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Abstract
How can we reach farmers with ecologically-based Integrated Pest Management (IPM) while creating a supportive context

for adoption by farmers and relevant stakeholders? We assessed a new method – Adaptive Learning Networks – from

reflections of varied stakeholders, farmer diaries and survey data procured in 2016 and 2019. This method is different

from current IPM approaches, in that an explicit focus of learning was on engaging other stakeholders to enable adoption

by farmers. For example, access to IPM products, providing new services and creating new policies were intrinsically part

of the learning process, alongside learning on-farm IPM techniques. The main consideration is to ease farmers from being

locked into the practice of pesticide reliance. The method facilitated multi-stakeholder learning that led to an adaptation

of the IPM tools and techniques in the case examined. The priority of this new method was socio-technical learning,

wherein varied stakeholders modify interactions, incentives and arrangements relating to pest management.

Comparing 2016 and 2019 data, there was a significant reduction in insecticide, herbicide, and rodenticide applications.

The observed outcomes indicate the potential to enable a wider spread of IPM technologies.
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Introduction
Integrated Pest Management (IPM), a method that provides
ecology-based solutions for pest control to farmers, has
been promoted for over 50 years. Many proven IPM techni-
ques show increased yields and profits for farmers with
reduced insecticide use and biodiversity benefits (Way and
Heong, 1994, Huan et al., 1999, Heong, 2005, Waddington
et al., 2014). Rejesus (2019) documented an average of
13% increase in yield and 19% increase in profit from
IPM. Moreover, IPM is introduced to farmers through a
variety of approaches, including farmer field schools,
media campaigns and national programs (Escalada and
Heong, 1993, Winarto, 2005, Huelgas et al., 2008, Rejesus
et al., 2009). While IPM has proven to have substantial eco-
logical and economic value, adoption by farmers remains
overall low (Orr, 2003, Parsa et al., 2014). Researchers and
extension agents introducing IPM to farming communities
are typically successful when sustained support can be
offered (Van den Berg and Jiggins, 2007). In places where
IPM was successfully introduced, results and best practices
in one location often appeared difficult to reproduce else-
where (van de Fliert et al., 1995, Van den Berg and
Jiggins, 2007). Moreover, handling crop pests through IPM
is often opposed by a consolidated network of pesticide

producers, traders and advisors, creating supply-chain
dependencies that are difficult to step away from by
farmers, resulting in a situation characterised as pesticide
lock-in and a pesticide treadmill (Teng, 1994, Peshin et al.,
2009, Schreinemachers et al., 2017. Flor et al., 2020,
Deguine et al., 2023). A common lesson from these studies
is that successful implementation of IPM requires changes
beyond the farm level, creating incentives and rewards for
a wider set of stakeholders to support IPM. However, IPM
introductions are mostly and primarily targeting farmers
through participatory methods.
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This paper presents results from a study on the recent
introduction of IPM practices for rice cultivation in
Cambodia that addressed rice farmers as well as input
supply-chain and service stakeholders. Our findings point
out two dynamics that may increase the future uptake of
IPM practices. These are, firstly, the development of alter-
native commercial products that offer benefits to both
farmers and supply-chain stakeholders. Examples from
our study area are biological control products and mechan-
ical seeders that made farmers and service providers cooper-
ate rather than dissociate. Secondly, IPM practices overlap
with a wider change towards more sustainable agriculture.
The project-initiated experiments aimed at a reduction of
chemical pesticides also stimulated reduction of other
inputs such as seeds and irrigation water. In other words,
IPM benefits from a more general, slow but progressive,
disintegration of the chemical-reliant, external-input
driven intensification paradigm in agriculture.

IPM was introduced in Cambodia in 1993 through the
common implementation method of Farmer Field School
(FFS). The IPM program in Cambodia was supported
largely through a series of Food and Agriculture
Organization projects, based on experiences of IPM-FFS
in Indonesia (Winarto, 2004). Since 1996, Cambodian
IPM projects have primarily followed the FFS approach,
with a total 8769 IPM-FFS implemented by 2015 (Chhay
et al., 2016). In FFS, farmer groups have facilitated learning
activities coordinated by an extension agent. The focus of
learning is on pest identification, thresholds and IPM
options. There is an established IPM network composed
of extension staff and trained farmers who could facilitate
FFS all over the country (Chhay et al., 2016).

IPM-FFS emphasizes monitoring pests, experimenting
with tactics, and empowering farmers through a ‘farmer
first’ approach for pest management decisions (Matteson,
2000). In many cases, particularly with small, well-
facilitated groups, there is documented success in adoption
and economic benefits to farmers (Winarto, 2005, Chhay
et al., 2016). Further spread of IPM practices depends on
the effectiveness of trained farmers to establish follow-up
IPM-FFS activities, such as field schools with non-trained
farmers (Rebaudo and Dangles, 2011). This farmer-
centered lateral dissemination mechanism typically requires
continuous facilitation support from external agencies
(Rejesus et al., 2009, Horgan, 2017, Wyckhuys et al.,
2019).

IPM includes a range of pest and disease control techni-
ques aimed at reducing reliance on synthetic chemical pes-
ticides (Stern et al., 1959, Pretty and Bharucha, 2015). The
difficulty in helping farmers shift out of pesticide use is in
establishing a clear and observable connection between
minimal application and maximum effects on their product-
ivity, health and ecosystem, for example by assessing
effects against an economic threshold (Matteson, 2000).
Farmers can weigh the cost of intervention against potential
economic losses if nothing is done about the pest problem.
Threshold analysis has been proven knowledge-intensive,
with farmers often swayed towards pesticide use by external
influences such as pesticide marketing (Morse and Buhler,

1997, Horgan, 2017). One way to further support farmers
in reduced pesticide use, is to involve other stakeholders,
such as traders and extension officers.

International traders, national and village-based dealers
of agro-chemicals clearly benefit from selling pesticides.
Pesticide imports for agricultural application in Cambodia
increased in the 2000s (Matsukawa et al., 2016, FAO,
2017). In farming communities, the use of pesticides
differs per area. Insects and diseases are not equally distrib-
uted across the country, leading to differentiated use pat-
terns of insecticides, molluscicides, herbicides or rat
poison (Matsukawa et al., 2016). Changes in the agronomic
practices of farmers, for example shifting from transplant-
ing to direct seeding, varying seed rates, higher or lower fer-
tilizer application, and varying irrigation regimes also
influence farmer reliance on pesticides (Flor et al., 2019).
Moreover, traders and extension officers are influential
sources of information and providers of inputs that push
Cambodian farmers to maintain pesticide-reliant practices
(Flor et al., 2020). As the introduction of IPM continued
over the past two decades, pesticides also became wide-
spread, and for most farmers have become the preferred
technological option for addressing pest problems.

In an attempt to reverse this trend, the Adaptive Learning
Network (ALN) approach was launched under the umbrella
of a project called Ecologically based Integrated Pest
Management for Rice in Cambodia (EPIC), funded by
the US Agency for International Development out of
the Feed the Future Innovation Lab for Integrated Pest
Management.1 A common element between ALN and
IPM-FFS is early engagement of farmers through on-farm
technology trials. What makes the ALN method different
from IPM-FFS is the explicit attention and engagement of
other stakeholders such as service providers, producers of
IPM products, extension officers and government officials.
The model emerged out of a perceived need to find ways for
IPM technologies to be better integrated in the context of
Cambodian agriculture.

The ALN method was pilot-tested for adapting rice IPM
in Cambodia over a three-year period (2016–2019).
Researchers, extension staff and key farmers in the
project tested varied management options for rats, snails,
insects, weeds and diseases following the IPM framework.
The ALN method combines adaptive learning by farmers
about IPM tools and techniques with learning among
other stakeholders about supportive arrangements required
for practicing IPM. Such learning is not limited to farm
and technical concerns, but also involves learning about
policies, enabling access to IPM products and knowledge
outreach (Figure 1). ALN also includes learning about
what it implies for coordinating on-farm activities or enhan-
cing cooperation among farmers, as well as learning about
how external stakeholders can support change in practices.
This paper presents an analysis of the activities in the
ALN method and what learning outcomes emerged for
the stakeholders that were engaged. Moreover, we exam-
ined the main outcomes of the project in terms of changes
in pest and disease control practices and reduction of pesti-
cide use.
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Methodology

Analytical framework
Our analysis of the outcomes is based on a practice-oriented
methodology of technology adoption. Rather than consider-
ing adoption as a rational decision-making process by
farmers, the adoption process gets shape in a varied set of
interactions in practice, implying several performative
learning effects that result in adjusted farming practices
(Maat and Glover, 2011, Stone, 2016, Glover et al.,
2020). Interactions take places in diverse settings, in
farmers’ fields as well as in other places such as central
meeting spots in the villages, agro-shops or meeting
rooms of companies, extension services and other organiza-
tions involved. Consequently, learning about IPM is about
making sense of pest management and evaluating the
opportunities and constraints it offers in the practical
setting of the farm, which extends beyond the field. Most
learning theories acknowledge the performative compo-
nent, captured by learning-by-doing or experiential learn-
ing. However, these notions typically refer to knowledge
derived from performance, whereas a practice-based meth-
odology looks at knowledge as performance (Richards
1989). The methodological implication is to analyze the
learning effects of projects in terms of follow-up activities.
Most projects anticipate change at the farm level. However,
farmers are not the only actors who are supposed to adapt.
Coordination to manage pests beyond individual plots, or
access to IPM products and services require other actors
to make changes as well.

Our approach resonates with the IPM paradigm pre-
sented by Dara (2019), also emphasizing wider socio-
economic, regulatory and organizational aspects that
support and facilitate IPM innovations, thereby also high-
lighting business and sustainability aspects including
sellers, producers and consumers. The wider arrangements
in support of farm level change and the actors responsible
for these arrangements are often framed as an innovation
system (Biggs and Matsaert, 2004). The functions of an
innovation system include entrepreneurial experimentation,
knowledge development and diffusion, influence on the dir-
ection of search, market formation, legitimation and

resource mobilization (Hekkert et al., 2007, Bergek et al.,
2008). The ‘system learning’ is equally performative and
can be analyzed through the activities of the various
‘system actors’ that enable embedding of IPM methods in
rice farming practices.

Based on this conceptual approach, we studied the ALN
method as a series of project activities from which other
actors follow-up with further action. Projects imply a tem-
porary shared practice of farmers, extension workers,
experts and other relevant project actors, typically consist-
ing of meetings of one or more days in a particular field
location. The outcomes of such meetings envision and
require further activities, for example farmers applying
IPM in their fields. The activities in which IPM technolo-
gies are applied and continually used by farmers comprise
one type of follow-up activity we studied.

The other type of follow-up activity is based on the
lessons other stakeholders in pest management take from
project events. These stakeholders are researchers involved
in the farm experiments, traders looking for new inputs to
sell and government officials working on budgets, rules,
planning and monitoring. These stakeholders, it is expected,
support farmers in using IPM in their fields and help to
expand IPM activities across locations. We term these sup-
portive activities as system activities, as they are beyond the
domain of individual farms.

The objective to make IPM technologies become embed-
ded in farming routines requires influential changes across
diverse aspects of pest management on-farm and beyond.
The follow-up activities of stakeholders, relating to
project programming, services, contractual arrangements,
or legislation, facilitate the further development of IPM
activities in a wider set of farming practices. In other
words, the innovation system is adapted to fit components
supportive of the farmers adopting IPM, for example with
new policies or accessible IPM-related services that
provide value for money.

Methods
We documented project activities implemented under ALN
from 2016–2019, covering five cropping seasons of rice.

Figure 1. Activities under adaptive learning network method included observation and reflection by farmers on trials of pest

management technologies (a), and discussions by stakeholders from the government and private sector after observing the results of

the trials (b).
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The activities consisted of farmer meetings and participa-
tory experiments in two villages in each of four provinces:
Battambang, Kampong Thom, Prey Veng and Takeo
(Figure 2). We examined documents such as reports,
meeting notes, and protocols to understand events and
activities over time, the type of learning this involved,
and who was involved in the activities.

Part of the ALN method is to have reflection meetings
with farmers at the end of the season. In these meetings,
invited farmers are divided into groups of cooperators
(farmers who implemented trials in their fields) and obser-
vers (farmers who visited the trials, or were not directly
involved). The reflection, initially facilitated by researchers,
is guided by four questions. What did farmers try (or
observe)? What worked for them? What did not work or
could be improved? What will they do (or change in their
practice) in the coming season? The answers to these ques-
tions are shared with each other and documented.
Documents of 28 reflection meetings from 2017 to 2019
were analyzed using open coding in Atlas.ti (ATLAS.ti
Scientific Software Development GmbH, 2013), to
surface the themes that emerged in the discussions by
farmers.

We collected data of farming activities by using farmer
diaries, by which farmers recorded their farm practices
and inputs. Extension staff collected the diaries (and sup-
plied new ones) at least twice per season. The farmers
reported in the diaries on what they had done in the trial
plots, what inputs used, its costs as well as information
about the crop and selling the harvest. Data from diaries

were obtained from a total of 56 rice farmers who imple-
mented researcher-led trials in 2017, and 72 rice farmers
who implemented farmer-led trials (modified trials
according to preferences of the farmers) in the 2018 wet
season, and 2018–2019 dry season. Farmers in one site
in Takeo implemented rodent management technology
only, while other farmers integrated a wider set of IPM
practices in their trials. The activities of the farmers in
these groups were separately analyzed using descriptive
statistics.

The system activities were studied by participant obser-
vation of the first author, complemented with a review of
project reports. Additionally, data from two surveys were
used to establish overall effects, using various indicators
(see Table 3) for changes implemented by the farmers.
The first survey was a baseline study in 2016. A follow-up
survey was done in 2019 among the same farmers as in the
2016 survey (N = 234, matching N = 199). These farmers
were from eight villages in Prey Veng, Kampong Thom,
Battambang and Takeo. Respondents were randomly
selected from the list of farmers maintained by the Village
Leader. We predominately included data from the 199
respondents (matched pairs) included in both 2016 and
2019 surveys, but also analyzed the full dataset from the
2019 survey separately. Both surveys address the type of
pest control practices farmers used in their fields, the
2019 survey specifically asking about adoption of IPM
practices. A paired sample T-test was used to assess the dif-
ference in pest management practices, particularly in the use
of pesticides.

Figure 2. Map locating two villages as study sites in each of the four provinces in Cambodia.
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Results

The conceptual division of project activities between farm
activities and system activities appeared less clearcut in
reality. Indicators are the relative presence of different
types of stakeholders, the location where activities took
place and anticipated follow-up action. For example, an
evaluation meeting with predominantly farmers and a
smaller number of other stakeholders can be held in the
village and have extension support as main item for

discussion, anticipating follow-up action from extension
officers. The activities plotted along a timeline (Figure 3)
therefore provide an indicative division rather than a
precise classification.

The field level activities started with assessments of the
ecological conditions and pest problems that farmers
experienced and identified as priority. Farmers who volun-
teered to cooperate with extension staff and researchers
made decisions on which potential technologies would be
of interest for experimentation. Several field experiments

Figure 3. Timeline of learning activities implemented from 2016–19, showing activities at system (left) and field (right) level; DS = dry

season, WS = wet season, EWS = early wet season, BCA = biological control agents, PIPA = participatory impact pathway

assessment, NAL = National Agricultural Laboratory.
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were set up to induce cycles of learning on the tools and
techniques. The experiments on tools and techniques for
IPM differed in each village, as the decision was based on
ecological conditions, key pest problems, and choice of
the farmers. The activities involved farmers who implemen-
ted trials, researchers, extension staff, and farmers observ-
ing the trials

The facilitation of the trials followed an adaptive
research process in which experiments in the first two
seasons were mainly initiated by researchers and in subse-
quent seasons mainly initiated by the farmers based on
evaluation of the earlier experiments (cf. Chou et al.,
2020, Stuart et al., 2020). The trials in the first two
seasons covered an array of IPM techniques. Project staff
compared the results with the current practices of the
farmers in the village (based on the 2016 survey), as well
as the common practice of the farmer doing the experiment.
In the case of rodent management trials, which were imple-
mented by groups of selected farmers, there was additional
participation by farmers with plots neighbouring the experi-
mental plots. Hence, farmers’ preferences for additional
pest control practices or adjusted techniques to include in
the following season played an important role in the subse-
quent trials.

The extension staff and researchers organized two to
three field visits and one field day per season for farmers
to observe the experiments. Farmers implementing the
trials had opportunities to interact with each other and
compare their respective practices. The field days were
facilitated learning activities to allow observation and
sharing between those who implemented on their fields,
and the other farmers. Reflection meetings were set up
after every season to bring together what was learned
over that learning cycle. Notably, the farmers implemented
experiments on 0.5 ha plots (SE Mean 0.03), which was on
average 21% of their total cultivated area. Over time, these
learning activities explored other concerns such as working
with service providers, finding incentives for community
action on rodents or designing and selling traps.

While the field learning activities were ongoing, there
were system level activities to support the farmers to
adopt IPM techniques. These included addressing con-
straints in the mechanism to legally register and sell bio-
logical control products in Cambodia. During the years
the project was operational, there was no formal registration
for BCA, resulting in limited access to these products (The
Regional BCA Expert Working Group, 2014). The learning
activities included fora on the production and trade of bio-
logical control agents (e.g., predators, entomopathogenic
fungi, biopesticides). Activities were also implemented to
involve policy makers and traders to observe the adaptive
trials. The activities targeted at policy makers urged them
to help importers, producers and traders to register BCA
for selling. There were other activities that targeted inter-
mediaries such as extension staff and non-government orga-
nizations (NGOs). Lastly, there were trade fairs, involving
IPM-related businesses, which targeted linkages between
manufacturers or traders of IPM products, retailers and
service providers in the villages, as well as farmers. In

other words, the trade fairs aimed to establish and
strengthen linkages across the supply chain for non-
chemical pest control products.

Learning by farmers
From the reflection meeting documents covering 2017–
2019, three general thematic categories emerged. These
are learning about the IPM techniques and products, learn-
ing about implementing trials and coordinating community-
wide pest management activities, and learning about trial
results.

Learning about the IPM techniques and products
involved farmers selecting options, deciding on the trade-
offs between options, exploring the fit with other agronomic
practices, modifying the technologies, assessing the experi-
ence of those who implemented and those who observed,
and understanding the costs and accessibility of the
options (Table 1).

The farmers implementing or observing the trials had
preferred options, but also provided critical discussions on
implementation, proposing modifications and ways to
incorporate IPM techniques and/or products with other
practices. Examples of IPM techniques are direct seeding
using line seeders, integrated weed management, use of
BCA or no insecticide spraying (‘do nothing’). The discus-
sions helped farmers to select what worked and how to
adjust the underlying techniques. Examples of points
brought up in the discussions are ‘need to strain the BCA
after mixing with water,’ ‘application at specific time of
the day,’ ‘timing weed management with availability of irri-
gation water,’ and ‘need for proper leveling of the plots.’
For rodent management, farmers had significant modifica-
tions on the use of a Trap Barrier System (TBS), which
can be a community TBS or a linear TBS. The first type
consists of a 20 × 20m2 strategically located field fenced
with plastic where rats are trapped before entering other
fields. The linear TBS is a 150 m plastic fence alongside
the rice fields that direct rats towards traps at certain
points (see Stuart et al., 2020 for details). The farmers pre-
ferred their plots to be completely fenced with plastic,
managed by one farmer and suited for a small group.
Following the trials, farmers also reflected on the costs.
Some farmers only compared the costs of pesticides with
the IPM alternative, the latter often being more expensive.
Other farmers also noted the higher yield and reduced appli-
cation of pesticides that gave them a net income gain.

Farmers also critically examined the results of the tech-
niques (Table 1). For example, farmers considered the
number of dead rats as the indicator of success. However,
some experiments implied a lower direct catch, such as
control tactics that suppress rodent populations at the start
of the season or using a rodenticide that results in rats
dying in burrows and out of sight. Such observations
made them critical to the technology. Overall, meetings
and experiments had positive effects on organized activities
and coordination of rat hunting. Village leaders often parti-
cipated in the meetings, leading to discussions about adjust-
ments of local policies that would help the collective pest

Flor et al. 205



control activities. Moreover, farmers felt more confident to
raise issues about input supplies and prices for their harvest.
The meetings also revealed issues that were not addressed
in the experiments, for example the difficulty in identifying
weeds and diseases.

Furthermore, farmers examined the outcomes of the
trials not only in terms of yield and damage, but also with
respect to labour dynamics within households, for
example being able to sleep at home rather than being out
trapping rats at night, and perceived health impacts for
being less exposed to chemicals. More importantly,
farmers were able to identify other concerns that they
want to address such as other pests, as well as other ‘solu-
tions’ they want to try which they had observed from the
IPM trials of other farmers.

Learning by system stakeholders
There were observable changes made by non-farmer stake-
holders engaged in the learning activities. Not all the

changes were directly linked with the farm level activities,
but were implemented while field experiments of farmers
were on-going. We examined this system level learning
against the framework of innovation system functions
(Table 2). One change is that the government released a
Prakas (policy note) in 2018, which provided for BCA pro-
ducts to be legally registered in the country. This provides
legitimation for selling and promoting these products for
use by farmers. The government did not implement direct
preferential policies, for example subsidies, for biological
control products. There were promotion activities to
support the existing business stakeholders around IPM pro-
ducts, most prominently the field days and trade fairs that
extension staff organized together with companies selling
BCA and mechanical seeders.

By 2019, at least three BCA companies started to locate
their staff in provinces and explore local branch dealers
(Table 2). One farmer bought BCA in bulk to be used by
other neighbouring farmers. Moreover, a variety of rat
traps, designed and made by small craft businesses, were

Table 1. Themes and topics that farmers discussed during the reflection meetings over four cropping seasons, 2017–2019.

Theme Key learning topics Theme Key learning topics

Techniques and

trade-offs with

technology

How to use BCA Doing the trials Increase the size of the plots

Weed management for direct

seeded rice (labor, water, timing

of application, etc.)

Adjust the timing of the experiments

(in the planting season)

How to use seeders, line sowing Failed experiments

Seasonal differences affecting which

rodent management is better

Location matters: technology suited in

an area in the village, need to test in a

different area

Length/size of trap barrier system

versus costs

Coordination between researchers and

cooperating farmers

Lower seed rate but risks with

flooding

Limitations of the learning

process

Lack knowledge on disease

identification

Preferred IPM options Liked Beauveria and Prev Am Do not see dead rats

Liked T3 (do nothing for insects) Do not know how to identify weeds

Do not like drum seeder Do not know proper pesticide use

Some treatments still have lots of

weeds (did not work)

No use of growth regulator/hormones

Agronomic practices Adjust seed rate Organizing the farmers Formed committees for rat

management

Need good land leveling Difficulties in coordination (for sowing

and rat management)

Adjust fertilizer rates Need to learn to coordinate with

markets

Modifications to the

technologies

Modifications to the TBS Experience of

non-cooperators

(observing farmers)

Inclusion during activities

Need to change dosage for

rodenticide

Lack of clarity (during the cropping

season) for observer farmers

Need to adjust IPM practice to the

variety used by farmers

Liked the community action (all can

join)

Need complete fencing (TBS) Cost and access of IPM

products

Costs of BCA versus pesticide

Adjust distance between rows for

seeder

Some products (e.g., recommended

herbicides) cannot be bought in

town

Do not know where to buy

New problems, new

technologies of

interest

Different pests come up Outcomes Benefits for health

Need to integrate management

options (not individual IPM

components only)

Low damage, better yields

Involvement of women

IPM options tested in another

village may be useful

Husbands can stay at home, less labor

(with CTBS)
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manufactured and sold to farmers. This further increased
locally-based trade networks across provinces.
Manufacturers of mechanical seeders were particularly
active, adjusting their products to meet the preferences of
farmers. These seeders, rotating drums connected to a
tractor, releasing a few seeds at a fixed distance creating a
lined crop pattern. Farmers have options for 15 cm or
20 cm distance between rows. The sale of seeders was
bundled with BCA. This is an incentive to sell machines
with a discount, giving free BCA. These activities indicate
an interest among varied stakeholders to create a market for
BCA. Farmers who bought seeders also get technical advice
on how to use BCA with the seeder. Moreover, service pro-
viders started to offer services for applying a BCA to
address disease in rice, Trichoderma, alongside seeding
services.

At the national level, a laboratory that checks pesticides
for registration has trained staff to start quality analysis of
BCA products submitted for registration. The actions of
the stakeholders also create positive indirect benefits, in
that a broader network of actors is sharing recommenda-
tions aligned with IPM to farmers. There were limited activ-
ities or expansion of trade and investment on IPM among
those in the network. Some companies have invested in
sales agents placed in the province, to promote BCA to
farmers. The technicians and BCA sales staff, however,
struggled to expand the market.

Pest management practices of farmers
A key question is whether the ALN method increases the
use of IPM. We compared practices across key principles
of IPM that were covered in the learning activities to
examine the learning and modifications made by farmers
involved in ALN from 2017 and 2018–2019 (Table 3).
We also examined the practices of randomly sampled

farmers (N = 324) in the same villages for observable
uptake of IPM practices (Last column in Table 3).

In 2017, farmers selected options for each IPM principle,
which then became the take-off point for recommendations
and sharing across the groups. These practices were selected
by farmers from researcher-designed experiments.
Modifications made by farmers were evident in the 2018–
2019 practices in terms of tool or technique under each
IPM principle, for example the number of applications or
type of products (Table 3). Moreover, different farmers
combined components differently or did not apply some
of the IPM principles.

Farmers integrated new IPM techniques alongside their
other practices. There is adoption of IPM practices, consid-
ering village level assessment from randomly surveyed
farmers, although to a limited extent (Table 3). Notably,
farmers selected some IPM practices but did not abandon
pesticides completely. In some cases, such as for weed man-
agement, the selected technique focused on fine tuning the
current practice to match their crop establishment practices,
seed rate, and weed problems. There were pesticides that
were identified as better suited to control observed weeds
such as using pre-emergence herbicide, but the products
were not available in the villages (as shown in Table 1).
As such, only farmers conducting the IPM experiments
used this chemical. Similarly, BCA options were available
only to a limited extent, as the sellers were mostly from
Phnom Penh.

The survey results show clear differences in pest control
practices between the two sample years as none of the prac-
tices pre-existed introductions. The 2019 results show sub-
stantial uptake of pest resistant rice varieties, mechanical
seeders, BCA, trap barrier systems and community
hunting (Table 3). Similarly, seed rates were significantly
lower in 2019, with a mean difference of 28 kg/ha (p <
0.000).

Table 2. Changes implemented by non-farmer stakeholders within the system, organized according to innovation system functions.

Function Most significant change

Legitimation Government released a PRAKAS (policy note) for the legal registration of biocontrol products

Village leaders involved to coordinate community rat hunting

Influence on the direction of

search

Support from government to limit pesticide residues in rice

Government show support through National IPM Workshop to highlight the need for and benefits

from IPM

Market formation Research demonstration trials provide an avenue for BCA companies and seeder manufacturers to

promote products

Extension staff support the promotion of IPM-based products

Companies support retailers at the provincial level

Entrepreneurial

experimentation

Incentives from seeder company to sell machines with free Trichoderma
New services for IPM with machine modifications

Farmers manufacture rat traps for sale

Farmer buys biocontrol in bulk for other farmers in the area

Knowledge diffusion in

networks

National Laboratory trained to analyze BCA for quality test

Seeder sales technicians provide technical support for use of the machine together with IPM

recommendations such as low seed rate and use of Trichoderma
R&D learning Seeder manufacturer adjust their machines; and offer options for distance between rows (adjusted for

farmer’s preference for weed management)

Modified seeder machine parts for spraying BCA

Resource mobilization Companies assign staff to promote products and provide technical support to farmers and retailers
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Adjustments in pesticide use
From the total sample of farmers surveyed in 2019 (N =
324), 76% indicated they were exposed to the IPM learning
activities. In each village an average of 49% of farmers said
they received training on IPM. Detailed in Table 3, there
were varied adjustments in the practices of farmers in the
village related to different principles of IPM. The results
also show that farmers still used pesticides in 2019 although
with a different division of the kind of pesticides used.
Table 4 shows the change in pesticide use from randomly
selected farmers in 2016 and 2019 (n = 199 paired

responses). There is a significant difference in herbicide,
insecticide and rodenticide applications. Farmers in the
communities, whether directly involved in the trials or as
observers, reduced their herbicide, insecticide and rodenti-
cide use. Notably, there is a slight increase in molluscicide
application although not significant.

Discussion
We assessed the ALN method as implemented in
Cambodia. We used follow-up activities from project
events as a method to identify learning effects from the
introduction of IPM techniques and activities at system
level to analyze system learning. At the farm level, we
observed several changes in pest control activities.
Farmers actively involved in the experiments and those
who only observed the trials included selected IPM techni-
ques in their crop management practices (Table 3). The
learning thus involved an integration of new and old prac-
tices. Overall, there was a decrease in use of insecticides,
herbicides and rodenticides between 2016 and 2019 for
farmers in the villages (Table 4). Adjustments on the tech-
niques, adoption of new techniques and availability of pro-
ducts for pest control were all observed but with substantial
variation. The findings fit with other studies showing

Table 3. Comparison of practices from researcher-led trials (2017), farmer-modified trials (2018–19), and surveyed farmers in

Cambodia (2018–19).

IPM principle

Selected practice from adaptive

trials, 2017 (N = 56)

Farmer-modified Integrated

IPM trials 2018–19
(N = 63)

Randomly sampled farmers 2019

(N = 324, 76% exposed to the adaptive

trials)

Coordinated

rodent

management

Community action 62% 30%

Use Linear or Community TBS 6% 22%

Manual snail picking

or 1 application

of molluscicide

Manual snail picking (or one
application of Metaldehyde
before 30 days after sowing)

6% manually removed snails 2% manually removed snails

1 application (SD 1.5); 35% used

molluscicide (18%

Metaldehyde)

1 application (SD 0.5); 6% used

molluscicide

Weeding (by hand

or mechanically)

Weeding at 30–35 days 8% handweeding 2% handweeding, 0.3% mechanized

weeding

Targeted use of

herbicides

Pre-emergence herbicide at 1–2
days after seeding (first
application) and Post-emergence
herbicide at 15–20 days(second
application)

98% used herbicides; 2

applications (SD 0.6, Min 1,

Max 4); Top herbicides used:

Pretilachlor and Bispyribac

sodium

55% used herbicides; 2 applications

(SD 1.6; min 1, max 8); Top herbicides:

Quinlorac + Fenoxaprop-P-ethyl +
Pyrazosulfuron-ethyl; Glyphosate; and

Bispyribac sodium; 16% cannot

remember the herbicide applied

No insecticides

during the first

40 days; Use of

BCA

Zero insecticide use (all season) 94% did not apply insecticides (all

season); 84% applied BCA

48% did not apply insecticides (all season);

2% applied BCA

4 applications of BCA: Beauveria or
Prev Am

3 applications (SD 0.9, Min 1,

Max 5); Top products used:

Beauveria, Prev Am, and

Chlorpenafyr

2 applications (SD 2.3, Min 1, Max 9); Top

products used: Emamectin benzoate

and Chlorpenafyr; 65% cannot

remember the insecticide applied

Use of BCA for

diseases; No

fungicide

3 applications of Trichoderma (BCA
only, no fungicides)

3 applications of Trichoderma

(SD 0.7); 94% applied

Trichoderma

2% applied Trichoderma; 2 applications

None applied fungicide 7% applied fungicide; 2 applications

(SD 1, Min 1, Max 6); Top products

used: Difenoconazole + Propiconazole

and Hexaconazole; 39% cannot

remember the fungicide applied

*BCA = Biological control agents

Table 4. Mean difference in number of pesticide applications in

2019 versus 2016 from paired data (N = 199), from four

provinces in Cambodia.

Pesticide

(Applications)

Mean

Difference S.E. T

Sig.

(2 tailed)

Herbicide 0.55 0.13 4.19 0.000

Insecticide 0.84 0.29 2.93 0.004

Fungicide 0.12 0.10 1.15 0.250

Molluscicide −0.05 0.04 −1.24 0.217

Rodenticide 0.38 0.09 4.23 0.000
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similar variation in learning outcomes (Douthwaite and
Gummert, 2010).

The key feature of the ALN method is to address change
simultaneously at farm and system level. Our findings show
substantial change in activities of system actors. Our find-
ings underline the importance of timely coordination in ini-
tiating change at farm level and system level (Hekkert and
Negro, 2009). For example, as the project introduced BCA
to farmers, registration of BCA that would allow producers
and importers to enter the Cambodia market had just been
arranged, resulting in limited availability of BCA. Such
regulatory changes, restricting the use of pesticide and
stimulating alternatives, provide important incentives for
the use of biological alternatives to pesticide.

Our results show that incentives can also be established
at more local level. Project efforts to create linkages
between service providers, agro-input traders and farmers
seem to have positive effects in making these actors experi-
ment jointly to find out how alternative crop management
practices can be implemented. Our findings contrast with
‘textbook’ introductions of IPM that exclusively focus on
learning with and for farmers. The interactions between
farmers, agro-dealers and service providers require the
development of products that combine the interests of all
these stakeholders. Increased use of biological control pro-
ducts should not only be assessed on technical-ecological
grounds but also on the social-economic implications as
they may increase the acceptance among agro-dealers and
service providers to move away from chemical pesticides.
Clearly, such local arrangements can gain further momen-
tum when extended to the national level through policy
support and changes in the regulation of pesticide trade
and application.

The experiments initiated by the ALN method also hint
at a wider change towards sustainable farming practices.
The reduction of seed rates has various implications for
the management practices of farmers. Pest-related effects
of wider plant spacing include disease transmission, as
well as management of weeds and insects (Castilla and
Savary, 2003, Chauhan et al., 2011). Line sowing alongside
timely weed management also has yield effects, aside from
improved nutrient management (Awio et al., 2022). Such
combined effects are typically difficult to measure as
many factors are involved and outcomes are conditional
on local circumstances. Despite a lack of clarity over
causal factors and reproducible effects, IPM may benefit
from a broader movement to make rice cultivation more
sustainable. The notions of Agroecological Crop
Protection (Deguine et al., 2023), System of Rice
Intensification (Glover, 2017), or Nature-based solutions
(Griscom et al., 2017, WBCSD, 2022) are examples of
approaches for rethinking rice pest management. What
such notions have in common with the ALN method is a
focus on farm-based experiments with a broad outlook,
regarding a wide set of crop management practices and
the involvement of various stakeholders.

The importance of farm-based experiments does not take
away the equally crucial support from the wider system of
government agencies and private-sector stakeholders.

Although it is clear that the ALN method is a useful way
to address dependencies and interactions between farm-
and system-level change, our results do not provide clear
guidelines on specific dependencies or the range of interac-
tions to be included. These will have to be identified and
selected for each particular case study. The ALN method
addresses such dependencies up-front and our results
suggest that the government and other stakeholders in
Cambodia will further work on the changes needed to
increase the uptake of IPM practices.

Conclusion
The ALNmethod has clear potential to facilitate learning by
farmers and other stakeholders to adapt IPM techniques to
their needs, resulting in reduced pesticide reliance. The
ALN method can be a valuable tool for learning about
IPM techniques coupled with learning about the required
systemic changes to enable adoption. Our findings show
that a combination of learning about pest management in
the field and system learning resulted in coordinated
change. This change is evident in the practices of involved
stakeholders as well as reduced pesticide use among
farmers. The results indicate the potential for increased
uptake of IPM when introduced with the ALN method.
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