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Abstract

Background Fall armyworm, Spodoptera frugiperda, an alien invasive pest from the Americas, was detected in Zam-
bia late 2016 and since has caused significant losses on maize threatening livelihood and food security. Individually,
farmers continue to rely on synthetic pesticides, a reactive measure to manage new invasive insect pests, posing risks
to human health, the environment and biodiversity. Biological control has been proven to be an efficient, cost effec-
tive and safe method for pest and disease management, and when adopted collectively, its effectiveness can increase.
In addition, collective action has been acknowledged to be a critical component for invasive species management,
but is still poorly studied in low- and middle-income countries (LMIC) where the national plant health system, in-place
to prevent and manage biological invasions, is limited.

Methods To study the feasibility of creating a collective action to promote biological control for fall armyworm
among smallholder farmers in rural Zambia and the social and institutional conditions needed for it to be successful
and sustainable, we conducted focus group discussions and in-depth interviews in two districts with maize small-
holder farmers. Our model to assess the results applies both Ostrom'’s 8 Design Principles for a community-based
management of common-pool resources and criteria of an agricultural innovation that meet the community’s
requirements, and also pays attention to the exchange and brokering processes needed to match the two.

Results Our results showed that some conditions are already in place to support a collective action to manage fall
armyworm such as matching rules to local conditions, collective-choice arrangement, conflict-resolution mechanism
and minimal recognition of rights to organize which are supported by traditional leadership of the communities.
However other conditions would need to be strengthened for the collective pest management to be sustainable. The
most important criteria for a pest management innovation selected by participants from both districts, in no specific
order, were price, efficacy, recommended by agrodealer/extension officer and immediate action.

Conclusions This study fills a gap in understanding social and institutional conditions in LMIC needed to sustain a
collective action that aim at controlling a highly mobile and invasive pest. Our study emphasizes the need to redefine
technologies and dissemination in terms of supporting the processes of co-designing innovation based on social and
ecological conditions.
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Background

Globalization, international trade and environmen-
tal changes significantly facilitate biological invasions,
processes by which an organism is introduced and
established beyond its native range, resulting in major
economic, environmental and social impacts (Early et al.
2016; Paini et al. 2016; Pratt et al. 2017). Invasive alien
species (non-native species, weeds, plant diseases and
plant pests, causing economic or environmental harm)
have disproportionate impacts on smallholder farmers in
low and middle-income countries (LMIC), especially in
Sub-Saharan Africa, where national capacity to prevent
and manage biological invasions is limited (Early et al.
2016). The total annual cost of alien invasive species to
agriculture in Africa was estimated in a recent study at
USD 3.66 trillion (Eschen et al. 2021). Fall armyworm
(FAW), Spodoptera frugiperda (JE Smith) (Lepidoptera:
Noctuidae), a highly mobile and migratory insect first
detected in 2016 in West and Central Africa (Goergen
et al. 2016), is estimated to cause US$9.4 billion loss in
Africa (Eschen et al. 2021) and US$159 million on maize
crop in Zambia specifically (Rwomushana et al. 2018).
This insect pest is a successful invasive species due to
its high reproduction rate, ability to feed and survive on
more than 300 host plants, and its migration patterns
(Day et al. 2017). Indeed, females can lay up to 1000 eggs
and disperse about 500 km before oviposition. Moreo-
ver, as climatic conditions are favorable throughout the
year across the African continent, there is constant food
source availability and no observed diapause behavior
making FAW even more difficult to control (Du Ples-
sis et al. 2020). So far, extension and advisory services to
control FAW have been directed at individuals and field
level management (FAO and CABI 2019).

Invasive species can raise public-bad (a bad that is
non-excludable and non-depletable, negatively affect-
ing everyone equally) dilemmas due to their rapid
spreading abilities which allow them to cross prop-
erty boundaries creating interdependency among land
owners (Graham et al. 2019). Consequently, if a land
owner does not participate in controlling the invasive
species, his/her land can become a propagule or breed-
ing source that reinvade neighbouring fields increasing
costs and effort for others (Epanchin-Niell et al. 2010;
Kruger 2016). FAW dispersal mechanisms create inter-
dependency between farmers during outbreaks. Sus-
tainable, long-term management in a fragmented or
mosaic landscape is not possible by individuals acting

alone. Indeed, management of FAW is currently accom-
plished by individual farmers who heavily rely on the
use of synthetic pesticides despite the health and envi-
ronmental risks (Day et al. 2017). FAW was detected
late 2016 in Zambia and in a household’s survey in
2017, 60% of farmers mentioned using synthetic pes-
ticides to control FAW as their main control method
(Day et al. 2017). It was also found that a highly haz-
ardous pesticide listed in the Rotterdam Convention
was used by about 9% of famers in 2018 (Rwomushana
et al. 2018). Farmers in various countries also tried
controlling the pest using different cultural, mechani-
cal, botanical and biocontrol methods with diverse out-
comes (Kansiime et al. 2019; Tambo et al. 2019; Abro
et al. 2021), however, the use of synthetic pesticides was
always found the most common control method.

Over the last decade, collective action, defined as a
process where a group of people voluntarily commit
to achieve a common goal (Meinzen-Dick et al, 2004),
has been identified as a key component, however not
the only one, for the successful control of invasive
alien species (Epanchin-Niell et al. 2010; Stallman and
James 2015; Marshall et al. 2016; Graham et al. 2019;
Garcia-Figuera et al. 2021). The lack of effective collec-
tive action among farmers is often a greater obstacle
in controlling invasive species than lack of informa-
tion (Parsa et al. 2014; Marshall et al. 2016). Many suc-
cessful examples of collective pest management exist
in the literature. The cotton bollworm, Helicoverpa
armigera (Hubner), is a good example as its rapid pes-
ticide resistance development now to 55 active ingre-
dients (Yang et al. 2013; Dilbar Hussain et al. 2015) has
stimulated a landscape approach combining both tech-
nical and organization aspects (Wilson et al. 2018). A
collective strategy to manage H. armigera’s pesticide
resistance and outbreaks with cotton and non-cotton
growers in Australia was essential. Many actors were
involved in this strategy, however the cooperation
among farmers was crucial to successfully halt the out-
breaks and the pesticide resistance development which
needed a shift from a field-to-field approach to a collec-
tive and coordinated management (Wilson et al. 2018).
In Colombia, transboundary leaf-cutting ants manage-
ment was investigated using a participatory landscape-
level research with the community (Ravnborg et al
2000). This research focused on testing with farmers
and finding the best technical and organizational solu-
tions to a collective problem. Significant progress on
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ant control happened once mechanisms to encourage
the majority of farmers in the area to participate in the
simultaneous control of the nests. Initiatives for FAW
collective action include the FAO-led Global Action for
Fall Armyworm Control that has been instrumental in
coordinating collaboration at regional and national lev-
els in Africa. The actions taken involving multi-institu-
tions and multidisciplinary teams are focusing on mass
awareness campaigns, workshops for technical teams
and supply of safe pesticides. Furthermore, interna-
tional organizations and NGOs have provided support
for specific components such as farmers awareness,
research and early warning systems on a regional and
national scale.

Conditions for effective collective management of
invasive species have been reviewed by Graham et al
(2019) in relation to Ostrom’s 8 Design Principles (1990)
for a community-based management of common-pool
resources and 10 factors affecting self-organized col-
lective action (Ostrom 2009). Well-defined boundaries,
monitoring and graduated sanctions alongside number of
users, norms (social capital) and knowledge of the socio-
ecological system were the most commonly mentioned
design principles and factors respectively found in lit-
erature by Graham et al. (2019). Top-down approaches
from governments, NGOs and scientists, are insufficient
to ensure monitoring and management efforts across all
actors due to the high transaction costs (e.g., time, labor,
financial resources) (Garcia-Figuera et al. 2021). A com-
munity-based collective action building on existing insti-
tutional arrangements could therefore offer an alternative
(Marshall et al. 2016). Additionally, further empirical data
are needed to understand under which conditions farm-
ers are willing to collectively manage invasive species in
LMIC and which pest management options are practical
and acceptable under local socioeconomic and cultural
contexts.

Biological control (either classical, augmentative or
by conservation), later referred as biocontrol, is the
use of living organisms to suppress or impact a specific
pest population (Eilenberg et al. 2001). Biocontrol can
improve and protect public goods such as food secu-
rity, human health, biodiversity, and ecosystem services
(Delaquis et al. 2018; Burra et al. 2021). Biocontrol has
been proven an effective, safe and economic solution to
pest management where chemicals have failed to con-
trol pests (Menzler-Hokkanen 2006). As reviewed by
Desneux et al. (2007), pesticides not only have lethal
effect on pollinators and natural enemies, but also sub-
lethal effects including development rates, malforma-
tions, perturbations of the foraging patterns and feeding
behaviors. Over 30 species of indigenous parasitoids in
17 African countries have been found attacking FAW,
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promising potential for the biocontrol of FAW with
native natural enemies (reviewed in Kenis et al. 2022). If
communities decide to adopt biocontrol as an innovation
to manage an invasive species, further collective action
dilemmas may arise. For instance, the lack of sanctions,
leadership, or monitoring system in a farming commu-
nity may compromise the long-term benefits and sustain-
ability of such initiatives if farmers fear that some won't
follow the rules collectively agreed upon. Ideally, when
implementing biocontrol schemes at landscape level,
for example augmentative releases, all farmers would be
required to decrease use of toxic products and numbers
of applications in order to increase the effectiveness of
the biocontrol agents (Babendreier et al. 2019). In the
case of conservation biocontrol, the impact may only be
seen years after consistent effort to modify and restore
habitats of local natural enemies (Eilenberg 2006). This
time-lag may discourage end-users, despite the fact that
natural pest control can provide long-lasting economic
and environmental benefits.

The objective of this study is to determine the feasibil-
ity of a collective action using biocontrol to manage FAW
among smallholder farmers in rural Zambia, and the
social and institutional conditions needed to successfully
sustain the collective action. The authors did not intend
to study current control methods used by smallholder
farmers to control FAW. The following research ques-
tions were addressed: How is the farming community in
rural Zambia structured in terms of social capital, leader-
ship, information sharing, internal and external commu-
nication and trust relationships, and how does it shape a
potential collective pest management? What are farmers’
attitudes towards a biocontrol management option of
FAW based on collective action, and what criteria of an
innovation is required for adoption? Our assumption is
that communities with a strong social capital, leadership
and internal and external communication will be able to
develop and sustain a collective action for pest manage-
ment. This study is part of a transdisciplinary research
project aiming at understanding how best to collectively
develop and implement biocontrol programmes with
smallholder farmers to control transboundary insect
pests (Durocher-Granger et al. 2021).

Conceptual framework

Ostrom (1990) proposed 8 Design Principles (DPs) for
a community-based management of common-pool
resources. These design principles are meant to provide
guidance on important components or conditions that
help to successfully sustain common-pool resource man-
agement by a group of users over time and generations,
but are not exhaustive. Although Ostrom’ 8 Design Prin-
ciples were not designed for collective pest management,
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Knowledge and information
exchange, and innovation brokering

Conditions needed for a
community-led collective action

organize
Nested enterprises

e Clearly defined-boundaries Creation of e Price
e Matching rules to local conditions a collective e Efficiency
e Collective-choice arrangement action o Safe for health
e Monitoring system (the resource . e Safe for environment
and users) using an e Easy to apply
e Graduated sanctions external e Immediate action
e Conflict-resolution mechanisms innovation e Training needed
¢ Minimal recognition of rights to e Recommended by agrodealer or

Criteria of an innovation that
meet community requirements

extension officer
Easy to find
Generic

Fig. 1 Framework to study the conditions needed for the feasibility of a community-led collective action. The framework applies Ostrom’s 8 Design
Principles (1990) for a community-based management of common-pool resources supplemented with the criteria required by communities for

an agricultural innovation to be adopted. A component related to innovation brokering and knowledge and information exchange was added to
ensure a good match between externally introduced innovation and conducive conditions for collective action (Klerkx et al. 2009)

it has been found that they are well suited for addressing
collective efforts and social dilemmas in agricultural eco-
systems (Stallman 2011; Kruger 2016; Tafesse et al. 2020;
Damtew et al. 2021; Galarza-Villamar et al. 2021). As sug-
gested by Ostrom in 1990, further theoretical and empiri-
cal work is still needed, mainly in LMIC. Our model
applies Ostrom’s 8 Design Principles to the context of
managing FAW, a highly mobile pest which character-
izes the public bad and the sustainable and long-term
management using biocontrol represents the common
good to achieve by means of collective and coordinated
actions. Landscape and management are highly frag-
mented in Zambia with around 95% of the 1.6 million
small scale farmers owning less than 5 ha of land (CIAT;
World Bank 2017). The successful invasive behavior of
FAW allows it to quickly spread over large areas of maize
fields, generating a collective action dilemma that is at the
core of this study. Because biocontrol is an external inno-
vation that needs to be introduced to the communities,
we supplemented the model with the criteria required
by communities for an agricultural innovation to be
adopted. We have also included a component related to
innovation brokering and knowledge and information
exchange to indicate that there is a need for processes
that ensure a good match between externally introduced
innovation and conducive conditions for collective action
(Klerkx et al. 2009) (Fig. 1).

Methods

Study area

The study was conducted in Zambia between December
2019 and February 2020. Four farming communities from
two districts were selected: Chintembe and Chimoto
(Mumbwa district, Central province, 15° 02’ S, 27° 06’ E,)
and Hambale and Musika (Siavonga district, Southern
province, 16° 23’ S, 28° 42" E). Mumbwa district has an
annual average precipitation between 800 and 1000 mm
and annual mean temperatures are about 22.1 °C (agro-
ecological zone Ila) (Makondo et al. 2014). Chintembe
and Chimoto are located along the M20 road 11 km
South from Mumbwa town. Hambale and Musika are
located about 25 km North from Siavonga and 180 km
South from Lusaka. Siavonga district has an annual
average precipitation of <800 mm and annual average
temperature of about 26.7 °C (agroecological zone I)
(Makondo et al. 2014). Maize occupies about 84% and
72% of the total area cultivated in Southern and Central
provinces, respectively (Jain 2007).

Study design

To understand collective action dilemmas and local insti-
tutions, we organized focus group discussions (FDGs)
(Additional file 1) in each village engaging farmers with
activities on past, current and potential collective com-
munity activities and trust. With this methodology, we
are seeking the explicit use of group interaction and
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negotiations of different perspectives to generate data
allowing a better understanding of the community struc-
ture and activities (Acocella 2012; Hennink 2013). Fur-
thermore, focus groups were used as an exploratory tool
to gain insights on sensitive subjects such as trust and
power dynamics among the participants and with out-
siders. Relying on a collective dimension and the interac-
tions among the participants, the role of the researcher
is limited to moderator, therefore decreasing the risk of
collecting biased data. Additionally, this method is use-
ful in capturing a comprehensive range of opinions and
experiences about a given topic (Hennink 2013). We
hosted three FGDs for each village dividing the men,
women and youth (less than 35 years old). Homogeneity
among participants helped create a safe and comfortable
environment to discuss openly and prevent inhibition.
Whereas in heterogeneous groups, marginalized people
such as women and youth may not express their views or
answer questions in the presence of participants of differ-
ent hierarchical positions such as men or elderly people
(Acocella 2012; Sieber et al. 2014). Thus, to allow effective
participation and interaction amongst all participants
and to collect unbiased data from all groups, we hosted
the separate FGDs.

The in-depth interviews (Additional file 2) with the
community members were developed in order to collect
complementary information from individual farmers, to
validate focus group discussion data, and to understand
further the socioeconomic context which contains sensi-
tive information that cannot be shared during FGDs. The
questionnaire was designed as semi-structured focus-
ing on basic information about the interviewee, farmer
sources of information, FAW ecological knowledge
and lifecycle. Each interviewee was asked to rate from
1 (not important) to 5 (very important) the importance
of each criterion of an innovation/product when choos-
ing between pest management options; price, efficiency
(ability of achieve an end goal with the limited amount
of resources), safe for health, safe for environment, easy
to apply, immediate action, training needed, recom-
mended by agrodealer or extension officer, easy to find
and generic. The criteria are operationalisation of the
variables presented by Meijer et al. (2015) from charac-
teristics of agricultural innovation (benefit and costs) and
communication and extension to provide attributes to
an innovation in term of pest management (Parsa et al.
2014).

In total, 96 farmers were involved in the FGDs and
an additional 24 participants took part in the in-depth
interviews as shown in Table 1. The participants were
selected with the help of the camp officers and the head-
men from each village and are representative of the two
villages and two districts. The participants were selected
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based on (1) growing maize each rain season, (2) being
an active member of the farming community and (3)
belonging to one of the three groups (men, women and
youth). Both the FGDs and interviews were tested with
farmers from Chilanga district, Mapepe village, located
close to the Zambia Agriculture and Research Institute
(ZARI) and refined to improve the tools. Interviewers
sought informed consent from the participants prior to
collecting and recording their information and the data
was handled in accordance with the General Data Protec-
tion Regulation (GDPR).

Data analysis
The software Atlas.ti (Version 9.1.7.0) was used to ana-
lyze the qualitative data collected through FGDs and
individual interviews with a content analysis. The
answers participants gave were coded and analyzed to
retrieve common themes and patterns in relation to
Ostrom’ 8 DPs (1990). Following coding, data were split
up into meaningful and relevant segments, categorized
and compared and, finally, reassembled again (Boeije
2010). An inductive approach was applied: the codes were
retrieved from the data, using a bottom-up approach
and in vivo coding. A thematic analysis was applied to
identify patterns in raw data as described by Braun and
Clarke (2006). Data sharing codes or implying a com-
mon meaning were grouped and compared. This analysis
was approached with a contextualist method in order to
describe the experiences and meanings expressed by the
participants (realist method) and to fit and contextualize
them in the context of rural Zambia with the support of
theories on collective action (constructive method).
From the in-depth interviews, mean (+SD) calculated
from rating of each criterion of a product for selection,
amount spent on pesticide and amount willing to spend
on biocontrol products were analyzed using a two-sample

Table 1 Descriptive statistics of the participants involved in the
focus group discussions and in-depth interviews

Region Participants

Focus group discussions

Province District Village Men Women Youth

Central Mumbwa Chintembe 8 8 8
Chimoto 8 8 8

Southern Siavonga Hambale 8 8 8
Musika 8 8 8

In-depth interviews

Central Mumbwa Chintembe 2 2 2
Chimoto 2 2 2

Southern Siavonga Hambale 2 2 2
Musika 2 2 2
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t-test assuming equal variances between Mumbwa and
Siavonga districts. Stata software (Version 17.0) was used
for the tests and levels of significance were tested at 1%,
5% and 10% as the basis for rejecting the null hypothesis.

Results

This section provides details on the situation at the time
of the study (rain season 2019-2020) on FAW knowl-
edge, pesticide expenses and biocontrol followed by
results from the FGDs on past, current and potential col-
lective activities, local institutions, and trust, reciproc-
ity and reputation within the communities in relation
to Ostrom’s 8 DPs. This section is also supported and
complemented by qualitative and quantitative data from
the in-depth interviews with farmers on criteria of an
innovation for adoption and knowledge and information
exchange, and innovation brokering.

FAW knowledge, pesticides expenses and biocontrol
During individual interviews, farmers were asked to iden-
tify images of FAW lifecycle stages compared to common
pests of maize in Zambia namely Busseola fusca (Fuller)
(maize stalk borer), Spodoptera exempta (Walker) (Afri-
can armyworm) and Helicoverpa armigera (Huibner)
(cotton bollworm). Identification of the right images is
captured in Table 2 per district and lifecycle category.
Very few farmers identified correctly the FAW stages
when compared to other common pests affecting maize
in Zambia. When asked to organize the FAW lifecycle, in
general, the pupa stage was not recognized or was mis-
placed in the cycle compared to the correct order (moth-
egg-caterpillar-pupa). Follow up questions prompted
the participants to explain further the FAW cycle. Eight
farmers in Mumbwa mentioned that FAW comes from a
butterfly that lays eggs on maize. In Siavonga, four farm-
ers mentioned that eggs were deposited on the maize by
an insect, but only one mentioned the insect was a but-
terfly. In Mumbwa, nine farmers explained that the larva
was going into the soil or turning into a butterfly after
damaging the crop. In Siavonga, four farmers explained
that they either change to another stage or fly away while
the others farmers could not explain where the larva
went after damaging their maize.

Farmers in Mumbwa spend on average 1162 Zambian
Kwachas (K) (+K2,534) annually (range K150-K10,000)

Table 2 Numbers of farmers
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on pesticide depending on the size of their field and type
of crops while in Siavonga, farmers spend on average
K172 (£ K202) annually (range K0-K550) and half of the
participants don’t buy pesticides. No significant differ-
ence was found between districts on the mean amount
spent on pesticides (¢-test=1.3503, p-value=0.1907). All
the 24 farmers mentioned that they would be willing to
try biocontrol options and in Mumbwa would spend on
average K233 (+K180) and in Siavonga K329 (+K123)
for biocontrol products. No significant difference was
found between both districts on the amount they were
willing to pay for biocontrol products (¢-test= -1.5211,
p-value=0.1424).

When asked if they had heard of biocontrol, all 12
farmers in Mumbwa said they had never heard of it while
only two in Siavonga recalled an introductory meeting at
the beginning of the project where biocontrol was men-
tioned as an option to control FAW. The two farmers
described biocontrol as a practice that targets the pest
without harming other beneficial insects and is friendly
to human health and the environment. All 24 farmers
were aware that once one of them see FAW in his/her
field, everyone else has it, demonstrating knowledge on
interdependency amongst farmers.

Applying Ostrom’s 8 Design Principles

DP 1- Clearly defined boundaries. In this case study,
the boundaries described during the study by partici-
pants were not geographical but institutional and tradi-
tional. Each village is under the authority of a headman,
and each headman is part of a committee led by a chief.
The villages involved in the current study consisted of
around 130 households in Mumbwa district and 30-35 in
Siavonga district. However, in Siavonga, households are
located farther apart. Each farmer or newcomer is allo-
cated a portion of land by the headman within the village
to cultivate usually next to their fellow farmers but fields
from different villages may border each other. Under
their traditional community structure, the headman of
each village engages and coordinates members for com-
munal work. Participants involved in the FGDs and inter-
views explained that any collective work or activity is
mostly organized within the village structural boundaries
coordinated by the headmen but that they can showcase
to other villages their experiences and success. If several

Life cycle Egg Larva Adults FAW cycle
Districts Correct Incorrect Correct Incorrect Correct Incorrect Correct Incorrect
Mumbwa 2 10 2 10 2 10 2 10

Siavonga 1 1 3 9

1 1 1 1
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villages benefit from the same resources, such as the
school, clinic or the road, then the committee of head-
men will coordinate the villages’ members to participate
in the tasks required to benefit everyone. Every commu-
nity participant of the study reported to be involved in
some kind of collective work, from cleaning the streets
during the rain season to molding bricks for building the
school, one person per household would be called to par-
ticipate in the activity.

DP 2- Matching rules to local conditions. Farmers
explained having the option to join a cooperative for
agricultural activities however the description demon-
strated dissonance between external rules and the local
conditions. Cooperatives were described by farmers as
a top-down initiative, where communities don’t have
the authority to initiate their creation. Cooperatives
were initiated outside the village either by the govern-
ment or a local NGO where guidelines on the structure
and coordination of the system was provided, but it
was never a local initiative from the farmers in accord-
ance with the traditional community structure. Moreo-
ver, each cooperative establishes a maximum capacity
for the number of members able to join, on average
between 20 and 30 members. To become members,
farmers have to pay a membership, fees and shares. The
amounts for each vary depending on the cooperative
and location but mainly range between K50-K200. In
Mumbwa, farmers from different villages often join the
same cooperative based on shared aptitudes or income
generation activities such as dairy farms or growing
vegetables. To benefit from the Farmer Input Support
Programme (FISP), a government programme that sub-
sidizes farmers with inputs to boost maize production
across the country, cooperatives need to be registered
with the local government. The cooperative struc-
ture was established before the Zambian government
started the FISP in 2002. Since its implementation, the
government work with the established cooperatives to
register farmers and distribute the subsidized inputs
(Burke et al. 2012; Chiboola M., ZARI social scientist,
personal communication). The incentive to become a
member is now mainly to benefit from the discounted
inputs and less exchanges happen between members
[FDG-Men Musika: Fertiliser is cheap when you are in
a cooperative; FGD-Men Chimoto: FISP would never
look at you as an individual]. Few participants men-
tioned learning and sharing new skills and knowledge
on farming practices as a reason to join the coopera-
tive. At the time of data collection in 2019, in Mumbwa,
79% of the participants were involved in cooperatives,
while in Siavonga only 2% were involved since most of
the farmers had to cancel their membership due to lack
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of financial resources. Other reasons mentioned for
not joining or leaving the cooperatives included lack
of interest or time, poor leadership, no tangible ben-
efits, poor communication, and distrust from previous
experience.

DP 3- Collective-choice arrangement. Despite that
no collective pest management project has occurred in
the past, the participants had a strong opinion about the
decision-making process to reach consensus in the vil-
lage. For example, if some community members need to
be selected to take part in an initial training, the head-
man would call a meeting and collectively they would
discuss and agree on who would be the best learners able
to transmit the knowledge to the rest of the community.
This selection process is based on trust, reciprocity and
reputation of individuals from previous experiences.
Even if farmers already have experience on electing exec-
utive committee under the cooperative organizational
system, any decision affecting the whole community is
discussed, negotiated and agreed. Additionally, the head-
man was identified consistently as the key figure in the
development of any project within the community and
would need to be involved and updated regularly.

DP 4- Monitoring system. Farmers agreed that partic-
ipation and activities need to be reinforced by the head-
man. The headman can even create rules and laws for the
benefit of all and apply compulsory participation. Farm-
ers insisted that they will encourage and demonstrate
the benefits to reluctant and non-participating farmers
to motivate them, and can even work on their behalf.
As fields from farmers belonging to the same village are
next to each other, they meet often in the field where they
discuss and exchange information. These informal meet-
ings based on trust and reciprocity can provide a space
for monitoring the pest occurrence and members’ adher-
ence to rules. It was also mentioned that the whole village
should be well informed on the progress and benefits of a
project even if only a few selected farmers will take part
in a training initially or be involved during a pilot phase.
Local and national plant health authorities do not estab-
lish or reinforce rules with incentives or sanctions nei-
ther monitor farmers to ensure proper pest management.
Indeed, poor and unpredictable telecommunication net-
works and road infrastructure in remote rural areas make
it challenging for the national plant health authorities to
regularly monitor farmers’ field and enforce rules.

DP 5 - Graduated sanctions. The headman was again
identified as the authority to call meetings, to ensure
farmers’ participation in projects, and to be involved in
cases where a fellow farmer does not comply with the
rules established by the group. Discussing with the farm-
ers to explain the benefits and encouraging participation
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were the most common solutions proposed, however no
sanctions such as fines or payments where mentioned.
Two groups decided that farmers who do not participate
would be removed from the working group. No sanction
or incentives is implemented by plant health authorities
for pest management as mentioned above.

DP 6- Conflict-resolution mechanisms. Traditional
leaders such as the headman were identified by partici-
pants to organize meetings and play a mediator role when
needed to resolve conflicts [FGD-Men Chimoto: We can
ask the headman to ensure participation through a meet-
ing on condition that the headman should have been
informed of the training, FGD-Men Chintembe: The
headman has the authority to ensure inclusiveness into
the collective effort]. If conflicts can’t be resolved, it will
then be passed on to the senior headman before escalat-
ing to the chief. Extension officers and local governments
do not play a role in conflict-resolution of farming com-
munities (Sheleni H., extension officer, Ministry of Agri-
culture, personal communication).

DP 7 - Minimal recognition of rights to organize.
At local and national levels, plant health authorities in
Zambia provide recommendations on how best to man-
age FAW field-by-field but collective pest management
is not known from any community member. Plant health
authorities rely mainly on local extension officers to pro-
vide advisory services to farmers and distribute insecti-
cides for the control of FAW. Despite the fact local and
national governments encourage the establishment of
cooperatives and provide pest management advice, tra-
ditional leaders are more trusted and respected for the
establishment and enforcement of rules within the com-
munities for a wide range of activities. Government offic-
ers can't overrule chief or headman authorities who are
considered of higher hierarchy.

DP 8 - Nested enterprises. Villages are already divided
in sections in a decentralized manner. Participants men-
tioned that each section would elect one representative
who can be involved in a project or be trained on eve-
ryone’s behalf. They would therefore ensure to reach out
to all farmers of the village [FGD-Men Chimoto: We can
have decentralized group trained to prepare [the prod-
uct] for distribution to the village around the divided
groups].

Rating of criteria of an innovation

During the in-depth interviews, when asked to rate from
1 (not important) to 5 (very important) for selecting pest
management options, on average farmers in Mumbwa
rated price as the most important criterion of a prod-
uct, followed by efficacy and recommended by agrode-
aler/extension officer. In Siavonga, farmers rated efficacy
as the most important criterion, followed by price and
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immediate action. Easy to find and easy to apply were
rated low in both communities as less important for
selection. Significant differences were found between
both districts in rating price, safe for health, immediate
action, training needed and easy to find (Table 3).

Knowledge and information exchange, and innovation
brokering

Within the community
In Mumbwa, gardens were all located in the same area
close to the stream, therefore farmers interact daily
and learn how to grow vegetables from each other. In
Siavonga, where the farmers are farther apart, these
exchanges still happen frequently, mostly involving
women who meet at least once a week at the borehole to
collect water. When facing a problem, farmers will con-
sult their neighbours to know if they are facing the same
issue. The lead farmer was another trusted figure within
the community for agricultural knowledge as they are
selected by fellow farmers to attend training, establish
demonstration plots and to transfer knowledge to others.
Employed by the government, extension officers assist
farmers in improving farming practices to increase crop
productivity and income (Swanson and Claar 1984). The
relationship that extension officers have with farmers is
personal and they have a good command of farmers’ agri-
cultural situation. Being the only regular contact reach-
ing the community, farmers are mainly dependent on
the extension officer for new agricultural knowledge and
updates. Furthermore, the community places itself under
the authority of the extension officer. As for the headman,
farmers want the extension officer to be aware of any pro-
ject they are involved in, recognizing in the presence of
the extension officer a warranty of trustworthiness. The
role of the extension officer focuses mainly on technology
and information transfer. Whenever lead farmers are not
able to advise on agricultural issues, farmers can reach
the extension officer by phone and meet in the com-
munities to provide a solution. For outsiders, the exten-
sion officer is the main technical contact point with the
community concerning agriculture, who will contact the
headman to agree on potential projects in the village.

Outside the community

The agrodealer is a recurrent contact outside the farming
community. While in Mumbwa the participants could
mention several ones, in Siavonga farmers trust only one
agrodealer, which they called by name, underlying a con-
strained relationship. Compared to the extension officers,
agrodealers don’t assist farmers in the communities but
have their shop in town which farmers must physically
visit for advice or to buy inputs. However, this exchange
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Table 3 Results of two sample t-test (means+SD) rating of criteria of an innovation or a product for acceptance by participants from

Mumbwa and Siavonga

Characteristics District n Mean SD t-value p-value

Price Mumbwa 12 5.000 0 5.2035 <0.0000%**
Siavonga 12 3.667 0.888

Efficiency Mumbwa 12 4.583 0.900 0.4098 0.6859
Siavonga 12 4417 1.083

Safe for health Mumbwa 12 4.000 0.739 2.7663 0.0113**
Siavonga 12 2.667 1497

Safe for environment Mumbwa 12 3.250 1.215 04771 0.6380
Siavonga 12 3.000 1.348

Easy to apply Mumbwa 12 1917 1.564 -0.4302 06713
Siavonga 12 2.167 1.267

Immediate action Mumbwa 12 2.250 1.138 -24010 0.0252**
Siavonga 12 3417 1.240

Training needed Mumbwa 12 1917 1.505 -1.8269 0.0813*
Siavonga 12 3.083 1.621

Recommended by agrodealer or Mumbwa 12 4.167 1.267 1.7064 0.1020

extension officer Siavonga 12 3.167 1586

Easy to find Mumbwa 12 1.667 0.888 -2.1828 0.0400**
Siavonga 12 2417 0.793

Generic Mumbwa 12 2.583 1.165 -0.4302 0.6713
Siavonga 12 2.833 1.642

The variables analysed were the rating between 1 and 5 between both district (1 =not important and 5=very important)

*<0.01, ** <0.05, ***<0.001

of information is unilateral: when consulted, the agrode-
aler provides solutions in terms of which inputs to use.
Generally, the farmers consult the agrodealers for chemi-
cals advice only.

Exchanges with outsiders are less frequent than with
the extension officers or agrodealers in the communities
and every contact is strongly mediated [FGD-Youth Chi-
moto: [An outsider] cannot come directly to us. He has
to go to the extension officer first and he/she would go to
the headman and then maybe, FGD-Men Hambale: You
must come through the extension officer, FGD-Women-
Hambale: If someone comes to me, I will send him to
the headman and he will ask for contact details]. Nev-
ertheless, being introduced by the extension officer and
headman would not be enough for an outsider to gain
the trust of the community. Strongly relying on reputa-
tion and peer-to-peer control, farmers want to know eve-
rything about the person and will ask around about the
reputation of this person before accepting to work with
the outsider. Farmers want to be able to track and get in
contact with someone for accountability in order to be
able to trust the person [FGD-Women Musika: We would
need to know where your shop is, FGD- Men Chintembe:
I would trust someone when I know with who he had
worked in the past].

Discussion

Our case study brings to light the critical role of local
traditional institutions in rural Zambia and their poten-
tial to uplift a collective action for the sustainable man-
agement of FAW and other invasive species. In relation
to Ostrom’s 8 Design Principles, our results indicate
that matching rules to local conditions (DP2), collec-
tive-choice arrangement (DP3), conflict-resolution
mechanism (DP6) and minimal recognition of rights to
organize (DP7) are conditions clearly in place and con-
ducive for the successful establishment of a collective
action for the communities involved in this case study.
However, other conditions such as the monitoring sys-
tem (DP4) and graduated sanctions (DP5) were found
weaker and will need further effort to strengthen them
as they are always critical in the success of a collective
action. These findings are consistent with similar stud-
ies (Kruger 2016; Graham et al. 2019; Garcia-Figuera
et al. 2021) suggesting that not all design principles
are as important compared to common-pool resources
management and that relevance of each design princi-
ple may vary according to the cultural context of farm-
ing communities. We therefore suggest that invasive
species management programmes in LMIC should
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recognize and build on local institutions to develop col-
lective interventions.

A well-coordinated pest management project at com-
munity level can bring significant collective benefits
in the long-term such as increased livelihood through
reduced pesticide expenses and vyield losses, and
improved environment, human health and water quality
from reduced pesticide usage (Kruger 2016). However,
highly mobile pests such as FAW can bring considerable
social dilemmas within a farming community where the
main resource is grown in a mosaic pattern over a large
area or when the geographical or institutional bounda-
ries do not match with the boundaries of the pest. In
Zambia, maize is the main staple crop cultivated over
an area of 1.3 m ha (FAO stats 2022) by approximately
1.6 m smallholder farmers where 71.5% own less than
2 ha and 23.8% between 2 and 5 ha of farm land (CIAT;
World Bank 2017). At the onset of the rain, farmers start
planting maize in small fragmented plots neighbour-
ing each other, making FAW’s main food widely avail-
able. For government officers, field boundaries may be
unclear and coordinating actions or monitoring farm-
ers can be challenging due to the high number of farm-
ers spread across a vast territory. The data collected
in our case study clearly showed that farmers abide by
their local community structure which is consistent with
traditional leadership in sub-Saharan Africa and rural
Zambia (Tiwari et al. 2017). The boundaries defined
by participants were consistently related to the village
social structure led by the headman rather than the geo-
graphical boundaries delimiting villages or farms (DP1).
While this demonstrates the strong social capital (shared
knowledge, understanding, norms and rules), a collective
action to manage a highly mobile pest affecting a large
area such as FAW will require consistent effort to over-
come mismatches between institutional boundaries and
agroecological/geographical boundaries. Nevertheless,
the well-defined leadership through the headmen com-
mittee and the chiefdom territory can provide a founda-
tion to establish the geographical limits of the collective
action. While spraying pesticides can be done in an unco-
ordinated manner, at farm level, according to habitat
fragmentation and land boundaries, the implementation
of biocontrol practices is more effective on a regional or
landscape level under coordinated actions (Cumming
and Spiesman 2006; Stallman and James 2015; Baben-
dreier et al. 2019).

Conservation biocontrol through habitat management
may not be immediately effective opposed to the pref-
erence indicated by farmers: the restauration of natu-
ral enemies’ populations may be seen only after a few
years. In this case, some farmers may decide to opt-out
of the collective action if the outcomes are not readily
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observable, putting pressure on the commitment of other
farmers or even creating a counterproductive situation.
Indeed, developing a biocontrol scheme requires an effi-
cient governing system. Farmers must jointly adopt field
management and agronomic practices, such as decreas-
ing pesticide applications, using chemicals that are non-
toxic to natural enemies, keeping natural habitats and
creating refuges and corridors for natural enemies (Gurr
et al,, 2000; White, 2019). In the case of FAW, even if the
majority of farmers cooperate and follow rules, only one
field not adequately managed can be enough to serve as a
breeding spot to reinvade neighbouring fields.

As discussed by Ostrom (2009), if the initial rules
established are not congruent with local conditions
(DP2), the sustainability of a collective action might not
be achieved. Our study clearly demonstrates that a col-
lective action would be best initiated by communities due
to the traditional community structure where rules com-
ply with local conditions and stakeholders’ interests and
attributes (Garcia-Figuera et al. 2021) and that national
and local governments can’t interfere with traditional
leadership (DP7). While cooperatives have contributed
benefits to many isolated farmers in Zambia to reduce
poverty (Pinto 2009; C)jermark and Chabala 1994), their
institutional structure doesn’t acknowledge the rich
social capital existing in the communities, as observed by
Akwabi-Ameyaw (1997) in Zimbabwe. Cooperatives are
defined as “associations of persons who have voluntarily
joined together to achieve a common end” (ICA 1995).
It represents a legacy of the economic progress expecta-
tions following the end of the colonial regimes (Bowman
2011). Indeed, farmers joined cooperatives according to
the money available for membership and with the main
interest of accessing the subsidized inputs from the FISP.
As an example, merging farmers from different villages,
the peer-to-peer control, monitoring of the resource and
users, and knowledge exchange based on trust, reciproc-
ity and reputation are missing. Exchange, cooperation
and consensus happen within the village traditional insti-
tutions rather than between members of the same coop-
erative. Furthermore, not only are cooperatives external
initiatives but they also have a maximum number of
participants which doesn’t promote equality, especially
towards youth who are often unable to afford the mem-
bership fees. In the case of biocontrol and pest manage-
ment in Zambia, a community-based initiative developed
and implemented in accordance to local social conditions
would be more effective than relying on cooperatives to
implement rules and a monitoring system.

The traditional power inherited by the headman would
play a central role in the development or modification
and enforcement of the rules agreed by the members
(DP3). Although the headman is not recognized as a
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source of agricultural information, any rules created and
enforced by him will be respected. In the establishment
of a collective action, working rules must be agreed upon
by the community in order to set up a system based on
mutual trust promoting the required actions. Setting up
such a system increases transactional costs in terms of
resources and time (Oliver and Marwell 1988). Our study
demonstrated that the involvement of local leaders, such
as the headman, can offset these costs (Ostrom and Ahn
2009). The collective-choice arrangements, reflecting the
strong social capital of the communities in rural Zambia,
is a paramount condition required to be in place for effec-
tive collaboration. Another important condition to sus-
tain trust and reciprocity needed for a collective action is
the prerequisite of a monitoring system implemented by
the resource users rather than external authorities (DP4).
While farmers trust each other in equally participating in
a project, the peer-to-peer control is maintained through
traditional authority represented by the headman. If
farmers do not abide to rules commonly agreed, the
headman can intervene as a mediator who also secures
the conflict-resolution mechanism in the community
(DP6). Furthermore, farmers value the promotion of
incentives rather than sanctions to motivate other farm-
ers to join or remain in a project using demonstrations
or even working on their behalf (DP5). Besides, farm-
ers constantly insisted on the need to receive progress
updates or mentioned they always receive. Monitoring
systems, graduated sanctions and conflict-resolution
mechanisms are strongly intertwined and deeply rooted
within the traditional leadership of the villages. These
principles are of paramount importance for the effective
collective management of FAW due to its high mobility
and reproductive rate, characteristics which can escalate
quickly into outbreaks if no control method is applied.
As farmers from the same village own fields next to each
other, it becomes easier to jointly monitor the resource as
well as exchanging knowledge and lessons learned.

When FAW was first detected in Zambia late 2016, the
government quickly acted to support farmers mainly in
distributing free chemical pesticides to spray (Kansiime
et al. 2019). However, due to the lack of knowledge on
how best to manage this new invasive species, its impres-
sive ability to invade, rapid establishment and lack of
diapause in Africa, its management quickly became
challenging. Therefore, the role of the extension officer
became crucial in communicating new knowledge on
the pest. Extension officers have regular contact with
the communities and are seen as an important source
of information in agriculture. The communities already
trust the extension officers; they have a good reputa-
tion for responding to requests, and their involvement
in any new project is mandatory. Indeed, the trust and
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reputation that extension officers have gained in the
communities can considerably reduce the transaction
costs needed for a collective action implemented as a
top-down approach. Being in charge of various villages,
extension officers can connect and coordinate different
communities who don’t normally have regular interac-
tion consequently increasing the outreach and impact of
the coordinated actions. Additionally, their endorsement
for a product or an innovation is highly valued by farm-
ers for acceptance. Agrodealers were also identified as a
local source of knowledge and information when farmers
face problems with their crops, however their role could
not support a collective action within the community
due to their remote location and sporadic interventions.
Nevertheless, they can contribute in increasing collective
knowledge and valorizing collective pest management by
providing nature-based advice or alternatives to chemi-
cal pesticides that meet communities’ requirements.
These results highlight the need to upscale training and
capacity building of extension officers and agrodealers
on ecosystem services, natural pest control and biocon-
trol products as they are the main source of information
in agriculture (Constantine et al. 2020). Within the com-
munity, the continuous exchanges between farmers are
an important channel for the creation and development
of local knowledge (i.e. know-how, practices, skills devel-
oped by people sharing history and experiences (Beck-
ford and Barker 2007)) supporting a collective action, as
well as trust, reciprocity and reputation.

Most farmers had never heard of biocontrol as a pest
management option and heavily rely on chemical pesti-
cides as their main control method for FAW. Farmers
showed willingness to pay for biocontrol products with
limited knowledge on the innovation indicating open-
ness to try new pest management practices. The limited
knowledge on FAW lifecycle and differentiation with
other common pests could be a constraint for a collective
action as a good command of the pest cycle and behavior
is crucial for its management in relation to interdepend-
ency between farmers (Tafesse et al. 2018). A previous
study in Zambia (Kansiime et al. 2019) showed that 91%
of farmers could recognize FAW caterpillar and damage
however the images were not compared with other pest
species. The current national extension system focuses
on a specific topic when a new problem arises rather
than looking at the whole agroecological system. Provid-
ing further training on biocontrol and the various pests
found in agroecological systems would increase collective
knowledge on the different management options focus-
ing on the system rather than a single pest where farmers
could collectively decide which option suits them most.

The linear model of innovation assumes that knowl-
edge is generated by innovators, transferred by
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communication workers and applied by farmers (Leeu-
wis 2004). However, many studies have shown that char-
acteristics of an innovation, perceptions and attitudes
of farmers, and local socioecological conditions can
influence its adoption or dis-adoption (Leeuwis 2004).
As Mumbwa and Siavonga are located in different agro-
ecological zones, the social and ecological conditions are
therefore different. Siavonga region receives much less
rain than Mumbwa and farmers have to rely on drought-
tolerant crops such as sorghum, millet and cowpeas
whereas Mumbwa farmers enjoy a longer rain season and
can even grow vegetables during the dry season due to
streams around gardens. Consequently, both communi-
ties expressed different preferences in the criteria of an
innovation or product for its selection. In Mumbwa,
when deciding to buy a product, farmers consider the
price as their priority compared to efficacy in Siavonga.
Furthermore, Mumbwa participants gave more impor-
tance than Siavonga participants to “safe for health” and
“price”. However, Siavonga rated higher than Mumbwa
the criteria “immediate action’, “training needed” and
“easy to find” The distance from the communities to the
agrodealer in Siavonga (at least 25 km) and the costs
in transportation may partially explain the preference
for a product that is easy to find and rapidly effective.
In Mumbwa, various NGOs have worked in the region
promoting alternatives to pesticides and conservation
agriculture where safe products for health and environ-
ment have been scored high in importance. Finally, both
communities rated recommended by extension officer
or agrodealer an important determinant for acceptance
supporting the trust and reputation that farmers have
towards them. These findings support the theory that
extension needs to move away from the “one-size-fit-all”
dissemination methodology and should be redefined in
terms of supporting the processes of co-designing inno-
vation based on social and ecological conditions (Leeu-
wis 2004; Kruger 2016).

Conclusion

This study fills a gap in understanding social and institu-
tional conditions in LMIC needed to sustain a collective
action that aim at controlling a highly mobile and inva-
sive pest. Under the traditional leadership of sub-Saharan
Africa, we found that matching rules to local conditions,
collective-choice arrangement, conflict-resolution mech-
anism and minimal recognition of rights to organize are
conducive conditions already in place for the successful
development of a collective action for the management
of a highly mobile and invasive pest. Our study high-
lighted the need to understand and build on the local
institutional structures in collective pest management,
especially for biocontrol schemes where the long-term
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benefits are more effective on a landscape level and can
take time to be appreciated. If properly coordinated, bio-
control schemes implemented at the landscape level have
the potential to significantly reduce the need for apply-
ing pesticides, and in this case, increase food safety and
security and the livelihoods of vulnerable marginalized
farmers. However, further empirical research and imple-
mentation trials are needed. Indeed, this next step can
be challenging for research purposes due to the large
area and extended period needed to test the innovation.
To successfully achieve collective management of highly
mobile and invasive pests, we therefore recommend
developing a long-term plan with farmers to progres-
sively phase out pesticides and transition towards natural
pest control provided by ecosystem services where chem-
icals are the last resort.
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