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Abstract
A better understanding of gendered perception on the prevalence and management of pests in irrigated agriculture in the context
of a changing climate can help recommend more gender-sensitive policies, particularly in smallholder farming systems. Limited
studies have been conducted to assess gender differences in perception of the prevalence and management of pests among
smallholder irrigation schemes especially in Zimbabwe. This study is the first one to assess gendered perceptions on the change
in prevalence and management of pests in Exchange, Insukamini, and Ruchanyu irrigation schemes in Zimbabwe. Semi-
structured questionnaires were administered using face-to-face interviews with participants. Data from focus group discussions
and key informant interviews were used for validating data from questionnaire interviews. Mann-Whitney U test was employed
to assess perception on the prevalence of pests between male and female farmers. Findings from this study depict that the females
perceived a higher prevalence of bollworms (Helicoverpa armigera) (P ≤ 0.01), fall armyworms (Spodoptera frugiperda) (P ≤
0.01), red spider mites (Tetranychus urticae) (P ≤ 0.01), and maize grain weevils (Sitophilus zeamais) (P ≤ 0.01) than males,
while males perceive a higher prevalence of termites (Isoptera) (P ≤ 0.01) and cutworms (Noctuidae) (P ≤ 0.01) than females.
Both male and female farmers perceived a greater increase in prevalence of aphids (Aphidoidea). Here, we show that farmers’
perceptions of changes in pest prevalence and pest management strategies differ by gender. Gender perception on change in
prevalence of pests can be a valuable resource for the sustainable development of smallholder irrigation farming system and
scientific research.
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1 Introduction

Crop production is threatened by climate change, particularly
in arid and semi-arid regions of the world (Nhemachena et al.
2020). Irrigation offers a credible entry point to adapt to the
negative impacts of climate change in these regions. However,
despite their enormous benefits in reducing moisture stress,
irrigation might encourage the proliferation of new and
emerging pests (Gullino et al. 2021). Irrigation results in hu-
mid conditions that contribute to the build-up of pests,

reaching an outbreak (Sithanantham et al. 2002). In order to
take advantage of the role played by irrigation in climate
change adaptation, pest management is crucial to reduce
pest-related losses and improve agricultural productivity.
Therefore, understanding pest management from the lens of
the farmer is important for the successful control of insect
pests under irrigated agriculture, more so given that climate
change has significant implications for insect pests in agricul-
ture (Shrestha 2019). Thus, perception of the prevalence of
pests is increasingly becoming important in pest management
in view of the economic damage caused by pests.

Globally, an average yield loss of 21.5% for wheat
(Triticum), 30.0% for rice (Oryza sativa), 22.5% for maize
(Zea mays), 17.2% for sweet potatoes (Ipomoea batatas),
and 21.4% for soya bean (Glycine max) can be attributed to
pests alone (Savary et al. 2019; Gullino et al. 2021). Pests are
more economically relevant in Africa, where crop losses
equivalent to approximately USD 4.4 billion were attributed
to pests from 1980 to 1990 (Biber-Freudenberger et al. 2016).
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Available evidence shows that climate change contributes to
the increased risk of pests affecting crops across the agricul-
tural systems of Africa (Dhanush et al. 2015; Karuppaiah and
Sujayanad 2012; Bjorkman and Niemela 2015). In sub-
Saharan Africa (SSA), crop pests alone result in the loss of
one sixth of agricultural productivity (Dhanush et al. 2015).
More specifically, in 2018, an estimated yield loss of 11.6%
was attributed to the fall armyworm (FAW) in Zimbabwe,
albeit from two districts only (Baudron et al. 2019).

Irrigation development may exacerbate the agricultural
losses attributed to pests. Empirical evidence shows that some
pests, such as fall armyworm (FAW), which cannot survive in
cold conditions, favor warm moist conditions (Nagoshi et al.
2012). Meanwhile, for infection, fungi prefer high relative
humidity or wet leaf surfaces (Cairns et al. 2012). Thus, these
might have implications for infection rates in irrigated agricul-
ture. Increased warming conditions increase irrigation water
demand on already water stressed systems (Nhemachena et al.
2020). By the 2070s or 2080s, increasing evaporative demand
due to higher temperatures and longer growing seasons might
raise crop irrigation requirements globally by 5 to 20%, or
even more (Gornall et al. 2010). Irrigation of maize in the
region has enhanced insect-vector populations, resulting in
higher Maize streak virus pressure in irrigated crops
(Gullino et al. 2021). Pest outbreaks were widespread in
SISs, according to a study conducted in KwaZulu-Natal
(Matthews 2017). Meanwhile, a study in Namibia acknowl-
edges that irrigation areas are an environment where pests
outbreaks are rampant (Charamba et al. 2018). These studies
show that irrigation has its own share of challenges as far as
pests are concerned. The impacts of pests will be felt more by
smallholder farmers who have limited economic means to
cope with the impact of cl imate change (Biber-
Freudenberger et al. 2016). For instance, a majority of farmers
in Africa have limited capacity to purchase insecticides (Sisay
et al. 2019).

Over the years, SSA has embarked on massive investment
in irrigation systems (Xie et al. 2014), including smallholder
irrigation schemes. In Zimbabwe, by the year 2020, a total of
450 smallholder irrigation schemes on an area of 26 000 ha
have been developed in rural areas (GoZ 2020). These have
immensely benefited rural communities through employment
creation, income generation, and broaden livelihood options.

In developing countries such as Zimbabwe, both males and
females are involved in agriculture, but women provide 70%
of the total labor force in agriculture (FAO 2017; Huyer and
Nyasimi 2017). At the same time, there is a significant pro-
portion of female participation in irrigated agriculture in
Zimbabwe (FAO 2017). Nonetheless, women have limited
access to extension services, education, credit, agricultural
inputs (Fu and Akter 2016), and capacity-building due to
structural barriers that create gender gaps and inequalities
(Huyer and Nyasimi 2017; Wang et al. 2017). These gender

inequalities, if not recognized, have severe repercussions on
agricultural transformation and development (FAO 2010). A
gendered approach to farmers’ perception on the implications
of irrigated agriculture on pest prevalence is imperative to
reduce crop losses and avert food insecurity. This is particu-
larly relevant for a majority of countries in SSA region, in-
cluding Zimbabwe. In the majority of the countries in SSA,
women provide 50% of the labor force (Raney et al. 2011)
while in Zimbabwe, women constitute 70% of the agricultural
labor force (FAO 2017). Paradoxically, female farmers in
Africa, “are excluded from conversations that determine agri-
cultural policies, while discriminatory laws and practices de-
prive them of their land, their rights, and their livelihoods”
(GFFW 2015). In Zimbabwe, there is an improved push to-
wards the principle of ‘leaving no one behind’ (MoHCC
2017) and the concept of gender equality and policies to pro-
mote gender-sensitive agricultural training (FAO 2017). Thus,
it is crucial to understand the gendered dimension of the im-
plications of climate change on pest prevalence in the margin-
al rural areas of Zimbabwe , where a large proportion of pop-
ulation is being left behind (Machingura and Nicolai 2018), to
formulate policies that address the gendered aspect of pest
management, including the effective allocation of human
and financial resources.

Perception is a cognitive contact with the surrounding en-
vironment, based on an individual’s primary awareness, learn-
ing, memory, expectation, and attention (Bernstein 2018).
Perception of the threat of environmental problems influences
environmental attitude and ecological behavior, hence deter-
mining the practices individuals engage in (Milfont et al.
2010). Perception of the prevalence of pests translates into
decisions on pest management practices in response to chang-
ing occurrence of pests (Awudzi et al. 2021). Incorrect pest
perception can result in uneconomic use of pesticides and poor
integration of pest management as farmers lack knowledge on
the environmental and economic importance of target pest
(Awudzi et al. 2021). Therefore, there is need to assess
farmers’ perception on change in prevalence of pests in SISs
in order to understand its contribution to pest management.

The gendered evaluation of pests specifically focusing on
irrigation agriculture has received limited research attention.
Such studies are particularly relevant in SSA and especially in
Zimbabwe, considering the attention given to irrigated agri-
culture and the role played by women in these farming
systems.

Unfortunately, to the best of our knowledge, the gendered
perception of pest prevalence research is scarce in Zimbabwe.
This is a paradox, given that a majority of women are farm
laborers and involved in pest control. This article seeks to use
the gendered perception on the changes in prevalence of pests,
assess pest management, and recommend policy implications
in the context of irrigated agriculture under climate change in
smallholder irrigation schemes of Zimbabwe. This study
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seeks to assess the interaction between trends in pest problems
and farmers' choices of intervention.

2 Methodology

2.1 Study area

To answer the objectives of this study, we conducted our re-
search in three smallholder irrigation schemes in Midlands
Province, Zimbabwe (Fig. 1). We selected Midlands Province
for this study since it is among the top three provinces with the
highest number of smallholder irrigation schemes (GoZ 2020).
Therefore, this studywill be of significant reference to gendered
perception on the prevalence and management of pests in rela-
tion to climate change in Zimbabwe and the SSA region.

Three schemes, namely Exchange, Insukamini, and
Ruchanyu, were considered for this study. Exchange irrigation
scheme is located in Silobela communal area, Kwekwe District,
approximately 60 kmNorth-West of Kwekwe town. It has about
168.8 ha of irrigable land developed partly from 1973 and 1985
(SIRP 2017, Nyamayevu et al. 2015). A total of 982 households
currently occupies Exchange irrigation scheme. The scheme is in

an agroecological zone (AEZ) IV with semi-arid climatic condi-
tions, receiving an average rainfall ranging from 450 to 650 mm
(Chanza et al. 2019). The soils are highly fertility clay loam.
Irrigation water is drawn from Exchange dam. Maize and sugar
beans (Phaseolus vulgaris) are the main crops grown in
Exchange irrigation scheme, yielding an average of 15t and
2.1t per ha, respectively (SIRP 2017). Farmers in the scheme
have challenges to reach a more reliable market due to poor road
network (SIRP 2017).

Insukamini irrigation scheme is located in LowerGweru com-
munal area, Gweru District, Midlands province, Zimbabwe. It is
nearly 45 km North-West of Gweru, the Midlands provincial
town. It has a total of 41 ha developed in 1988 and is occupied
by 125 households (Matsa 2012). The scheme is located in AEZ
IV, with annual rainfall ranging from 600 to 800 mm (Matsa
2012). The soils in the scheme are sandy loam and clay loam.
Its water comes from Insukamini dam through a 1.6-km-long
concrete canal. The principal crop farmed in the Insukamini irri-
gation network is maize.

Ruchanyu irrigation scheme is located in Shurugwi district,
about 62 km south-west of Gweru town. It has about 27 ha of
irrigable land developed in the early 1980s (Mhembwe et al.
2019). A total of 85 households currently operates the scheme

Fig. 1 Map of the study area
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(Mhembwe et al. 2019). It is in AEZ III with annual rainfall
ranging from 650 to 850 mm (Mhembwe et al. 2019). The soils
in the scheme are classified as sandy loam (Mhembwe et al.
2019). Water is pumped from Mutevekwi River (Mhembwe
et al. 2019). Maize is the main crop grown by farmers in the
scheme. The farmers do not have a well-established market for
the crop, as the local market cannot purchase all the produce.

2.2 Data collection

A questionnaire survey was used to collect data for this
study. In questionnaire-based survey, a total of 200 men
and 117 women participated. A total of 29 females and 32
males participated in six focus group discussion (FDGs).
A total of six FDGs were segmented into three groups of
males and three groups of females to preserve gender
differences and allow females to participate fully in the
absence of men. A total of 7 male and 6 female key
informants (KIIs) were interviewed. Data collected using
FGDs and KIIs were triangulated with the findings from
the questionnaire. Gender, social class, and age were con-
sidered when choosing participants from FDGs and KIIs
for equal representation. We did a pilot study to test the
suitability of the data collection tools for the study. We
used a random selection to select 317 participants for this
study. We used a sample selection formula in Eq. (1)
below to calculate the sample size. FGDs were done with
10–15 randomly selected participants who did not partic-
ipate in questionnaire interviews. FGDs help to have a
clear understanding of perception on the prevalence of
pests in the schemes. KIIs provide expert information
about changes in pests, pest control, and crops affected
by each type of pest.

n ¼ N
Ne2

ð1Þ

where is n sample size, N population, and e confident
interval

For this study, we administered a semi-structured question-
naire using face-to-face interviews with the respondents.
Farmers were asked to rank the prevalence of pest that in-
cludes cutworms (Noctuidae), red spider mites (Tetranychus
urticae), maize grain weevils (Sitophilus zeamais), fall army-
worms (Spodoptera frugiperda), bollworms (Helicoverpa
armigera), and termites (Isoptera). Pest were communicated
using pests’ local names of and their photograph for easy
identification. Respondents were able to accurately identify
pests and were able to distinguish them due to their
increased contact with extension workers who were
stationed at schemes. These findings were in contrast with
Mkenda et al. (2020) which have shown relatively poor
awareness of some insect groups among some smallholder

farmers. The participants were asked the following questions:
can you please rank the changes in prevalence of the following
pests in past 10 years? (strongly decrease [1], decrease [2], no
change [3], increase, strongly increase [5]); which major strat-
egy do you use to control insect pests? (insecticides [1], bio-
logical [2], cultural [3], integrated insect pest management
[4]); how frequent do you spray these chemical insecticides?
(twice/week [1], once/week [2], twice/month [3], once/month
[4], once visible [5]).

2.3 Data analysis

Data for this study was collected using a five Likert scale
response. This was due to our interest in participants’ percep-
tion of the prevalence of pests in response to climate change.
SPSS version 27 was mostly utilized for statistical data ana-
lysis, whereas Excel was used to create graphs. For this study,
data was collapsed to a binary response. Responses with
Strongly Decrease and Decrease were coded (0); No Change
were coded (1), while those with Increase and Strongly
Increase were coded (2). The codes listed above were used
as the dependent variables indicating amount of change in
prevalence, with gender as the independent variable to test
whether the ranked perception of change differs. Mann-
Whitney U test was used to compare perceived change in pest
prevalence according to farmer gender. We did not actually
survey current prevalence of pests, but rather perception of
changes in pest prevalence. The Mann-Whitney U test was
used to test the null hypothesis that there is an equal percep-
tion of the prevalence of pests between male and female re-
spondents since the respondents are from the same set of
schemes. The differences in perception on the prevalence of
pests were considered significant at p = 0.05. Chi-squared test
was used to test differences between male and female farmers
in term of socio-demographic factors and pests management
approaches in many individual tests, except for age which was
tested using the ANOVA.

3 Results and discussion

The socio-economic characteristics of respondents of this
study are shown in Table 1. Results show that male farmers
were significantly more likely to be married than female
farmers (P≤0.01). On average, both male and female partici-
pants in the schemes were literate. The schemes consist of
aging scheme farmers averaging 55 years for males and 54
years for females.

There were statistically significant differences (P≤0.05) be-
tween male and female farmers on knapsack sprayer owner-
ship, where more males (64.1%) owned knapsack sprayers
compared to their female (50%) counterparts.
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3.1 Perception of pest prevalence

In general, Fig. 2 illustrates that scheme farmers perceive an
increase in prevalence of pests under climate change. A
changing trend of pests due to climate change is evident in
Zimbabwe (Kutywayo et al. 2013; Ch 2013; Mafongoya et al.
2019). The outbreak of pests is a constraint to agriculture
production in Zimbabwe and climate change results in rising
pest pressure (Mafongoya et al. 2019). Female farmers are
increasingly involved in controlling pests, which contributes
to their awareness of the prevalence of pests. Earlier studies on
pest prevalence have been based on simulations and laborato-
ry and field experiments to determine the prevalence of pests
(Kutywayo et al. 2013; Gullino et al. 2021), which may be of
limited implications for pest management in the smallholder
farming sector. This study will help policymakers to improve
policies through understanding the gendered perception on the
change in prevalence of pests in Zimbabwe. Results from this
study found gender differences in perception on the change in
prevalence of pests.

The results for assessing the gendered perception of chang-
es in pest prevalence are shown in Tables 2 and 3. The results
reveal a gendered perception of changes in pest prevalence in
the three schemes considered for this study. Tables 2 and 3
highlighted that farmers in smallholder irrigation schemes
were aware of the changing prevalence of crop pests.
Generally, the respondents have perceived an increase in prev-
alence of pests. The results are consistent with findings by
Gullino et al. (2021), who found that the majority of studies

in cereals and horticultural crops indicate a spike in pests risks
in subtropical agricultural systems under climate change.
Increase in prevalence of pests results in rising plant health
problems in agricultural systems (Gullino et al. 2021). Studies
like Juroszek et al. (2020) and Bjorkman and Niemela (2015)
indicate that pest risk will increase in agricultural ecosystems
under climate change, and impacts vary with the system’s
potential and natural ecosystem. Invasive expansion of pests
results in economic and social damage by decimating crops
(Juroszek et al. 2020). According to Edmonds (2013), preven-
tion, mitigation, and adaptation are needed to reduce projected
pest risks in agriculture.

The prevalence-change codes in Fig. 2 show that pests like
aphids, cutworms, bollworms, red spider mites, whiteflies
(Aleyrodidae), and FAW are becoming more severe.
According to Shaw and Osborne (2011), climate-driven crop
management adaptations like irrigation have permitted year-
round crop cultivation, as well as increasing pests and vector
prevalence. The increase of crop pests reduces availability and
access to appropriate quality of food through yield reduction
of food and cash crops, reducing the utilization of food with
additional and inappropriate pesticide use, making food un-
healthy for humans and livestock (Van der Fels-Klerx et al.
2016, FAO 2008), and consequently, reduce the stability of
food through direct losses and reduction of income (FAO
2008). However, perception of change in pest prevalence is
essential to predict their impacts on crop yields and project
pest management practices (Scherm 2004, Andrew and Hill
2017, Katsaruware-Chapoto et al. 2017).

Table 1 Socio-demographic and
economic attributes (significance
code: * p≤0.05, ** p≤0.01,NS not
statistically significant, SD
standard deviation).

Variable Male Female Significant level

Mean (SD) Percentage Mean (SD) Percentage

Marital status (Married) 89.5 46.2 **

Education (years) 9 (3) 8 (3)

Age (years) 55 (13) 54 (13)

Fulltime farmer 86.0 92.3 NS

Knapsack sprayer owners 64.1 50 *

Fig. 2 Perception of change in
pest abundance due to climate
change according to gender
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The perception of pest prevalence shows that female
farmers perceive a greater increase in prevalence of most pests
than males, who perceive a bigger increase in the prevalence

for only three types of pests (Table 2). Male and female
farmers have a similar perception of the change in prevalence
of aphids. Thus, in relation to female participants, male par-
ticipants perceive an increase in prevalence of cutworms (U =
10622.50, p ≤ 0.01).

In contrast, female farmers perceive a bigger increase in
FAW prevalence than their male counterparts (U =
10848.00, p ≤ 0.01). On the other hand, female participants
significantly perceive a higher increase in prevalence of red
spider mites than male participants (U = 9761.50, p ≤ 0.01).
Similarly, female farmers perceive no change, while male
farmers perceive a substantial decrease in prevalence of maize
grain weevils than female participants (U = 10088.50, p ≤
0.01). Also, female farmers significantly perceive an increase
in prevalence of bollworms than male farmers perceive on
change (U = 10776.50, p ≤ 01). Further, female farmers per-
ceive no change, while male farmers perceive an increase in
prevalence of termites (U = 9917.00, p ≤ 0.01) (Table 3).

This study shows that perception of the change in preva-
lence of pests significantly differs between male and female
participants, creating winners and losers in the face of climate
change. Perception of change in pest prevalence vary with
gender. Farmers who took part in the focus groups revealed
that their perspective of pest prevalence has changed as a
result of their experiences with pest outbreaks, pest control,
crop losses, and extension worker awareness. Farmers who
participate in FGDs suggest that their perception on the prev-
alence of pests shapes how they manage pests.

In contrast, male farmers perceive a higher increase in prev-
alence of cutworms, termites, and whiteflies (Tables 3 and 4).
The perception of the change in prevalence of most pests
relates to variation in moisture regimes, determining the group
which is more exposed to pests under water stress and exces-
sive water application conditions. Our findings suggest that
female farmers participate in irrigation farming and pest con-
trol during the water-stressed period and when irrigation water
is abundant. Meanwhile, several studies identify seasonal mi-
gration of male farmers (Mohammed 2019, Biswas et al.
2019, Choithani et al. 2021), leaving female farmers

Table 2 Ranks of gendered perception on change in pest prevalence (N
the number of respondents who paid attention to the prevalence of a
particular pest, mean rank shows the gender’s level of perception on
changes in pest prevalence, sum of ranks—shows genders’ total rank of
perception on changes in pest prevalence). The “ranks” here are derived
by ordering the entire data set (gender aggregated) of prevalence-change
codes for each pest from lowest to highest, and then disaggregating by
gender and calculating a mean of the rank values.

Gender N Mean rank Sum of ranks

Aphids Female 116 156.66 18172.00

Male 192 153.20 29414.00

Total 308

Cutworms Female 116 150.07 17408.50

Male 192 157.17 30177.50

Total 308

Fall Armyworms Female 116 155.20 18003.20

Male 192 152.02 29187.84

Total 308

Red spider mite Female 116 164.12 18873.50

Male 192 147.11 28097.50

Total 308

Maize grain weevils Female 116 158.40 18374.40

Male 192 145.47 27930.24

Total 308

Bollworms Female 116 152.42 17680.72

Male 192 146.60 28147.20

Total 308

Whiteflies Female 116 143.74 16674.00

Male 192 158.68 29991.00

Total 308

Termites Female 116 143.99 16703.00

Male 192 158.53 29962.00

Total 308

Table 3 Mann-WhitneyU test for perception on change in pest prevalence (Asymp. Sig. asymptotic significance, p-value p-value based on the normal
approximation, Exact Sig. actual significance p-value). If Asymp. Sig. (2-tailed) and Exact Sig. (2-tailed).

Aphids Cutworms Fall armyworms Red spider mite Maize grain weevils Bollworms Whiteflies Termites

Mann-Whitney U 10886.00 10622.50 10848.00 9761.50 10088.50 10776.50 9888.00 9917.00

Wilcoxon W 29414.00 17408.50 17634.00 28097.50 16874.50 29112.50 16674.00 16703.00

Z 0.357 –0.720 –0.363 –1.768 –1.323 –0.435 –1.540 –1.491

Asymp. Sig. (2-tailed) 0.157 0.000 0.001 0.000 0.003 0.000 0.094 0.000

Exact Sig. (2-tailed) 0.157 0.000 0.001 0.000 0.003 0.000 0.094 0.000

Exact Sig. (1-tailed) 0.081 0.000 0.000 0.000 0.002 0.000 0.047 0.000

Point probability 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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responsible for farming activities. Women are key players in
SISs in rural areas in Zimbabwe (Chazovachii 2012). This is
not surprising since male farmers are seasonally involved in
off-farm activities leaving females to takeover irrigation farm-
ing duties (Chazovachii 2012).

Perception of the change in prevalence of pests is an essen-
tial factor in implementing effective pest management prac-
tices (Katsaruware-Chapoto et al. 2017). From this study, the
gendered perception of the change in prevalence of pests is
critical for better awareness of the gendered view of the
change in prevalence of pests in SISs and the area in which
future investment might need to be directed. These findings
imply that the gender of the person does not limit their per-
ception of change in pest prevalence; hence, views from both
males and females on pest trends should be valued equally.
Consequently, female farmers are equally observers of pest
incidences as their male counterparts (Atreya 2007; Whyte
2014). Their context of observations should be well under-
stood and considered during policy formulation and deci-
sion-making.

Results in Tables 2 and 3 of the gendered perception of
change in pest prevalence may relate to variation in gender
roles, asset endowments, crop choices, pest management, as-
set endowments, and resource ownership (Sharaunga and
Mudhara 2021; Whyte 2014; Atreya 2007). In Zimbabwe,
men have greater access, ownership, and control of resources
and services than women (FAO 2017). Given that the majority
of female household heads were unmarried (Table 1), they
own land and experience control over production decisions
and expenditure (Badstue et al. 2020). Unmarried women in

SISs in Zimbabwe actively participate in male-aligned farm-
ing activities and make choices on crops grown (Chazovachii
2012). Hence, they are actively instrumental in monitoring
and controlling pests as their male counterparts. However,
considering that their high literacy rate and involvement in
full-time farming are similar to that of male farmers
(Table 1) (Chazovachii 2012), their perception of the change
in prevalence of pests is of significant importance.

Additionally, the prevalence of patriarchal society and tra-
ditionally the confinement of women in homes influences the
crops they grow and pests they are likely to observe, improv-
ing their perception of the change in prevalence of such pests
(FAO 2017). Despite the ability of female farmers to observe
the change in prevalence of pests, their frequency of spraying
was lower compared to that of men and experienced poor pest
management compared to male farmers. This may be attribut-
ed to asset endowment and dominant ownership of production
resources by men (Atreya 2007), as the majority of knapsack
sprayers are owned by male farmers.

The significant relationship between gender and perception
of the change in prevalence of maize grain weevils (p ≤ 0.01),
where women have a significant perception of a higher in-
crease in prevalence of maize grain weevils than men, might
relate to the role of women in the household. Women are
mostly responsible for preparing food for the household, giv-
ing them better access to post-harvest storage facilities than
men (Savari et al. 2020, Mclaughlin et al. 2003, Mazuru
2019). Maize weevils are mostly encountered in stored food
in the home, not in the field. Nevertheless, this study shows
that males significantly perceived an increase in prevalence of

Table 4 Major pests, perception
of pest prevalence, and strategies
used to control pest (significant
codes: * - p≤0.05). Farmers were
allowed to select one strategy.

Pests Gender Pest management strategies (%)

Insecticides Cultural Integrated pest management

Aphids Male 63.80 0.00 37.20

Female 57.70 1.90 38.50

Cutworms* Male 66.70 0.00 33.30

Female 72.70 6.10 21.20

Fall Armyworms Male 72.10 0.00 26.40

Female 64.40 2.70 31.50

Red spider mites* Male 68.50 0.00 31.50

Female 80.30 1.60 14.40

Maize grain weevils Male 70.90 0.00 27.30

Female 73.90 4.30 21.70

Bollworms Male 69.10 0.00 29.80

Female 62.50 3.60 32.10

Whiteflies Male 67.70 0.00 31.20

Female 68.30 2.40 29.30

Termites Male 67.50 1.20 30.10

Female 68.40 5.30 23.70
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FAW, bollworms, and whiteflies compared to females (P ≤
0.01). According to FAO (2017), men and women participate
in crop and horticultural production; hence, the perception of
the change in prevalence of pests of both male and female
farmers is substantial.

Despite female farmers' perception of rising trends of pests,
they have reported that they are facing challenges in pest man-
agement. Male farmers are significantly more likely to own
knapsack sprays compared to female farmers. Technological
uptake by women in Zimbabwe depends on its ease to use and
friendliness (FAO 2017). Similarly, the spraying frequency of
female farmers is lower than that of their male counterparts,
despite their perception of increasing incidences of pests.
According to FAO (2017), there is gendered ownership of
valuable resources in rural Zimbabwe and access to training
and extension services. Gender-sensitive training and exten-
sion services are critical to address gendered pest management
challenges. According to Kawarazuka et al. (2020), women’s
failure to spray is due to limited financial resources, knowl-
edge, and access to information (Kawarazuka et al. 2020).
Further, females and males were found to adopt different pest
control methods (Kawarazuka et al. 2020); hence, there is a
need to assess and consider gendered pest control methods. In
a study in KwaZulu-Natal, South Africa, poor capital asset
endowments, socio-economic factors, livelihood strategies,
and transforming structures and processes were blamed for
challenging investment opportunities of female farmers in ru-
ral communities (Sharaunga and Mudhara 2021).

Change in pest prevalence can be exacerbated by climate
change (Gullino et al. 2021) and the condition of the scheme.
Among the conditions experienced in the scheme is the exces-
sive application of water which could result in fungi infesta-
tion. Also, scheme farmers differ their crop rotation cycles
across seasons, pose a challenge of rotating pests as they can
shift from the host plot to the next across seasons given that
plots are closer to each other. Further, growing the same crop
across the scheme during the same season posed challenges as
some farmers were not controlling pests, making pests more
invasive and spreading faster. For instance, most of the har-
vested onions in Insukamini were not sold due to an increased
supply. Implementing collective decisions on pest control in
SISs is difficult due to the myriad of challenges that the
scheme farmers face.

3.2 Gender and pest management

Table 4 illustrates the relations between gender and strategies
used to control pests considered for this study. Several
existing methods of control of pests are categorized under
insecticides, cultural, and integrated pest management
(IPM). Although farmers in the scheme use a variety of pest
management strategies, use of pesticides was dominant across
the pests considered for this study. However, high chemical

insecticides application rate is highly associated with insecti-
cide resistance (Tibugari et al. 2012). Although pesticides
minimize crop loss, they result in contamination of the eco-
system and undesirable health effects (Barzman et al. 2015).
Nonetheless, Scott et al. (2018) recommend that the use of
nanotechnology-produced pesticides may potentially improve
the efficacy and safety of pesticides; however, its availability
in developing areas is a limiting factor.

There is significant gender variation on the pest manage-
ment strategies for cutworms and red spider mites (p≤0.05)
(Table 4). Females use pesticides more than males to control
cutworms and red spider mites, whereas males utilize IPM
more than females. Some measures of pest control utilized
during IPM include proper field management, use of resistant
varieties, and crop rotation. An IPM strategy is a practical and
recommended option for reducing the usage of chemical pes-
ticides. (Munkvold and Gullino 2020) and (Thomas et al.
2017) recommend integrated IPM, among other strategies, to
control pests in face of increasing threats from pests due to
climate change. Therefore, we recommend farmers to adapt to
integrated pest management strategies related to the diversity
of their farming system, capacity, and agroecosystems' nature.
For the rest of the pests studied, there was no significant gen-
der variation in pest management measures (Table 4). The
type of pests being controlled contributes to gender variation
in pest management strategies.

However, there is much room to improve pest management
on farms resulting in cost-benefit improvements. Jactel et al.
(2020) suggest using an interdisciplinary approach as an im-
portant way to manage the new and emerging pest species by
considering knowledge gained from different disciplines.
Crop insurance is also an attractive alternative to protect
farmer’s livelihood under climate change. It is evident that
climate change is increasing the problem related to pests in
managed ecosystems. Surveillance, monitoring, and pest risk
analysis are vital for evaluating the introduction, spread, and
economic consequences of pests and are essential to identify
potential pest management options to reduce the risk of pests
to acceptable levels (Gullino et al. 2021). Climate-smart pest
management based on selected existing management methods
enhances mitigation and strengthens resilience. Pest
management improvements is valuable, with or without
climate change scenarios. Dilling et al. (2015) assert that there
is much potential to improve on-farm and regional pest man-
agement systems. Building pest management capacity in
farming systems is of paramount importance to maintaining
current and future food security and managing financial risks.
Adjusting plant protection protocols to suit current and future
climate change scenarios is crucial to maintaining and pre-
serving current and future food security (Gullino et al. 2021).

Table 5 indicates the gendered frequency with which
chemical pesticides are sprayed to combat various pests. As
shown in Table 5, farmers, there is a significant (p ≤ 0.05)
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gendered variation on application frequency of chemical to
control bollworms. On control for bollworms, more male
farmers spray a minimum of twice a month than female
farmers. However, for the rest of the pest, the relationship is
not significantly different for male and female farmers.

3.3 Policy implications of the study

The increase in prevalence of pests due to climate change is
transforming food safety policies (Carvalho 2017), food secu-
rity policies (Gregory et al. 2009), phytosanitary measures
(Eschen et al. 2015), and pest management policies and prac-
tices (Heeb et al. 2019). Hence, perception of the change in
prevalence of pests is an integral element of policy formula-
tion in recent years. Several studies encourage the need to
understand the impact of pest prevalence on food safety
(Carvalho 2017), food security (Savary et al. 2019), and pes-
ticide management strategies (Andrew and Hill 2017) through
understanding human perception, which shapes their behav-
iour and attitude of farmers.

Pests are an integral part of the food systems and have
impacted crop production via crop yields losses (Gullino
et al. 2021). In the context of climate change, pests are be-
lieved to expanding their range, increasing in population and
increasing their generations (Gullino et al. 2021; Biber-
Freudenberger et al. 2016). Male and female farmers partici-
pate in crop production (Akter et al. 2016) and pest manage-
ment (Wang et al. 2017). Therefore, an improved understand-
ing of the gendered perception of the change in prevalence of
pests may enable policymakers to design policy control mea-
sures with respect to female farmers.

Findings from this study might be useful for organizations
like Food and Agriculture Organisation (FAO), International
Plant Protection Convention (IPPC), Food Safety Authority
(FSA), and national governments on designing pest control
programs targeted at female farmers. The insights from this
study can be extremely valuable for policymakers to facilitate
policies to reduce the impacts of pests and address gender
differences at the farm, regional and national levels.

4 Conclusions

This study for the first time assessed the gendered perception
of the change in prevalence of pests and existing pest man-
agement practices under irrigation schemes. Our study results
show that both male and female farmers were aware of trends
of pests under climate change. Female participants perceived a
higher increase in prevalence of cutworms, red spider mites,
maize grain weevils, and termites, while male participants
have a distinct perception of the higher increase in prevalence
of FAW, bollworms, and whiteflies. Participants in this study
reported a rising number of aphids, cutworms, FAW, red spi-
der mites, bollworms, whiteflies, and termites and a decrease
in maize grain weevils. Perception of the change in prevalence
of pests shapes the behavior of farmers towards changing pest
trends and pest management practices of farmers.
Policymakers and researchers are recommended to acknowl-
edge the gendered perception of the change in prevalence of
pests in policy formulation. Based on the study findings, per-
ception of the change in prevalence of pests helps researchers
understand the awareness of scheme farmers about the

Table 5 Frequency of spraying
chemical pesticides (significant
codes: ** - p≤0.01).

Pests Gender Twice a
week

Once a
week

Twice a
month

Once a
month

Once
visible

Aphids Male 5.30 34.00 25.00 15.40 1.10

Female 9.60 46.20 38.40 3.90 1.90

Cutworms Male 5.10 33.30 39.70 39.70 2.60

Female 6.10 33.30 27.30 27.30 0.00

Fall Armyworms Male 11.60 28.70 34.90 20.90 3.10

Female 9.60 38.40 23.30 21.90 1.40

Red spider mites Male 4.50 36.00 36.10 19.10 2.20

Female 6.60 26.20 38.20 24.60 1.60

Maize grain
weevils

Male 9.10 20.00 43.6 21.80 5.50

Female 4.30 34.80 26.10 26.10 4.30

Bollworms** Male 16.00 20.20 40.40 19.10 4.30

Female 10.70 37.50 21.40 25.00 0.00

Whiteflies Male 11.80 29.00 40.90 16.10 2.20

Female 14.60 39.00 26.80 17.10 0.00

Termites Male 3.60 34.90 38.60 20.50 3.60

Female 2.60 26.80 28.90 26.30 2.60
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impacts of climate change in Zimbabwe and the region.
Further, this study has implications for pest management prac-
tices and food security. It recommends surveillance and mon-
itoring of pests, integrated pest management practices, inter-
disciplinary approaches to managing pests, crop insurance,
and building pest management capacity for farmers must be
pursued by extension services and research organizations.
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