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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)
guantitative 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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CHAPTER 1

INTRODUCTION



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). Itis, 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.



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. Todescribe 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. Toidentify 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



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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CHAPTER 2

LITERATURE REVIEW



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

temi A ffect ..
Systemic and 'dverse effects/ Pesticides References
Organ effects Diseases
Organochlorine
Metabolic . . pesticides, e.g. DDE,
Pancreas Obesity, type-2 diabetes heptachlor, HCB, DDT, (16,43)
and chlordane
Thyroid Reduction in thyroid hormones | DDT and HCB (39,47,48)
Altered of human body (hexachlorobenzene) T
. Obesity induced coronary heart
Cardiovascular diseases, stroke, blood pressure | A range of pesticides
Heart ’ ’ P georp (49-51)
problems
Disorders of the male Organochlorines, e.g.
reproductive system, e endosulfan, DDT
P ystem, €.g. Organophosphates,
reduced sperm quality, .
. s . e.g. parathion,
Reproductive inhibited spermatogenesis and .
. i . . - dimethoate
testis reduced testis weight, infertility, .
. . Pyrethroids, e.g. (52,53)
ovaries Poor sperm quality .
permethrin
DNA damage
. . Carbamates, e.g.
Birth defects of reproductive
. . carbofuran
organs, limbs, cleft lips and the .
central nervous system Atrazine,
Mancozeb
Neurodegenerative disorders,
Cen.tral nervous .Neuro‘behawoural chall.e'nges, Organophosphates, (4,11,54,55)
Brain including reduced cognitive c.o. chlorovrifos
Gonadal performance & Py
Low immune system,
Carcinogenic Hormone dependent cancers - Organochlorines (low (26,56,57)
multiple organs | breast, ovarian, prostate, immunity) T
testicular, thyroid

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
guantity 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.
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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.

Role of Candidate

The candidate conceptualised the study, designed the data collection instrument, collected and
analysed the data. The candidate ran the in silico Endocrine Disruptome experiments and did the
interpretation of the results. The candidate wrote the manuscript which was commented on by the

Supervisors.

Publication Status
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Appendices related to this paper
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Appendix 4: Interview guides
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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

" RUSHINGA DISTRICT

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
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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
Spinosyn D

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).
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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 a
Estrogen receptor alpha antagonist ERa an
Estrogen receptor beta ER B
Estrogen receptor beta antagonist ERBan
Glucocorticoid receptor GR
Glucocorticoid receptor antagonist GRan
Liver X receptor alpha LXR a
Liver X receptor beta LXR B
Peroxisome proliferator-activated receptor alpha PPAR a
Peroxisome proliferator-activated receptor beta PPAR B
Peroxisome proliferator-activated receptor gamma PPAR Yy
Retinoid X receptor alpha RXR a
Thyroid hormone receptor alpha TR a
Thyroid hormone receptor beta TR B

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)

Docking thresholds
Intermediate low

Target receptor probability
AR >-7.4
AR an >-3.1
ER a >-8.2
ER a an >-8.6
ERB >-8
ER B an >-8.3
GR >-7.3
GRan >-8.5
LXR a >-9.8
LXR B >-10.3
PPAR a >-8.9
PPAR B >-9.6
PPARy >-8.9
RXR a >-10
TRa >-7.2
TR B >-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

Human nuclear hormone receptor conformations

Pesticides

Triazophos
Thiodicarb
Tetradifon
Spinosyn D
Spinosyn A
Lambda
Fenvalerate
Endosulfan
Dimethoate
Deltamethrin
Carbosulfan
Carbaryl
Atrazine
Amitraz

Acetamiprid
Key:
High Intermediate high Intermediate low Low
probability probability probability probability

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 a hormone receptor. It also had intermediate-high probability of binding with two other
hormone receptors (ER a and TR B). The tables also show that the ER @ 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.
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Table 5: Study pesticides probable and highly probable to be endocrine disruptors

High and intermediate high ED probability pesticides
High and intermediate high

Lambda
probability hormone receptors Amitraz Fenvalerate Endosulfan
cyhalothrin

AR an

ER a

PPARy

RXR a

TRB

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 a, GR, PPAR y, and TR B, 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 y, RXR a and TR B), 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 a 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 y). The PPARs play an important role in regulating glucose and lipid homeostasis
(42). Activation of PPAR y, which is abundantly expressed in the adipose tissue (i.e. body fat), has anti-
diabetic effects (43). In clinical practice, PPAR y agonists are used in the treatment of diabetes due to
their glucose-lowering activity. PPAR y agonists also have some blood pressure-lowering effects by
interfering with angiotensin Il hormone-mediated pathways (44,45). Studies have shown, however,
that excessive activation of PPAR y 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 vy, particularly for persons on insulin therapy. Therefore, exposures to PPAR y
agonist pesticides, such as lambda cyhalothrin and fenvalerate, may result in comorbidities. For
instance, hypoglycaemic episodes mediated by exposure to PPAR y 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
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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

53



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
) Increase
In the past 30 years, have Changes in
there been any changes in Temperature temperature No change
temperature? characteristics
Decrease
Increase
No change
Have there been any .
) . . . Changes in rainfall
changes in rainfall in the Rainfall o Decrease
characteristics
past 30 years?
No change
Shorter
Have changes in Longer
temperature and/or rainfall . Changes in
Growing season ) No change
affected your cotton growing season
growing season in any ways? Shorter
Increase
Have there been any )
) Changes in cotton
changes in your cotton Acreage No change
. acreage
acreage in the past 30 years
Decrease
Have there been any Increase
changes in your cropping . Changes in other
. Cropping patterns No change
patterns in the past 30 crops grown
years? 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)

.. . Magnitude
. Structural Descriptive Magnitude
Questions Responses
codes Codes Codes
n (%)
] Increase 42 (84%)
In the past 30 years, have Changes in
there been any changes in Temperature temperature No change 08 (16%)
temperature? characteristics
Decrease 00 (0%)
] Increase 01 (2%)
Changes in
Have there been any changes . .
o . Rainfall rainfall No change 22 (44%)
in rainfall in the past 30 years? o
characteristics
Decrease 27 (54%)
Have changes in temperature ) Longer 00 (0%)
. . Changes in
and/or rainfall affected your Growing )
. . growing No change 01 (2%)
cotton growing season in any | season
season
ways? Shorter 49 (89%)
Increase 02 (4%)
Have there been any changes .
. ) Changes in
in your cotton acreage in the Acreage No change 02 (4%)
cotton acreage
past 30 years?
Decrease 46 (92%)
] Increase 50 (100%)
Have there been any changes c . Changes in
roppin
in your non-cotton cropping ttpp 8 other crops No change 00 (0%)
atterns
patterns in the past 30 years? P grown
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 40°C (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, |
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, | 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 | 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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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

n i n o«

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

75



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 | started to notice recently is that during the cotton season | develop a
certain kind of darkness in my complexion that is different from my normal complexion. After
the cotton season, however, | notice that my | 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 | 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 lllustrative quotes

When | feel hungry, | take a break and | sit down to eat (Respondent:

T™ 09).
Hunger and thirst
| bring with me a container of water to the field. When | feel thirsty, |

drink the water (Respondent: TM 21)

| will be working, so | need to eat and drink so that | can continue

working (Respondent CZ 08).
Energy replenishment
Working in cotton farming is a very labour intensive and painful job

that requires eating (Respondent: CZ 15).

| rehydrate myself by drinking water. After spraying about 5 knapsacks,
| take a container with water and drink. When | drink, | actually drink a
lot of it so that it cleanses my system, in case | would have accidentally

Antidote for exposure 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)

As farmers who have been using these pesticides for many years. We
Risky attitude - used to & P vy

ticid are now so used to them, and we know that they cannot affect usin a
pesticides

long term (Respondent: CZ 15).

Home is too far to ) i
Since our fields are far, we carry our lunch (Respondent: TM 25)
return for lunch

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 | 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, | make subdivisions for the purposes of spraying. It takes me a week. |

spray from Monday to Friday. | spray in the morning from around 7am after the dew has
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evaporated till around 11 am when | break. Then, if my portion is not yet finished, | 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 38° 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 | use when | 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! | 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 | 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, | 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, | only tell children to avoid playing near the rock where | 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

Purpose
PPE :

shoes covering the whole foot, sandals, ) . o
. . Protecting feet against pesticide exposures
slippers, Knee-high rubber boots/gumboots

. . Protection against spills on the back while
Raincoats, polythene sheeting . ‘ K
carrying a knapsac

Scarf, bandana, a clean piece of cloth, a filter out hazardous chemicals from entering
handkerchief (no respirator or breathing mask) | the lungs

Non-spill proof coveralls, work suits, overcoats,
long pairs of trousers, long sleeved shirt, short- | To cover the body including arms and legs
sleeved t-shirts

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 | will be
wearing a jacket. Then he also wears his pair of gumboots and a hat. | 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 lllustrative quotes

| would not be able to work properly... Imagine how hot gumboots
are. | would not wear gumboots and coveralls on top. | could take off
my clothes so that | 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...
Physical discomfort Normally when you spray over the weekend, my body only recovers
caused by PPE around Wednesday. | 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).

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).

Unaffordabilit
y | just wear normal clothes. It’s because | do not have them, and | do

not afford to buy them (Respondent TM 08).

. Cotton companies which supply us inputs under contract farming say
PPE not provided under ) o , .
protective clothing is the farmer’s own business to worry about

input schemes
(Respondent CZ 12).

We just spray dressed the way | dress every day... there is a

Lack of access to and difference in the pesticides. In the past, the pesticides were more

comprehension of powerful, and they needed protective clothing. In the past, | used to

pesticide hazard wear some protective clothing. The pesticides, then, were so

information 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:

| break around 1 pm when it becomes too warm as the gumboots become too hot.

(Respondent: TM 26)

Ifit's available | would suffer from heat while wearing it, | 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.
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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
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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.
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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 Descriptive
codes Codes

1. Would you please describe how the quantity of pesticides which you use on your farm has changed over the | pesticide use (+) increase n/a

past 30 years? (=) no change
(-) decrease

2. Would you please describe how the population of all pests which you encounter on your farm has changed | Pest populations | (+) increase n/a

over the past 30 years?

(=) no change

(-) decrease

3. Do the pesticides which you currently use on your farm kill insects when you use them according to Pesticide n/a Effective
instructions? effectiveness Not Effective
4. Are the quantities of pesticides which you currently receive from contractors to use on your farm enough to | Pesticide n/a Sufficient
control pests which you encounter throughout the season? sufficiency 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 24
crashed chillies, crashed herbs, or a washing powder mixture.

Exclusively other methods (no pesticides) 00
https://doi.org/10.1371/journal.pone.0196901.t1002

PLOS ONE | https://doi.org/10.1371/journal.pone.0196901 May 10,2018 6/19

98


https://doi.org/10.1371/journal.pone.0196901.t002
https://doi.org/10.1371/journal.pone.0196901

@' PLOS | ONE

Factors influencing changes in pesticide use

Climate variability Farmers’ perceptions

& practices

_— | ] _— _—— _— _—— _— _—— _— _—— _— _—— _— _—— _— _—— _— _—— _— _—— — _—— L |
I
I Av 4 Avd I
| Increase in pest INCREASE IN Reduced

populations PESTICIDE USE pesticide |

l efficacy I
I I \ /
, |
, |
L |

Political Ecology
-Farmers’ lack of agency
-Government influence
-influence of cotton industry,
-influence of agricultural extension workers

Fig 2. Influence of climate variability, perceptions and political ecology on Zimbabwe farmers’ pesticide use.

https://doi.org/10.1371/journal.pone.0196901.9002

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

PLOS ONE | https://doi.org/10.1371/journal.pone.0196901 May 10,2018 8/19

100


https://doi.org/10.1371/journal.pone.0196901

@° PLOS | ONE

Factors influencing changes in pesticide use

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 Pesticides are often distributed late, when farmers would have already bought contingency
contracts 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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Table 4. Farmers’ general perceptions about pests and pesticides.

Some Perceptions about pests
o 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.

o 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.

o 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.
o 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.

o It's the same pesticides, but these days they use counterfeit pesticides.

https://doi.org/10.1371/journal.pone.0196901.t1004

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.t1005
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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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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 1: Ethics Clearance

. . B UNIVERSITY OF CAPE TOWN !?
; u@ Faculty of Health Sciences
Human Research Ethics Committee

e

Room E52-24 Old Main Building

Groote Schuur Hospital

Observatory 7925

Telephone [021] 406 6338 « Facsimile [021] 406 6411
Email: sumayah.ariefdien@uct.ac.za

Website: www.health.uct.ac.za/fhs/research/humanethics/forms

25 June 2015

HREC REF: 300/2015

A/Prof A Rother
Environmental Health Division
Public Health & Family Medicine
Room 4.28, Level 4

Falmouth Building-FHS

Dear A/Prof Rother

PROJECT TITLE: CHARACTERISING THE ROLE OF CLIMATE CHANGE IN PERPETUATING
ZIMBABWEAN FARMER'S HEALTH RISKS FROM EXPOSURES TO ENDOCRINE DISRUPTING
PESTICIDES (PhD-candidate-C Zinyemba)

Thank you for your response letter dated 23 June 215, addressing the issues raised by the Human
Research Ethics Committee (HREC).

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year until the 30th June 2016.

Please submit a progress form, using the standardised Annual Report Form if the study continues
beyond the approval period. Please submit a Standard Closure form if the study is completed within

the approval period.

(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms})

We acknowledge that the following student: Cliff Zinyemba is also invoived in this project.
Please quote the HREC reference no in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator.

Yours sincerely

PROFESSOR M BLOCKMAN
CHAIRPERSON, FHS HUMAN ETHICS

Federal Wide Assurance Number: FWAQQ0001637.
Institutional Review Board (IRB) number: IRB00001938

Hrec/ref:300/2015
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This serves to confirm that the University of Cape Town Research Ethics Committee complies to the
Ethics Standards for Clinical Research with a new drug in patients, based on the Medical Research
Council (MRC-SA), Food and Drug Administration {FDA-USA), International Convention on
Harmonisation Good Clinical Practice (ICH GCP) and Declaration of Helsinki guidelines.

The Research Ethics Committee granting this approval is in compliance with the ICH Harmonised
Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95) and FDA
Code Federal Regulation Part 50, 56 and 312,

Hrec/ref:300/2015
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Appendix 2: Informed Consent
HREC Ref: 300/2015

Consenttobe Interviewed - Farmers

Characterising the Role of Climate Change in Perpetuating Zimbabwean Farmers’ Health Risks from
Exposure to Endocrine Disrupting Pesticides

Information Sheet

Investigator

My name is Cliff Zinyemba. | am a PhD student in Public Health at the University of Cape Town, South
Africa. As part of my studies, | 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. | 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 | 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 | 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 | 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, | 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:

o | voluntarily agree to take part in the study outlined above.

o lunderstand that I have the right to withdraw from the study at any time without having to justify my
decision for doing so.

o lunderstand that all information I will provide will remain confidential.

Participant Number.................. Participant’s Signature
Signature of Witness Interviewer’s signature
Date ...ooovveiiiiii
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HREC Ref 300/2015

Appendix 4: Consent to beinterviewed - Key Informants

Characterising the Role of Climate Change in Perpetuating Zimbabwean Farmers’
Health Risks from Exposures to Endocrine Disrupting Pesticides

Information Sheet

Investigator

My name is Cliff Zinyemba. | am a PhD student in Public Health at the University of Cape
Town, South Africa. As part of my studies, 1 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, | 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 | will be able to type every word that
you say onto a piece of paper in exactly your words. | will study that typed paper together with
those from other study participants as | 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. | will transfer the audio-tape from the audio recorder and securely keep
it on a password-protected computer. | will secure its back-up version on a password-protected
external hard drive. | 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, | 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:

o | voluntarily agree to take part in the study outlined above.

o lunderstand that I have the right to withdraw from the study at any time without having
to justify my decision for doing so.

o | consent to the audio-recording of this discussion.

o lunderstand that all the information that | will provide will remain confidential.

o | confirm that I am willing to take part in the study.

o Participant Number.................. Participant’s Signature
o Signature of Witness Interviewer’s signature
e Date ..o,
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Appendix3: Location of the study area
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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
Section 1: Demographic Characteristics
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.

Section 2: Pests and cropping patterns

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)
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1.

2.

Section 3: Pesticide Use

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)

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?

Are the quantities of pesticides that you are currently using enough to control pests on
your farm? Explain:

Do you use any personal protective equipment when spraying pesticides?
0] If yes, which personal protective equipment do you have? (list all)
(if).  If No, why do you not use any personal protective equipment?

You said earlier that your farm is
you, on average, to spray it?

hectares, how long does it normally take

Do you grow cotton in the fields surrounding your homestead?

Do you drink any water while applying pesticides?

Section 4: Climate Change

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

In the past 20 years, would you say there have been changes in the amount of rainfall
received has changed in Rushinga?

(. If yes, please describe the changes that you have observed

In the past 20 years, would you say the season for growing crops has changed in
Rushinga? (e.g. early/planting, longer/shorter season)

(1) If yes, please describe

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?

In the past 20 years have any changes in seasons, temperature or rainfall affected your
farming activities?

(. If yes, please explain, how?
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Section5: Vulnerability

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?

Would you stop growing cotton if changes in rainfall, temperature and seasons
resulted in more pests?

Other than chemical pesticides, do you use other methods of pest management?
(. If yes, which methods do you use?
(ii).  If No, why do you not use any other methods of pest management?

Have you ever attended a course on Integrated Pest Management?

The End: Thank You for your participation
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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?
Avre 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?

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

Credentials

Occupation

Gender

Experience & training

Relationship with participants

Relationship established
Participant knowledge of
interviewer

Interviewer characteristics
Domain 2: Study Design
Theoretical Framework

Methodological orientation and

theory

Participant Selection
Sampling

Method of approach

Sample size
Non-participation

Setting

Setting of data collection
Presence of non-patrticipants
Description of sample

Data Collection
Interview guide

Repeat interviews
Audio/Video recording
Field notes

Duration

Data saturation

Transcripts returned

Cliff Zinyemba (CZ)

PhD Candidate

Full time PhD student

Male

First involvement in questionnaire administration was in 2001. Training in
Geography and Human Ecology at bachelor's and master's levels
respectively

No form of relationship with any of the study participants

Participants did not know the interviewer or research assistants prior to
the interview

No characteristics were reported

Thematic analysis. Themes were developed from data collected during
interviews. Political ecology theory was used in the study

Snowball sampling
Face-to-face

50

None

Data was collected at participants’ homesteads

No

At least 30 years of consistent cotton farming; Males (36), females (9) and
couples (5)

The questions were written by the authors. The questionnaire was pilot
tested on 6 farmers.

No

Audio recording was used

Yes

30-50 minutes

Yes. Data saturation was reached when data categories were repeated in
interviews. Coding was independently checked by co-investigators, AR
and EA

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
Description of the coding tree
Derivation of themes
Software

Participant checking
Reporting

Quotations presented

Data and findings consistent
Clarity of major themes
Clarity of minor themes

One (C2)

Yes

Themes were derived from data collected
Nvivo 11

No

Yes
Yes
Yes
Yes
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Appendix: 6

S2 Table: Interview guide

Discussion Topics

Examples of specific questions and probes

Pesticide use

1.

Whatarethe namesofthe pesticidesthatyouhave usedon
yourfarminthe past30years? (mentionallthose whichyou
remember)

Hastheamountofthe pesticideswhichyouuseonyourfarm
changed over the past 30 years?

i.  Wouldyou please explain how?

i. Whatcould be the reasons forthese changes?

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?

Have you ever used herbicides on your farmin the past 30

years?

I (Ifyes) Do you remember the names of these
herbicides?

i (If never or stopped using) Can you please tell me the
reasons why?

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?

Other than chemical pesticides, do you use other methods of

pest management?

i. Would you please describe these methods?

i. iffarmer does notuse any othermethods) Are you
aware ofany othermethods, evenifyoudonotuse
them yourself?

Pest characteristics

Whatarethe names ofthe cotton peststhatare commonly

found on yourfarm

i. ifyoudo notknow or recallany names, would you
please describe them to me?

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?

i. Have you noticed any new pests?

Withwhich ofthese pestswouldyou sayyouhave hadthe
most problems over the past 30 years?

i. Would you please describe the nature of problems you

have had with these pests?
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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?

Inadditiontotheissuesalreadytalkedabout, arethereany
other concerns you have about pests on your farm?
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Appendix:7

S3 Table: Quotes exemplifying themes
1. Change in pesticideuse

Transcripts\CZ 01

No, we are using plenty of pesticides.

It'sthefaultofusfarmers. There are somethingsthatwe are notdoingright. Forinstance, some
farmersgrowcotton, saythisseason, andafterharvestingthey donotdestroythe cottonstalks.
Othersleavethestalksstandinginthefieldsandtheysaytheyarekeepingthemtore-grow. The
problemwiththesere-growthsisthatthose farmerswiththese starttheir seasonwith applying
broad-spectrum pesticides, while I, in my adjacent farm start with dimethoate. So, the problem is
thatimay end up havingtouse plenty of pesticides becausethe adjacentfarmerdid notdestroy
the stalks and theniwill startto encounter alot of pests. That's a serious problemthatwe 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

Theamounthasincreased

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, ialsorealise thatinthe pastinthis field hereiwould need only two bottles, but nowadaysi
needupto8bottles. The amountof pesticidesthatineed nowto control pests onthe samefarm
has more thandoubled.

Transcripts\CZ 08

Well,wearenowgrowingonasmallerportion. Thereare somewhoare nowjustdoingregrows,
whichneedalotofpesticides. It'sbecausetheyare attacked by pestsearly. It'snotallowed, but
sometimes people are tempted to just steal also.

Transcripts\\CZ 09

No, thereisnodifference, its only thatinthe pastthere were more pesticides made available to
thefarmers. Nowadays, ifyouwanttogetmore pesticidesthe cost ofthemisrather 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 gettinglower.

Because the priceis 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. Inthe past, the
pesticidewhichireferredtoasOncol,usedtobeRogor. Thenitwasrenamed Dimethoate,
Thereafter Oncol, Marshall, andthentheygave usthat powdered onewhichitalked about
Acetamark.

Yes, theamountof pesticides used has notchanged. Because, the dimethoatewhichwe are
talkingabout,we usenumber30,the Oncol, we usethe samenumber30andthenthe powdered
one, we just use number 30.

Transcripts\CZ 13

It's mainly because inthe pastthere were fewer cotton farmers, sowe could getas much
pesticides aswewantedfromthe cotton companieswithwhomwe had contracts. Nowadays
thereare nowtoomany ofus. Weare nowbeingrationedwhenitcomestoreceiving pesticides
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beingtoldthatwe do nothaveto alwaysjust spray anyhow, we mustfirst survey the field and
only spray when pests are spotted.

Inthe 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, itwas also because of 'resistance’ found inthe 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 godeepinthe groundtotherootofthe plantas away of dodging the pesticides. When
we plantto cottonthe plantwillalready be diseased. Mainly because ofthesewormsand other
infestations. We notice thatinthe pastwe 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'sthesame peststhathavejustbeenthere, onlythattheywouldberesisting.

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 thatis coming from the companies is now a bit
crooked. Inthe past, onceyou are contracted, you knewthatthe companywould give youallthe
inputs needed to produce on your hectare all at once.

Transcripts\CZ 19

These days we use more pesticides thaninthe past.

Transcripts\CZ 20

We are stillusingthe same amountbecause they are still giving usthe same number of bottles
per hectare, butwe observe thatinthe rate at which the pests are dying is now different. But, the
measurementsthatwe use forthe concentration of pesticidesinourknapsacksarethesameas
those which we used many years ago, nothing has changed.

Transcripts\CZ 21

Yes. We have usedless amounts overthe years because we have also beenreceiving less. Thatis
why i have resorted to killing the worms physically.

Transcripts\CZ 23

Yes. We are now using more pesticides.

Ithink it's because people are now doing regrows. And these keep hosting pests. Ifthe
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,inthepastweusedtouse many pesticides. Now, we knowbetter. We nowknowatthis stage
iusethatpesticide, atthatstageiusethis pesticide, andthentowardsthe endiuse Gukurahundi
and againthat Acetamark again. Thereasonwhywe useittowardsthe end againis thatthose
aphids get into the cotton.

Transcripts\CZ 25

No, there haven'’t been any changes. It's basically the same amount.

Transcripts\TM 02

| think the pesticides are the same; it’s only the names that have changed. The pesticides a
strong, it only calls for one's knowledge to use the pesticides.

Transcripts\\TM 04

No,theyhavenotchanged. Ouronlyrequestisthatthey should makethemstrongersothatwe
can be able to kill pests.

Transcripts\W\TM 05

re still
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These days there seem to be more pesticides

These days there are more pesticides, butthey are weak, yetin 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, inthe past we used more pesticides. The companies gave us our pesticides all atonce, and
there was no needto go and look for extra pesticides. Nowadays we are receiving fewer
pesticides.

Transcripts\TM 09

No,thereisnochange.lonlyseeasifit'sthe namesthatare changing. | seethatitappearsasif
Fernkill, for example is simply changing the name, of its changing the percentage of how itkills.
Transcripts\TM 11

Iseethatthereisachange. Inthe past,wewouldreceivealltypes of pesticides, andwewould
use and not finish it the whole season

Transcripts\TM 12

Yes, we are how using more pesticides than we used inthe past.

Transcripts\TM 13

Yes, thereisachange. 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 comparedto the past.

Transcripts\TM 27

Nowadays there are fewer pesticides. In the past the pesticides had a lot of power.

2. Change in pestpopulation

Transcripts\CZ 02
Yes, the lady bird has increased its population. During the 1980s we didn’t encounter a lot o
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.

Thisiscausingthe populationofthe peststoincrease. Therefore, ifttheymadethe pesticides abit
stronger, i thing we would, at least, be able to control the pests.

It'stheincrease inthe population of worms. They never get completely destroyed, so we tendto
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 willnothave been cutand burned. The worms will have stayedinthe stalk such that
when you attempt to kill it using pesticides it will not die.

Why pesttypesareincreasingisthatpeopleare nottaking care oftheir stalks. inthe pastwe 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
arejustthere. Whenwe spray them, these pests would be veryresistant. 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

Ithinkit's allgotto dowiththe pesticidesthatwe are nowusing. I thinkthe pesticidesare nolonger
aspowerfulasthe pestswhichweusedinthe past. Inthe pastthe pesticideswere sostrong, even
the smell was so powerful such that after spraying, one could not get into the field to weed because
the smellwould be so prohibitively strong. Nowadays it’s so different; ifyouspraytoday, you may
return tomorrow to weed the same field.

The worms are increasing in their population, particularly the red and the green ones.

Ithinkit's becausethe pesticides are nolongeras powerfulasthey wereinthe past.
Transcripts\CZ 06

Right. There are significant changes. Pests are growing intheir numbers. The pesticides thatwe are
currently using are not powerful. Maybe it's because the worms are now usedtothe 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
havenotincreasedordecreased. | onlynoticethatifthereisadelay onmypartitendtoencounter
more of the pests.

Transcripts\CZ 08

They are increasing

I thinkit's because of resistance that we are giving to these pests, because of the many types of
pesticidesthatwe use. You hearonefarmer sayiuse this pesticide and another one saying they
use that, and so on. But, we are not able to completely kill them.

Transcripts\CZ 09

Ifwe compare pestsinthe pastwith pestsnowthereisadifference. | see thatthe way we live now
is making itdifferent. The pesticides that we use now are different. Inthe past, we would receive
two buckets of cabaryl-85, and one bottle of Thiodan. During that time, i think we were getting
more pesticides. Nowadaysitseemsthe 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
tobe the standard and whatthey receive fromthe cotton companies. lts different fromin the past
when they were just throwing pesticides at us for use. They didn’t have much knowledge.

No, thereis no difference, its only that in the past there were more pesticides made available to
the farmers. Nowadays, if you wantto getmore pesticides the cost ofthemis rather prohibitively
high. So, the pests are now getting their chance.

Transcripts\CZ 10

Aphids are the ones which seemto have been growing in terms of their amount. For your crop to
be agood crop, youmustfirstwintheinitial battle againstaphids. 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,inthepasttheywerefewer,andnowtheyseemtohaveslightlyincreasedintheir 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 intime. The issue is,
farmers do not have the money to buy pesticides, and they wait for the pesticides which they get
on creditfromthe cotton companies. But, the distribution of these pesticides is not efficient, they
arrive late. Therefore, pests end up multiplying in thefields. Inthe past, when farmers signed for
input loans with one company which was operating in the area then, they would receive all their
inputs atonce, before they started planting. Whenfarmersreceived 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 fromthe 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
cropstoo 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 nolonger crop rotation in the fields as they
continue withthe same cropsinthe samefields. It's now differentfromwhatthe situationwaslike
inthe pastwhenthe 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
adjacentfarmerwho 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 timethe rains come these worms will already be inthe plant. Worse still, the type
of pesticideswhichwe were usingthe previousyearsare soineffective, theyjustdo notwork and
the cotton all gets eaten by the pests. Sometimes we do not getthe pesticidesintime, suchthat
when we finally receive our pesticides it will be impossible to control the worms.
Transcripts\CZ 16

Ithink pestsare notincreasingintheir population. Ifyou spray your cottonwithlambdabefore 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
finditoutside afterithasfinished consuming one plant. Aslong asitis inside the boll, itwill notdie
because it will enclose itself inside.

Transcripts\CZ 17

The increase in pest populations is because the pesticides are not able to Kkill.

The concern thati have is that the pesticides are not controlling the pests, so the population of
pests isincreasing.

Transcripts\CZ 19

Yes, these have beenincreasing steadily overthe years. The pasttwo seasons have beenthe worst.
They even do not respond to the pesticides.

| think it's because the pesticides no longer have power.

| alsothink 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.

Thelongones, the greenonesandthe yellowishones arethe onesthatseemtobeincreasingin
their numbers.

Transcripts\CZ 21

Inthe pastthey 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
havethenresortedto movinginthefield to physically capture the worms andthenkillthem using
awire. 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 itis now. The population numbers have
significantly increased in the recent years. And there has also been changes in the types of
pesticides used againstit.

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 overtomy own farm. It's because whenthey
do not destroy their cotton stalks, pests will keep surviving inthese stalks. Last year but one, for
example, we ended up observing that some plants that had already developed several bolls started
todevelopadiseasethatappeared like mutation of plantcells. After five days toaweak the plant
wouldwiltand eventuallyjustdry. Somesayitis caused by thewormswhichwould have survived
inthe ground. When we cutthe plantsright where there appearedto be diseased, we found that
there were some small white worms.

Transcripts\\CZ 24

Let metake you back, inanswering you. Inthe past when we were growing cotton, there was no
talk of having to make cotton cuttings. Which they are also calling "regrowths". Inthe past, itwas
less prevalent. We would harvest our cotton, then cut the cotton stalks and burn them. Nowadays,
people nolonger cuttheircottonstalks. Theyare nowjusthavingregrowths. Thewormsare now
remaining inthe soil. Whenitrains, the cotton stalksimmediately shoot, and the worm would be
there, already having laid some eggs. Thatisthereasonwhythe red bollwormisincreasinginits
population. Itis 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

Theredspider, the American bollworm, andthe red bollworm have increased their population.
Transcripts\TM 02

| have not really noticed any changes

Transcripts\TM 04

Yes, they are growingintheir population. Inthe pastthey used to accuse us of destroying cotton
stalks late, butinthe recentyears, | am always destroying my stalks even before | have sold my
cotton, but I do not see any decline in population sizes. Infact, they are actually multiplying their
numbers. They are now used to the pesticides that we use.

| wish we could receive our inputs timeously so that we can see ifthese pests are justthere 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

| think they are getting fewer.

| think it's because of the pesticides that we are receiving.

They are stronger, they are trying.

No, inthe pastthey were much fewer, and i would always spray them and they would all go.
Transcripts\TM 08

| see that the aphids have increased. The red bollworm has also increased. It's because there are
some,those ofuswhodonotcutandburntheircottonstalks. The bollworm goesdownthatstalks
and lays its eggs in the roots of the plant. When itrains 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

| seethe greenworms as havingincreasedin population. These also eattheleaves 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. | see that the aphid population is becoming lower. But, the worms that
affectthe bolls, i haverealised that if you find the pesticides forthem, 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

Fromthewayiseeit,ithink they have notincreased in population because there are now alot of
people who are now growing cotton.

Transcripts\TM 16

The red bollworms, the American and the red spiders are increasing in population every yedr.
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

| 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 aworm is left alive this season, it will be
impossibletocontrolitnextseasonbecauseitwould have developedresistance. ltwould notdie
when sprayed on. Whatiwouldwanttoencourage allfarmersisto destroytheircotton stalksjust
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 thatthe pests are increasing. Thisis 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 aresult of the ratoon crops are very deadly. They easily
destroy the bolls.

No. there is adifference. Inthe pastthere 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, inthe pastthere were fewer pests, butthere were many people who were growing cotton.
Nowadaysthere are fewer farmers still growing cotton, and those growing are now growingona
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 areincreasing.

Transcripts\TM 26

Yes, there are those which have increased in their populations over the past couple of years. They
appear like grasshoppers, butthey 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, therearemore pestsnowthanthereusedtobeinthe 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 itwhile it will still be very short near the ground.

3. Change in Pesticide effectiveness

Transcripts\CZ 02

Withinsectpeststhe problemiswiththe pesticides. It's hardto understand ifthe the pesticides
are stilleffective. I think they have reduced the strength of the pesticides. Inthe pastwe would
spraythisweek, andthengetbackto thefield nextweek. Nowadays if we spray today, we will
returnto spray the day aftertomorrow. If youdo notgo backto spray withinthe same week you
will find your crop totally destroyed when you go back.

| really think that the power of the pesticides has been reduced.

We usedtouse Carbaryl 85, then Rogor, then Thiodan and then Gukurahundi. These pesticides
hadtheirfullstrength! Theywereverystrong; theycouldreallykill. Malbak wasreally effective.
Thiodan was bannedcompletely.

Transcripts\CZ 03

Well, its relatively effective, but at a very low rate.

lamreferringtothe powerofthepesticides. The pesticideshavelowpower. The pestsdie, butthe
onesthatdie are the onesthat 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

Thepesticidesthatweusedinthe pastwereverystrong. We usedtoget200ml,andwewoulduse
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 thatitches a lot; we get 500mls of it. But, just that
one 500mlbottleis notenough. You needfour/five foryoutobe able to harvest, whichmeansthe
pesticides that we are getting nowadays are very weak, they do not have power.

| 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, ifi spray today i should return for another round in two weeks time. However, these
daysit’staking only one week. If i go back to inspect my cotton nextweek i will find pests, so i will
have to spray.

Yes, itis effective if you are not hesitant to use as much as you can. If you are hesitant and less
generouswithityouwillloseyour croptothe pests. Youhavetospray everyweek. Ifyouskipjust

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
usedtothe pesticides, idon’tknow? Therefore they are not dying and are simply multiplying.
Inthe 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 inthe past, butwe are observing that either the pesticides
havelostpowerortheystillhave power, butthe peststhemselves have developedresistance.
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Were sometimes there may be changes, because the following day when i go and inspect my field
ifind some dead pests, butstill, there will also still be those resistantones which will still be alive.
Transcripts\\CZ 08

Yes, there are nowmanytypes, we hearthere isthistype andthattype. But, from my experience
Fernkillis 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. | only know that it's expired when i spray. Even when i try to increase the
concentrationofthe pesticides, theydon’twork. It'sonly afterclose examinationthatirealise that
we are buying pesticides that are expired. For example, that is the case with those companies from
which we getloans. 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 onthem.
There,thatiswhereihave seenthatthereisaproblem. Theydonottellusthattheir pesticidesare
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.
EvenThiodanwhichisnowcalled Thiamex;thereisnolongerthe Thiodanthatusedtobetherein
the past. Thatone was quite strong; ifyou usedittherewas never goingtobe asingle wormfound
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

I's not enough because the strength of these pesticides is limited.

Transcripts\CZ 14

It'stodowith marketing. You see, ifiwastelling you thisin business, iwould tellyou the truth, but
not the whole truth, knowing that tomorrow you would return for the rest of the truth.
It'sadeliberatething. They are makingthe pesticidesineffective, sothatfarmerswouldreturnto
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 tomanipulation.

Yes, but they are subject to manipulation.

It'sjustsimilartothe bottledwaterthatyoubuyanddrinkinHarare. It'sgotastandardsassociation
of Zimbabwe logo, butitis bottled straight from Mukuvisi River. If you drink it you will be struck by
diarrhoeabeforeyouevenreachMazowe. Isn'titstandardised. Thisis Zimbabwe.. Chuckles.

Transcripts\CZ 15

Thechangeisthattheyresistifwe usethe sametype of pesticides. So, whatwe oughttodoisthat
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, atothertimesduetoourignoranceandalsojustusingthe pesticidesthatare availabletoour
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, itwas also because of resistance'foundinthe worms. We started using alot of pesticides.
Likeisaid, nowthewormsare veryresistant. It's due to such factors as ratooning the crops. The
worms godeepinthe groundtotherootofthe plantas away of dodgingthe pesticides. Whenwe
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
evenafterthetwoweeksthe pestswould notbetoomuch. Nowadaysit’s different, after spraying
today within three/four days you find there are pests.

Transcripts\CZ 16

Ifyou spray your cotton with lambda before the worms are present, they will die. But, if you delay
and getinto spray after the red bollworm has entered the bolls, controlling itis very difficult.

No. What happens is, if we just spray anyhow, those pests will get addicted to the pesticides and in
thelongruntheywillnotdie. So, wefirstassessinthe field forthe presence ofthe eggs of thered
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 Kkill.

The concern thati have is that the pesticides are not controlling the pests, so the population of
pests isincreasing.

Transcripts\CZ 19

| think it's because the pesticides no longer have power.

| alsothink 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.

| think the pesticides have lost their power.

Transcripts\CZ 20

It's the same pesticides, but these days they use “zhing-zhong” pesticides. The smellis the same,
but the names have changed, and the power of the pesticides has also changed. Nowadays these
pesticides do not have power.

we observethatinthe rate atwhichthe pestsare dyingis nowdifferent. Inthe pastthe pestsdied
completely, butwith the types that we are now using we still struggle because the pests always
remain onthe fields. Thatis 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

Thenwe spray. The pesticidewe usedinthe pastseemstobe outdone bythe Acetamarkinkilling
aphids.

Inthe pastthe 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.

| think we really need new pesticides that can effectively the red bollworm because the pesticides
thatwe currently have areno matchtothisworm. Whenwe spray, andthenwhenwe returntothe
field to scout, we find it, and then we end up looking for its presence and killing it manually.
Transcripts\TM 01

| have observed that diseases are increasing due to the fact that the chemicals are now very weak
on aphids.

Yes. Inas farasihave observed, iam 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?lwonder! But,ihave observedthatevenwhenitriedtogrowcottoninafieldthatihad
never before usedfor cotton, irealised 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, thatmeansthatthe pesticides are weak, they are not effective in killing these pests atall.
Yes, there have been changes? The pesticides are now so weak.

Transcripts\TM 02

Yes, theyare. Theyareverystrong. Ifyou, asafarmer, thinkthatthe chemicals are weaker or not
enough, thendo notgrowyour crop on alarge scale sothat your chemicals can be sufficient.
Transcripts\TM 05

These daysthere seemtobe more pesticides, butthese have no powertokill pests. We may
spendthewholeweekspraying, butthe pestswillalwaysremain. Ifispraytodayandgobackto
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,itappearsthese pestsare nowresistanttothe type of pesticidesthatwe useto controlthem.
| usedtothinkthatthe type of pesticides that we are receiving to control them do not have power
any longer.

TranscriptsW\TM 11

| observethatthe pesticides that we usedin the pasthad 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 ¢ontrol.
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

Thereis adifference, the current pesticides are effective, butnot as much asthe ones whichwe
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. Inthe 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, itis 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.

Personallyihave usedanherbicide called Cotguard. | noticed theresultsthatitisavery effective
herbicide.

Transcripts\TM 17

Thisissobecause Lambdarisnolonger effective incontrollingthese pests. It'sbecause we are using
the same Lambdar on the same worms over many year that is why it is now resistant.
Inthe pastthe pesticides had so much strength. Those were real pesticides. Ifyou 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 usedin the past. Inthe pastwe
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 pestsfeedonthecropsalot. Ifyouspray, saytoday, andgobacktoinspecttomorrow,
you will still find them alive. They don't die.

Transcripts\TM 23

Inthe pastwe usedtoreceive enough, butthese daythereisjustmore buttheyare notworking.
Transcripts\TM 24

Nowadays there are more pesticide varieties, but the way they work or their effectiveness is
different.

The pesticides may be enough, buttheir problemistheyineffectiveness whenitcomestokilling
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 pesticidesufficiency

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,weendup buyingextrabottles of pesticides. Ifijustrelaxandrely onthe pesticides
that i receive from the cotton companies i will lose everything.

Transcripts\CZ 04

Thepesticidesthatweusedinthe pastwereverystrong. We usedtoget200ml,andwewoulduse
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 500mlbottleis notenough. You need four/five foryouto be ableto harvest, which meansthe
pesticides that we are getting nowadays are very weak, they do not have power.

No, it's notsufficient. Wereally need more pesticides. Attimeswhenwe scoutand see thatthere
are pests, we justignore 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 atthe sighting of pests. This is because pests do not stop eating our crop, day and night.
But, becausethe pesticides are notthat plenty, we have no other choice thantojust 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
Thereis achange. 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
wouldbeattacked by pests. Thatiswhywewouldloan. Wewould getthe wholekit. If, forexample
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,itisenough. It'ssimilarto overdosing agoatthatyouwanttotreatforworms. Ifyouoverdose
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

Usuallytheamountofpesticidesthattheygive usarenotenough,sowe endupgoingtobuyextra
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

Inthe pastwhenwe gotinputloans, we would get enough pesticides. Ifigotaloan 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, butifusedproperly. The problemthatwe faceisthatwe grow cotton on 2 hectares, andthen
receive only two or three bottles of pesticides which are not sufficient.

No. But, ifyoufollowinstructions and usethe pesticides properly everythingwillgowellbecause
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.

TranscriptsWTM 02

Those with enough pesticides are able to killand destroy pests. if you do not have enough pesticides
you will not win the battle against the pests.

Transcripts\TM 04

Pesticides have beenreduced. These days we are given only two bottles of Fernkill per hectare. But,
the proper way to do itis 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\WTM 08

No, they are not sufficient because i limit my spraying. I try to skip a week between my spray
intervals. But,wheniskipaweekmaybeitrains,andthenwhenitrainsmy pesticideiswashed 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

Transcripts\TM 12

They are sufficient if you get a loan contract with a company that supplies enough pesticides
getaloan with a company that supplies pesticides that are not enough you end up selling livestock
in order to buy extra pesticides.

Transcripts\TM 13

No, they are not. We actually have to buy extra pesticides because the amounts that we reg
not sufficient.

Transcripts\TM 14

Yes, they can be sufficient, particularly if you have enough pesticides. Only that, what is happening
nowisthatthe companiesfromwhichwe getinputs on contractarethe oneswho are messingup
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.

Transcripts\TM 15
No. We usually get our pesticides on credit from the cotton companies; so when i get once t

companies may just tell me that the pesticides whichii collected are already enough, even though i
would stillneed more pesticides to control the pests on myfarm. Thatis the problem thatwe face
which makes the amount of pesticides used on the fields become insufficient.

Transcripts\TM 16
No, they are not enough because at times we lack the financial means to buy sufficient amg

pesticides. In fact, that is the biggest problem.

Transcripts\TM 21

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.

Transcripts\TM 22

No, they are not enough, particularly if you get your inputs on credit.

Transcripts\TM 23

Inthe 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.

Transcripts\TM 25
No, they are not enough. For those of us who are on contact farming who receive inputs on

we always get pesticides that do not match the acreage. Sometimeswe end up having tobuy on
our own or risk losing the crop to worms.

Transcripts\TM 26

No, they are not enough. Under normal circumstances, per hectare i should use two bottles
Rogor, two bottles of Fernkill, and two bottles of Carbaryl. But, nowadays they give us only one
bottle, and thisis not enough, resulting in our cotton becoming susceptible to pest attacks.

Transcripts\TM 27
No, they aren't enough. You may spray but soon after spraying you will still find pests.

5. If you

eive are

unts of

credit,

of

. . . . i)
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.
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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. | follow the label
directions. However, the pesticides are not effective in killing the pests
Idoublethe concentrationofthe pesticides. Ifthelabeldirections saythatishould putonly 30 mls

in my 15 litre knapsack, i simply double and make it 60mis.
Transcripts\CZ 11

No, i do not use any pesticides on other crops, except only in cotton

Transcripts\CZ 12

Youwilluse measurements such as Number 30ifithas grown tootall. Say the 1st of February comes
butthe companies from which loans are applied for have not delivered, and you have Carbaryly-85,
youtake cupnumber30andmix 10 cupsin50litres ofwater. Thiswillworkinthe place for Fernkill
or Fenvalerate.

Well,it'snothingbutignorance. Notknowingtherightpesticidetouse. Youseeafarmergettingin
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

Allthatican say isthat, you see. If you take a drum of red sea and pour one shovel of sugarinit,
youwillnotbe abletotastethe sugar. Whatihave observedisthatfarmers are abittooignorant;
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 afarmer 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.
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Appendix: 8

S1 Text: Interview transcript excerpts

Czo01

Which pests do you encounter on your farm?

We first encounter aphids when itis hot. These days the pesticides are so different. Dimethoate, or
Rogorisnolongereffective inkilling pests. Itnolongerhas power. Inthe pastwe 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?

Iwould saythese arethe ones, whenitcomestothose peststhateatour cotton. But, youknow,
cotton also needsfertiliser.

What is the name of the weed that is most problematic for you?

Thereis 'chinzungu', thatoneisvery difficult. Evenwhenwe spray itwith pesticides, itdoes notdie
easily.

Is there a particular pest which you would say has been most problematic pest in the past 30 years?
It'sthe Redbollworm because it can easily multiply; itlays plenty of eggs. Ifitenters 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?

Inthe pastwe usedto growalotof cotton. Well, iwould say our harvest has dramatically been
reduced.

What is causing that reduction in your harvest?

Ibelieveitisbecausetheyaregivingus pesticideswhichdonothave power. Imightbe abletogrow
cottonon avery 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 seenin 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.
Andtheweedthatyoureferredto, chinzungu, did you have problemswithitinthe past?

No, we didn't have any serious problems with it; it's really just arecent problem.

How do you control the weeds?

The onlyway to deal withitisto weedit using hoes.

Do you not use any pesticides against it?

No, evenifyouuseany herbicides against chinzungu, itwill notdie. It's very difficult to control.
Are there any other crops which you grow other than cotton?

Yes, | 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?

Inthe pastwe usedtodedicate muchoftheland andresourcestocotton. But,nowadayswe 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?

148



luse Fernkill, Dimethoate, also known as Rogor, and then Carbaryl-85, Thiodanis nolonger being
used these days. We used to use that powdered Thiodan in the past.

Why is Thiodan no longerinuse?

| 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 pesticidesin 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 thistype is Gukurahundi, and thenthat 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?

lalways examinethe expiry date ofthe pesticides. Ifithas expired, ialwaysthrowaway. Butifit'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'sthefault of usfarmers. There are some things thatwe are notdoing right. For example, some
grow cotton, say this season, and after harvesting they do not destroy the cotton stalks. Others leave
the stalks standinginthefields and they say they are keepingthemtore-grow. The problem with
these re-growthsis that those farmers with these start their season with applying gukurahundi,
while I, in my adjacent farm start with dimethoate. So, the problem is thati may end up having to
use plenty of pesticides because the adjacentfarmer did notdestroy the stalks andtheniwill start
toencounteralotofpests. That'saserious problemthatwe are havinginfarming. Farmersare not
destroying their cottonstalks.

Areyoufindingthe pesticideswhichyouare currently using sufficienttokillthe pestswhichyou
encounter on yourfarm?

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,weendupbuyingextrabottlesofpesticides. Ifijustrelaxandrelyonthe 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

Cz02

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:Wormsare the most problematic. Wheneverwe grow cottonwe haveto 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:Isthere one particular pestthat was not presentwhen you started growing cotton, butis now
being sighted?

R:It'sactuallythesetypesofbeetles. Infact, there are actuallytwotypes. Theonewiththered
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 inthe acreage of cotton relative the acreage of these other crops
over the years?

R:Inthe beginning we were growing alot of cotton. We had somuch faith in the crop. Butnow, due
tothe problems associated with the market price of cotton, we have decided to grow maize for
food. It's muchbetter.

Q: Which pesticides do you use on your cotton?

R:Wenormally use 85, Acertamak, Fenkill,and Lambda

Andwhich herbicides doyou useto controlweeds?

| 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.
Withinsectpeststhe problemiswiththe pesticides. It'shardtounderstandifthethe pesticides are
still effective. Ithink they have reduced the strength of the pesticides. Inthe pastwe would spray
thisweek, and then get backto the field nextweek. Nowadays if we spray today, we will returnto
spray the day aftertomorrow. If you do not go backto spray within the same week you will find your
crop totally destroyed when you go back.

| 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?
luseherbicidestokilltheweed, chaguduma, butialsouse myhoetoweed. Wherethere 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,wedo.Butthe problemisthatsomefarmersare nowdoing'regrows'inordertocutcostson
buying seeds. In the past nobody was doing regrows because there were lots of inspections and
arrests.

Bythe 15th of Augusteveryfarmerwould have cutand burnttheir cotton stalks, and those would
not have destroyed theirs by September would be fined.

ThankYou
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Cz03

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 seemsto be anincrease inthe population of the red bollworm because some ofthe
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 thathave?

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, iwould 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?

Iwouldn'twanttolie,ihave nevercome across any new peststhatare differentfromthose thatwe
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?

| 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 recentyears?

Yes, my cotton acreage has dwindled relative to the other crops. | 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 ofthe pesticidesthatwe usedinthe pastare nolongeravailable; we donotseethem
anymore.

Has the amount of pesticides used on your farm changed from the time you started back in 19867
The amount hasincreased

What might be the cause of this increase?

It'stheincreaseinthe population ofworms. They nevergetcompletely destroyed, sowetendto
continue spraying.

Now that your amount of pesticides has increased, has there been a corresponding increase in
pesticide effectiveness?

Well, itsrelatively effective, butataverylowrate.

What do you mean by the 'rate'?
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lamreferringtothe powerofthe pesticides. The pesticideshavelowpower. The pestsdie, butthe
onesthatdie arethe onesthatare sprayed while outside the cotton bolls. Thos thatmanage 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,wescout. But,the problemisthatthese pesticidesdonothave poweranylonger. Thatiswhy
we now know that we should spray, nearly every week.

Do you use other methods of pest control?

No, there are noother methodsthatcanbedone.

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
differentcups. We use differentcupsfor different sizes ofthe cotton. We startwith smaller cupsand
thenusethelargestcupswhenthe cottonhasgrownbigandwhenthereare alsoalotofpests. The
cups are putin 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

Cz04

Which pests are commonly found on your farm?

The main ones are red spider mite, the American bollworm and the red bollworm.
Withwhichofthese have youhad mostproblems overthe pastyears of your cotton growing?

It's the red spider mite because the pesticides to use against it are not readily available. We no
longerfindthe pesticides to use againstit. Once it have entered your field you are done.

Oh, so the main issue is that the pesticides are no longer found?

No. Theyarethere, we canfindthem, butthe problemisthattheyare nolonger powerfulenoughto
kill. Inthe pastwe would use three bottle of liquid pesticides and one bagin powdered form. Once
spotted, we would just carry our knapsack and bombit. Nowadays, it seems the populationis
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 nolonger 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 whenyou
attempt to Kill it using pesticides it will not die.

Are there any changes in the types of pests?

Yes, therearealsonew pests. It'sonly thatido notknow some of the names. But, the onesthatare
known are the likes of red spider mite, red bollworm, and the American bollworm. Some of the
newer pests,idon’tknowtheirnames. Thereisonethatisgreen-like withyellowstripes. One ofthe
wormsis called kambasha after the colours of the bus that used to ply our Rushinga route many
yearsago. There are alsonewtypesof aphidsthatare now colonising ourfields whose specific
nameswe are notsure of. Thenthere are other pests that are striped that cutthe cotton, butthe
names are the problem for me.

What might be the cause of these changes?

Why pesttypesareincreasingisthatpeopleare nottaking care oftheir stalks. inthe pastwe usedto
cutandburnourcottonstalks soon after harvest, and by Septembereveryonewould have burned
their stalks. Nowadays, youfindthese stalks still standinginthefields. Thereforethe pestsarejust
there.Whenwe spraythemthese pestswould be veryresistant. Tosayyouhavekilled them, what
sortofpesticidewouldyouhave used? The pesticidesthatwe havethese dayswe always saythey
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nolongerwork;of course so, howwouldtheyifthese pestsarelefttosurvive throughsummer
growing season, winter and again another growing season?

Thereisaweedthatiswhitishin colour. We manuallyweed itandthrowitaway. Other common
typesofweedsthatwe encounterare bwerere,and chaguduma, and moyochena. Thenthereis
another one called chinzungu, which is the most problematic for cotton farmers.

| also grow maize and groundnuts.

No, we cannotmix cotton with any other crops because of the pesticides we use. If we mixwith
cucumbers, forexample, childrenmightgoand pickthemandeatunbeknowntothemthatthere
are pesticidesonthe cucumbers. Ouragriculturalextension officersalwaysremind usthatwe
should never mixcrops.

The land needed for cotton is always larger, if you are to realise a good harvest. You need at least
3hectares.

Well,inthe pastwhenwe usedtogetenoughfertiliserswe usedtorealise asmuchas 6/7 bales per
hectare. Nowadays, because we nolongerreceive enough fertilisers, our harvests have declined. We
are now realising just enough to survive, just about 2/3 bales per hectare.

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 thatisitchy. | do notrememberthe name, butitisin

the same family as karate. It is very itchy.

Thepesticidesthatwe usedinthe pastwereverystrong. We usedtoget200ml,andwewoulduse
the same small bottle tillwe harvested. But, nowadays we have the types of Lambda, that'sthe
pesticide whose name i had forgotten, the one thatitches alot; we get 500mis of it. But, just that
one500mlbottleis notenough. Youneedfour/five foryoutobe ableto harvest, whichmeansthe
pesticides that we are getting nowadays are very weak, they do not have power.

No, it's notsufficient. We really need more pesticides. Attimes whenwe scoutand see thatthere
arepests,wejustignore and pretendasifwe donotsee anythingsothatweconserve ourpesticides
sothatthey can last us the season. However, under normal circumstances, cotton should always be
sprayed atthe sighting of pests. Thisis because pests do not stop eating our crop, day and night.
But, becausethe pesticidesare notthatplenty, we have no otherchoicethantojustpretendasif
we do not see that there are pests.

No, idonot.lalwaysweed manually. | oncetried using herbicides, butirealisedthatihavelittle
knowledge aboutthem.

No.lonlyuse pesticidesbecausethereisnootherwaythatthe pestswould die exceptbythe use of
pesticides. They are only killed by pesticides.

We receive education from our agricultural extension officers.

ThankYou

CzZ 05
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Which pests do you commonly come across on your farm?

There areaphids, thensomeroundbollwormsthatgetintothe bolls, andthenthere arethe
American bollworms.

Which is the most problematic?

I think all of them are very problematic.

Butithinkthe aphidsare very problematic. But, includingthewormsaswell.

Since 1984, have you hoticed any changes in pest populations?

Yes, thereare changes. Thereare nowmany pests?

Whatdo you thinkis causing anincrease inthese pests?

Ithinkit's allgotto dowith the pesticides thatwe are now using. I think the pesticides are nolonger
aspowerfulasthe pestswhichwe usedinthe past. Inthe pastthe pesticideswere so strong, even
the smellwas so powerfulsuchthatafter spraying, one could notgetintothefieldtoweedbecause
the smellwould be so prohibitively strong. Nowadaysit's so different; if you spray today, youmay
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, ineverinformed aboutitsinceit's amoth that's found everywhere; ijustassume that it might
justhave beenmissedbythe pesticides. Itdoesnotalways cuttheterminalbuds, butitjusthappens
that when it gets to a plant it may cut. This is not a fulltime cotton pest, if i may say.

Now, withregardstothe population, wouldyousaythatthe population of pestsischanging?

The worms are increasing in their population, particularly the red and the green ones.
Whatdoyouthinkisthereasonfortheincreaseinthe population ofthese worms?
Ithinkit'sbecausethepesticidesarenolongeras powerfulastheywereinthepast.

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, orit’s simply because you know thatitworks against aphids?

Laughter...we useitbecause we knowthatitworks againstaphids.

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?

Becausethe pesticides are nolonger powerful, as powerful asthey usedto be. Under normal
circumstances, ifispraytodayishouldreturnforanotherroundintwoweekstime. However,these
daysit’staking only one week. Ifigo 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, itis effectiveifyou are nothesitantto use as much asyou can. Ifyou are hesitantand less
generouswithityouwilllose yourcroptothe pests. You haveto spray everyweek. Ifyou skipjust
one week when you return the following week you will find all your crop destroyed.

So, areyoutellingmethatyoujustspray evenwhenyou have notscouted 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?

| did that a couple of years ago. Nowadays I'm doing it on my own
Alright,whenyouusedtodocontractfarming, didyoueverreceive any protective clothingfromthe
companies?

Thatis the farmer's own business. What concerns those companies is that the farmer has received
theinputsthathe needstogrowcotton. Finding protectionisthe farmer'sownbusiness. Eventhe
companiesthemselves, never entertained the discussions regarding protective clothing for farmers.
But, doyourealise that is is your right to receive protection if you are getting into a contractto
produce them theircotton?

Yes, itsourright, butourenemyisourignorance. Weneveraskfor protectioneventhoughwe 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, wegetthiskind ofeducationfrom ouragricultural extension officerswhenwe goforour
meetings.

Thank You for your time

CzZ 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 aproblem of red spider mite. Thisresults 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 oftime.

Over the pasttwo 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 thatwe are
currently usingare notpowerful. Maybeit's because the worms are nowusedtothe 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. | 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?

| 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. | really loved and
enjoyed my cotton, butiam nowfinding a crop thatis selling for a better price onthe market. A
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cropsuchasbeans.lamplanningtogrowmorebeansandihave anareawhereiwanttogrow
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 onthese. 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 pastfew 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
havelost power orthey still have power, butthe peststhemselves have developedresistance.
Interms of quantity of the pesticidesthatyouare currently usingonyourfarm, are you using
enough?

Well, itmay be enough ifiuseitfollowing 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?
Idoublethe concentration of the pesticides. Ifthelabeldirections saythatishould putonly 30 mis
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 wheni go and inspect my field i
find some dead pests, butstill, there will also still be those resistant ones which will still be alive.
Do you use any other methods of pest control?

Before we startspraying, wefirstinspectthe plants, as afamily. We kill some worms thatwe find
withourownhands. Afterwards, wethenspraythe chemicalstokillthose thatwould have hidden
Which weeds are common on your field?

Here the main weeds thatwe find are chinzungu, bwerere, and chaguduma.

How do you control these weeds?

| often use both herbicides and manual weeding. Wheni 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

Cz07

Which are the names of pests which are commonly found on your farm?

There arethosethateatthe cotton, and othersthat suckthe sap. Sinceistarted 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 preventthem. So you must not delay. But, in general, these pests
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have notincreasedordecreased. | only notice thatifthereisadelay on my partitendto encounter
more of the pests.

Are there any new pest sightings?

Thereisonewhose nameidonotknow. Ithas spikes, iteats onthe cotton plant. Its colouris brown.
It was there in the past, but it was nhot common in the cotton. With this one, even if you put
pesticides, it won'tdie.

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?

| 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?

luse Fenvalerate, cabryl-85, then Acetamark for aphids.

Arethere any changes inthe amount of pesticides used?

Ifyou start late you use alot of pesticides. But if you grow your cotton at the beginning of the
seasonyoutendtouse less because youwill have started before the pests have arrived.

But, ialsorealise thatinthe pastinthisfield here iwould need only two bottles, but nowadaysi
needupto8bottles. Theamountof pesticidesthatineed nowto control pests onthe samefarm
has more thandoubled.

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, buti always use pesticides. For weeds, i normally weed manually.

Have you ever had training on other methods of pest control?

Idoscouting, andifthere are nomothsidonotspray. The agriculturalextension officersarethe
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?

Thereisonethatiscalled roundworm, butthe extension officersarethe oneswhoknowbest.
Which is the most problematic?

| can’t remember the real name right now

Have you noticed any changes in pest population since your firstinvolvement in cotton farming?
They areincreasing

What might be the cause?

Ithinkits because ofresistance thatwe 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 pastyears?

Yes. The land used for cotton is getting smaller, because when we sell our cotton we are not getting
good satisfactory returns. Inthe pastifisold a bale of cotton iwould buy a cow, but now i cannot
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buyevenabarofsoap.Itheysayishould get500r 60dollars forthe bale, itmeansiam getting
absolutely nothing for my crop and labour.

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.

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.

Yes,thereare nowmanytypes, we hearthereisthistype andthattype. But,frommyexperience
Fernkillis the only one that is very helpful. The other ones do not help us in any way.

Well,weare nowgrowingonasmallerportion. Thereare somewhoare nowjustdoingregrows,
whichneedalotofpesticides. It'sbecausetheyare attacked by pestsearly. If'snotallowed, but
sometimes people are tempted to just steal also.
Haveyoueverdoneregrowthsyourself,noihaven’t,butiamhopingthatthisseason,uhhm..
uhmm, thosewhoare doingregrowths arethe oneswho are actually havinggood harvests.

Weusepesticidesonly. Thereisnootherway ofdealingwiththe pests. But, fortheweeds, i
sometimes weed manually.

Yes, the extension officers come and teach us.
Thank You for your time

Cz09

Mainlytheredbollwormisthe onethatiseethe most. Thenthere arealsoaphidsthatisee. These
feed onthe leaves. The red boll worm is the most problematic pest in cotton

Ifwe compare pestsinthe pastwith pests nowthere is adifference. | see thatthe way we live now
ismaking itdifferent. 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 thattime, ithink we were gettingmore
pesticides. Nowadaysitseemsthe amountof pesticides are beingreduced. Theyare nowbeing
overpoweredbythe pests. People nowadaysare buying extrapesticidesontopofwhatusedtobe
the standard and whatthey receive fromthe cotton companies. Its differentfrominthe pastwhen
they were just throwing pesticides at us for use. They didn’t have much knowledge.

No, thereisnodifference, its onlythatinthe pastthere were more pesticides made availabletothe
farmers. Nowadays, ifyouwantto getmore pesticidesthe costofthemisrather prohibitively high.
So, the pests are now getting their chance.

Idonotseeanychanges. Thesame peststhatwerethereinthe pastarethe samethatarethere
now.

We now have certaintypes weedthatwe are nowfindingin ourfields. Notknowing whetheritsthe
resultof cropsthatwereceive thatcome from other places. Thereistheweed called chinzungu
whichwe didn’tknowinthe pastwhichis nowaproblematic pestinthe area.

| also grow maize and ground nuts
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The acreage of cotton is becoming smaller relative the other crops? It's getting smaller because
these daysforthefarmerto buyinputs, letme give anexample, inthe pastwhenwe usedto get
financialloans;ifthe loaners say 4 hectares of cotton, they would give you 8fifty kg bags of D
fertilisers, and 4 bags of top fertilisers. That time the prices were very affordable. Nowadays, you
justreceive justone ortwo 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.

Inthe pastthroughthe 1980swe were growing cotton on alarger scale. But of late things have
changed. This is also due to the rainfall which has also changed. The way itis raining these days is
different, it's lower. It's stopping much earlier. It's coming on time, butthenitgoes much early.
That’s the problem which i see. Maybe the climate has changed, i wouldn’t know. But i see that the
mainproblemisthattherainseasoniscomingtoanendearly.

Inthe pastwe used pesticides such as Agrithane; nowadays we use the likes of Fenvalerate.

Thereis 85and Fenvalerate. Theyworkinthe sameway only that 85is usedfirstbefore thereis
more rain. When the rains have picked, we start using Fenvalerate because whenitrains Fenvalerate
cannot be washed by the rains. That's the difference.

There are a lot of them.

There is Fenvalerate, and then there is Thiodan, then 85, and the other ones i cannot recall right
now.

Honestly speaking, ihave neverusedany herbicides. | onlyweed manually. | donothave much
knowledge aboutthe herbicides. lonly hear other peopletalkaboutthem. But, iwould alsowantto
usethem, because whenthings start, it’sjust one personwho starts with itandthentherestofthe
people also join until everyone has knowledge.

During the old days we used a lot of pesticides. Nowadays we notice that the amount of pesticides
used is gettinglower.

Because the price is getting higher and things are getting more expensive.

Well, the pesticides are enough, if you have your money. Because there can never be a shortage of
pesticides. Thereisplentyofpesticides. Theonlyproblemthatis seewithregardstothepesticides
thatwe buyisthatwhenthey expirethey nevertellusthatthese pesticides have expired. Theyjust
marketknowingthattheir pesticides have expired. lonly knowthatit’'s expiredwhenispray. Even
whenitrytoincrease the concentration of the pesticides, they don’t work. It's only after close
examinationthatirealise thatwe are buying pesticides thatare expired. For example, thatisthe
case with those companies from which we getloans. They never explain to us that the pesticides are
expired. Whenwe usethe pesticidesthewormswilldamage our crops becausethe pesticideswill
have no effectonthem. There, thatiswhereihave seenthatthereisaproblem. Theydonottellus
that their pesticides are expired.

Yes, i sometimes do.

| 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.
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lonlyusepesticidestokillinsectpests. Thereisnootherway. But,whenitcomestoweed, ialways
use a hoe to weed manually.

How doyouknowthatit’s nowtimeto 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.

ThankYou

Cz10

Since when have you been involved in cotton farming?

We sstartedjustafterindependence. We startedgrowing cottonin 1982. Whenwe startedi
harvested 16 bales, andthenibecamethe chairman of Kuwirirana cotton farming group.

What is the size of your cotton field?
Inthebeginningwe had2acres. Wewere gettinginputsonloan. Wewould 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 havebeensurpassingthat, reaching5to6 acres. Wewere nowenjoyingit,andthefamily has
beengrowing; weneeded moneyto payforschoolfees. We usedtogrowdifferenttypes 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

Doyouspraywithrogoronlybecausethe planthasreached 15cm, orarethere otherfactorsthat
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?

Thereisthe Red Bollworm, oncethe cottonhasdevelopedbolls. We scoutforit. Red bollworm
comesfirst, followed by the American bollworm. Ifyou scoutand seethere are bollworms, 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.

Whatarethe namesofthese pestsfoundintheground?
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 whenitdoes
sothatiswhenitencountersthe pesticides outside. The American bollworm, onthe otherhand,
only comes outofthe boll after ithasfinished eating the whole bolland has laid its eggsinside the
boll.

So, is that the reason why farmers are encouraged to?

Toslash and burntheir cotton stalks. Precisely!

And,whenyouare sprayingyourcotton, itisencouragedalsotospray onthe edgesofthefieldasa
preventive measure against the movement o moths.

Oh,somothsare anotherofthe peststoaddtothe oneswhichyoumentioned earlieron?
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 inthe
amount of pests found on your far?

Aphidsarethe oneswhichseemtohave beengrowingintermsoftheiramount. Foryourcroptobe
agood crop, youmustfirstwinthe initial battle against aphids. However, we do notalways getthe
pesticides againstthese aphidsintime. If you manage to get your pesticides against aphids intime,
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 growmaize forfood. We can not only grow cotton while we have nowhereto getfood, that
iswhythe acreage of cotton sometimes tendto get reduced when we grow more maize forfood.

13:46,4 - 14:39,8

You said earlier on, before we started recording, that your cotton acreage has dropped significantly
andyou nolonger prioritise cotton as muchas you usedtointhe 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 scaleddownoncottonbecause ofthe marketprice; cottonisaverylabourintensive cropand
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?
Thefirstpesticidethatwe useisrogor, followed by carbaryl 85. Aftercarbaryl 85 whenyou start
noticing worms you introduce Thiodan, then you use gukurahundi at the end.

Which pesticide is gukurahundi?
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It'saname used for pesticides such as Fenkill, and so on. These daysthe names are always changing.
20 ECC used to be

16:01,0 - 19:13,2

Hasthe amountof pesticides thatyouuse onyourfarmchanged overthe past 30 years? Why?
Thereisachange. Inthe past,whenwewere beingloaned, wewouldgetenoughpesticidesforthe
whole acreage, if you decided to buy on your own that is when you would notice that your crops
would be attacked by pests. Thatiswhywe would loan. We would getthe wholekit. If, forexample
yougotaloanfortwohectares, perhectaretheywould give youtwo 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 afull set.

Nowthatthe quantitiesarelower,would yousaythatwhenyousprayyourfieldsyouare 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
notasstrongastheoneswhichwe usedinthe past. Inthe pastthe pesticideswere muchstronger.
EvenThiodanwhichisnowcalled Thiamex;thereisnolongerthe Thiodanthatusedtobetherein
the past. Thatone was quite strong; ifyou useditthere was never goingto be asingle wormfound
on your cotton.

So, are you suggesting that the pesticides used these days are no longer as strong?
Definitely, even alot of other farmers agree thatthese 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 thatthey have now becomeresistant, and yetthe pesticides arethe ones
which are now much weaker.

38:34,5-39:58,8

Yousaid, earlierwhenwehad notstartedrecordingthatyouuse herbicidestocontrolweedsinboth
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. Scoutingisthe best method of protecting your crops. There are timeswhen youjust
waste pesticides when you are spraying even when there are no pests. Scouting is growing cotton!
But, atthe beginningwhenyour cropis justaboutfifteen centimetres you must spray your cotton,
evenwhenyou have notscoutedorseenany pestsinorderto protectagainstaphids. Whenithas
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?
Ihaveneverattendedanytraining, butmyknowledge hasbeenpassedontomebyouragricultural
extension officers. The extension officers have been our teachers; always. When i was the chairman
of our cottonfarming group, iwould go to Rushinga and the agricultural extension officers would
teachallchairmenwhowould have gathered. Whenireturned homeiwould then callforameeting
with all the members of my group and theniwould go into the field of each and every one of them
and demonstrate howto scout for pests and teach them all thati would have learned from the
extensionofficers.lusedto produceareportaboutwhatiobservedineveryfarmer'sfield,andwhat
i would have advised them.

ThankYou
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Cz11
Wefirstencounterleafeaters,andthenwefind aphids

Theseinclude grasshoppers, the gaggers, and the spodoptera. Then we also encounter aphids, these
aphidscanbe putinthe same group astermitesthatstay underneaththe plantintheground. Then
there are some spines, Redboll worms, the American which we call the heliothis. These are the main
peststhatare foundin cotton. But, this seasonthere has been spotted anew pestwhichwe have
dubbed madzibaba. We have never had serious pests with suchmothinthe past. Inthe pastwe
could only spotit after the cotton was already white and due for harvest. That’s whenwe would
spotitoncotton. It's brownish, itdoes notfly away ifyou approachit, andyou can easily catchit. It's
like an egg, and it just develops like that.

Because it is white in colour It looks like an envelope.

Its main effectisthatitaffects 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 insectsthat are our "helpers" that we see eating some of the insects. For
example,thereare twukambawhichfeedoneggs(oftheworms),andtherearealsosyrphidswhich
alsofeed oneggsandsmaller moths.. But, the problemwiththe syrphidsisthatwhenitfeeditfeeds
its excreta resemble that of the spine. Therefore, farmers may not recognise the difference and start
spraying thinking that there is spine.

Yes, asfaras|have observed, the Americanisthe mostdangerous and notthered bollwormas
many people oftenbelieve. The Americancandestroyupto60bollsinone daybecauseitjustfeeds
onabitofthe flowers, andthenwithoutfinishing that particular flower, itabandons itand moves on
tothe next one, but damage will have already been affected. It can potentially destroy 30to 60
flowers in a single day.

Yes, inthe pasttheywere fewer, and nowthey seemto have slightlyincreasedintheir population.
Inthe past, the Americanwas green, and now itis coming in two colours, a mixture of greenand
browncolours. But, thisstripped oneisstillan American, itsfeedingmechanismisthe same. But, it
isnotdifficulttocontrolbecausethis Americandoesnotgetinsidetheboll. So,assoonasyoufinish
spraying, if it gets exposed to the pesticides it can easily die.

No, allthe pestthatwere thereinthe pastare the ones which we see now. However,the mannerin
which we are controlling them is the one that is disturbing. You see, what happens is, some pests are
veryfasttogetdestroyed. Thatis whyyou seethat others are notbeing very clear whentheytalk.
Farmers are not getting the pesticides on time, they get them late that is why there end up
appearing alotof pesticides inthefields. The pesticides are notavailable intime. Theissueis,
farmersdonothavethe moneytobuy pesticides, and theywaitforthe pesticideswhichtheygeton
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. Inthe past, when farmers signed for
inputloans with one company which was operating inthe areathen, they would receive all their
inputs atonce, before they started planting. Whenfarmersreceivedtheir pesticides before they
even planted, they would control the pests oncethey appeared, and thismanaged peststo low
levels. Thistime, 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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Yes, that is the problem.

Whathappensisthatifpesticidesareusedcorrectly, they control pests effectively. The problemis
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. Thereis
not enough knowledge and education in those people.

Theydonothave enoughknowledge aboutthis crop, cotton! lwishthey had alsogonetoKadoma
cottonresearchinstitute where iwentto do my cotton training. | have often gone around myward,
ward 13, justto 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. Theyhavethebeliefthatifthey putmore pesticidesandmake astrongerconcentratethat
will easily kill the pests. So, there is really need for educating all the farmers.

Infact, thereisalsotheissuethatfarmersignore extension officers'advice. The extensionworker
may call for a meeting with farmers and educate them on certain issues, but then the farmers always
havetheattitude thatthey knowbetterthanthe extensionworkers becausethey have manyyears
offarming experience while the extension officeris often young and inexperienced inasfaras
farmingisconcerned. But,thefarmerstendtooverlookthefactthatthe extensionworkerswillhave
come from agricultural colleges. Others say that they have been growing cotton for a very long time,
sotheyknow everything that needsto be known aboutit, yetthey do notknowthatthere are many
changesthatare happeningduetochangesinclimate. Yousee? So, the agricultural extension
officersaretoblameandyettheyarealsosometimesnottoblame because somefarmerssaythey
have been growing cotton for a very long time.

lalsogrowmaize, mhunga, mashava, and sometimesigrow mhunga enoughto 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.

No, mhungais millet. Mashava is sorghum.

Maize! Eachyeariharvest2andhalftonnes. lwasluckyatone pointthatalocalngoworkinginthe
areawantedto build me asmall domestic sile forthe storage of my harvests, butthe elders ofthe
village becamejealous;youknow, ifthe kingdoesnothaveit, youcan’thaveit. Sothe moneywas
diverted andthe domestic sile was builtatthe chief'shomesteadinstead. So, atthe momentiam
storingmy harvestinthe house. Despite the factthatmy silowas diverted, thatdoes notdeter me
fromgrowing and producing. Eachyearidodry planting of maize and harvest 2 and halfbales. |
never under achieve. | do not know what hunger is.

For spraying?

No, i do not use any pesticides on other crops, except only in cotton.

Well, according with the tonnage that i harvestin cotton or maize, ifi realise thatit's better to
increase my cotton acreage because i have a certain target, i justincrease the cotton acreage. But
the maize acreage remains the same because at times we harvest a lot of maize, much more than

we canconsume suchthatwhenwe harvestwe will still have plenty of maize fromthe previous
season's harvest.
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Usually each seasonifirstuse Acetamark against aphids. After Acetamark, i use Carbaryl 85 sothati
canboostmy cottonandthatits leaves may broaden sothatitcan photosynthesize at maximum
potential. Then, Ithen use Gukurahundi, which is Fernkilland Fenvalerate. Sometimes Fernkill and
Fenvalerateare"used"toourfieldsherein Rushinga. Sometimesyouhearapersonsayingthese
pesticidesarenolongerkillingpests. It'sbecausethereisno(longer)rotationwithacaricides. So,
thereis needfortherotation andtheintroduction of other pesticides such as monochrotophos so
thatwe may stop the use of Fenvalerate. Thered bollworm and the American are now resisting
Fenvalerate because allthe years these are the same pesticides that are used against these worms.

Yes, there is norotation 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
theyare afraid because ofthatpurple label, butfarmers are "now educated"they knowthatthose
pesticideskill. Theyjust need alittle education, butican say thatmostfarmers knowthatthereis
needfor protective clothes. Monochrotophos hasapurple label, ifitisintroducedinthefielditcan
cause a"reaction" of "controlling" the red bollworm and the American so thatthey do notjust get
used to Fernkill and Fenvalerate.

Thereare also,amongtheaphidsthatialreadytalked about, thereis alsothatotherpest,thisone
thatiscontrolledbyacaricides;there are acaricidesthatcontrolthered pestaphid, whatisitcalled
by the way?

No, it'snotthe beetle. Okay, lets continue, iwillrememberitaswe talk.

Well, that now depends on knowledge. | can grow a small area and use less pesticides, depending on
whether scouting willbe happening or not. Scoutingis the thing thatis "very veryimportant”. You
maywalkintothefield and see signs of feeding by pests onyour crops. Thisdoes not necessarily
mean that you should then getin with the pesticides and spray. Rather, you should then dothe
scouting. Sometimes scouting is good. In the past we did zig-zag, or steady traverse. Thisis the one
thatiscurrentlyused. Howthisisdoneis, youstepleft, thenright, right. By sodoing, you canquickly
tellthe extent of the presence of pests andthen plantoreturn and spray. If you just decide to enter
andspraywithoutdoingany scouting, there mightonly be one plantthatwould have beenattacked
by the pests while the rest of the field not scouted would have not been affected.

Eh,yea. Allthe pesticidesthatwe havetalked about, especially the Gukurahundiwhich controlthe
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. Thatisthe momentwhenthe 'reaction’ ofkilling changes. Ifyou pour cup number 22 or
cupnumber 30in 15litres of water, by the time the sound of the bubblesis heard, itsindicative 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
everseen, say,ifwetakearedbollwormandthrowitinacontainerof Gukurahundi, say Fernkill? It
willjustmove and go. Nothing willhappen because there will not be any reaction thatwould have
happened. But, if you add water, it will die.

Yes. I, may do whatis 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
whenthe cotton has developed bolls, imay confuse the worms so that they do notgetused and
resistantto pesticides by using hotchillies. ljustgrind alot of hot chillies and putinthe 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 stayinoneplace. Thatisthe methodthatioftenuse by using ourownindigenousway of pest
control.

The pesticides?

| can use acaricides, rememberiwas saying there is red spider mite; oh, yesihave 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 kafuwein
Shona, isoftenfoundinvadingthe cottonfields. These areaphidswhich, oncetheyinvadeacotton
field, they "bomb" till the cotton wilts and eventually just dries. These suck alot of plant sap. So,
againsttheredspidermiteiuse"whatiscalledacaricides". Itismainlykilled by usingrogor. Ifirstdo
spotspray, ifiseethat; okay, it's here and there and there andthere. | leave markerswhereispot
them, and return with the acaricides and do "spot spray". Ifi spot it at more than five pointsin the
field,ithendo"blanket spray"wherebyijust spray the whole field. So, forthe control of acaricides,
here in Rushingawe 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. Nextyear, in Chiredzi
they may receive Fenvalerate, and then monochrotophos should be sentto Rushinga and Fernkill to
Gokwe.

Thatiswhatis called acaricides!

Sothatbysodoingthisrotationthe pestsmaynotgetresistanttothe pesticides. Forexample, here
its year after year Fernkill, Fernkill, Fernkill.
Okay,soherethereisnodefinedrotationthatishappening,isthatwhatyouaresaying?

Yes, there is no proper acaricides here!

But, whatis causing that? Thatthere is norotation? Isitbecause youjust buy whatis 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).

No, ihave neverdoneacourse onthemanagementof pestsalone. However,whenidid my cotton
growing course in Kadoma, the course covered issues about pest management. But, i have the desire
todo suchacourse, if, in my ward there were to be chosen an individual to do such a course.
Whatwas the name of the course which you attended in Kadoma? (Research assistant)

It was called Cotton Management and Selling.

Thank You foryour Time

Cz12

I have beengrowing cottonsince 1994 whenicompleted my secondary education; butiactually
started to be actively involved in activities such as spraying since 1989 when i was only fifteen years
old.

The size of my farm, at the moment is if 5 hectares

Yes, i mix with other crops.

Two hectares

I grow ground nuts on 1 hectare and maize on the remaining 2 hectares.
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Yes, iuse herbicides in maize. | use Roundup and Gramaxon.

Thefirstthingwhengrowing cotton, the peststhatwe encounteratthe beginning ofthe seasonthat
attack our crop are aphids. After aphids, there come jassids. These are small flying insects that suck
thesapoutoftheleaves. Thisresultsinleaveswiltinganddryingu. Then,againincottonthereisthe
red spider which is also found feeding on the plant.

Yes, theway itentersthe cottonfieldis usually through being broughtfromthetomatofieldswhen
its presentthere. It sticks on the clothes and when you enter the cottonfield itthen moves onto the
cotton plant. Where itis presentyou find the portion of the crop that is affected appearsto have
leavesthatare burntinappearance. The leaveswill just be falling off, and the cotton will notgrow.
Thenthereis aworm thatwe callthe American bollworm. This appears whenthe cottonis atthe
flowering stage. Thisworm attackstheflower, itfeeds onthe flowers. It's inside atthe centre ofthe
flower. Then when the cotton has developed bolls, there is the red bollworm.

Itappearswhentheplanthasflowered, towardsthe stage ofdevelopingthebolls. That'swhenit
appears and destroys.

Yes, thered bollwormfollows to enterinside the bolls and feed from within the bolls.

Yes. These are the main worms found here in Rushinga.

The most problematic are the aphids. Aphids interfere with the growth of cotton. When they are
present, the cotton will notgrow well. It willnot grow at all. The leaves willappear dirty as ifthere is
molasses. Aphidsare mainly promoted by lack ofrainfall. Ifthereis alengthy dry spell, forexample
three weeks, there will appear aphids. But, there are certain cotton varieties that are less susceptible
toaphidattackbecausethese havefewerleaves,forexampletheseedvarietycalled AlbaFQ 904.
This variety has few leaves, so plant cannot harbour a lot of aphids.

Okay. | see. Yes, because the leaves are fewer. So, are they trying to come up with varieties with
fewer leaves?

Yes. There are a lot of pests population.

Yes, there are changes. The pest population has significantly increased because nowadays people
areincreasingly lacking moneyforbuyingseedsandarethereforeresortingto "regrowths" ofthe
oldplantsfromthe previous season. We are supposedto butslashing and burning these cotton
stalkswhich othersare nowgrowingastheirnewplantsinanewseason. Othersonly destroytheir
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. Whenfarmers favour regrowths, there isnolonger croprotationinthe fields asthey
continue withthe same cropsinthe samefields. It's now differentfrom whatthe situation was like
inthe pastwhentheagricultural extension officers would doinspections, encourage farmersto
destroy cotton stalks and even fine those who flouted the regulations.

Yes, thereisacertaintype ofworm.ldonotrecallitsname. It'srare, butitsomehowresemblesthe
American bollworminsome way. It attacks crops by destroying the shooting stem of the plant.
Whenthisworm has attacked, you just notice the plantbyits wilting appearance. Whenyoudig
underthe plantyou also notice thatitalso attacks the root core of the plantas well. But, thisworm
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israre, butitseemstobe multiplyingasaresultoftheregrowthswhichareincreasinglybecoming
popular.

So, you often come across this worm?

Well,it'srare. Whatis often seenisits destructive effects. Onlyifyouare lucky, thatiswhenyou can
actually come across it. Since i started farming i have only come across itjust once. I normally always
seewhereitwould have gone past by the destructionthatitleaves. Itis increasingits 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 willimmediately grow again.

Do you use any herbicides against these?

Yes, iuse Gramaxon. | may use in combination with paraquat. This, i do during planting because ifi
use Paraquatafterplantingimay destroyallthe plants. One solutionistomodifythe nozzle ofthe
sprayer by putting asmallfunnelmade usingthe opening of aplasticdrink bottle, andthen 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, havethere been any changesinthe acreage of cotton relative the acreage ofthe other
crops?

My cottonacreage sometimesgoesup, soioftenrentlandfromothersandgrowupto5hectares of
cottoninsome seasons. lusuallyexceed2hectareswhenihave enoughmoneytobuyinputs. But,
the otherreasonwhyiend up renting land from others is thati often do demo plots, usually with 10
to12differentvarieties. So, ithentake outofthese varietiesand demonstrateto people duringfield
days which varieties are most suited for our area of Rushinga. Then we explain to fellow farmers the
advantagesanddisadvantagesofdifferentvarieties. Thisisinthe samelinewiththevariety whichi
talked about earlier, the FQ904, which has fewer leaves.

Thisvariety withfewerleaves; don'tthefewerleavesaffectthe amountof chlorophyllforthe plant
and thus the size and amount of bolls per plant?

No. Theyactuallydevelopgoodbigballs. Inaddition, the quality ofthe cottonisgood suchthatit
fetches a higher price on the market per kilo.

But, then. | think this is a bit pricey to buy as seed?

Yes, itis a bit expensive. They differentiate the pricing. | even grew once seed cotton as foundation.
Ofthe 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 alot 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 whenitdevelops 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?

Whathappensis, itdepends onwhenyouwantto borrowtheyaskyouhowmuchyouproducedthe
previousseason. Ifyou produced 1000kgyou belongtothe Gold Club. Thoseinthegoldclubare
respectedfarmers, with their ownfiles atthe cotton company. They are different from those who
producejustabout200kg. Thosewould notaskforthe mostexpensive seed. But,thoseinthe Gold
club have the privilege of receiving the most expensive seed varieties. These are given demo plots
whichwillbe usedforfielddays. Thosewhoreceive the seed, particularlytogrow cottonseed, are
not permitted to grow any other variety because this seed is not allowed to mix with the other
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varieties. Theyextractthe seed atthe ginnery, thenthatseedvariety willbe sentbackinto
production.

Whenwe startspraying atthe beginning ofthe seasonwe 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 Carbaryl85. Thispesticide provides'feeding'tothecotton. Theleaves
remain green, and the crop will be healthy. Ifthe leaves are not healthy, then we do not have
cotton. Atree withoutgood leavesis notatree. So, we use Carbaryl, itgives feeding. Inaddition,
Carbarylisusedtocontrolthewormwhichitalkedaboutearlier on,the American bollworm. Herein
Rushinga, theregulationisthatwe donotusethe gukurahundipesticides, whichare Fenvalerate
and Fernkill, before 1 February.

Yes, thereasonbeingthatifyou startusing Fernkill or Fenvalerate while your cropis still 15cm,
20cm, or 30cmitwill not grow any taller thanthat. These gukurahundi pesticides are thereto be
used only for ashort period. Ifthey 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 itin November, October, November,
December, January, February, March, April, using gukurahundiallthese months, cottonwill not
grow. Inaddition,thewormwillbecomeveryresistant. Ifyoudo nothave Fernkillor Fenvalerate, as
determinedbythe size of your cotton, youuse Carbaryl-85. Youwilluse measurementssuchas
Number 30ifithas growntootall. Say the 1st of February comes butthe companies from which
loansareappliedforhave notdelivered,andyouhave Carbaryly-85, youtake cupnumber30and
mix 10 cups in 50 litres of water. This will work in the place for Fernkill or Fenvalerate.

No,wejustusethembothdependingonwhichonethey provide uswith. Thereis Tamolin, whichis
alsothere, then Fenvalerate and Fernkill. Then, i had forgotten whenigave the names of the
pesticides used against aphids. There is Acetamark, a sachetthat is approximately 50 grams. That
sachetwillbe enoughtouse onalhectare plottillharvest. thasanumber 3cup, thesmallest. You
take this and mixin 500mis of water and shake and then use cup number 30to measure fromthis
and mix with 15 litres of water in the knap sack and get in the field to spray.

Yes, forthe Americanbollworm. And also, forthered bollworm and the American bollworm. ltcan
work. What is not allowed when using pesticides, is to mix powder and liquid pesticides. For
example, saytodayiwanttosprayandthenitake Carbaryl 85, Oncol,and Fenvalerate and mixin
the same knapsack. It's not recommended because you will notice the plants developing black spots
ontheleaves. It'snotrecommended. Letthe powder be used onit’s on, and theliquid onits own.

It's possible to do that, butmostfarmers do not know much about how to grow cotton, otherwise if
theydothattheir debtswill continue spiralling. In cottonfarming, there iswhatwe call scouting. By
sodoing, afarmer will be checking for pests inthe field, time and again the farmer moves onthe
edges, inthe middle and again on the other edges, and see how many plants are affected by aphids.
Putamarker there where there are aphids. Move again towards the centre, and seeifthere is
something, inasquaredarea. Thenifthere are pestsinjustone squared areaandtherestofthe
fieldis notaffected, gogetthe knapsack and spray only thatsquared areawhich is affected by the
pests. The problemwiththose farmerswhodo notknowthe technique of scoutingisthatoncethey
see pests on one or two plants they spray the whole field. Wasting pesticides. Itisimportant to
knowwhatis scouting. Justsee whereyou have seenthe American bollworm and spray only that
areawhere you have observedthe bollworm. Ifyou dothat, as afarmer, your pesticides loan will
notgoup.Loansgoupduetolack ofknowledge. Thatiswhenyoufindfarmersspendingalongtime
inthefield sprayingwhile thereisnothinginthefield. Youhearfarmers saying gentle thisweekidid
notspray, so nextweekiwantto spray. Thatiswrong. Farmers mustseeifthere are pestsinthe
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fieldandaskthemselvesiftheamountsof pestsareintandemwiththeamountof pesticideswhich
they use.

Canyousaythatoverthe past20orsoyearsthatyouhave beeninvolvedincottonfarmingthere
have been any changes inthe 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. Inthe past, the
pesticidewhichireferredtoas Oncol, usedtobe Rogor. Thenitwasrenamed Dimethoate,
Thereafter Oncol, Marshall,and thenthey gave usthatpowdered one whichitalked about
Acetamark.

So, is it the same chemical called by different brand names?

Yes. Itisthe 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,weusenumber 30,the Oncol, we usethe same number30andthenthe powderedone, we
just use number 30.

So,whenotherfarmerssaythatthe pesticidesnolongerhave power,whatdoyouthinktheyreally
mean?

Well, it's nothing butignorance. Notknowingthe right pesticide to use. You see afarmergettingin
thefieldtospraydimethoate becausethey mayhavespotted Americanbollworms. Whentheysee
thatthewormsarestillthere afteracouple ofdays, theytakethe same Dimethoate and Fenvalerate
and mix, to make a cocktail, with the beliefthat if they mix the pesticide willbecome stronger and
kill the worms. They will be doing it wrongly.

So,yousayyouuse cupnumber 30, doyouthinkthisis effective, oryouwishthere wasabigger
cup?

No. Thisis good. This is 100 percent correct. Because, when i went to study the agronomy of cotton
and wheniwentto do scouting for two years, that is the education thati got. Ifthere 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, itisenough. It'ssimilarto overdosingagoatthatyouwanttotreatforworms. Ifyou overdose
what do you expect from it?

laskbecause whenispeakwith otherfarmerstheytellmethatwhentheyseethatthe pestsarenot
dying they increase the concentration of the chemical in the mix.

That does not work. They will actually be making mistakes.

Haveyoueverreceived education onhowto protectyour healthfrom exposuresto pesticides?
Yes.Whenididmytrainingweweretaughtthatthe pesticidesare dangerousandtheycankill. 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

Cz13

Do you weed these crops manually or you use herbicides?

| use herbicides, but i started using herbicides only recently. | had first to consult with the
agriculturalextensionofficers, andtheytold methatitwas perfectly alrightto use the herbicides
instead of manuallyweeding.

Which herbicide doyou use?

| 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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Thereareaphids, andthenthereistheredbollwormandthe Americanbollworm?

Which among these is the most problematic?
Icantellyouthatcottonisacropthatdoesnottolerate being affected by any pests, particularly
aphids and thatworm, the American bollworm. The effect of the aphids is that the cotton will
appearasifitswilting, andthisis sounpleasant, andthenthe Americanbollwormgetsinsidethe
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 thati have talked about are the ones that result in the disease for the plant.
Alright,isee. Since you started growing cotton, have you observed any changes as far as pests
populations are concerned on your farm?

The changesthatihave seenisthatevenifyouare spraying your crop very well, ifthereisan
adjacentfarmerwhois notspraying his crop well, wormsfrom hisfarm may migrate toyourown
crop. Butif you are both spraying very well, the worms will be controlled.

Thatwasinterms of population; howaboutinterms of pesttypes, 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?

lalsogrowmaize, ground nutsand mashava also knownas mapfunde.

Hasthe 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?

| 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 ifitwas used in
excessamountsithadthe effect of 'burning’ the cotton. Additionally, itwas examined anditwas
notedthatitwasnotgoodforthe farmers. Some farmersuseditproperly, butthere are alsothose
who used itimproperly.

Has there been a change in the amount of pesticides that you use on your farm per unit area?
Inthe 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
aswe wanted fromthe cotton companies withwhomwe had contracts. Nowadaysthere are now
toomanyofus. Weare nowbeing rationedwhenitcomestoreceiving pesticides beingtold thatwe
donothavetoalwaysjustspray anyhow, we mustfirst surveythe field and only spray when pests
are spotted.

Are the pesticides you are receiving enough to control pests on your farm?

I's not enough because the strength of these pesticides is limited.

Do you use other methods of pest control other than just pesticides?

No. Forinsectsiuse 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?

Ifirstinspectmy cotton, the leaves andthe bollsto seeifthere are any pestsfeedingonmy crop, or
boringtheleaves. Afterwards, iinspectthe bollstoseeifthere are nowormsthathave boredthem.
Andthenimove from cornerto corner of the field walking to see. Ifthe field is alright, there is no
needforspraying. Butifthere is evidence of pests attacking my cropigetinand spray. ifthey 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 beengetting educationfromthe chairperson of our cottonfarming 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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Cz14

Iwantto goandburntheratoon crops, justtoday ortomorrow. The ratoon crops have aproblem
with the American bollworm.

No, they have been slashed; what’s leftis to burn them. But, with that, the side effectis thatifyou
harvestratoon cropitwill be a problem on the international market. So, when iworked with field
workersialwaysencouragedfarmerstodestockitand burnbythe 31stof September. But, withthe
dollarization, ifyougo downto Mzarabani or Mkumbura, ratoon crops are now shrubs, almosttrees.
Ratoon crops produce more cotton than new plants, but with the problem of the American
bollworm, atthe international market the cotton willbe condemned. That's akey pointthat should
be addressed, butit's not possible to address this as long as the price for cottonis not raised.
Farmerscannotaffordtogoandbuyseeds. Theywouldrathergofortheratooncrop. Theratoon
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.

Those guys are notinterested. Ifisellyou my cottonand I'm done withyouandiget 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 cottonwith lint strand should be long. But, after attack by the American bollworm, the
lintwill be chipped, such that you will have tojoinitfor itto 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?
Redbollworm, jassids, uhmm, American bollworm, and aphids. The effect of aphidsisthatthe
cottonwillbe discoloured and not clear white. Atthe sametime, ifthe aphids suck alot of sap, the
strandlengthwill be affected. Therefore, when you spray the aphids with Carbaryl thatwill help
control it.
Jassidsaregrasshoppers. Theseeattheleaves. Theleafhaschlorophyll, chlorophyllhasgreen
pigment, green pigment has photosynthesis, photosynthesis has starch, and starch will produce the
strand. So, iftheleafis perforated, itmeansthatthe production of starchis affected and thataffects
everything, and the boll will become stunted.

The American bollworm is the deadliest because the cotton can be condemned on the international
market. Cotton may actually be shippedfrom heretoBrazil, butifthe strandis foundto have been
affected by the American bollworm, the cotton will be shipped back or disposed of. You see the
cost?

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 thatiworked for a cotton company, there used to be bonuses givento
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.

Therewas atime whenwe used cruiser. This pesticide was effective against jassids and aphids. For
thefirst3weeksthefarmerwould notgetinthefield withaknapsack. Thereis nothing aslaborious
andpainfulworkascarryingtheknapsack. So, ifthereare cruisertreated seeds, the seedswould
have the pesticide that would kill the jassids and aphids?
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No, butthey are similar. I'm really not that familiar with bt cotton. With cruiser treated cotton,
farmers could dipthe seedsinthe cruiser and then plantthe seedthe following day. Wheniit
absorbs, and when it germinates the pesticide becomes effective. The moment the aphids attack
they will be affected.

Was this cruiser ever used herein Rushinga? Yesitwas, and its advantage was that it was effective
for the first three weeks.

I think itwas 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.

Itwas 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.

Asfarasiknowthere hasn'tbeenmuchsuccessinengineeringseedstobetoxictothe American.
But, since i am no longer working for the cotton company, and i no longer have access to magazinesi
cannot say this with certainty. But, all thati know is that the only way to deal with the American
bollwormisto destockthe cotton. What happensis, if you leave the cotton stalks, the American
bollworm will come and hibernate in it. When it shoots it can easily attack the crop.

No, there hasn’t been any change.

Youtalkedabouttheissuethat people are nolongergrowing cottonthe waythey usedtointhe
past. What is the main reason for this change?

It's economical, rather political.

Well, speaking frommyself, inow preferto 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.
Wheniwas still working at Cottco, people used to get good returns from their cotton. If, for
example afarmer harvested only three bales; one bale would send children to school, the second
one would buy aplough, and the third one would buy a cow, and the fourth one would buy inputs
forthe nextseason. Afarmerwould have already paid off their loan with the cotton companiesif
theyhadtakenaloan.Nowadays,it'snolongerthe case. Thosefarmerswhoaretakingloansto
farmundercontracthave moretolose becausetherevenueisnotenoughtoevenpay offtheinitial
loan, so atthe end the cotton companies end up attaching these farmers' propertiesin orderto
recover their money.

Agrithane, Sanvalerate, Fenvalerate,

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 companiesthatare 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 werejustnames, butthe same pesticides. Forexample, ifyouarethe new
manufacturer you may decide that everything willnow be named after your company, while the
compositionremainsthe same. So, whatwe are saying isthat there came Sanvalerate, Fenvalerate,
but the origin was Agrithane.

Okay

Then, there was dimethoate. Dimethoate was replaced by Acetamark. Acetamark was justa small

powder packet that was enough to spray one hectare.
Karate was also used against worms.
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Somefarmerssaythatthepesticideshavelosttheirpower,you,asanexpert, whatisyourtakeon
that? Is it about the pesticides or about the pests themselves, or both?

It'sto dowith marketing. You see, ifiwastelling you this in business, iwould 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'sadeliberatething. They are makingthe pesticides ineffective, sothatfarmers wouldreturnto
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, iam talking about the standards association of Zimbabwe, if things are not standardised they
are subject tomanipulation.

But, pesticides are standardised.

Yes, but they are subject to manipulation.

It'sjustsimilartothe bottled water thatyoubuy and drinkin Harare. It's gotastandards association
of Zimbabwe logo, butitis bottled straight from Mukuvisi River. If you drink it you will be struck by
diarrhoeabeforeyouevenreachMazowe. Isn'titstandardised. Thisis Zimbabwe.. Chuckles.
Ratoon crop is just like tobacco. It needs to be destocked and burned. The worm will simply go and
rattle onthe stalks and lay its eggs. Ifleft, it will become uncontrollable. Whenyour crop grows it
willgo and affectthe bolls. The lint strand will not be strong. When you send it to Brazil they will
condemnitand simplytellyouthatitis notthe right grade for our spinners. Itis 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?

lencounterthe Americanbollwormandthecaterpillarsthatcutthe plantandleaves.

What are theylike?

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'stheredbollworm. Thisoneisdeadly. Itstarts destroying fromwhenthe cotton starts flowering
and then if it does not get the flower, it will still get inside the boll and eat from within. Itis very
difficult to control.

Since you started growing cotton, do you notice any changes in the population of pests that you
encounter on yourfarm?

Thechangeisthattheyresistifwe usethe sametype of pesticides. So, whatwe oughttodoisthatif
weuse Fernkillfortwo seasons, forexample, we mustchangeto Fenvalerate. Ifwe usethe 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,therehasbeenabigchange; pestshaveincreasedintheir population. Thisisbecause ofthe
changesinrainfall patterns. People are nolonger cuttingandburningtheir cotton stumps. Those
farmerswho do not cut and burn these end up maintaining their ratoon crops which are pests
infested. Bythetimetherains comethese wormswillalready be inthe plant. Worse still, the type of
pesticideswhichwewere usingthe previousyearsare soineffective, theyjustdo notworkandthe
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cottonallgetseatenbythepests. Sometimeswe donotgetthe pesticidesintime, suchthatwhen
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?

Inthe pastwedidn’thave problemswiththered spider. Intherecentyears, we haverealisedthat
the red spider is increasingly becoming common in the cotton fields.

In your opinion, what is causing the emergence of red spider in cotton?

Ithinkit'sbecause somefarmerswere mixingtomatoesand cotton, sothatwhentheygotospray
their cotton they would also spray theirtomatoes. So, the movement of pests between the two
crops has becomepossible.

Yousaidthatthewayitisrainingis making people preferratoon cotton. So, doyou seethere being
aclearrelationshipbetweenhowitisrainingnowandfarmers'practicesinpreferringratooncrops?
Yes, definitely. Cotton requires six months. For instance, this October we should have already done
dry planting. Butthe problem now is thatthe rains will only come in December. If we dry plant, by
the time the rains come the crop would have dried. If we plantin December, the cotton will not
really mature because the season will be short. It will then need to reach June/July forittobe a
goodcrop. So,when people resorttoratoon, the cropwillsyncwiththe shortseason perfectly well.
People nowprefertoflouttheregulationsgoverningratoon cropsincottonandrisk facingthewrath
of the law. If ratoon cotton is well fed with fertilisers it will give a very good harvest.

Soyou said you do not use any chemicals to control weeds, right?

Yes

Howaboutforthe controlofinsectpests?

Againstinsectsiuse chemicalsyes.

Which ones do you use?

I use the likes of carbaryl-85, Acetamark, Fernkill, lamda, Fenvalerate. We once used Karate, but
thenitwas bannedbecause itwastoo harmfulto human health if youtouched itwithout gloves, or
ifitjusttouchedyour skin. Attimes people risked, just getting used to it saying that they are now
usedtoit. Protective clothingwas only found at the feetand 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, butallpesticidesare allharmfultohumanhealth. Butwithkarate youcould easily feelits
effects. Itching on the skin.

Interms of the quantity of pesticides which you use, would you say there have been any changes in
the amount used per hectare?

Well,inthe past, notknowing how pesticides are made; we usedtousethelikes of Thiodanand
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, itwas also because of ‘resistance'foundinthe worms. We started using alot of pesticides.
Afterusingalotof pesticides, doyoufindthe pesticides being effective in controlling the pests?
Likeisaid, nowthewormsare veryresistant. It'sdueto suchfactorsasratooningthecrops. The
wormsgodeepinthe groundtothe rootofthe plantas away of dodging the pesticides. Whenwe
plantto cotton the plantwill already be diseased. Mainly because of these worms and other
infestations. We noticethatinthe pastwe would sprayfortnightly after scoutingfor pests. Andeven
afterthetwoweeksthe pestswould notbetoo much. Nowadays it's different, after spraying today
within three/four days you find there are pests.
So,thepestsyoufindjustafewdaysaftersprayingaretheynewpestsortheyarethe samepests?
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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Ihave beengettingloansintherecentyears, butatthe beginninginthe 1980swe hadto stand on
our own.

But, with the passage oftime Cottco, while itwas stillunder the grain marketing board, started
providingloans. Seed could notbe boughtanywhere exceptwhenitwasboughtvialoans. Inthe
pastwe couldtravelto Binduratobuy seed. Butwhenthe Cottcocreditscheme, people startedto
get loans.

Thereisabitof kakubatirira (injustice) there because youneedtofind acompanytogive youseed
oncredit. Thenyougetyourselfintounwanted credits. Youmaythenbuyyourown pesticidesifyou
wish to have not a huge debt.

There are some traditional methods that we use against aphids. We have, attimes used Surf
washing powder and red-hot chillies against aphids.

Youcrushthe chilliesandsieve then mixwithwaterand putthe waterinyourknap sackand spray
as normal. If we do not have Rogor, we just use chillies to control aphids.

Yes, it is quite effective.

Thereisalsoanotherplantthatis called kambandathatis like marijuana. We have alsotried that
one. ltcan be soaked and then use the water as a pesticide. That plant smells a lot.
Isitnotthe onethat Zezuru people call zumbane?

Thatisthe precise one. Zumbaneisthe name.

Yes, my wife was lucky to be the chairwoman of our cotton group for many years. So she always
attended those trainings for chairpersons.

Every year before the beginning of the cotton growing season in October, we always received
training from the cotton companies.

Yes, we weretaught howto mix pesticides such as Carbarylforthe control of aphids. We were
taughtsothatwe would also come backandteachour people. Thenwhenthe plants developed
bolls we wouldreceive further training on the use of Fernkill, mixing it etc. lwould thenreturnand
demonstrate to my group. Even how to apply fertilisers, we were always taught.

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.

Theyalso provided me with abicycle sothatiwould be able totraveltothefields of eachand every
memberofmygroupanddoassessmentsandprovide advice.lwouldthengotothecompanyand
givemyreport, thenifthere wereanyissuesarisingthe companywould sendtheirrepresentative
with a motorbike to the farmers.

Alright thank you.

CZ 16

Here we mainly come across aphids, jassids, red bollworm and the American boll worm as well as
certain white flies call bed backs.

The red boll worm is the one that really give us the most problems.
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Asfar as your own observation is concerned, would you say there are any changes in pest
populations?

Ithink pests are notincreasingintheir population. If you spray your cotton with lambda before the
worms are present, they will die. But, if you delay and getinto spray after the red bollworm has
enteredthe bolls, controlling itis very difficult. You will have to return nextweek and you mightfind
itoutside after it has finished consuming one plant. As long as itis inside the boll, it will not die
because it will enclose itself inside.

Tellme. 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.Whathappensis, ifwejustsprayanyhow, those pestswillgetaddictedtothe pesticidesandin
thelongruntheywill notdie. So, we firstassessinthefield for the presence ofthe eggs of thered
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'tany 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?

| have never used any herbicides. | always weed manually. | first use a cultivator, thereafteriuse 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 thattendto limitthe amount of pesticides thatthey
give to people.

So,doyoufindtheamountof pesticidesyoureceive fromthe cottoncompanies sufficienttocontrol
pests per hectare?

Yes, i always find it sufficient.

Do you sometimes re-grow your cotton stumps from the previous season?
Sinceistartedfarmingihave neverregrownmy cotton stumps. Ifidothe regrowths,imay endup
beingthe loser because those crops need alot of pesticides. Andimay 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. lalsokillthe red bollworms manuallywhenifindthem. Ifitrainsthe pesticides may be washed
off, soifthe red bollworm leaves the bolland 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?
Ididtrainingoncottonfarmingingeneral;aboutland preparationandthe assessmentfor cotton
pests and diseases, and identification of the moths that resultin the Redboll worm.

Where were you trained?

| 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,weweretrained, andadvisedthatwe mustnotspray againstthe wind directionasthe wind will
be blown towardsyou.

Thank You for yourtime.

Cz17
Do you buy your own inputs for the 1 hectare, or you get on credit?
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Igetmyinputsoncredit. Lastyearieven paid 20 dollarsforthe preparation of myfield becauseido
not have anycows.

I managed just a single bale.

Inthe past, whenwewerereceivingenoughinputs,icouldgetasmuchas3andhalfbalesonone
hectare.

It'sbecauseofthe"supply"” ofthe companies, and the price atwhichthey are buyingfromus. When
they come, they try towoe us by saying they will support us with allthe inputs. Butwhenitcomesto
the supply ofthe inputs such asthe chemicals and the fertilisers, they then say they do not have,
they cannot supply us and then we start to look around for these.

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
tosupplythechemicalsandfertiliserslater, whilethe seasonisalreadygoing,andthenyougrow
your crophopingthe companieswould honourtheircontractual obligations and supply the said
inputs timeously. But, then they just later on tell us that they cannot supply anything else.

Inthe beginning, there are jassids. These suckthe sap of your cropfromtheleaves. Ifyoudo not
control them you will see your leaves wilting and looking unhealthy. You should control these jassids
with carbaryl-85. The cotton companies donotsupply withthis. So, thisinstantly affectthe growth
ofthe plant. So, whenyou plantyour cottonyoumustalready have your carbaryl-85 athand. You
must also have at hand Acetamark, which is used to control aphids. These aphids also suck from the
leaves.

Inadditiontothe aphids andthe jassids, another pestistheredbollworm. Thered bollworm feeds
onthe bolls of the cotton. It must be controlled before it gets inside the boll. Then, there is the
American bollworm, whichis greenin colour. This one is easier to control thatthe red bollworm
becauseitfeedsfromoutside, unlikethe Americanwhich feeds fromwithinthebolls. Whenthered
bollworm enters the boll, it seals its entrance, which makes it very difficult to controlit. The best
way to deal withthered bollwormisto controlitwhile they are stilleggs laid onthe leaves. The eggs
are quite visible.

Inthe pastwhenwe 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.

The most problematic pest which severely affects our harvestis the red bollworm. This is so because
once they eat, the boll is destroyed and lost.

We nowuselessamountsofpesticides. The supplythatis comingfromthe companiesisnowabit
crooked. Inthe past, onceyouare contracted, youknewthatthe companywould give you allthe
inputs neededto produce onyour 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.

No, it’s not, particularly this one that they call lambda. It does not do anything to the worms.
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No, it is something to do with the pesticide.
Theincrease in pest populations is because the pesticides are not able to kill.

Theconcernthatihaveisthatthe pesticidesare notcontrollingthe pests, sothe population of pests
is increasing.

Here i have never noticed any new pests. However, those who grow cotton near the Mozambique
borderinthe Mafigu and Nyatsato areas, thatthere are new types of moths that are destroying
cotton. And these new moths are "resistant"” to the pesticides.

Whatiknow, incottonfarmingisthat, atfirst, youmustuse 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.

Thewayiseeit. These purpletriangle pesticides, such asLambda, have effect onthe health of
people. The momentthe pesticide has contactwiththe skin, orwhen sprayingandthe nozzleis
tipped, andthe pesticide makes contactwiththe face orthe skin, ititchesinawaythatreally hurts.
As peasant farmers, we do not have the "combat" that should protect us from these pesticides. Just
thewayiamdressedrightnow, |amgoodforsprayingany pesticides. My knapsack mayjust spill
some pesticides, andimay suddenly gethurt. We sometimesrequestthe companiestoinclude
personal protective equipmentintheirloanswhenthey extendinputsto us, butthey always make
false promises. But,thereisonlyone companythatonceresponded; Cargill, by simply providing
some breathing masks that just close the mouth and the nose.

No. Withtherestofthe crops, thereisnoneedfor any pesticide use. We only needtoweed
manually with hoes. Butwith cottonit’s different. Thefield mustbe very clear ofanyweeds.

Here we have problems with chaguduma and chinzungu.
Hereihaveneverseenanybodyuse Cotguard,andidonothaveanideawhatcolouritis.
| always weed manually.

No, i have never done anything as far as training is concerned.

Thank You for your time

Cz18

The main ones are red spider mite, the American bollworm and the red bollworm.

It'stheredspidermite becausethe pesticidestouseagainstitare notreadilyavailable. Weno
longerfind the pesticides to use againstit. Once it have entered your field you are done.

No. Theyarethere, we canfindthem, butthe problemisthattheyare nolonger powerfulenoughto
kill. Inthe pastwe would use three bottle of liquid pesticides and one bagin powdered form. Once
spotted, we would just carry our knapsack and bombit. Nowadays, it seems the population is
increasing. It's a real problem.

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
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willnothave beencutandburned. Thewormswillhave stayedinthe stalk suchthatwhenyou
attempt to kill it using pesticides it will not die.

Yes, thereare alsonewpests. It'sonlythatido notknow some ofthe names. But, the onesthatare
known are the likes of red spider mite, red bollworm, and the American bollworm. Some ofthe
newer pests,idon’tknowtheirnames. Thereisonethatis green-likewithyellowstripes. One ofthe
wormsis called kambasha after the colours of the bus that used to ply our Rushinga route many
yearsago. There are also newtypes of aphidsthatare now colonising our fields whose specific
names we are not sure of. Then there are other pests that are striped that cut the cotton, butthe
names are the problem for me.

Why pesttypesareincreasingisthatpeople are nottaking care oftheir stalks. inthe pastwe usedto
cutandburnour cotton stalks soon after harvest, and by Septembereveryonewould have burned
theirstalks. Nowadays, youfindthese stalks stillstandinginthefields. Thereforethe pestsarejust
there. Whenwe spraythemthese pestswould be veryresistant. Tosayyouhavekilledthem, what
sortofpesticidewouldyouhaveused? The pesticidesthatwe havethese dayswe always saythey
no longer work; of course so, howwould they if these pests are left to survive through summer
growing season, winter and again another growing season?

Thereisaweedthatiswhitishin colour. We manuallyweed itandthrowitaway. Other common
types ofweedsthatwe encounterare bwerere, and chaguduma, and moyochena. Thenthereis
another one called chinzungu, which is the most problematic for cotton farmers.

| also grow maize and groundnuts.

No, we cannotmix cottonwith any other crops because of the pesticides we use. If we mix with
cucumbers, forexample, childrenmightgoand pickthemandeatunbeknowntothemthatthere
are pesticidesonthe cucumbers. Ouragriculturalextension officersalwaysremind usthatwe
should never mixcrops.

The land needed for cotton is always larger, if you are to realise a good harvest. You need at least
3hectares.

Well,inthe pastwhenwe usedtogetenoughfertilisers we usedtorealiseasmuchas 6/7 bales per
hectare. Nowadays, because we nolongerreceive enoughfertilisers, our harvests have declined. We
are now realising just enough to survive, just about 2/3 bales per hectare.

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, orthis other onethatisitchy. | do notrememberthe name, butitisin

the same family as karate. It is very itchy.

Thepesticidesthatwe usedinthe pastwereverystrong. We usedtoget200ml,andwewoulduse
the same small bottle tillwe harvested. But, nowadays we have the types of Lambda, that'sthe
pesticide whose nameihad forgotten, the onethatitches alot; we get 500mis of it. But, just that
one500mlbottleisnotenough. Youneedfour/fiveforyoutobe ableto harvest, whichmeansthe
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
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sothatthey can last us the season. However, under normal circumstances, cotton should always be
sprayedatthe sighting of pests. Thisis because pests do notstop eating our crop, day and night.
But, becausethe pesticidesarenotthatplenty, we have nootherchoicethantojustpretendasif
we do not see that there are pests.

Do you use any pesticides to control weeds on your farm?

No, idonot. lalwaysweedmanually. |l oncetried using herbicides, butirealised thatihavelittle
knowledge aboutthem.

Do you use any other forms of pest control?

No.lonlyuse pesticidesbecausethereisnootherwaythatthe pestswould dieexceptbythe 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

CzZ19

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 redworm

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 beenincreasing steadily overthe years. The pasttwo 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.

lalsothinkit’s becausethese cottoncompanieswhentheygiveinputcreditstoustheyalsogive 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 seemto 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.

Hasthe acreage of cotton changed relative that ofthe other crops overtheyears?

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.
Doyoubuythesepesticidesoryougetthemoncredit?

We normally get them on credit

Looking atthe amount of pesticides you use, over the years would you say there are any changesin
the amount of pesticides you use?

These days we use more pesticides than in the past. Usually the amount of pesticides that they give
usare notenough, sowe endup goingtobuy extrabottles. Inthe pastwhere we usedthree bottles
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we are now usingdouble thatamount, butthe worms are still notgetting finished. Weend up
following them and identify where they are and then kill them physically.

| think the pesticides have lost their power.

We only usepesticides

No,wehave neverreceivedanyeducation. Butwe onlyknowaboutthe effectsofthe pesticides, for
example we knowthatifthere is a spill on your skin youfeelititching. Whenthathappenswe geta

piece of soap and quickly wash it off so that the itchiness can quickly end.

Thank you for your participation

CZ 20

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 bollyou can seeit.

I find aphids most problematic becausethisareaisavery hotarea. So, ifthereisatwoweekdry
spellwe normally starttonotice aphids. Butoncethereare bollswethenalsostarttohave serious
problems with a lot of the red worms.

Yes, thereisanewtype, ablackflyinginsect. Thatone staysintheforestbutihave noticedthatitis
increasingly visiting cotton. Its effectis that it cuts the cotton stem, just the top partthat grows
going up. Itcan cutseveral plants. Its' rare to find itin the act, you only see your cotton cut. Buti
waslucky onedaywhenisawit. Its blackin colour, butitalso hasayellow pigment. lwonderwhich
pesticide would affectit.

Here there are several types of weed that are present. There is chidhongi and bwerere. Bwerere
growstalland can pose stiff competition for nutrientswith the crops. Thereis also anothertype
called chinzungu which grows laterally, as opposed to bwerere which grows vertically.

No, we normally use hoes and weed manually. But, our agricultural extension officers always
encourage usto use herbicides. They say the advantage of herbicides is thatitlessens our burdenin
thefieldaswewillnothavetogoandspendseveral daysinthefieldsweeding. They saythe use of
herbicides will slow us growing old. But, despite their encouragement, we have never used
herbicides. They costmoney.

We use Acetamark, carbaryl-85, andin 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.

We arestillusingthe sameamountbecausetheyarestillgiving usthe same number of bottles per
hectare, butwe observe thatin the rate at which the pests are dying is now different. Inthe past
the pests died completely, butwith the typesthat 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
powerfulcomparedtothe onesthatwe usedinthe past. Noone hasevertold us openlythatthese
daystheyaremaking pesticidesthatareless powerfulforus. But,the measurementsthatwe 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.

Ifyougoand getthe extension officers and bringthemto yourfield they always come and offeryou
practical advice.

Have you everreceived any education onthe dangers of pesticides?

No, we have never had such education

Thank You for your participation

Cz21

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?

Inthe 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
havethenresortedtomovinginthefield to physically capture thewormsandthenkillthemusinga
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. | also intend to grow groundnuts as my main cash crop.

Which weeds do you come across?

Thereischagudumaandanothertypewhichhasspikes. Ifyoudonotweedthatone outthenbe
assured that you will not harvest any cotton where it exists.

Doyou 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.

Hasthe amountof pesticides used been changing?

Yes. Wehave usedless amounts overthe yearsbecause we have alsobeenreceivingless. Thatis
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 didnot.

You already talked about the effects of pesticides, i think i have exhausted my questions.

Thankyouvery 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
carryapumponherbackonlytoproduceforacottoncompany?

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?

| also grow maize, groundnuts, mapfunde, and mashava

Which cotton pesticides have you been using all these years?

WehaveusedGukurahundi, Acetamark,and85 Carbaryl.

Have there been changes in terms of pesticide requirements on your farm over the past 30 years?
Inthe pastwhenwe gotinputloans, we would getenough pesticides. Ifigotaloanfor2 hectares
andthen decidedto 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.
Doyouuseothermethodsofpestcontrolotherthanthe 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?

Whenyouspray, ifthe pesticides blows onyour face, itfeel burning onthe face and the eyes.

Thank you for participating

Cz23

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 redbollworm

Are there any changes, in the past 30 years, in the types of pests found on your farm?

Yes, inthebeginningtheredbollwormwasnotasmuchasitisnow. The populationnumbershave
significantly increased inthe recent years. And there has also been changes in the types of pesticides

used againstit.

And which weeds do you find in your fields?

There are broadleaves, such as chidhongi, chinzungu and chenamoyo or feso.
Letmeasksomethingabouttheredbollworms,whendoyouspraythem?Isitwhenyouseethem

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

185



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.

Atthebeginningwe use 85. Thisisusedbeforewormsstartappearing. 85isalsogoodfortheplant,
it seems it also contains a fertiliser; plants grow well when they are sprayed with 85. This pesticides
isappliedtocontrolaphids. Thereafter, therearethelikes of Lambdar,the Rogor. Rogoritselfisno
longerused, Lambdaisnowthe onethatisinuse. Thenthere arethe Fenkill,usedagainstworms.
Then there is Acetamark which is also used against aphids.

Yes, these are the ones which we use, but there are indications that things are not well.

Yes. We are now using more pesticides.

Ithinkitsbecause peopleare nowdoingregrows. Andthese keephosting pests. Iftheneighbour’s
farm hasregrows, pests fromtheir farmwill cross overto my ownfarm. It's because whenthey do
not destroy their cotton stalks, pests will keep surviving inthese stalks. Lastyear but one, for
example, we ended up observing that some plants that had already developed several bolls started
todevelop adiseasethatappeared like mutation of plant cells. After five daysto aweak the plant
wouldwiltandeventuallyjustdry. Somesayitis caused bythewormswhichwould have survivedin
theground. Whenwe cutthe plantsrightwherethereappearedtobe diseased, we foundthatthere
were some small white worms.

Yes. They are new, they started only last year but one.

Isthisaproblemthatyou have heard otherfarmersalsotalk about, orits just peculiartoyour own
field?

Other farmers have also talked about sighting these same worms affecting their cotton crops as well.

Yes,weinformedsomebody.

This problem started only recently. If you inspectthe plant, youwill see that there will not be any
pests onit, butif you look down where the plant meets with the soil, that's where you notice that
the plantwillhave developed somekind ofroughness. Ifitwereahuman being, wewould say they
would have been affected by ringworm (chisasa). If you pluck the plant and break it from the point
whereitis affected, thatis when you discover that there would be small white worms, and the
appearance ofthe plantstemwould resemble thatwhich would have been affected by termites.
Theywilljustbelocalised atthat pointonly and not all over the plant. But, despite that they affect
the plantin such away that we end up losing plants which would have developed alot of bolls.

No, they will be just bolls which would have not matured at all.

No, we haven'tyet 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.

Yes, when i did my cotton farming training we were educated on the dangers of pesticide exposures.
Andthe effects may resultin bearing adisabled child. That'swhenyoufind peopletryingtofinda
witch afterhavingbornadisabled childandyetthe causewould have beenthe pesticideswhichwe
use.
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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 fourlineswhengoinginone 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

Cz24

There are aphids, thenthe red bollworm, whichis most problematic. Thereisalsoagreenworm
whichfeedsontheflowersbeforetheydevelopintothe boll. Thered one eatsthebolls, thenitlays
its eggs inside the boll and then they can instantly multiply.

Inmy experience as a cottonfarmer, inthe pastwe usedto have a pesticide called rogor, then 85,
thenThiodan,andthe otheronethefourthonewhosenameicannolongerrecall. Thesewormsare
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
waterinthe knapsack. Withthe Acetamark, we measure ateaspoonand mixwith 15litres of water
inthe knapsack. Thenwe spray. The pesticide we usedinthe pastseemsto be outdone by the
Acetamark in killingaphids.

Yes it's a recent one. We no longer buy rogor.

Then87isusedtocontrolthe greenworm. Ifwe spray with Acetamark, we thenspraywith85so
thatthe leaves would open up sothatthe green worm cannot getachangeto attack the crop.
Thereafter,we usewhatwe callthe gukurahunditokillthe red bollworm.

For me the most problematic are the aphids as well as the red bollworm.

Letmetakeyouback,inansweringyou. Inthe pastwhenwe were growing cotton, there wasnotalk
of havingto make cotton cuttings. Which they are also calling "regrowths". Inthe past, itwasless
prevalent. We would harvest our cotton, then cut the cotton stalks and burnthem. Nowadays,
people nolonger cuttheir cotton stalks. They are now justhaving regrowths. The worms are now
remaining inthe soil. Whenitrains, the cotton stalks immediately shoot, and the wormwould be
there, already havinglaid some eggs. Thatisthereasonwhytheredbollwormisincreasinginits
population. Itis no longer responding to pesticides. Itis now surviving during both the planting
season and the off season.

Yes, inthe pastwe usedto apply alot of pesticides compared to nowadays. So, there are some
changes that are happening, inthe past we used to labour a lot carrying the sprayers. There are now
also new sprayersthatare less physical; you simply insert some batteries and startto spray.

Inthe 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 eachyear. The pesticides which
we use this year are not the same ones that we will use next year.
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Ithinkwereally need newpesticidesthatcan effectively the red bollwormbecausethe pesticides
thatwe currently have are no match to this worm. Whenwe spray, and thenwhenwereturntothe
field to scout, we find it, and then we end up looking for its presence and killing it manually.

The pesticides that we used in the past are Rogor, Carbaryl 85, Gukurahundi and another one whichi
donotrecall. Butthese 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.

Yes, inthe pastwe usedtouse many pesticides. Now, we know better. We nowknow atthis stagei
usethatpesticide, atthatstageiusethispesticide,andthentowardsthe endiuse Gukurahundiand
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 bollsopenedupwhiletherewere someaphids. Thentherearealsosome peststhatarered,
which multiply very fast, that are also found in cotton. We also spray with Acetamarkin order tokill
these so that they do not affect the quality of the cotton.

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.

Yes, butifused properly. The problemthatwefaceisthatwe growcottonon 2 hectares, andthen
receive only two or three bottles of pesticides which are not sufficient.

That's when you see then your crop being attacked by the pests

No. But, if you follow instructions and use the pesticides properly everything will go well because on
1 hectareyoumustuse 2 packs of Acetamark, then 2kgs or Carbaryl 85, andthree bottles of guku

No,therearen'tothermethodswhichiuse exceptusingpesticides. Otherpeople, whentheytalk,
say that there are other ways, especially against aphids. Do you know the plant called nhundurwa?

Yes, theysay, youtakeitand crushit,andthenyoumixitwith Surfwashing powderinwater, and
then use it for spraying. Aphids will die.

Yes, itworks. If you spray vegetables with it, aphids will die.
Youmayalsotakethe urine of cows. Italsoworkstokillaphids.
But these are our own community science, kkkkk

Yes, thatis what we do. Others say you take; you know right we peel maize from the chaff. If we
burnthe chaffinto ash, we take thatash and putinwaterandthen sieve and use the waterto spray.
Ititches when it gets into contact with the aphids.

Yes, we havereceived trained by the agricultural extension officers.

There are several types of weed that are found on the cotton fields. There is chinzungu, there is
chidhongi,andthereis sawi.

I donotuse any herbicides, ionly weed manually. We use a cultivator, thereafter we getintothe

fieldand weed with hoes. So, the reason why we do notwantto use any herbicidesisjustone or
two; we willnot be able to getany pumpkin leaves, we will not be able to eat ay cucumbers, we will
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notbeabletoeatany pumpkinsbecause onceyouspraywithanyherbicidesitmeanstherewillnot
growanythingelse exceptcottonormaize. 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?

Thefirstonestoattackthe crop arethe aphids, which are thenfollowed by thered bollwormand
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 yearsin as far as the types of pests found on your
farm is concerned?

Thetypes are always the same. There have notbeenany changes.

Are there any other concerns concern pests on your farm?

Allthaticansayisthat, yousee. Ifyoutake adrumofred seaand pourone shovel of sugarinit, you
willnot be able totaste the sugar. Whatihave observedisthatfarmers are abittooignorant; 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 afarmer makes the right mixture, the pests will die.
Which weeds are commonly found on your farm?

Thereisonethatwe call chinzungu, then bwerere, and chaguduma.

Which other crops do you grow on your farm?

| 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
changesinweatherconditions. The harveststhatwe usedtohaveinthe pastwhenwehadmore
rains are now so different from the harvests that we are currently having per hectare.

Which pesticides do you use on your cotton farm?

Thereis 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.

Arethere any othermethods of pestcontrolthatyouuse?

No, there are no other methods that i use. | 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,ihaveneverbeengivenany.But,theyshouldgivetogetherwiththeinputloans,andthen
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 iuse 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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No, the concentrations vary with the crops. | consult with the agricultural extension officers and ask
what sort of mixtures to use on various crops.

Thank you for your participation

T™M 01

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
inthatthe cotton plant will not be healthy because it sucks and that leads to change of colour; the
red bollwormis brownin colour. Itentersinside the bolls. Whenitenters itwill be very small, and it
will grow big whilstinside 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
controlit,itcan causethe loss of many bolls, which may resultinthe farmerlosing his crop. Then
therearealsoflyinginsects, theyare smallandwhiteincolour. Theyalsosuckonthe plant. Thenin
the ground, there is awhite worm that goes onto the root stem and then interferes with the flow of
nutrients up the stem of the plant. Ifthe cotton stalks are not destroyed and burnt, thisis the worm
that can become a problem.

The red spider, the American bollworm, and the red bollworm have increased their population.

| have observed that diseases are increasing due to the fact that the chemicals are now very weak on
aphids.

There have notbeen any observed changes because the pests were eating from the ground.

Yes.Inasfarasihave observed,iamconvincedthatthe chemicalsthatwe are nowusinghavelost
their power. The chemicals are no longer suitable for the worms that are there. Could it be
resistance?|wonder! But,ihave observedthatevenwhenitried to grow cottoninafield thatihad
never before used for cotton, irealised that whenisprayed for pests expecting toreturn after 14
days, withinthree daysiwould notice the presence of pests, clearly meaningthattheyneverdied.
And, thatmeans thatthe pesticides are weak, they are not effective inkilling these pests atall.

Thereischidhongi, andchinzungu. Thesearereallytough.

| also grow ground nuts, and maize, and cow peas.

Letme saythatfive yearsandback, cottonwas of somuchsignificancetome. My householdwas
supported by cotton. Even my family survived on cotton. | bought my livestock using income earned
from cotton. But, inthe recent years the fact that the pesticides have become soweak, i cannot
count on cotton any longer for survival.

Whenistarted cotton, before we started using Fernkill, we had avery powerful pesticidewhose
nameiam forgetting. Itwas so powerful thatif 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.

Yes, there have beenchanges? The pesticides are now soweak.
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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.

Haveyoueverreceived any educationon pesticides?

Yes! Thefirstoneisthatafterharvesting, we shoulddestroyandburnall cotton stalks asaway of
controlling pests.

Secondly, weweretaughtthatwe should notgrow cottoninthe same field fortwo consecutive
seasons. We must rotate.

Thank You for your participation

T™M 02

Which cotton pests found in your fields

Thereare plenty of pests. But, the problemis|’'m noteducated, iwouldn'tknowthese pestsbytheir
names. There arethose thatdamagethe stem, andiuse 85, tokillthem. Whenthe cotton startsto
build bolls, i start to mix 85 with other chemicals.

There are also aphids, whichikill 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 seeninterms 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 overthe years?

We started with Carbaryl 85 since the 1980s,

Whenwe sawaphids we would use Acetamark, andthen latergukurahundi, inthe pasttherewas
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?

| 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,theyare. Theyareverystrong. Ifyou,asafarmer, thinkthatthechemicalsare weakerornot
enough, thendo notgrowyour cropon alarge scale so that your chemicals can be sufficient.

Do you use any herbicides?

I have never used any herbicides. | have always used my cultivator to weed and theniwould also use
the hoe.

Do you use other methods of pest control?

No.lonlyuse pesticides. | donotknow other methods. Ifido nothave moneyfor pesticidesiwould
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 Fernkillvery late. They say we should use Fernkill after March. But, the problemis that|
growmy cottonearly,andsomycottonflowersanddevelopsbollsmuchearly. The problemisthat|
have no defence againstworms which feed onthe bolls. So ljustadminister cabaryl-85 and
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Acetamark, which are inappropriate pesticides to use against the worms. So worms are the most
detrimental pests forme.

There are ladybird beetles, and then there are also the red bollworms and the other ones whose
names | don’t remember; but they are worms. They are the ones that are destroying my crop.

Yes, theyare growingintheir population. Inthe pastthey usedtoaccuse us of destroying cotton
stalkslate, butintherecentyears, lamalwaysdestroyingmy stalks evenbefore | have sold my
cotton, butldonotseeanydeclineinpopulationsizes. Infact, 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.

| 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.

Inthe beginning when | started, | was using Rogor, cabryl-85, and gukurahundi. Thereafter, things
changed and then we started using Rogor, Acetamark, Carbaryl, and Fernkill.

Yes, butit 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”.

Pesticides have beenreduced. These days we are given only two bottles of Fernkill per hectare. But,
the proper way to do itis that they should give us three to four bottles per hectare.

No,theyhavenotchanged. Ouronlyrequestisthatthey shouldmakethemstrongersothatwe can
be able to kill pests.

No, ldon'tuse any herbicides; | use my hoe to weed with the help of my wife. | do noteven needthe
herbicides because they damage the soil and make it infertile.

No, ldo notuse any other methods. The only method thatwe were taughtwasto slashand burn
cottonstalksatthe end of each harvestasaway of controlling pests. We are doing all that, butwe
do not see any effect that that is having on pest populations.

Thank You for your participation
TM 05

There are aphids (inda and nhata/zanguku)... Then there is the American, and then the red
bollworm, andthenthosethatareyellowish. Thenthereisthe pinkbollwormwhichwe usedtosee
in the past. We haven't seen it in the recent years.

The red and the American bollworms have increased. These two are not declining, they seem to be
increasing.

Well, the only changethatinoticeisthattheyareincreasingin population. Ifyouspray, ittakesonly
two days to see them again in the field. In the past we would go for aweek or two after spraying
before we started spottingthemagain. Attimes after two weeks youwould scoutand 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?
Idonotseeanychanges. Thesametypesthatwerethereinthe pastare stillthe onesthatisee
today. No newpests.

Are there any other concerns regarding pests on your farm?

Well,it'sonlythatthe Americanandtheredbollwormsare becomingmore problematic.

Which weeds?

Thereis 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?
lusedtogrowmore cottoninthe past. Thingswere alrightthen. Nowadays, cottondoesn'tpayvery
well. Notonly that, the types ofthe cotton are also different. We getas low as only 3 bolls per plant,
butinthe pastwe could get as high as 60 bolls per plant. We are now growing on asmall 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?

Inthe pastwe used 75and DDT. Thenwe were latertold thatthereis nolonger 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 stillavailable. We have also used several other
pesticidesincluding Agrithane,andseveralothersthatiforget,andthentherearethe Fernkilland
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
thewhole week spraying, butthe pestswillalwaysremain. Ifispray today and go backto myfield
tomorrow i will still find the worms present.

These days there are more pesticides, but they are weak, yetin 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?

Inthe past we never used any herbicides. We used to weed manually. The use of herbicidesis a
recentphenomenon. 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. | only started using herbicides
a few yearsago.

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

T™M 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 peststhatcutthe 'head' of the plantasitwillbe growing. There are also smallworms thateat
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,theyarebasicallythesame peststhatwerethereinthe 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?

| never use herbicides, i always weed manually.

Do you use other methods of pest control, besides pesticide use?

No. | only use pesticides.

Have you ever received any inputs on credit?

Yes, evennowistillreceiveinputsoncredit. Butsometimestheydonotgive enoughforahectare.
Tobeabletoproduce enoughfromthe hectareis alwaysimpossible becausetheinputswillbe
insufficient.

Thank You for your time

T™ 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?

| 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?

| think they are getting fewer.

Why do you think they are getting fewer?

| 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,itdependsonthefield. Foronefarmersthere may only befound aphids, whileinanother
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, inthe pasttheywere muchfewer, andiwould always spray themandtheywould allgo.
Which weeds are found in your field?

Inmyfield thereis kapure-pure. 1t's white in colour. This is the main weed thatifind in my field.
What is itseffect?

Kanovhunjira donje

What do you do to it?

| 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.

Doyourecallthenamesofthe otherones?

No, i do not recall.

Which ones are you now using?

Weareusing 85, rogor, thentheonethatkillstheredspider. These arethe onesthatwe are using
these days.
Arethereanychangesintheamountofpesticidesusednowcomparedtothoseusedinthe past?
Yes, inthe pastwe usedmore pesticides. The companiesgave usour pesticidesallatonce,and
there was no need to go and look for extra pesticides. Nowadays we are receiving fewer pesticides.
Aretheamount of pesticides you are using these days sufficientto control pests on your farm?
Well, it depends on the acreage and the company giving the credit.

How do you control weeds?

lalwaysweed manually;ihave neverusedany herbicides. Ifihave alittle cashilook for peopleto
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 thati wear while spraying. | do everything
myself. [ carry my soap and mytowel. lwash myselfand my clothes, theniwear my clean clothes
and return home.

Do you use any other methods of pest control?

No. | only use pesticides. | receive them from the companies.

Which companies arethese?

I have taken loans under contract farming from Cottco, then Grafax, whichiam 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?

Thefirstisaphids. Theseinterferewiththe healthof our plants. Thenthereisaworm, calledred
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?

| see that the aphids have increased. The red bollworm has alsoincreased. It's because there are
some,those ofuswhodonotcutandburntheir cottonstalks. The bollworm goesdownthatstalks
andlaysits eggsinthe roots of the plant. Whenitrains 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?

Thereisthe 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. | know Cotguard.

Would you say there have been any changes in the amount of pesticides used over the years?
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Thereisachange,inthe pastwe usedRogor, they sayit’'snowcalledwhat, bytheway,idon’tknow,
then there is 85, and also Thiamex. It's not there anymore. There is now gukurahundi. Thiamex was
usedtokillthe American bollworm. Butidon’tknowwhy itwas stopped. We do notseeitany more.
Arethe pesticidesyou are using nowadays enoughto control pests onyourfarm? No, they are not
sufficientbecauseilimitmy spraying. I tryto skip aweek between my spray intervals. But, wheni
skipaweek maybeitrains, andthenwhenitrains my pesticide is washed off, and then the worms
will eat mycrop.

Do you use any herbicides for the control of weeds?

| have notused.

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?
| 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, thenthereistheredbollworm, andthenthere are also some other butterflies
(moths)

Which of these pests are problematic?

It's the red bollworm

Since you started, have there been any changesin pest population?

The pests are actually increasing in population size.

Are there any changes in types of pests?

The types have not changed. | 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, itappearsthese pestsare nowresistanttothetype of pesticidesthatwe usetocontrolthem.
What do you think might be the cause of this resistance?

| usedtothinkthatthe type of pesticidesthatwe are receiving to control them do nothave power
any longer.

So, what are you doing about it?

lamjustperseveringonascottonisacropthatihave experienceingrowing.

Which pesticides have you used over the years in cotton farming?

I have used Dimethoate, Carbaryl 85, Fernkilland Fenvalerate. | am having problemsrecalling some
of the pesticides.
Wouldyousaytheamountofpesticidesthatyouuseinyourcottonfarmingchangedoverthe
years?

No, there is no change. | only see as if it's the names that are changing.

How come you see as if there is no change?

| 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?
Sinceiusually getmyinputs on creditunder contractfarming arrangements, sometimesthe
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.

Whatothermethods of pestcontroldoyouuse?

| often handpick the worms, especially when there are clear signs of their presence. I hand pick and
killthem 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

T™M 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?
Sinceiamnolongerinvolvedincottonfarmingasmyhusbandwasthe onewhowasactive,iwould
notreallyknow. Nevertheless, redbollwormisthe onethatseemstobeincreasinginpopulation.
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?

| grow maize and mhunga. But, its mainly maize.

Inolongergrowcottonbecauseidonothave apesticide sprayersincemyhusbanddied. Heisthe
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

™11

Which are the cotton pests that are found on farm?

There are ladybird beetles that come later on. But, there are those greenwormsthatfeed onthe
leaves, then there follow those red worms that affect the bolls, and then the beetles that come
whenthe cotton has budded. Whenthese ladybirds pee onthe cotton, the colour ofthe cotton will
be affected, it will no longer remain untainted white.

Which of these pests would you say have increased in population?

| 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 onethat gives us problemsis chinzungu.

Which other crops do you grow?

| 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?

Atmyage, icannotcontinue growing cotton becauseitislabourintensive. | nowfinditvery difficult
for me to carry the knapsack sprayer.

Do you have a knapsack sprayer?

No, i don’t. | borrow from those who have.

Which pesticides have you used over the years?
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Inthe pastwe usedtouse 85 and Rogor. Whenwe found thatitwas beinginfested by alot 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?
Iseethatthereisachange. Inthe pastwewouldreceive alltypes of pesticides, and we would use
andnotfinishitthe whole season. lobservethatthe pesticidesthatwe usedinthe pasthad power.
The current pesticides are less powerful.

Therefore, the pesticidesused noware notenoughto controlpestsonthefarm.Weendupselling
chickens or goats in order to buy extra bottles of pesticides.

Do you use any herbicides for weeds?

Isometimesbuy, butican'trecallthe name ofthe herbicide.

Do you use any other methods of pest control?

| 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

™ 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. Thenthewormswithgreenandyellowstripes. Thenthereisanotherflythatjustfliesthat
justcutsthe shooting stemofthe plant. Thisfly hasahard coating. Anditjustcutsthe stem. Then,
whenthe cotton hasdevelopedbolls, there comesawormthatfeeds onthe cottonfrom outside,
andthenanotheronethatisredincolourthatfeedfeedsfrominsidethebolls. The onethatfeeds
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 observationisthatthereisanincreaseinthe population oftheworms.

And in terms of general population of pests?

Yes, thesedaysthere aregenerally more pestsincottonthanwhatitusedtobelikeinthe
beginning.

Then, intermsoftypesofpests? Arethereany newtypes? Orarethereanytypesthatseemtohave
disappeared?

Yes, therearethosethatappearlikeflies.Ineverusedtoseetheminthe past, butnowadaysisee
them.

Which weeds do you come across in your field?

Thereis atype 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 pastidid not use to grow a large acreage
ofgroundnuts, butwe used togrowmore cotton. Butihaverealisedthatthese daysit'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, iseethatinthe pastwewould growasmall portion of cottonand harvestalot. Nowadayswe
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. Ouracreage will notbe very big, butwe try to make sure thatwe
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 usedrogor, 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'trecall the
other names.

Okay, so hasthere been any changes inthe 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,amongthe pesticidesthatyouarecurrently using, aretheysufficientto control pestsonyour
farm?

They are sufficient if you get a loan contract with a company that supplies enough pesticides. If you
getaloanwithacompanythatsupplies pesticidesthatare notenoughyouendupselling 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

T™M 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?

| don’t know their names, can’t recall their names

Can you describe them by what they do?

Therearethosethateatthe flowersandbolls, then othersthatfeed onthe leaves and othersthat
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 eatthe 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.
Andintermsofthetypes, arethe pesticidesyouseenowthe sameasthose seeninthe past?
There have been changes. Thereis nowthe green one thati have justtalked 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 weedtypes. Thereis 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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Chinzunguisverystubborn,whenyouweeditoutinnotimeitwillhave regrown. Evengoso, 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 justweedthemmanually. Wejustdo our besttillwe 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
(comparedto cotton, as commercial crops). This season we grew cotton and harvested 3 bales, but
wedidnotrealise anyincome. Cottonis notpayingany more. Weare dyingfornothing. Cotton has
a lot oflabour.

And, coming to pesticides. Which pesticides do you use?

Pesticides! We start with Acetamark, then followed by 85, and then lastly the Gukurahundi.
Alright.

Comparedtotheyearsinthe past, arethereany changesintheamountofpesticidesthatyouare
now using?

Yes, thereisachange. 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 getloans

Fromwhom?

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 havenever.

And weed, do you have any other means besides weeding manually?
No.Weheardthatthere are chemicals, butthese aretobe bought. We have notyethadthe money
to buy suchherbicides.

Thank you foryour participation

™ 14

Which pests are found on your farm?

Therearegreenwormsthatstartaffectingthe crop. Whenthe cropstartdevelopingbolls, thereare
wormsthatgetinsidethebolls, theyare greyincolour. Afterwards, thereare aphids. Thesearethe
deadliest.

How come?

They sap all the juice of the plant from the leaves leaving the plant looking unhealthy.

When it’s the boll?

Thegreyonesthatihavetalked about; they are the onesthataffectthe bolloncethey getinside the
boll. The side ofthefield where they are spotted usually willnothave good cottonyields. Whentime
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. | 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, butifthere
isnotenough pesticides, there canbe aserious problem, cottonmay notreach 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. Thisweed givesusserious problems. ltsrootsgrowdeeperintothe soil suchthatifyou
trytojustuprootityou will realise thatit 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?

Inthe past we tried to grow water melons and ipwa in the same field with cotton, but we later
realisedthatitwasahealthrisk, becausethe pesticidescanremainresidueitthe cropstoeat.

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
cottononthe bestsoilsduringthattime whenitgave usgoodfinancialreturns.

And now?

Now, we are nowgrowing more crops dependingonthe systemoftherainfall. We alsonowhaveto
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 s thatthe companies fromwhich we getinputs on contract are the oneswho are messing up
because ofthewaytheyare givingus pesticides. Weare notabletodestroythe pestsbecausethey
are giving pesticides that are not in tandem with the length of the season. The pesticides are finished
beforethe cotton bolls have evenopened up. Thatiswhenthe worms attack our crops. We must
mainly protectagainstthe wormsthatattack the bolls becausethe bolls are the cotton. So, we end
upsellinggoatsor chickens sothatwe canbuy extra pesticides. Otherwise, ifcompaniesgave us
enough pesticides we would have good harvests.

Do you use any herbicides?

I have never used herbicides, buti 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, ihave onlyreceived education onthe usage of pesticides.

Thank you very much for your participation

TM 15

Which pests are found in your fields?

Thereare somewormsthatarefound. Thereisaredone,theredbollworm,thenthereisagreen
one that feeds on the sap of the leaves. Then there is another one that is found in the sail
underneath the plant and it feeds on the base stem of the plant.

Which, among these gives you the most problems?

201



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?
Fromthewayiseeit,ithinkthey have notincreased in population because there are nowalot of
people who are now growing cotton.

Have there been any changesinthe 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?

Thereis aslight change because the cotton acreage is slightly larger. The problem that we faceisin
our inability to weed all the crops intime and have good harvests. If we put most of our effortsin
cottonweeding, 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 nolonger the same acreage, there is a change.

How is thatso?

Because some of my children are no longer staying with me at home, they are grown-ups and they
haveleft. So, withthe childrenthatinowhave athome myacreageis nowsmaller, whichthey 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?

Inthe 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, asfarasthetypes of pesticides are concerned, are there any changes?
Thereisadifference. The pesticideswhichyouusedinthe pastare differentfromthe oneswhichwe
are using now.

Why?

Because they design specific pesticides that kill specific pesticides found in the area.

And, are the pesticides which you use sufficientto killthe pests thatyou encounter onyour farm
No. We usually getour pesticides on credit from the cotton companies; sowhenigetoncethe
companies may just tell me that the pesticides whichi collected are already enough, even thoughi
would stillneed more pesticidesto controlthe pestsonmyfarm. Thatisthe problemthatweface
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?
Thereisadifference, the currentpesticides are effective, butnotas much asthe oneswhichwe
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

T™ 16

Thefirstone are the aphids which are found ifyou flipunder the leaves of the cotton plant. These
aphidssuckthe sap outofthe leavesresulting in stunted growth of the plants. Some aphidsfeed
fromthe shooting stem of the plant such thatthe plantwill not be able to growin height. Secondly,
thereisanother pest called the red spider. The effect of this oneisthat onceitis foundinthefield,
the cotton plants will not be any productive no matter how much the plant grows. Thenwhenthe
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. Youcan’tcontrolit. Thisone should bestbe controlledwhileit’s stillinits egg stage
of development. Then there is another one called the American bollworm. In our language we often
callitmadyirapazhe (the one whofeedsfromoutside) becauseitfeedsfrom outside thebolls. When
it feeds, if you fail to control it, it can easily destroy all the bolls in a matter of days. Then thereis
anotherworm called heliothis. Thisisthewormthatfeeds ontheleavessuchthatwhentherearea
lot of these in the field feeding on the plants, the cotton plants will be left with only the stems
without any leaves. Thereis yetanothertype whose name i do notreally know. We only started
noticing itveryrecently. It'satype of (inda) aphid which is white in colour. Whenyou see ityou may
think thatit’s justash, butif youtouchityou 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
isanew pesttheydonotyethave any specific pesticide thatthey couldrecommendto use against
it. So, whatwe normally dois that once we encounter it, we pluck outthe affected plantand destroy
it.

Theredbollworms, the Americanandthered spiders are increasingin population everyyear.

Yes, iwould 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.

Well, only thatthe new pestwhich i have talked aboutis proving to bereally deadly. Ifit'sfoundin
the field for two or three seasonsitwould be better to stop growing cotton alltogether. It would be
betterto putanother cropinthe samefield, suchas maize, because if we continue putting cotton
they will be increasing in their numbers each year.

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.

| also grow maize, mhunga, mashava and ground nuts.

Well, that varies from season to season. There are some season when i place more value on maize
anddedicatemorelandtoit. | prefertodedicate morelandtomaizeandmhungabecausetheseare
food cropsthat give guarantee as far as food security is concerned whenigetgood harvests.
luse Acetamark to control aphids, thenialso use carbaryl 85. Thenialso use gukurahundi because

the cotton will have started developing flowers and bolls. In controlling worms, i use fernkill,
fenvalerate and lambda. Lambdaristhe pesticide whichwe arereceiving 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.

It's changing. Inthe pastwe 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
controlthe pests, itis bestto 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.

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.

Inthe past we did not use any herbicides. Here we only started using herbicides about 5 or so years
ago. Personallyihave used an herbicide called Cotguard. | noticed the resultsthatitisavery
effective herbicide.

Yes. We were educated on these herbicides by the agricultural extension officers.

Yes, sometimeswe getintothefieldasafamilyandscoutline by line, manually killingallthe worms
that we comeacross.

No, it's just an idea that came into my mind and then i just decided to implement it.

Thank You for your participation

™ 17

Which types of weeds do you come across on your farm?

Thereisthetypewhichwe call Nyabvedzi. Thistypeis suchthatifitreceivesrain waterforjusttwo
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?

Inthe beginning, whenourcottonistwoweeks, some greengrasshoppersthatfeedontheleaves
start to appear, and we spray these with Acetamark, or Rogor. When the cotton leaves are showing
signsofwiltingitmeansthattherewillbe someaphids, soweuse Acetamark. Afteraweek, youget
intothe field inthe second week to see ifthere would have arrived another wave of pests. Ifthere
are,yousprayagain, butifthere aren't, thereisnoneedto spray weekly, you can skipaweekand
spraythesecondweek. Whenthecottonstartstodevelopbolls, there starttoappearsomeworms
calledred bollworm, which are greenin 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 fromthe 4th of February. Then, theworms
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.

Ofthese pests, which, as afar as your observation is concerned, have increased in population over
the past 30years?

I have observed that there are more Red boll worms because people are not slashing and burning
their cotton stalks asthey should. That's the problem. Ifawormis leftalive this season, it will be
impossible to control it next season because it would have developed resistance. It would not die
whensprayedon. Whatiwouldwanttoencourage allfarmersistodestroytheir cotton stalksjust
thewaytobaccofarmersdestroytheirsand burnthem. Justthe 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 whichinvade thefields. Whenthese
invade thefield, 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, interms 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
Termicasaway oftryingtokillthe worms. Thisissobecause Lambdaris nolonger effectivein
controlling these pests. It's because we are using the same Lambdar on the same worms over many
year thatis why itis now resistant.

Which other crops do you also grow?

| also grow ground nuts, maize, mashava.

Have there been any changes inthe acreage of cotton relative the acreage of cotton?

Yes, ihave cutdown on my cotton acreage and increased the maize acreage.

Why did you do that?

Becauseirealisedthatcottonisnolongerfetchingafavourable price onthe market. Inaddition, itis
verydifficulttomanagealarge acreage of cottonbecauseitisboth apesticide andlabourintensive
crop.

Which pesticides have you used over the past 30 years?

We have used Rogor, there wasn'tthe 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.

Howdoyoucomparethe pesticideswhichyouwere usinginthe pasttothe oneswhichyouare
using now?

Inthe 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.
Theyarethereinthe shopsbuticannotafford, soiamspentusingthe hoe forweeding.

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

T™M 19

Which pests are found on your farm?

I normally come across several pests which feed on the crops, buti cannot recall their names.
Which pests havechanged?

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?
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Thereis chaguduma, bwerere and mhandi.

Which other crops do you grow?

| 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?
Inthe pastmy cottonacreage was smaller. Nowigrowalargeracreage. lusedtoalsoworkinthe
past,soihadasecondsource ofincome.Nowthatidon’'thaveanotherjob, mycottonacreage has
increased than it was in the past.

Which pesticides have you used on your farm?

| 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?

| have noidea.

Thank You for your participation.

T™ 20

Which pests are found in cotton on your farm?

Imay notbe abletotellyouthe exactnames, butletme explain or describethem. There are worms
whicharegreenandred. They eatthe boll ofthe cotton. Thenthere are aphidswhich 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.
Whichweedsarefoundinyourcottonfield?

There is ared weed that affects the crop.

Which other crops do you grow?

| 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?

Inormally make my cottonsize biggerbecauseitisfrom cottonthatlgetmymoney. 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?

luse Carbaryl 85. This pesticide makesthe cotton grow healthy anditmakesthe plantbearalot of
cottonbolls andto make the bolls stay onthe plant withoutfalling offtothe ground. Thenialsouse
Acetamarkwhichkills aphids and then Fernkillwhich killsthe worms, those greenandred ones
which i talkedabout.

Are these the same pesticides which you have been using in the past?

Inthe pastwe used Fernkill, but Acetamark and Fernkill are fairly recentoneswhichwedidn’tusein
the past. Inthe past there was Karate which we used against the worms, and Rogor was used against
aphids.

Arethere any changesinterms of pesticides usedinthe pastcomparedtothose 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.

™ 21

Which pests do you come across on your farm?

Theredbollworms, 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.

Arethere any changes asfar as the particular types of pests themselves are concerned?

No, there are nochanges. There are the same peststhat have always beenthere.

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 alot. 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

Arethereanychangesinthesize oflanddedicatedtocottonrelativethe acreage ofthe othercrops?
Yes. The acreage of cotton has declined while that of maize and groundnuts has increased.
Which pesticides have you used on your farm?

Ihave used Karate, Rogor, Fernkilland Lambdaand Acetamark and Carbary! 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. | 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,inthe pastwhen pesticideswere problematicwe would use hotchilliesand mukonde. We
would mix these and use them as pesticides. They can be effective. | 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

™ 22

Which cotton pests are found on your farm?

I do notknow the actual names of some of them, buti know that they affect the plantwhen it starts
todevelop flowers. If you go for two weeks without spraying with chemicals you may lose your
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plant. Therearethenthosethateatonthebolls. Thentherearesomethateattheleaves. Theone
that damages the bolls is called the American bollworm.

The one that i am calling the American boll worm which damages a lot of the bolls.

There have beenalotofthered onestheladybirdbeetlesintherecentyears. Theyappearatthe
end, whenthe cotton bolls startopeningup. Theydiscolourthe cottonand makeitbecomebrown
in colour. But we spray them with Carbaryl 85 and manage to control them. These ones die quickly.

Therehasn'treallybeenachangeintypes,justthe populationofthe existing ones. Buttheseare
easily controlledifyouwork hard, like whatiusedtodo. |wouldjustspray pesticides onthemand
theywould die. Nothingwould enter the field. | was encouraged top controlthese because my
cottonwould be very clean atthe end and it would give me alot of money because of its grade.

There are severaltypes. There is chaguduma, then there is another one called chinzungu which
reallydamagesthecrop. Thenanotheronethatdoesnotdiewhichcontinuesfeedingonyour
plant's nutrients till you harvest. We call this one karoi.

lalsogrowmaize andgroundnuts. ldonotgrowalotoverthe pasttwoyearsbecause mywifedied,
and this has affected my farming activities and production.

Yes. | nowgrow cottononavery small scale, and i have given part of my land to my sons.

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 suchthatmanywould gotothe hospitals. Thatiswhentheyrealised thatthe pesticide
was dangerousasithad damaging effects onhealth. Those who are notverywellexperiencedin
cottonfarming do not use carbaryl, they use the liquid one which we call gukurahundi. Ifyou are
using gukurahundi, without Carbaryl, your cotton will not give you a give harvest. Carbaryl builds the
planttogetherwith Acetamark, whichwe call Rogor. These are the things whichwork on cotton if
you are to have good plants.

No. | don’t see any changes. What makes changes in cotton, particularly with regards to the yields is
because people are plantingtheir cottonlate. They plantever other cropfirstand then plantcotton
at the end.

No, they are notenough, particularly if you getyour inputs on credit. You must have some inputs
whichyou mustbuy onyour ownasafarmer. If youwaittillthe company gives you the pesticides
youwillwork for nothing. Thatis where we have serious problems with the companies such as
Cottcowhenwe askthemtogive usloans, butwhentheydo sowhattheygive usisnotenoughand
sufficient. It is wise to always buy something on your own

No, i only use pesticides.

Yes.luseherbicidesbecausethereisnowaythatone canspendalltheirtimeweedinginthefield.|
have often used herbicides on maize and then used the hoe on the cotton field.

Ican’trecallthename, butwe mixabluish coloured herbicide and awhite oneand spray.
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I have always been close to the agricultural extension officers who have always been giving me
advice.

Thank YouforYour Participation

T™ 23

Which pests are found on your farm?

Inthe 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?
Theamountofpesticidesisincreasingbecausethereare somefarmerswhoare nottakingcare of
theircottonstalks. Thewormsthatresultasaresultoftheratooncropsareverydeadly. Theyeasily
destroy the bolls.

Have there been any changes in the types of pests in the past 30 years?
Icouldsaythattherearethose pestssuchasaphidswhichappearatthe beginning ofthe cotton
season and at the end. At the end they are usually worse.

Arethetypes of pests you came across around 30 years ago the same as the ones you come across
now?

No.thereisadifference. Inthe pasttherewerefewerredbollworms. Thesedaysthereare now
more of such because of the increasing practice of people not cutting the cotton stalks.

Which weeds are you coming across?

Inthe pastwe hadissueswithsomeweedsthatwere quite softand easyto control. Nowadayswe
have problemswithweeds suchas chidhongior chidhongi, and anothertypethatis sohardthat
affects the health of the plants.

Which other crops do you grow?

lalso grow maize, mhunga and mashava because our seasonis 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,andthere are nowalotof pests, thatiswhyiamjustincreasingthe acreage of ground nuts and
maize.

Which pesticides do you use on your farm?

Inthe beginning we were getting good pesticides. They would give us Rogor, carbaryl, Thiodan and
gukurahundi. Theywould give usaboutfour or 5 differenttypes. These days Rogorisnolonger
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?

Inthe pastwe usedtoreceive enough, butthese daythereisjustmore butthey are notworking.
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. | have always used manual weeding

Do you use any other methods of pest control?

No.Butwhatioftendoisthatiburnthe grassinthe areathat surrounds myfield sothatitremains
clean andthiskills the pests in this area. When i plant my cotton there will not be any creeping
insects getting into my field.

Thank You for yourtime.

T™ 24

Which pests are found on your farm?
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Thepestthatfirstaffectscottonaretheaphids. These arefollowed bythe American bollworm. After
thisthenthere comesthe Red bollworm. After the red bollworm the cottonisthen affected by the
ladybird beetles. This beetle appears whenthe cotton buds open, and it affects the quality and
colour of the cotton.

Are there any changes in the pests’ population over the years?

| can say these pests have notchanged. They are the ones which affect pests, including some
grasshoppers (jassids)

Interms ofthe types of pests, are there any changes thathave been noticed overthe years?
Well,inthe pastthere were fewer pests, butthere were many people who were growing cotton.
Nowadaysthereare fewerfarmersstillgrowing cotton,andthose growingare nowgrowingona
smaller scale, butthe 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?

Nowadaysit's betterbecausethereare nowherbicides. Inthe pastwe had serious problemswith
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. Sotell
me, havethere beenanychangesovertheyearsintheacreage of cottonrelativethe acreage of
these other crops?

Nowadays it’s different. | am now old, i no longer grow a large scale. | used to grow cotton on a
larger scale.

Which pests did you use then?

We usedtouse 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 s 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?
Ifyoukeepyourfield clean, the areathat surroundsthe field, if youweed itand 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 iam 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, nofarmerwas permitted to leave their cotton stalks inthe fields. It was a statutory
offense. There were inspections. But nowadays it’s all different.

Thank youfor participation
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Which pests are found on your cotton farm?

Thereareaphids, thenwormsthatfeed onthebolls, thenthereare somewormswhichare 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 pastyears?

Yes, they are increasing.

What do you think is causing this change in the types of pests?

ithinkitis because ofthe changesthatare happeninginthe climate which are causingtheretobe
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?

| also grow ground nuts and maize

Which pesticides do you use on your farm?

Inthe pastwe used Rogor, whichwasinliquid for; nowwe use apowdered one called Acetamarkon
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?

Notheyare notenough. Forthose of uswho are on contactfarming whoreceive 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,sometimesiuseasharpobject, suchasawireto piercethewormwhileitisinside the boll.

Do you use any herbicides?

No. | always weed manually.

Thank You foryour Participation
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Which cotton pests are found on your farm?

There arethose whichfeed onthe cottonleaves. Theyaregreenincolour. They callthem leaf-
eaters. Thenthere are the otheroneswhich are striped which eatfromthetimewhenthere 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 notfly, they feed on the cotton (jassids).

Have the types of the pests changed over the years?

Yes, there aredifferenttypes of pests. Worms are foundin differentvarieties. Thereistheworm
thatfeeds onleaves only, thenthereis the wormthateatsthe boll, and thenthereisthe onethat
eatsthe 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 istoo much sun, and itis 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?

| also grow maize and mashava.
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Idecidedtocutmyacreage because oflowreturns;inthe pastwhenwe grewcottonwewould have
good returns. With the passage of time i decided to downscale my cotton acreage.

Inthe 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.

No,theyarenotenough. Undernormalcircumstances, perhectareishouldusetwobottles of
Rogor, two bottles of Fernkill, and two bottles of Carbaryl. But, nowadays they give us only one
bottle, andthisis notenough, resulting in our cotton becoming susceptible to pest attacks.

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.

Yes, but if there are no herbicides i weed manually or i use an ox-drawn cultivator.

Thank Youfor your Time
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During the 1980s we didn’t have problems with inputs because we were being supplied from
Agricura. Thiscompany usedto supply enoughinputs, including chemical pesticides such as Carbaryl,
dimethoate, gukurahundi,andall, forustouse. Thereafter, when Agricuraleftthere came another
company which gave us all our input requirements in time. Our agriculture extension officers used to
teach usonthe properways of farming. But, we also listened to farming programs over theradio.
Nowadays we no longer have radio programs, but in the past such programs used to give us
guidance.

There arered bollworms, the American bollworm, then the cotton strainers (twunana Rudo), the
leaf eaters and another one called chinungu, ido notremember whatit's called in English, then
there is a yellow one that hides behind the leaf, and then there are jassids. When jassids attack, they
sucksapfromthe plant, and you notice your plantwilting. Thenthere are also aphids, some white
flies, which arealsofoundin cotton. Thenthereis also another one whichhasahard shell. Then
there are also some cut worms which attack the plant from the bottom of the plant.
Whenitcomesto spraying, we were taught by our extension officers to always scout before
spraying sothatwe would knowwhatkind of pestis present, so that we would also knowthetype
of pesticides touse.

Yes, therearemore pestsnowthanthereusedtobeinthe past.
Yes, there seem to be some changes.
Inthe pastwe would only spray with Rogor after our cotton had grownin height by several

centimetres. But, nowadays, we needto sprayitwhileitwill stillbe very shortnearthe ground.

Herethereis gezi,then chaguduma, also known as chidhongi, thenthereis tsangadzi, and then
anotherone called chenamoyo, and another one called chimbiya, also known as chinzungu.

| also grow maize, ground nuts and sunflowers

Yes, in the past my acreage was larger than it is now. It's mainly because nowadays i do not get
enough inputs.

Thereis Acetamark, Lambda, Fernkill, and Fenvalerate, and Carbaryl. Inthe pastwe 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.
Arethe pesticides which you are using enoughto control pests on yourfarm?

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,weweretaughtthatafterharvestingwe should destroyall cotton stalks by burning sothatall
remnants of pests would be destroyed.

Thank You for your participation
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