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Agrifood systems are increasingly shaped by activities beyond the farm gate, yet the midstream and
downstream segments—known as the hidden middle—remain severely under-researched. This paper
presents a review of 276 impact evaluations and systematic reviews to assess what is currently known
about effective policies and programs targeting the hidden middle in low- and middle-income
countries. While 52% of the studies focus on smallholder-oriented interventions and 21% on public
goods, only 27% address the hidden middle, and nearly half of these concern contract farming—a
mechanism designed to bypass intermediaries rather than strengthen them. Most intervention
categories in the midstream and downstream are supported by fewer than four rigorous studies.
Moreover, services like storage, training, and market information are evaluated almost exclusively in
the context of producers, ignoring the micro, small, and medium enterprises (MSMEs) that dominate
the hidden middle. The paper concludes that addressing this evidence gap is essential to designing
inclusive, resilient agrifood systems and calls for a shift in research and policy focus toward the actors
and services that connect farms to markets and consumers.

Los sistemas agroalimentarios estan cada vez mas definidos por actividades que ocurren mas alla del
ambito agricola, pero los segmentos intermedios y posteriores —conocidos como el “eslabon oculto”—
siguen siendo escasamente investigados. Este articulo presenta una revision de 276 evaluaciones de
impacto y revisiones sistemaéticas para evaluar lo que actualmente se sabe sobre politicas y programas
efectivos dirigidos al “eslabdn oculto” en paises de ingresos bajos y medianos. Mientras que el 52 % de
los estudios se enfocan en intervenciones orientadas a pequenos productores y el 21 % en bienes
publicos, solo el 27 % aborda el “eslabon oculto”, y casi la mitad de estos se centran en la agricultura
por contrato, un mecanismo disefiado para eludir a los intermediarios mas que para fortalecerlos. La
mayoria de las categorias de intervencion en los segmentos intermedios y posteriores cuentan con
menos de cuatro estudios rigurosos. Ademas, servicios como almacenamiento, capacitacion e
informacién de mercados son evaluados casi exclusivamente en el contexto de los productores,
ignorando a las micro, pequenas y medianas empresas (MIPYMES) que predominan en el “eslabon
oculto”. El articulo concluye que abordar esta brecha de evidencia es esencial para disefiar sistemas
agroalimentarios inclusivos y resilientes, y hace un llamado a reorientar la investigacion y las politicas
hacia los actores y servicios que conectan las fincas con los mercados y los consumidores.
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The objective of this product is to identify investments and policies implemented to strengthen specific
segments of agrifood value chains, focusing exclusively on those for which there is sufficient evidence
to assess their relevance and effectiveness.

Given this objective, our focus is on locating and analyzing impact evaluations and systematic
reviews. Impact evaluations rely on rigorous methods to quantify causal effects—such as randomized
controlled trials (RCTs), difference-in-differences (DiD), instrumental variables (IV), and matching
techniques, among others—while systematic reviews assess and synthesize high-quality studies,
typically impact evaluations, to verify the consistency and reliability of reported outcomes across
multiple contexts.

The main sources consulted to identify relevant studies included public databases from 3ie
(particularly useful for its pre-identified repository of impact evaluations), IFPRI, CGIAR, OECD, and
the World Bank, complemented by targeted searches on Google Scholar. Priority was given to studies
published from 2010 onward, although a small number of highly cited studies from the previous five
years were also included due to their continued relevance.

Search categories were derived from a set of highly cited academic papers focused on describing the
hidden middle. For simplicity and analytical clarity, they were grouped into three broad domains:

Public Goods, referring primarily to enabling infrastructure (typically state-financed) that
supports the entire agrifood system, from production to consumption.

Producers, encompassing interventions directly aimed at supporting smallholder activities.

and Hidden Middle, referring to services and institutional arrangements that facilitate the flow of
agricultural products from farm to final consumers

The literature review began with a rapid search across the databases mentioned, using the
subcategories detailed in Annex 1, which are themselves grouped into the three broad domains
described earlier. This initial search yielded over 1,200 abstracts, which were progressively filtered
based on thematic relevance and, critically, their methodological approach—specifically whether they
were compatible with the criteria for impact evaluations or systematic reviews. This screening process
produced a shortlist of 404 studies, which was further narrowed to 315 after removing duplicates,
including different versions or titles of the same research. The full texts of these 315 studies were then
reviewed—focusing in particular on their methodological design—to ensure that only genuine impact
evaluations and systematic reviews were retained. The final result of this selection process is a sample
of 276 documents: 47 systematic reviews and 229 impact evaluations.



Figure 5. Study Selection Process for the
Evidence Review
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Itis important to acknowledge several limitations of this review. First, we did not conduct an in- depth
appraisal of the methodological quality of each included study; rather, we verified only whether each
study employed a recognized impact evaluation or systematic review methodology. As a result, some
studies with potential concerns about internal validity—particularly quasi- experimental designs with
weak controls for selection bias—may have been included. In fact, 75% of the selected impact
evaluations rely on quasi-experimental designs, 19% use experimental methods, and 6% employ
mixed-methods approaches. Annex 2 provides a detailed breakdown of the methodological
composition of the sample.

Second, there is a strong geographical bias in the evidence base: 62% of the final sample focuses on
Sub-Saharan Africa—half of these studies concentrated in just four countries (Ethiopia, Tanzania,
Kenya, and Uganda). South Asia (16%), Southeast Asia (9%), Latin America and the Caribbean (8%),
and China (3%) are clearly underrepresented. As a result, most studies refer to low-income countries,
where the hidden middle tends to be smaller, and thus opportunities to evaluate midstream and
downstream interventions are more limited. This regional bias was also present—though somewhat
less pronounced—in the systematic reviews included.

Third, the review may be affected by publication bias and language bias. Although the search
strategy included major institutional databases and Google Scholar, it focused primarily on English-
language sources and formally published studies. As a result, high-quality evaluations from
government agencies, NGOs, or development partners—especially those found in the grey literature
or published in other languages—may have been missed.

Finally, it must be acknowledged that many impact evaluations assess multi-component interventions,
which makes it difficult to isolate the effects attributable to specific action areas, such as those defined
in Annex 1. In such cases, classification was based on the dominant intervention components or the
clearest pathway of impact reported by the authors—which could lead to incorrect attribution of
observed outcomes to a single intervention type.



1.1. Rural Electrification

Agrowing body of systematic evidence highlights the significant, though heterogeneous, socio-
economic effects of rural electrification in low- and middle-income countries (LMICs). Across multiple
thematic domains—including household welfare, productivity, education, health, and gender
dynamics—electrification interventions demonstrate substantial potential to catalyze rural
transformation, albeit with context-dependent outcomes.

All five systematic reviews reviewed here affirm the positive association between rural electrification
and improvements in household income, employment, education, and productivity. For instance,
Ayana and Degaga [194] conducted a meta-regression of over 70 studies and found statistically
significant genuine effects of electrification on key welfare indicators, particularly education and
employment, after controlling for publication bias. This finding is consistent with ESCAP [190], which
documents electrification’s capacity to enhance access to economic opportunities, public services, and
gender equity.

Evidence on income gains is particularly robust. Three reviews [112, 184, 194] report measurable
increases in household income following electrification, driven by both direct cost savings (e.g., from
reduced kerosene use) and new income-generating activities enabled by electricity access. However,
the magnitude and sustainability of these effects vary widely, depending on the design of interventions
and the enabling context. For example, Bensch et al. [184] found that while market- based reforms
contributed to improved electricity access, outcomes were mixed across different countries and reform
packages, underlining the limited effectiveness of regulatory change in isolation.

The reviews also converge on electrification’s positive effects on time use and female empowerment.
Electrification was found to reduce the time burden of domestic chores [190, 194], potentially freeing
up time for education or income-generating work, particularly for women. Nonetheless, the findings
underscore that such benefits often accrue disproportionately to men or to wealthier households
unless specific gender-sensitive components are included in program design [112, 190].

Education outcomes emerge as one of the most consistent benefits of rural electrification. Improved
lighting and access to information technologies support higher school attendance and completion
rates [112, 185, 190]. However, evidence on direct learning outcomes remains limited, and future
studies are needed to explore the quality dimension of educational gains [185].

The reviews also examine environmental and technological factors. Berthelemy and Millien [185],
using a meta-analysis of 421 decentralized electrification projects, emphasize the superior
performance of hybrid mini-grid systems over small-scale Solar Home Systems (SHS), particularly in
Latin America and parts of Asia. They argue that system size and technological configurations are
critical for maximizing development outcomes. Similarly, the review by UN ESCAP [190] notes that
the geographic context substantially shapes project viability and long-term impacts, with mountainous
or sparsely populated areas showing lower cost-effectiveness for grid expansion.



From a policy perspective, several implications emerge. First, electrification alone is insufficient to
trigger large-scale rural transformation. The effectiveness of rural electrification increases when
bundled with complementary interventions such as credit access, training, and institutional reform
[112, 194]. Second, targeting mechanisms are essential to avoid exacerbating inequality, as
electrification benefits tend to concentrate in better-off households unless subsidies or pro-poor
components are explicitly integrated [112, 190].

In terms of research gaps, all reviews call for better-quality impact evaluations, especially longitudinal
studies that track longer-term effects on economic resilience, gender empowerment, and climate
outcomes. Importantly, Ayana and Degaga [194] highlight the underrepresentation of studies in low-
income African countries, suggesting a skew in the evidence base that needs to be addressed through
targeted empirical research.

Several of the reviews also highlight the role of rural electrification in enabling the emergence and
expansion of midstream and downstream economic activities. For example, the ESCAP review [190]
identifies linkages between electrification and the creation of non-farm enterprises, including agro-
processing and informal commerce. Similarly, Ayana and Degaga [194] emphasize that electricity
access facilitates diversification into commercial activities beyond agriculture, particularly when
combined with supportive infrastructure and market access. Berthelemy and Millien [185] further
stress that the scalability of productive uses of electricity depends heavily on system size, with mini-
grids offering more potential than small standalone systems. Nonetheless, these benefits are uneven
and require deliberate design and coordination to overcome limitations in infrastructure and policy
alignment. Absent such conditions, electrification risks reinforcing existing inequalities rather than
enabling inclusive food system transformation.

In sum, rural electrification is a necessary, though not sufficient, condition for inclusive rural
development. While its developmental returns can be significant, the heterogeneity in outcomes
stresses the need for careful program design, integration with other development tools, and ongoing
monitoring and evaluation to ensure equitable benefits across different population groups and
regions.

1.2. Rural Roads

Agrowing body of evidence from systematic reviews and rigorous impact evaluations supports the role
of rural roads and transport connectivity as critical enablers of rural development. One review
synthesizes extensive global evidence and concludes that road investments generally produce
significant welfare gains in rural areas, particularly through increased non-agricultural employment,
reduced transport costs, improved access to services, and reduced poverty. However, these benefits
are highly context-dependent and moderated by the initial level of remoteness, complementary
infrastructure, and market conditions. Importantly, the review also identifies unintended negative
consequences, such as increased transmission of diseases (e.g., HIV), and adverse effects on nearby
communities excluded from investment [188]. Another review complements these findings by
showing that road infrastructure, especially when bundled with irrigation and other services,
contributes to multidimensional poverty reduction and improved agricultural outcomes [80].



The findings of 23 relevant impact evaluations provide rich, country-specific evidence that reinforces
and expands upon these conclusions. Several studies document consistent income gains and poverty
reduction following road construction or rehabilitation. In Nepal, one evaluation estimates a 28%
increase in household income due to rural roads, with stronger gains for poorer households [36]. In
Nigeria, reduced transport costs through road improvements led to higher agricultural and non-
agricultural income and reduced multidimensional poverty [8]. In Bangladesh, major road
infrastructure development contributed to a shift toward higher-return employment and cropping
intensity [101].

Several studies highlight important labor market effects. In Vietnam, evaluations observe shifts from
agricultural to non-farm or self-employment [102, 125]. Similarly, rural roads enabled migration to
non-agricultural jobs without major improvements in local farm productivity [17]. A study in India’s
transport corridors reports a shift toward non-farm work, although these did not significantly affect
poverty or wage employment, emphasizing the need for complementary policies [97].

Evidence on agricultural productivity is similarly robust. In Mozambique, road expansion
significantly raised agricultural production, with the largest gains in previously disconnected

regions [771]. In India, paved rural roads improved market integration, prices, and technology adoption
[3]. Studies from China and Bangladesh also report increased specialization and productivity linked
to transport infrastructure, although some effects are geographically heterogeneous [123, 26].

The evidence base also reveals important limitations. In Tanzania, road upgrades reduced rice prices
and lowered life satisfaction due to competition-induced pressures [49]. In Vietnam, only male-
headed households benefited from increased agricultural trade, due to gendered constraints in
accessing capital and labor [93]. Some studies point to resilience and income gains in remote areas,
yet effects on agriculture or health remain inconclusive in the short term [106, 144]. Furthermore,
highway investments can have uneven distributional impacts, with U-shaped effects on income

inequality [155].

The importance of local context is a recurring theme. Many evaluations emphasize that the impacts of
road investments are stronger in poorer, isolated regions [71, 102], and vary by terrain and access to
markets. Geographic targeting and bundling with extension, credit, or irrigation services appear
essential to maximize returns [48, 127].



Despite the wealth of evidence on rural roads, explicit references to midstream value chain activities
—such as storage, wholesale markets, processing, or aggregation—are largely absent in both SRs and
IEs. One review notes the lack of rigorous studies examining the role of rural roads in supporting
midstream logistics or small and medium enterprises [188]. Another highlights the potential synergies
between infrastructure and agribusiness development but does not offer specific evidence on value
chain transformations [80]. Among the IEs, some provide limited indications of improved local
market development and price integration, but do not detail effects on wholesale or storage
infrastructure [102, 3]. This notable gap underscores the need for future research explicitly focused on
the hidden middle and its interaction with rural road investments.

Overall, the combined evidence underscores the developmental value of rural roads, particularly when
deployed in lagging regions and accompanied by complementary policies. Road investments are
shown to enhance income, agricultural productivity, market integration, and non-farm employment,
though effects vary considerably by geography, household characteristics, and policy context. The
persistent lack of analysis on midstream value chain outcomes suggests an important blind spot in the
literature—one that future impact evaluations and systematic reviews should address to better
understand how rural connectivity can unlock inclusive agrifood system development.

1.3. Large-scale Irrigation

This synthesis draws on two Systematic Reviews (IDs 187 and 189), with partial supporting evidence
from a third (ID 193), to assess the impacts of large-scale irrigation schemes, typically defined as
government- or donor-financed infrastructure projects serving areas greater than 100 hectares. The
reviews focus on their effects on agricultural productivity, rural livelihoods, environmental outcomes,
and institutional performance, based primarily on evidence from Sub-Saharan Africa and South Asia.

Large-scale irrigation systems have generally underperformed in terms of economic returns when
compared to small-scale alternatives. Evidence shows that internal rates of return (IRR) for large
schemes are often low, especially in Sub-Saharan Africa, where average construction costs reached
US$14,455 per hectare—more than twice the cost in other regions. These elevated costs were rarely
matched by proportionate productivity gains, and many systems suffered from high operation and
maintenance burdens, limited responsiveness to farmer needs, and poor institutional frameworks
[193]. Historically, these systems played a critical role in the expansion of irrigated area during the
Green Revolution, but many have since struggled to maintain performance due to underinvestment in
upkeep and weak governance [187].



The productivity impacts of large-scale irrigation were most evident in the early decades of the Green
Revolution, where irrigation enabled broader adoption of high-yielding varieties and fertilizer
packages. These systems facilitated higher cropping intensity and expansion into higher-value crops.
However, their benefits were often conditional on access to complementary inputs and effective
extension services. Where such conditions were not present, gains were uneven and often captured
by wealthier farmers [187].

While large-scale irrigation contributed to poverty reduction through enhanced food production, job
creation, and price stabilization, its pro-poor effectiveness has declined. Recent evidence points to
diminishing marginal returns as land and water become scarcer and project costs increase. Moreover,
large systems often failed to target the most vulnerable populations effectively. In contrast,
smallholder-oriented systems have demonstrated greater precision in poverty targeting, often
yielding stronger livelihood improvements for marginalized groups [187; 193].

Large irrigation schemes have been associated with a wide range of environmental issues. These
include soil salinization, waterlogging, contamination from agrochemicals, and depletion of
groundwater resources. In several documented cases, the construction of large dams and canal
systems resulted in reduced downstream sediment flows, wetland degradation, and biodiversity loss.
These negative externalities were particularly acute in systems lacking environmental planning or
adequate drainage infrastructure [187].

Access to irrigation water within large-scale systems tends to be highly unequal. Head-end farmers
benefit from more reliable and better-quality water, while tail-end users frequently receive
insufficient or degraded flows. Inequities are further reinforced by landholding structures, as larger
or politically connected farmers are more likely to benefit from irrigation access and complementary
services. This pattern has led to concerns about the regressive nature of benefits in many large public
irrigation systems [189].



Institutional shortcomings have played a key role in limiting the success of large-scale irrigation.
Common problems include poor cost recovery mechanisms, lack of farmer participation in
decision-making, weak coordination across agencies, and underfunded maintenance regimes.
Many systems were implemented with insufficient attention to long-term financial and
environmental sustainability. The evidence suggests that future investments should be
accompanied by stronger institutional frameworks, with integrated planning, accountability
mechanisms, and clear strategies for ensuring inclusiveness and environmental resilience [187].

1.4. Regulations

Adiverse set of regulatory interventions—ranging from trade policy and legal reforms to market
governance—has been evaluated in recent years, offering insights into how institutional frameworks
shape the performance and inclusiveness of agrifood systems.

Trade-related regulations can have far-reaching effects on both production and consumption. In
Brazil, trade liberalization reduced employment across genders, but disproportionately affected male
workers in tradable sectors, thus contributing to a narrowing of gender gaps in labor force
participation—though largely through negative outcomes for men rather than gains for women [55].
In contrast, guaranteed price policies, such as Mexico’s recent program for smallholder maize farmers,
had positive distributional effects: while overall cultivated area declined nationwide between 2018 and
2020, beneficiaries of the price support experienced a smaller reduction in production area and
increased incomes—driven primarily by the price effect, not yield expansion [62].

More structural reforms, such as legal changes expanding women’s economic rights, have also shown
transformative impacts. In Ethiopia, reforming the Family Law to enhance women's autonomy over
property and employment resulted in a significant rise in women’s participation in full-time, paid, and
off-farm occupations in regions where the reform was enacted. The magnitude of this change— 15—
24% increases—points to the strong potential of institutional reforms to influence labor allocation and
occupational choice [64].

Trade agreements and tariff policies affect not only producer incentives but also food environments.
The phased implementation of NAFTA in Mexico was associated with long-term shifts in dietary
patterns: animal-source food consumption increased after 1994 and 2008, while pulse consumption
declined, suggesting that liberalization contributed to structural dietary transitions [134]. Similarly,
in Indonesia, the use of dairy import tariffs was found to support domestic supply by increasing prices
and production, while slightly dampening demand—highlighting the dual protective and distortive
effects of such tools [122].



Other forms of market-oriented regulation aim to stabilize prices and improve risk management. In
China, concerns had emerged that the introduction of futures markets in apples may have triggered
excessive volatility in spot markets. However, time-series analysis showed that futures trading was not
responsible for spot price spikes and may, in fact, reduce long-term volatility, offering evidence in
favor of regulated price discovery instruments [154].

Finally, regulatory governance of agricultural markets themselves appears critical. A panel study from
India found that stronger implementation of post-harvest marketing laws—specifically through the
Agricultural Produce Market Committee (APMC) Act—was positively associated with agricultural
growth and technology adoption across states. The findings caution against deregulation efforts that
weaken market institutions, emphasizing instead the need for effective regulatory structures to crowd
in investment and sustain rural development [369].

1.5 Public goods interventions: Summary

Number of studies* found, by intervention category and type of
impact

Impact assessment

Intervention Mixed/ Null/

Positive . .
Inconclusive  Negative
Public goods
Electrification 8(7) 2 10
Irrigation 3(1) 2(2) 5
Roads 16 (1) 7 (1) 2 25
Storage 1 1

* Number of systematic reviews in parentheses.
Note: Each study could be included in more than one intervention category.
Own elaboration



2.1 Smallholder Irrigation

This synthesis is based on two Systematic Reviews [193, 410] and 16 complementary Impact
Evaluations. It examines the effects of smallholder irrigation interventions on productivity, food
security, and rural livelihoods in low- and middle-income countries. The evidence focuses on
technologies and programs designed for small-scale farmers, including community-managed systems,
low-cost irrigation Kkits, treadle pumps, and drip or sprinkler irrigation adapted to fragmented plots.
While one of the reviews includes comparative analyses of small and large-scale irrigation systems,
this synthesis exclusively considers findings related to smallholder-focused interventions. Results
pertaining to large-scale, government-built irrigation schemes are addressed separately in the
thematic synthesis on large-scale irrigation.

Systematic Reviews reveal that smallholder irrigation expansion occurs through both formal and
informal channels. In South Asia, public and NGO-led efforts to promote tubewells, surface systems,
and solar irrigation technologies have increased adoption, especially where land tenure and subsidies
support farmer investment [193]. In Africa, farmer-led irrigation initiatives—such as treadle or motor
pumps—predominate, yet access remains limited and uneven due to lack of financing and technical
support [410].

Impact evaluations confirm this pattern. In Ethiopia, smallholder participation in targeted irrigation
schemes led to increases in income, expenditure, and asset accumulation [406]. In Kenya, farmer-led
irrigation adoption—especially during drought episodes—boosted crop income significantly [418].
Other studies document expanded use of irrigation through small reservoirs in Ghana [411], land
husbandry and water harvesting systems in Rwanda [427], and informal irrigation in peri-urban
vegetable markets [429].

Some interventions explicitly addressed gender or institutional gaps. In Uganda, the provision of solar
hand pumps to women improved income, reduced domestic burdens, and contributed to shifts in
household decision-making [433]. A study in Benin involving solar drip irrigation showed yield
improvements and stronger food security [431].



A strong consensus emerges around the productivity benefits of irrigation. The African review [410]
reports increased yields—particularly for rice and vegetables—as well as improved cropping intensity
and profitability in systems using treadle or solar pumps. In South Asia, positive effects on income and
poverty reduction are consistently linked to irrigation access when combined with extension, input
availability, or electricity [193].

Among the 15 impact evaluations, 13 report positive effects on income, yields, or market participation.
For example, Ghanaian farmers participating in IMT schemes increased rice yields by nearly 40% and
saw net returns rise by 24.5% [419]. In Rwanda, LWH irrigation projects enhanced food security and
economic resilience [427]. In Ethiopia, irrigation users showed greater food variety and crop diversity
[425], and in Mali, SST use improved household income and accumulation of productive assets [426].
Conversely, one study in Ghana found no income gains from multi-purpose reservoirs, pointing to
infrastructure limitations and management failures [411].

Gender-targeted irrigation interventions showed promising results. An RCT in Uganda [433] found
that access to solar pumps increased women’s productivity, income control, and time reallocation. In
other cases, irrigation participation enhanced women's inclusion in cooperatives or decision-making
spaces, although effects were not always formally measured [428, 432].

A few evaluations also highlighted broader social impacts. Rainwater harvesting ponds in Kenya were
associated with resilience-building and asset gains [407], while some studies noted reductions in
vulnerability to drought and increased food availability [423].

Both SRs underscore structural and institutional barriers. These include small landholdings, weak
extension systems, inadequate infrastructure maintenance, and limited access to finance or inputs
[193; 410]. Informal irrigation expansion in Africa often lacks coordination, leading to overuse of water
sources and inequitable outcomes [410].

IEs confirm these concerns. For instance, in Ghana, weak institutional capacity contributed to poor
performance of irrigation reservoirs [411]. In Ethiopia, limitations in input markets and extension
constrained the full realization of irrigation benefits [430]. Successful cases, by contrast, often
involved participatory governance (e.g., IMT schemes) [419] or bundled interventions that included
irrigation, training, and land conservation [427].



The evidence points to several policy priorities. First, irrigation investments must go beyond
infrastructure and address the broader enabling environment, including access to inputs, technical
support, and financing. Second, support for farmer-led irrigation—including solar and low-cost
technologies—can be highly effective if paired with risk management tools and maintenance systems.
Third, inclusive and participatory governance arrangements, such as IMT or water user associations,
enhance sustainability and equity of outcomes.

Finally, gender-responsive design and targeted support for women—through ownership of pumps or
access to training—can amplify the transformative effects of irrigation on rural livelihoods [433].

2.2 Inputs

This synthesis reviews the effects of interventions designed to improve smallholder access to
agricultural inputs—mainly seeds, fertilizers, and related production technologies. It draws on four
Systematic Reviews and 44 Impact Evaluations. Overall, input-related interventions tend to increase
technology adoption and, in many cases, improve yields or household consumption. However, effects
on income and long-term productivity are more mixed, and effectiveness depends critically on design,
context, and the availability of complementary services such as credit, extension, or market access.

Subsidized access to seeds and fertilizers has been a cornerstone of agricultural policy in many
countries. These programs can increase the use of improved inputs, enhance yields, and contribute to
short-term food security. In Malawi, fertilizer subsidies under the national FISP program increased
the adoption of improved maize varieties and contributed to food availability at household level.
However, evidence of sustained productivity or nutritional gains remains limited, and many studies
report weak or null effects on child health and dietary quality [152].

Several evaluations highlight positive results when subsidies are well targeted and embedded in
broader packages. In Tanzania, a fertilizer subsidy program with training and soil testing increased
maize productivity and farm profits among smallholders [408]. In Zambia, agro-input subsidies
paired with a savings match program improved planning horizons and led to modest gains in
investment and productivity [86]. However, other cases report little to no impact when subsidies are
not accompanied by complementary interventions. In Kenya, fertilizer subsidies increased usage but
had no measurable effect on yields or household income, due to poor targeting and inadequate
extension [57].



A systematic review, focused on the impact of adopting CGIAR-supported improved seed varieties on
smallholder welfare in low- and middle-income countries, offers robust evidence on the direct effects
of improved varieties on poverty, income, and expenditure [57].

Across 27 experimental and quasi experimental studies examining the adoption of improved seeds for
food crops such as maize, rice, wheat, legumes, and bananas, the meta-analysis reveals a 35% average
increase in income and a 14% increase in household expenditure among adopting households.
However, the reduction in poverty incidence—estimated at 4%—was not statistically significant. The
evidence suggests that improved seeds can lead to higher agricultural productivity and income through
mechanisms such as better yields, shorter maturation cycles, and improved tolerance to
environmental stress. Yet, the extent of the impact varies substantially by context, crop type, and
household characteristics. For example, studies in Ethiopia and Mexico found substantial poverty
reductions from legume and maize adoption, while others, like those in Kenya, Zambia, and
Bangladesh, found only modest or no significant effects.

Importantly, the review identifies a strong correlation between reported welfare gains and the
methodological risk of bias, cautioning that many of the largest effects come from studies with weaker
identification strategies. Furthermore, access to improved varieties is often limited to better- off
farmers, raising concerns about equity and inclusion. The authors also stress the importance of
complementary measures—such as credit access, extension services, and input subsidies—to facilitate
broader adoption and ensure more inclusive benefits.

Many input interventions are delivered as part of larger value chain support programs. These often
include the distribution of improved seeds, fertilizers, tools, or irrigation technologies. When coupled
with training or guaranteed markets, these interventions tend to improve adoption and, in some cases,
commercialization. In Niger, seed distribution paired with training and climate adaptation improved
yields, but did not affect child nutrition outcomes [131]. In Burkina Faso, farmers who received
improved inputs through a value chain program adopted new technologies and expanded production,
although income effects were small [407].

Programs that combined input provision with marketing support showed stronger results. In Nigeria,
a warehouse receipt system linked to subsidized inputs improved maize storage and led to higher sales
volumes and prices [432]. In the Copperbelt region of Zambia, an Oxfam program distributed seeds
and tools alongside market access support, yet produced no significant impacts on women's
empowerment or household nutrition [25].

Delivery mechanisms matter. Programs relying on community-based targeting or local cooperatives
tend to reach more vulnerable farmers and achieve better adoption outcomes. In Ethiopia, the CRIAR
program used input vouchers distributed through producer groups, increasing adoption of improved
seeds and fertilizers and raising food consumption among beneficiaries [413].



However, poorly coordinated delivery channels often result in delays, leakage, or exclusion of
smallholders. Several reviews report cases in which inputs arrived late in the season, reducing their
effectiveness, or were captured by larger, politically connected farmers. These governance challenges
partly explain the inconsistent results observed in national subsidy programs in West Africa and
Southern Africa [66].

The success of input interventions depends heavily on complementary services. Subsidies or
distributions are most effective when paired with extension, credit, or infrastructure. In Ghana, input
provision alone had no effect on yields or commercialization, but when combined with training, results
improved significantly [414]. In Senegal, an input-focused value chain intervention produced limited
results in the absence of market access and transport support [56].

These findings highlight the importance of integrated design. Training improves farmers’ ability to use
inputs effectively, while credit and markets ensure that adoption can be sustained. Programs that
address only one constraint—such as seed availability—without supporting information or financial
access tend to have muted or short-lived effects.

The evidence across reviews and evaluations suggests that:

+ Input interventions generally increase technology adoption, especially for improved seeds and
fertilizers.

+ Productivity and income effects are highly variable. They tend to be positive when programs are
well-targeted, timely, and delivered alongside training or market support.

+ Subsidies without complementary services often show no impact or short-lived gains. Misaligned
timing and poor governance are major risks.

+ Nutrition outcomes are rarely improved by input interventions alone. Programs need to explicitly
link input use to dietary practices or food consumption pathways to produce broader effects.

+ The sustainability of adoption depends on continued affordability, access to advice, and the ability
to commercialize production gains.

Input-related interventions remain a key policy lever in agricultural development. They are
particularly effective in increasing adoption and yields when delivered with complementary services
and through responsive local institutions. However, impacts on income, resilience, or nutrition are far
from guaranteed. Poor design, weak targeting, and lack of coordination frequently undermine results.
The combined evidence points to a clear lesson: inputs are necessary, but not sufficient. Their
effectiveness depends on how they are delivered, to whom, and in what combination.



2.3 Training

This synthesis explores the effects of training interventions across five key dimensions: agricultural
production, post-harvest practices, nutrition, commercialization, and cross-cutting enablers. The
analysis draws on seven Systematic Reviews and 44 Impact Evaluations. While the overall evidence
base points to consistent gains in knowledge and adoption of improved practices, results on yields,
income, and nutrition are more variable. Several studies document null or context-dependent effects,
particularly when training is poorly delivered or implemented in isolation. Effectiveness is highest
when training is well-targeted, participatory, and supported by complementary services.

Training interventions aimed at improving agricultural practices—delivered through extension
services, NGOs, or value chain projects—consistently increase the adoption of modern inputs and
techniques. Participants often adopt improved seeds, fertilizers, and water management practices,
with positive effects on yields and household consumption. These outcomes are more pronounced
when training is repeated, field-based, and paired with input access or extension support [120; 107].

In Ethiopia, integrated agricultural training delivered with productive asset transfers and coaching
increased adoption of improved varieties and household food consumption [413]. In India, peer-led
training proved more effective than private-agent-led approaches in promoting the use of biofertilizers
and organic practices [425]. However, several evaluations show that knowledge gains do not always
translate into measurable changes in output or income. In Niger, farmers who received training with
modern inputs improved yields but showed no significant improvements in child nutrition [131]. In
Uganda, training within self-help groups increased savings and agronomic awareness, but the effects
on agricultural income were limited [418].

Participatory and experiential approaches like Farmer Field Schools have been associated with higher
levels of knowledge retention, reduced pesticide use, and increased yields and profits. Impacts are
amplified when training is delivered with support for market access or input provision [151]. In Mali
and Tanzania, FFS contributed to improved land management and commercialization among
smallholders, particularly where trainers were well-prepared and activities sustained over multiple
seasons.

Yet evidence also shows that results can be highly uneven. Training quality varies widely, and poor
facilitator preparation, inflexible curricula, or lack of post-training support often lead to weak
outcomes. In several cases, impacts on income or productivity were statistically insignificant. A widely
implemented advisory program in Uganda that relied heavily on training showed no measurable effect
on household income, despite reaching thousands of participants [141]. Diffusion of knowledge to non-
participants remains limited, especially where practices are complex or require inputs that are not
readily available.



Training focused on post-harvest handling, drying, and aflatoxin prevention has shown strong effects
on food quality and safety, particularly when combined with practical tools and risk communication.
Programs that deliver demonstrations, improved bags, or moisture meters consistently report
reductions in contamination and spoilage [150].

In Ghana, participatory stakeholder platforms were used to deliver post-harvest training and align
practices across actors in the maize value chain, reducing losses by more than half [452]. A similar
approach in Nigeria, which provided drying sheets and storage tools along with training, resulted in
lower aflatoxin levels and better prices at market [434]. However, interventions that relied solely on
theoretical training, without physical tools or follow-up, often failed to change behavior or reduce
losses meaningfully.

Agriculture—nutrition training programs—especially those targeting women—can improve dietary
diversity, food consumption, and nutrition knowledge. These effects are stronger when training is
combined with home gardening, livestock rearing, or behavioral messaging [95].

In Burkina Faso, a homestead food production program with nutrition training improved dietary
intake and reduced stunting among children under five [407]. In Zambia, poultry training linked to
infant feeding education increased household egg production and improved child dietary quality
[438]. Yet, not all nutrition-sensitive training yields transformative outcomes. In a multi-country
program covering West Africa and the Sahel, training on nutrition and climate-smart agriculture
reached over 37,000 households, but measurable effects on nutritional outcomes were limited [56].
In Niger, despite high participation in training and messaging activities, no significant impacts were
found on child growth indicators [131].

Training in marketing, record-keeping, and negotiation skills has the potential to increase
commercialization and income when linked to input supply, aggregation services, or buyer contracts.
Business training is often delivered through value chain programs, digital platforms, or cooperatives.
Impacts on commercialization are strongest where training is part of a broader support ecosystem

[107].

In Vietnam, group-based training for pig producers led to higher average prices and profits,
particularly for women who gained greater control over marketing decisions [135]. In Nigeria, maize
farmers who received training on quality standards, price negotiation, and warehouse systems
increased sales volumes and received better prices [432]. However, in contexts where training was
delivered in isolation, without structural support or guaranteed markets, behavior change was rare
and income effects negligible. Digital training programs in Ghana, while effective in improving
knowledge, did not improve market outcomes unless combined with credit access or group
organization [414; 436].



Across all domains, several conditions consistently shape the effectiveness of training:

« Training improves knowledge and adoption, but outcomes on income, productivity, and nutrition
are more variable and depend heavily on follow-up support and the availability of complementary
services.

« Training alone rarely leads to meaningful transformation. Access to inputs, markets, credit, and
institutional support are often necessary to translate knowledge into action.

« Poor implementation quality—rushed curricula, untrained facilitators, or lack of
contextualization—can lead to null or even negative results.

« Gender constraints often undermine effectiveness. Training programs that do not account for
women’s time use, literacy gaps, or mobility restrictions frequently reinforce exclusion rather than
reduce it [141].

« Sustainability remains a challenge. High-cost, high-contact models like FFS are difficult to scale
without dedicated institutional investment. Short-term workshops, while cheaper, often lack
depth and durability.

« Behavior change takes time. Most training programs are evaluated in the short term, with limited
follow-up to assess whether changes persist.

Training can strengthen agricultural systems by building farmer capacity, promoting adoption of
improved practices, and enabling greater participation in markets. When well designed, adapted to
context, and delivered alongside other support services, training contributes to improved resilience,
productivity, and food security. However, many programs fall short of these goals. Results are often
modest, and in some cases, nonexistent. Effective training requires more than information transfer—
it must be part of an integrated system of support that addresses the structural constraints farmers
face. The combined evidence shows that training works, but only when it is done well.

2.4 Storage

Most of the interventions related to storage identified in the existing literature are designed for and
implemented at the level of producers. These typically focus on enabling smallholders to adopt
improved on-farm storage technologies, practices, or infrastructure—such as hermetic bags, silos, or
granaries—with the goal of reducing post-harvest losses, improving food security, or allowing farmers
to delay sales for better prices. However, these are not third-party storage services or commercial
storage enterprises that serve multiple actors along the value chain. Virtually none of the studies
examine interventions targeting private storage providers, cooperatives acting as storage hubs, or
SMEs offering storage as a service, highlighting a significant gap in the evidence base on midstream
logistics.



A broad set of studies confirm that hermetic storage bags are a highly effective intervention to reduce
post-harvest losses, maintain grain quality, and improve food security outcomes for smallholder
farmers. Evidence from Tanzania, Uganda, Kenya, Senegal, and other countries shows consistent
reductions in pest damage, weight loss, and pesticide use when hermetic bags are used [1], [108], [451].
These improvements are often accompanied by increases in grain quality, sales during the lean season,
and even farmgate prices [39], [110].

The use of hermetic storage has been associated with significant improvements in food security during
both regular lean seasons and periods of systemic shock such as the COVID-19 pandemic [29], [68].
The technology has also enabled longer storage durations and improved dietary resilience [378], [113].

Economically, the intervention is cost-effective, with studies from Kenya and India showing that
hermetic bags can pay off within a single agricultural season if used correctly [108], [139].
Furthermore, the use of subsidies to promote early adoption appears to "crowd in" private demand,
with farmers later buying additional bags at market prices [114]. However, a longer-term study in
Uganda revealed that the initial gains from one-time subsidies may not persist due to supply-side
constraints, limiting continued adoption [386].

Inventory credit and warehouse receipt systems aim to help farmers better manage the timing of sales
and access credit. However, evidence of impact is mixed. In Sierra Leone, uptake of inventory credit
was low, and the intervention primarily substituted pre-existing informal storage practices without
significantly altering sales patterns [32].

Conversely, evidence from Malawi suggests that combining hermetic storage bags with collective
village storage increases storage duration and volumes, and yields modest gains in prices and revenue
(up to 12%) [110]. In a separate intervention in Malawi, warehouse receipt systems helped improve
access to input credit and ISFM adoption, although impacts on income and yield remained limited
[91].

Public investment in storage infrastructure can yield substantial productivity gains. In India, a subsidy
program for rural godown construction led to a 20% increase in rice yields and a 21% rise in fertilizer
use, likely due to reduced storage costs enabling better input use [38]. This highlights the potential for
well-targeted capital investment to deliver both post-harvest and upstream productivity benefits.



2.5 Processing

Impact evaluations suggest that processing-related interventions can improve food security,
productivity, and incomes—particularly when technologies are appropriate, locally accessible, and
accompanied by training.

In Malawi, the Farmers Income Diversification Program (FIDP) promoted agricultural productivity,
diversification, value addition, and commercialization through a nationwide initiative. It led to
significant gains in productivity (20—24%) and moderate improvements in income diversification,
suggesting that broad-based support programs can strengthen upstream and midstream processing
capacity, especially when integrated into market-oriented strategies [157].

In Mozambique, the use of passive solar dryers combined with training led to measurable
improvements in household food availability, women’s dietary diversity, and reduced food insecurity
among rural households [371].

The CCDP project in Indonesia supported fish processing through community-led infrastructure
development, including smokehouses, cold storage, and market facilities. It also promoted the
formation of local processing groups—primarily involving women—which contributed to improved
product quality, reduced post-harvest losses, and better access to profitable markets [373].

Complementary evidence from descriptive studies points to broader structural challenges. In Ethiopia,
Integrated Agro-Industrial Parks (IAIPs) have improved infrastructure and value chain integration
but face serious implementation difficulties that threaten their long-term effectiveness [161]. In
Myanmar, the food processing sector remains underdeveloped and shock-prone, limiting its
contribution to employment and broader agri-food system transformation [167]. While these studies
are not based on impact evaluation, they offer useful context on enabling conditions and systemic
barriers.

Overall, the evidence suggests that processing interventions targeted to small-scale actors can deliver
substantial benefits when adapted to local conditions and supported institutionally. Yet broader
transformation requires stable systems, cross-cutting coordination, and sustained investment.

2.6 Agricultural Finance

This synthesis summarizes the main findings on agricultural finance interventions from six systematic
reviews [24, 107, 145, 354, 357, 358], complemented with eleven high-quality impact

evaluations [19, 32, 35, 47, 58, 118, 156, 186, 309, 316, 334] listed in the *Finance.xlsx" database. The
SRs provide structured evidence on financial inclusion instruments, rural finance policies, contract
farming, and insurance programs. This narrative is organized by four key subthemes: credit,
insurance, savings, and price risk management. Throughout, we emphasize convergence in evidence,
highlight trade-offs, and assess complementarities between interventions.



Systematic evidence points to modest but positive impacts of rural credit programs, particularly when
bundled with complementary interventions [24, 145, 358]. Credit increases productive investments
and, in some contexts, leads to income gains or consumption smoothing, though effects vary by design
and target group.

Bundled interventions—such as those combining credit with training—show stronger and more
consistent effects. For example, combining loans with technical assistance or farmer field schools
increased adoption of improved practices and input use [145, 358]. One SR finds that loans offered
through community-based groups like Village Savings and Loan Associations (VSLAs) improved
access, especially for women and vulnerable populations [107].

In terms of agricultural output, credit shows moderate effects, especially when tailored to the
production cycle. Seasonal or harvest-timed loans can support storage and off-season sales, reducing
distress sales and improving prices received [354, 358].

Complementing these findings, several impact evaluations offer detailed insights:

« A seasonal credit intervention in Kenya significantly improved farmers’ ability to exploit price
differentials, boosting revenues by 29% [186].

« A harvest loan in Tanzania increased storage and lean-season sales by 50% [35].

« A community-based microfinance model combined with training raised incomes and adoption of
CSA practices [118].

« An agricultural loan and training package improved food security and reduced depression, even
though it did not affect HIV clinical outcomes [316].

Nonetheless, challenges remain: high interest rates, trust issues, or poor adaptation to local contexts
limit take-up or impact [32, 334]. Some IE studies report low participation rates, even when credit
products are well-designed, especially when farmers perceive risks as too high or benefits too
uncertain [32].

Insurance is the most rigorously studied financial intervention in agriculture, especially index-based
crop insurance. Systematic reviews agree on a limited but positive effect on risk management and
agricultural investment [107, 354, 357].

Increased investment in higher-risk, higher-return crops is one of the clearest effects of access to
insurance, especially when paired with training or technology [357]. A review of digital and weather-
based insurance schemes shows that trust, understanding, and experience are critical for sustained
uptake [357]. However, insurance alone rarely boosts productivity or income unless accompanied by
other inputs or learning mechanisms [354].



Impact evaluations confirm these patterns. A multi-year RCT shows that bundling drought-tolerant
seeds with index insurance helped households recover after shocks and increase future investments
[309]. Another RCT in Ghana demonstrated that insurance increased demand for supplemental
irrigation, revealing potential policy synergies [437]. One evaluation in India offered digital insurance
products to landless farmers, using georeferenced plots to overcome land-title constraints [334].

Overall, insurance can mitigate risk and protect livelihoods, but its success depends on integration
with other services, clear payout mechanisms, and farmers’ past experiences with risk and shocks

[309, 3571.

Savings are less frequently the primary focus of SRs, but emerge as a critical complementary
mechanism in bundled interventions. In particular, Village Savings and Loan Associations (VSLASs)
are effective platforms to promote financial literacy, risk mitigation, and access to funds [107, 358].

One SR shows that participation in VSLAs improves household resilience, gender empowerment, and
income diversification [358]. Evidence suggests that savings groups not only improve financial access
but also function as risk-pooling mechanisms during crises [107].

Impact evaluations add depth: in Tanzania, participation in savings groups increased the adoption of
CSA practices, food security, and nutrition [118]. These effects were stronger when paired with training
and women’s empowerment.

Nonetheless, the standalone effects of savings programs remain underexplored. Most studies analyze
savings as part of broader microfinance or community-based interventions. Further research is
needed to understand the independent contribution of savings to rural financial resilience.

Price risk management strategies—such as inventory credit (warrantage), storage finance, and market
timing tools—are well-covered in both SRs and IEs. Systematic reviews suggest that inventory credit
helps farmers delay sales, invest more in production, and smooth consumption [354, 358]. However,
the effects on food security and income are often short-term or context- dependent.

One SR highlights that storage-backed credit enables better market timing, particularly for perishable
or price-volatile commodities [354]. However, uptake may be low when trust in lenders is weak or
price forecasts are uncertain [358].



Impact evaluations reinforce these conclusions:

« A warrantage program in Burkina Faso increased input investments and education spending,
though food security effects were short-lived [47].

« A storage and credit program in Indonesia reduced seasonal consumption gaps [19].

« An inventory credit scheme in Sierra Leone failed to improve storage behavior due to trust and
institutional barriers [32].

Together, this evidence suggests that inventory credit and price risk management work best when tied
to market transparency, reliable storage infrastructure, and trust in institutions. Alone, these tools
may not suffice to stabilize incomes or food security, but they are essential components of broader
financial inclusion strategies.

Across all subthemes, the strongest impacts come from integrated financial packages—those that
combine credit, insurance, savings, training, or technological support. Gender-sensitive and
community-based models (e.g., VSLAs, FFBS) also demonstrate superior outcomes, particularly when
targeting vulnerable groups [107, 145, 358].

Despite scattered limitations in uptake and sustainability, the body of evidence supports a
multidimensional approach to agricultural finance, tailored to farmers’ risk profiles, cash cycles, and
market access. The integration of digital technologies and alternative collateral systems appears
promising but remains under-researched.

This synthesis offers a robust platform to inform policies aimed at strengthening agricultural finance
systems, with attention to bundling instruments, reducing transaction costs, and promoting farmer
trust and understanding.

2.7 Innovation

This synthesis explores the role of innovation-oriented interventions in improving smallholder
outcomes. Based on four Systematic Reviews and 13 Impact Evaluations, it examines the effectiveness
of efforts to generate, diffuse, and support the adoption of agricultural innovations.

The reviews provide consistent evidence that adaptive, participatory, and decentralized innovation
models increase the likelihood of adoption. However, impacts on productivity, income, and nutrition
vary widely, and depend critically on institutional arrangements, delivery quality, and local relevance.



A large body of evidence highlights that the likelihood of adoption hinges on how well the proposed
technology fits farmers’ constraints and capabilities. Reviews consistently find that uptake is higher
when innovations are developed or selected with farmer participation, when they respond to perceived
risks, and when they are aligned with local agronomic and socio-economic conditions \ [111; 141; 448].

Adoption is also shaped by how innovations are framed and delivered. Programs that combine
technology with capacity building, input access, and post-adoption support are more effective than
those based on simple dissemination. The success of innovation initiatives is linked not only to
technical superiority but also to the credibility of providers, timeliness of delivery, and availability of
complementary services \[111; 145].

In Benin, the introduction of improved maize technologies accompanied by field demonstrations and
input subsidies led to yield gains of over 20% \[301]. In Ethiopia and Tanzania, on the other hand, the
diffusion of improved seed and agronomic packages achieved limited reach and weak results due to
fragmented supply chains and poor alignment with local needs \[448].

Innovative institutional arrangements play a critical role in enabling the uptake and scaling of new
technologies. Evidence shows that decentralized, multi-actor systems—such as farmer-led research,
plant clinics, or local innovation platforms—tend to outperform top-down models in responsiveness
and effectiveness \[111; 448].

Reviews point to the value of iterative, inclusive, and learning-oriented innovation systems. These not
only facilitate adoption but also improve farmer agency and adaptation. Programs that integrate
feedback mechanisms, allow for local customization, and involve multiple stakeholders (farmers,
researchers, NGOs, private sector) show more sustainable results \[111].

In India, intensive support through farm science centers contributed to significant improvements in
agricultural income and household consumption \[84]. In Bangladesh, plant clinic programs helped
farmers manage pest outbreaks more effectively, increasing yields and profitability among vegetable
producers \[59].

However, adoption tends to be segmented. Innovations often benefit better-connected or better-
resourced farmers, while those in remote areas or with limited capital remain excluded. In Peru, a
reform that introduced pluralistic extension markets improved access for commercial producers, but
informal providers dominated among poorer or isolated farmers, generating uneven outcomes \ [173].



Technological and digital innovation has expanded rapidly in recent years. Reviews show that digital
platforms can lower information barriers, enhance decision-making, and reduce the cost of reaching
dispersed populations. However, the effectiveness of these tools depends on connectivity, content
relevance, and farmers’ ability to act on information \[145].

Simple digital advisories rarely shift behavior unless supported by complementary incentives, trusted
intermediaries, or follow-up services. Programs that combine digital tools with group-based training
or embedded input delivery achieve better results \[145]. Furthermore, digital exclusion— especially
for women or older farmers—remains a major concern.

In Ghana, a bundled intervention that offered digital agronomic advice alongside savings and input
support increased adoption and input use among rice producers \[414]. In Nigeria, mobile-based
weather and planting information improved yields only when accompanied by follow-up extension
visits \[436].

The evidence on innovations explicitly designed to improve nutrition is mixed. While biofortified
crops, solar drying, and nutrition-sensitive agriculture show promise, reviews highlight that adoption
alone is rarely sufficient to achieve dietary change \[448]. Impacts on child nutrition and food diversity
are most likely when innovations are embedded in broader behavior change efforts.

In India, solar-powered drying technologies introduced to women’s self-help groups increased
seasonal dietary diversity, especially for children and women \[105]. In other contexts, weak adoption
and the absence of food environment changes limited the nutritional impact of otherwise promising
innovations.

Across contexts, reviews document persistent structural barriers to innovation. These include insecure
land tenure, limited liquidity, weak market access, and gender-based constraints \[141; 448]. Women
in particular often face greater obstacles to accessing, testing, and benefiting from innovation,

especially when interventions fail to account for time burdens or decision-making dynamics within
households.

Adoption trade-offs are also relevant: labor-saving technologies may displace income-generating
activities, and some innovations may introduce new risks or increase dependency on external inputs.
Moreover, many interventions still prioritize technical delivery over farmer agency, overlooking the
social, institutional, and market dimensions that shape innovation trajectories \[111].



Innovation-oriented interventions can be powerful drivers of agricultural transformation when they
are inclusive, adaptive, and well-supported. The strongest results are seen where innovations are co-
developed or selected with farmer input, delivered through credible and responsive institutions, and
accompanied by services that enable uptake. Yet, innovation is not a stand-alone solution. Its success
depends on context-sensitive design, institutional innovation, and attention to power, equity, and
learning. When done well, innovation can enhance productivity, resilience, and food security—but
when done poorly, it risks reinforcing existing inequalities or producing little change.

2.8 Information/ICT

This synthesis reviews twelve impact evaluations of agricultural interventions centered on information
and communication technologies (ICT). It focuses on programs where the core mechanism is the
delivery of information—such as agronomic advice, market prices, or risk alerts— via digital tools like
mobile phones, SMS, or apps.

Several studies evaluated the use of ICT tools to strengthen or complement agricultural training and
extension services. In Mali, mobile voice reminders sent after in-person training significantly
improved the timing of cereal harvests, encouraged the use of improved storage methods, and reduced
on-farm losses, although they had no detectable effects on yields or revenues [344]. A similar
intervention targeting harvest aggregation led to higher adoption of post-harvest practices and
reduced hunger incidence, but did not affect post-harvest losses or income from food crops [116].

In Cambodia, a randomized trial assessed whether SMS-based messages could promote the adoption
of integrated pest management (IPM). While messages alone had no effect, combining them with in-
person training increased IPM adoption by 20%. However, this was accompanied by a rise in pesticide
use, suggesting that information may have been misinterpreted or applied inconsistently [311]. In
Ethiopia, demonstration trials and improved facilitation by extension agents increased the adoption
of improved wheat varieties and chemical inputs, although only some effects—such as pesticide and
herbicide use—were statistically significant [328].

Other interventions focused on digitally enabled, personalized, or performance-based training
systems. In Nigeria, an app offering tailored fertilizer advice led to a 7% increase in rice yields and a
10% increase in profits, without raising overall fertilizer use, suggesting gains in input efficiency [15].
In Uganda, linking extension agents’ compensation to activity-based digital monitoring systems
improved performance, particularly among younger agents, and illustrates the potential of ICT to
enhance accountability and service delivery [9]. A farmer-to-farmer extension model in Tanzania,
supported by training cascades and social network dynamics, showed strong diffusion of practices over
time. Farmers connected to trained peers experienced notable gains in rice yields, even in the absence
of direct training [430].



Two studies examined ICT interventions designed to strengthen smallholders’ integration into
commercial markets. In Ghana, providing yam farmers with price information via SMS led to a 9%
increase in prices received by treated farmers, with indirect spillover benefits accruing to those linked
through marketing networks. The intervention was effective in part because yam markets rely heavily
on negotiation, illustrating how ICT impact depends on crop-specific market structures [201].

In eastern India, a randomized evaluation of KhetScore—a digital credit scoring tool using satellite
imagery—demonstrated significant positive effects on access to credit and crop insurance for landless
and smallholder farmers. The bundled service led to increased uptake and renewal of insurance
policies, higher borrowing from formal sources, improved monsoon-season revenues, and lower input
costs in the dry season. Despite increased borrowing, repayment difficulties declined, indicating that
the intervention helped mitigate risk. Women in the treatment group also reported greater
participation in household decisions and lower stress levels, underscoring the broader welfare
potential of digitally enabled financial tools [334].

A third group of studies focused on ICTs as stand-alone tools to improve decision-making or reduce
transaction risks. In East Africa, a quasi-experimental evaluation of mobile platforms delivering
agronomic and market information found no statistically significant welfare effects for farmers or
traders. The study underscores the difficulty of translating access to information into behavioral or
economic change without complementary support [202].

In Uganda, an input authentication system using e-verification labels (E-tag) increased the use of high-
quality hybrid maize seed and herbicides, especially in areas exposed to promotional messages and
vouchers. However, actual authentication rates were low, and many farmers remained skeptical about
input quality, highlighting persistent trust and behavioral barriers [365].

Finally, a multi-year study in India evaluated a portfolio of climate-smart agronomic practices, which
included digital advisory components. The intervention improved yields, profitability, and resource-
use efficiency, while reducing greenhouse gas emissions. Although not a purely ICT intervention, the
digital tools played a key role in delivering context-specific recommendations and monitoring results
at scale [432].



Despite the growing enthusiasm around developing mobile apps and digital platforms to support
smallholder farmers with personalized agricultural advice, a number of structural and behavioral
barriers have limited their effectiveness and uptake. Evidence from multiple impact evaluations shows
that while information and communication technologies (ICTs) can increase awareness or knowledge,
they rarely lead to consistent behavior change or measurable improvements in productivity or income.
For example, a study in East Africa found that although ICT platforms allowed farmers to access
market and weather information, the welfare effects were statistically insignificant [202]. Similarly, in
Cambodia, SMS-based pest management messages had limited effect unless combined with in-person
training, and even then, they led to unintended increases in pesticide use [311]. The heterogeneity in
results underscores the importance of context and delivery mechanisms: voice reminders in Mali,
when reinforcing existing training, improved the timing of harvest and storage practices, but had no
impact on revenues [344].

Moreover, a recent meta-analysis of site-specific nutrient management (SSNM) using digital tools
revealed significant co-benefits in terms of yield and profitability, but also highlighted the difficulty of
scaling such tools across diverse smallholder settings. While apps like Rice Crop Manager and Nutrient
Expert have reached hundreds of thousands of users in Asia, uptake remains low in Africa due to
constraints such as low literacy, poor smartphone access, and limited integration with financial or
input markets. Many digital platforms are overly complex or fail to incorporate the nuanced
agronomic, economic, and social realities of smallholders. Even well- designed tools require strong
institutional support and complementary services to be effective at scale. As emphasized in the
systematic review, achieving widespread adoption of digital advisory systems will require significant
public and private investment, adaptive co-design with users, and improved linkage with input, credit,
and output markets [463].

2.9 Producer Organizations

This section is based on one Systematic Review [462] and five Impact Evaluations. The analysis
focuses exclusively on organizations formed by producers—such as cooperatives, farmer associations,
self-help groups, and other grassroots structures—used to strengthen market access, service delivery,
and collective action. It excludes multi-stakeholder or governance-oriented organizations. The topic
of producer organizations is cross-cutting, intersecting with interventions in commercialization,
training, input access, and institutional linkages.



Evidence shows that well-functioning producer organizations can significantly improve access to
output markets by enabling collective sales, price negotiation, and coordination with buyers.
According to the Systematic Review [462], organizations help smallholders overcome transaction
costs and information asymmetries, especially when linked to formal markets or supported by NGOs
and government programs. However, it also emphasizes that these benefits are often unevenly
distributed: wealthier farmers tend to dominate organizational leadership, while poorer farmers,
women, and youth are underrepresented.

Impact evaluations confirm these patterns. In Tanzania, participation in farmer organizations led to
improved incomes and better market integration, especially through collective marketing schemes [5].
In Ethiopia, dairy cooperatives increased both milk productivity and commercialization, with
significant welfare effects [6]. In Ecuador, participation in producer-led coordination platforms in the
potato sector enhanced market access, service uptake, and household income [33].

Producer organizations are often used as platforms for agricultural extension, training, and knowledge
dissemination. The Systematic Review [462] highlights that such organizations can foster adoption of
improved practices, especially when supported by external actors that provide structured training in
agronomy, post-harvest management, and financial literacy. It also notes that leadership development
and participatory governance within organizations can improve psychological well-being and trust
among members.

Impact evaluations provide further insights. In Rwanda, land consolidation policies that leveraged
community-based producer organizations contributed to specialization and higher productivity,
though results were mixed across regions [46]. In Ethiopia’s apiculture sector, honey cooperatives
supported training and coordination, leading to better quality standards and access to export markets

[7].

Producer organizations can facilitate access to inputs, financial services, and information, acting as
intermediaries between smallholders and service providers. According to the Systematic Review
[462], collective purchasing and input distribution through cooperatives can lower transaction costs
and improve bargaining power, though the effectiveness varies by organizational capacity.

One evaluation [46] showed that organizations involved in land and input coordination led to
improved production efficiency and food consumption. However, the review also warns that without
strong internal governance, such organizations may struggle to maintain service delivery and financial
sustainability.



There is broad agreement that producer organizations are effective vehicles to deliver services and
improve market access for smallholders. However, success is conditional on governance quality,
inclusion mechanisms, and external support. The Systematic Review [462] stresses the importance of
tailoring interventions to local contexts and avoiding one-size-fits-all models. Moreover, organizations
should be integrated into wider value chain strategies without losing their grassroots orientation.

Key policy recommendations include: (1) investing in long-term organizational capacity building,

(2) promoting inclusive governance and gender equity within organizations, and (3) supporting
linkages between producer organizations and formal institutions. Future research should focus on
comparative evaluations of organizational models, long-term sustainability, and the role of OPs in
climate resilience.

2.10 Certifications/Standards

This synthesis draws upon four Systematic Reviews [117, 442, 446, 447] that evaluate the effects of
agricultural certifications and sustainability standards on smallholder farmers and their
environments. Together, these reviews provide a broad evidence base, integrating quantitative meta-
analyses and qualitative syntheses across multiple countries and commodities. The evidence covers
economic, social, and environmental dimensions, with a primary focus on voluntary certification
schemes such as Fairtrade, Rainforest Alliance, and Organic. To complement these reviews, the
synthesis also incorporates findings from ten recent impact evaluations, which offer additional detail
on specific country cases and help assess variation in certification outcomes across different
implementation contexts. The thematic discussion is structured around four key areas: income effects,
price transmission and premium capture, social and environmental outcomes, and heterogeneous
effects.

Across the four reviews, there is broad agreement that certification can generate positive, though often
modest, effects on smallholder income. Fairtrade and organic certifications are associated with
statistically significant income increases in most cases, although the magnitude varies substantially by
context [117]. Certification appears especially beneficial when linked to stable market access and
cooperative participation [447].

A systematic review highlights the importance of complementary services—such as training, inputs,
and long-term buyer relationships—which amplify the income benefits of certification. In the absence
of such support, income effects tend to be marginal or even negative [442]. Another review notes that
producers involved in certified schemes often report modest improvements in profitability, although
these may not persist in the absence of continued support or favorable market conditions [446].



Findings from impact evaluations confirm and contextualize these insights. In Uganda, triple- certified
producers experienced improvements in both income and productivity, while those under double
certification benefited from price increases but faced productivity declines [4]. Additional evidence
from Uganda shows that certification contributed to greater household wealth, particularly through
increased joint asset ownership and improved access to agricultural extension services [96]. Similar
patterns emerged in Vietnam, where certified producers reported higher sales prices and incomes,
alongside a rise in hired labor costs—pointing to more commercially intensive operations [147]. In
Ethiopia, certification schemes that combined Fairtrade, Organic, and Rainforest Alliance standards
led to higher incomes and reduced poverty, whereas organic-only certification delivered less
consistent income benefits [179].

There is consistent evidence that certified producers generally receive higher prices than non- certified
counterparts, although actual premium capture depends on the structure of the value chain [117],
[447]. Premium distribution is found to be highly uneven: cooperatives with strong governance tend
to pass more of the benefit to members, while individual or poorly organized producers often see
limited gains [117]. The presence of asymmetric power relations can further restrict producers’ ability
to capture premiums [447].

One review emphasizes the role of intermediaries and exporters in shaping how premiums are
negotiated and distributed. In several cases, middlemen or buyer cooperatives captured a significant
share of the price benefits, reducing the incentive for farmers [442]. Another review finds that even
when premiums are present, they may be offset by higher production and compliance costs unless
coupled with yield increases or improved efficiency [446].

Impact evaluations echo these concerns. In Indonesia, certification improved coffee prices and raised
per capita income, although it had no discernible effect on daily household expenditures [65]. A case
from Ethiopia illustrates the limits of premium capture: while a quality-based bonus was part of the
scheme, only about 30% of the premium actually reached producers, translating into a modest income
gain of roughly $22 per year [99].

Evidence indicates that certifications generally lead to improved natural resource management
practices, including reduced pesticide use, enhanced soil conservation, and increased biodiversity
[446]. These effects tend to be stronger when standards are rigorously enforced and when monitoring
mechanisms are in place [442], [447]. However, the environmental impacts may be minimal in
contexts where enforcement is weak or ecological practices are poorly understood [442].



A systematic review identifies a potential trade-off: some certifications reduce environmental harm
but may limit yields, especially during early adoption stages [117]. Aligning environmental benefits
with income incentives, such as ecosystem service payments or eco-premiums, is considered essential
to sustaining adoption [117].

Evidence from impact evaluations reinforces these findings. In Colombia, certified producers reported
better environmental practices such as improved fertilizer management and waste disposal, although
these improvements did not result in measurable economic gains [70]. In Kenya, differences across
certification schemes were notable: Fairtrade supported greater specialization and improved post-
harvest processing, while UTZ certification contributed to higher yields and overall returns [128].

The reviews consistently warn that certification benefits are not evenly distributed. Barriers for
resource-poor farmers are common, and some certification programs may inadvertently exclude less
advantaged producers [447], [442].

Impact evaluations similarly reveal uneven results. In Ethiopia, one program showed limited overall
impact on livelihoods, with low price premiums, persistent productivity constraints, and weak
cooperative services undermining potential benefits [75]. In Madagascar, although certification led to
higher sales and prices, the effects were not uniform across participants, highlighting the importance
of contextual and structural factors [142].

Certifications can generate positive outcomes across economic, social, and environmental domains,
but their success depends heavily on institutional support, value chain structure, and farmer
capabilities. While income and price effects are the most consistently reported benefits, their
magnitude and distribution vary widely. Social impacts are promising but uneven, and environmental
gains require robust monitoring and farmer training. Across all reviews, there is a call for better
integration between certification schemes and broader rural development efforts, including
investment in extension, governance, and market transparency. The impact evaluations reinforce
these insights, providing specific examples of both achievements and limitations across diverse
implementation contexts.
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2.11  Producer-oriented interventions: Summary

Number of studies* found, by intervention category and type of impact

Impact assessment

Intervention Mixed/ Null/ Total
Positive
Inconclusive  Negative
Producers
Smallholder ilrrigation 15 2(2) 1 18
Smallholder irrigation + [Inputs, Subsidies, Training, Credit, 7 3 1 1
Insurance, Innovation, Organization, Information]
Inputs 3(1) 1(1) 4
Inputs + [Irrigation, Subsidies, Training, Credit, Storage, 17 (1) 6 1 24
Commercialization, Information, ICT, Organization, Innovation]
Training 5(1) 5(3) 10
Training + [Irrigation, Inputs, Subsidies, Infromation, ICT, 30 5(1) 4 39
|_Innovation, Credit, Organization, Commercialization, Retail]

Storage 13 13
Storage + [Inputs, Commercialization, Organization, Credit] i | 3 1 5
Processing 3 1 4
Credit 1(1) 4
Credit + [Irrigation, Inputs, Subsidies, Training, Storage,

f 6 5 1 12
Insurance, Information, ICT]
Insurance 2(1) 2
Insurance + [Irrigation, Inputs, Credit, Innovation, ICT] 3 4(2) 7
Innovation 4(2) 1(1) 5
Innovatio.n f[lrfigation, Inpu}s, Training Credit, Insurance, 11(1) ) 1 14
Commercialization, Information, ICT]
Information 1 1
Information + [Inputs, Training, ICT, Organization, Credit, 9 2 1 12
Commercialization]
ICT + [Training, Information] 4 2 6
ICT + [Irrigation, Inputs; Credit, Insurance, Innovation] 5 1 6
Organization 5 2(1) 7
Organization + [Irrigation, Inputs, Subsidies, Training 5 5 4
Information, Processing, Contract farming Commercialization]
Certification 8(1) 5(2) 1(1) 14

* Number of systematic reviews in parentheses.
Note: Each study could be included in more than one intervention category.

Own elaboration




Despite growing recognition of the strategic role of the midstream segment in food systems— including
activities such as storage, processing, transport, intermediation, and SME support— rigorous evidence
on interventions targeting this level remains limited, fragmented, and poorly systematized. Although
many studies acknowledge its importance for rural transformation and for connecting smallholders to
markets, few directly address this segment or provide disaggregated evaluations that identify its
specific impacts [27; 94].

One of the main challenges is the sheer scarcity of studies explicitly focused on midstream functions.
Across several reviews, interventions related to value chains, commercialization, or post-harvest
services often appear as secondary components within broader projects, making it difficult to isolate
their effects or understand how they operate. In some cases, improvements in processing, storage, or
market coordination are reported, but these are embedded within general strategies and lack robust
evidence on their standalone contribution [27; 94; 85].

Another key issue lies in the design of many programs, which tend to focus either on producers or on
the efficient delivery of aid, overlooking midstream actors. Even when traders, transporters, or small
retailers are involved, they are often left out of monitoring systems, and few programs assess how
strengthening these actors contributes to food security or rural incomes. Moreover, programs
frequently favor large, established firms, thereby excluding those who form the core of the "hidden
middle" [77; 160].

Where evaluated, outcomes are mixed. Some interventions that combine producer organization,
financial services, and improvements in storage or commercialization have reported positive effects
on income, market access, or economic empowerment. However, other initiatives have shown null or
even negative effects when governance is weak, access is unequal, or local capacity is not adequately
supported [85; 92; 94]. Experiences with certification, cooperative processing, and contract farming,
for example, illustrate how benefits can concentrate among better- connected producers or exclude
women and vulnerable groups when inclusion is not intentionally designed [92; 94].

More recent reviews focused on Latin America have started to document midstream-oriented
interventions targeting agro-processing SMEs, technology adoption, export consortia, or productive
clusters. These programs have in some cases improved productivity and market access, particularly
for medium-sized firms. However, effects on employment, inclusion of smaller enterprises, and long-
term sustainability vary widely, depending on program design, institutional support, and
implementation capacity [121; 160].

Overall, the available evidence confirms that while the midstream is a crucial node in food systems, it
remains underserved. Despite broad recognition of its enabling role in agricultural development, the
lack of rigorous evaluations, the peripheral nature of many interventions, and the limited focus on
midstream actors have constrained its effective integration into development policy. The reviews
consistently call for more targeted and disaggregated research on midstream interventions, with
attention to distributional effects, sustainability, and scalability [27; 77; 85; 92; 94; 121; 160].



3.1 Storage

Three impact evaluations provide solid evidence on the effects of storage interventions aimed at
increasing incomes, reducing post-harvest losses, and strengthening food security in rural contexts
across Africa and China.

In Uganda, the Purchase for Progress (P4P) initiative by the World Food Programme (WFP)
established satellite collection points (SCPs) with storage capacities ranging from 100 to 300 metric
tons for small-scale maize producers. An econometric analysis revealed that use of these facilities was
associated with higher volumes of sales, better selling prices, and increased crop income. These effects
are explained by the ability to store maize under suitable conditions while waiting for better prices, as
well as by access to more organized markets through collective management of storage and sales.
Participation in savings and credit groups and lower price uncertainty in SCP catchment areas also
encouraged the use of these services [79].

A pilot of the same P4P program in Tanzania combined institutional procurement from farmer
organizations with the rehabilitation of community warehouses, provision of tarpaulins and
equipment, and training in post-harvest handling and management. While there was a modest
increase in the commercial activity of participating smallholders, no significant impacts were found
on farm income, food security, or crop value sold. The evaluation suggests that the limited regularity
and intensity of purchases, along with logistical and payment challenges on WFP’s side, constrained
the intervention’s potential. Additionally, targeting was conducted at the level of farmer organizations
rather than directly at households, which diluted the effect of storage services on individual farmers
[88].

In China, the “Scientific Grain Storage Project” promoted the adoption of modern storage
infrastructure, such as metal silos, with up to 60% of costs subsidized by the government. Using a
quasi-experimental design, the study found that these facilities reduced maize storage losses by 60%
(from 2.85% to 0.87%), allowed farmers to store grain for a longer period (+0.2 quarters), reduced
pesticide use, and strengthened food security by lowering reliance on market purchases. The average
estimated benefit from using metal silos was a savings of 33 kg of maize per household, valued at
around US$21, with additional implications for resource conservation and national food system
stability [90].

Interventions in cold chain infrastructure and services have shown significant effects on product
quality, prices, post-harvest losses, and incentive structures across various agricultural and fisheries
contexts.

In India, the installation of bulk milk coolers (BMCs) aimed to reduce spoilage during transport and
facilitate the integration of remote villages into the formal dairy industry. While the intervention led
to an increase in milk production, it was accompanied by a significant decline in milk quality, with a
2.09% reduction in fat content and a 0.61% drop in solids-not-fat (SNF), as well as a decrease in the
breeding of higher-quality crossbred cows. The decentralization of quality monitoring to BMCs created
incentives to manipulate quality measurements, especially in villages with social ties to BMC staff,
which reduced penalties for adulterated milk and encouraged opportunistic practices [30].



In Indonesia, the CCDP project implemented cooling and processing infrastructure in fishing
communities, including basic equipment such as smokehouses and insulated boxes. These
investments reduced post-harvest losses by 5%, increased the value of fish sales by 28%, and raised
the prices received by beneficiaries by 35%. Fishery productivity rose by 79%, and net fishing income
increased by 54.2%. However, limitations persisted in the broader cold chain due to problems with
access to ice, electricity, and equipment maintenance, suggesting the need to strengthen these
components in future project phases [373].

Finally, a study in Bihar, India, documents (though does not quantify impacts) how potato cold storage
facilities have evolved beyond their conservation function. They now act as nodes for marketing,
financing, and speculation. About 65.7% of farmers and 94% of commission agents sell their products
directly at the cold storage facility, many receiving advance payments— reflecting the use of informal,
collateralized credit. This concentration of functions creates new income opportunities but also risks
for less-capitalized or less-informed farmers, reinforcing the need for regulation and inclusion in the
institutional design of these services [198].

3.2 Transportation

Two studies provide empirical evidence on the impact of transportation-related interventions in
agricultural value chains, underscoring their significant potential for improving smallholder incomes
while also revealing important adoption constraints.

In China’s Guizhou province, transportation services offered by tobacco cooperatives had a strong
positive effect on farm income. The evaluation showed that access to cooperative transport services
increased annual net income by an average of US$ 670. The income gains stemmed from reduced
transportation costs, more timely delivery of perishable tobacco leaves—critical for preserving quality
and securing higher prices at government-controlled collection centers—and improved access to
market information. The study also found that households were more likely to adopt these services
when cooperatives were located nearby and perceived to offer lower service prices [455].

In Nigeria, a pilot refrigerated transport program for tomatoes demonstrated highly positive impacts.
In a randomized controlled trial involving 600 traders, refrigerated trucks led to a 112% increase in
destination sale prices and a 256% rise in net profits. Post-harvest losses—previously around 20% with
traditional transport—were nearly eliminated. Moreover, 70% of the price increase was attributed to
quality preservation from refrigeration, while the remaining 29.6% came from access to more
profitable markets. Despite these benefits, initial adoption was very low (only 4.67%) due to high costs
and lack of infrastructure, highlighting the need for subsidies and certification schemes to support the
expansion of such services [164].



3.3 Processing

Two studies offer complementary insights into interventions aimed at strengthening agro- processing
among smallholder producers, focusing on Nigeria’s cassava sector and Ethiopia’s agro-industrial
strategy.

In Nigeria, the adoption of improved post-harvest technologies—such as mechanical graters, pressers,
and dryers—significantly boosted output and income among smallholder cassava starch processors.
The study found that adopters earned about 50% more than traditional processors. Gains stemmed
from higher efficiency, reduced labor demands, and better product quality. However, uptake remained
limited due to high costs and limited access to credit. Key drivers of adoption included household
income, processing experience, and the technology’s capacity. The findings suggest that expanding
access to affordable technologies through targeted financial support could improve welfare among
small-scale processors [380].

In Ethiopia, the Yirgalem Integrated Agro-Industrial Park (YIAIP) illustrates the impact of centralized
processing hubs in transforming rural economies. The park has supported value addition in avocado,
milk, and coffee, benefiting over 109,000 smallholder farmers through better prices, technical
assistance, and access to premium export markets. Some key medium sized companies have helped
farmers adopt regenerative practices, obtain organic certification, and improve incomes. The park has
also created more than 700 direct and 6,000 indirect jobs, while driving investment in infrastructure
and services. Its success reflects effective public-private partnerships, robust infrastructure, and full
value chain integration [161].

3.4 Contract Farming

This section draws on one Systematic Review [146] and 35 Impact Evaluations, all focused on
contractual arrangements between farmers and buyers across a range of commodities and contexts.
The Systematic Review synthesizes 26 quantitative effectiveness studies and conducts a meta-analysis
on 13 of them. The Impact Evaluations span Africa, Asia, and Latin America, and include cases from
staple crops (e.g., rice, maize) to high-value chains (e.g., honey, vegetables, dairy). The combined
evidence confirms that contract farming can deliver positive outcomes for smallholders—but also
highlights risks, limitations, and uneven impacts that depend on contract design, farmer selection,
and value chain context.

The Systematic Review finds that most contract farming schemes generate income gains for
smallholders, although the magnitude of those gains varies depending on the nature of the contract,
the commodity, and market conditions. These effects are generally stronger when contracts include
bundled services, guaranteed markets, and fair pricing mechanisms.



This is confirmed by a number of evaluations. In Ethiopia, a program linking smallholders to beer
companies increased incomes through improved barley prices, quality, and yields [168]. In Uganda,
quality-based incentives and access to export markets also led to measurable income gains and
spillover productivity benefits [76]. Nepalese farmers working under contracts in remote areas
reported a 58% increase in net income [83].

Not all cases were positive. In Vietnam, contract farmers saw no short-term income gains, though they
experienced fewer production difficulties and anticipated future improvements [175]. In Kenya, a
contract farming initiative initially raised income by 32%, but ultimately collapsed due to quality
compliance failures, resulting in long-term disengagement and income loss [60].

Several evaluations also highlight inequality in outcomes. In Indonesia, wealthier and better-
connected farmers benefited disproportionately from contracts, while poorer households were left
behind [53]. In Senegal, productivity-oriented contracts increased incomes but at the expense of food
consumption diversity, while marketing contracts reduced food insecurity [140]. The SR flags these
trade-offs and stresses the need to assess both income and food security impacts simultaneously.

The SR emphasizes that bundled services—such as access to inputs, credit, extension, and logistical
support—are essential to making contracts effective, especially for smallholders. Their presence often
explains the difference between successful and failed schemes.

Evidence from Ethiopia supports this claim: honey producers engaged in contracts benefitted from
improved technology access, which in turn raised product quality and yields [7]. In Vietnam, contract
farmers increased input use by 12% and achieved corresponding output gains [132]. In Kenya, a study
found that farmers exposed to supermarket channels used more fertilizer even on non-contracted
crops, showing spillover effects [199].

The SR documents that better-off, more educated or market-oriented farmers are more likely to
participate in contracts, often excluding vulnerable or resource-poor producers. However, some
programs have actively promoted inclusion.

In Ghana, participation in rice contracts was higher among educated farmers, and those producers
also reported greater gains in yield and gross margins [172]. In Senegal, contracts managed by women
achieved stronger seasonal delivery outcomes in dairy production [22]. In Colombia, the PAAP
program successfully linked smallholders—including vulnerable groups—to markets with similar
performance across categories [180].

Conversely, a study in Nicaragua showed that supermarket contracts favored farmers in already well-
endowed regions, highlighting geographic inequities [98].



The SR stresses that weak enforcement, opportunism, and unbalanced power dynamics frequently
undermine the benefits of contract farming. Informal arrangements, unclear terms, or lack of legal
recourse can lead to side-selling, payment delays, or breach of contract.

In Ghana, written and verbal contracts outperformed spot market transactions, improving rice farm
performance through increased predictability [169]. In Madagascar, contract farming reduced income
volatility by 0.2 standard deviations, acting as a form of partial insurance [170].

However, not all contract innovations yield results. In Zambia, efforts to improve market access
through interlocked contracts failed to produce measurable income or milk revenue gains, despite the
logistical improvements [177]. This echoes the SR’s point that formalization alone is not enough:
design, transparency, and enforcement capacity matter.

Contract farming, when well-designed and supported, can improve income, productivity, and market
access for smallholders. But impact is uneven and context-specific. As confirmed by both the SR and
the curated Impact Evaluations, the presence of bundled services, inclusive recruitment strategies,
enforceable contracts, and local institutional support are all key determinants of success. Without
these, contracts risk excluding vulnerable farmers or exposing them to new forms of insecurity.

3.5 Intermediation/Wholesale

Intermediaries —whether informal traders, aggregators, or formal wholesalers—are central to the
functioning of agrifood value chains. They facilitate the flow of goods, credit, and information between
producers and downstream markets. Despite this critical role, they are often overlooked in policy and
research or portrayed as extractive. A review by Reardon [166] argues that intermediaries should
instead be seen as adaptive actors that co-evolve with growing markets. This view is supported by
evidence from Myanmar’s maize value chain, where wholesalers provided tied credit without
distorting prices, operated competitively, and developed in tandem with logistics providers [159]. At
the same time, many intermediaries continue to face structural vulnerabilities, operating informally,
with limited access to finance and high exposure to risk [158].



Several interventions have attempted to reshape the producer—intermediary relationship by
strengthening public goods or enabling access to market-supporting technologies. In India, the
construction of the North-South-East-West (NS-EW) highway corridor raised rice prices in nearby
markets by 4%, suggesting that improved infrastructure reduced intermediation costs and increased
competition [119]. In a different context, smallholder vegetable growers in peri-urban Kenya who
adopted irrigation technologies gained greater access to markets, reduced dependence on farm-gate
sales, and increased their bargaining power relative to intermediaries. However, these benefits were
unevenly distributed, favoring male-headed households and those with off- farm income [438]. By
contrast, an information-based intervention in West Bengal that provided farmers with daily
wholesale prices failed to reduce intermediary margins; in some cases, it even led to lower farm-gate
prices. This highlights that information alone may not be sufficient when farmers lack physical access
to alternative buyers and remain structurally dependent on local traders [456].

Some reforms have sought to bypass intermediaries altogether, with mixed results. In Turkey, a policy
change allowed farmers to sell directly to retailers, bypassing wholesale markets. This led to a
significant drop in wholesale prices, but retail prices remained unchanged—suggesting that retailers
absorbed the margins, and consumers saw no benefit [18]. This case supports Reardon’s warning:
removing intermediaries without addressing scale, coordination, and transaction complexity may
simply shift market power rather than improve outcomes for producers or consumers.

Instead of eliminating intermediaries, the most promising strategies focus on modernizing and
integrating them. India’s Unified Market Platform (UMP), a digital marketplace linking wholesale
markets across the state, led to 3—5% increases in modal prices for key crops and improved farmer
profitability—especially for higher-quality producers [89]. This case illustrates how investments in
bidding systems, price transparency, and logistical coordination can enhance both efficiency and
equity. As Reardon argues, upgrading the institutional and physical infrastructure of intermediation—
rather than liberalizing markets without safeguards—is a more effective path to system-wide
improvement.

Intermediaries—whether formal or informal—are not residual or peripheral actors. They are integral
to how agrifood systems function and evolve. The challenge for policy is not to bypass or displace them,
but to modernize, regulate, and support them as part of inclusive and efficient value chains.
Intermediation reforms that combine infrastructure investment, institutional innovation, and
coordinated logistics offer the most promise for equitable and sustainable food system transformation.



3.6 Multi-Stakeholder Partnerships

Multi-stakeholder partnerships (MSPs) have become instrumental in driving agricultural
development across the Global South. A systematic review of 147 studies reveals both their
transformative potential and persistent challenges, offering valuable lessons for sustainable
development. [94]

At their best, MSPs create powerful synergies between farmers, markets, and technology. In Ecuador,
coffee farmers in MSPs secured 30% higher prices, while Rwandan dairy producers achieved
remarkable 900% price increases through quality improvements and collective bargaining.
Technological adoption flourished where solutions matched local needs - Rwandan potato yields
tripled with improved varieties and storage, while Filipino rice farmers cut irrigation costs by 39%
through water-saving techniques.

The social impacts are equally noteworthy. Women farmers in India gained economic independence
and confidence through mushroom-production collectives, while Nigerian cassava growers doubled
their access to extension services. These platforms excel at building social capital, though their
effectiveness diminishes when they become overly complex or bureaucratic.

However, significant gaps remain. Environmental outcomes are strikingly underreported, with only
21 studies measuring ecological impacts. While successes like Burkina Faso's 82% adoption of soil
conservation practices exist, many MSPs prioritize short-term economic gains over sustainability.
Geographic imbalances in research - with 67% of studies focused on Africa - leave critical knowledge
gaps about MSP effectiveness elsewhere.

The evidence suggests MSPs work best when they: 1) combine technical solutions with market access,
2) maintain manageable scales, and 3) remain responsive to local contexts. As these partnerships
evolve, addressing equity concerns, environmental trade-offs, and regional knowledge gaps will be
crucial for achieving truly sustainable agricultural transformation.

3.7 Commercialization (Other)

Evidence from Guatemala, Honduras, and Ghana suggests that market-based quality incentives can
reduce post-harvest losses and improve agricultural practices, though effects on income or prices are
not always consistent.

In Guatemala and Honduras, a pilot program that provided information on buyer-required quality
attributes reduced bean losses by 6% to 7% [367]. The study argues that such incentives may be more
effective than simply providing inputs, as they align production practices with commercial standards.



In Ghana, a combination of training, the distribution of drying tarpaulins, and a price premium for
quality led to a significant reduction in aflatoxin levels in groundnuts [385]. Improvements were
greatest in households with young children and initially high contamination levels, although price
incentives did not lead to statistically significant income gains.

Promoting more direct linkages between small producers and markets—through institutional buyers,
specialized trade, or associative schemes—can improve income, product quality, and production
practices, although impacts on food security are mixed.

In Colombia, a pilot program for producers in areas at risk of illicit crop cultivation facilitated the
marketing of alternative products, resulting in increased total sales and improved product quality
[130]. Impacts were stronger when combined with complementary programs.

In Ecuador, small cocoa producers linked to direct trade schemes accessed better prices, technical
training, stronger social networks, and more sustainable practices [182]. However, overlap with
organic certification schemes made it difficult to isolate the specific effects of direct trade.

In Tanzania, farmers integrated into value chains through cooperatives or contracts obtained higher
prices and greater agricultural income [195]. Nonetheless, these benefits did not translate into
significant improvements in food security, suggesting that additional income does not automatically
lead to better nutrition or well-being outcomes.

In recent years, the Government of Ethiopia has promoted a national cluster farming strategy aimed
at transforming smallholder agriculture from subsistence-based to market-oriented systems. This
policy seeks to geographically organize producers around high-potential crops, facilitating access to
inputs, mechanization, extension services, and markets. The approach prioritizes collective action,
economies of scale, and integration into value chains. Clusters have been implemented across different
regions and commodities, including teff, malt barley, and horticultural crops, with the goal of boosting
productivity, commercialization, and farmer incomes.

Evidence from the evaluation of teff clusters shows clearly positive results. Farmers who participated
in cluster farming reported significantly higher levels of commercialization compared to non-
participants, across all priority regions where the program was implemented. The findings indicate
that the clustering approach effectively facilitated market access and strengthened producer
integration into the value chain, with clear benefits in terms of increased sales and income [330].

Similarly, in the case of malt barley, the cluster approach also yielded positive outcomes. Farmers
involved in barley clusters achieved higher yields per hectare and had better access to markets and
agricultural services. The study concludes that expanding barley cluster farming could contribute to
national goals for increased production and reduced reliance on imports of malt barley, which is in
high domestic demand [333].



In contrast, the evidence from horticultural clusters is more mixed. While some farmers benefited
from improved production practices and support structures, the evaluation found inconsistent effects
on commercialization and income generation. The outcomes varied depending on the crop and the
quality of local implementation, suggesting that cluster effectiveness is contingent on contextual
factors and the strength of institutional support [143].

3.8 Food Retail

Despite the importance of food retail in shaping food systems in low- and middle-income countries,
rigorous impact evaluations of interventions in this segment remain extremely limited. Among the few
studies available, only four were identified that meet minimum standards for methodological
robustness, each focusing on different aspects of retail reform—from producer access to markets, to
vendor behavior, and pricing outcomes.

In Colombia, the Mercados Campesinos initiative (2004—2015) sought to improve smallholder access
to urban food markets through biweekly farmers' markets in Bogota. The program enabled direct sales
to consumers, improved price-setting capacity, and fostered organizational and political engagement
among participants. Quantitative and qualitative analyses found modest but meaningful gains in
commercialization and economic efficiency—particularly within the program's controlled spaces.
However, these benefits did not extend far beyond the created markets, and the initiative struggled to
achieve financial sustainability [129].

Turkey’s 2012 supply chain reform provides evidence from a national-level intervention targeting the
interface between wholesale and retail. By legalizing direct sales from farmers to retailers and reducing
transaction costs, the reform aimed to eliminate informal intermediaries and improve supply chain
efficiency. Using a regression discontinuity design, the study found that wholesale prices for fruits and
vegetables fell by 22—28%. Yet these reductions did not pass through to retail prices, likely due to the
market power of dominant retail chains. Thus, while the reform increased traceability and competition
at the intermediary level, its benefits did not reach consumers directly [18].

Two other studies examine interventions at the informal vendor level. In Bogota, a pilot mobile- based
ordering and delivery system connected small fruit and vegetable vendors directly to farmers. The
system reduced vendors’ travel time and input costs, improving profit margins. Nonetheless, most
vendors abandoned the service within a year due to limited product variety and a preference for
traditional sourcing practices, revealing significant challenges in scalability and adoption [69]. In
Kolkata, a food safety training program for street food vendors improved hygiene knowledge but had
minimal impact on observed behavior or economic outcomes. The absence of consumer demand for
safer food and the perceived costs of hygienic improvements limited the intervention’s effectiveness

[43].
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3.9 Hidden Middle-related
interventions: Summary

Number of studies* found, by intervention category and type of impact

Impact assessment

Intervention " Mixed/ Null/ Total
Positive
Inconclusive  Negative
Hidden Middle

Valuechain 4 (4) 2 (2) 6
Storage 2 1 3
Cold storage 1 1
Cold transport 1 1
Transportation 2 2
Processing 1 1
Processing + [Storage, Cold storage] 1 1 2
Contract farming 26 6 (1) 1 33
Contract farming + [Training, Storage, Commercialization, 3 1 4
Organization]

Wholesale/Intermediation 1 1 2
Wholesale + [Commercialization, Retail] 1 1 2
Multi-Stakeholder partnerships 2 2 4
Direct sales 2 1 3
Priceincentives 1 1 2
Clusters 1 1 2
Food retail 1 2 1 4

* Number of systematic reviews in parentheses.
Note: Each study could be included in more than one intervention category.
Own elaboration



The review of impact evaluations and systematic reviews conducted in this report reveals a markedly
uneven distribution of rigorous empirical evidence across both broad domains and specific categories
of intervention. The majority of studies concentrate on interventions targeting producers, with
particularly high density in subtopics such as training, input provision, and small-scale irrigation. In
contrast, the domain of public goods—notably rural roads, electrification, and large- scale irrigation—
shows fewer studies but with relatively consistent patterns of evaluation. The most underrepresented
domain is the hidden middle, which includes critical midstream and downstream activities such as
storage, processing, transport, intermediation, and retail. Even within this domain, the available
evidence is heavily skewed: for example, almost half of the studies classified under the hidden middle
relate exclusively to contract farming, leaving most other components with only one or two impact
evaluations or none at all.

The density of evidence within producer-focused interventions is not only greater but also more
diversified in terms of geographical and methodological coverage. This reflects longstanding policy
and research priorities that emphasize improving smallholder productivity and market access.
However, it also suggests an important limitation: evaluations of interventions that support post-
harvest activities, food distribution, and rural enterprise development remain scarce. This narrow
scope constrains our understanding of how to strengthen the full agrifood value chain, particularly in
countries where off-farm segments are growing in importance.

Despite these gaps, the review identifies a set of interventions with strong and relatively consistent
positive impacts on agricultural production, income, and household welfare. Public investment in
rural roads stands out as a foundational enabler, with multiple studies showing effects on input use,
productivity, income diversification, and market participation. Although results are context-specific,
the direction and magnitude of impact are generally positive. Rural electrification also shows robust
effects—not only by enabling income-generating activities but also by enhancing access to storage,
agro-processing, and ICT-based services.

Among producer-oriented interventions, small-scale irrigation has demonstrated highly consistent
effects on yields and income, especially when schemes are participatory and include training or market
access components. Similarly, input support programs—such as improved seed distribution or
fertilizer subsidies—can lead to significant productivity gains, although their effectiveness depends
strongly on proper targeting, availability of complementary services, and timing. Training emerges as
a particularly flexible and effective intervention: when linked to good-quality information,
demonstrations, or advisory support, training can improve farming practices, reduce post-harvest
losses, and promote commercialization. These gains are magnified when training is bundled with
access to inputs, credit, or aggregation services.



The review also highlights categories where evidence is growing but still insufficient for broad
generalization. ICT-based information services, for example, show potential to enhance decision-
making and market access but suffer from design challenges and low adoption when deployed as
standalone tools. Similarly, inventory credit schemes and value chain integration efforts— including
outgrower models and cluster initiatives—offer promising results in some settings but require more
evaluations that isolate their effects and account for institutional heterogeneity. In many of these
cases, a key constraint to effectiveness is the absence of supportive ecosystems: interventions that rely
on infrastructure, coordination, or sustained private sector engagement often underperform when
implemented in isolation or without attention to local conditions.

Most critically, the review finds a substantial evidence gap in interventions targeting the midstream
and downstream segments of agrifood systems. Very few impact evaluations directly assess programs
aimed at strengthening private storage, processing enterprises, transport services, intermediation
platforms, or food retail networks. Where studies do exist, they are often limited in scope, or analyze
outcomes only in terms of producer behavior. This persistent neglect of the hidden middle in both
research and policy programming is especially concerning given that these segments are responsible
for an increasing share of value added and employment in transforming agrifood systems. Moreover,
they often serve as the connective tissue linking smallholders to markets and consumers—especially
in urbanizing contexts.

In conclusion, the existing body of evidence provides useful guidance on which interventions can
improve productivity and welfare at the producer level, and confirms the foundational importance of
infrastructure investment. However, the limited coverage of midstream and downstream
interventions highlights a critical blind spot that undermines efforts to build inclusive and resilient
agrifood systems. Future research and evaluation efforts should prioritize filling this gap —not only to
broaden our empirical understanding—, but also to inform the design of strategies that leverage the
full potential of agrifood systems to support rural transformation, employment, and food security.
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Annex 1. Intervention/search categories

1) Public goods
. Roads
« Telecomunication «
Electrification
« Irrigation
« Collection centers (run by government) «
Wholesale markets (run by government)
« Regulations (land, tariffs, futures
empowermente, etc.)
« Clusters (run by government)

2) Producers
« Inputs
« Information and ICT .
Innovation
« Smallholder irrigation «
Credit
« Insurance «
Training
. Organization (such as cooperatives) «
Contract farming
« Certification «
Post-harvest
« Commercialization

3) Hidden middle
« Collection and sorting (private) «
Distribution (private)
« Storage
« Cold storage
« Cold transport «
Processing
« Intermediation «
Wholesale
« Food retail
. Transportation services «
Information services
« Post-harvest services
« Organization (of value chain) .
Value chain

markets,

liberalization,

rights,

price

control,



« Non-farm jobs «

SMEs

« Clusters (private)

. Commercialization services



Annex 2. Methodological composition of the sample

The 47 systematic reviews included in this analysis collectively examine nearly 2,500 individual
studies, with a median of 35 studies per review. It is important to note, however, that a significant

number of studies are reviewed in more than one systematic review.

Regarding the methodological approach of the selected impact evaluations, Figure 8 summarizes the
distribution of the main strategies and analytical tools used across the studies in the sample.

Figure 8. Methodological approach of selected impact evaluations

Method # %
Quasi-Experimental 172 75%
Instrumental Variables 97 42%
Propensity Score Matching 56 24%
Difference-in-Differences 17 7%
Regression Discontinuity 2 1%
Experimental desigh 44 19%
RCT 31 14%
Randomized Experiment (non-RCT) 4 2%
Field Experiment (non-randomized) 9 4%
Mixed Methods 13 6%
Total 229 100%
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