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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.

Factors influencing changes in pesticide use
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Sample selection

Snowball sampling was used for participant recruitment. Those who were recruited had been

consistently involved in cotton farming during the past 30 years. As a starting point, names of

seven potential participants were proposed by the Rushinga District Agricultural Research and

Extension Services Office. Of these, three who met the inclusion criteria were recruited in the

study. The other four were no longer involved in cotton production, and were thus ineligible

to participate. All initial seven farmers provided 17 names of other potential participants.

Throughout the data collection exercise, all farmers contacted were asked to propose names of

other potential participants, with a final total of 121 names being provided. Of these, 68 ful-

filled the inclusion criteria, with 53 recruited to take part in the study until data saturation [52]

was reached. Having reached saturation, it was not necessary to interview the remaining 15

farmers. Interviews were conducted with self-identified heads of households. Participation in

the study was entirely voluntary. All participants signed informed consent forms written and

read out in their vernacular Shona language prior to the interviews.

Four key informants were recruited to take part in this study. One, a long-serving employee

with a cotton company, was interviewed as a cotton industry key informant. This key infor-

mant had an educational background in agriculture and had worked for the cotton industry in

Rushinga district since 1997, responsible for marketing, pesticide distribution and extension

work. Three Rushinga District Agricultural Extension Officers were interviewed as agricultural

key informants. For recruiting, the District Agricultural Research and Extension Services

Office were initially requested to provide names of officers who had served for up to 30 years

in the district. None could be identified. Names of those who had served for up to 20 years

were thus requested and five names were suggested. All of them were approached to take part

in the study, and three (one female and two males) agreed. The other two declined for personal

reasons. In this paper, we present findings from both in-depth interviews with cotton farmers

and key informant interviews focusing on pesticide use factors.

Data collection

Data collection was conducted in two phases, starting with face to face in-depth semi-struc-

tured interviews with cotton farmers between July 2015 and December 2015. As mentioned

earlier, these interviews were stopped when saturation was reached [52]. In-between data col-

lection, farmers’ interviews were transcribed during January and February 2016. Thereafter,

transcribed texts were provided to participants during the months of March and April 2016

for verification and confirmation. All 53 interviews were conducted at farmers’ homesteads by

a three-member research team consisting of CZ and two experienced research assistants

(female and male) who spoke the local dialect (Shona Kore-kore). Research assistants were

first trained by CZ on the aim of the study and the ethics of the study, including the impor-

tance of confidentiality of information gathered, participants’ rights and reading out and

explaining the informed consent. Farmers were asked questions concerning their experiences

with and observations about changes in pest populations and pesticide-use practices in the

past 30 years (S2 Table). All interviews were audio-recorded with participants’ written

consent.

Phase two of the study involved face-to-face interviewing of four key informants in April

2016. These were conducted after the initial analysis of farmers’ interviews as a way of explain-

ing, corroborating and triangulating themes in the data, as well as collecting sector insights.

Questions for the agricultural key informants were designed based on emergent patterns in

the data collected from the farmers. These included their knowledge and perceptions about

increases in pest populations and increases in pesticide use by farmers. Key informants were
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further questioned about their roles as extension workers and the role of their parent ministry,

which enabled making inferences about their respective influences in the usage of pesticides.

The cotton industry key informant was interviewed relating to the role of the cotton industry,

such as what factors they consider to be important when drawing-up contracts with farmers,

the role of the cotton industry in managing pests and pesticide resistance, and the nature of

training which they give to farmers.

Data analysis

Three participating farmers’ interviews were excluded from analysis after quality control, due

to inconsistencies which could not be resolved. Of the remaining 50, there were 36 male heads

of households, nine female heads of households and five couples who chose to be interviewed

together. All 50 interviews were transcribed verbatim and then translated into English (S1

Text). Upon completion, transcripts and their corresponding audios were analysed by a pro-

fessional translator for consistency and accuracy. A qualitative data analysis software, NVivo

(version 11), was used for transcript management and aiding data analysis, particularly coding.

Coding involved a four stage process starting with attribute coding, followed by structural cod-

ing, magnitude coding and descriptive coding techniques [53]. Guided by magnitude ques-

tions asked during interviews, structural coding was used to code entire transcripts into five

broad data categories (structural codes)—namely: pesticide-use, pesticide efficacy, pesticide

sufficiency per hectarage, pest populations (Table 1) and participant demographics. Thereafter,

attribute coding technique was used to assign codes for participants’ attributes such as age,

gender, and years of cotton farming.

The remaining four categories were analysed in more detail, using magnitude coding and

descriptive coding techniques. Magnitude codes are qualitative, quantitative and/or nominal

indicators which are used to indicate intensity or frequency of phenomenon [53]. In this

study, magnitude codes indicated changes that happened in the past 30 years in as far as pesti-

cide use and pest populations are concerned. Mathematical symbols were used for magnitude

codes; ‘‘+’’ indicating an increase, ‘‘—’’ indicating a decrease, and ‘‘=’’ indicating no change.

Descriptive coding technique was then used to code details pertaining to current pesticide effi-

caciousness and current pesticide sufficiency (Table 1). The rest of the interviews which were

not analysed using the aforementioned coding techniques, together with all the key informant

interviews, were analysed by thematic analysis [53]. By this process, data were analysed with

thematic statements, rather than short codes (S3 Table). This led to the emergence of three

themes from the data, namely: (i) climate variability, (ii) political ecology and (iii) farmers ‘per-

ceptions and practices.

Table 1. Some interview questions and codes developed from data.

Questions Structural codes Magnitude

codes

Descriptive

Codes

1. Would you please describe how the quantity of pesticides which you use on your farm has changed over the

past 30 years?

pesticide use (+) increase n/a

(=) no change

(-) decrease

2. Would you please describe how the population of all pests which you encounter on your farm has changed

over the past 30 years?

Pest populations (+) increase n/a

(=) no change

(-) decrease

3. Do the pesticides which you currently use on your farm kill insects when you use them according to

instructions?

Pesticide

effectiveness

n/a Effective

Not Effective

4. Are the quantities of pesticides which you currently receive from contractors to use on your farm enough to

control pests which you encounter throughout the season?

Pesticide

sufficiency

n/a Sufficient

Not sufficient

https://doi.org/10.1371/journal.pone.0196901.t001
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Ethical statement

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

Cape Town’s Faculty of Health Sciences (HREC Ref: 300/2015). In Zimbabwe, further

approval was granted by the Ministry of Health and Child Care’s Epidemiology and Disease

Control Directorate and the Ministry of Home Affairs through Provincial Minister for Masho-

naland Central Province, the Rushinga District Rural Council and the Rushinga District

Administrator.

Results and discussion

Participants’ ages ranged between 54 to 73 years. Cotton farming experience in years ranged

between 30 and 43, with 33 years being the average, as most farmers started growing cotton in

1982. All 50 farmers reported consistently using chemical insecticides to manage insect pests

for cotton farming. Asked about the methods of pest control which they used upon detection

of pests, 76 percent of farmers who responded to the question (or 64 percent of all participating

farmers) indicated that they exclusively relied on chemical pesticides (Table 2).

To control weeds, only a few farmers (n = 11) had ever used herbicides in their three

decades of cotton farming. All farmers indicated that they controlled weeds physically by using

hand hoes, while none relied on herbicides exclusively. Due to relatively low usage of herbi-

cides, farmers generally used the word ‘pesticide’ to refer to insecticides, except where a dis-

tinction was made between herbicides and insecticides. Likewise, in this study, the same

terminology is adopted.

Increase in pesticide use

Responding to the first substantive magnitude question, most farmers (60%) reported an

increase in pesticide use from the time each farmer started growing cotton up to the 2014/2015

season. Furthermore, 84 percent of the farmers perceived an increase in pest populations on

their farms during the same period (Fig 1).

Reported increases in pesticide use ranged from double, on average, to several times in out-

lier cases. The following farmer’s comment illustrates:

‘‘The pesticides that we used in the past were very strong. We used to get 200ml, and we would
use the same small bottle till we harvested. But, nowadays we have the types of Lambda which
we get in 500mls. Just that one 500ml bottle is not enough. You need four or five of such bottles
for you to be able to harvest, which means the pesticides that we are getting nowadays are very
weak, they do not have power” (Respondent: CZ 04).

It is of interest to note that 22 percent reported a decrease in pesticide use, while 18 percent

indicated that there had been no change in pattern and quantity of applications. However,

nearly all farmers had the perception that the total amount of pesticides they were using were

Table 2. Methods of pest management.

Pest control method % farmers

(n = 42)

Exclusively pesticides 76

Integrated—pesticides and other methods such as hand-picking worms, spraying aphids with

crashed chillies, crashed herbs, or a washing powder mixture.

24

Exclusively other methods (no pesticides) 00

https://doi.org/10.1371/journal.pone.0196901.t002
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not commensurate with changes in pest populations on their farms. Ninety four percent of

farmers believed that the amounts of pesticides they were using on their farms were not suffi-

cient for their pest control needs.

Factors influencing pesticide use increases

Increases in the usage of pesticides in Rushinga appear to be impacted by a combination of,

amongst others, three key influencing factors explored during thematic analysis (shown out-

side the dash triangle in Fig 2). The first of these factors was developed through a political ecol-

ogy lens, focussing on power dynamics between farmers and agricultural institutions which

impact on pesticide-use decision making. Political ecology, while directly impacting on the

usage of pesticides, further has an indirect impact on pest populations and pesticide efficacy.

The second key influencing factor pertains to farmers’ perceptions, including their practices,

which have a direct impact on the efficacy of pesticides, while indirectly impacting on pest

populations and, thus, the usage of pesticides. The third key influencing factor, over which

farmers (and institutions) have no direct control, but appear to be responding to, is climate

variability. Climatic variation in Rushinga District seems to have a direct impact on pest popu-

lations, while indirectly impacting on pesticide use and pesticide efficacy. These three influenc-

ing factors are discussed in the following sections in detail.

Fig 1. Changes in pesticide use and pest populations.

https://doi.org/10.1371/journal.pone.0196901.g001
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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

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

https://doi.org/10.1371/journal.pone.0196901.g002
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cotton farming is precedent. This is, however, not peculiar to the Zimbabwean situation. It has

been observed that a number of governments in Africa significantly influence pesticide use

patterns through extension programs which encourage the usage of chemical pesticides

[34,54].

Despite liberalisation, the government of Zimbabwe remains responsible for key research

and regulatory issues which impact on the usage of pesticides through the Ministry of Agricul-

ture’s Cotton Research Institute (CRI). The CRI is mandated by the government to, among

other functions, develop pesticide rotation and spraying calendars for different regions of the

country as a way of managing pesticide resistance by limiting the period during which broad-

spectrum pesticides may be used [28,55]. However, spraying calendars tend to encourage

increased use of pesticides, as they base spraying on calendar dates rather than scouting prac-

tices and observations of pest incidences.

The contribution of the cotton industry in the increasing usage of pesticides in Zimba-

bwean smallholder cotton farming has been through its unequal power relations with farmers.

These unequal relations are summarised in Table 3.

The local cotton industry supplies inputs, and then guarantees purchase of farmers’ pro-

duce, paying them the difference between the market price at the time of selling and the cost of

inputs [37]. When agreements are made under contract farming, farmers sign for three dis-

tinct classes of pesticides. However, it is the companies which determine the specific brands

and quantities per hectare of pesticides to be issued to farmers, as well as the timing of deliver-

ing these pesticides to farmers. This effectively limits farmer agency, with limited ability to

make important decisions governing their pesticide use patterns.

The supply of pesticides constitutes a critical component of contract farming in the Zimba-

bwean cotton industry. Companies have, however, often been implicated for failing to honour

their contractual obligations [56]. For instance, the pesticide distribution system was described

by both farmers and key informants as inefficient. Farmers, on occasion, receive pesticides late

when they would have already bought some on a cash basis—ironically from the cotton com-

panies themselves, if not from the agricultural input stockists. One farmer remarked:

‘‘The companies come and make us sign contacts and just give us seed. They promise to supply
the chemicals and fertilisers later. Hoping the companies would honour their contractual obli-
gations to supply the said inputs before the appearance of pests. However, they tell us later that
they cannot supply us with anything else” (Respondent: CZ 17).

When they finally receive their contractual pesticides, some farmers make use of them,

despite no apparent need as a way of simply getting rid of them before the end of the season

Table 3. Contribution of cotton industry to pesticide use increases.

Theme Explanation

Disregard of

contracts

Pesticides are often distributed late, when farmers would have already bought contingency

supplies, resulting in pesticide accumulation.

Power and control The industry determines the pesticide brands and the quantities of pesticides to be distributed

to farmers. Farmers have little or no agency.

Rigid contracts Contracts empower industry to attach farmers’ property, resulting in fear of losing property

providing motivation for excessive pesticide use.

Industry standards Lowly-grade cotton due to pest attack is poorly remunerated both on the local and global

markets.

Pesticide market Presence of a thriving and unregulated local pesticide market in which the cotton companies

are players of note.

https://doi.org/10.1371/journal.pone.0196901.t003

Factors influencing changes in pesticide use

PLOS ONE | https://doi.org/10.1371/journal.pone.0196901 May 10, 2018 9 / 19

https://doi.org/10.1371/journal.pone.0196901.t003
https://doi.org/10.1371/journal.pone.0196901


due to safety concerns [57]. A few farmers, however, noted that when pesticides are disbursed

late, they store them for use the following season, even when pesticides, such as acaricides,

would be rotated. Zimbabwe cotton farming regions follow a three-year acaricide rotation

scheme aimed at managing resistance [28]. Failure to rotate may be seen to promote resistance

due to lengthy exposure to increasing amounts of the same pesticide.

The terms of contracts signed between cotton companies and farmers appear to contribute

further to the need for farmers to increase their usage of pesticides. The cotton industry key

informant noted that when farmers sign for input credits, they sign off their livestock, or any

other movable properties they possess, as surety. Farmers are fully informed that when they

fail to adequately control pests they risk having their property attached by the cotton compa-

nies. The increase in the usage of pesticides is, therefore, partly influenced by a secondary

motivation to protect assets against attachment.

It also appears that stringent global market demands for high quality cotton play a crucial

role in making pesticides critically important in cotton farming. Low quality cotton, compro-

mised by pests, is poorly remunerated, and it often fails to attract break-even purchase prices

for farmers. Market demands for cotton of high quality which can compete on the export mar-

ket may be pressuring farmers to use higher quantities of pesticides in controlling pests. This

pressure put on farmers has resulted in the industry seeing an opportunity to develop a pesti-

cide market targeting smallholder farmers. According to both farmers and key informants,

before liberalisation, no pesticide dealers were present in Rushinga district, and the local agri-

cultural input stockists did not sell any pesticides. Thus, without anywhere to purchase addi-

tional pesticides, pesticide quantities used did not exceed government controlled limits. After

liberalisation, however, both agricultural input stockists and cotton companies commenced

selling pesticides to any farmers who needed additional supplies. Observations by the research

team revealed that several agricultural input stockists in the district stocked pesticides through-

out the year. Liberalisation thus opened a cash-basis pesticide market which may be contribut-

ing to higher usage of pesticides by affording farmers.

All farmers indicated that they had been educated about cotton farming, identification of

pests, as well as the safe handling of pesticides by the agricultural extension workers whom

they regarded to be the primary source of expert information. The extension workers, how-

ever, appeared to advise farmers in ways that reinforce a paradigm of pesticide reliance. All

three agricultural extension workers noted that their core responsibility is teaching farmers

about good farming practices, including proper usage of pesticides. They believed that their

influence on farmers’ farming practices, including the usage of pesticides, was significant.

They remarked that they encourage farmers to use both insecticides and herbicides. They also

argued that the advantages for farmers of using herbicides, for example, include health benefits

as illustrated by the following key informant’s comment:

‘‘The herbicides are very good. It is unfortunate that these companies do not give any to our
farmers here. We would want our farmers to have access to cheap supplies because herbicides
will make their workload lighter. You have seen them. Don’t they look old? They are still very
young; they look old because weeding manually with the hoes makes people age faster. When
they spend several hours, each week, weeding it’s not good for their health” (Key Informant:

CZKI 01).

Even though this study observed that farmers generally regarded the extension workers as

experts, most farmers had not heeded advice to use herbicides. Instead, farmers always pre-

ferred to weed manually, as this was a cost-effective alternative to herbicides use.
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Farmers’ perceptions and practices

Previous studies have observed limitations of political ecology theory, and shown that its focus

on political-economic influences alone ignores how farmers’ perceptions and practices impact

on the usage of pesticides [31]. Taking cognisance of this, the current study considered how

farmers’ perceptions and practices influence increased usage of pesticides. In Rushinga district,

farmers’ attitudes and perceptions about the efficaciousness of pesticides appear to have also

contributed to increases in the usage of pesticides.

Certain of the farmers interviewed revealed misconceptions about benefits that can be

derived from pesticides, which might have also contributed to increased pesticide use. For

instance, certain farmers understood the purpose of pesticides to be more than simply that of

controlling pests. Respondent CZ 12, for example, believed that carbaryl 85, a carbamate pesti-

cide whose mode of action is interference with insect nervous systems, has some fertiliser

properties.

‘‘. . . we use Carbaryl 85. This pesticide provides feeding to the cotton. The leaves remain green,

and the crop will be healthy. If the leaves are not healthy, then we do not have cotton. A tree
without good leaves is not a tree. So, we use Carbaryl, it gives feeding” (Respondent: CZ 12).

Such misconceptions by certain smallholder farmers of Rushinga district are consistent

with findings of other studies elsewhere, which have shown that perceived benefits from pesti-

cides have an impact on farmers’ pesticide use patterns [1,58,59].

When farmers’ perceptions about pesticide efficacy were sought, only eight percent believed

that the pesticides currently supplied by industry were effective in controlling their cotton

pests while the majority (92%) believed otherwise.

Pesticides were described as having become ‘‘weak”, or having ‘‘lost their power”. Certain

farmers believed that the pests, rather than the pesticides had changed. They described pests as

having become ‘‘addicted” or ‘‘used” to the pesticides. Their perceptions were suggestive of one

thing—pesticides were no longer considered to be efficacious in controlling pests. In particu-

lar, some farmers interviewed had a negative view of broad-spectrum pyrethroid pesticides,

such as lambda-cyhalothrin, which they perceived as no longer efficacious against pests. Boll-

worms were particularly reported to be surviving pyrethroid applications. Some of the quota-

tions that capture farmers’ perceptions about pests and pesticides possibly contributing to

pesticide use are presented in Table 4.

Farmers’ observations about pests, and their perceptions about why pesticides were no lon-

ger efficacious, were leading them to engage in practices possibly contributing to increases in

pest populations (Table 5). For instance, some of the farmers who perceived that their pesti-

cides were no longer efficacious reported manipulating their pesticide preparation formulae

by mixing more pesticides together with the same volume of water than is recommended. For

example, one farmer remarked:

‘‘I double the concentration of the pesticides. If the label directions say that I should put only
30 mls in my 15-litre knapsack, i simply double and make it 60mls” (Respondent: CZ 06).

Other farmers reported mixing several types of pesticides in the knapsacks to make cock-

tails before spraying. Such farmers believed that cocktails would be more efficacious in con-

trolling bollworms which they reported to be unresponsive to pyrethroid treatments. Some

farmers, such as Respondent CZ 16, engaged in preventive spraying, under the impression that
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bollworms would be exposed to the pesticides before they got the chance to infest their cotton.

However, such prophylactic treatments and usage of cocktails could risks genetically predis-

posing pests to be resistant to particular pesticide formulations [2,60]. Resistance is failure of a

pesticide to achieve an expected level of control on a pest population, which is caused by

repeated exposure of the pest population to a particular pesticide [61,62]. There is, therefore,

need for further research in future to ascertain if there is pesticide resistance due to farmers’

practices in the study area.

‘‘If you spray your cotton with lambda before the worms are present, they will die. But, if you
delay and get in to spray after the red bollworm has entered the bolls, controlling it is very diffi-
cult” (Respondent: CZ 16).

More than three quarters of farmers (82%) indicated that they used self-developed spraying

calendars, which required them to spray at regular intervals, which are essentially weekly

spraying time tables. During the 1980s and the 1990s, Rushinga farmers sprayed on average

fortnightly, after having done scouting. Previous studies have concluded that because calendar

based spraying is not based on field observations, it is not the best approach to pest control

[26,63]. For example, in several Francophone African countries, where spraying was entirely

based on a calendar schedule until the late 1980s, researchers have inferred that this approach

may have contributed to the development of pesticide resistance [63–65].

In Rushinga, the use of calendar spraying rather than scouting and predetermined action

levels [61] may have resulted in farmers using increasing amounts of pesticides, particularly

Table 5. Selected practices by farmers contributing to increases in pesticide use.

Farmers’ practices

• Mixing several pesticides in the same knapsack to make concoctions

• Calendar-based spraying rather than scouting-based spraying.

• Maintaining ratoon cotton crops.

• Using wrong pesticide to water ratios when mixing pesticides.

• Preventive spraying.

https://doi.org/10.1371/journal.pone.0196901.t005

Table 4. Farmers’ general perceptions about pests and pesticides.

Some Perceptions about pests

• Maybe it’s because the worms are now used to the pesticides
• either the pesticides have lost power or they still have power, but the pests themselves have developed resistance.
• worms go deep in the ground to the root of the plant as a way of dodging the pesticides.
• What happens is, if we just spray anyhow, those pests will get addicted to the pesticides and in the long run they will

not die.
• The increase in pest populations is because the pesticides are not able to kill.

Some Perceptions about pesticides

• I think they (pesticide manufacturers) have reduced the strength of the pesticides
• pesticides are no longer powerful, as powerful as they used to be
• when they expire they never tell us that these pesticides have expired . . . we are buying pesticides that are expired.

• In the past, the pesticides were much stronger.
• They are intentionally making the pesticides ineffective so that farmers would return to buy more.
• I also think it’s because these cotton companies . . . also give us expired pesticides as they cannot afford to lose money

by throwing them away.

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

https://doi.org/10.1371/journal.pone.0196901.t004
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pyrethroids, resulting in the unintentional elimination of beneficial insects. As mentioned pre-

viously, scouting is important as it aids farmers’ decision-making processes, avoiding applica-

tion of pesticides when pest populations are too low, thereby allowing the build-up of natural

enemies. It has been suggested that elimination of beneficial insects by the overuse of pyre-

throids may result in increasing pest population, due to an indirect effect of pesticide-induced

resurgence [28,64].

The usage of pesticides may have well increased in Rushinga district due to intentional, but

ill-informed, elimination of beneficial insects, which would otherwise play a key role of con-

trolling insect pests. Some farmers reported killing predators, because predator activities were

deemed to have a negative effect on the quality of cotton. For example, ladybird beetles were

considered undesirable as illustrated in the following comment:

‘‘There have been a lot of the red ones the ladybird beetles in the recent years. They appear at
the end, when the cotton bolls start opening. They discolour the cotton and make it become
brown in colour. But we spray them with Carbaryl 85 and manage to control them. These ones
die quickly” (Respondent: TM 22).

Another group of farmers targeted beneficial insects, such as syrphids [66] which predate

on aphids [67], due to their inability to recognise them. For instance, some farmers mistakenly

identified predator insects as cotton pests. One farmer remarked that:

‘‘There are also good insects that are our helpers that we see eating some of the (bad) insects.
For example, there are syrphids which feed on eggs and smaller moths. But, the problem with
the syrphids is that their excreta resemble that of spine (spiny bollworm). Therefore, we as
farmers, may not always recognise the difference and start spraying thinking that there is
spine” (Respondent: CZ 11).

Due to these misconceptions, certain farmers use significant amounts of pesticides to eradi-

cate harmless, and, in some cases, beneficial insects. This is indicative of the need for training

in cotton pest identification and integrated pest management.

Climate variability

Climate change in Zimbabwe is characterised by erratic rainfall patterns, warmer temperatures

and an increase in the intensity and frequency of mid-season dry spells [68,69]. Local climate

data for the region of study were not available to the authors since there was no weather sta-

tion. Nevertheless, interviewed farmers indicated that inter-annual variability in rainfall was

often associated with defined pest activity. For instance, those seasons characterised by low

rainfall and long dry spells during the rainy season were often observed to be associated with

high pest incidences. Aphids, in particular, were reported to characteristically increase in pop-

ulation following prolonged periods of dry weather during the rainy season. One respondent

noted that:

‘‘Aphids are now a genuine problem for us unlike during the years when we started growing
cotton in the district. Then, our seasons were still clear and predictable as it rained normally.

Nowadays everything is different. The aphids are mainly promoted by lack of continuous rain-
fall during certain seasons. If there is a lengthy dry spell, for example three weeks, there will
appear a lot of aphids. But, during those seasons when we get normal rains for this area, with-
out those long dry spells which waste our money on pesticides, the populations we encounter
will be normal, and we also do not use above normal amounts of pesticides to control them.
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The pesticides which we receive from the companies will be sufficient, but if the season is bad,

we are obliged to purchase more pesticides” (Respondent: TM 06).

There is an indication that during drought conditions, farmers use significantly higher

amounts of pesticides to control aphids, as compared to seasons with normal rainfall patterns.

Using increasing amounts of pesticides appears to be farmers’ own chosen way of adapting to

climate variability in order to continue with cotton production. This approach is indicative of

constrained adaptation capacity.

Another climate adaptive strategy which also appears to be contributing to increases in pest

populations is the practice of keeping ratoon crops. These are regrown from the remains of

root stock from the previous season. Very few farmers admitted to keeping ratoons because

the practice is an offence in Zimbabwe[28]. However, several farmers indicated knowledge of

ratoon cotton being maintained by other farmers. Field observations by CZ revealed cotton

stalks in some fields during the month of November, three months after the deadline for cot-

ton stalk destruction, possibly being kept for regrowth.

Certain researchers have shown that Zimbabwean smallholder farmers find ratoon cotton

attractive for economic and climatic reasons [70]. It is cheap, as it saves seed costs, whilst it

also ensures an early crop that establishes from the first rains of the season. Furthermore, the

ratoon crop has a well-established root system, which ensures survival during seasons marked

by low rainfall or severe mid-season droughts. In Rushinga, some interview responses, such as

the following, indicate that perceived changes in the rainfall pattern are contributing to this

practice:

Yes, there has been a big change; pests have increased in their population. This is because of
the changes in rainfall patterns. People are no longer cutting and burning their cotton stumps.
“Those farmers who do not cut and burn these, end up maintaining their ratoon crops which
are pests infested” (Respondent: CZ 15).

The major concerns regarding the keeping of ratoon cotton crops relate to pests and dis-

eases. Farmers who keep ratoons in Zimbabwe tend to control insect pests by using broad-

spectrum pyrethroid pesticides early in the season. Pyrethroids in Rushinga district are regu-

lated to be used between 25 December and 28 February. However, with ratoon crops, boll-

worms emerge early, prompting farmers to start using pyrethroids as early as in November,

several weeks earlier than the recommended dates. When the pyrethroids are used early, bio-

logical insect control may be compromised due to the elimination of beneficial insects before

they would have had the chance to predate on the pests, potentially causing farmers to respond

by using higher quantities of pesticides.

Conclusion

Study findings suggest a bi-directional causal relationship between increasing pest populations

and increasing pesticide use due to a combination of factors including farmers’ perceptions

and practices, the roles of government and the cotton industry as well as climate variability.

Increasing pesticide use may result in higher incidences of pesticide exposures, which is of

great concern for human health in many Low and Middle-Income Countries. Appropriate

practices and policy measures for pest management and pesticide use reduction are, therefore,

necessary to reduce potential pesticide-related health risks for farmers and their families. An

Integrated Pest Management Policy for Zimbabwe is recommended to facilitate integration of

chemical controls with a broad range of other pest control tactics such as preventive measures,
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cultural controls, biological controls, and host plant resistance. The major limitation of this

study has been the lack of pesticide use data and local climate data for the area of study to ver-

ify participants’ observations and perceptions which inform their practices. As such, there is a

risk that misperceptions about pests and pesticide use practices may be assimilated into local

knowledge systems, and be passed on to future generations of farmers. There is, therefore, a

clear need for continuous farmer education and awareness raising about the importance of

scouting, using pesticides according to label instructions, and biological and cultural pest con-

trol techniques, including identification of beneficial insects.
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human cells than their declared active principles. Biomed Res Int. 2014;2014. https://doi.org/10.1155/

2014/179691 PMID: 24719846

16. Weidner IS, Møller H, Jensen TK, Skakkebaek NE. Cryptorchidism and hypospadias in sons of garden-

ers and farmers. Environ Health Perspect. 1998; 106: 793–6. PMID: 9831539

17. Petrelli G, Figà-Talamanca I, Tropeano R, Tangucci M, Cini C, Aquilani S, et al. No Title. Eur J Epide-

miol. 2000; 16: 391–393. https://doi.org/10.1023/A:1007630610911 PMID: 10959949

18. Garry VF. Pesticides and children. Toxicol Appl Pharmacol. 2004; 198: 152–163. https://doi.org/10.

1016/j.taap.2003.11.027 PMID: 15236951

19. Kortenkamp AA, Martin O, Faust M, Evans R, Mckinlay R, Orton F, et al. State of the Art Assessment of

Endocrine Disrupters. Final Report. Brussels; 2011.

20. Mostafalou S, Abdollahi M. Pesticides and human chronic diseases: Evidences, mechanisms, and per-

spectives. Toxicol Appl Pharmacol. 2013; 268: 157–177. https://doi.org/10.1016/j.taap.2013.01.025

PMID: 23402800

21. Schug TT, Janesick A, Blumberg B, Heindel JJ. Endocrine disrupting chemicals and disease suscepti-

bility. J Steroid Biochem Mol Biol. Elsevier Ltd; 2011; 127: 204–15. https://doi.org/10.1016/j.jsbmb.

2011.08.007 PMID: 21899826

22. English RG, Perry M, Lee MM, Hoffman E, Delport S, Dalvie MA. Farm residence and reproductive

health among boys in rural South Africa. Environ Int. 2012; 47: 73–9. https://doi.org/10.1016/j.envint.

2012.06.006 PMID: 22771522

23. Hwang H-M, Park E-K, Young TM, Hammock BD. Occurrence of endocrine-disrupting chemicals in

indoor dust. Sci Total Environ. 2008; 404: 26–35. https://doi.org/10.1016/j.scitotenv.2008.05.031 PMID:

18632138

Factors influencing changes in pesticide use

PLOS ONE | https://doi.org/10.1371/journal.pone.0196901 May 10, 2018 16 / 19

https://doi.org/10.1007/978-94-007-7796-5
https://doi.org/10.1016/j.cropro.2008.04.006
https://doi.org/10.1016/j.scitotenv.2006.05.019
http://www.ncbi.nlm.nih.gov/pubmed/16914182
https://doi.org/10.1890/10-1993.1
https://doi.org/10.1890/10-1993.1
http://www.ncbi.nlm.nih.gov/pubmed/21939044
https://doi.org/10.1371/journal.pone.0147490
http://www.ncbi.nlm.nih.gov/pubmed/26812056
https://doi.org/10.1016/j.scitotenv.2013.07.099
http://www.ncbi.nlm.nih.gov/pubmed/23995259
https://doi.org/10.1016/j.chemosphere.2006.12.078
https://doi.org/10.1016/j.chemosphere.2006.12.078
http://www.ncbi.nlm.nih.gov/pubmed/17287007
https://doi.org/10.1016/j.fct.2009.10.031
https://doi.org/10.1016/j.fct.2009.10.031
http://www.ncbi.nlm.nih.gov/pubmed/19879312
https://doi.org/10.1080/00045601003595388
https://doi.org/10.1080/00045601003595388
https://doi.org/10.1179/107735205800246064
https://doi.org/10.1179/107735205800246064
http://www.ncbi.nlm.nih.gov/pubmed/16130962
https://doi.org/10.4236/health.2011.310107
https://doi.org/10.4236/health.2011.310107
https://doi.org/10.1111/j.1467-8330.2012.01000.x
https://doi.org/10.1016/j.scitotenv.2007.10.028
http://www.ncbi.nlm.nih.gov/pubmed/18022675
https://doi.org/10.1155/2014/179691
https://doi.org/10.1155/2014/179691
http://www.ncbi.nlm.nih.gov/pubmed/24719846
http://www.ncbi.nlm.nih.gov/pubmed/9831539
https://doi.org/10.1023/A:1007630610911
http://www.ncbi.nlm.nih.gov/pubmed/10959949
https://doi.org/10.1016/j.taap.2003.11.027
https://doi.org/10.1016/j.taap.2003.11.027
http://www.ncbi.nlm.nih.gov/pubmed/15236951
https://doi.org/10.1016/j.taap.2013.01.025
http://www.ncbi.nlm.nih.gov/pubmed/23402800
https://doi.org/10.1016/j.jsbmb.2011.08.007
https://doi.org/10.1016/j.jsbmb.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/21899826
https://doi.org/10.1016/j.envint.2012.06.006
https://doi.org/10.1016/j.envint.2012.06.006
http://www.ncbi.nlm.nih.gov/pubmed/22771522
https://doi.org/10.1016/j.scitotenv.2008.05.031
http://www.ncbi.nlm.nih.gov/pubmed/18632138
https://doi.org/10.1371/journal.pone.0196901


24. Weiss B. Endocrine disruptors as a threat to neurological function. J Neurol Sci. 2011; 305: 11–21.

https://doi.org/10.1016/j.jns.2011.03.014 PMID: 21474148

25. Bergman A, Heindel JJ, Kasten T, Kidd KA, Jobling S, Neira M, et al. The impact of endocrine disrup-

tion: a consensus statement on the state of the science. Environ Health Perspect. 2013; 121: A104–6.

https://doi.org/10.1289/ehp.1205448 PMID: 23548368

26. Midega CAO, Nyang’au IM, Pittchar J, Birkett MA, Pickett JA, Borges M, et al. Farmers’ perceptions of

cotton pests and their management in western Kenya. Crop Prot. 2012; 42: 193–201. https://doi.org/10.

1016/j.cropro.2012.07.010

27. Mudimu GD, Chigume S, Chikanda M. Pesticide Use and Policies in Zimbabwe: Current Perspectives

and Emerging Issues for Research. Waibel H, Engelhardt T, editors. Hannover; 1995.

28. Mapuranga R, Chapepa B, Mudada N. Strategies for integrated management of cotton bollworm com-

plex in Zimbabwe: A review. Int J Agron Agric Res. 2015; 7: 23–35.

29. Foti R, Chikuvire TJ. Farm Level Pesticide Use and Productivity in Smallholder Cotton Production in

Zimbabwe: The Case of Gokwe Communal Area Farmers. J Sustain Dev Africa. 2005; 7: 116–127.

30. Maumbe BM, Swinton SM. Hidden health costs of pesticide use in Zimbabwe’s smallholder cotton grow-

ers. Soc Sci Med. 2003; 57: 1559–1571. https://doi.org/10.1016/S0277-9536(03)00016-9 PMID:

12948567

31. Grossman LS. Pesticides, caution, and experimentation in st. Vincent, Eastern Caribbean. Hum Ecol.

1992; 20: 315–336. https://doi.org/10.1007/BF00889900

32. Galt RE. Beyond the circle of poison: Significant shifts in the global pesticide complex, 1976–2008.

Glob Environ Chang. 2008; 18: 786–799. https://doi.org/10.1016/j.gloenvcha.2008.07.003

33. Galt RE. “It just goes to kill Ticos”: National Market Regulation and the Political Ecology of Farmers’

Pesticide use in Costa Rica. J Polit Ecol. 2009; 16: 1–33.

34. Ngowi AVF, Mbise TJ, Ijani ASM, London L, Ajayi OC. Pesticides use by smallholder farmers in vegeta-

ble production in Northern Tanzania. Crop Prot. 2007; 26: 1617–1624. https://doi.org/10.1016/j.cropro.

2007.01.008 PMID: 18528532

35. Williamson S. Pesticide provision in liberalises Africa: Out of control? London; 2003. Report No.: 126.

36. Poulton C, Hunyani-Mlambo B. A Comparative Analysis of Organization and Performance of African

Cotton Sectors: The Cotton Sector of Zimbabwe. 2009. Report No.: 122.

37. Masuka G. Contests and struggle: Cotton farmers and COTTCO in Rushinga district, Zimbabwe, 1999–

2006. Geoforum. Elsevier Ltd; 2012; 43: 573–584. https://doi.org/10.1016/j.geoforum.2011.11.001

38. Masuka G. Agricultural liberalization, cotton markets and buyers’ relations in Zimbabwe, 2001–2008.

Singap J Trop Geogr. 2013; 34: 103–119. https://doi.org/10.1111/sjtg.12016

39. Kouser S, Qaim M. Impact of Bt cotton on pesticide poisoning in smallholder agriculture: A panel data

analysis. Ecol Econ. 2011; 70: 2105–2113. https://doi.org/10.1016/j.ecolecon.2011.06.008

40. Yang Y, Li Y, Wu Y. Current Status of Insecticide Resistance in <I>Helicoverpa armigera</I> After 15

Years of Bt Cotton Planting in China. J Econ Entomol. The Oxford University Press; 2013; 106: 375–

381. https://doi.org/10.1603/EC12286 PMID: 23448054

41. Gesesew HA, Woldemichael K, Massa D, Mwanri L. Farmers Knowledge, Attitudes, Practices and

Health Problems Associated with Pesticide Use in Rural Irrigation Villages, Southwest Ethiopia. Spa-

noghe P, editor. PLoS One. Public Library of Science; 2016; 11: e0162527. https://doi.org/10.1371/

journal.pone.0162527 PMID: 27622668

42. Delcour I, Spanoghe P, Uyttendaele M. Literature review: Impact of climate change on pesticide use.

Food Res Int. 2015; 68: 7–15. https://doi.org/10.1016/j.foodres.2014.09.030

43. Bebber DP, Ramotowski MAT, Gurr SJ. Crop pests and pathogens move polewards in a warming

world. Nat Clim Chang. Nature Publishing Group; 2013; 3: 985–988. https://doi.org/10.1038/

nclimate1990

44. Nolan BT, Dubus IG, Surdyk N, Fowler HJ, Burton A, Hollis JM, et al. Identification of key climatic factors

regulating the transport of pesticides in leaching and to tile drains. Pest Manag Sci. John Wiley & Sons,

Ltd.; 2008; 64: 933–944. https://doi.org/10.1002/ps.1587 PMID: 18416432

45. Steffens K, Jarvis N, Lewan E, Lindström B, Kreuger J, Kjellström E, et al. Direct and indirect effects of

climate change on herbicide leaching—A regional scale assessment in Sweden. Sci Total Environ.

2015; 514: 239–249. https://doi.org/10.1016/j.scitotenv.2014.12.049 PMID: 25666284

46. IPCC. Glossary of Terms. In: Managing the Risks of Extreme Events and Disasters to Advance Climate

Change Adaptation. In: Field C.B., Barros V., Stocker T.F., Qin D., Dokken D.J., Ebi K.L., Mastrandrea

M.D., Mach K.J., Plattner SKA G.-K., Tignor M. and PMM, editors. A Special Report of Working Groups

I and II of the Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press;

2012. pp. 555–564.

Factors influencing changes in pesticide use

PLOS ONE | https://doi.org/10.1371/journal.pone.0196901 May 10, 2018 17 / 19

https://doi.org/10.1016/j.jns.2011.03.014
http://www.ncbi.nlm.nih.gov/pubmed/21474148
https://doi.org/10.1289/ehp.1205448
http://www.ncbi.nlm.nih.gov/pubmed/23548368
https://doi.org/10.1016/j.cropro.2012.07.010
https://doi.org/10.1016/j.cropro.2012.07.010
https://doi.org/10.1016/S0277-9536(03)00016-9
http://www.ncbi.nlm.nih.gov/pubmed/12948567
https://doi.org/10.1007/BF00889900
https://doi.org/10.1016/j.gloenvcha.2008.07.003
https://doi.org/10.1016/j.cropro.2007.01.008
https://doi.org/10.1016/j.cropro.2007.01.008
http://www.ncbi.nlm.nih.gov/pubmed/18528532
https://doi.org/10.1016/j.geoforum.2011.11.001
https://doi.org/10.1111/sjtg.12016
https://doi.org/10.1016/j.ecolecon.2011.06.008
https://doi.org/10.1603/EC12286
http://www.ncbi.nlm.nih.gov/pubmed/23448054
https://doi.org/10.1371/journal.pone.0162527
https://doi.org/10.1371/journal.pone.0162527
http://www.ncbi.nlm.nih.gov/pubmed/27622668
https://doi.org/10.1016/j.foodres.2014.09.030
https://doi.org/10.1038/nclimate1990
https://doi.org/10.1038/nclimate1990
https://doi.org/10.1002/ps.1587
http://www.ncbi.nlm.nih.gov/pubmed/18416432
https://doi.org/10.1016/j.scitotenv.2014.12.049
http://www.ncbi.nlm.nih.gov/pubmed/25666284
https://doi.org/10.1371/journal.pone.0196901


47. IPCC. Annex II: Glossary. In: Mach KJ, Planton S, von Stechow C, editors. Climate Change 2014: Syn-

thesis Report Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergov-

ernmental Panel on Climate Change. Geneva, Switzerland, Switzerland: IPCC; 2014. pp. 117–130.

48. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-

item checklist for interviews and focus groups. Int J Qual Heal Care. The Oxford University Press;

2007; 19: 349–357. https://doi.org/10.1093/intqhc/mzm042 PMID: 17872937

49. Zimbabwe National Statistics Agency. Zimbabwe Population Census: Provincial Report Mashonaland

Central. Harare; 2012.

50. Muchadeyi F., Sibanda S, Kusina N., Kusina J, Makuza S. The Village Chicken Production System in

Rushinga District of Zimbabwe. Livest Res Rural Dev. 2004; 16.

51. Nyakudya IW, Stroosnijder L. Water management options based on rainfall analysis for rainfed maize

(Zea mays L.) production in Rushinga district, Zimbabwe. Agric Water Manag. 2011; 98: 1649–1659.

https://doi.org/10.1016/j.agwat.2011.06.002

52. Creswell JW. Research Design: Qualitative, Quantitative and Mixed Methods Approaches. Fourth. Los

Angeles: SAGE Publishers; 2014.

53. Saldana J. The Coding Manual for Qualitative Researchers. 6th ed. London: SAGE Publishers; 2013.

https://doi.org/10.1017/CBO9781107415324.004

54. Abate T, van Huis A, Ampofo JKO. Pest Management Strategies in Traditional Agriculture: An African

Perspective. Annu Rev Entomol. 2000; 45: 631–659. https://doi.org/10.1146/annurev.ento.45.1.631

PMID: 10761592

55. Handiseni T, Ronald M. Pest resistance management strategies: A mini review of the case of cotton

(Gossypium hirsutum) in Zimbabwe. Zimbabwe J Sci Technol. 2017; 12: 41–48.

56. Tonderai N, Denver M, Severino M, Lilian N, Kelvin T. Cotton industry’s strategic responses to side mar-

keting of cotton by contract farmers in Zimbabwe. Eur J Business, Econ Account. 2014; 2.

57. Lekei EE, Ngowi A V, London L. Farmers’ knowledge, practices and injuries associated with pesticide

exposure in rural farming villages in Tanzania. BMC Public Health. BMC Public Health; 2014; 14: 389.

https://doi.org/10.1186/1471-2458-14-389 PMID: 24754959

58. Heong KL, Escalada MM. Quantifying rice farmers’ pest management decisions: beliefs and subjective

norms in stem borer control. Crop Prot. Elsevier; 1999; 18: 315–322. https://doi.org/10.1016/S0261-

2194(99)00030-7

59. Kuye RA, Donham KJ, Marquez SP, Sanderson WT, Fuortes LJ, Rautiainen RH, et al. Pesticide Han-

dling and Exposures Among Cotton Farmers in The Gambia. J Agromedicine. 2008; 12: 57–69. https://

doi.org/10.1080/10599240801887876

60. Whalon ME, Mota-Sanchez D, Hollingworth RM. Analysis of Global Pesticide Resistance in Arthropods.

In: Whalon ME, Mota-Sanchez D, Hollingworth RM, editors. Global Pesticide Resistance in Arthropods.

Oxfordshire, UK.: CAB International; 2008. pp. 5–31.

61. Tibugari H, Mandumbu R, Jowah P, Karavina C. Farmer knowledge, attitude and practice on cotton

(Gossypium hirsutum L.) pest resistance management strategies in Zimbabwe. Arch Phytopathol Plant

Prot. 2012; 45: 2395–2405. https://doi.org/10.1080/03235408.2012.727327

62. Tabashnik BE, Brévault T, Carrière Y. Insect resistance to Bt crops: lessons from the first billion acres.

Nat Biotechnol. 2013; 31: 510–521. https://doi.org/10.1038/nbt.2597 PMID: 23752438

63. Silvie PJ, Renou A, Vodounnon S, Bonni G, Adegnika MO, Héma O, et al. Threshold-based interven-
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