton relative the acreage of these other crop over 

the years? 

Let me say that five years and back, cotton was of so much significance to me. My household was 

supported by cotton. Even my family survived on cotton. I bought my livestock using income earned 

from cotton. But, in the recent years the fact that the pesticides have become so weak, i cannot 

count on cotton any longer for survival. 

Which pesticides have you used over the past 30 years? 

When i started cotton, before we started using Fernkill, we had a very powerful pesticide whose 

name i am forgetting. It was so powerful that if it dropped on your feet you would itch. We then 

used Fernkill for many years from the year 2001. Then recently, after 2008, we then changed the 

pesticides. But the names are just far from my memory at the moment. 

Have there been any changes in the amount of pesticides used? 

Yes, there have been changes? The pesticides are now so weak. 
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Are the pesticides enough/ sufficient? 

No, they are not. 

Which herbicides do you use? 

I have used Paraquat. But, i normally do not use herbicides, i always weed manually. 

Do you use any other methods of integrated pest management? 

No, there is no other remedy for cotton except pesticides. 

Have you ever received any education on pesticides? 

Yes! The first one is that after harvesting, we should destroy and burn all cotton stalks as a way of 

controlling pests. 

Secondly, we were taught that we should not grow cotton in the same field for two consecutive 

seasons. We must rotate. 

Thank You for your participation  

TM 02 

Which cotton pests found in your fields 

There are plenty of pests. But, the problem is I’m not educated, i wouldn't know these pests by their 

names. There are those that damage the stem, and i use 85, to kill them. When the cotton starts to 

build bolls, i start to mix 85 with other chemicals. 

There are also aphids, which i kill with Acetamark. Then around January i use Gukurahundi. 

Which pests have increased in population over the past thirty years? 

In my opinion aphids have increased in population. They damage the crop even before it has 

developed bolls. They also attack the bolls. 

Are there any changes you have seen in terms of population? 

I have not really noticed any changes 

Have there been any changes in the types of pests? 

Those with enough pesticides are able to kill and destroy pests. if you do not have enough pesticides 

you will not win the battle against the pests. 

Which pesticides have you used over the years? 

We started with Carbaryl 85 since the 1980s, 

When we saw aphids we would use Acetamark, and then later gukurahundi, in the past there was 

still Thiodan. It's not available anymore. We are now using gukurahundi and other chemicals that we 

are using to kill these pests. 

Has the amount of pesticides changed? 

I think the pesticides are the same; it’s only the names that have changed. The pesticides are still 

strong, it only calls for one's knowledge to use the pesticides. 

Are the pesticides that you are currently using enough to destroy? 

Yes, they are. They are very strong. If you, as a farmer, think that the chemicals are weaker or not 

enough, then do not grow your crop on a large scale so that your chemicals can be sufficient. 

Do you use any herbicides? 

I have never used any herbicides. I have always used my cultivator to weed and then i would also use 

the hoe. 

Do you use other methods of pest control? 

No. I only use pesticides. I do not know other methods. If i do not have money for pesticides i would 

rather sell a goat and use the money earned to buy pesticides. 

Thank You for your participation  

TM 04 

Which Cotton pests are found on your farm? 

For me the most problematic pest is the red bollworm. These destroy my cotton because we always 

receive Fernkill very late. They say we should use Fernkill after March. But, the problem is that I 

grow my cotton early, and so my cotton flowers and develops bolls much early. The problem is that I 

have no defence against worms which feed on the bolls. So I just administer cabaryl-85 and 
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Acetamark, which are inappropriate pesticides to use against the worms. So worms are the most 

detrimental pests for me. 

Which pests have increased their population over the past 30 years? 

There are ladybird beetles, and then there are also the red bollworms and the other ones whose 

names I don’t remember; but they are worms. They are the ones that are destroying my crop. 

Have you noticed any changes in terms of population? 

Yes, they are growing in their population. In the past they used to accuse us of destroying cotton 

stalks late, but in the recent years, I am always destroying my stalks even before I have sold my 

cotton, but I do not see any decline in population sizes. In fact, they are actually multiplying their 

numbers. They are now used to the pesticides that we use. 

Have you observed any changes in the types of these pests? 

No, I haven’t noticed any changes in the types. They are the same pests that we have always been 

dealing with over the past decades. 

Are there any other concerns with pests? 

I wish we could receive our inputs timeously so that we can see if these pests are just there because 

they are not being targeted for destruction timeously, or because they have developed resistance. 

Which pesticides have you been using since the 80s? 

In the beginning when I started, I was using Rogor, cabryl-85, and gukurahundi. Thereafter, things 

changed and then we started using Rogor, Acetamark, Carbaryl, and Fernkill. 

So, there days Fernkill is the one that is mainly used? 

Yes, but it causes severe itching such that when you use it you must wear plastics to prevent any skin 

contact. If you work without any protective clothing, you will not be able to sleep well in the night 

because the whole body will be ''burning''. 

In terms of the quantity of pesticides used, are there any changes? 

Pesticides have been reduced. These days we are given only two bottles of Fernkill per hectare. But, 

the proper way to do it is that they should give us three to four bottles per hectare. 

And in terms of types of pesticides, have they changed? 

No, they have not changed. Our only request is that they should make them stronger so that we can 

be able to kill pests. 

Which herbicides do you use? 

No, I don't use any herbicides; I use my hoe to weed with the help of my wife. I do not even need the 

herbicides because they damage the soil and make it infertile. 

Do you have other methods of pest control that you use? 

No, I do not use any other methods. The only method that we were taught was to slash and burn 

cotton stalks at the end of each harvest as a way of controlling pests. We are doing all that, but we 

do not see any effect that that is having on pest populations. 

 
Thank You for your participation  

TM 05 

Which cotton pests are found on his farm? 

There are aphids (inda and nhata/zanguku)... Then there is the American, and then the red 

bollworm, and then those that are yellowish. Then there is the pink bollworm which we used to see 

in the past. We haven't seen it in the recent years. 

Which of these pests have increased in population size? 

The red and the American bollworms have increased. These two are not declining, they seem to be 

increasing. 

Have there been any changes with regards to pests in the past thirty years? 

Well, the only change that i notice is that they are increasing in population. If you spray, it takes only 

two days to see them again in the field. In the past we would go for a week or two after spraying 

before we started spotting them again. At times after two weeks you would scout and find nothing. 

But, these days, no matter how much you spray, these pests are always present. 
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Are there any changes in pest types, in addition to population numbers? 

I do not see any changes. The same types that were there in the past are still the ones that i see 

today. No new pests. 

Are there any other concerns regarding pests on your farm? 

Well, it’s only that the American and the red bollworms are becoming more problematic. 

Which weeds? 

There is chaguduma or chidhongi, and then there is also a type of grass called mhande and then 

another one called nyabvari. These are the types that we have problems with. 

Which other crops do you grow? 

Maize and ground nuts 

Have there been any changes in the acreage of cotton relative the acreage of these other crops? 

I used to grow more cotton in the past. Things were alright then. Nowadays, cotton doesn't pay very 

well. Not only that, the types of the cotton are also different. We get as low as only 3 bolls per plant, 

but in the past we could get as high as 60 bolls per plant. We are now growing on a small scale 

because we get input loans; if we get a lot of inputs we will not be able to pay our loans. 

Which pesticides have you used over the years? 

In the past we used 75 and DDT. Then we were later told that there is no longer 75, there is now 

Thiodan, then we were again told that there is now cabaryl-85. Then Thiodan is no longer available, 

(inaudible Thiamex, ndiyo yakuwanika), and 85 is still available. We have also used several other 

pesticides including Agrithane, and several others that i forget, and then there are the Fernkill and 

Fenvalerate. 
Would you say you are now using more or less pesticides now, compared to the past? 

These days there seem to be more pesticides, but these have no power to kill pests. We may spend 

the whole week spraying, but the pests will always remain. If i spray today and go back to my field 

tomorrow i will still find the worms present. 

These days there are more pesticides, but they are weak, yet in the past we had fewer pesticides, 

but they were more powerful. 

Are the pesticides you are using now enough to kill pests? 

We are receiving sufficient pesticides in terms of quantity, but the pesticides are insufficient when it 

comes to their effectiveness to kill pests. They just don’t have power at all. 

Which herbicides do you use? 

In the past we never used any herbicides. We used to weed manually. The use of herbicides is a 

recent phenomenon. We are still learning to use these herbicides about how they work. 

Do you know their names? 

Yes, there is roundup, then paraquat and then more recently atrazine. I only started using herbicides 

a few years ago. 

Have you ever been trained in the management of pests? 

No, i have never had any education. The only way of killing these pests is by spraying them with 

pesticides. 

Thank You for your participation 

TM 06 

Which cotton pests are found on your farm? 

I come across red bollworms and aphids that suck. There are also American bollworm. There are also 

some pests that cut the 'head' of the plant as it will be growing. There are also small worms that eat 

the leaves. 

Which of these would you say have grown in population? 

I would say the Redboll worms. These are always present from the time cotton starts to have bolls 

till the time it becomes white. These are the most problematic. 

Have pests changed over the past 30 years? 

No, they are basically the same pests that were there in the past. 

Are there any noticeable changes in terms of pest populations? 
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There aren’t any significant changes as long as pesticides are available to kill them. But, if there are 

fewer pesticides the pests can increase. 

Which types of weeds do you find in your fields? 

The most problematic is chinzungu. The other types are not problematic, we just weed them 

manually without any problems that they give us. 

Which pesticides have you used over the years? 

I normally use carbryl-85, then mosbran against aphids, and Fernkill. In the 80s we used malvek 

(inaudible) and karate. 

Has the amount pesticides used changed? 

We are now using fewer pesticides. These days they are giving us just one bottle per hectare, for 

instance. 

Are the pesticides enough? 

No, we are not having enough. 

What do you use for weeds? 

I never use herbicides, i always weed manually. 

Do you use other methods of pest control, besides pesticide use? 

No. I only use pesticides. 

Have you ever received any inputs on credit? 

Yes, even now i still receive inputs on credit. But sometimes they do not give enough for a hectare. 

To be able to produce enough from the hectare is always impossible because the inputs will be 

insufficient. 

 
Thank You for your time 

 

TM 07 

Which pests are found on your farm? 

I normally come across worms, aphids and other pests that do not necessarily stay in the field, they 

just come and eat and go. 

Which pest has been most problematic for you? 

I would say aphids are the most problematic. These are the ones that mostly damage our plants. 

Worms are not normally that problematic. 

Are there any noticed changes in the population of these pests? 

I think they are getting fewer. 

Why do you think they are getting fewer? 

I think it’s because of the pesticides that we are receiving. 

What about them? 

They are stronger, they are trying. 

And in terms of the pests? Are there any changes? 

Well, it depends on the field. For one farmers there may only be found aphids, while in another 

farmer there may be found worms. 

What is found in your own field? 

In my field the main pests are worms and aphids. 

So, are these the same pests that you were seeing in the past? 

No, in the past they were much fewer, and i would always spray them and they would all go. 

Which weeds are found in your field? 

In my field there is kapure-pure. It's white in colour. This is the main weed that i find in my field. 

What is its effect? 

Kanovhunjira donje 
What do you do to it? 

I always weed manually. 

Do you not use any herbicides against weeds? 
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No, i do not use any herbicides, i always weed manually. 

Which pesticides have you used over the years that you have been growing cotton? 

There is rogor, carbary-85, then the one meant for red spider, and then, ummmm. These are the 

ones we have been using. 

Do you recall the names of the other ones? 

No, i do not recall. 

Which ones are you now using? 

We are using 85, rogor, then the one that kills the red spider. These are the ones that we are using 

these days. 

Are there any changes in the amount of pesticides used now compared to those used in the past? 

Yes, in the past we used more pesticides. The companies gave us our pesticides all at once, and 

there was no need to go and look for extra pesticides. Nowadays we are receiving fewer pesticides. 

Are the amount of pesticides you are using these days sufficient to control pests on your farm? 

Well, it depends on the acreage and the company giving the credit. 

How do you control weeds? 

I always weed manually; i have never used any herbicides. If i have a little cash i look for people to 

help and then i pay them. 

Who is involved in the handling of pesticides at your home? 

I mix, spray, wash my knap sack and even my own clothes that i wear while spraying. I do everything 

myself. I carry my soap and my towel. I wash myself and my clothes, then i wear my clean clothes 

and return home. 

Do you use any other methods of pest control? 

No. I only use pesticides. I receive them from the companies. 

Which companies are these? 

I have taken loans under contract farming from Cottco, then Grafax, which i am using these recent 

years. 

Have you ever received any training on other methods of pesticide management? 

No, i only know to use pesticides. 

Thank You for your participation  

TM 08 

Which pests do you come across on your farm? 

The first is aphids. These interfere with the health of our plants. Then there is a worm, called red 

bollworm that bores into, and stays in the bolls of our cotton. This damages our cotton. 

Which of these would you say has increased since you started growing cotton? 

I see that the aphids have increased. The red bollworm has also increased. It’s because there are 

some, those of us who do not cut and burn their cotton stalks. The bollworm goes down that stalks 

and lays its eggs in the roots of the plant. When it rains these eggs will hatch, and it will become 

impossible for us to control it once it hatches. 

Would you say there are any changes in terms of population? 

Right now it’s not easy to tell whether it is more or less because we have been scaling down on 

cotton production because of low prices. 

Have there been any changes in the types of pests? 

The types are still the same as from many years ago 

Which weed is found in your fields? 

There is the type called chinzungu, this one is really affecting our crops. There is also chaguduma. 

This one has spikes. This type is also affecting the health of our crops. These are the twoo types that 

are affecting the health of our crops. 

Which pesticides have you used thus far? 

i only know one type from the past, the rest i cannot recall. I know Cotguard. 

Would you say there have been any changes in the amount of pesticides used over the years? 
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There is a change, in the past we used Rogor, they say it’s now called what, by the way, i don’t know, 

then there is 85, and also Thiamex. It’s not there anymore. There is now gukurahundi. Thiamex was 

used to kill the American bollworm. But i don’t know why it was stopped. We do not see it any more. 

Are the pesticides you are using nowadays enough to control pests on your farm? No, they are not 

sufficient because i limit my spraying. I try to skip a week between my spray intervals. But, when i 

skip a week maybe it rains, and then when it rains my pesticide is washed off, and then the worms 

will eat my crop. 

Do you use any herbicides for the control of weeds? 

I have not used. 

Do you use any other ways of controlling pests? 

No, i use only pesticides. 

Have you ever received any education of pesticide risks and other forms of non-chemical pesticides? 

I have received education concerning scouting for pests in the field. 

Thank You for your participation  

TM 09 

Which pests are found on your farm? 

I know heliothis, then there is the red bollworm, and then there are also some other butterflies 

(moths) 

Which of these pests are problematic? 

It’s the red bollworm 

Since you started, have there been any changes in pest population? 

The pests are actually increasing in population size. 

Are there any changes in types of pests? 

The types have not changed. I still see the same pest types that were there since i started farming 

cotton. There are no new ones, and there aren't any that have disappeared. 

Are there any other concerns concerning pests on your farm? 

Yes, it appears these pests are now resistant to the type of pesticides that we use to control them. 

What do you think might be the cause of this resistance? 

I used to think that the type of pesticides that we are receiving to control them do not have power 

any longer. 

So, what are you doing about it? 

I am just persevering on as cotton is a crop that i have experience in growing. 

Which pesticides have you used over the years in cotton farming? 

I have used Dimethoate, Carbaryl 85, Fernkill and Fenvalerate. I am having problems recalling some 

of the pesticides. 

Would you say the amount of pesticides that you use in your cotton farming changed over the 

years? 

No, there is no change. I only see as if it’s the names that are changing. 

How come you see as if there is no change? 

I see that it appears as if Fernkill, for example is simply changing the name, of its changing the 

percentage of how it kills. 

Are the pesticides you use enough to kill the pests that you encounter on your farm? 

Since i usually get my inputs on credit under contract farming arrangements, sometimes the 

pesticides are not enough because the company giving the credit may give not enough pesticides 

and it may also give after long intervals 

Do you use any herbicides? 

I do not use herbicides, i always weed manually. 

What other methods of pest control do you use? 

I often handpick the worms, especially when there are clear signs of their presence. I hand pick and 

kill them manually. As far as weeds are concerned, i always weed manually. 

Have you ever had training on alternative ways of pest control? 
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No, i have never. 

Thank You for your time  

TM 10 

Which pests found on your cotton fields? 

There are worms and aphids that affect the leaves. The worms affect the bolls. 

Which pest is giving you the most problems? 

It’s the red bollworm 

Do you notice any changes in pest populations? 

Since i am no longer involved in cotton farming as my husband was the one who was active, i would 

not really know. Never the less, red bollworm is the one that seems to be increasing in population. 

Have there any changes in pest types? 

No, it’s basically the same old types. 

Which weeds did you come across when you were actively growing cotton? 

We had problems with bwerere, and kablakwasha, now there is chinzungu and chaguduma> 

Which other crops do you grow? 

I grow maize and mhunga. But, its mainly maize. 

I no longer grow cotton because i do not have a pesticide sprayer since my husband died. He is the 

one who used to do the spraying. 

Which pesticides did you use during your time? 

We would always start with Rogor, against aphids, and then later on as the worms emerged we 

would switch to gukurahundi until the cotton became white. 

Do people now use more pesticides? 

The people now say they no longer use rogor and they now use Acetamark. 

Did you use any herbicides? 

No, we always did our weeding manually. 

Did you use any other methods of pesticides? 

No, we only used pesticides. 

Did these pesticides affect the health of anyone in the household? 

No, they didn’t. 

 
Thank You for your participation  

TM 11 

Which are the cotton pests that are found on farm? 

There are ladybird beetles that come later on. But, there are those green worms that feed on the 

leaves, then there follow those red worms that affect the bolls, and then the beetles that come 

when the cotton has budded. When these ladybirds pee on the cotton, the colour of the cotton will 

be affected, it will no longer remain untainted white. 

Which of these pests would you say have increased in population? 

I see the green worms as having increased in population. These also eat the leaves of our crop. 

Which weeds are found in your fields? 

The one that gives us problems is chinzungu. 

Which other crops do you grow? 

I also grow maize and ground nuts. 

Have there been any changes in the acreage of cotton relative to the other crops? 

I am now growing more groundnuts, and i have cut down the cotton acreage. 

Why? 

At my age, i cannot continue growing cotton because it i s labour intensive. I now find it very difficult 

for me to carry the knapsack sprayer. 

Do you have a knapsack sprayer? 

No, i don’t. I borrow from those who have. 

Which pesticides have you used over the years? 
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In the past we used to use 85 and Rogor. When we found that it was being infested by a lot of 

worms i would then use kurura. 

Do you see any changes in the amount of pesticides used now compared to those used in the past? 

I see that there is a change. In the past we would receive all types of pesticides, and we would use 

and not finish it the whole season. I observe that the pesticides that we used in the past had power. 

The current pesticides are less powerful. 

Therefore, the pesticides used now are not enough to control pests on the farm. We end up selling 

chickens or goats in order to buy extra bottles of pesticides. 

Do you use any herbicides for weeds? 

I sometimes buy, but i can't recall the name of the herbicide. 

Do you use any other methods of pest control? 

I always use pesticides. 

Have you ever received any education on alternative methods? 

No. Never 

Have you ever received protective clothing from cotton companies? 

No. Since i started growing, i have never received any protective equipment from the cotton 

companies. 

Thank You for your participation  

TM 12 

Which pests are found on your cotton farm? 

There are certain worms that come behind there, and then there are certain flies that just fly 

around. Then the worms with green and yellow stripes. Then there is another fly that just flies that 

just cuts the shooting stem of the plant. This fly has a hard coating. And it just cuts the stem. Then, 

when the cotton has developed bolls, there comes a worm that feeds on the cotton from outside, 

and then another one that is red in colour that feed feeds from inside the bolls. The one that feeds 

from outside is whitish. Then there are also some aphids. 

Of these pests, are there any changes in their population that you have seen over the years that you 

have been involved in the farming of cotton? 

My observation is that there is an increase in the population of the worms. 

And in terms of general population of pests? 

Yes, these days there are generally more pests in cotton than what it used to be like in the 

beginning. 

Then, in terms of types of pests? Are there any new types? Or are there any types that seem to have 

disappeared? 

Yes, there are those that appear like flies. I never used to see them in the past, but nowadays i see 

them. 

Which weeds do you come across in your field? 

There is a type that we call chinzungu. This weed is very bad. It just spreads easily, and its effect is 

that the cotton may easily lose its green colour and start showing a yellowish colour. 

Which other crops do you also grow together with cotton? 

Nowadays i am increasing my groundnuts acreage. In the past i did not use to grow a large acreage 

of groundnuts, but we used to grow more cotton. But i have realised that these days it’s now better 

to grow more groundnuts. 

Would you say that there have been any changes in cotton acreage relative the acreage of cotton? 

Yes, i see that in the past we would grow a small portion of cotton and harvest a lot. Nowadays we 

grow a bigger portion, but the harvest is much smaller. 

And in terms of the other crops, are there changes in acreage? 

Yes, it’s now different because we are now growing groundnuts, maize, mashava, mhunga, and 

everything, we are planting. Our acreage will not be very big, but we try to make sure that we 

diversify and grow a bit of everything so that we can harvest something. 

Which pesticides have you used on your farm? 
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I have used rogor, 85, and gukurahundi. These are the pesticides that we used in the past. 

Are these the ones you are still using? 

Nowadays there is Acetamark which is used against aphids, and fernkill. And ... i can't recall the 

other names. 

Okay, so has there been any changes in the amount of pesticides used over the years? 

Yes, we are now using more pesticides than we used in the past. 

Okay, and in terms of how these pesticides work, are there any changes? 

It’s difficult really to know. In the past there were few worms, so maybe they were easier to control. 

So for us to really see if the pesticides are working or not is difficult. 

And, among the pesticides that you are currently using, are they sufficient to control pests on your 

farm? 

They are sufficient if you get a loan contract with a company that supplies enough pesticides. If you 

get a loan with a company that supplies pesticides that are not enough you end up selling livestock 

in order to buy extra pesticides. 

Do you use any herbicides? 

No, i have never used any herbicides. 

Do you use other methods of pest control except pesticides? 

No. There are no other ways of managing pesticides. 

How do you manage weeds? 

We kill weeds by physically weeding them out. 

Have you ever received any education or information of other ways of managing pests without using 

pesticides? 

No, i have never. 

Thank You for your participation  

TM 13 

Which pests are commonly found on your fields? 

There are green ones, then there are also red ones, then there are... There are several of them. 

Can you please identify them? 

I don’t know their names, can’t recall their names 

Can you describe them by what they do? 

There are those that eat the flowers and bolls, then others that feed on the leaves and others that 

eat the bolls. 

Which, among the pests that you have talked about, have increased in their quantity since you 

started growing cotton? 

Those that have significantly increased are those that are green. These have increased and they do 

not even respond to the chemical pesticides when sprayed on. 

Which part of the plant do they attack? 

They eat the actual bolls. Even when a boll has developed into a generous sized one, they just eat. 

Do they get inside the bolls? 

They get inside. 

Has the population of pests increased since you started growing cotton till now? 

They have significantly increased, and they do not respond to the pesticides. They don't. 

And in terms of the types, are the pesticides you see now the same as those seen in the past? 

There have been changes. There is now the green one that i have just talked about. 

Wasn’t it there in the past? 

No, it wasn’t there. 

Which type of herbs do you have on your fields? 

There are plenty of weed types. There is bwerere, nyabvedzi, goso, chinzungu. 

Which, among these, is most problematic for you? 

Chinzungu and goso 
How do these affect your agriculture? 
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Chinzungu is very stubborn, when you weed it out in no time it will have regrown. Even goso, does 

the same as well. Even chaguduma. 

Do you use any chemicals to kill these weeds? 

No, we don’t 

So, what do you do? 

We just weed them manually. We just do our best till we harvest. 

Which other crops do you also grow? 

Maize and mashava and groundnuts 

Have there been any changes, over the years, in the acreage of cotton relative the acreage of these 

other crops which you also grow? 

We are now prioritising food crops over cotton. Ground nuts are now giving better returns 

(compared to cotton, as commercial crops). This season we grew cotton and harvested 3 bales, but 

we did not realise any income. Cotton is not paying any more. We are dying for nothing. Cotton has 

a lot of labour. 

And, coming to pesticides. Which pesticides do you use? 

Pesticides! We start with Acetamark, then followed by 85, and then lastly the Gukurahundi. 

Alright. 

Compared to the years in the past, are there any changes in the amount of pesticides that you are 

now using? 

Yes, there is a change. We are now using fewer pesticides, and these no longer have power. They 

absolutely have power. 

But, the ones that you use on your farm, are they enough to control pests? 

No, they are not. We actually have to buy extra pesticides because the amounts that we receive are 

not sufficient. 

Are there any people who give you? 

We get loans 

From whom? 

We have loaned from Cottco 

Do you use any herbicides? 

No, we do not use any herbicides, we just ween manually. 

Alright. Do you use any other methods of pest control? 

No 

Have you ever received any education about how to do this? 

No, i have never. 

And weed, do you have any other means besides weeding manually? 

No. We heard that there are chemicals, but these are to be bought. We have not yet had the money 

to buy such herbicides. 

 
Thank you for your participation  

TM 14 

Which pests are found on your farm? 

There are green worms that start affecting the crop. When the crop start developing bolls, there are 

worms that get inside the bolls, they are grey in colour. Afterwards, there are aphids. These are the 

deadliest. 

How come? 

They sap all the juice of the plant from the leaves leaving the plant looking unhealthy. 

When it’s the boll? 

The grey ones that i have talked about; they are the ones that affect the boll once they get inside the 

boll. The side of the field where they are spotted usually will not have good cotton yields. When time 

comes for the cotton to open up the bolls that’s when you will realise that there may actually be a 

whole side that will not have any bolls opening because they will have been eaten by the worms. 
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Which pest would you say has increased since you started? 

It’s mainly the worms that affect the bolls? 

Since you started, are there any changes that you see in terms of the population of the pests? 

Yes, there are changes. I see that the aphid population is becoming lower. But, the worms that affect 

the bolls, i have realised that if you find the pesticides for them, they can be controlled, but if there 

is not enough pesticides, there can be a serious problem, cotton may not reach good harvests. 

Which weeds are mainly found in your fields? 

There is this new pest that appeared recently, in the past it wasn’t there. This weed we call it 

chinzungu. This weed gives us serious problems. Its roots grow deeper into the soil such that if you 

try to just uproot it you will realise that it will be not so easy to just simply uproot it effortlessly. Even 

when it is found in the maize field, its roots are also very deep. 

Which other crops do you grow? 

In the past we tried to grow water melons and ipwa in the same field with cotton, but we later 

realised that it was a health risk, because the pesticides can remain residue it the crops to eat. 

Do you also grow other crops, not necessarily in the same field as cotton? 

Yes, i also grow groundnuts, sunflowers, maize and cow peas, and mhunga. 

Has the acreage of cotton changed over the years, relative the acreage of the other crops? 

It has changed. In the past we didn’t grow many crops. We mainly grew cotton, and we would grow 

cotton on the best soils during that time when it gave us good financial returns. 

And now? 

Now, we are now growing more crops depending on the system of the rainfall. We also now have to 

reserve a portion for mashava, and mhunga and maize which means the cotton acreage is no longer 

that big. 

Which pesticides have you used in cotton over the years? 

The names are always changing. When we started we had, uhhmm, what is the name? Before 

lambda, we used fenvalerate, and 85, we are still using it, and lambda, and i can’t recall all. 

Are there changes in the quantity of pesticides used? 

Yes, there are changes because we now have more types of pesticides, in the past they were fewer. 

Are the pesticides which you use enough to control pests? 

Yes, they can be sufficient, particularly if you have enough pesticides. Only that, what is happening 

now is that the companies from which we get inputs on contract are the ones who are messing up 

because of the way they are giving us pesticides. We are not able to destroy the pests because they 

are giving pesticides that are not in tandem with the length of the season. The pesticides are finished 

before the cotton bolls have even opened up. That is when the worms attack our crops. We must 

mainly protect against the worms that attack the bolls because the bolls are the cotton. So, we end 

up selling goats or chickens so that we can buy extra pesticides. Otherwise, if companies gave us 

enough pesticides we would have good harvests. 

Do you use any herbicides? 

I have never used herbicides, but i have had education about them and i have seen demonstrations 

and appreciated how they work and what they are good for. 

Other than the use of pesticides, do you use any other methods to control pests? 

No. 

Have you ever received education on alternative pest management? 

No, i have only received education on the usage of pesticides. 

Thank you very much for your participation  

TM 15 

Which pests are found in your fields? 

There are some worms that are found. There is a red one, the red bollworm, then there is a green 

one that feeds on the sap of the leaves. Then there is another one that is found in the soil 

underneath the plant and it feeds on the base stem of the plant. 

Which, among these gives you the most problems? 
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The red one which feeds on the bolls. 

Have there been any changes in pest population since you started growing cotton? 

There has been an increase in the population of the red ones 

Have there been any changes in the population of all other pests in general? 

From the way i see it, i think they have not increased in population because there are now a lot of 

people who are now growing cotton. 

Have there been any changes in the types of pests? 

Yes, now there are fewer types. 

Which weeds do you come across in your cotton fields? 

We mainly have issues with bwerere and chinzungu. 

And how do you deal with the weeds? Do you use any herbicides? 

No, we do not use any herbicides. We only weed manually. So, even when we plant we make sure 

that we plant the acreage that we will be able to weed. 

Which other crops do you grow? 

We also grow groundnuts and maize and mhunga. 

Have there been any changes in cotton acreage relative the other crops? 

There is a slight change because the cotton acreage is slightly larger. The problem that we face is in 

our inability to weed all the crops in time and have good harvests. If we put most of our efforts in 

cotton weeding, we also have better cotton harvests. Maize is good in that we will have food at 

home. 

So, is your cotton acreage the same as the past? 

No, it’s no longer the same acreage, there is a change. 

How is that so? 

Because some of my children are no longer staying with me at home, they are grown-ups and they 

have left. So, with the children that i now have at home my acreage is now smaller, which they can 

manage to work. 

Which pesticides do you use on your farm against pest? 

We use lambda, and then carbaryl-85. The other ones i just can’t recall them right now by their 

correct names. 

Are these the same ones which you used in the past? 

In the past we had another one which was called Rogor, but it was discontinued. 

Has the amount of pesticides which you use changed over the years? 

Yes, because we use the amount of pesticides that equates to the size of land grown. 

And, as far as the types of pesticides are concerned, are there any changes? 

There is a difference. The pesticides which you used in the past are different from the ones which we 

are using now. 

Why? 

Because they design specific pesticides that kill specific pesticides found in the area. 

And, are the pesticides which you use sufficient to kill the pests that you encounter on your farm 

No. We usually get our pesticides on credit from the cotton companies; so when i get once the 

companies may just tell me that the pesticides which i collected are already enough, even though i 

would still need more pesticides to control the pests on my farm. That is the problem that we face 

which makes the amount of pesticides used on the fields become insufficient. 

And in terms of effectiveness in controlling the pesticides, would you say there is a change or not? 

There is a difference, the current pesticides are effective, but not as much as the ones which we 

used in the past. 

Do you use other methods of pest control apart from pesticides? 

No, there is no other way that i know 

Have you ever received any education on alternative methods of pest control and proper handling of 

pesticides? 

No 
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Thank you for your participation  
 

TM 16 

Which pests do you commonly encounter on your farm? 

The first one are the aphids which are found if you flip under the leaves of the cotton plant. These 

aphids suck the sap out of the leaves resulting in stunted growth of the plants. Some aphids feed 

from the shooting stem of the plant such that the plant will not be able to grow in height. Secondly, 

there is another pest called the red spider. The effect of this one is that once it is found in the field, 

the cotton plants will not be any productive no matter how much the plant grows. Then when the 

cotton has developed bolls, there are types of worms that feed on the bolls. There is the red 

bollworm which feeds from inside the cotton bolls. Once it enters inside the bolls it becomes 

uncontrollable. You can’t control it. This one should best be controlled while it’s still in its egg stage 

of development. Then there is another one called the American bollworm. In our language we often 

call it madyirapazhe (the one who feeds from outside) because it feeds from outside the bolls. When 

it feeds, if you fail to control it, it can easily destroy all the bolls in a matter of days. Then there is 

another worm called heliothis. This is the worm that feeds on the leaves such that when there are a 

lot of these in the field feeding on the plants, the cotton plants will be left with only the stems 

without any leaves. There is yet another type whose name i do not really know. We only started 

noticing it very recently. It's a type of (inda) aphid which is white in colour. When you see it you may 

think that it’s just ash, but if you touch it you see it moving. This one once it attacks the cotton plant 

the whole plant becomes dry. We were informed by the agricultural extension officers that since this 

is a new pest they do not yet have any specific pesticide that they could recommend to use against 

it. So, what we normally do is that once we encounter it, we pluck out the affected plant and destroy 

it. 

Of these pests, which ones would you say have increased in population over the past 30 or so years? 

The red bollworms, the American and the red spiders are increasing in population every year. 

And in terms of population increases in these pests, not just the types, but the population numbers; 

have there been any changes over the same period? 

Yes, i would say over the past twenty years the pest populations have increased, and if we use the 

type of pesticides that we are receiving to control them they are not getting killed by these 

pesticides. 

Over the same 30 year period, are there any other concerns regarding pests on your farm? 

Well, only that the new pest which i have talked about is proving to be really deadly. If it’s found in 

the field for two or three seasons it would be better to stop growing cotton all together. It would be 

better to put another crop in the same field, such as maize, because if we continue putting cotton 

they will be increasing in their numbers each year. 

Which weeds are found in your field? 

There are several types. There is bwerere, then what we call tsangadzi, and the other one called 

goso. On my farm, these are the main weed types that give me most problems. 

Which other crops do you grow, apart from cotton? 

I also grow maize, mhunga, mashava and ground nuts. 

Are there any changes that have happened over the years in the proportion of land dedicated to 

cotton relative the other crops? 

Well, that varies from season to season. There are some season when i place more value on maize 

and dedicate more land to it. I prefer to dedicate more land to maize and mhunga because these are 

food crops that give guarantee as far as food security is concerned when i get good harvests. 

Which pesticides do you use on your farm? 

I use Acetamark to control aphids, then i also use carbaryl 85. Then i also use gukurahundi because 

the cotton will have started developing flowers and bolls. In controlling worms, i use fernkill, 

fenvalerate and lambda. Lambdar is the pesticide which we are receiving these days, and my 
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personal assessment as far as its effectiveness is concerned it that it is failing to control worms. But, 

if you make efforts to look for another type you see changes. 

Are there any changes in the amount of pesticides used over the past 30 years? 

It’s changing. In the past we used strong powerful pesticides such as Thiodan. The pesticides which 

we are now using are less powerful, and they are failing to effectively control pest. In order to 

control the pests, it is best to control the eggs. If we fail to control the worms while they are still 

eggs, we may control to a certain extent, but not 100 percent. 

Are the pesticides which you are currently using enough to control pests? 

No, they are not enough because at times we lack the financial means to buy sufficient amounts of 

pesticides. In fact, that is the biggest problem. 

Alright, do you use any herbicides? 

In the past we did not use any herbicides. Here we only started using herbicides about 5 or so years 

ago. Personally i have used an herbicide called Cotguard. I noticed the results that it is a very 

effective herbicide. 

So, have you received education on the other methods of controlling weeds? 

Yes. We were educated on these herbicides by the agricultural extension officers. 

Do you use any other methods of pest control apart from the use of pesticides? 

Yes, sometimes we get into the field as a family and scout line by line, manually killing all the worms 

that we come across. 

Did you receive any education about this method of pest control? 

No, it's just an idea that came into my mind and then i just decided to implement it. 

Thank You for your participation  

TM 17 

Which types of weeds do you come across on your farm? 

There is the type which we call Nyabvedzi. This type is such that if it receives rain water for just two 

consecutive days, it will be very difficult to manage it. Then there is Goso. This is another type which 

we find in our cotton fields. And another type called Chaguduma. 

Which cotton pests are commonly found on your farm? 

In the beginning, when our cotton is two weeks, some green grasshoppers that feed on the leaves 

start to appear, and we spray these with Acetamark, or Rogor. When the cotton leaves are showing 

signs of wilting it means that there will be some aphids, so we use Acetamark. After a week, you get 

into the field in the second week to see if there would have arrived another wave of pests. If there 

are, you spray again, but if there aren't, there is no need to spray weekly, you can skip a week and 

spray the second week. When the cotton starts to develop bolls, there start to appear some worms 

called red boll worm, which are green in colour, if you see them in the field around December or 

January, we control them by spraying a pesticide called 85 and Acetamark. We continue using this 

until February when we may start using Fernkill, as from the 4th of February. Then, the worms 

would have grown bigger and it will be evident that 85 would no longer be capable of fully 

controlling them that is why we then introduce Fernkill. 

Of these pests, which, as afar as your observation is concerned, have increased in population over 

the past 30 years? 

I have observed that there are more Red boll worms because people are not slashing and burning 

their cotton stalks as they should. That's the problem. If a worm is left alive this season, it will be 

impossible to control it next season because it would have developed resistance. It would not die 

when sprayed on. What i would want to encourage all farmers is to destroy their cotton stalks just 

the way tobacco farmers destroy theirs and burn them. Just the way our agricultural extension 

officers encourage. 

Have there been any changes in the amount of pests? 

Yes, there are some seasons when there are some grasshoppers which invade the fields. When these 

invade the field, there is very little to harvest from that field. All the leaves will be eaten. In 1987, 
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there were certain insects called mamunye. These insects aren't selective of crops. They can affect 

any crop apart from cotton. But, these are not resident pests. 

What is your observation concerning the amount of pest? Have they increased, remained the same 

or declined in their numbers? 

There are now more pests as compared to in the past. They are actually keeping on growing in their 

numbers. 

And, in terms of types? Have the types of pests remained the same or they have changed? 

The types are also increasing because people no longer cut their cotton stalks these days. 

Because of that, there are more pests. 

Do you have other concerns regarding pests on your farm? 

Yes. Particularly with regards to the pesticides. Others have resorted to using the pesticide called 

Termic as a way of trying to kill the worms. This is so because Lambdar is no longer effective in 

controlling these pests. It’s because we are using the same Lambdar on the same worms over many 

year that is why it is now resistant. 

Which other crops do you also grow? 

I also grow ground nuts, maize, mashava. 

Have there been any changes in the acreage of cotton relative the acreage of cotton? 

Yes, i have cut down on my cotton acreage and increased the maize acreage. 

Why did you do that? 

Because i realised that cotton is no longer fetching a favourable price on the market. In addition, it is 

very difficult to manage a large acreage of cotton because it is both a pesticide and labour intensive 

crop. 

Which pesticides have you used over the past 30 years? 

We have used Rogor, there wasn't the Acetamark which we are now using. Then Karate, and 

gukurahundi. These are the pesticides which we used in the past during the 1980s. These were given 

to us in small metal gallons. 

Which ones are you using now? 

Nowadays we are using Carbaryl, Lambdar and Acetamark. 

How do you compare the pesticides which you were using in the past to the ones which you are 

using now? 

In the past the pesticides had so much strength. Those were real pesticides. If you sprayed with 

Karate, nothing would be left alive in the field. Karate was deadly. 

Are the pesticides which you are currently using enough to control pests on your farm? 

Well, the type we are getting such as Lambdar are delivered to us already expired. 

Do you use any herbicides? 

No, i do not use any herbicides. It’s because of my poverty that i cannot afford to buy any herbicides. 

They are there in the shops but i cannot afford, so i am spent using the hoe for weeding. 

Do you use any other methods of pest control? 

No, there are no other methods apart from these chemical pesticides. 

Have you ever received any training on pest management and the safe handling of pesticides? 

Yes, the agricultural extension officers always teach us about that. 

Thank You for your participation  

TM 19 

 
Which pests are found on your farm? 

I normally come across several pests which feed on the crops, but i cannot recall their names. 

Which pests have changed? 

I now notice that nowadays even mazingizi are now coming to attack our crops. 

Have there been any changes in pest populations since you started growing cotton? 

Yes, nowadays there are more pests 

Which weeds do you come across on your farm? 



206 

 

 

There is chaguduma, bwerere and mhandi. 
Which other crops do you grow? 

I also grow maize, ground nuts, mhunga mashava, round nuts, and cow peas. 

Have there been changes in the acreage of cotton relative the acreage of the other crops? 

In the past my cotton acreage was smaller. Now i grow a larger acreage. I used to also work in the 

past, so i had a second source of income. Now that i don’t have another job, my cotton acreage has 

increased than it was in the past. 

Which pesticides have you used on your farm? 

I have used Carbaryl 85, Lambdar. Lambdar is much deadlier on the skin than the type we had in the 

past. 

Are there changes in the pesticides compared in the past? 

There are now more pesticides. But they are not effective in controlling the pests. It’s mainly 

because we are receiving our pesticides late after pests have already attacked our crops. 

Do you use any herbicides? 

No, i always weed manually. 

Do you use any other methods of controlling pests other than the use of pesticides? 

No, i only use pesticides. 

In what ways do the pesticides which you use affect your health? 

I have no idea. 

 
Thank You for your participation.  

 

TM 20 

Which pests are found in cotton on your farm? 

I may not be able to tell you the exact names, but let me explain or describe them. There are worms 

which are green and red. They eat the boll of the cotton. Then there are aphids which damage the 

leaves. 

Since the time you started growing cotton, are there any changes in the population of these pests? 

These green and red worms are the ones which are increasing in their population. 

Which weeds are found in your cotton field? 

There is a red weed that affects the crop. 

Which other crops do you grow? 

I also grow maize, round nuts and ground nuts. 

Over the years have there been any changes in the relative acreage of cotton compared with the 

other crops? 

I normally make my cotton size bigger because it is from cotton that I get my money. The maize 

acreage is slightly smaller. My groundnuts is also larger because that is my other cash crop from 

which i get money for school fess. 

Which pesticides do you use to control pests? 

I use Carbaryl 85. This pesticide makes the cotton grow healthy and it makes the plant bear a lot of 

cotton bolls and to make the bolls stay on the plant without falling off to the ground. Then i also use 

Acetamark which kills aphids and then Fernkill which kills the worms, those green and red ones 

which i talked about. 

Are these the same pesticides which you have been using in the past? 

In the past we used Fernkill, but Acetamark and Fernkill are fairly recent ones which we didn’t use in 

the past. In the past there was Karate which we used against the worms, and Rogor was used against 

aphids. 

Are there any changes in terms of pesticides used in the past compared to those used now? 

Yes, there are differences. We now use more pesticides than we used in the past. In the past we 

used only two types of pesticides which were very strong. Nowadays there are more pesticides 

which are no powerful at all. 
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From your observations, are these pesticides which you use now enough to control pests on your 

farm? 

Yes, they are killing, but they are not as effective in killing worms. The pesticides have not enough 

power to kill the worms. 

Do you use any herbicides? 

No. I have never used any herbicides, i always weed manually. 

Do you use any other methods of pest control? 

No, i only use pesticides. 

Have you ever received any training on alternative ways of controlling pests? 

No. i only know that these pests can only be controlled by using pesticides on them. 

 
Thank You for your time.  

 

TM 21 

Which pests do you come across on your farm? 

The red bollworms, the red spider and kafuwe. 
What does this kafuwe do? 

It makes the plants get dry 

Since you started growing cotton, have there been any changes in pests? 

Yes, since we started i am noting that the pests are increasing. This is because the pesticides which 

they are giving to us do not have power. 

Are there any changes as far as the particular types of pests themselves are concerned? 

No, there are no changes. There are the same pests that have always been there. 

Which weeds do you find in your fields? 

There is tsangadzi, then san'ombe, and what we call chidyahumba 
Are there any other concerns regarding pests? 

Yes, these pests feed on the crops a lot. If you spray, say today, and go back to inspect tomorrow, 

you will still find them alive. They don't die. 

Which other crops do you grow? 

Maize, ground nuts, cow peas and round nuts 

Are there any changes in the size of land dedicated to cotton relative the acreage of the other crops? 

Yes. The acreage of cotton has declined while that of maize and groundnuts has increased. 

Which pesticides have you used on your farm? 

I have used Karate, Rogor, Fernkill and Lambda and Acetamark and Carbaryl 85. 

Have there been any changes in the amount of pesticides used over the years? 

They have been limiting the amount they have been giving us. 

Nowadays we are now receiving fewer pesticides and they are not enough. By the time we harvest 

all our pesticides would have been finished. 

How do you control weeds? 

I normally just weed. I have used herbicides, but because of cost limitations, i normally just weed 

manually. 

Are there any other ways of controlling pests apart from using pesticides? 

Yes, in the past when pesticides were problematic we would use hot chillies and mukonde. We 

would mix these and use them as pesticides. They can be effective. I have done this as a way of 

testing, and i noticed that the worms can be severely affected, even die. 

Thank You for your time  

TM 22 

Which cotton pests are found on your farm? 

I do not know the actual names of some of them, but i know that they affect the plant when it starts 

to develop flowers. If you go for two weeks without spraying with chemicals you may lose your 
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plant. There are then those that eat on the bolls. Then there are some that eat the leaves. The one 

that damages the bolls is called the American bollworm. 

Of these pests, which one has increased in population over the past 30 years? 

The one that i am calling the American boll worm which damages a lot of the bolls. 

In the past 30 years, have there been any changes in the types and populations of these pests? 

There have been a lot of the red ones the ladybird beetles in the recent years. They appear at the 

end, when the cotton bolls start opening up. They discolour the cotton and make it become brown 

in colour. But we spray them with Carbaryl 85 and manage to control them. These ones die quickly. 

Have there been changes in types of pests? 

There hasn't really been a change in types, just the population of the existing ones. But these are 

easily controlled if you work hard, like what i used to do. I would just spray pesticides on them and 

they would die. Nothing would enter the field. I was encouraged top control these because my 

cotton would be very clean at the end and it would give me a lot of money because of its grade. 

Which weeds are found on your farm? 

There are several types. There is chaguduma, then there is another one called chinzungu which 

really damages the crop. Then another one that does not die which continues feeding on your 

plant's nutrients till you harvest. We call this one karoi. 
Which other crops do you grow? 

I also grow maize and groundnuts. I do not grow a lot over the past two years because my wife died, 

and this has affected my farming activities and production. 

In the past 30 years, has the acreage of cotton changed relative the acreage of the other crops? 

Yes. I now grow cotton on a very small scale, and i have given part of my land to my sons. 

Which pesticides do you use on cotton? 

In the beginning we used Carbaryl, then after it we would use Thiodan. Thiodan was very effective in 

controlling pest, but they stopped giving us because women were dying. When they were cutting the 

cotton stalks and working on the cotton fields, they would inhale the dust and this dust affected 

their health such that many would go to the hospitals. That is when they realised that the pesticide 

was dangerous as it had damaging effects on health. Those who are not very well experienced in 

cotton farming do not use carbaryl, they use the liquid one which we call gukurahundi. If you are 

using gukurahundi, without Carbaryl, your cotton will not give you a give harvest. Carbaryl builds the 

plant together with Acetamark, which we call Rogor. These are the things which work on cotton if 

you are to have good plants. 

Have there been any changes in the amount of pesticides used over the years? 

No. I don’t see any changes. What makes changes in cotton, particularly with regards to the yields is 

because people are planting their cotton late. They plant ever other crop first and then plant cotton 

at the end. 

Are the amount of pesticides which you are using per hectare enough to control the pests on your 

farm? 

No, they are not enough, particularly if you get your inputs on credit. You must have some inputs 

which you must buy on your own as a farmer. If you wait till the company gives you the pesticides 

you will work for nothing. That is where we have serious problems with the companies such as 

Cottco when we ask them to give us loans, but when they do so what they give us is not enough and 

sufficient. It is wise to always buy something on your own 

Do you use other methods of pest control? 

No, i only use pesticides. 

Do you use herbicides? 

Yes. I use herbicides because there is no way that one can spend all their time weeding in the field. I 

have often used herbicides on maize and then used the hoe on the cotton field. 

Which herbicides do you use? 

I can’t recall the name, but we mix a bluish coloured herbicide and a white one and spray. 

Have you ever received any education about the control of pests? 
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I have always been close to the agricultural extension officers who have always been giving me 

advice. 

Thank You for Your Participation  

TM 23 

Which pests are found on your farm? 

In the beginning we come across jassids and aphids, then there follows some green worms which eat 

the leaves, then there are those red in colour which get inside the bolls. 

Which of these pests have been most problematic? 

The red ones are the most problematic. The green ones can be controlled with the chemicals when 

sprayed on, unlike the red ones which are difficult. 

Have the population sizes of any of these pesticides increased? 

The amount of pesticides is increasing because there are some farmers who are not taking care of 

their cotton stalks. The worms that result as a result of the ratoon crops are very deadly. They easily 

destroy the bolls. 

Have there been any changes in the types of pests in the past 30 years? 

I could say that there are those pests such as aphids which appear at the beginning of the cotton 

season and at the end. At the end they are usually worse. 

Are the types of pests you came across around 30 years ago the same as the ones you come across 

now? 

No. there is a difference. In the past there were fewer red bollworms. These days there are now 

more of such because of the increasing practice of people not cutting the cotton stalks. 

Which weeds are you coming across? 

In the past we had issues with some weeds that were quite soft and easy to control. Nowadays we 

have problems with weeds such as chidhongi or chidhongi, and another type that is so hard that 

affects the health of the plants. 

Which other crops do you grow? 

I also grow maize, mhunga and mashava because our season is changing. 

Has the acreage of cotton changed relative the acreage of the other crops? 

Yes, there have been changes. In the past cotton was doing very well, but nowadays it is not growing 

well, and there are now a lot of pests, that is why i am just increasing the acreage of ground nuts and 

maize. 

Which pesticides do you use on your farm? 

In the beginning we were getting good pesticides. They would give us Rogor, carbaryl, Thiodan and 

gukurahundi. They would give us about four or 5 different types. These days Rogor is no longer 

there. They are now giving us this powdered one. 

Over the past 30 years, has the amount of pesticides you use on your farm changed? 

In the past we used to receive enough, but these day there is just more but they are not working. 

Are the pesticides which you are receiving enough to control pests on your farm? 

No. The problem is that we are not getting enough pesticides. They are giving us the pesticides too 

late when the pests have already attacked our crops. In addition, sometimes they don’t even give us 

at all. 

Do you use any herbicides? 

No. I have always used manual weeding 

Do you use any other methods of pest control? 

No. But what i often do is that i burn the grass in the area that surrounds my field so that it remains 

clean and this kills the pests in this area. When i plant my cotton there will not be any creeping 

insects getting into my field. 

Thank You for your time.  

TM 24 

Which pests are found on your farm? 
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The pest that first affects cotton are the aphids. These are followed by the American bollworm. After 

this then there comes the Red bollworm. After the red bollworm the cotton is then affected by the 

ladybird beetles. This beetle appears when the cotton buds open, and it affects the quality and 

colour of the cotton. 

Are there any changes in the pests’ population over the years? 

I can say these pests have not changed. They are the ones which affect pests, including some 

grasshoppers (jassids) 

In terms of the types of pests, are there any changes that have been noticed over the years? 

Well, in the past there were fewer pests, but there were many people who were growing cotton. 

Nowadays there are fewer farmers still growing cotton, and those growing are now growing on a 

smaller scale, but the pests are always appearing in larger quantities as soon as cotton is planted. 

Why are there fewer cotton farmers now? 

It’s all about monetary reasons. 

Which weeds are found on your farm? 

Nowadays it's better because there are now herbicides. In the past we had serious problems with 

the weed call chinzungu. That was a bad one. Then there was also serious problems with 

chaguduma, also known as chidhongi. These were very difficult to control without any herbicides in 

the past. 

You said earlier on that you also grow other crops such as maize, groundnuts and mashava. So tell 

me, have there been any changes over the years in the acreage of cotton relative the acreage of 

these other crops? 

Nowadays it’s different. I am now old, i no longer grow a large scale. I used to grow cotton on a 

larger scale. 

Which pests did you use then? 

We used to use Rogor, Carbaryl. Thiodan and Gukurahundi. These are the four pesticides which we 

used to use. 

Are they still used? 

These days Thiodan is no longer there. Carbaryl is still there. Gukurahundi is there but the pesticides 

we call gukurahundi are now being called by other names. But Thiodan was very strong. 

Do you still use the amount of pesticides as you used in the past? 

Nowadays there are more pesticide varieties, but the way they work or their effectiveness is 

different. 

Would you say these are enough? 

The pesticides may be enough, but their problem is they ineffectiveness when it comes to killing the 

pests. Some pests die, others do not. 

Why do some pests not die? 

Because the pesticides will be without any power; they will be weak. 

Which other ways of controlling pests other than using pesticides may be used? 

If you keep your field clean, the area that surrounds the field, if you weed it and spray to control the 

pests before them get into the cotton field, it takes longer for them to affect the cotton. 

Which other ways do you control weeds? 

Well, there is only manually weeding using a hole and using an ox-drawn cultivator. 

Which herbicides have you used? 

I have used Stella-star, and i am using this in maize. 

Do you have any other concerns regarding cotton? 

Yes. There are some farmers who are now banking on ratoons, these ratoon crops. When we started 

growing cotton, no farmer was permitted to leave their cotton stalks in the fields. It was a statutory 

offense. There were inspections. But nowadays it’s all different. 

 
Thank you for participation  

TM 25 
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Which pests are found on your cotton farm? 

There are aphids, then worms that feed on the bolls, then there are some worms which are hairy 

which feed on the leaves before the flower buds have developed 

Which of these pests would you say have increased over the past 30 years? 

Aphids and red bollworms have increased in population. 

Have the types of pests changed over the past years? 

Yes, they are increasing. 

What do you think is causing this change in the types of pests? 

i think it is because of the changes that are happening in the climate which are causing there to be 

more types of pests. 

Which types of weeds do you come across on your farm? 

There is chidhongi and chinzungu 

Which other crops do you grow? 

I also grow ground nuts and maize 

Which pesticides do you use on your farm? 

In the past we used Rogor, which was in liquid for; now we use a powdered one called Acetamark on 

aphids. Then, against worms those which feed from outside we use Carbaryl, and them against those 

worms which enter the bolls they often change the type of pesticides they bring. 

Has the amount of pesticides used changed over time? 

Yes. Nowadays there are fewer pesticides as compared to the past. 

Are the pesticides you are using now enough to control pests on your farm? 

No they are not enough. For those of us who are on contact farming who receive inputs on credit, 

we always get pesticides that do not match the acreage. Sometimes we end up having to buy on our 

own or risk losing the crop to worms. 

Do you use any other methods of pest control apart from using pesticides? 

Yes, sometimes i use a sharp object, such as a wire to pierce the worm while it is inside the boll. 

Do you use any herbicides? 

No. I always weed manually. 

 
Thank You for your Participation  

TM 26 

Which cotton pests are found on your farm? 

There are those which feed on the cotton leaves. They are green in colour. They call them leaf- 

eaters. Then there are the other ones which are striped which eat from the time when there are 

flowers, we call them American Bollworms. Then there is another one which has very sharp teeth, 

like a cutter, which once it chews on the plant it wilts and dries. 

Of these, over the past 30 years, are there any which have increased in population? 

Yes, there are those which have increased in their populations over the past couple of years. They 

appear like grasshoppers, but they do not fly, they feed on the cotton (jassids). 

Have the types of the pests changed over the years? 

Yes, there are different types of pests. Worms are found in different varieties. There is the worm 

that feeds on leaves only, then there is the worm that eats the boll, and then there is the one that 

eats the flowers, which starts to eat inside the flower before the flower develops into the boll. 

Are these worms the same as those which were there in the past? 

Yes, they are still the same. We use pesticides against them, but we never eradicate them. 

Have the pests changed in terms of their population numbers? 

Yes. Nowadays there are more pests because there is too much sun, and it is too warm. 

Which weeds do you find on your fields? 

There is chaguduma, nyabvedzi and ka brakwasha which when it blooms it develops a red flower. 

Apart from cotton, which other crops do you grow? 

I also grow maize and mashava. 
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Has the acreage of cotton changed over the years, relative the acreage of the other crops? 

I decided to cut my acreage because of low returns; in the past when we grew cotton we would have 

good returns. With the passage of time i decided to downscale my cotton acreage. 

Which pesticides do you use on your farm? 

In the past we used to use Rogor, Carbaryl 85 and Thiodan. When we stopped using Thiodan, we 

started using the likes of Fernkill which were introduced recently. 

Are the pesticides which you use enough? 

No, they are not enough. Under normal circumstances, per hectare i should use two bottles of 

Rogor, two bottles of Fernkill, and two bottles of Carbaryl. But, nowadays they give us only one 

bottle, and this is not enough, resulting in our cotton becoming susceptible to pest attacks. 

Do you use any other methods of pest control apart from chemical pesticides? 

Yes, chillies can work. They should be crushed and soaked in water for one week. After one week if 

you spray on aphids with the chillies concoction the aphids will die. 

Do you use any herbicides? 

Yes, but if there are no herbicides i weed manually or i use an ox-drawn cultivator. 

Thank You for your Time  

TM 27 

During the 1980s we didn’t have problems with inputs because we were being supplied from 

Agricura. This company used to supply enough inputs, including chemical pesticides such as Carbaryl, 

dimethoate, gukurahundi, and all, for us to use. Thereafter, when Agricura left there came another 

company which gave us all our input requirements in time. Our agriculture extension officers used to 

teach us on the proper ways of farming. But, we also listened to farming programs over the radio. 

Nowadays we no longer have radio programs, but in the past such programs used to give us 

guidance. 

Which pests are found on your farm? 

There are red bollworms, the American bollworm, then the cotton strainers (twunana Rudo), the 

leaf eaters and another one called chinungu, i do not remember what it's called in English, then 

there is a yellow one that hides behind the leaf, and then there are jassids. When jassids attack, they 

suck sap from the plant, and you notice your plant wilting. Then there are also aphids, some white 

flies, which are also found in cotton. Then there is also another one which has a hard shell. Then 

there are also some cut worms which attack the plant from the bottom of the plant. 

When it comes to spraying, we were taught by our extension officers to always scout before 

spraying so that we would know what kind of pest is present, so that we would also know the type 

of pesticides to use. 

Have pests changed in population? 

Yes, there are more pests now than there used to be in the past. 

Are there any changes in the types of pests? 

Yes, there seem to be some changes. 

In the past we would only spray with Rogor after our cotton had grown in height by several 

centimetres. But, nowadays, we need to spray it while it will still be very short near the ground. 

Which weeds are found in cotton in this area? 

Here there is gezi, then chaguduma, also known as chidhongi, then there is tsangadzi, and then 

another one called chenamoyo, and another one called chimbiya, also known as chinzungu. 
Which other crops do you grow? 

I also grow maize, ground nuts and sunflowers 

Have there been changes in your cotton acreage, relative the acreage of the other crops? 

Yes, in the past my acreage was larger than it is now. It’s mainly because nowadays i do not get 

enough inputs. 

Which pesticides do you use? 

There is Acetamark, Lambda, Fernkill, and Fenvalerate, and Carbaryl. In the past we had Thiodan, 

and Rogor called Shasha, and Dimethoate. Nowadays we use Acetamark. 
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Have there been any changes in the amount of pesticides used? 

Nowadays there are fewer pesticides. In the past the pesticides had a lot of power. 

Are the pesticides which you are using enough to control pests on your farm? 

No, they aren't enough. You may spray but soon after spraying you will still find pests. 

Do you use any other methods of controlling pests apart from pesticides? 

No. Only pesticides are effective. 

Do you use herbicides? 

Yes, i have used Roundup, and bradex and other herbicides. 

Have you ever received education on alternative methods of pest control? 

Yes, we were taught that after harvesting we should destroy all cotton stalks by burning so that all 

remnants of pests would be destroyed. 

Thank You for your participation  
 




