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Cereals are among the crops that dictate food security in Eastern Africa.
However, over time, the productivity has been below the regional
potential production. Among the causes of low yield are infestation of fall
armyworm and the striga weed. Controlling the pests is costly and
unsustainable amid the effects of climate change. Therefore, as an
alternative remedy, the UPSCALE project has promoted push-pull
technology as a sustainable intensive system in cereal production. Push
pull technology integrates fodder into cereals and vegetables. This
technology has proven to enhance soil fertility, control soil erosion,
promote dairy production, and increase food productivity, among other
benefits. In implementing the project, a transdisciplinary approach was
adopted to bring on board different stakeholders with varying expertise
to ensure innovations are co-created and knowledge co-developed and
communicated and practically applied, and ensure the end users of the
technology are part of the process. This has been done through multi-
actor communities (MACs) of practice in various engagement forums,
including workshops, annual meetings of stakeholders, surveys, and field
engagements in five eastern Africa countries. This report documents the
best transdisciplinary practices that facilitated the success of the project,
sets the guidelines, and provides advice for future research and
innovation in terms of: research, communication, policy dialogue,
stakeholder engagement, and PPT value chains. Evidenced from UPSCALE
project shows that future research and innovation in agricultural projects
could adopt transdisciplinary approach as a strategy for research and
development. This approach guarantees collective ownership and
efficiency in service delivery that are crucial in sustainability provided
successful/evidence-based innovations are institutionalised, requisite
resources are availed, sustainable business models are co-developed and
value chains are integrated. Stakeholders support the idea that MACs be
transformed to permanent platforms for continued coordination, co-
learning, and co-creation.
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Preface

Upscale is a Horizon 2020 project focusing on increasing the production efficiency of smallholder
farmers in East Africa. The project applies transdisciplinary approaches to research and innovation
through Multi-Actor Community (MAC) engagements, which are likely to enable smallholder farmers
to cope with climate change while ensuring sustainability and resilience. Upscale is an EU-funded
project which aims at scaling up the understanding and applicability of push—pull technology from
individual fields, farms, landscape, and regional scales; and from cereal to other crops and cultivation
systems. By determining the factors influencing push—pull technology success across the scales, this
project aims to realize targeted implementation and prediction of push—pull effectiveness and its
resilience under current and future climate conditions.

The programme links to national programmes with a leverage effect, involves the industry and
strengthens cross-border collaboration. It brings together three separate initiatives namely: coupling
research to innovation — from research to retail, all forms of innovation; focus on societal challenges.
UPSCALE Project is a Consortium of nineteen Institutional partners drawn from 10 European and
African Countries and focusing its implementation in five East African Countries (Ethiopia, Kenya,
Uganda, Rwanda, and Tanzania).

This project is a transdisciplinary program drawing from several basic, applied and social scientific
inputs, and diverse agro-chain participating stakeholders’ experiences through a ‘Multi-actor’
approach, which follows a logic that practicable solutions to the most challenging development
problems are not within the means of one actor alone, but require transdisciplinarity, inclusivity, co-
designing/co-creation and an information sharing framework.

UPSCALEC
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1 Introduction

The UPSCALE project aims at promoting awareness, adoption, expansion, sustainability, and
adaptation of Push-Pull Technology (PPT) among smallholder farmers in Eastern Africa. PPT is an
agroecological practice where farmers integrate cereals, such as maize and sorghum, with Desmodium
within the rows of the crop and Brachiaria or Napier grass on the borders (Drinkwater et al., 2021;
ICIPE, 2011; Khan et al., 2011). PPT has both social economic and agroecological benefits. However,
the primary reason for the implementation of PPT is to control the Striga weed, fall armyworm, and
stemborers in cereal crops. The Striga weed and the fall armyworm have been reported to significantly
affect cereal production, resulting in low food productivity and household food insecurity (Khan et al.,
2020; Mirti, 2019; Mutyambai et al., 2023; Niassy et al., 2022). This technology has many other
benefits, including the provision of animal feeds, enhancement of soil fertility through nitrogen
fixation mechanisms, controlling soil erosion, conservation of soil moisture, food diversity, income
generation, reduced use of external farm inputs, and an increase in productivity (Chidawanyika et al.,
2023; Niassy et al., 2022).

In the implementation and execution of the project objectives, new strategies as well as the
advancement of existing techniques used in previous agricultural projects were adopted. Among the
newly adopted strategies that the project leveraged was the aspects of MACs, which brought together
stakeholders from different areas, cutting across the research, financial, religion, government, Seed
Company, NGOs, and academic institutions, and the agro dealers and farmers (Rwanda UPSCALE
Inception meeting and MACs Meeting Proceedings, 2021). Through the collaboration, coordination,
commitment, and annual stakeholders meetings and consultations, innovative practices were
adopted to ensure the smooth running of activities towards the main goals across different areas of
MACs (Gargano et al., 2021; Koutsouris et al., 2017; Ng’ong’a et al., 2021). Therefore, there was a need
to compile all the best practices that guided the project in attaining the goal for generating advice for
future research.

A synthesis of the best transdisciplinary practices that facilitated the success of the project was
conducted to generate advice for future research, both in the agricultural sectors and other related
areas. The synthesis was based on five areas: Research, communication, policy dialogue, stakeholder
engagement, and the PPT products value chain, as presented in the subsequent sections.

1.1 Methodology

During the UPSCALE project lifecycle, multiple engagements took place to enhance transdisciplinary
research. A dry run meeting was conducted to understand the nature of the different stakeholders
that the project had brought on board. This was followed by regular MAC meetings and field visits in
each country each year for five consecutive years and a regional stakeholders’ meeting that was
conducted once every year. There was also socio-ecological modelling in which stakeholders in each
of the participating countries were involved. Baseline, midline, and endline surveys were conducted
across the countries, gathering data from farmers and various MACs. A series of workshops, including
actors such as the Sasakawa Africa Association were also organized by stakeholders. A scorecard was
established to assess MAC sustainability across countries and later validated by MAC members in each
country. Field engagements were conducted, including mother-baby trials and demonstration plots in
the learning institutions. In all the activities, new partners were brought on board, innovations, skills,
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and knowledge were shared, and the stakeholders included the farmers, researchers, government
agencies, NGOs, learning institutions, agro dealers, transporters, and financial institutions.

2 Research

During the UPSCALE implementation period between November 2021 and October 2025, UPSCALE
Partners and other relevant stakeholders (MACS), evaluated the effectiveness of PPT under varying
landscape, climatic, soil, agronomic and socioeconomic conditions. The assessments were conducted
involving partners and stakeholders to generate guidelines and best transdisciplinary practices for
enhanced Push Pull adoption and other future transformative innovations. A combination of basic and
applied greenhouse and field experiments, socioeconomic, GIS and modelling were used to generate
outputs for the benefit of communities in East Africa. Data collected from these experiments have
been used to:

1. examine the relationship between push-pull approaches and climate resilience;

2. assess how adoption of push-pull technology intersects with land tenure, gender equality,
farmer incomes, value chains, and sociocultural dynamics; and

3. extend knowledge on the scalability and targeting of push-pull systems across diverse
cropping systems and best tragions, using integrated soil, water, and pest management
strategies.

This report presents a synthesis of outputs from these activities to generate best transdisciplinary
practices guidelines for future transformative research and innovation.

2.1 Best Transdisciplinary Practices

The project has demonstrated strong transdisciplinary practices through the active engagement of
Multi-Actor Communities (MACs), bringing together researchers, financial agents, religious and
government institutions, seed companies, private sector actors, academic institutions, agrodealers,
farmers, and other stakeholders to collaboratively frame research objectives and priorities, thereby
ensuring both relevance and local ownership (1st Periodic Report, 2022).

1. Quantitative modelling was systematically complemented with qualitative farmer insights, which
strengthened the contextual validity and practical relevance of the research outcomes. The use of
standardized data collection tools and cross-country indicators enhanced comparability and
enabled effective synthesis of results across the UPSCALE partner countries.

2. Astrong cross-country commitment to establishing and maintaining demonstration plots created
practical learning hubs that supported both data collection and experiential learning. Scientific
modelling was closely integrated with field realities through approaches such as cost—benefit
analyses and biophysical performance monitoring, ensuring that analytical outputs reflected on-
the-ground conditions.

3. Participatory verification of farmer locations significantly enhanced the accuracy and credibility of
the research data, reinforcing the robustness of the overall research process. Through Focus
Group Discussions (FGD), involving stakeholders in the value chains Vegetable-integrated push-
pull (VIPP) technology coupled with black soldier fly (BSF) frass offered such opportunities to
smallholder farmers. African nightshade, Amaranthus, pumpkin leaves, and spider plants in
western Kenya were preferred as vegetables to be included in VIPP and BSF frass innovations.
Ugandan farmers considered eggplants, Amaranthus, garden eggs, cabbage, kales, and tomatoes

UPSCALEC
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the most popular vegetables to be incorporated in VIPP and BSF frass innovations. Farmer crop
preferences vary according to site and the need for participatory selection to increase the chances
of adoption of agricultural interventions (Okoma et al., 2025).

Integration with pigeon pea further suppresses striga weed and does not affect the growth and
yield of maize. Pigeon pea could be a potential alternative crop for weed management in
smallholder farming systems, where it can serve as a source of firewood and fodder (Buleti et al.,
2023) while field experiments in western Kenya showed that incorporating agroforestry planted
in est to west direction offered better environment for maize and pigeon pea growth.
Conservation of trees on farms should be encouraged, as they protect biodiversity and store
carbon, thus contributing to climate change mitigation. This study’s findings contribute to
knowledge valuable to farmers and policymakers in making decisions on tree species and land use
categories that have high potential carbon in agroforestry systems (Imbaya et al., 2024).

The realistic representation of the seasonal variation of rainfall in East Africa in the regional
climate simulations is crucial for the validity of future climate scenarios simulated by the
respective models and, thus, the potential future impacts of climate change on agriculture in East
Africa (Wilhelm, 2026).

The pre-Columbian milpa system of intercropping maize with companion crops such as beans
(Phaseolus vulgaris) and squash (Cucurbita spp.) is one effective system that has been shown to
produce outstanding yields per unit area compared to monoculture systems. The Push-Pull
Technology developed in East Africa, based on the use of repellent and trap companion plants
intercropped with maize (and to a lesser extent sorghum), is seen to be similarly effective in
minimizing the impact of major pests on yields, including striga weed (Striga spp.), maize
stemborers, and the fall armyworm Spodoptera frugiperda. Although both systems have the
potential to compensate for each other’s limitations, there has been no cross-system learning
between the Mesoamerican milpa and the East African PPT. Both of these systems were reviewed
during the project period to come up with the advantages likely to be obtained by combining these
technologies in small-scale farming. The proposed milpa push-pull system could adapt to different
gradients of altitude, rainfall, and soil nutrient levels, in addition to controlling pests, and
therefore has the potential to become a fundamental cropping technique in Latin America and
sub-Saharan Africa (Libran et al., 2023).

The participatory modelling process was developed through a series of structured workshops
conducted between 2021 and 2024 across five countries (Kenya, Tanzania, Ethiopia, Uganda, and
Rwanda). These workshops brought together approximately 80 stakeholders representing diverse
perspectives within the push-pull innovation system. Farmer representatives (approximately 45%
of participants) included both adopters and non-adopters across different wealth categories,
ensuring representation of heterogeneous farming contexts and varying experiences with pest
management challenges. Extension agents and field officers (25%) provided insights into
technology dissemination processes, implementation challenges, and ecological monitoring
practices. Researchers from the UPSCALE project, ICIPE, and national agricultural research systems
(15%) contributed scientific understanding of push-pull mechanisms, pest ecology, and natural
enemy dynamics. Market actors including traders and input suppliers (10%) offered perspectives
on value chain dynamics and quality considerations related to pest damage. Policy makers and
development practitioners (5%) provided institutional and governance insights.

UPSCALEC
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2.2 Guidelines

The following guidelines inform effective push—pull research approaches based on insights of the
UPSCALE project in East Africa:

1.

For comparability of research data collected across the region, a standardized guideline for site
selection which incorporated ground truthing protocol to identify adopters and non-adopters of
PP technology was developed. Guidelines for ground-truthing of potential field sites included
visiting all push-pull sites listed in the excel sheets provided by WP2 and WP4. Farmers were first
informed about what the project entails, and that if they agree to participate in the project their
field were visited several times per season and that samples of pests, predatory invertebrates,
weeds and soils were taken. Once the farmer was visited a protocol was filled out, which contained
a mixture of own observations and questions to the farmer. The information requested included
specific field where push-pull was grown. The size of each field was measured by walking around
the perimeter of the field with a GPS device.

Development of a standardized establishment and data collection protocol for use across the
region (WP 6). During the initial implementation period of UPSCALE Project, a draft of the
standardized field establishment and data collection protocol for use across the region was
developed through multi-actor involvement. This was then improved through monthly virtual
workshops by partners involved in WP 6.3 (MU, icipe, TARI, FH, ISD, NARO). The final version was
then published at the UPSCALE Knowledge Exchange Hub for access by all involved in field
research including Mother and Baby trials from 2023 to 2025.

After synthetic review of the options for expansion of push-pull and integration with other crops
and practices, multi-actor needs assessment was conducted to identify priority crops and systems
for integration. Field experiments and trials including 'mother-baby' participative trials were
conducted in all 5 countries to test the identified options and the efficacy of push-pull integration.
Mother and baby trials and participatory field experiments conducted across the 5 countries are
an example of Living Lab where UPSCALE partners, postgraduate students and farmers. Mother
trials containing all priority options as identified in each of the 5 countries are established centrally
while the baby trials containing their preferred options are established by individual farmers and
managed by the farmers themselves. With the support of researchers and extension personnel
and using protocol developed jointly, they were able to collect data from the baby trials. In the
UPSCALE context, mother and baby trials were co-designed through Multi-Actor Involvement
where includes needs assessments were conducted with farmers researchers and extension
agents in each of the study regions to identify priority crops for integration into push pull system.
The results from both mother and baby trials allowed researchers to refine technology options
while encouraging spontaneous adoption by participating farmers.

2.3 Advice for Future Research

1.

Future research should explore the economic and commercial dimensions of the PPT farming
system through cost—benefit analyses and deeper value chain studies, particularly focusing on
Desmodium and Brachiaria within input, feed, and livestock value chains. Encouraging PPT farmers
to integrate livestock production can enhance the benefits derived from fodder, while targeted
interventions should position accompanying PPT plants within animal feed value chains.

Long-term research investments should focus on building longitudinal datasets to track soil
fertility, climate variability, economic profitability, and adoption dynamics over time,
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complemented by long-term adoption and economic tracking systems to address existing
evidence gaps on the benefits of PPT.

Participatory modelling approaches should be strengthened by integrating experiential farmer
knowledge into model assumptions in real time, while geospatial analytics should be expanded to
explain intra-country performance variations and identify high-potential scaling zones.

The future studies should deepen participatory research approaches to navigate socio-cultural
constraints and expand research on labour dynamics, given that labour intensity has consistently
emerged as a key challenge across countries.

Our findings from soil analysis across the region highlight the complex and context-dependent
effects of PPT cropping on soil properties, highlighting the need for site-specific research on soil
management to sustain soil health and crop productivity across Sub-Saharan Africa.

Mass spectrometry-based plant metabolomics is frequently used to identify novel natural
products or study the effect of specific treatments on a plant's metabolism. Reliable sample
handling is required to avoid artifacts, which is why most protocols mandate shock freezing of
plant tissue in liquid nitrogen and an uninterrupted cooling chain especially for research in the
tropics, permanent cooling poses a challenge, which is why many of those studies use dried leaf
tissue instead. Through the UPSCALE project, we screened a total of 10 extraction and storage
approaches for plant metabolites extracted from maize leaf tissue across two cropping seasons to
develop a methodology for agroecological studies in logistically challenging tropical locations. We
showed that our newly developed on-site liquid—liquid extraction protocol provides a good
compromise between sample replicability, extraction efficiency, material logistics, and metabolite
profile stability. We further have alternative methods that showed promising results and the
feasibility of on-site sample handling for field studies (Lang et al., 2024).

Crop diversification is associated with ecosystem services that can improve yield. UPSCALE project
(WP6) integrated tomatoes and kales within the cereal PPT, to form the vegetable integrated
push-pull (VIPP), and explored the influence of these cropping systems on pest and disease
management, and subsequent yield of the vegetables. We were able to show that Kales benefited
from the pest control ecosystem services provided by the companion plants, leading to improved
crop productivity (Chidawanyika et al., 2025).

Because of the heterogeneous and complex agricultural environments, remote sensing
methodologies successfully implemented elsewhere yield poor results in Eastern Africa. The
project investigated the phenological metrics of the most important crops in the Kamuli district of
Eastern Uganda by combining a multi-sensor harmonization approach, thresholding method, and
cloud computing. Results showed that the seasonal onset for most crop types was in the end of
March to middle of April while the end of the growing season occurred from the end of June to
middle of July. Investigation of the 13 crop types using a high-resolution LULC map and dense,
harmonized NDVI time series signified the first field-level phonological metrics estimation of
smallholder farming systems in Eastern Africa. Future research should focus on expanding the
methodology in space and time to provide insights into past and current growing seasons (Adomas
et al., 2024).

Mainstream agroecology practices including PPTs into research and education systems and
integrate farmer-to-farmer learning, participatory research, and digital advisory services. Enablers
include investment in rural connectivity, training for extension officers in facilitation skills, and
subsidies for mobile data access for smallholders.

UPSCALEC
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3 Communication

The communication function in the implementation, adoption, and adaptation of PPT is a critical
component serving as the bridge between scientific research and smallholder farmer application.
Because PPT is a knowledge-intensive, multi-component ecological practice, effective communication
is essential for transforming initial scepticism into sustained, long-term adoption. This function for this
project helps in laying a solid ground for innovative and needs-based research, dissemination,
adoption, and developing a sustainability framework that enhances visibility of the push-pull
technology and UPSCALE outputs in Africa and beyond. They will support high visibility and awareness
of ongoing sustainable intensification efforts in general, and the push-pull technology in particular, for
all involved stakeholders, including national and international-level policy and research coordination
bodies.

3.1 Best Transdisciplinary Practices

Communication under the project was guided by targeted, audience-specific approaches, consisting
of policy briefs, farmer leaflets, media products and community knowledge centres, such as farmers
training centres and local development agencies in Ethiopia, village resource centres in Kenya, village
knowledge centres in Uganda, farmers training centers in Tanzania; and community general assembly
and community based organization in Rwanda, all focussing on the distinct needs of different
stakeholders. Feedback-rich communication mechanisms were established and emphasized through
emails, WhatsApp, roadshows, community meetings, photographic images, and stakeholder
workshops. These platforms enabled two-way knowledge exchange, the sharing of existing and
potential farmers’ experiences, observations, and learning networks. Complex scientific and
participatory modelling outputs (D 5.3 on Social-ecological climate impact model description) were
deliberately simplified and translated into accessible visuals and narratives, which helps to make the
evidence more understandable and actionable for non-technical audiences.

Regular MAC meetings across all participating countries (Kenya, Uganda, Tanzania, Rwanda, and
Ethiopia), were used to strengthen internal awareness, functional coordination processes, and
information flow to the target audience and indirect spill-over beneficiaries. The strategic use of mass
media, including radio through Ramogi and Nam-lolwe; newspapers such as The Bridge Magazine in
Rwanda, and television programmes such as Shamba Shape-Up and TV stations such as Rebero.co.rw,
were used to enhance public visibility and broaden outreach beyond direct project participants.
Continuous dissemination of evidence-based information systems, including roadshows, farmer field-
days, and school agricultural clubs and societies, has been employed to support informed farmer
decision-making throughout the project lifecycle. To this effect, transdisciplinary training sessions
conducted in the implementation countries helped in establishing shared methodological
understanding among diverse stakeholders, including students, farmers, extension officers,
government agencies, agrodealers, NGOs, financial and insurance institutions, among other agro-
value chain networks; thereby enabling them to collectively realize project objectives more effectively.

3.2 Guidelines

The following guidelines inform effective communication approaches based on transdisciplinary
insights of the UPSCALE project in East Africa:

UPSCALEC
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1. Consultative engagement of the Country Coordinators office for execution of its network
mandate. The Country Coordinators have the network and profiles of the target information end-
points, as well as the relevant stakeholders for current implementation and for consistent
sustainability interventions. Through this network, the community experiences and perceptions
on best practices, paths to adoption, and sustainable Push-Pull farming practices are developed
and entrenched or mainstreamed into the agricultural policy system. Limitations that require
further innovation are also identified and strategies for resolving them are established.

2. Profiling the farmers’ characteristics for designing tailored information to different categories.
Farmer profiling platform enables the development of farmer-centric information services and
systems, and assists policymakers in designing policy triangulation for cross-sectoral
implementation. Identification of small-scale farmer-based challenges would help in setting up
farmers’ formations, clustering or proximate linkage that ease the access, for both input and
output management. The tailored information system is therefore important in designing an
integrated Public-Private sectors’ engagement platform through product-related services, e.g.,
extension services from pre to post harvest, to enable smallholder farmers realise high value for
their products. Profiling potentially helps in determining suitable market services and appropriate
value chain structures, including all services that ease access to the market and support farmers
in getting the best prices for their produce. It is subsequently a suitable platform for identifying
relevant financial and risk structures and services essential for supporting small holder agriculture
activities, including banking services, micro finance, and subsidy schemes; Farmer Organisations
or groups, Cooperative, Agribusiness services as potential stakeholders and users of such
platforms, providing their advocacy role.

3. Mapping out the stakeholders and stakeholder profiles to bring in diverse skills and experience
mix. Through multi-stakeholders’ approach, operationalised through the MACs, the promotion,
adoption, intensification and sustainable implementation of PPT, the knowledge-intensive nature
of the technology can be effectively addressed. The platform networks strengthen input supply
chains and integrate skills through participatory methods engrained in transdisciplinary research
functions. Key strategies involve leveraging farmer-to-farmer training, and information sharing,
lead-farmers mentorship programmes, village knowledge centres (VKCs) addressing gender-
specific needs, and fostering partnerships between research institutions, Government agencies,
NGOs, and the relevant private sector players in ensuring sustainable adoption and intensification
of PPT.

4. Designing representativeness criteria to enable deliberate composition of skill sets, and
experience in MACs. This is done using a stakeholder mapping matrix to filter these groups based
on power, interest, and urgency is recommended to prioritize stakeholders for intensive
engagement, such as those in farmer field schools. Selection criteria for representative
stakeholders in the adoption and intensification of PPT focus on ensuring that a diverse range of
perspectives—from smallholder farmers to policy makers—are included to ensure sustainable and
scalable adoption. Key criteria for selection include the level of interest and impact of the
technology on the stakeholder, proximity to the farming system, and their influence on
dissemination, such as through farmer-to-farmer networks or extension services. Specific
attention for selection criteria of stakeholders' representativeness, integrates farmer-level,
extension and dissemination, Technology and Research, Supply chain and support, and socio-
political and policy design criteria. Farmer level characteristics bring into perspective the socio-
economic categories, adoption status, farm characteristics and size, geographical distribution, and
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agroecological considerations, including resource availability and ownership. Extension and
Dissemination criteria would consider the influence factor and role in the community, knowledge
transfer capacity and networks, and participation and representation of diverse dissemination
pathways. Technical and Research criteria focus on expertise in agroecology and experiences in
intensification. While Value chai and support criteria would consider input availability, access, and
costs, market access, and value addition, and also credit availability, access, and lending structure.
Additionally, Socio-political and policy concerns the involvement of local, middle, and top-level
government representatives, who are capable of facilitating community level adoption. It also
requires engagement of individuals and group structures dealing with rural development, food
systems, food security, and environmental sustainability for advocacy purposes. This fulfils MACs
as a robust framework for individual and community contributions to the effective
implementation of the communication and dissemination chain.

5. Multi-actor Communities of Practice (MACs) management or leadership. MACs as a central
network for sustainable adoption and adaptation of PPT are pivotal, as collaborative, participatory
knowledge-sharing platforms, information dissemination pathways, targeted training and
technical farmer support systems, co-creation and adaptation, advocacy for enabling policies,
alongside fostering social capital through farmer-teacher networks, peer-to-peer learning, and
opinion leaders. This bridges the gap between research and smallholder farmers through these
integrated, participatory communication channels, MACs facilitated dissemination, adoption, and
adaptation of PPT across East Africa. It is therefore critical to manage sustainability of members
in dynamic environments and support systems required of the individuals, group, and others in
the project consortium.

6. Synergising indigenous farmer knowledge with the PPT frame of application. This creates a more
resilient and sustainable agricultural system by blending local ecological expertise with proven
scientific principles. This synergy is particularly effective because PPT utilizes locally available
plants—such as Desmodium and Brachiaria grass—which are already part of many traditional
African farming systems. It therefore ensures that PPT rides on the existing farmers' knowledge
systems, practices, and beliefs to implement and enhance its adoption, expansion, and
sustainability of implementation pathways. Determining farmer-centric adoption and
implementation pathways is thus supported by simple, clear, precise, and easy to understand
locally developed farmers-based information.

7. Evaluation of outcomes of the farmers’ implementation of PPT. Periodic evaluation of the
outcomes of farmers’ implementation of PPT is essential for monitoring its performance, ensuring
sustainability, and maximizing benefits for smallholder farmers. Evaluations would essentially
focus on assessing its broad effectiveness in adaptation and Integration with Local Practices,
enhanced Soil and Pest Management, improving Economic and Social Sustainability, while picking
such specific and immediate priority benefits, e.g., controlling stemborers and Striga weed,
improving yields, and providing fodder and edible crops, vegetables, and agroforestry integration
to the PPT frame. Variances are therefore identified, and suitably plausible mitigation mechanisms
are designed and employed.

The communication network is an integrated system combining forms, channels, methods and
institutional structures, all of which play specific, individual and corporate roles in the adoption,
adaptation, and integration of PPT by blending traditional extension methods with modern
Information, innovation and Communication Technologies to form a robust platform that enables
promotion and enhance widespread adoption and adaptation of PPT. By fostering MACs, bringing into
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operation the skills, expertise, and experience of research institutions, Government agencies, NGOs,
and the private sector function as actors in the networks which facilitates rapid, targeted, tailored,
and sustainable dissemination activities of this knowledge-intensive agricultural technology.

3.3 Advice for Future Research

For future consideration, subsequent Transdisciplinary Multi-Actor Practices (TMACP) formation for
transformative research and innovation require a clearly defined role synergy in the integrative,
collaborative farmers-centric research, such as PPT, to describe the nexus of roles-to-outcome of all
the MAC members to leverage on their skills, experience, linkage, and governance connections. Future
research should focus on establishing digital knowledge hubs that enable real-time sharing of adoption
information, seed availability, training videos, and market data to enhance accessibility and learning.
There is a need to strengthen communication impact tracking by incorporating user analytics,
feedback surveys, and social learning indicators to better understand reach, engagement, and
behavioural change. Greater use of local media and trusted community influencers should be explored
as a strategy to improve awareness, legitimacy, and uptake of innovations. Developing standardized
transdisciplinary communication guidelines for all implementing partners helps ensure consistency,
quality, and effectiveness of messaging across contexts.

At the same time, communication strategies should be localized, particularly in areas where socio-
cultural factors constrain adoption, with materials tailored to local realities and norms. Integrating
modern digital communication channels can help compensate for weak or overstretched extension
systems, while cross-country evaluations of communication effectiveness are needed to identify the
specific triggers that drive adoption. Also, future efforts should prioritize the creation of multilingual,
farmer-appropriate visual guides that are accessible in low-literacy settings, ensuring that
communication approaches are inclusive and equitable.

4 Policy Dialogue

The UPSCALE project in East Africa demonstrates that policy dialogue on PPT can be strengthened by
applying best-practice transdisciplinary research guidelines that emphasize co-design, co-production,
and co-dissemination of knowledge among researchers, farmers, private sector actors, and
policymakers (Norstréom et al., 2020). Early and continuous stakeholder engagement, through multi-
actor communities of practice, has helped align research objectives with farmer needs, market
realities, and national development priorities. Structured science—policy interfaces through MACs
have facilitated sustained dialogue and iterative learning between researchers and decision-makers.
Effective policy dialogues are evidence-based, inclusive, and solutions-oriented, integrating project
outcomes with the realities of local communities. Aligning dialogue processes with national
agricultural strategies, dairy value chain priorities, and youth employment agendas can enhance
uptake and ownership. Finally, transparent communication, joint interpretation of findings, and clear
policy briefs tailored to different governance levels, county, national, and regional, are critical to
fostering coherence and scaling climate-resilient PPT innovations across East Africa.

4.1 Best Transdisciplinary Practices

Under the UPSCALE project, early engagement with ministries of agriculture and regulatory authorities
was instrumental in aligning PPT activities with national agricultural strategies and policy priorities.
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Evidence-based scenario building helped policymakers assess trade-offs related to economic returns,
labour demands, and environmental benefits, thereby supporting informed decision-making and
policy integration. Multi-level engagement, spanning county or district, national, and regional
platforms, enhanced coherence and reduced institutional fragmentation, strengthening the enabling
environment for scaling climate-adapted PPT. Policy translation workshops and the joint
interpretation of scientific findings by researchers and policymakers improved the clarity, relevance,
and uptake of research evidence. Continued collaboration with regulatory and research institutions
contributed to formalized support structures, while integration with public extension systems
reinforced linkages between national agricultural frameworks and on-the-ground implementation,
facilitating sustainable intensification across East Africa.

1. |Institutionalize multi-sector science—policy platforms: establish formal advisory groups that
bring together crop, livestock, horticulture, and climate policy actors. Vegetable-integrated
PPT cuts across multiple ministries (agriculture, livestock, horticulture, trade), requiring cross-
sectoral coordination.

2. Align with national priorities and investment frameworks. Frame PPT as contributing
simultaneously to: Dairy value chain development; horticulture and vegetable
commercialization; youth employment strategies; climate-smart agriculture plans; nutrition
and food security agendas. Align evidence delivery with national budget cycles to improve
funding uptake.

3. Use diversified impact evidence in dialogues. Present modelling results that demonstrate:
livestock feed value; vegetable income and nutrition gains; employment creation; Labour-
saving effects; climate resilience outcomes.

4. Facilitate inclusive and participatory dialogue: Include vegetable traders, dairy cooperatives,
seed enterprises, women’s groups, youth agripreneurs, and extension services in policy
forums. Co-interpretation workshops enhance legitimacy and uptake.

5. Address regulatory reforms for integrated systems: support dialogue on seed certification and
exchange rules for forages and vegetables, phytosanitary standards, cross-border seed trade,
and quality assurance frameworks. Enabling regulatory environments is essential for scaling
integrated PPT models.

6. Develop targeted policy communication products: produce policy briefs and investment cases
highlighting the multi-benefit nature of vegetable-integrated PPT: pest control, soil fertility,
livestock productivity, income diversification, and nutrition.

7. Promote adaptive learning mechanisms: embed monitoring and learning systems within policy
platforms to continuously assess outcomes across cereal, forage, and vegetable value chains.

4.2 Guidelines

Based on the UPSCALE East Africa experience and the broader PPT literature, the following guidelines
can inform effective push—pull policy dialogues in East Africa:

1. |Institutionalize science—policy interfaces: establish formal and sustained engagement
mechanisms such as national advisory committees, multi-stakeholder platforms, or embedded
policy fellows within ministries of agriculture. Continuous interaction between researchers and
policymakers strengthens trust, improves evidence uptake, and supports long-term scaling of
PPT (Norstrom et al., 2020).
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2. Engage across multiple governance levels: facilitate dialogue at county/district, national, and
regional levels (e.g., EAC platforms) to ensure policy coherence and reduce institutional
fragmentation. Multi-level engagement helps align PPT with decentralized agricultural
planning and cross-border seed and livestock policies.

3. Align evidence with national priorities and budget cycles: deliver policy-relevant evidence in
time to inform national agricultural strategies, dairy development plans, climate adaptation
frameworks, and youth employment agendas. Synchronizing research outputs with planning
and budgeting cycles enhances the likelihood of resource allocation for PPT scaling.

4. Use evidence-based dialogue tools: incorporate cost—benefit analyses, climate-risk
assessments, and system-level modelling to quantify impacts on food security, employment,
soil health, and livestock productivity (Midega et al., 2018).

5. Ensure inclusive and participatory processes: policy dialogues should include farmers (women
and men), youth entrepreneurs, seed producers, private sector actors, financial institutions,
extension agents, and civil society. Applying co-design and co-production principles increases
legitimacy, ownership, and practical relevance.

6. Translate science into accessible policy products: develop concise policy briefs, investment
cases, and technical guidelines tailored to different audiences. Joint interpretation workshops
between researchers and policymakers can improve clarity, contextualization, and uptake of
scientific findings.

7. Address regulatory and seed system reforms: use dialogue platforms to review seed
certification, quality assurance, and seed exchange regulations affecting Desmodium and
Brachiaria. Enabling regulatory environments are essential for innovation, private-sector
participation, and cross-border scaling.

8. Integrate climate resilience and livestock value chains: frame PPT not only as a pest
management innovation but also as a climate-smart and livestock feed solution. Linking
dialogues to dairy value chains and resilience strategies strengthens its relevance within
national development priorities.

9. Promote adaptive learning and feedback loops: Institutionalize monitoring, evaluation, and
learning mechanisms within policy dialogues to allow continuous refinement of strategies
based on field evidence and stakeholder feedback.

Effective push—pull policy dialogues in East Africa require sustained institutional engagement, multi-
level coordination, inclusive participation, robust economic and climate evidence, and alignment with
national agricultural and development priorities. Such structured and evidence-informed processes
enhance policy coherence, investment mobilization, and long-term sustainability of PPT scaling.

4.3 Advice for Future Research

Building on the UPSCALE project, future research on PPT should prioritize institutionalizing science—
policy interfaces through national advisory platforms or embedded policy fellows to sustain
engagement between researchers and decision-makers. Aligning research outputs with national
planning and budget cycles will enhance the timeliness and influence of evidence on agricultural
investment and resource allocation. Strengthened policy-oriented modelling is needed to quantify
system-level impacts, such as food security outcomes, employment generation, livestock feed value,
and climate adaptation benefits, thereby improving the policy relevance of PPT research (Midega et
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al., 2018). Integrating sociocultural insights into policy analysis will further ensure that interventions
are grounded in local norms and farming realities. Greater emphasis should also be placed on
measuring labor-saving innovations and resilience benefits to inform public budgeting and
prioritization, while aligning evidence delivery with national priorities, including dairy value chains and
youth employment strategies (Pickett et al., 2014). Finally, targeted research and policy engagement
are required to support reforms in seed certification and seed exchange regulations, facilitating
innovation, access, and sustainable scaling of Desmodium and Brachiaria-based systems across East
Africa.

5 Stakeholder Engagement

Stakeholder engagement for the UPSCALE Project employs a framework of MAC approach through
transdisciplinary initiatives to provide a platform for internal and external engagements. It brought
together Research Institutions, Extension Officers (Government & NGOs), Smallholder Farmers &
"Farmer Teachers", Private Sector (Seed companies/Agro-stockists, micro finance institutions),
Community Groups. The project fosters partnerships between 19 European and African institutions,
including 7 universities and 10 associations and research institutes, to enhance PPT adoption. This
created a platform and framework for Participatory Action Research (PAR), Farmer-to-Farmer
Training, effective Communication, and Feedback Loops. PPT, being an eco-friendly, intercropping
system designed by icipe and partners to manage stemborer pests and Striga weed, among other
benefits, has evolved, through continued research, adoption and adaptation by over 350,000 farmers
in Eastern Africa, with a presence in 18 countries within Africa (Waiswa et al., 2026). The success of
this novel technology, therefore, relies on transdisciplinary stakeholder engagement, moving beyond
mere adoption to active adaptation of the technology to develop its forms that suit local agro-
ecological systems and socioeconomic conditions of a community of practice.

5.1 Best Transdisciplinary Practices

The project was anchored in an inclusive multi-actor community (MACs) that brought together
farmers, extension agents, seed companies, NGOs, and policymakers, creating spaces for shared
learning and collaboration. Strong respect for local knowledge systems allowed farmers to actively
shape experimentation processes and adapt interventions to their specific contexts, enhancing
relevance and ownership. The consistent presence of national coordinators strengthened legitimacy,
trust, and coordination across stakeholders. As inclusive participation platforms, MACs enabled
farmers, extension staff, seed companies, youth, women, and government officials to jointly co-create
solutions, fostering mutual understanding and collective problem-solving. Hands-on learning through
demonstration plots proved to be particularly effective in translating knowledge into practice. In
addition, targeted youth engagement in seed production and education-based outreach contributed
to strengthening long-term adoption and sustainability of project outcomes.

5.2 Guidelines

1. Stakeholder identification and consent for balanced MAC structure. The UPSCALE project, aiming
to scale up PPT across East Africa, employs MACs to foster collaboration, knowledge exchange,
and sustainable adoption. The identification of stakeholders for these MACs is based on a
transdisciplinary, multi-actor approach focusing on actors who influence or are affected by the
adoption of PPT. The identification infuses an intricate and well-balanced matrix of functional
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relevance to PPT, influence in power dynamics in decision-making, and opinion, legitimacy, and
interest, considering commitment to co-creation and knowledge diversity, representation and
inclusivity, taking care of gender, youth, and geographical spread, and practical feasibility
considerations such as accessibility and pre-existing networks.

Stakeholder information and knowledge sharing system. Prioritising scaling up the benefits of PPT
through MAC platforms requires the stakeholders’ information systems to catalyse activities
leading to bridging gaps between smallholder farmers with input suppliers, research, policy
frameworks, extension networks, output market systems, and entire value chain management.
Effective systems must be user-driven, facilitating collaborative, interactive, and transparent data
sharing among stakeholders. Data accessibility and usability must be made farmer-centric to
facilitate the sharing of clear information, leverage technology to cover for distance and
infrastructure, and employ farmer-to-farmer information systems. It also involves Multi-Actor
collaboration and co-creation by facilitating Interdisciplinary Knowledge Integration, Input-Output
Linking, and Value Chain Connectivity. Monitoring, evaluation, and feedback Loops, through real-
time data sharing, feedback mechanisms, and gender-specific data, allow for tracking adoption
rates, yield differences, and the performance of push-pull components (Desmodium/Napier
grass), incorporating farmer feedback on the technology, and continuous refinement and
adaptation to local contexts, digitise market networks e.g. through e-granary, generate gender-
based adoption statistics, and develop scalability as it integrates with policy.

Stakeholder management and facilitation of fair participation in decision-making. Effective
stakeholder management for MACs in scaling up PPT requires moving beyond simple technology
transfer to a "pull" arrangement, defining institutional, economic, and social integration that exists
among the actors. Key stakeholders include farmers, farmer groups, research institutions (KALRO,
NARO, TARI, icipe), Academic Institutions (UWUE, JKUAT, MU, ULUND, SLU, UZH), extension
services through government and NGOs, input suppliers (Agrovets, farmer groups, community
seed systems), advocacy, and policy makers (EAFF, ISD, RAB). MACs management, therefore,
requires Strategic Actor Inclusion and Mapping (by employing comprehensive identification
process, value chain integration — seed- farmer- market -financial actors, identifying movers and
influencers); Tailored Engagement and Incentivization (through empowerment of local
champions, localised communication, incentivizing actors); Institutional Embedding and Policy
Support (by systematic embedding to mainstream agroecology, risk and liability management
ensuring proper pathways for seed access and farmer protection), Knowledge Management and
Shared Learning (through Knowledge Exchange Hubs, co-creation of innovation, facilitation of
social learning), and Monitoring and Evaluative Capacity (through participatory impact assessment
and designing impact assessment tools for risk, finance, value chain, and business).

Stakeholders' role in leveraging the achievements of the project goals. Stakeholders in MACs,
including researchers, extension agents, farmers, input suppliers, and policy makers are important
players for achieving PPT goals by facilitating knowledge exchange, input supply, and widespread
adoption. They enable co-production of knowledge, map out and trace production processes, and
foster market-level differentiation to enhance smallholder income. MACs transform PPT from a
top-down innovation to a participatory process, which increases trust, accelerates adoption rates,
and enhances food security and livelihood resilience among smallholders in fulfilment of the spirit
and intent of the UPSCALE project.

Stakeholder engagement in the entire project input and output product value chains. Stakeholder
engagement in PPT is a multi-layered process that integrates research, farm-level inputs, and
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market-driven outputs to create a sustainable value chain. Managed primarily by the respective
County coordinators of the UPSCALE Project, it relies on a hybrid engagement model that balances
academic research with farmer-centric market demand. For input and output product value
chains, the stakeholders consist of Input value chain stakeholders (Primary Researchers: icipe and
Rothamsted Research (UK) develop and optimize the technology, identifying drought-tolerant
repellent (Desmodium) and trap crops (Napier or Brachiaria grass), National Research Partners:
Agencies like KALRO (Kenya), EIAR (Ethiopia), and NARO (Uganda) adapt the technology to local
ecological conditions and provide technical oversight, Input Suppliers & Private Sector: Local
nurseries and seed companies are engaged to commercialize Desmodium seeds and other
companion plants, addressing a key bottleneck in technology adoption, and International Donors:
Organizations like the Gatsby Charitable Foundation, Rockefeller Foundation, and Biovision
provide the necessary funding for large-scale dissemination and infrastructure development);
Implementation and Production Stakeholders (Smallholder Farmers: Act as both the primary
adopters and "farmer-teachers." Through Farmer Field Schools (FFS) and "local barazas," they
provide feedback on crop performance and adapt PPT to their unique farming systems, NGOs &
Community Organizations: Groups such as Heifer International and Ripple Effect link PPT to
livestock value chains by donating dairy animals that utilize the fodder (Brachiaria grass and
Desmodium) produced by the system, and Extension Services: National extension networks
facilitate the "training of trainers" and help mainstream PPT into regional agricultural policy
frameworks); output value chain stakeholders (Value Chain Managers & MACs: These groups
perform participatory value chain mapping to link farmers with market players for surplus grains,
milk, and fodder, Market Actors Wholesalers/Retailers): Stakeholders are engaged to differentiate
"PPT-grown maize" (which has lower chemical residues) in the market to create premium demand,
particularly for export markets like the European Union, Livestock & Dairy Enterprises: Local dairy
cooperatives and milk processors are key stakeholders for the high-quality fodder outputs,
facilitating a shift from subsistence farming to a cash economy).

6. Embedding gender equality and inclusive practices. In embedding gender equality and inclusive
practices into the adoption of PPT, a sustainable, low-cost pest management system for cereals is
critical for boosting food security and economic empowerment among women smallholders in
Africa where women constitute over half of Sub-Saharan Africa's 33 million smallholder farmers
and up to 62-75% of the agricultural labour force, thereby playing a pivotal role in food production,
processing, and marketing. While the technology is inherently "gender-neutral”, its adoption is
often influenced by gender-specific constraints like limited access to land, tools, and labour,
requiring targeted approaches to overcome structural barriers and ensure equity.

The engagement of stakeholders through MACs has been a primary driver in scaling PPT across East
Africa, notably under the initiatives of UPSCALE project. These collaborative processes have
transformed PPT from a laboratory innovation into a widely adopted field practice by integrating
researchers, extension agents, NGOs, farmers, and government agencies. The future success of MACs
in adoption and adaptation of PPT lies in transitioning from research-driven dissemination to a
sustainable, locally owned model that integrates climate-smart, diversified farming practices.
Application of such strategies as strengthening input supply chains, fostering farmer-led innovation,
enhancing digital communication, and institutionalising support through advocacy and policy, as
demonstrated by initiatives undertaken by the UPSCALE project, are relevant. Other evident strategies
would include Institutionalizing and Scaling MACs, Climate-Smart Adaptation and Diversification,
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Strengthening Farmer-Led Knowledge Sharing, Digital Integration and Information Access, and Policy
Support and Incentives.

5.3 Advice for Future Research

Future research should prioritize strengthening community-based seed systems to reduce reliance on
imported Desmodium and Brachiaria and enhance local resilience and sustainability. Developing
stakeholder influence maps would help to better understand power dynamics within farming systems
and enable more tailored and effective engagement strategies. There is also a need to enhance
farmer-to-farmer extension approaches as a practical response to persistent limitations in formal
extension services. Targeted investment in youth and women engagement pathways, particularly in
input production, extension delivery, and processing, can further support inclusive and sustained
adoption.

In addition, future studies should focus on the co-development of monitoring frameworks that assess
the quality and depth of stakeholder engagement, rather than relying solely on participation numbers.
Promoting farmer-to-farmer diffusion models remains critical, especially in contexts where extension
capacity is constrained, as these approaches leverage social learning and peer influence to accelerate
knowledge sharing and adoption.

6 Value Chain

For the UPSCALE project, applying best-practice transdisciplinary guidelines significantly strengthened
both research quality and scaling outcomes. Transdisciplinary approaches emphasize co-design, co-
production, and co-implementation of knowledge with farmers, private sector actors, extension
agents, financial institutions, and policymakers (Norstréom et al., 2020). This requires early stakeholder
mapping, jointly defined research questions, iterative learning cycles, and transparent communication
of results. Embedding reflexive monitoring and adaptive management ensures that insights from seed
producers, dairy cooperatives, youth enterprises, and local authorities continuously inform system
improvements. Such inclusive processes are particularly important for PPT, where agronomic
performance, seed systems, livestock feed markets, and sociocultural practices are tightly
interconnected.

Value chain analysis within UPSCALE followed a multi-actor community of practice approach. This
integrated input supply (Desmodium and Brachiaria seed multiplication), production, aggregation,
processing, and end markets, especially dairy and livestock feed value chains, while accounting for
labour dynamics, gender roles, and youth participation. We paid particular attention to strengthening
both formal and informal seed systems, improving quality assurance and traceability, and identifying
bottlenecks in finance and market access. Combining cost—benefit analysis and institutional mapping,
we designed inclusive business models and resilient market linkages that support sustainable
intensification across East Africa.

6.1 Best Transdisciplinary Practices

The UPSCALE project applied systemic value-chain assessments to strengthen the scaling of PPT,
integrating crop production, seed systems, livestock feed markets, and extension pathways to better
understand adoption dynamics. By engaging multi-actor communities of practice, including seed
companies, aggregators, and feed processors, the project fostered early private-sector buy-in and
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developed sustainable market pathways for companion crops. Linking Desmodium and Brachiaria to
dairy and livestock feed markets demonstrated clear economic and nutritional co-benefits, reinforcing
PPT’s role in improving farm productivity and livelihoods (Midega et al., 2018). The exploration of
informal seed networks, alongside initial seed system development efforts in Rwanda and Ethiopia
and private-sector consultations in Kenya, laid groundwork for resilient supply chains. Furthermore,
integrating high-value vegetables into PPT through stakeholder consultations expanded income
diversification opportunities and strengthened the overall value-chain narrative for sustainable
intensification in East Africa.

1. Apply a diversified systems value chain approach: adopt a whole-system lens that integrates
seed systems (Desmodium, Brachiaria, and high-value vegetables), crop production,
aggregation, livestock feed markets, fresh produce markets, and end consumers. Vegetable
integration strengthens income diversification, nutrition outcomes, and cash flow stability,
complementing livestock feed and cereal productivity benefits.

2. Strengthen integrated seed systems: support both formal and informal seed networks for
companion forages and vegetables. Promote decentralized seed multiplication enterprises
(including youth- and women-led businesses), improve quality assurance and traceability, and
align certification systems to accommodate multi-crop PPT models. Regulatory flexibility is
particularly important for vegetable seed exchange and local seed enterprises.

3. Link companion crops to dairy and vegetable markets: position Brachiaria and Desmodium as
commercial livestock feed inputs within dairy value chains, while vegetables serve as high-
value cash and nutrition crops. Integrating vegetables enhances household income smoothing
and strengthens the economic case for PPT adoption (Midega et al., 2018).

4. Promote inclusive and youth-responsive business models: encourage cooperatives, contract
farming, aggregation hubs, and micro-enterprises focused on vegetable marketing and forage
seed multiplication. Vegetable enterprises often provide entry points for youth and women
due to lower land and capital requirements.

5. Conduct integrated profitability and risk modelling. undertake cost—benefit and scenario
analyses that quantify: Livestock productivity gains; Vegetable income streams; Labour
allocation; Climate resilience benefits; and Nutrition impacts. Modelling diversified revenue
streams (grain + fodder + vegetables) strengthens investment cases and reduces perceived
adoption risk.

6. Embed climate-smart diversification: map climate risks across cereal, forage, and vegetable
value chains. Promote drought-tolerant forage varieties and climate-resilient vegetable crops
to enhance adaptive capacity in mixed farming systems.

7. Institutionalize transdisciplinary coordination: follow co-design and co-production principles
engaging farmers, traders, dairy cooperatives, vegetable aggregators, extension officers,
financial institutions, and policymakers (Lang et al., 2012; Norstrom et al., 2020). Vegetable
integration requires additional coordination with horticulture boards and fresh produce
market actors.

6.2 Guidelines

Based on the UPSCALE experience in East Africa and the broader PPT literature, the following
guidelines can support effective integration of push—pull value chains across the region:
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1. Apply a systemic value chain lens: adopt a whole-system approach that links input supply
(Desmodium and Brachiaria seed systems), on-farm production, aggregation, livestock feed
markets, dairy value chains, and final consumers. Integration should explicitly consider labour,
gender roles, youth participation, and risk distribution across actors to ensure equitable and
economically viable scaling.

2. Strengthen resilient seed systems: develop both formal and informal seed networks to
improve access, affordability, and adaptability of push crops (Desmodium) and pull crops
(Brachiaria). Invest in local seed multiplication enterprises, quality assurance mechanisms,
and traceability systems to build trust in Desmodium and Brachiaria markets while supporting
regulatory reforms that enable innovation and cross-border exchange.

3. Embed livestock—crop integration: position companion crops not only as pest and soil
management tools but also as high-value livestock feed inputs. Stronger linkages with dairy
cooperatives, feed processors, and fodder markets enhance profitability and create clear
economic incentives for adoption (Midega et al., 2018).

4. Promote inclusive business models: support cooperatives, contract farming, and youth- and
women-led seed enterprises to ensure broad participation and local ownership. Business
models should distribute value fairly across the chain and reduce entry barriers for
smallholders.

5. Use evidence-based economic and climate modelling: conduct cost—benefit and scenario
analyses that capture profitability, labour requirements, food security outcomes, and climate
resilience benefits. Quantifying system-level impacts strengthens investment cases and
informs public budgeting and private-sector engagement.

6. Institutionalize transdisciplinary collaboration: follow co-design and co-production principles
by engaging farmers, private sector actors, researchers, extension services, and policymakers
throughout the process (Lang et al., 2012; Norstrom et al., 2020). Multi-actor platforms and
communities of practice can facilitate learning, trust-building, and adaptive management.

7. Align with policy and extension systems: integrate PPT value chains into national agricultural
strategies, dairy development plans, and youth employment agendas. Early and sustained
engagement with ministries and regulatory bodies enhances coherence and reduces
institutional fragmentation. Linking with public extension systems ensures that market
integration is supported by technical capacity on the ground.

8. Integrate climate risk management: map climate risks along the value chain, from seed
production to feed supply, and design adaptive strategies that enhance resilience to drought,
pests, and market shocks, reinforcing the climate-smart dimensions of PPT (Midega et al.,
2018).

Collectively, these guidelines emphasize that successful PPT value chain integration in East Africa
depends on systemic thinking, inclusive market development, strong seed systems, livestock market
linkages, and sustained science—policy-market collaboration to achieve sustainable intensification
and livelihood improvement.

6.3 Advice for Future Research

Future research on PPT should emphasize comprehensive value-chain profitability modelling that
integrates seed multiplication systems, fodder markets, labour requirements, and market linkages to
better assess economic viability and investment potential. Strengthening partnerships with financial
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institutions will be essential for designing tailored credit products that enhance smallholder access to
inputs and stimulate adoption. Piloting inclusive business models, such as cooperatives, contract
farming schemes, and youth- and women-led seed enterprises, can foster equitable participation and
sustainable seed system development, particularly for Desmodium and Brachiaria. Establishing
traceability and quality assurance mechanisms will improve confidence in both formal and informal
seed markets, while climate-risk mapping along the value chain can inform adaptive and resilient
interventions in the face of increasing variability (Midega et al., 2018). Moreover, strengthening
livestock—crop integration models will enhance returns from companion crops, supporting mixed
farming systems that improve productivity, soil health, and household incomes (Pickett et al., 2014).

7 Sustainability of project learnings

The UPSCALE project sought to promote awareness, adoption, expansion, sustainability, and
contextual adaptation of PPT among smallholder farmers in Eastern Africa. Originally developed by
icipe and partners, PPT is an agroecological innovation that integrates cereals such as maize and
sorghum with Desmodium spp. as intercrops and border plants such as Brachiaria or Pennisetum
purpureum (Napier grass). The system was initially designed to control Striga hermonthica and cereal
stemborers (Khan et al., 2010), and has since been adapted to address fall armyworm and climate
stress (Midega et al., 2018; Niassy et al., 2021).

Empirical evidence demonstrates that PPT significantly reduces Striga infestation and stemborer
damage while improving cereal yields (Khan et al., 2010; Khan et al., 2014). Climate-adapted push—
pull systems incorporating drought-tolerant Brachiaria and Desmodium species have further
enhanced resilience under variable rainfall conditions (Midega et al., 2018). In addition, recent studies
confirm its effectiveness in suppressing fall armyworm populations, thereby strengthening household
food security (Niassy et al., 2021). Beyond pest control, the technology contributes to soil fertility
improvement through biological nitrogen fixation, soil moisture conservation, livestock feed
provision, and income diversification (Khan et al., 2014; Midega et al., 2018).

In implementing the UPSCALE project, a transdisciplinary approach was adopted through MACs,
bringing together researchers, farmers, agro-dealers, seed companies, NGOs, financial actors, faith-
based organizations, and policymakers. Such approaches align with broader scholarship on
agricultural innovation systems and transdisciplinary collaboration, which emphasizes knowledge co-
production, stakeholder integration, and reflexive learning as drivers of sustainable impact (Bacheva
et al., 2025).

The sustainability of project learnings can be understood through the durability of knowledge
networks, institutional embedding, and adaptive capacities generated by the transdisciplinary
framework. First, knowledge co-production enhances local ownership. Participatory experimentation
and farmer-led adaptation strengthened the internalization of PPT practices, increasing the likelihood
of continued use beyond project timelines. Evidence from push—pull scaling initiatives shows that
farmer-to-farmer diffusion and experiential learning are central to sustained adoption (Khan et al.,
2014). Some examples are listed herein as evidence:

1. JKUAT held FGD with farmers from Kisumu, Siaya and Vihiga counties in Kenya, as part of the needs
assessment research to determine sustainable intensification practices that farmers would want
integrated in push-pull systems in the region. Participants of the FGD and Kll identified integration
of legumes and vegetables, crop rotation, integration of tree species within farming systems and
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use of organic manure as key practices that they wanted to use to further intensify their
production systems (UPSCALE D6.3, 2022; Buleti et al., 2023).

2. MU in Kenya and Mara Development Organization (MADEO) in collaboration with TARI in Tanzania
collaboratively engaged school administrators, students, parents and farmers to participatorily
upscale PPT through schools in each country. As a result, exposing PPT to the next generation
leaners ensured co-ownership and future sustainability prospects.

3. Based on needs assessment surveys (Period 1), crops for push-pull intensification were established
in Kenya following the mother-baby approach for participative evaluation by farmers and
researchers. Additionally, following the experiences and knowledge gained from PPT
intensification activities in Tasks 6.3 and 6.4 centered in Kenya field sites, a series of co-designed
mother-baby trials was kicked off starting in April 2023 in all the UPSCALE countries. The aim of
these trials is to accelerate the development of practical PPT intensification solutions with high
uptake by farmers according to the specific social ecological conditions they are farming in. The
trials were established in all participant countries in coordination with ICIPE, JKUAT, JLU and
country coordinators (UPSCALE 2nd Periodic Technical Report, 2023). Vegetable integrated push
pull technology (VIPPT) followed this transdisciplinary co-construction process to identify high
value vegetables to be integrated into push pull technology (Chidawanyika, 2023; 2025).

4. The landscape approach to technology transfer was piloted initially in Kenya (Homabay County
with 3 villages involving 58 contiguous farm households and in Uganda (Kamuli district with 42
farm households). Local partners were identified, trained, and linked to government and private
local agricultural advisers as well as influential individuals from the farmer communities to
effectively promote the benefits of the technology and facilitate its wider uptake (UPSCALE D8.3,
2024).

Second, institutional integration will influence long-term continuity. For instance, PPT has been
included in the draft ‘Roadmap for sustainable and regenerative agricultural commercialization in
Ethiopia’ courtesy of Institute for Sustainable Development (ISD) and Ethiopian MAC members.” With
this development, PPT is now one of the integrated pest management (IPM) options available to
Ethiopian farmers. The MAC in Ethiopia is making effort to remove bottlenecks to PPT upscaling by
working with the Ministry of Agriculture to increase farmers’ trainings and capacity building, as well
as providing Desmodium seedlings through development agents (DAs) and farmers training centres
(FTCs). With PPT principles incorporated into extension systems and national climate-smart
agriculture strategies, sustainability prospects have improved. Additionally, working with Wollo
University, the Ethiopian MAC has successfully registered Desmodium dichotomum, an Ethiopian
landrace and are currently testing its efficacy further strengthening the continuation of push pull
engagement beyond the project. Moreover, UPSCALE project’s design and architecture incorporated
national research organisations (NROs) in the other eastern Africa countries. Therefore, the outputs
of the project will be institutionalised in respective countries by Kenya Agriculture and Livestock
Research Organisation (KALRO) in Kenya, National Agricultual Research Organisation (NARO) in
Uganda, Tanzania Agricultural Research Organisation (TARI) in Tanzania and Rwanda Agricultural
Board (RAB) in Rwanda. It should be noted that transdisciplinary platforms function effectively when
embedded within existing governance and advisory systems rather than operating as parallel project
structures (Bacheva et al., 2025). Therefore, there is a strong possibility of sustained engagement with
MACs beyond the project as these national research organisations fulfil their mandate. Moreover, the
country specific scorecards for each region presents specific actions for embedding sustainability
beyond the project.

Third, value chain development for Desmodium and Brachiaria seeds contributed to economic
sustainability. Studies indicate that climate-adapted push—pull systems become self-sustaining when
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input supply chains and market incentives are strengthened (Midega et al., 2018). Without viable seed
multiplication and distribution systems, however, scaling efforts risk stagnation. During the life of
UPSCALE project, the Desmodium seed supply bottleneck (especially for green leaf variety was lifted.
In addition to encouraging production including through community-based mechanisms stimulated by
MAC actors especially in Ethiopia and Tanzania, as well as development of Desmodium nursery
practices in Rwanda, a focus of the project is on the Desmodium seed value chain represented by
agrodealers and certified seed producers. In Tanzania, Organic Hill Farming Co. Ltd is producing green
leaf Desmodium and is collaborating with TARI to reach push pull technology farmers. The MU team
embarked on a data collection activity on mapping supply, demand, and use of Desmodium seeds in
Western Kenya in April 2023 in Bungoma, Busia, Homabay, Kakamega, Kisumu, Kisii, Kitale, Migori,
Siaya, and Vihiga counties and found seed availability especially targeted as a forage seed. It is possible
to use these seeds for push pull technology, given that agrodealers’ business interest is not impeded.
The landscape approach to technology transfer (piloted in Kenya and Uganda) championed vegetative
propagation of Desmodium, with marked success, further demonstrating the lifting of the bottleneck.
Fodder value chain using both Desmodium and Brachiaria has been developed in western Kenya in
collaboration betwee icipe and Sigomere Organic Agriculture Programme (SOAP) and is poised to
continue beyond the project. Piloting vegetable integrated push pull technology (VIPPT) is proving a
game changer for engaging women and youth in push pull technology as they produce and sell high
value vegetables. It is demonstrated that institutional markets such as hospitals prefer these
vegetables as they are organically produced. Livestock value chains have been developed and are
sustainable in Gatsibo District of Rwanda and Kamuli District of Uganda where farmers working with
Food for the Hungry (FH) and NARO respectively are communally producing marketable dairy
surpluses.

Fourth, social capital formation within MACs supported resilience. Inclusive engagement fosters trust,
collective problem-solving, and long-term collaboration, all of which are identified in transdisciplinary
research as critical for sustaining innovation processes. National MAC meetings enabled peer to peer
exchanges and visits as this was programmed in national and regional stakeholders’ meetings (RSMs).
These exchanges enabled MAC members to learn and internalise possibilities of overcoming
challenges, transferring how peers solved problems, and networking developed and enabled continual
engagement and exchanges. Partners and stakeholders have pledged to carry on PPT engagements
beyond the project duration.

However, sustainability remains contingent on actor commitment, facilitation capacity, and
institutional continuity. Where coordination weakens or incentives diminish, collaborative structures
may erode. Thus, the transdisciplinary approach enhances sustainability not merely by introducing
technology, but by institutionalizing reflexive learning, shared ownership, and adaptive governance.
Moreover, the national coordinators and national research organisations as well as government
ministries pledged to domesticate PPT in their respective countries during the final regional
stakeholders meeting (RSM) in Addis Ababa, Ethiopia.

The UPSCALE experience suggests that sustainability of project learnings depends on: Genuine
stakeholder co-creation of knowledge; Institutional and policy embedding of innovations;
Economically viable value chains; Strong social capital and inclusive governance; Continuous reflexive
learning mechanisms. Future research should examine how different configurations of actor networks
and governance arrangements influence long-term institutionalization of agroecological innovations
across diverse Eastern African contexts
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8 Conclusion and recommendations

Innovations in agriculture are complex and require involvement of multiple stakeholders for success.
UPSCALE was designed as a transdisciplinary research in sustainable intensification in agriculture.
Transdisciplinarity was fostered by establishing MACs in each study region, whose secretariat was the
national coordinator. National MACs formalised their leadership, set their agenda and met regularly
over the project period. During national MAC meetings, research, higher education institutes, farmers,
policy makers, practitioners co-formulated research activities, intersected research outputs for
deeper understanding, canvassed aspects to be moved to practice and dialogued on policy advice and
best practices.

The UPSCALE experience demonstrates that sustainable intensification in agriculture is not merely a
technical process but an institutional and social transformation. By embedding transdisciplinary
collaboration within MACs, the project moved beyond linear technology transfer toward co-creation
of knowledge and shared ownership of innovation. In the case of PPT in eastern Africa, this
collaborative architecture enabled stakeholders, research institutions, higher education institutions
(HEIls), farmers, policymakers, practitioners, and private sector actors, to jointly generate evidence,
refine practices, and align policy and market incentives.

The findings underscore that successful agricultural innovation depends on sustained interaction
between science, policy, and practice; locally responsive communication and extension systems;
functional seed and input delivery mechanisms; supportive policy frameworks and institutional
support; and credible economic and social impact evidence. Clustered adoption models further
strengthen learning, reduce transaction costs, and enhance peer-to-peer diffusion. Ultimately, the
UPSCALE approach illustrates that transdisciplinarity is not an add-on but a prerequisite for scaling
agroecological innovations such as PPT in eastern Africa. Long-term sustainability will depend on
institutionalizing these collaborative platforms, strengthening local seed systems, and embedding
policy—science dialogue within national agricultural development strategies. Future research should
focus on long-term evidence generation, locally grounded seed systems, scalable business models,
and institutionalized policy-science interfaces to sustain and expand the impact of PPT across Eastern
Africa.

We thus derive the following key recommendations:

1. Institutionalize multi-actor community of practice (MAC) platforms: Governments and
development partners should formally integrate MACs into national agricultural innovation
systems to ensure continuity beyond project cycles. This would safeguard collaborative learning
and policy feedback mechanisms.

2. Strengthen local seed systems: Invest in decentralized, farmer-linked seed multiplication and
certification systems for Desmodium and Brachiaria grass to ensure reliable, affordable access to
quality planting materials.

3. Promote a landscape approach to technology adoption: Encourage geographically clustered
implementation of PPT to enhance farmer-to-farmer learning, reduce dissemination costs, and
build localized innovation ecosystems.

4. Enhance policy-science-practice interfaces: Establish structured policy dialogues at national and
regional levels to align research outputs with agricultural policies, extension frameworks, and
subsidy programs.
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5. Develop scalable business models: Support private sector engagement through inclusive
agribusiness models that integrate input supply, extension services, and output market linkages,
making PPT economically attractive and commercially viable.

6. Invest in long-term impact evaluation: Fund longitudinal studies to generate robust data on
productivity gains, resilience outcomes, gender impacts, and environmental benefits to
strengthen the evidence base for scaling.

7. Expand capacity building and communication strategies: Tailor training, demonstration plots, and
digital extension tools to local contexts, ensuring inclusive participation of women, youth, and
marginalized farmers.

8. Facilitate access to finance: Collaborate with financial institutions to design credit products and
risk-sharing mechanisms that enable smallholder farmers to adopt and sustain PPT practices.

9. Regional knowledge sharing and harmonization: Promote cross-country learning platforms within
eastern Africa to harmonize standards, share best practices, and accelerate regional scaling.

Together, these measures will consolidate the gains of UPSCALE project and ensure that push—pull
technology evolves from a successful project-based innovation into a resilient, institutionalized
component of sustainable agricultural transformation in eastern Africa.
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