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FOREWORD

Smallholder farmers—cultivating less than two
hectares—are the stewards of over 80 percent of
the worlds farms. According to the United
Nations Food and Agriculture Organization (FAO)
estimates, these small family businesses produce
around one-third of the world’s food. In the
International Finance Corporation’s (IFC’s) key
markets in Africa and Asia, smallholders domi-
nate the production of food crops, as well as
export commodities like cocoa, coffee, and cotton.
Yet smallholders and farm workers remain among the poorest segments
of the population and are on the frontline of climate change. The past
few years have been particularly challenging; the multiple crises of the
COVID-19 (Coronavirus) pandemic, Russia’s invasion of Ukraine, and
extreme weather caused market disruptions and price volatility for food
crops, fuel, and agricultural inputs.

One of the great development challenges is meeting the food needs of
9.7 billion people by 2050 while simultaneously reducing agriculture’s
environmental footprint. Achieving this requires the sustainable intensi-
fication of agriculture: producing more food on less land, with less water,
while building resilience to external shocks and climate change.

Given the dominance of smallholders in the food systems of low-
and lower-middle-income countries, raising farm-level productivity is

xvii
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a key priority. The overwhelming majority of smallholder farmers
face constraints in accessing inputs, finance, knowledge, technology,
labor, and markets. And all farming must contend with a changing and
unpredictable climate.

The market for food is also changing, which can have a positive impact
on smallholders. Economic growth and urbanization in emerging mar-
kets are increasing the demand for higher-quality food products.
Consumer concerns about sustainability and the provenance of food
products are opening new business possibilities for private firms along
the entire value chain. In parallel, emerging agricultural technologies
(“agtech”) can lower costs, increase efficiencies, build resilience, and dra-
matically reduce the environmental impact of agriculture. Ingenuity,
innovation, and considerable investments will be needed for decades to
come. The future of agriculture requires new and pioneering partner-
ships among different stakeholders in the food system

Since the first edition of this handbook was published in 2014, IFC
has almost doubled its agribusiness investment portfolio from around
US$2 billion to $3.9 billion at the end of fiscal year 2022. In September
2022, IFC launched a new US$6 billion Global Food Security financing
facility to strengthen the private sector’s ability to respond to the crisis
and help support food production.

Firms increasingly need to establish and expand ways of working with
consumer groups, governments, research institutes, civil society organi-
zations, and the millions of smallholder farmers—especially in emerging
markets—who are critical to the future supply of many agricultural prod-
ucts, including livestock, coffee, cocoa, vegetables, dairy, and palm oil.
New and emerging legislation in the European Union and United States
requires firms to be more accountable for their supply chains and
demonstrate that they are sustainable, do not contribute to deforesta-
tion, and are free of child labor. Based on our experience, we believe
firms can build traceable and transparent supply chains while signifi-
cantly contributing to better economic outcomes for all.

This new edition of the handbook—produced with the support of
Global Agriculture and Food Security Program—is a practical guide for
firms that wish to expand their supply chains in emerging markets by
working with smallholder farmers. The purpose is to enable more pro-
ductive interactions between private firms and smallholders, creating
value in all parts of the supply chain. The handbook is action-oriented
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and offers practical solutions as part of our contribution to the develop-
ment of sustainable agribusiness. Our vision is a food system in which
sustainable production is the norm, and food and nutritional security is
secured for future generations.

Wagner Albuquerque de Almeida

Director

Global Manufacturing, Agribusiness, and Services
International Finance Corporation
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PREFACE

Smallholder farmers are becoming more important players in global
food chains as agribusiness companies seek to secure future food sup-
plies for the world’s growing population. For some crops, smallholders
are already an important source of production, but their role is expand-
ing as land constraints limit the potential for growth in plantation agri-
culture and as the locus of future food market growth shifts to emerging
markets. Those markets face increasing demand for affordable, nutri-
tious foods for low-income urban populations.

These shifts offer opportunities—particularly for economic growth
and poverty alleviation in rural areas—but also pose challenges to
upgrade and integrate smallholder agriculture against a backdrop of
climate change and increasing water scarcity. Moreover, agribusiness
companies, under increasing pressure from consumers, shareholders,
governments, and other stakeholders, are making important public com-
mitments on sustainability, including the adoption of environmental and
labor standards. Meeting these competing demands will require new
ways of working and new partnerships to deliver change, including with
the integration of agricultural technologies that can enhance operational
efficiencies and reduce costs.

This handbook encourages agribusinesses to work with smallholders
whenever possible, and it highlights the key opportunities in doing so, as
well as details on how to overcome the major challenges. Mainstreaming
the concepts addressed in this book can help agribusinesses to modernize
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their supply chains and operations, working more effectively with small-
holders and other players in a profitable and sustainable way.

The handbook is written for the operational managers in agribusiness
companies responsible for integrating smallholder farmers into value
chains as suppliers, clients, or customers. These managers include the
following:

- Product and sales managers for input manufacturers, distributors,
wholesalers, and retailers

- Field managers for financial institutions and their small business
clients

- Service providers who train smallholders
- Supply chain and sustainability managers for off-takers
- Sustainability managers for processors and food companies

- Company managers responsible for engagement via public-private
partnerships.

Although written principally to outline training and assistance needs
and opportunities for the private sector—whether in high-income, fron-
tier, or low- and middle-income markets—the handbook may also be
useful to the staffs of governmental or nongovernmental agricultural
development programs working with smallholders, as well as to aca-
demic and research institutions.
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CHAPTER 1
THE IMPERATIVE FOR CHANGE

Ashley Elliot

KEY MESSAGES

The overriding tasks for small-scale farming in the coming decade are
to complete the transition from semisubsistence to “farming as a fam-
ily business” and enhance the volume and quality of food production
to meet evolving demand, while simultaneously reducing agriculture’s
environmental footprint and adapting to a changing climate.

This challenging landscape also presents opportunities for small-
holders to join commercial supply chains and contribute to food
security, poverty reduction, and economic growth. In the context of
scarce arable land and increasing food demand, small farms are set to
attract increased investment, while business-model innovations and
advances in scale-neutral technologies are expanding the spectrum of
opportunities through which both farmers and large-scale firms can
benefit from greater engagement. Global stakeholders also increas-
ingly recognize the central role smallholders play as stewards of envi-
ronmental sustainability and conservation.

For agribusinesses, the key drivers for working closely with small-
holders are to secure supply of produce, capitalize on smallholder
advantages in producing certain crops, enhance food quality and
safety, and/or generate income by selling inputs and services to
farmers. Often, these factors create firm-level incentives to prioritize
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investment into smallholder sourcing even where the option of
directly owned plantation-based farming is available.

In addition, supply chain sustainability and equity represent an
increasingly important motivation for smallholder engagement.
Sustainability issues have become mission critical for farmer-facing
firms with the transformation of supply chains by consumer demand
for responsible sourcing, the emergence of more differentiated
end-markets, the development of new technologies and regulations,’
and the growing importance of climate and deforestation goals.

With the spotlight on sustainability, firms with smallholder suppliers
are focused on ensuring the following:

More complete traceability of supply to safeguard and build brand
equity

Demonstration of positive social impact in smallholder supply
chains—including actions that support farmers to achieve stable
living wages and investments that close gender gaps in agricultural
value chains

Implementation of voluntary certification requirements to unlock
access to premium markets and to meet ambitious environmental,
social, and governance (ESG) objectives

Utilization of smallholder supply arrangements to demonstrate
corporate action on climate change, including partnering with
smallholders to protect biodiversity and lower carbon footprints.

The Imperative for Change

The global food system is in crisis. The compounding effects of the
COVID-19 (Coronavirus) pandemic, the Russian Federation’s invasion of
Ukraine, and climate change have led to supply disruptions and price
rises in fuel, fertilizers, and staple foods such as wheat. In the longer
term, one of our greatest challenges will be meeting the food needs of
9.7 billion people by 2050 while simultaneously reducing agriculture’s
environmental footprint. This will require the sustainable intensification
of agriculture: producing more food on less land, with less water, while
building resilience to external shocks and climate change.

Across the world’s most populous and fast-growing economies,
farming remains dominated by smallholders managing farms of two
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hectares or less. There are an estimated 608 million smallholder farmers
globally, contributing approximately 35 percent of total global food
supply (Chang 2022), and about 80 percent of the farms in low- and
lower-middle-income countries are smaller than two hectares. These are
located predominantly in East Asia and the Pacific, South Asia, and Sub-
Saharan Africa (Lowder, Sanchez, and Bertini 2021).

Smallholders typically operate in a semisubsistence mode, with part
of the farm’s production retained for the farm family’s own consumption
and part sold commercially to meet cash needs. Because smallholder
farming has competitive advantages over industrial farming in certain
contexts—often demonstrating higher crop diversity, per capita land
productivity, and social and environment impact— many commercially
important crops are dependent on smallholder production and supply.
These include cocoa, 70 percent of which is produced by smallholders
(IISD 2022); coffee, at 60 percent (Siles, Cerdan, and Staver 2022); and
cotton, at 75 percent (IDH n.d.); as well as a range of protein-rich pulses,
among others. In Africa and Asia, smallholders also produce most of the
staple food crops such as maize and rice, which are consumed domesti-
cally rather than traded internationally. In addition, smallholder farming
accounts for 60 percent of employment in Africa and 50 percent in East
Asia and the Pacific, producing up to 70 percent and 80 percent of the
food consumed in these regions, respectively. Smallholder farming also
takes the largest share in agriculture’s contribution to gross domestic
product (GDP): 23 percent in Africa and 28 percent in Asia (ADB 2021;
Goedde, Ooko-Ombaka, and Pais 2019; IFAD n.d.).

Smallholder Farmers as Change Agents on the Climate Frontline

Over the coming decades, the warming climate will overturn established
models of farming and generate unprecedented impetus for global
companies, governments, and nonprofits to invest in smallholder
supply chain resilience and adaptation. Smallholders stand on the
climate frontline in several respects simultaneously—on the one hand,
they are set to endure among the earliest and most damaging impacts of
climate change, and on the other, they are arguably best positioned to
reduce agriculture’s contribution to greenhouse gas (GHG) emissions—
which currently stands at 24 percent of total global emissions (Tubiello
et al. 2014)—leading the transition to sustainable agriculture while
growing food output to meet accelerating demand (see box 1.1).

As each chapter in this handbook demonstrates, ensuring an equita-
ble transition to more sustainable and climate-resilient production that
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—
BOX 1.1

Impact of Climate Change on Smallholder Supply Chains

While many in the global agribusiness community appreciate the central role smallholder
production and market systems can play in addressing linked climate and biodiversity challenges, a
much broader stakeholder community is now recognizing the opportunity to address climate
change through empowering small farmers (1) to grow more nutritious and climate-resilient crops
and (2) to serve as stewards of biodiversity and climate mitigation. As former United Nations
Secretary General Ban Ki Moon stated,

Around the world, there are more than 500 million smallholder farms, . . . [and] agriculture
provides 40 percent of jobs in Sub-Saharan Africa and Asia. Yet smallholders often lack
secure land tenure and access to markets and finance. They are also bearing the brunt of
multiple crises of climate change, conflict, and economic downturn, as well as the impact
of Covid-19. . .. If we want a world free of hunger and poverty while adapting to and miti-
gating the climate crisis, we need to put smallholder farmers right at the center of our
efforts to “build back better."

A growing body of evidence backs this up. A recent meta-analysis published in the journal
Nature, for example, demonstrated that smaller farms, on average, have higher yields and harbor
greater crop and noncrop biodiversity at the farm and landscape scales than do larger farms
(Ricciardi et al. 2021).

A Multidimensional Challenge and Opportunity
The multidimensional role smallholder farmers play in the context of the climate crisis can be
unpacked into three primary areas:

1. Food production risk and price volatility: Smallholders are central to global efforts to prevent
the climate crisis from placing the global food system at risk by undermining food production
and distribution. Because most small-scale agriculture in emerging markets is rainfed and
is configured for past climates, smallholders are highly vulnerable to increasingly common
climate stresses such as changing rain patterns; altered seasonality; and more extreme
drought, heat, salinity, and weather events. Small-scale farmers do, however, have strong
potential to adopt climate-resilient crops and practices, provided the right financing, tools,
and services are in place. This will be necessary not just to avoid crop failure and livestock
deaths but to reduce climate change—induced price volatility.

2. Emissions and mitigation: Although global emission reduction efforts have traditionally
focused on energy and transportation, agriculture emits more greenhouse gasses (GHGs)

box continued
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BOX 1.1

Impact of Climate Change on Smallholder Supply Chains (Continued)

than the world's cars, trucks, trains, and planes combined (figure B1.1.1) (Albright 2014). These
include not only carbon dioxide (CO,) but other GHGs such as methane—a gas that received
little attention half a decade ago but is now a key focus of net zero policy. By the same
token, however, smallholder farmers are well placed to spearhead many of the solutions
that are projected to provide one-third of the climate mitigation needed between now and
2030 to keep global warming below 2°C. (Albright 2014). However, this potential is currently
hamstrung by a lack of (1) integrated agricultural development planning and institutional
capacities that adequately consider maladaptation risks and investment needs and (2) access
to affordable climate finance for farmers and agribusinesses to invest in low-emission
practices and technologies, as well as regenerative agriculture and—where applicable—
carbon sequestration (GCF 2021).

In principle, the solutions for lowering farmers’ environmental footprints exist. The range of
options is impressive—including the electrification of on-farm machinery and improved
equipment maintenance, low or no tillage and dry direct-seeding practices, breeding and
genetic selection focused on reducing GHGs, controlled-release and stabilized fertilizer
applications, conversion from flood to drip or sprinkler irrigation, animal feed mix optimization,
and sector-specific interventions such as optimal varietal selection and improved straw and
paddy management in the rice sector. Indeed, one recent survey concluded that “if implemented
at scale, several existing practices could reduce emissions from animal, rice, and crop production
by about 20 to 25 percent of annual agricultural production emissions; [and] if all the available
GHG-efficient production practices were implemented at full scale, the global food system
could see cost savings of more than USS50 billion annually” (Bora and Prabhala 2020).

FIGURE B.1.1.1 Major Contributors to Agriculture Emissions

Major contributors to agriculture emissions include:

v S v A\

Enteric. Manure Rice Fertilizer On-farm Nitrogen Deforestation
fermentation cultivation  release and  energy use fertilizer
runoff production

Source: Aminetzah et al. 2019.

box continued
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Impact of Climate Change on Smallholder Supply Chains (Continued)

The challenge, however, is the cost and sequencing of investment. The return on investment
for small-scale farmers on most of these GHG-efficient practices is currently unattractive, given
that costs are high compared to the economic benefit delivered. This is especially true of animal
protein production, for example. As such, large-scale and well-coordinated investments in sup-
porting technology, infrastructure, and financing will be required to reduce the cost to a level
that makes financial sense for farmers. And even where farm-level investments in GHG-efficient
farming practices are net profitable, external support will often be required to address cash-flow
challenges (that is, high up-front costs) (Bora and Prabhala 2020).

. Biodiversity preservation and loss: A large proportion of small farms already grow a more
diverse range of crops than larger commercial farms; they are thus in a position to help reverse
the abrupt global decline in nature and biodiversity witnessed over recent decades. This is
especially important in the face of mounting evidence that climate change and threats to
biodiversity will fall hardest on smallholder agriculture-focused regions like Sub-Saharan
Africa, East Asia and the Pacific, South Asia, and Latin America—regions that host the planet’s
richest carbon sinks (including tropical and old-growth forests) and most biodiverse wetlands,

peat lands, mangroves, and marine ecosystems.

a. The quotation is from Ban Ki-Moon (2021) and has been edited for brevity.

meets the world’s food and commodity needs cannot be achieved with-
out unlocking the full potential of smallholder farming communities.
Effectively mobilizing and coordinating the investments required to do
so represents perhaps the most pressing challenge facing the global food
system today.

Smallholder Livelihood Strategies In a Changing World

A significant, underappreciated attribute of the small farms that
produce four-fifths of all food consumed in developing countries is
their ability to mitigate and manage risks in a changing agricultural
system (Chikava 2021; FAO 2011). Strong knowledge of local growing
and market conditions, combined with flexible and motivated family
labor, can enable smallholder farmers to manage change while gener-
ating per-unit farm output that often exceeds the efficiency of larger
farms (Fan and Rue 2020). This resilience and adaptability has never
been more necessary: across every continent and crop category,
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smallholder farming now faces an unprecedented moment of crisis
and transition—driven by a confluence of long-standing constraints
and emergent threats.

Challenges that can undermine smallholder livelihood strategies
include the following:

- Overreliance on traditional cultivation methods, some of which degrade
soil fertility and cause erosion

- Limited physical and economic access to markets, which is compounded
by a lack of modernized storage infrastructure, high transport costs
in rural areas, and poor access to market and price information

- Low organization at the production level, with only about 19 percent of
Latin American farmers, 14 percent of Asian farmers, and 7 percent
of African farmers being members of agricultural cooperatives,
which could improve market access through collective ownership of
trucks and storage facilities

- Land insecurity, including a lack of formal land title ownership, which
makes it difficult for smallholders to consolidate landholdings or use
their land as collateral for financing

+ Weak access to credit due to farmers poor collateral and the seasonality
of their produce, among other factors

- Low literacy and numeracy, as many smallholders have little formal
education, which limits their ability to keep adequate written records
or educate themselves about improved agricultural practices

+ Inefficient intercropping techniques, because subsistence and cash crop
cultivation are often combined on the same farm in ways that can
reduce marketable yields

Against the backdrop of these constraints around human capital and
market infrastructure, a set of more dynamic and largely external threats
is emerging related to demographics, urbanization, market volatility,
and—above all—climate and biodiversity. These evolving trends have the
potential to destabilize traditional smallholder farming methods at
increasing speed, creating a time-bound imperative to transition to a
food system based on more sustainable, adaptable, and market-
integrated models.

Asoutlined in box 1.1, climate change represents the first and most con-
sequential threat to the status quo. Smallholders who rely on traditional
cultivation techniques face enormous challenges as they try to adapt to
the accelerating impacts of changing weather patterns, heat stress, water
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scarcity, environmental degradation, extremes of weather, and height-
ened crop pest and disease incidence. As climate change reconfigures the
growing conditions of entire regions, unpredictable rainy seasons reduce
farmers' confidence in planting crops at the traditional time. Traditional
varieties may produce low yields or fail altogether during drought or
flooding. Changes in temperature and humidity increase the prevalence
of pests and diseases, such as maize lethal necrosis and fall armyworm,
while smallholders who rely on groundwater for irrigation increasingly
find that water tables are dropping beyond their reach. Unless these
threats are proactively mitigated, average global crop yields for maize, for
example, may see a decrease of 24 percent by late century, if current cli-
mate change trends continue (SubbaRao and Jaegermeyer 2022).

In Africa, the agricultural zones that currently account for 70 percent
of crop production by value are likely to be devastated by severe or
extreme aridity and heat stress by 2050. This pace of change means that
“rising temperatures, shifting weather patterns, and the more extreme
weather events accompanying climate change are transforming condi-
tions faster than many smallholder farmers can possibly keep up with”
(Chikava 2021).

A second and related trend is increasingly poor soil fertility. Most
smallholders live in tropical zones with naturally low soil fertility and
high acidity. Farmers have further stripped nutrients from the soil during
decades of harvests with inadequate fertilizer use, and many small-
holders do not know how to improve their soil fertility because they lack
an understanding of soil systems and have inadequate soil testing ser-
vices. Again, it is the African continent where these challenges appear
most pronounced: some 46 percent of Africa’s land area suffers from
degradation, affecting at least 485 million people and costing US$9.3 bil-
lion per year, according to the Intergovernmental Panel on Climate
Change (IPCC). Approximately 75 percent of land under cultivation
faces the threat of degradation, with losses of 30 to 60 kilograms of nutri-
ents per hectare, per year (Sakho-Jimbira and Hathie 2020).

Third, the population of smallholder farmers is aging. With alterna-
tive economic opportunities available to youth in urban areas, tradi-
tional farming methods have lost their appeal among the next generation.
Moreover, population growth compounds the challenge of making farm
ownership and management attractive to the next generation—for exam-
ple, the shrinking size of farms owing to growing rural population den-
sity and fragmentation due to inheritance can force smallholders to
cultivate their fields continuously, thus worsening already severe soil fer-
tility issues (Sakho-Jimbira and Hathie 2020).
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Fourth, the frequency and severity of global economic shocks is
increasing, with cascading impacts on smallholders. The COVID-19
pandemic placed more than 30 million people in extreme poverty,
redoubling the significance of small-scale agriculture as a pathway out of
poverty—in particular in developing countries where growth in
agriculture can reduce poverty more than twice as fast as growth in
nonagricultural sectors (Chikava 2021). The pandemic also dislocated
essential supply chains and temporarily choked off access to key end-
markets for farmers’ produce in countries where movement restrictions
were imposed. Meanwhile, Russia’s unprovoked invasion of Ukraine has
caused a sharp spike in fertilizer prices, leading to fertilizer shortages
that could prompt a decline in food production across Africa of up to
20 percent (Shah 2022).

The final trend line with accelerating impacts on smallholder farm-
ing is the requirement to adjust agricultural systems to meet the
increased food demands of a growing and more urbanized population.
With a global population that is projected to reach 9 billion by 2050 and
more than 11 billion by the end of the century (UNDESA n.d.), vast
changes will be needed to ensure existing food systems can meet a pro-
jected doubling of demand for agricultural crops by mid-century.
Enhancements in not just quantity but quality will be required. Food
production will need to provide sufficient carbohydrates, proteins, and
fats for the estimated 870 million people who currently lack food secu-
rity. Concurrently, rising incomes and urbanization will drive increased
consumption of meat, dairy, and biofuels. This is especially the case in
Africa and Asia, the two fastest urbanizing continents.

The Transition to Efficient, Resilient, and Inclusive Food Systems

Despite the breadth and severity of the challenges facing traditional
models of small-scale farming, the changing landscape also presents
opportunities for smallholders to join global supply chains and contrib-
ute to food security, poverty reduction, and economic growth. In a global
context of scarce arable land and increasing food demand, smallholders
are set to attract greater investment from large-scale firms than ever
before. Meanwhile, business model innovations and advances in
scale-neutral technologies are expanding the spectrum of opportunities
where both farmers and firms can benefit from greater engagement.
Perhaps most importantly, all key stakeholders—from global consumers
to corporates and regulators—are increasingly recognizing the central
role smallholders have to play as stewards of environmental
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sustainability, conservation, and diversification, including in the world’s
most important and biodiverse ecosystems.

In the following section as well as following chapters, this handbook
explains how the same pressures driving the smallholder transition are
also strengthening the case for agribusinesses to invest in smallholder
supply chains, creating unique opportunities to solve many of the press-
ing challenges confronting the global food system this century.

Firm-Level Incentives for Investing in Smallholder Supply Chains

Key Drivers

Key drivers incentivizing agribusinesses to work with smallholders
include the need to do the following:

- Meet growing global food demand by capitalizing on smallholder
competitive advantages

- Boost produce quality and prevent contamination and food-borne
illness

- Respond to demand for increased sustainability

- Access relatively untapped markets for inputs and services in devel-
oping and emerging markets

Driven by these incentives, a wide range of firms have developed
models of direct engagement with smallholder farmers—not only
specialist agribusinesses, consumer-facing brands and publicly listed
companies, but also entities often typecast in the past as
“intermediaries,” such as commodity and trading companies. Indeed,
several global commodity houses are today at the vanguard of efforts
to build mutually beneficial on-the-ground smallholder relationships
in developing countries.

Meeting Demand and Securing Supply

For firms needing to secure a supply of agricultural commodities—in
terms of volume, quality, and consistency—smallholders often represent
the most viable means for increased sourcing. In crops such as cocoa,
coffee, and cotton, smallholders are the main source of supply, so firms
must—by default—work closely with smallholders to access meaningful
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volumes. In the case of cocoa, 70 percent of the world’s US$9 billion
annual output is produced by hand by smallholders (Voora, Bermudez,
and Larrea 2019); while in the coffee sector, 80 percent of production is
accounted for by the industry’s 25 million smallholder farmers world-
wide (Fairtrade Foundation 2022).

For other crops, when production is split between smallholder and
larger-scale commercial farming, the most frequently cited reasons for
firms to purchase from smallholders include the following:

Access to enhanced supply volumes
Lower purchasing costs

Higher sales prices for end products derived from smallholder-
produced crops (TechnoServe 2021)

Across the board, a key long-run structural trend incentivizing firms
to work with smallholders is the growing level of global food demand—
set to double by 2050 (Albright 2014)—in the context of constrained ara-
ble land availability. Much of the world’s 1.4 billion hectares of suitable
arable land not yet used for crop production is concentrated in just seven
countries,? and competition to secure supply within food value chains
builds every year, as world demand for crops outpaces the much slower
rate of expansion in crop area.?

There is considerable scope to increase yields among the world’s
500 million smallholders, and with increasing pressure to meet the
demand for raw materials through higher yields and cropping
intensity, smallholder agriculture is becoming more and more
important in global supply chains (box 1.2). These farms produce
roughly one-third of global food—including 75 percent of dairy
production, 60 percent of meat supply, and 50 percent of world cereal
supply (Dioula et al. 2013).

The question for an increasing proportion of global firms operating
in food supply chains—from integrated agribusinesses to consumer
goods conglomerates—is therefore, not whether, but how they should
investin direct and structured off-taker arrangements with smallholder
farmers.

Moreover, in sectors where smallholders dominate production, the
farmer population is invariably aging, with many young people choosing
to migrate to urban areas. This dynamic creates further pressure to
enhance productivity through investment in strengthened smallholder
supply chains in order to maintain production volumes.

11
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—
BOX 1.2

Smallholder Farming Makes an Outsized Contribution in Markets Where
Demand Is Growing Fastest

Smallholder farming occupies the largest share of agricultural land and food production in the
markets across Africa and Asia where food demand is set to increase most dramatically. In a global
food system where 85 percent of food is produced in the country where it is consumed, agricultural
output in Sub-Saharan Africa and South Asia will need to more than double by 2050 to meet
increased demand, compared to a global average increase of one-third above current levels
(FAO 2017).

Agriculture represents a high percentage of GDP in most African and Asian economies (between
15 percent and 30 percent, respectively, compared to a global average of 4 percent) and accounts
for approximately 40 percent of jobs (Ban Ki-Moon 2021). In China, nearly 98 percent of farmers
cultivate farms of two hectares or less, while in large African markets such as Egypt and Ethiopia,
nearly 90 percent of farms are smallholdings. In India this figure drops to 80 percent, and in Latin
America, the proportion falls to between 20 percent in Brazil and 50 percent in Mexico
(Rapsomanikis 2015).

Even in agricultural sectors where large-scale farms are an available
option to source from, smallholders can in some circumstances be more

efficient and effective. The reasons include the following:

- Lower costs of labor supervision—that is, smallholders are their own

supervisors and generally rely on highly motivated family labor

- Greater ability to bring a differentiated product to market (such
as higher-quality or niche-market products destined for fair-trade,

organic, or boutique markets)

- Production efficiencies in crops with high seasonality

- Lower fixed costs in crops that lack any preexisting medium- or

large-scale supply base

- Smallholder access to subsidized government or nongovernmental
organization (NGO)-provided resources not available to large-scale

farms

- Intensive local, often hyperlocal, knowledge—around soil and

growing conditions, for example

« Greater resilience in the face of weather shocks and other external
shocks that may induce crop failure, given the risk-reducing effect of

smallholders’ geographic dispersion
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Sectors where one or more of these competitive advantages often
apply, thereby bringing smallholder production to the fore despite the
presence of alternative options, include the cut flowers industry, the
dairy sector, and high-value fruit and vegetable crops produced for
export.

However, it should be noted that agronomic characteristics and
return-on-investment (ROI) dynamics render it challenging in some
crop categories for firms to invest in deep working relationships with
smallholders. For example, the agronomic maturity profile of certain
agroforestry and tree crops creates a significant, multiyear time lag
between cost outlays to implement inclusive sourcing models and tangi-
ble financial results. This gap can be bridged in some instances via inno-
vative financing mechanisms or partnerships with NGOs and “ecosystem
connectors,” but the underlying point remains valid—namely, that
smallholder sourcing may not be profitable and viable in all cases, given
the cost and complexity of managing supply from large numbers of small
producers. This highlights the importance of using a pilot to test assump-
tions when developing a smallholder sourcing model, as well as the need
to keep costs low and technologies simple and user-friendly, while ensur-
ing there is strong management buy-in across the implementing organi-
zation (extending beyond country units and sustainability teams to
include central finance, legal, marketing, and executive functions).

Mitigating Risks Associated with Land Deals

In crop categories and geographies where large-scale plantation-based
farming is theoretically feasible, the desire to avoid potential legal,
operational, and reputational risks associated with large-scale land own-
ership can tilt the balance of risk/reward in favor of investing in small-
holder supply chains. As one flagship study observed, “alternatives to
smallholder production models, such as plantations, carry their own
unique operational risks and costs that smallholder sourcing can miti-
gate” (TechnoServe 2021). Lack of available arable land and, in many
places, local resistance to large-scale privatization of land represent an
increasingly common impediment to establishing large-scale farming
models. In this context, it is often less costly and less risky to source from
smallholders for a defined and profitable market opportunity than to
invest directly in new, capital-intensive plantations.

The decision to source from smallholders frees up capital that other-
wise would be locked into long-term land deals, while also creating
flexibility to increase or decrease production without incurring high

13
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fixed costs. More importantly, it ensures diversity in the supply base,
thereby averting a scenario in which interruption at a single large planta-
tion chokes off a substantive proportion of supply volume. And as for-
eign ownership of plantation land becomes more complex and contested
in many developing countries, such scenarios become more common. In
Africa, for example, one recent study highlighted that while the conti-
nent “continues to be highly targeted for large agricultural land deals,
with more than 420 deals comprising 10 million hectares completed
between 2000 and 2016, few of the deals have gone into implementation,
and the simple numbers suggest that land expansion will not be a major
factor in increased production” (Goedde, Ooko-Ombaka, and Pais 2019).

Commonly arising risk factors associated with direct corporate own-
ership of large-scale farms in developing and emerging markets include
the following:

- Opaque land registration processes that create uncertainty over
enforcement of rights

- The risk of land title revocation or contract frustration in an evolving
political and policy environment

- Differing interpretations of land rights between central and local
governments

- Tensions over shared land and resource use relating to customary
land rights, water access, and pastoralist groups, among other
factors

Across the board, these risks are typically higher for foreign land
buyers than local owners.®

Unlocking the Market for Smallholder-Focused Agricultural
Inputs and Services

Smallholders share of market demand in input markets is expanding, as
is their need for technical advice and technology-enabled market access
channels. For providers of agri-inputs, financial services, or market
information and integration services, the business case for smallholder
engagement is driven by the opportunity of reaching a large-scale—albeit
fragmented—customer base at service delivery costs that become more
manageable year-on-year thanks to improved backbone connectivity
infrastructure in emerging markets (EMs) and higher levels of farmer
adoption of mobile technology. Although individual farmers needs
may be small, as members of farmer cooperatives, they can command
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significant buying power—and as chapter 4, “AgTech,” in this handbook
shows, technology platforms are increasingly able to aggregate a geo-
graphically dispersed user base. Increasing the use of technology could
also attract the next generation to take over family farms and run them
more professionally and productively.

In addition, for global firms seeking to tap into the food or feed sales
potential of the domestic and subregional marketplace in EMs, local
sourcing may be their most competitive option. This dynamic is poten-
tially reinforced by (1) the advantages of shortened supply chains in a
global economy susceptible to cross-border supply disruption caused by
shocks such as COVID-19 or so-called trade wars and (2) the prolifera-
tion of regional trade agreements and tariff regimes within EM regions,
such as the African Continental Free Trade Area (AfCFTA) agreement
inaugurated in January 2021, which aims to connect 1.3 billion people
across 55 countries with a combined GDP of US$3.4 trillion (Maliszewska
et al. 2020).

Ensuring Food Quality and Safety

Investing in more closely integrated working relationships with small-
holders can also enable agribusinesses to boost produce quality and pre-
vent contamination and food-borne illness, as robust and transparent
smallholder supply chains allow for traceability and direct monitoring of
standards compliance.

Contaminated foods cause an estimated 1.5 billion illnesses and 3.0
million deaths per year worldwide, with the most frequent causes of
foodborne illness being diarrheal disease agents, particularly norovirus
and Campylobacter spp. (WHO 2015). While the number of officially
reported and documented incidents is much lower, the reputational risk
for firms and the potential for economic losses are significant.
Understanding and mitigating risks to food safety is therefore a key pri-
ority, and often a legal requirement, for firms.

Food contamination can occur during production, post-harvest, or
processing. For example, a common food safety concern is unapproved
or improperly used pesticides. Another concern is aflatoxin, a
carcinogen produced by mold that grows on improperly dried or
handled crops. The toxin can also be transmitted to livestock through
contaminated feed. In the Kenyan market, for example, maize
contaminated with aflatoxin has caused several hundred cases of liver
failure and more than 150 deaths across multiple incidents in recent

15
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decades, presenting major health risks to consumers as well as a
liability to suppliers and buyers.®

Firms that engage with smallholders to develop traceable supply
chains are better able to monitor all the steps involved in production,
harvest, and processing, ensuring a complete picture of product origin
and flow. When problems are detected, such as improper crop drying
that could result in mold growth and aflatoxin formation, firms will
already have systems in place to train farmers rapidly and effectively on
improved practices.

Moreover, advances in technology (covered in detail in chapter 4)
are expanding the scope of the opportunity to increase transparency in
smallholder supply chains. New mobile-friendly digital applications
and emerging data generation, processing, and analytics capabilities
can enable real-time visibility and verification of smallholder produce
at low cost, not only ensuring safety and compliance, but also opening
up the ability for firms to reward small-scale farmers and cooperatives
with premium prices for high-quality products (Marie 2022). A recently
launched blockchain-based application, developed by IBM and Farmer
Connect, focused on coffee and cocoa production in Latin America,
provides just one example among many other emerging applications
demonstrating the potential for technology to enhance to supply chain
traceability and sourcing (Marie 2022).

Responding to Demand for Increased Sustainability

While the traditional drivers for smallholder engagement relating to the
security, price, quality, and safety of supply still hold, what has changed
markedly since the previous edition of this handbook is the step-change
increase in attention given to sustainability as a component of the business
case for strengthening smallholder supply chains. Previously deemed “nice
to have” by some global firms, sustainability credentials have become mis-
sion critical as food supply chains are transformed by the following:

Growing consumer demand for responsible sourcing, positive social impacts,
and a fairer distribution of value through the supply chain: This entails
actions that support farmers to achieve stable living wages and
improved labor conditions, and investments that close gender gaps
in agricultural value chains (for example, targeting increased
incomes and asset ownership in women-run farms).

The emergence of less commoditized and more differentiated end markets for
agricultural products: This gives rise to certification price premiums
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as well as commodity branding that spotlights the role of small-scale
farmers.

+Increased prominence and expectations around corporate action on climate
goals: These exist alongside recognition of the role smallholders play
both as stewards of biodiversity and as victims of adverse climate
impacts.”

- The emergence of new technologies, regulations, and global initiatives that
mainstream sustainability into food and agriculture markets

+ Growing opportunities for firms to access lower costs of capital: These
forms would demonstrate measurable positive social impacts in
their supply chain, thanks to the mainstreaming of impact investing
and development finance tools such as blended finance (see
chapter 14, “Future Outlook”) (TechnoServe 2021).

Taken together, these factors mean that market access for
agribusinesses is, to an increasing extent, directly linked to the scale and
suitability of companies’ investments in sustainability and inclusion.
See box 1.3. for an example.

—
BOX 1.3

Sustainability Innovation Drives Structural Change in Palm Oil Markets

Sustainability is moving into the spotlight in some value chains faster than others. So-called forest
risk commaodities such as soya, livestock, palm oil, and cocoa, alongside a range of brand-led niche
commodities, are in the vanguard. Several recent pieces of global legislation introduce mandatory
supply-chain due diligence for these commodities, as detailed in chapter 7, “Managing Risk for
Sustainability and Resilience,” with additional impetus provided by the 2021 Glasgow Leaders’
Declaration on Forests and Land Use, in which some 141 countries—accounting for about
90 percent of global forest cover—committed to halt and reverse deforestation and land
degradation by 2030.2

The palm oil sector, where consumer and investor pressure has prompted some producers to
abandon environmentally and socially damaging sourcing practices, presents a tangible example.
Zero deforestation is now a stated commitment among most leading palm oil suppliers, and palm
oil deforestation has been trending downward every year over the past half decade, even as defor-
estation for soy and beef production continues to rise.

box continued

17
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BOX 1.3

Sustainability Innovation Drives Structural Change in Palm Oil Markets
(Continued)

Many leading integrated palm oil firms now maintain a dedicated sustainability office with
board-level representation, supported both by dedicated field staff residents on the company’s
estates and by accredited independent sustainability specialists. These investments into a more
sustainable sourcing model also benefit companies’ bottom line: According to the World Wildlife
Fund (WWF), many palm oil companies have secured substantial benefits via the price premiums
available for sustainable sourcing, including through the certified sustainable scheme by the Center
for Sustainable Palm Oil (CSPO) overseen by the Roundtable on Sustainable Palm Oil (RSPO) and
backed by independent field-level verification.© While imperfect, this structural shift in the market
for one of the world's largest cash crops demonstrates how companies can effectively differentiate
themselves by collaborating around long-term sustainability objectives (Funk 2021).

a. Glasgow Leaders’ Declaration on Forests and Land Use (accessed May 25, 2022), https://ukcop26.org/glasgow
-leaders-declaration-on-forests-and-land-use/.
b. World Resources Institute, 2020, cited in Funk (2021).

c. For more information visit RSPO's website, https://rspo.org/who-we-are/.

From the perspective of large-scale food and agriculture companies,

the just-listed trends bringing sustainability into the mainstream trans-
late into the following supply chain investment priorities:

Investments in smallholder supply arrangements that enhance
traceability of supply to protect and build the firm’s brand equity and
to mitigate environmental and social risks such as deforestation and

child labor

Investments in hands-on operating models that ensure smallholder
supply arrangements meet sustainability standards and certification
requirements in order to unlock access to premium end-markets®

Provision of technical assistance and capacity building for smallholder
suppliers to adapt to climate change and other external shocks

Rollout of more agile procurement processes to match fast-evolving
consumer trends, ensure greater product differentiation, and
accelerate speed to market

Investments to unlock new revenue streams or sources of funding
created through partnerships with smallholders on large-scale
landscape-based projects focused on biodiversity preservation and
carbon sequestration (see chapter 12)
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Of these priorities, the opportunity to partner with smallholders on
carbon projects—projects designed to achieve quantified and documented
reduction or sequestration of atmospheric carbon—is perhaps the most
recent and transformational. While many in the global agribusiness
community appreciate the central role that smallholder production and
market systems can play in addressing linked climate and biodiversity
challenges, a much broader stakeholder community is now recognizing
the opportunity to address climate change through empowering small
farmers to serve as stewards of biodiversity and climate mitigation. As the
World Economic Forum has stated, “Smallholder farms are central to
restoring the health of our planet and stemming climate change. . . .
[SJome of the best investments we can make to combat climate change
are in sustainable agriculture and small farms [in Africa]” (WEF 2021).
Chapters 12 and 13 and box 1.4 explore the opportunity for smallholder
participation in carbon projects in detail, highlighting the emergence of

BOX 1.4

Carbon Markets: A Growing Commercial Opportunity for Farmer-Facing
Agribusinesses

As frameworks for farmer-focused climate finance and carbon projects mature, we anticipate a
step-change increase in commitments from the public and philanthropic sectors to promote
private-sector engagement with smallholders, including via funding for public-private partnerships.
This represents significant commercial opportunities for agribusinesses that are invested in deep,
structured smallholder relationships to develop new revenue streams while also boosting
smallholder incomes and capabilities. Indeed, globally and regionally integrated food and agriculture
companies often represent the most organized, well-funded, and trusted of all farmer-facing
institutions, as they have relatively long-term investment horizons and a mutual interest in delivering
the technical assistance and infrastructure required for small-scale producers to cope with a
changing climate. As one investor focused on deploying patient capital into African agricultural
markets observed, “The private sector can be a highly effective mechanism for delivering support—
responsible companies whose own financial performance depends on improving the local farmers'
yields and quality in a sustainable way."
Practical examples include, but are not limited to, the following:

« Training on improved agricultural practices to safeguard and improve smallholder productivity
in the context of increasingly unpredictable weather

box continued
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Carbon Markets: A Growing Commercial Opportunity for Farmer-Facing
Agribusinesses (Continued)

Technical assistance to switch to lower emission cropping practices (for example, upland rice
production as a lower methane alternative)

Introduction of new products and varieties to diversify what small-scale farmers produce, in
order to reduce the concentration of climate-related risks

Investment into modernized storage and locally based processing to limit postharvest losses
Access to improved inputs tailored to boost climate resilience

Provision of real-time market and weather information to manage volatility

Brokering of carbon project development platforms brings together three key stakeholders:

global investors specializing in carbon projects, agribusinesses, and smallholder farming
communities. This type of partnership has the potential to generate a pipeline of investable carbon
projects that deliver not only new revenue streams for agribusinesses and smallholders but also
real, permanent, and verifiable reductions in GHGs—for example, through habitat restoration
activities where farming communities play a custodial or stewardship role.

a. See https://www.agdevco.com/news/article-tackling-the-impacts-of-climate-change-in-africa-can-improve
-agricultural-production-and-get-more-cash-into-the-pockets/.

both farmer-led carbon projects and nature-based solutions (NBS), an
approach to protecting, restoring, and managing the world’s most climate-
critical ecosystems in a sustainable and market-oriented way.

Food and Agriculture Companies Are Approaching a Tipping
Point on Sustainability

Table 1.1 illustrates the greater prominence of sustainability goals in
firm-level decision making on smallholder sourcing models across a
range of areas, with gray text representing the traditional, long-standing
benefits of working with smallholders and blue text representing emer-
gent opportunities linked to the rise of sustainability issues or new
technologies.

In summary, while pressures to increase sustainability have existed for
decades, they have in the past often been confined to the back pages of
company annual reports—to be addressed under a “Corporate Social
Responsibility” heading. Today, by contrast, the global food system
stands at a tipping point where firms with a leadership position’ on
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TABLE 1.1 The Benefits of Working with Smallholders

Firm type Short-term benefits Medium-term benefits Long-term benefits
Input and e Increased sales * More efficient * Markets for new
equipment * More effective use of distribution through products designed for
suppliers inputs, leading to a groups smallholders
preference for genuine  « Opportunity to sell ¢ Localized market
products, which may tailored and higher intelligence on how
be more costly than value products climate shocks are
counterfeits based on customer changing farmer
insights (for example, needs and product
biopesticides, soil- requirements
specific fertilizers) * Growing market for
* Opportunities to sell modular mechanized
precision agriculture equipment, internet of
technologies that things (loT)—enabled
enhance input use, connected assets
such as soil and
moisture sensors
Financial  Large numbers of » Development of out-  Accessing underserved
institutions potential customers in grower arrangements segments in smallholder
untapped segments of to facilitate repayment agriculture through
the population » Retaining support new digital financial
e Ensuring robust from socially and services (credit,
sustainability environmentally insurance, savings,
credentials and conscious stakeholders and so on), enabled by
compliance with or counterparties improved connectivity
environmental, social, infrastructure and digital
and governance literacy
lending criteria and » Loyalty among emerging
whole-of-supply medium-scale farmers
chain know your client
requirements
Agricultural < Large numbers of e Partnership with off-  Access to real-time data
information, potential customers, takers or input suppliers needed to develop more
technolo reachable via mobile- who pay for services precise and efficient
ay. L ; . .
L enabled technology » Value chain integration farming techniques
and training | pataasanassetclassin opportunity by « Potential to build “super
providers its own right leveraging connectivity platforms,” that is,

infrastructure and
digital financial services
to match previously
fragmented supply with
a fragmented buyer-
vendor landscape

online marketplaces

that generate revenue
not just from users but
also by taking a share of
the value (for example,
access fees, advertising)
created for intermediaries
and partners

table continued
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TABLE 1.1 The Benefits of Working with Smallholders (Continued)

Firm type Short-term benefits Medium-term benefits Long-term benefits

Off- o Greater production for e Access to premium « Stability of supply
takers and the same area end markets through * Increased supplier loyalty
processors ¢ Better quality effective participation » Addressing fragility in

* More efficient logistics
¢ Agility and

responsiveness in
procurement processes
to match evolving
consumer trends
(including demand for
greater value chain
transparency)

in traceability and
certification schemes

* Reduced environmental

and social risk

* Preemptively addressing

food safety and animal
welfare concerns

e Product or brand

differentiation and

the supply chain by
partnering on climate
adaptation

access to premium
markets

Source: Original table for this book provided by IFC.
Note: Blue text represents emergent opportunities linked to the rise of sustainability issues or new technologies. Gray text represents
the traditional, long-standing benefits of working with smallholders.

sustainability can unlock material commercial opportunities (from pre-
mium market access to enhanced positioning in the competition to
secure scarce supply). Companies that are slow to change increasingly
face binding constraints to market access, supply chain stability, and
even long-term financing options.

Notes

Chapter 4, “AgTech,” maps out the fast-evolving landscape for new agricultural
technologies, assessing the potential for tech-enabled business models to
transform smallholder supply chains at scale across emerging markets.

The seven countries are Angola, Argentina, Brazil, China, the Democratic
Republic of Congo, Mozambique, and Sudan. Much of this theoretically suitable
land islocated in fragile sociopolitical environments and far from ports and roads.
World demand for staple crops is projected to grow by 60 percent by 2050 (using
2010 as a baseline), while crop area is likely to grow by only 10 percent (Fischer,
Byerlee, and Edmeades 2014).

One recent study observed that “Investors should consider establishing
agricultural investment vehicles with longer investment horizons than the typical
Venture Capital or Private Equity timeframes. An example of such a structure is a
Permanent Capital Vehicle (PCV) which has no set time for exiting an investment.
PCVs provide the time and flexibility for investments to generate returns at their
own rate which can be an agronomic necessity” (TechnoServe 2021). The same
study notes the rise of “ecosystem connectors and intermediaries” that advise
public, private, and philanthropic partners on knowledge sharing in smallholder
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supply chains. Examples highlighted include the Sustainable Trade Initiative (IDH)
“Farmfit and their work on Service Delivery Models; Bain and Company, who
have recently published about Farmer Allied Intermediaries; and TechnoServe
and their work on inclusive supply chains. These same organisations, along with
ISF Advisors and the Mastercard Foundation Rural and Agricultural Finance
Learning Lab, have begun advancing typologies to best understand business and
sourcing models in the context of their value chains (TechnoServe 2021).

Some of these risks apply equally to smallholders, many of whom face insecure
land tenure due to the lack of digitized land registration systems. Nevertheless,
from the perspective of global firms seeking to secure supply, it is often
advantageous to work via smallholders and cooperatives rather than investing
directly into plantation land deals.

In 2021, the government of Kenya temporarily banned importation of maize from
neighboring countries in an effort to address aflatoxin contamination, illustrating
how food safety issues can also impose barriers to cross-border agricultural trade.
According to a study in the Harvard Business Review, in the “agriculture, food, and
beverage sector, the impacts of climate change have the potential to alter growing
conditions and seasons, increase pests and disease, and decrease crop yields.
Disruptions in the supply chain may affect production processes that depend on
unpriced natural capital assets such as biodiversity, groundwater, clean air, and
climate.” The article cites the Rainforest Alliance certification as an example of
how large corporations seek to address these threats along their supply chain,
noting that “companies like Mars, Unilever, and Nespresso have invested in
Rainforest Alliance certification to help farmers deal with climate volatility,
reduce land degradation, and increase resilience to drought and humidity”
(Whelan and Fink 2016).

It is important to note that shareholder-driven environmental, social, and
governance (ESG) objectives and requirements often surpass the minimum
requirements for voluntary certification schemes and/or for regulations in
countries where production is located.

See the website of the World Benchmarking Alliance. https://www.worldbench
markingalliance.org/.
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CHAPTER 2
YIELD GAPS

Richard Colback and Ernest E. Bethe IlI

KEY MESSAGES

This chapter is intended for farmers, field agents, project designers,
and agribusiness supply chain operators seeking to understand what
drives production performance more completely and to accurately
estimate potential yield, yield gaps, and potential performance.
Readers will learn:

What a yield gap is, why it is important to consider yield gaps, and
a practical yield gap measure to use

What some of the major factors are that influence agricultural per-
formance and hence yield gaps; in other words, the context in
which yield gaps need to be considered when targeting the gaps
and their reduction

What some of the key academic research says about yield gaps

What some of the sources are for comparison of production
performance

How to frame the factors that influence yield gaps

Practical cases that illustrate the factors
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Background

This chapter is intended for farmers, field agents, project designers, and
agribusiness supply chain operators seeking to understand what drives
production performance and how to accurately estimate potential yield
(quantitative), yield gaps, and potential performance (qualitative and
quantitative). The notion of an agricultural yield gap often frames the
discussion about the potential or necessary increase in yield to reach
some outcome per land unit, generally in metric tons (t) per acre or hect-
are (ha). That framing differs between agronomists and economists, and
between academic measurement and practical application. For instance,
“‘agronomic assessments of the yield gap tend to focus on the biophysical
and physiological determinants of crop production, but they do not
account for socioeconomic constraints such as prevailing market condi-
tions, infrastructure, risk attitude, and institutions. Economists, in con-
trast, emphasize the role of prices, markets, and efficiency as determinants
of agricultural production, but they often fail to take into account the
biophysical opportunities and constraints that are highly locally specific”
(van Djik et al. 2017, 90). Recognizing the increasing global demand for
food crops, some have suggested moving from outcome per land unit to
number of people nourished per land unit (Cassidy et al. 2013), among
other variations.

This chapter relies on a particular measure of yield gap, that is, achiev-
able yield gap, and explores how to define it and reduce the gap by identi-
fying and addressing contributing factors. Whether and how much yield
gaps can be reduced depends on understanding what drives yield gaps
and whether the interests of all parties can be aligned. The definition of
achievable yield gap provides a practical target that is essential for iden-
tifying cause and effect when planning how to reduce the yield gap.

Establishing realistic goals is an essential first step when designing and
implementing approaches to reducing a yield gap in a given period of
time. Comparing yields across countries, across regions within a coun-
try, or to a global average may identify a substantial gap. Stakeholders
seek to reduce yield gaps in as short a time as possible; however, substan-
tial improvements in very short time periods are frequently unrealistic
or unsustainable. For instance, yields are highly unlikely to double in a
year, two years, or even three years through typical interventions based
on measures including training. Behavioral change, rehabilitation of
land, and establishment of new production systems typically take years.
Increases from paradigm shifts or new technologies are possible, but
even in these cases, ongoing mentoring and support are usually needed
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to sustain yield increases and ensure adoption of operational changes.
Fertilizers are also frequently sought as a quick solution and, while con-
tributing to yield improvements, excessive use of fertilizers exposes
farmers and their environment to risks such as soil damage, contamina-
tion, and greenhouse gas (GHG) emissions. Decisions about interven-
tions should therefore consider both short- and long-term consequences.
Sustainable changes entail the expectation that small immediate
increases in yield will build, harvest by harvest, and as various factors
constraining them are addressed.

The barley yields in Ethiopia are a good example of these concerns.
A 2015 International Food Policy Research Institute report provides a
nice visual showing average yields across the world, Africa, and several
major barley-producing countries (Rashid et al. 2015). For example, aver-
age barley yields (amount per hectare) in Ethiopia are higher than aver-
age yields across Africa; they represent roughly 58 percent of the world
yield rate, but less than half of the yield rate in South Africa or Kenya
(figure 2.1). Obviously, these yields could be increased, as the report
states: “On the supply side, there is a high potential for increasing pro-
ductivity through improved farm practices and the application of mod-
ern inputs” (Rashid et al. 2015, 2). Further, the gross potential yield from
four improved varieties tested at a local research station a decade before
were in the range of 4 metric tons per hectare (t/ha) and an additional
four had yield potential of up to 5 t/ha. A simple target of 4 t/ha (or 4.5 t/ha,
midway between the two groups) might seem attainable. However,
according to the report, “Despite the development of a number of variet-
ies ‘arguably’ suitable for various agroclimatic conditions, more than
80 percent of barley production has been confined to only two regions,
Ambhara and Oromia. Finally, despite a 5 percent average yield growth
per year, the gap between the potential and actual yield in barley remains
vast, reaching more than 200 percent for some varieties” (Rashid et al.
2015, 2). A number of factors must be slowing adoption and cultivation
of those improved varieties and thus keeping yields relatively low.

There are other crops for which direct comparison is not always use-
ful. Natural rubber is one example. It is an important smallholder crop
in Asia, where Thailand is the world’s largest producer and Indonesia
the world’s second largest producer (figure 2.2). Thailand’s yield was
1.43 t/ha in 2020, while nearby, Cambodia’s was 1.12 t/ha, Malaysia’s was
0.47 t/ha, and Indonesia’s was 0.92. Setting a target for Cambodia to
increase its yield by 50 percent to meet Thai production may seem rea-
sonable, but examination of Thai farming shows a very different situa-
tion than in Cambodia. For example, a 2011 report shows that over
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FIGURE 2.1 Major Barley-Producing Countries Globally
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Source: FAOSTAT data reported in Rashid et al. 2015.
Note: t/ha = metric tons per hectare.
FIGURE 2.2 Comparative 2020 Production and Yields of Rubber in Asian Countries
a. 2020 Rubber production b. 2020 Rubber yield (t/ha)
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Source: Based on FAOSTAT data (accessed May 4, 2022), https://www.fao.org/faostat/en/#data/QCL.
Note: t/ha = metric tons per hectare.
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85 percent of Thai rubber was grown monoculturally using clonal plant-
ing material at standard planting densities (Ehui and Penot 2011).
Baseline yields may also differ from year to year. For instance, table 2.1

and table 2.2 provide data from the Food and Agriculture Organization

(FAO) of the United Nations FAOSTAT data for 2018 and 2020, respec-

tively, for several key smallholder food and export crops: global yields of

those crops and yields in several selected producing countries and

regional yields. The tables show that there are differences between sev-

eral of the 2018 and 2020 crop averages; it is important to be aware of

which year is chosen as a reference.

Modern agriculture has introduced significant changes in yields, as

exhibited by the Third Agricultural Revolution, or the “Green Revolution”

from roughly the mid-1960s until around 1990. (In the Neolithic or First

Agricultural Revolution, humans transitioned from hunting and gathering

TABLE 2.1 Yields (t/ha) of Key Smallholder Food and Export Crops in 2018
2018 (t/ha) Rice paddy Wheat  Cassava Maize Sugarcane  Sugar crop
World 4.58 342 10.90 575 72.80 70.18
Africa region 1.94 293 8.85 2.05 62.77 6146
Asia region 482 3.36 21.57 5.38 73.79 71.97
African country 4.34 5.30 34.85 5.39 103.62 103.62
Asian country 7.22 542 28.61 6.10 80.20 80.20
African country Kenya Namibia ~ Zambia  South Africa Zambia Zambia
Asian country Japan China India China India India

Source: Based on FAOSTAT data (accessed February 3, 2022), https://www.fao.org/faostat/en/#data/QCL.

Note: t/ha = metric tons per hectare.

TABLE 2.2 Yields (t/ha) of Key Smallholder Food and Export Crops in 2020
2020 (t/ha) Rice paddy = Wheat  Cassava Maize Sugarcane  Sugar crop
World 461 347 10.72 575 70.64 6846
Africa region 2.21 2.53 8.62 2.10 60.62 59.13
Asia region 4.82 342 21.89 5.54 68.15 67.22
African country 640 7.37 28.34 5.86 103.52 103.52
Asian country 7.04 574 30.75 6.32 7943 77.35
African country Kenya Zambia Zambia  South Africa Zambia Zambia
Asian country China China India China China India

Source: Based on FAOSTAT data (accessed February 3, 2022), https://www.fao.org/faostat/en/#data/QCL.

Note: t/ha = metric tons per hectare.
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to agriculture and settlement; in the British or Second Agricultural
Revolution, there were unprecedented agricultural increases in Great
Britain resulting from high labor and land productivity). During this
period, countries ranging from India to Mexico adopted a combination of
new technologies and practices. This holistic approach included (1) technol-
ogy—especially high-yielding varieties of wheat and rice in the Green
Revolutions' early years—and access to capital to accelerate adoption,
(2) scaling up of modern methods of farming, (3) breeding and introduction
of high-yielding varieties of seeds adapted to local conditions, (4) the use of
the right amount of synthetic fertilizers at the right place and right time and
in the right amount, (5) a consolidation of land holdings to allow economies
of scale, and (6) the introduction and use of machinery to reduce additional
labor requirements in excess of family capacity. These factors narrowed or
closed yield gaps in many Asian countries such as India and the Philippines,
with breakthroughs in Latin America, especially Mexico. Africa, however,
was not as successful and continues to face physical barriers of access to
water, soil diversity, and topographical challenges, in addition to a frag-
mented political landscape.

Today the private sector has incorporated many of the Green
Revolution’s principles in its operations, and this chapter reflects a theory
of change and provides several examples of success from a range of insti-
tutions. The core principle arising from the Green Revolution remains the
requirements for an integrated and holistic approach that addresses a
range of inhibiting factors. The following sections are intended as guide-
lines for the reader to assess potential factors that affect yield, ranking
significance, and creating a priority order for solutions to be developed.
A checKklist at the end of the chapter reinforces this.

Why Is It Important to Consider Yield Gaps?

In addition to the producer-level business case for considering yield
gaps, as the International Finance Corporation (IFC) described in the
second edition of this handbook (IFC 2019, 172), the increased demand
for food due to population growth, changing dietary preferences, and
increased reliance on food crops for use besides feeding people has led
many people to suggest that global food production will have to increase
by 50 percent, double, or even more by 2050 to meet demand. With little
additional land available for expansion, food loss and waste amounting
to about one-third of total global food production, and selection of
crops by farmers driven primarily by near-term consumer preferences,
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increasing production on available land is the primary means of address-
ing the increase. Although productivity per unit of land is usually the
most appropriate measure for smallholders, low productivity per unit of
labor, unit of fossil fuel, or unit of water could also lead to yield gaps. For
producers of animals and animal products, productivity is usually mea-
sured per animal per unit of time (liters of milk per cow per day).

In the second half of the twentieth century, the global supply of food
increased even faster than population growth, from some 2.47 billion
people in 1950 to around 6.06 billion in 2000. Due in large part to the
Green Revolution-led adoption of improved varieties, expansion of irri-
gation, increased use of chemical fertilizer and pesticides, and comple-
mentary technological advances, global cereal yields roughly doubled to
3 t/ha by the late 1990s from the 1960s (Southgate, Graham, and Tweeten
2007, 58). (Cereal yield is a convenient if crude measure of global food
yields, given that cereals are a source of more than half of the food that
people eat when livestock is factored in.) Per capita food supply rose
from about 2,200 kilocalories (kcal) per day in the early 1960s to more
than 2,800 keal per day by 2009, a roughly 27 percent increase for each
person. While the global population growth rate is now decelerating,
total global population is still projected to rise to some 9.7 billion people
by 2050 (UN 2020).

Although global cropland grew from 1.22 billion ha in 1950 to
1.51 billion ha in 2000 (total agricultural land grew from 3.84 billion ha
to 4.83 billion ha during that period), the growth in yield was the pri-
mary reason that the supply of food increased faster than the demand
for food during the last 50 years of the last century. According to the
Organisation for Economic Co-operation and Development (OECD),
productivity improvements will be key to sustainably feeding the grow-
ing global population. Up to 87 percent of the necessary increased pro-
duction is projected to come from yield growth, while 6 percent will
come from expanded land use and 7 percent from increases in crop
intensity. “By closing yield gaps in the currentirrigated and rain-fed cul-
tivated land, about 24% and 80% more crop calories can respectively be
produced compared to 2000. Most countries will reach food self-suffi-
ciency or improve their current food self-sufficiency levels if potential
crop production levels are achieved” (Pradhan et al. 2015). Achieving
potential crop production levels will require an increase in crop yields
through improved inputs.

Along with the increase in human population and the corresponding
increase in food need, the effects of climate change as temperature
increases and rainfall becomes more variable are projected to
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significantly lower yields of staple crops. Rising temperatures and chang-
ing rainfall patterns may require the selection of alternative crops or the
introduction of varieties better able to adapt to the new conditions.
Shifting staple crop production into currently colder climatic zones in
northern latitudes or higher elevations may be possible, but at the risk of
significant changes in natural habitats. A study (Jdgermeyr et al. 2021) on
climate change and agricultural production models projected that
crop-specific yields will be impacted unevenly, with the greatest poten-
tial declines in key crops such as maize and increases in wheat. Globally,
maize could decline by 24 percent while wheat could increase by
17 percent by 2030.

These gaps are significant given the correlation between yield gaps
and poverty gaps, especially in relation to the increase in total area under
cultivation. From a sustainability perspective, these gaps also drive
deforestation and, when caused by poor resource utilization (soil degra-
dation, water pollution, and so forth), leave long-term damage that
reduces farmers’ ability to benefit from their land and increase their
prosperity. Improved input use, such as fertilizer and seed, accounts for
closing the gap in some countries: for example, in India, which saw sig-
nificant yield improvements during the Green Revolution. However,
many countries, particularly in Sub-Saharan Africa (SSA), continue to
face a range of challenges that have not yet been addressed. In fact, agri-
cultural productivity growth in SSA over the past four decades averaged
only 2.4 percent compared with 4.0 percent in the rest of the developing
world (World Bank 2013).

Despite the range of challenges, global progress toward greater yields
per unit area of land and in absolute volume of crop production contin-
ues, with cropland expansion and improved access to inputs such as fer-
tilizer and higher-yielding seeds helping gross production increase by
11 percent between 2010 and 2016 (OCP 2023). However, these gains
were not shared in all regions, with poorer countries typically facing a
broader range of challenges to be overcome while also offering the great-
est potential yield improvement from a lower baseline. A holistic strat-
egy is therefore required to continue to increase productivity to meet
increased and projected demand.

What Is a Yield Gap?

Simply defined, a yield gap is the difference between potential and yields
that are achievable with current practices at a given level (plot, field,
farm, country, region, or global). However, this simple definition does
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not explain what may be achieved at a given farm due to a variety of fac-
tors that are often combined to influence yields. Several factors can be
addressed in the short to medium term, but others are fixed for longer
periods. Furthermore, yields are influenced by a combination of factors
that are perceived or defined in different ways based on the stakeholders’
interests and resources.

A combination of social, financial, economic, and agronomic insights
can provide usable technical definitions that break down yield gaps into
various components that can be expressed in relative and level terms.
The annex to this chapter lists various measures of potential yield.

Setting Targets Based on Yield Gap

This chapter uses the term “achievable yield,” which is the yield that
smallholders can achieve with good practices and currently available
technologies, taking into account factors outside of their control, such as
climate change. Potential yields for a given crop are the yields that can be
achieved with cutting edge technology and practices, which may not be
applicable or available to smallholders at reasonable cost. As the cost of
new technology comes down, achievable yields should approach poten-

tial yields.

Factors Affecting Yield Gaps

Both private- and public-sector actors may see closing yield gaps
as desirable. However, public-sector interests in food security at a
household level are more closely aligned with those of farmers and may
not fully account for the additional marginal cost of increasing produc-
tion, whereas profit maximization is key in the private sector. In some
cases, private-sector interests align with economic interests, such as
maximizing government taxes, and with farmer income. A range of com-
mon factors may affect the gaps, no matter the perspective taken. The
key yield gap factors are discussed in the next sections.

Land Rights

Land rights in many developing countries remain poorly defined in rural
communities. This constraint affects many smallholder families who
lack the security of formal land tenure, limiting access to finance. There
is also an important gender dynamic related to land rights. Globally, less
than 15 percent of all landholders are women, despite their making up
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over 40 percent of the global labor force in agricultural production.
Cultural differences in land rights also exist, with the distribution of
women landholders ranging from 5 percent in the Middle East and North
Africa to 18 percent in Latin America and the Caribbean (FAO 2018). In
FAO studies (FAO 2020a), similar land assets when controlled by women
were found to provide increased food security and higher levels of nutri-
tion. The potential yield increase that could be achieved by giving equal
access and tenure to land has been estimated at 20-30 percent, with the
potential to raise total agricultural production in developing countries
by 2.5 to 4.0 percent.

Land is often the core household asset, gained through inheritance,
purchase, or allocation from local government. Thus, updating land
rights practices is a critical step in improving yields for women and at a
national level (see map 2.1).

In addition to private land ownership rights, community land access
is also an issue for women in many countries. See box 2.1 for a case study
on women’s access to land in Niger. For a comparison of farm outputs
and inputs on male- versus female-owned farms, see map 2.2.

MAP 2.1 Distribution of Agricultural Landholders by Sex, Global, and Regional Averages
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JULY 2023
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Source: FAO, Gender and Land Rights Database, Rome (accessed May 5, 2022), https://www.fao.org/gender-landrights-database

/en/.

Note: The statistics are based on 104 countries, for which census data were available: 20 from Sub-Saharan Africa; 2 from North
America; 20 from Latin America and the Caribbean; 8 from the Near East and North Africa; 14 from Central, East, and South Asia; 34
from Europe; and 6 from Oceania. The regional averages are weighted by the total number of landholders in each country.
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BOX 2.1

Case Study: Gender—Niger Irrigation Project

In the Niger Irrigation Project, women were given access to communal land during the dry
season, a time of year when carrying water adds a significant labor burden and creates a dis-
incentive for men to practice agriculture. Land rights were found to correlate with a willing-
ness to invest by women farmers, with strong rights providing the basis for a decision to
invest in weak or nonexistent rights leading to no investment by women. In cases where land
was only seasonally secured, despite highly profitable production, investments in irrigation
infrastructure requiring more than one season for full repayment and profit incentive were
not possible.

e The yield of a range of established dry season crops increased by more than 26 percent,
and revenue increased by over 31 percent due to the premium price for dry season crops.

» Entirely new sources of income were developed from crops that had not previously seen
growth.

« Water consumption decreased by 56 percent, comparing surface irrigation to drip irrigation.

For many smallholder farmers, land ownership also provides a key source of collateral for
loans that allow seasonal investment in inputs such as seed or agrichemicals and fertilizers
critical for higher yields. The links among land rights, access to finance, and the ability to
purchase or rent equipment, inputs, and irrigation is directly proportional to yields for women.
According to the Food and Agriculture Organization, women make up 43 percent of the agri-
cultural labor force in developing countries (SOFA Team and Doss 2011). If these women had
the same access to finance as men, agricultural output could rise by up to 4 percent in
34 countries. The difference is even more stark in certain crops and countries, for example,
India: A recent International Finance Corporation study on gender in the rice supply chain
found that 60-80 percent of labor was provided by women with a significant opportunity to
increase yields if they had access to finance.

More broadly speaking, statistics on financial inclusion in rural areas, even from formal
resources, are very weak and rarely disaggregated by gender. Additional work is needed to main-
stream access to finance by women in rural, agriculture areas at the private-sector level, by the
financial sector and agribusiness off-takers, and at a public-sector level to incorporate women
into national financial inclusion strategies, programs, and projects aimed at promoting develop-
ment in rural and agricultural areas. Based on the combination of relatively increased productivity
by women farmers and the impact of access to finance on yields, identifying and addressing
issues and constraints for women in rural areas could potentially unleash significant yield
increases.
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MAP 2.2 Outputs and Inputs on Farm Plots Managed Exclusively by Men or Women
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Technology

The use of technology has increased land productivity and labor produc-
tivity in developed countries, where it plays a role in monitoring
and evaluating growing conditions and thus encourages optimal
decision-making. However, most commercially available technologies
and machinery are optimized for use at scale, and modern technology is
designed for use in conjunction with data transfer of large quantities or
speeds. Examples are the use of automated irrigation controls based on
soil and water conditions and the use of nutrient testing to determine the
optimal timing and composition of fertilizers for application on a specific
crop and location. Without access to such technology in the field, fertiliz-
ers are often inappropriate or applied at an ineffective time or moisture
condition, leading to lower-than-expected results and ongoing yield gaps.
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Mechanization

The achievable increase in yields should also take into account the phys-
ical limits of the labor available for planting, harvesting, and transform-
ing crops. Farmers are often constrained by a lack of funds to hire labor
or the lack of suitable labor resources except at harvest. This leads to
inadequate weeding, irrigation, and pest control during the crop cycle,
as well as delayed harvests, which further reduce yields. Herbicides are
among the commonly used tools that combat weeds, allowing farmers to
reduce weeding labor, machinery use, and fuel consumption where
these alternatives are more expensive (Haggblade et al. 2017). Increased
mechanization offers a solution to lack of labor. However, many small-
holders are constrained by the high cost of purchasing and maintaining
equipment, as well as the insufficient economies of scale mentioned.
One exception to this trend is with horticultural crops, where the crops
are delicate and may be better suited to hand harvesting to maintain top
quality. Economies of scale are of particular concern as the global popu-
lation rises and the cropland per capita falls (figure 2.3), creating an
urgent need for effective mechanization solutions designed for small-
holders. This challenge includes meeting the needs for mechanization
equipment to be robust, low cost, and easily maintained with spares
widely available.

There are several models of mechanization proposed through
private-sector support that provide for greater economies of scale,
including pay per service, community ownership, leasing models that
eliminate capital costs, and rental models that allow for short-term use
(see box 2.2).2 These services may result in unequal availability as farmers

FIGURE 2.3 Global Cropland per Capita, 1961-2016
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Source: FAO 2020b.
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BOX 2.2

Case Study: Hello Tractor

Reaching more than half a million farmers across Africa, Hello Tractor is an agritech company that
enables farmers to plant their crops 40 times faster than through traditional labor. This is essential,
because each day that a farmer plants late is equivalent to a loss in yield of 1.5 percent. Hello Tractor
has discovered that in Nigeria, farmers typically plant 30 days late, which results in significant money
lost on the field, according to the founder and chief executive officer, Jehiel Oliver.?

Not only is Hello Tractor speeding up the work of farmers, but it's also making farming more
affordable for them. Typically, farm labor costs US$200 per hectare, but a tractor brings the cost
down to USS75 per hectare. The company reaches farmers through short message service (SMS)
texting and utilizes global positioning system (GPS) technologies to pair up available tractors with
requests from farmers through a pay-as-you-use, “Uber-like” model. This ultimately helps farmers
with their bankability, as they begin to build a credit history of transactions.

Source: See “Hello Tractor Case Study,” YouTube video, 2017, https://www.youtube.com/watch?v=tzlubMYPuUM. See
also the Hello Tractor website, https://hellotractor.com, and “Hello Tractor,” a pamphlet describing its services, https://
staticl.squarespace.com/static/5acdc066c258b4bd2d15050b/t/5fbe08bc1972c46e3c66466d/1606289607555
/Better+Finance%2C+Better+Food+-+Case+study+catalogue+50.pdf. The company is based in Nairobi, Kenya, and
has an office in Abuja, Nigeria.

a. World Bank Live, April 19, 2017, https://live.worldbank.org/experts/jehiel-oliver.

compete for them during planting and harvesting. Other solutions
include the use of smaller equipment that is commercially available in
middle-income and some developed markets. For example, minitractors
used in Japan and India are now becoming available in some parts of

Africa, where they are well suited to smaller land sizes.

Irrigation

Irrigated agriculture represents approximately 20 percent of the globally
cultivated area and 40 percent of total food production, making irriga-
tion a factor that on average doubles land productivity. This doubling
accounts not only for yield increases, but also for additional cropping
cycles that can be grown under irrigation per year. Land under irrigation
is not evenly distributed, with Asia accounting for 70 percent, the
Americas 16 percent, Europe 8 percent, and Africa 5 percent of the global

area irrigated.
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For smallholder farmers, the lack of available water in the soil at
critical crop growth stages is a major reason for reduced yields. The
early stage of growth in most crops depends on either suitable rainfall
(amount and timing) or irrigation to ensure that water is available to
the seed for germination, emergence, and initial root development.
At the earliest stages of a crop’s growth, yield losses can be absolute,
with a lack of water for five days or more leading to complete crop
failure in most crops. The lack of water can affect yields at later
growth stages when water stress can lead to a partial or total loss of
the harvestable component of the plant due to lack of flowering and
fruiting. Despite this relationship of crop growth to available water, a
mere 6 percent of the continent’s arable land is irrigated, which means
that most smallholder farms remain vulnerable to increasingly unpre-
dictable rainfall patterns, as well as prolonged periods of excessive
heat, droughts, floods, and intense rainfalls events. Although the
change in climate has been gradual thus far, it is accelerating as global
warming drives weather to extremes. The introduction of irrigation
provides several advantages for small farmers, including the ability to
get water on demand to reduce stress and ensure that crops survive
short intervals of rainfall deficits and the ability to plan for fertilizer
application to increase nutrients for crops. Small-scale irrigation,
also known as farmer-led irrigation, is highly effective if water is
applied as a supplement to rainfall. Recent projects to support the
uptake of farmer-led irrigation have demonstrated significant bene-
fits by delivering solutions that match local constraints and are there-
fore scalable, resulting in lower costs per unit area and thus faster
adoption than with more traditional, large-scale irrigation system
development (World Bank 2021). One example of this is the Ramthal
Drip Irrigation Project (box 2.3).

Inputs

Seeds and Planting Materials

The development of hybrid, genetically modified, or improved seed
production standards have led to increased vitality and germination
rates. Access to cloned high-yielding plant materials have increased
yields in many countries, especially in Asia. However, much of
Africa remains reliant on seed carried over from one cropping sea-
son to the next. This locally sourced and stored seed may confer
advantages in terms of resilience to local climatic factors and
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BOX 2.3

Case Study: Ramthal Drip Irrigation Project

The Ramthal Drip Irrigation Project in Karnataka, India, is the largest drip irrigation project in the
world, created to alleviate water scarcity—related issues for 14,000 farmers. Under community
irrigation systems such as the one in Ramthal, water is supplied through fully automated drip irriga-
tion systems with a mix of fertilizers and pesticides. Automated alerts are sent by SMS (short mes-
sage service) texts to farmers regarding irrigation application schedules, crop alerts, and other
agronomical practices. This combined technology, training, and service delivery system improves
water efficiency, reduces pesticide and fertilizer usage, and increases crop yields.

As a result of drip irrigation technology, yields have increased by 25 percent in areas using a
community irrigation approach.

Source: Orbia 2019.

lowered costs, but it often falls short on yields. The gap between
achieved and potential crop yields around the world thus widens
further. In some cases, the weak financial case for supplying
improved seed to smaller markets where current demand is low
leads to a reluctance from the private sector to develop or supply
seed from larger companies. However, nongovernmental organiza-
tions (NGOs) have demonstrated that seed materials can be com-
mercially introduced under certain operating models. One example
of thisis the approach taken by Fair Planet (box 2.4), which developed
a system to pool seeds from multiple seed technology companies
and conduct “blind” trials in smallholder farmers' fields within a
high potential target market.

Fertilizers

The availability of good-quality fertilizers that supply nutrients and meet
the demands of the crop and the soil type is essential to closing small-
holder yield gaps. Many reference yields are based on the assumption
that these inputs are universally available and of consistent quality.
However, use of fertilizers in many developing countries remains low.
(See figure 2.4 for an overview.) The World Bank in Uganda carried out
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BOX 2.4

Case Study: Fair Planet

Fair Planet developed a system to pool seeds from multiple seed technology companies and
conduct blind trials in smallholder farmers’ fields within a high potential target market. Fair Planet
identified the most successful seed in meeting local growing and conformity requirements and
supported the relevant seed company to sell its seed in that market to meet the demand that had
been created during trials and demonstrations. This blind-test market entry strategy ensured that a
critical mass of demand had been created and that the results achieved by any given seed variety
would be realistic for farmers—setting an achievable yield rather than a pilot farm yield as the basis
for return-on-investment calculations.

When Fair Planet conducted its trial in the Butajira region of Ethiopia, 90 percent of the 16,000
targeted farmers used high-quality seeds. Their resulting yields were four times higher for tomatoes
and eight times higher for peppers. Additionally, many of the farmers doubled their annual income
during the trial season (compared to the prior season).

The use of tissue culture methods to improve uniformity, yields, and resistance to disease also
offers significant opportunities. Several crops are already commercially supplied to smallholders,
including potatoes, cassava, banana, rice, pineapples, and date palms. The Africa Rice Centre
assessed crosses between several Asian and African species of rice, aimed at conserving African rice
climate resilience and Asian rice yields (African rice species average 1 metric ton per hectare [t/hal,
and Asian species average 5 t/ha). These New Rice for Africa (NERICA) species can be created only
by using tissue culture methods. Despite the yield advantages, adoption of the NERICA varieties has
been slow due to pest infestations and extreme weather events that have caused losses and the
increased risks and challenges of accessing finance for smallholder farmers.

Source: Fair Planet website, https://www.fairplanet.ngo/.

an assessment of the impact of inputs on yields and found that despite
the substantial output price volatility, yields and profitability both
increased with use of inorganic nitrogen fertilizers (Hill, Mejia-Mantilla,
and Vasilaky 2018). However, there are also risks from increased use of
fertilizers, including potential environmental consequences if training is
not provided on appropriate use, such as formulation and timing of
application based on soil, crop, climate, and soil needs. Improved seed
varieties also had a direct impact on yields, although the cost of using
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FIGURE 2.4 Fertilizer Use by Country, 2018 (tons, thousands)
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some types of hybrid seeds exceeded the extra revenue gained. Quality
of inputs was also found to be a major factor, with 30 percent of herbi-
cide samples containing less than 75 percent of the advertised quantity
of active ingredient (Ashour et al. 2016). Hybrid maize seeds were also
lower in quality, with many sources supplying blends containing 50 per-
cent hybrid and 50 percent traditional. Finally, the nitrogen content of
fertilizer was found to be 30 percent lower than advertised (Bold et al.
2017). These combined quality gaps suppressed the use of improved
inputs and delivered a negative return on investment (ROI) with reduced
yield gain from using hybrid seeds and nitrogen, delivering only 75-87
percent of targeted yield. Fertilizer availability is also highly varied, with
a recent study conducted for the Office Chérifien des Phosphates (OCP)
identifying a subsequent wide range of utilization OBG (2021).

Crop Protection

Significant yield gaps can also be caused during crop production by
invasions of seasonal pests and diseases. In recent years, locusts and
African army worms devastated crops in Africa and Asia. During the
locust crisis of 2020, the World Bank estimated locust-related crop
damage—including staple crops, livestock production, and asset dam-
ages—to be US$8.5 billion for countries in the wider East Africa region,
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Djibouti, and the Republic of Yemen. A similar, but smaller-scale locust
eruption occurred in the same year in West Africa, from northern
Sudan to Senegal, and in Southwest Asia, stretching from the Islamic
Republic of Iran through Pakistan across India. Under such cases, the
sheer mass of insects requires a combination of biological, chemical,
and physical pest control to match the attack and to serve the needs of
many of the smaller-scale farms that cannot cover their whole area in
chemicals alone or prepare for the rolling waves of attack over many
months.

The range of pests also requires different approaches, with some that
reduce yields in a single crop, such as stem borers, which attack maize,
to less discriminating pests, such as locusts of the African army worm,
which devastate all plants found in their path.

Viral and bacterial diseases may also become amplified in larger
mono-cropped areas, for example, aflatoxin in maize and groundnuts
and rice blast fungus. However, more widespread fungal diseases such
as the rusts (Puccinia spp.) can reduce yields of crops ranging from
high-altitude coffee in Colombia to river delta rice in Vietnam. The
growth of entire crop sectors can either (1) be driven forward for small-
holders in new growing areas where diseases are nonexistent and thus
yields can be maintained at a high level or (2) collapsed when disease
sets in and cannot be eradicated effectively within the smallholder
base. Solutions to these challenges vary according to the cause and
range from integrated pest management, which uses techniques such
as biological control, habitat manipulation, modification of cultural
and mechanical practices, and use of resistant varieties, to the use of
chemicals, which require careful storage and application management
techniques as well as awareness of post-harvest residues and environ-
mental impacts on pollinators.

Storage

Yield gaps may also occur post-harvest, when crops that were harvested
in good condition with a measured and recorded yield are placed into
storage prior to sale or transformation into food products (see box 2.5).
Significant losses include those that make the crop unsuitable for
processing due to spoilage; over-drying of a crop leading to weight reduc-
tion; crop characteristics such as color, taste, or smell quality reduction;
nutritional value losses; and seed viability losses. These physical and
biological losses convert into the reduced value of the crop and associ-
ated commercial losses. The problems faced in storage facilities may be
attributed to a range of common factors such as fungal, pest, and
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—
BOX 2.5

Case Study: Food and Agriculture Organization (FAO) Post-harvest Storage

FAO supports a range of projects focusing on post-harvest storage, typically at the community
level. Members with access to FAO's storage facilities are able to maintain the quality of their seeds
between seasons, reducing losses caused by pests between harvest time and market sale. Seeds
may also be sold to other farmers in the community directly from the storage facilities, thus provid-
ing benefits outside the direct member group.

In Mozambique, seeds from high-value and high-risk crops such as maize, common beans,
cowpeas, peanuts, pumpkin, cucumber, and sesame are stored in simple containers such as bottles
and small plastic boxes, which are sealed to reduce access by insects. In Uganda, a design was
developed for low-cost, 30-ton-capacity warehouses, which increased incomes by enabling
smallholders to safely maintain the weights and quality of crops so they could market their produc-
tion surplus at opportune times for higher profits.

In Pakistan, FAO estimates that the building and maintenance of storage facilities could greatly
enhance the production of wheat, which is the country’s most important crop. Pakistan’s econ-
omy loses somewhere between USS$76 and USS90 million annually because of the lack of quality
wheat storage. Each new modern grain elevator is predicted to have an internal rate of return of
29 percent based on a 25-year project life (Prikhnodko and Zrilyi 2013).

physical damage. The capital costs of upgrading storage are often high
for individual farmers, although cooperatives or community seedbanks
often provide a suitable way for farmers to aggregate crops under better
storage conditions. This is particularly notable in crops such as cereal
grains, where as much as 60 percent of volume can be lost during stor-
age. At a smallholder level, this yield gap may move to the point of sale
rather than point of harvest, where yields would have been recorded at a

higher value.

Natural Resources

Soil

Soil is a fundamental resource for agriculture. However, the intensifica-
tion of agricultural focus on cash crops for export, combined with poor
cultivation practices, has led to a decline in soil health and its ability to be
productive. Declines in fertility occur across all geographies, with a recent

United Nations report on the status of global soil resources finding that
“the majority of the world’s soil resources are in only fair, poor or very



YIELD GAPS

poor condition” (Borrelli et al. 2017). In addition to poor cultivation prac-
tices and a lack of inputs to replace the nutrients extracted in cropping,
significant harm is caused by exposing soil to accelerated soil erosion
through climate-change-driven severe weather events, deforestation,
overgrazing, tillage, poor land management, and excessive use of inputs.
The FAO-led Global Soil Partnership has estimated a loss of 75 billion tons
of soil per year through erosion, which equates to an estimated financial
loss of US$400 billion per year based on reduced yields. Strongly eroded
and nutrient-poor soils directly impact the potential for a crop to reach
optimal yields. Measurement of soil fertility and soil profiling remain
expensive, and thus most smallholders are not able to utilize these
processes.

Water

The majority of smallholder food crop production, upward of 60 percent
of food and 80 percent of land in developing countries, remains based in
rainfed production systems that rely on predictable and adequate rain-
fall patterns. Despite significant benefits, the cost of accessing, trans-
porting, and applying water for irrigation remains capital intensive; less
than 20 percent of arable land is irrigated in developing countries, yield-
ing 40 percent of crops and above 60 percent of water-sensitive crops
such as cereals. A growing emphasis on farmer-led supplementary irriga-
tion systems promotes smaller, more flexible irrigation systems that can
be used at critical points in the crop cycle and is often able to double
yields, creating the largest reduction in yield gaps.

Climate

The realities of climate change are becoming more evident with contin-
ued changes in rainfall patterns and increased frequency and intensity of
extreme weather events. To understand the effects of climate change on
yields, it is important to distinguish baseline climate conditions and vol-
atility arising from climate change.

Shifts of monsoon rainfall patterns in Asia and changes in the timing
and duration of the Intertropical Convergence Zone (ITCZ) in Africa
make crop management decisions more difficult. Farmers are unable
to determine optimal times to sow and harvest as patterns change. This
problem is more acute farther from the equator, with the duration,
amount, and reliability of precipitation decreasing. Changes in rainfall
limit the yield potential based on latitude and elevation; North
African countries such as Tunisia and the Arab Republic of Egypt and
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mountainous countries such as Nepal in Asia face significant volatility
and risk from climate change.

The shift in climate also impacts daytime and nighttime tempera-
tures, which are critical to flowering, fruit setting, and seeding in many
commercially cultivated crops. For instance, a 2004 study shows that
rice grain (the edible portion of rice) yield declined by 10 percent for
each 1°C increase in growing-season minimum temperature in the dry
season, whereas the effect of maximum temperature on crop yield was
insignificant (Richard et al. 2004). These decreased rice yields are
directly linked to global warming and are changing the optimal growing
zones for many crops, forcing agribusinesses to seek new sourcing
areas to diversify risks and sustain supply chain volumes. However,
smallholder farmers cannot relocate easily, and new crop options more
adapted to their new climatic realities must be found to ensure that
yield gaps do not result in negative returns (box 2.6).

Rising temperatures are also contributing to the loss of productive land
through desertification, the permanent degradation of land that was once
arable. As temperatures and population pressure rise and yields fall, small-
holders are forced to expand onto new land and clear protective shrubs
and trees, which further accelerates the process of land degradation.
Current rates of degradation are now estimated to be 30 times higher than
historically (UN n.d.). This challenge is particularly acute in the northern

BOX 2.6
Case Study: Integrated Agricultural Productivity Project, Bangladesh

In Bangladesh, 25 percent of the population experiences high rates of extreme poverty. Over
60 percent of the population and 85 percent of poor people live in rural areas. The country is highly
impacted by climate change: in the south, vulnerable low-lying land is hit by tidal surges and sea-
level rise that causes salinization of the land and flash flooding, and in the north, irregular rainfall
leads to drought. These are challenging conditions for predominantly rainfed farming.

The Integrated Agricultural Productivity Project is working with farming communities to address
these challenges. Through a combination of climate-smart agricultural technologies, agronomic
practices, crop varieties, and production technology packages designed to address changing cli-
matic and environmental conditions, more than 250,000 farmers were reached and a yield gap was
closed by 15 percent.

Source: GAFSP 2018.
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Sahel and Maghreb regions of Africa, which border the Sahara desert, and
in Burkina Faso, Mali, Morocco, Niger, and Senegal, productive land is
estimated to be lost at a rate of 2 million ha per year.

Not only do crops themselves respond to climate change, but also the
influence of pests and diseases rises and falls with temperature and
humidity conditions. Locusts are particularly sensitive to climate:
Swarms have been recently triggered by climate change linked to ocean
warming and cyclones that create conditions conducive to an extreme
locust-breeding season. The subsequent shortage of food and favorable
weather support swarming, which can eliminate entire crops.

Climate change has also driven an increase in the frequency of extreme
weather events such as floods, droughts, high winds, and extreme tem-
peratures. In contrast to more gradual changes in weather patterns, these
extreme events are more easily measured and can be directly linked to
food production declines and losses. Measured declines of more than
2.5 percent have accelerated from 1 in 12.5 years (1982-2006) to 1 in 2.5
years (2007-16) (Ehui, Kray, and Mghenyi 2020). One survey of farmers
that addressed this subject showed that some 32 percent of those affected
by an extreme weather event in the past decade reported being food inse-
cure following the event, and 27.5 percent reported losing more than half
of their household income (Harvey et al. 2018).

Climate-Smart Agriculture

The Sustainable Agriculture Initiative (SAI) Platform has developed a
detailed list of sustainable agriculture related principles and practices.®
Standards setting and assessment tools bring opportunities for advisory
services while also giving room for self-assessment of gaps and develop-
ment progress. SAI's Farm Sustainability Assessment (FSA) is a toolset in
accelerating sustainable agriculture on the ground as well as supply
chain collaboration and alignment (SAI 2014).

Spotlight is an online facility to connect SAI members (global
off-takers) with stakeholders (SAI n.d.). It aims to transform agricultural
supply chains faster, from the farmer to the retailer, and drive precom-
petitive collaboration, empowering members to put in place sustainable
practices that are locally relevant and globally significant.

Analogous to SAI, the Sustainable Rice Platform (SRP) and its mem-
bers provide support for rice farmers to assess the gaps and to build
capacity for sustainable rice cultivation.* Impressive success is being
achieved regarding increased farmers income (10-15 percent),
improved environmental parameters (-20 percent water use, —50 per-
cent GHG emissions), and corporate social responsibility (CSR) contri-
butions valued by off-takers and marketers, and eventually rewarded
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by consumers. The SRP Standard for Sustainable Rice Cultivation
comprises 46 requirements under eight themes, each aimed at a spe-
cific sustainability impact at smallholder level (SRP 2020c). Each
requirement is relevant, practical, and under the farmer’s control. The
standard is complemented by a set of 12 quantitative SRP Performance
Indicators (SRP 2020b). Since 2020, GLOBALG.A.P.>—a brand of smart
farm assurance solutions developed by FoodPLUS GmbH with coop-
eration from producers, retailers, and other stakeholders from across
the food industry—manages the approval process of the SRP Assurance
Scheme (SRP 2020a) verification bodies.

SAI and SRP, their private sector networks, and their institutional
supporters represent economical and efficient partnership solutions to
working with and supporting smallholders for backward integration of
sustainable and inclusive value chains. Compliance with sustainability
guidelines and measures has led to economical input use, increased
yields and farmers income, reduced burden to the environment,
and increased sales and profitability for the agribusinesses who
implemented it. This is further demonstrated with the case study of the
Loc Troi Group’s Sustainable Rice Platform project in Vietnam, which is
presented in box 2.7.

Case Study: Loc Troi Group, Sustainable Rice Platform (SRP), Vietham—
Building Sustainable Rice Supply Chains through Farmer Trainings and
Application of SRP Standards

Vietnam is one of the largest rice exporters in the global market, engaging around 15 million
smallholder farmers and producing on average 40 million tons of rice per year. In response to the
growing demand for staple foods, Vietnam'’s rice sector focused on improving yields and achieved
the highest productivity level among the Association of Southeast Asian Nations (ASEAN) coun-
tries. Nonetheless, low returns to farmers, highly fragmented production with several intermedi-
aries, and unsustainable agricultural practices (heavy use of fertilizers and chemicals) characterized
the sector. Therefore, Vietnamese rice brands are barely familiar to international consumers.
Recognizing this, the Loc Troi Group (LTG) became committed to establishing a sustainable rice
supply chain and promoting a Vietnamese rice brand. LTG embarked on a project with the
International Finance Corporation (IFC) and the International Rice Research Institute (IRRI) to

box continued
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BOX 2.7

Case Study: Loc Troi Group, Sustainable Rice Platform (SRP), Vietnam—
Building Sustainable Rice Supply Chains through Farmer Trainings and
Application of SRP Standards (Continued)

develop a sustainable and traceable rice supply chain that implements Sustainable Rice Platform
(SRP) guidelines and standards. With this intervention, LTG aimed at building an internationally
recognizable high-quality Viethnamese rice brand.

LTG's project sought to increase know-how and application of improved agricultural practices
for farmers through the SRP program. At the firm level, the project developed training modules
focusing on capacity building for LTG's extension workers for implementation and monitoring of
SRP practices, data collection, and performance measurement. At the farm level, the project deliv-
ered trainings on sustainable agriculture practices, which were developed from SRP criteria through
training and coaching at farmer field schools. Trainings were first provided to extension workers,
then to farmers, and finally to warehouse operators and mill operators on post-harvest handling
practices and best practice standard operating procedures. In addition to trainings, supports were
provided to install an aeration system for bulk storage, termite treatment to avoid storage fumiga-
tion, warehouse ventilation, and calibration of weighing instruments.

LTG first implemented sustainable practices in rice production through the adoption of SRP stan-
dards with 150 farmers on 463 hectares (ha) of land in 2016, which was later scaled up to over 3,000
farmers on 11,520 ha in 2018. With these programs, LTG successfully rolled out sustainable agricul-
tural standards and practices along its rice supply chain. The training approach was in person with
high interaction, resulting in significant incremental productivity increases among the participating
3,494 rice farmers. Metal and pesticide residues (for example, aluminum, isoprothiolane, and tebuco-
nazole) were either reduced or not detected in final products. The adaptation of SRP standards was
high among the targeted farmers, which helped them to increase yields and fetch higher prices and
ultimately led to increased net income. The improved post-harvest handling practices also contrib-
uted to significantly reduced losses during the drying, milling, and polishing stages. Further, the
changes in warehousing practices enhanced rice product quality and helped to increase the level of
compliance to international market requirements. In this regard, IFC coordinated with international
buyers (VSR, Phoenix Commaodities) for the uptake of LTG's rice produced under SRP standards.

Building on its initial SRP project with IFC and IRRI, LTG rolled out the SRP program to a larger
number of farmers through a series of trainings on SRP standards for local hired extension workers,
who further reached a larger number of rice farmers beyond LTG's supplier base. SRP implementa-
tion was replicated in surrounding areas and gained supports from local government, researchers,
and other firms.

Source: IFC and World Bank personnel familiar with the project.
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Climate-smart agriculture (CSA) is a set of practices that help farmers
work sustainably; they include conservation agriculture practices. CSA
is important because it helps farmers adapt and build resilience to cli-
mate change. It can increase agricultural productivity and farmers
incomes. Syngenta, for instance, has been training and supporting farm-
ers to implement CSA practices that aid carbon sequestration. This is
carried out through the Good Growth Plan under four themes: accelerate
innovation for farmers and nature, strive for carbon neutral agriculture,
help people stay safe and healthy, and partner for impact.®

On-farm carbon sequestration is an element of climate-smart agri-
culture tackled by Syngenta’s Good Growth Plan. The Farm Carbon
Toolkit provides practical tips for managing on-farm resources to
increase sequestration potential via soils and via biomass’” Carbon
sequestration can even result in direct cash benefits (Flesher 2021; Indigo
2023).

Regenerative agriculture is a conservation and rehabilitation approach
to food and farming systems. It focuses on topsoil regeneration, increas-
ing biodiversity, improving the water cycle, enhancing ecosystem ser-
vices, supporting biosequestration, bringing degraded lands into
production, increasing resilience to climate change, and strengthening
the health and vitality of farm soil. The case study of Mercon’s sustain-
able robusta coffee production in Nicaragua explains this in more detail
(box 2.8).

Case Study: Mercon Coffee, Nicaragua—Sustainable Robusta Coffee Supply
Chain, Aggregation through Collection Centers

In Nicaragua, coffee production represents 15-20 percent of total exports, where about 44,000
smallholder farmers in the country primarily produce Arabica coffee varieties. Since 2013, the gov-

ernment of Nicaragua has allowed the cultivation of robusta varieties in nontraditional coffee areas,

including the Caribbean coast (CC). This region has significant agricultural production potential, but

it is challenged by its remoteness, with lower road access than other areas and higher costs of ser-

vice delivery. Mercon Coffee Group began intensifying the development of a robusta coffee supply

chain with its own 1,000 hectare farm and by engaging surrounding smallholders.
Mercon’s guiding principle has been to convert degraded lands into robusta production farms
by avoiding expansion into forested lands. To achieve its goals, Mercon partnered with the

box continued
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BOX 2.8

Case Study: Mercon Coffee, Nicaragua—Sustainable Robusta Coffee Supply
Chain, Aggregation through Collection Centers (Continued)

International Finance Corporation (IFC) in joint advisory and investment services programs to
access financing, technical support, and secured markets. The advisory services develop robusta
cultivation in Nicaragua's CC region by leveraging collaboration opportunities with World Bank
initiatives. Mercon also introduced its Leading Innovation and Farmers’ Traceability (LIFT) program,
which provides technical assistance to farmers in order to increase the supply, productivity, and
quality of robusta coffee. Training materials are being digitized for both agronomists and farmer
suppliers using Mercon’s online platform and via mobile apps. Mercon also provides short- and
long-term financing to farmers through IFC's Global Warehouse Finance Program by using the
crops as collateral. Overall, the Mercon initiative is anticipated to promote greater sustainable pro-
duction and inclusiveness to markets via tailored technical assistance, access to improved inputs,
and the hands-on aggregation approach.

Source: IFC.

Financial

Cost of Inputs

The increased cost of using improved inputs is often the main barrier to
closing the yield gap for farmers who are not linked to a formal supply
chain or market or are too small (precommercial) to cover the transac-
tion costs involved. A yield gap attributable to the lack of suitable, or
affordable, inputs is thus most commonly found at the baseline of any
development or commercial project involving smallholder farmers. This
yield gap has attracted strong support from the public sector, with most
countries focused on subsidizing or providing inputs in advance of the
crop season to raise productivity and food security. In countries where
inputs are imported, and therefore expensive, increasing input use to
optimal levels for productivity may not be cost effective.

In addition, private-sector programs offer inputs or crop season loans
in return for repayment at the time of harvest in the form of the crop or
repayment in cash from off-takers who enter into the financing agree-
ment as guarantor. Loan tenors are short, and the period to ROl is typi-
cally one cropping season, making these financing arrangements popular
and relatively low risk.
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Equipment Costs

Access to credit for irrigation and mechanization equipment is a per-
sistent challenge because of the longer loan tenors and higher risk asso-
ciated with the multiple seasons required for repayments and the
correspondingly higher risk of climate-related crop failure.

Opportunity Costs

Yield optimization requires consistent attention to climate, crop growth,
pests, diseases, and harvest timing. Farmers may perceive the need for
alternative opportunities for income, which will reduce the time com-
mitted to farming. In that case, yield is of course affected. However, other
income streams may allow a diversification of risk, which in turn could
lead to greater stability of overall gross benefit.

One factor overlooked in the assessment of yield gaps is under-
reporting. This may occur for several reasons, including side selling of
cash crops, which reduce reported sales to off-takers; consumption or
storage of a part of the harvest by the household; carryover of seed to the
next year; and measurement inaccuracies due to either poor weighting
or incorrect land size as the denominator. While several of these reasons
may be addressed quickly, others persist and typically affect overall
reported yields.

Technical Capacity

Farming is as much a culture around a series of practices as a process of
managing plants and natural resources. Traditional agricultural prac-
tices are closely bound with culture, and for many smallholders, sea-
sonal climate patterns have entered a stage of rapid change that is
happening faster than the adoption of new practices and technologies.
The lag between the drivers of change and adoption of changes is often
caused by a lack of training, which has an essential role in introducing,
supporting, and reinforcing new technologies and practices. However,
training alone is not a solution. Sustained, on-farm training in soil and
water management and agronomy practices enable changes in farming
practice, but they must be complemented with access to trained service
providers who can deliver advanced after-market technical skills. The
combination of on- and off-farm technology and practice requires a mix-
ture of targeted training approaches. For example, sustainably raising
yields through the use of irrigation systems requires design, installation,
operation, and maintenance skillsets, which may include several stake-
holders ranging from equipment suppliers to postsales service agents to
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farmers themselves. Training to bring about yield increases can only be
addressed though a holistic approach to equipment, inputs, practices,
and demonstrations. Such demonstrations must be conducted with
farmers, ideally in their fields, as proposed changes in behavior rarely
work with smallholders if they are presented under the artificial condi-
tions of model farms or limited to research stations.

OCP’s West African Agribooster initiative is an example of a holistic
approach to training (box 2.9).

External Factors

A range of additional factors may also affect the recording of yields after
or before harvest. Several of these factors are nontechnical, such as those
based on culture or human interactions. These may be more complex to
evaluate: for example, the willingness to change practices around seed
selection or the gradual escalation of fragility and breakdown of supply
chains. More absolute and clearly quantifiable factors include the out-
breaks of conflict, which often interfere with inputs and access to mar-
kets. In relation to these factors, a broader assessment or, where possible,

BOX 2.9

Case Study: IFC-Pilot Program for Climate Resilience, Bangladesh

Starting in 2014, the International Finance Corporation (IFC) worked with the Supreme Seed
Company and mPower to train smallholder farmers in the southern part of Bangladesh on cli-
mate-resilient farming techniques. The training for the farmers included efficient irrigation and
weeding techniques, the balanced use of pesticides, and the benefits of hybrid, climate-smart rice
seeds. mPower provided training through a hybrid approach that maximized information transfer,
practical capacity building, and availability of reference materials. This included a combination of
technologies including SMS (short message service) text messages and phone calls, reinforced by
lead farmers who would convey the training in person.

Yields increased by 0.68 metric tons per hectare, or 20 percent, for the treatment group of more
than 23,000 farmers, with revenue increasing by 15 percent. In similar studies with just a few thou-
sand farmers, the yields were even higher for potato crops (31 percent) and for mung bean, water-
melon, and chili peppers (29 percent). Training provided through both mobile technology and field
champions was critical to the success of the pilot.

Source: IFC.
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baseline assessment of practices should be used to identify whether
these will play a role.

Conflict and Fragility

The escalation of conflict, accelerating climate extremes due to global
warming, and the outbreak of a global COVID-19 pandemic have all had
a strong negative impact on agricultural yields in developing countries.
The Saskawa Africa Association surveyed the effects of the global
pandemic and identified factors with direct impact on yields that led to
declines:

- Access to farms

+ Extension services training

- Pre- and post-harvest handling services

- Access to raw materials by agroprocessors

- Post-harvest processing services (that is, rice milling)

Besides the global impact of the pandemic, which reached all countries,
violent conflict remains a main cause of yield gaps. Conflicts increased from
2010 to 2020 in terms of number of locations, duration, and intensity
(Delgado, Murugani, and Tschunkert 2021). The Russian invasion of Ukraine
has resulted in heightened price volatility in the world’s major food staples—
maize, rice, soybeans, and wheat—which has negative consequences for
food-import-dependent countries. These effects are exacerbated by high
natural gas prices. As gas is a key input to fertilizer production, this has
boosted fertilizer prices as well. The high fertilizer prices could depress
future agricultural production, putting upward pressure on food prices.

While these factors are uncontrollable at the farm level, all contribute
to significant yield reductions in the short term; they also create an
opportunity for changes in the agricultural value chain and the introduc-
tion of measures to support improved efficiency during rebuilding.
These exogenous shocks create an even more heightened awareness of
the need to optimize yields and reduce gaps at a national level, providing
opportunities but also creating the risk of global inequity.

Land Management Practices

The use of family labor and animal husbandry are strong parts of the
culture for many smallholder farmers. In particular, the number of
head of livestock owned confers significant social status, not (yet)
fully replaced by an equivalent status from ownership of a tractor,
despite the tractor’s potential to increase the land area that can be
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planted or to conduct activities that would require power in excess of
family or animal power capacity. Sustainable land management
practices increase soil fertility, which increases productivity and
sequesters carbon.

Traditional Crop Practices

A number of key cropping practices inhibit yields, primarily the use of
seeds carried over from one cropping season to the next. While this may
allow locally adapted varieties to endure climatic conditions and shocks,
the use of carried-over seeds does not optimize yields in the same way as
the use of hybrid or genetically modified organism (GMO) seeds in the
first cropping cycle. This is in part due to traditional methods of storage
that may not adequately protect seed from pests, diseases, or climatic
damage.

As ideas or methods are accepted within a society, they gradually
come to be regarded as customary. Going back 150 years, land prepara-
tion in most of what is now Botswana was done with hoes. Farmers saw
plows being used in what is now South Africa and introduced them to
their own farms, with the result that an ox-drawn plow is now regarded
as the normal equipment for land preparation and planting. More
recently, in parts of Pakistan and Egypt, tractors are becoming part of the
culture as they gradually replace draft animals as a source of power in
farm operations.

New crops can also be introduced. Cocoa was unknown in Ghana
until it was brought in from the United States. Ghanaian farmers began
to cultivate it in the nineteenth century when traders were eager to
export the cocoa beans to Europe. Farmers learned the necessary tech-
niques for raising young trees, fermenting and drying the beans, and
storage. Land-tenure rules changed as families moved to new areas to
acquire land on which to start cocoa farms. Cocoa gradually became a
central part of Ghana’s economy, tradition, and culture.

Chapter Summary and Next Steps

Agricultural yield gaps have a myriad of definitions, ranging from the
very theoretical to the very practical. This chapter has focused on prac-
tical definitions that can help stakeholders identify yield gaps within
their domain of influence and make plans to reduce or eliminate those
gaps. It has also presented several factors that influence yield gaps,
some presented across a wide range of countries and contexts, some
limited to just a few.
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Stakeholders may benefit by using the following four-step checklist
when identifying and planning activities to close yield gaps. The infor-
mation obtained through the checklist should be specific, measurable,
and actionable.

Checklist

Set appropriate yield baseline

Compare observed yields in nearby provinces or countries, or in locations with ]
similar agroclimatic conditions, to the observed yields in the location you are
considering. The Food and Agriculture Organization (FAO) of the United
Nations maintains an excellent free database, FAOSTAT, that provides food

and agriculture data for over 245 countries and territories from 1961 onward.
Another useful resource is the European Commissions World Atlas of
Desertification.®

Set suitable yield targets

- Consider how much a farming family needs to increase yields to address a [
variety of targets. Targets should be feasible given the context.

° Target operational yield: Increase yield to remain or become profitable given  [J
additional operational costs (that is, seeds, inputs, and seasonal costs).

° Targetinvestment yield: Increase yields and profits to enable capital investment ~ []
of a predetermined level on the farm (that is, pumps, equipment, and
infrastructure).

° Target commercialization yield: This serves as a reliable producer for an off- [J
taker (that is, yield above the level of household needs for food security).
Identify key yield impact factors

- Identify which of the factors listed in this chapter—gender, technology, access  []
to inputs, natural resource factors, climate, access to financial services,
technical capacity, and external factors—have the most relevance and influence
on yields in your location. Consider the extent to which each of the factors
may affect yield and make an informed guess of the percentage to reduce your
comparator from the first step. Use the resulting number to compare to the
current observed yield to estimate the impacts of changes due to the proposed
interventions.

Determine the improvement pathway

- Compare the current yield and the yield target to determine the yield gap and [
key influencing factors that must be addressed.
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Annex 2A

Awareness of how yield measures differ is helpful to determine yield
gaps. This chapter and several studies discuss different yield measures;
below is a collection of measures that are used in this chapter or in some
cases from other authors in the field for comparison.

Average Actual Yield (Ya)

Ya is defined as the average yield (for instance, the past 5 years for irri-
gated and 10 years for rainfed cropping systems) achieved by farmers in
a given region under dominant management practices (sowing date, cul-
tivar maturity, and plant density) and soil properties.

Partially Irrigated Yield Potential (Ypi)

For irrigated crops that do not receive sufficient water to fully satisfy
their requirements, irrigation amount and timing need to be considered
for simulating Ypi. This term is equivalent to “deficit irrigation” yield
potential as used by others (for example, English 1990). Ypi is used as
benchmark for estimating yield gaps in partially irrigated crops.

Potential Yield (Yp)

In irrigated systems, Yp (sometimes called yield potential) is the yield of
a crop cultivar when it is grown with unlimited water and nutrients
(according to its needs) and when biotic stress is effectively controlled
(Evans 1993; van Ittersum and Rabbinge 1997). Therefore, crop growth is
determined by solar radiation, temperature, atmospheric carbon diox-
ide (CO,) concentration, and genetic characteristics. Yp is location spe-
cific because of the climate but, in theory, not dependent on soil
characteristics. Yp is used as benchmark for estimating yield gaps only
for fully irrigated crops. Yp is not framed in terms of rainfed crops,
although Yp is used for estimating the water-limited yield potential (Yw; see
definition below).

Technically Efficient Yield (YEY)

YEY is a farm’s highest level of output given a set of inputs (De Koeijer
et al. 2002). An assumption for YEY it that is economic yield (EY).

The total dry matter produced from a crop is known as biological
yield, and the portion of this useful for humans as food, feed, forage, or
fiber is known as economic yield.
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Water-Limited Yield Potential (Yw)

For rainfed crops, Yw is the most relevant benchmark. Yw is defined sim-
ilarly to Yp but takes into account that crop growth is limited by water
supply and influenced by soil texture and field topography. Yw is used as
benchmark for estimating yield gaps only for rainfed crops. Hence, Yw is
not shown for irrigated crops.

Yield Gap (Yg)

Yg is the difference between Yp (irrigated crops), Yw (rainfed crops), or
Ypi (partially irrigated crops) and actual yield (Ya). Yg is based on Yp, Yw,
or Ypi simulated yield using optimal agronomic management as input
(that is, cultivar maturity, sowing date, and planting density). In the
research-based approach of global yield gap analysis, optimum sowing
dates, plant density, and cultivar maturity are based on dominant prac-
tices currently used by farmers. In those cases, the optimum sowing date
and cultivar maturity are determined within the time constraints of the
dominant crop sequence (for example, areas where more than one crop
is grown on the same field each year).

Yield Gap, Exploitable (Yg-E)

Yp and Yw are defined by crop species, cultivar, climate, soil texture (Yw,
Ypi), and water supply (Yw, Ypi), and thus they are highly variable across
and within regions. It is impossible for a large population of farmers to
perfect crop and soil management in order to achieve Yp or Yw or Ypi,
and it is not cost-effective to do so because yield response to applied
inputs follow “diminishing returns” as average farm yields approach Yp or
Yw or Ypi (Koning et al. 2008). Therefore, average farm yields often begin
to plateau when they reach 75 to 85 percent of Yp or Yw or Ypi, and the
exploitable yield gap (Yg-E)is defined as the difference between 80 percent
of Yp or Yw or Ypi and current average farm yields (Cassman et al. 2003;
Lobell, Cassman, and Field 2009).

Notes

1. The Green Revolution, also known as the Third Agricultural Revolution, was a
period of technology transfer initiatives that saw greatly increased crop yields and
agricultural production.
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. See “Hello Tractor Case Study,” YouTube video, 2017, https://www.youtube
.com/watch?v=tzZIubMYPuUM. See also the Hello Tractor website,
https://hellotractor.com, and a pamphlet describing its services, https://
staticl.squarespace.com/static/5acdc066¢c258b4bd2d15050b/t/5fbe08b
€1972¢46e3c66466d/1606289607555/Better+Finance%2C+Better+Food
+-+Case+study+catalogue+50.pdf. The company is based in Nairobi and has an
office in Abuja, Nigeria.
. For more information, visit SAI's website: SAI (Sustainable Agriculture Initiative)
Platform, Geneva. https://saiplatform.org/.
. For more information, visit SRP’s website: SRP (Sustainable Rice Platform),
Bangkok, http://www.sustainablerice.org/.
. More about GLOBALG.A.P can be found on its website, https://www.globalgap
.org/uk_en/who-we-are/about-us/.
. Information about all of Syngenta’s projects can be found on the company’s
website. See Syngenta Group, “Good Growth Plan,” https://www.syngenta.com
/en/sustainability/good-growth-plan; “Accelerate Innovation for Farmers and
Nature,” https://www.syngenta.com/en/sustainability/good-growth-plan/accelerate
-innovation-farmers-and-nature; “Strive for Carbon Neutral Agriculture,” https://
www.syngenta.com/en/sustainability/good-growth-plan/strive-carbon-neutral
-agriculture; “Help People Stay Safe and Healthy,” https://www.syngenta.com/en
/sustainability/good-growth-plan/help-people-stay-safe-and-healthy; “Partnering for
Impact,” https://www.syngenta.com/en/sustainability/good-growth-plan/partnering
-impact; and “How Can Agriculture Play a Role in Addressing Climate Change?”
https://www.syngenta.com/en/sustainability/climate-change/carbon-sequestration.
. See more on these topics at the Farm Carbon Toolkit website. Farm Carbon
Toolkit, “Carbon Sequestration,” Blackbirds Perch, St Martin’s, Isles of Scilly,
UK, https://farmcarbontoolkit.org.uk/toolkit-page/carbon-sequestration/; and
“Soils for Sequestration,” https://www.farmcarbontoolkit.org.uk/toolkit/soils
-sequestration.
. FAOSTAT can be accessed at https://www.fao.org/faostat/en/#home. The
European Commission’s World Atlas of Desertification can be accessed at https://
wad.jrc.ec.europa.eu/yieldsgaps.
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CHAPTER 3
AGGREGATION AND WORKING
COST-EFFECTIVELY AT SCALE

Martin Albani

KEY MESSAGES

Sourcing from smallholder farmers is often both necessary and
desirable.

Sourcing from smallholders necessitates aggregation of individuals
into groups.

To secure sustainable supply from these groups (farmer organiza-
tions), sourcing agreements that amount to contract farming should
be finalized.

Contract farming, under inclusive business modalities, is the mode of
choice to integrate upstream production and sourcing into a con-
trolled supply chain.

Farmer organizations need capacity building to address skill and per-
formance gaps, scale up needs and options, and develop opportuni-
ties for value addition.

The pillars of capacity building are advising, training, coaching,
and supporting investments done cost-effectively and executed with
partners.
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Targeted capacity building is a tool to strengthen the buyer-supplier
bond required to secure collaboration and commitment to contract
compliance.

This chapter explores the necessities, requirements, and opportuni-
ties of sourcing from smallholder farmers and doing so successfully.

The Rationale for Sourcing from Smallholders
and for Aggregation

Sourcing from smallholders is necessary, given that globally the vast majority
of farmers in agriculture, about 500 million, are smallholders who in
some sectors provide as much as 70-90 percent of volume in relevant
supply chains (Lowder, Sanchez, and Bertini 2021). To feed the world,
sourcing from smallholders is imperative. In the same vein, access to
farmland is crucial, and it is one of the comparative advantages of sourc-
ing from smallholders. In most countries, agricultural land ownership is
heavily regulated, and obtaining concessions of some kind is often not a
viable option for off-takers. (It takes too long, is too costly, and/or is too
restrictive.)

Sourcing from smallholders is desirable, and the advantages include, but are
not limited to, capacity to ramp up or ramp down production without
incurring fixed costs (contract farming); expand volumes while bolster-
ing secured supply in volatile markets; reduce the risks of undersupply;
hedge against localized soil health, pest, and disease problems; have
access to donor assistance; provide opportunities for new business
development; utilize new process- and production-optimizing technolo-
gies; meet corporate responsibilities; achieve sustainability and inclu-
siveness goals; gain community goodwill; and provide license to
operate.

Aggregation is necessary, since it is unrealistic for firms to deal individually
with the huge numbers of dispersed smallholder suppliers needed to
meet their product sourcing requirements. In the following sections, we
explore how to aggregate and we examine different aggregation models
considering different crops and circumstances and including corpora-
tions' goals to operate inclusive and sustainable businesses. We then
address how to deal with the challenges of contract farming and to real-
ize contextual opportunities based on real-world experiences and on
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best practices described in the literature. This discussion is comple-
mented by business case studies.

Comparative Advantages

The potential advantages are numerous and attractive, but firms need to
be proactive to seize and leverage them. Several investors found the fol-
lowing particularly valuable (CASA 2021):

Supply volume: Including smallholders in the supply chain helps to bol-
ster the steadiness of supply and is an important way for expanding busi-
nesses to secure increased sourcing. This entails access to land, which
would be difficult or too expensive for the agribusiness to obtain
otherwise.

Processing economics: Agribusinesses engaged in primary processing
with thin margins must ensure that their processing facilities operate at
capacity to achieve and maintain economies of scale. To resolve supply
issues directly and quickly, smallholders should be included in the
supply chain.

Sourcing costs: Supply elasticity is greater for commercial farmers but
at a cost and generally at a higher unit price for their buyers.
Smallholders have lower production costs, particularly labor, and rep-
resent a more economical source of supply compared to alternatives,
such as imports, where they exist. Furthermore, imports are exposed
to foreign exchange risks.

Sales price: In some value chains, smallholder sourcing offers opportu-
nities to agribusinesses to achieve higher sales prices, especially for a
range of export-oriented products. Also, growing consumer conscious-
ness has introduced price premiums for ethical, sustainable, fair-trade,
and other product features associated with social responsibility. This is
closely linked to perceptions of small-scale versus plantation farming.
Some go so far as to say that smallholder sourcing is evolving from an
added advantage to a requirement for competitiveness.

Social and political license to operate: Perhaps not obvious at first glance,
reputation management and community buy-in can be critical factors
in agribusiness success in low- and middle-income countries (LMICs).
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Smallholder sourcing is seen as a valuable tool, but it should be truly
mutually beneficial and inclusive to enhance the sustainability of agri-
businesses. Alongside the social license to operate is the notion of polit-
ical license to operate, which may be more salient in some LMICs. This
entails building credibility and goodwill in the eyes of not just local com-
munities, but also local and national governments. In certain contexts,
smallholder sourcing was cited as a form of political business risk mitiga-
tion (CASA 2021).

Cost of capital: Agribusinesses sourcing from smallholders may find it
easier to secure financing from impact or patient capital investors. They
may benefit from more generous terms, including below-market interest
rates, extended grace periods, or longer maturity and amortization
schedules. Even among more commercially oriented private-equity
firms, base-of-pyramid impact potential is often a component of pre-
investment analysis. Agribusinesses also noted that the potential for
reducing purchasing prices is particularly strong via direct sourcing.
(See figure 3.1.)

Meanwhile, agribusinesses already sourcing from smallholders are
moving toward upstream integration, away from intermediary models,
and toward more direct sourcing from farmgate, cooperatives, and
farmer groups. The elimination of middlemen can produce multiple
benefits by lowering purchasing prices for the agribusinesses, while rais-
ing sales prices for smallholders.

FIGURE 3.1 Key Comparative Advantages of Sourcing from Smallholders as Seen by Investors

=

|

diversification

e~ W R R
‘ economics Il sourcing costs

Gaining social
Increased — and political Better terms
sales prices l — license to on capital

operate

Source: Original figure for this book provided by IFC.



AGGREGATION AND WORKING COST-EFFECTIVELY AT SCALE

In addition, direct sourcing results in more contact and a better, more
involved, managed, and controlled upstream integration of the buyer’s
supply chain. An important trend shows that corporations are placing
more and more value on “intangibles” gained from operating inclusive
business models with smallholders, which is being rewarded by their
customers. Visible and credible demonstration of corporate social
responsibility woven into a brand image that implies social and environ-
mental consciousness, contribution to sustainability, responsible sourc-
ing, and so forth, can achieve these rewards.

Opportunities and Challenges

Advantages = opportunities that have been seized. This may sound like a
trivial conclusion, but embracing it has important consequences, as,
among other things, it can be useful when designing a systematic
approach that does not overlook an opportunity that is not obvious.
The same logical approach applies to risk. To reduce the likelihood of
risk, it is important to anticipate the most common ones and those with
the worst consequences.

Positive opportunities in working with smallholders are described
as follows:

Margins: Potentially, better margins can be achieved via lower unit pro-
curement costs (eliminating intermediaries) and possibly higher selling
prices for “original” produce and premium quality.

Security of supply: Security is bolstered by access to land, especially con-
sidering supply issues in volatile markets, and spreading one’s portfolio
geographically, thus reducing risk of undersupply. This benefit also
includes the opportunity to hedge risks associated with localized pest
and disease problems.

Business development and economics: Sourcing from smallholders holds
potential for developing new business, finding clients for other products
and services, and reaching the base of the pyramid. New technologies
can be accessed, such as efficient, low-scale processing equipment,
information technologies for coordination, and lower-cost traceability
systems. Contract farming may enable the capacity to ramp up or ramp
down production without incurring fixed costs to the agribusiness.
Developing inclusive business with smallholders opens the door to
donor assistance.
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Intangibles: Along with tangible benefits are those that include docu-
mentable corporate social responsibilities, which strengthen the brand
image. Gaining community goodwill improves the environment for an
inclusive business model.

Achieving the advantages is not without challenges, but the opportu-
nities outweigh the risks, and they are manageable. The question should
not be whether to include smallholders in the supply chain, but how to
do so effectively for mutual economic and other benefits.

Side selling: When farmers sell produce to buyers outside those with
whom they have contractual arrangements, it is probably the primary
inherent risk of sourcing from smallholders. In fact, side selling is an
indicator that all efforts of collaboration were not enough and failed. So,
if side selling is a symptom, let us focus on what support interventions
are needed to establish a close and resilient relationship between small-
holders and off-takers. Relationship and trust building through targeted
support of various kinds, and close and frequent communication, can
prevent the most worrisome risks from materializing. In that sense, the
weaknesses of the smallholders present an opportunity for the off-taker
to build and cement relationships with the smallholders and farmer
organizations, to integrate the upstream chain elements, and to add
value for impact and a mutually beneficial inclusive business. The types
of support needed and how to implement them will be explored later in
the chapter.

In conclusion, the positives of smallholder sourcing outweigh its risks,
considering the safeguards, benefits, and opportunities relative to alter-
natives, whether the latter is imports, intermediaries, or single-supplier
sourcing from large-scale plantations.

Costs of Sourcing from Smallholders

There are no uniform cost numbers for cost-benefit considerations
when sourcing from dispersed and various types of producer bases,
across different arrays of crops, in different geographies (each with par-
ticular physical, political, and socioeconomic parameters), and in varied
stages of development. The complex nature of costs and benefits, how-
ever, makes them well worth exploring for planning purposes.

Costs comprise expenses and investments. There are fixed costs such
as overhead and start-up investments. Typically, training modules need
to be adapted and customized to local requirements and translated into
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local languages to be useful for smallholders. Additional staff cost
should be accounted for proportionately. Managerial efforts may be
more difficult to measure in currency units. Accumulated variable costs
will depend on the number of interventions and duration of capacity-
building activities.

The benefits and impacts in the inclusive business model are wide
ranging and materialize at different times. They affect the actors, the
sector, and the environment. The impact goes beyond short-term eco-
nomics: into more competitive profit margins, for example. Some may
first appear as intangibles that translate into tangible wins later.
Intangibles may have invaluable impact and primarily serve to protect
the sustainability of the business per se, representing more than mone-
tary value.

By experience and as shown in the case study in box 3.1, neither the
off-taker nor the farmer organization needs to take on the costs and
efforts alone. Aggregation and working cost-effectively at scale is best
achieved by collaborating and partnering with other direct and indirect
actors within and across value chains. The most cost-effective partners
will be those who share the off-takers’ business development goals: for
instance, development organizations, research institutions, departments
of agriculture, agri-input and equipment traders, agripreneurs, sustain-
ability platforms, certification bodies, consultants, financial institutions,
agricultural technology (agtech) providers, nongovernmental organiza-
tions (NGOs), and their donors.

BOX 3.1

Case Study: Cargill, Céte d'lvoire—Sustainable and Traceable Sourcing
through Farmer Organizations

Cargill is one of the world's leading cocoa and chocolate producers committed to a more sustainable
and traceable cocoa production. At the heart of its operation is a partnership with more than 100
farmer organizations in Céte d'lvoire representing more than 125,000 smallholders. Cote d'Ivoire is a
globally leading producer of cocoa beans, producing 40 percent of the world’'s cocoa and engaging
about 1 million smallholders, who in turn support the livelihoods of 8 million people. But most of the
cocoa farmers live on US$S0.97 a day—below the world's extreme poverty line. Recognizing this, Cargill
launched the Cargill Cocoa Promise in 2012, a program dedicated to creating sustainable livelihoods
for cocoa farmers and their families.

box continued
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BOX 3.1

Case Study: Cargill, Cote d'lvoire—Sustainable and Traceable Sourcing
through Farmer Organizations (Continued)

Cargill is committed to sourcing from cooperatives. However, the company faces challenges in
this regard. The lack of professionalism in cooperative management impacts farmer loyalty towards
off-takers as well as the ability of the cooperatives to have viable, profitable growth and to respond
to Cargill's growing sourcing needs. As aggregators, cooperatives often failed to secure supply and
be profitable. Cooperatives also faced logistical problems, as they were operating with old, worn-
out trucks that were expensive to maintain, and financial institutions were not willing to lend to
cocoa cooperatives because of historical default rates in that sector. A seminal study conducted by
the International Finance Corporation (IFC) with over 1,000 farmers in 2014 also showed that there
is over USS2 billion in the cocoa value chain circulating outside the formal financial system, with all
the risks and inefficiencies that that cash flow brings.

In this context, in 2014 Cargill partnered with IFC on investment and advisory services. The first
phase of the advisory project was implemented from 2014 to 2018 with the objective of developing
the local cocoa supply chain. It supported the professionalization of 80 farmer organizations and
focused on improving their logistics and finance capabilities in order to secure a more sustainable and
traceable cocoa supply. The advisory component was accompanied by financing facilitation for the
purchase of new trucks for the cooperatives as well as the creation of multiparty partnerships with
banks and telecom companies to register close to 15,000 farmers to digital payment channels.

IFC and Cargill also teamed with the Sustainable Trade Initiative (IDH), TechnoServe, and the
Institut National Polytechnique Félix Houphouét-Boigny (INP-HB) to launch the first-of-its-kind
Coop Academy to professionalize cocoa cooperatives by providing their leaders with the manage-
ment skills to improve daily operations of their organizations. A customized capacity-building pro-
gram was designed with 28 days of training and 12 months of personalized coaching, comprising
SCOPEinsight for benchmarking and IFC's Agribusiness Leadership Program (ALP) for training and
coaching. In parallel, a risk-sharing facility of up to USS6 million was set up to finance the purchase
of new trucks for Cargill's partner cooperatives.

The results of the intervention in phase one were highly beneficial for cooperatives and for indi-
vidual farmers. Of the supported 80 cooperatives, 74 percent improved their business performance;
62 cooperatives accessed over USS8 million in the form of lease financing for new trucks with a
zero-default rate; 27 cooperatives processed digital payments to member farmers; individual
farmer incomes increased on average by 125 percent from the baseline; and the cooperatives col-
lectively reinvested over USS1 million from their premium payments into their communities.

A second phase (2019-23) works with 140 farmer organizations on professionalization as
well as helping expand the use of digital payment channels to farmers and cooperatives to

box continued
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BOX 3.1

Case Study: Cargill, Cote d'lvoire—Sustainable and Traceable Sourcing
through Farmer Organizations (Continued)

enhance their inclusion in the formal financial system. One hundred twenty cooperatives are
already using digital payment channels in partnership with financial technology (such as
OnPoint or Wave) or mobile network operators (such as MTN), enrolling over 25,000 farmers
to digital channels, with a volume of more than USS1.5 million premium payments done
digitally. Cargill and IFC are also in the last stages of launching a digital platform in partnership
with Eclectics that will allow digital payments for purchases of cocoa from cooperatives in
partnership with a few financial institutions, and 50 cooperatives had accessed more than
USS4.6 million in loans for 175 trucks as of December 2021. In addition, 2,000 women in the
women's groups are being trained on basic entrepreneurship skills to promote women's
economic empowerment.

Overall, the more professional cooperatives are supplying increased volumes to Cargill, man-
aging their farmers better, ensuring quality of the supply, managing certifications, and investing in
farmers and their communities. With this intervention, the experience of Cargill demonstrates that
aggregation and working cost-effectively is best achieved through collaboration and partnership
with other key stakeholders in the sector. The capacity-building methodology in this project
(assessing, training, coaching, and reassessing) also became a model for the development of the
ALP, which has since been used in over 30 projects and 20 countries, reaching more than 500,000
farmers globally.

Aggregation Fundamentals when Sourcing from
Smallholders

Relationships, agreements, transparency, comprehension, mutual bene-
fits, perceptions, and trust are fundamental when sourcing from small-
holders. It cannot be emphasized enough that successful and sustainable
sourcing from smallholders and their aggregates (farmer organizations)
must be based on establishing and maintaining good relationships with
true mutual understanding and agreements based on underlying trust.
The term contract farming, with an emphasis on contract, seems to
be reserved for only one particular option of aggregation and sourc-
ing from smallholders. This may be legalistically correct, but the
emphasis on contract is not right from an operational point of view.
Upstream integration requires building a tight supply chain with
controlled and responsible sourcing under firm agreements.
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It is important to understand, however, that while contracting is
important, reliance on a formal contract without the foundation of
relationship, true understanding, mutual agreement, and trust would be
a recipe for failure. Furthermore, contracting per se is not the only
means of aggregation and especially not the first step. All aggregation
follows a series of discussions and agreements, and only after the neces-
sary steps have been taken should formal contracts follow.

With that interpretation, all aggregation of smallholder farmers is in
fact a kind of contract farming, namely, sourcing based on various agree-
ments that cover promises and expectations. For instance, the lead farmer
of an informal farmer group (IFG) suggests to the members several prac-
tical and economic benefits deriving from working together. If accepted,
the shared idea becomes an agreement, a form of contract.

The aggregator (off-taker or intermediary) suggests to smallholders
and their farmer organizations to join in an agreement whereby the sup-
pliers promise to produce and deliver crops as specified, under the con-
dition that the aggregator provides certain kinds and amounts of support
as specified and promised or committed to in a contract.

Verbal agreements and written contracts should be treated as having
the same validity. The differences between the seemingly informal
agreement and the written, witnessed, and signed contract are mainly
legalistic in nature but also emotive, with different pros and cons. On
the one hand, the verbal version leaves more room for arguing and
disputing how something was meant and understood. On the other
hand, there may be cultural and social norms that cause profound
discomfort and aversion against the “shackling” sensation of very
formal contracts.

Perceptions do count and matter!

The Key Actors: Farmers, Aggregators/Off-takers, and
Facilitators

Farmers

The main actors are the farmers and the aggregators themselves.
“Farmers” in this context are smallholder farmers aggregated in groups,
that is, farmer organizations.

Smallholders are generally defined as family-run farms with 2 hect-
ares or less of land (although some expand that size definition). They are
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vulnerable in many ways and unable as individuals to securely sustain
their business. Their strength is having land and the fundamental skills to
cultivate it. Their weakness is multiple dependencies with diminished
access to finance—typically identified as the main obstacle.

Assessing the situation of smallholders is critically important for
off-takers in their effort to aggregate and integrate them through groups
(farmer organizations) in a controlled supply chain. The shortcomings of
smallholder farmer organizations and their needs represent challenges
to the off-taker but also opportunities to provide targeted support to
establish and secure sustainable business.

Mutual trust and the shared belief that the off-taker and producer are
pursuing common interests for mutual benefit are keys to success. In
fact, they should convey that mutual understanding to each other, and
each should realize that the success of one depends on the success of the
other.

Note that smallholders do not make up a uniform category. As such, it
will be necessary for managerial and economic reasons as well as for suc-
cess to group together from the outset smallholders that meet similar
assessment criteria.'

Figure 3.2 illustrates actors along the supply chain and those across it
delivering business support services and contributing to the enabling
environment.

Aggregators/Off-Takers

At first glance, an aggregator is an off-taker or an intermediary who buys
agricultural produce from smallholder farmers and sells it to other sup-
ply chain actors. That off-taker initiates and supports aggregation,
grouping smallholders into farmer organizations; has the means and
the need to purchase large quantities; and has the knowledge of quali-
tative and quantitative market demand, preferences, trends, and prices.
Aggregation can also be started by a lead farmer who forms a group to
pool resources and collectively gain better market access. Definitely
not to be overlooked are associated aggregators such as input suppliers,
typically for seeds, fertilizers, and agrochemicals, and service providers,
who contribute to capacity building of farmer organizations and pro-
vide farming extension services to smallholders. They all have a need to
aggregate smallholders because smallholders represent their market.
They are also prime candidates to be potential and high-value imple-
mentation partners in contract farming.
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FIGURE 3.2 Supply Chain Actors Contributing to the Enabling Environment
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Facilitators

NGOs, development organizations, and government agencies can
play important facilitating and supporting roles—from start-up of
farmer organizations through their capacity-building stages—until
they become self-sustainable. They typically provide essential
cross-cutting support to create an enabling environment, and they
may enter private-public partnerships. The case study in box 3.2
demonstrates this well, using the experiences of Heineken and
Soufflet in Ethiopia. From the outset, however, NGOs and govern-
ments should plan only for initiating and supporting activities and
have an exit strategy to encourage sustainability as soon as possible or

when critical capacities have been built.

Staple food value chains, such as for rice, cassava, and maize, are com-
plex, made up of mainly informal or semiformal business arrangements
between smallholder farmers and a range of traders and processors in

highly fragmented and mostly loose supply chains.
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BOX 3.2

Case Study: Heineken Breweries Share Company (HBSC), Ethiopia—Local
Malt Barley Sourcing through Farmer Organizations and Model Farmers

Heineken International (Heineken N.V.) is a Dutch brewing company founded in 1864 that owns
over 160 breweries in more than 70 countries. In Ethiopia, Heineken started operations in 2011 by
procuring two breweries from the Ethiopian government and inaugurated its third brewery, now
Ethiopia’s biggest, in 2015.

Heineken launched the first local malt barley supply chain development project in Ethiopia in part-
nership with the Dutch government from 2013 to 2017. The project successfully introduced new
high-yielding seed varieties in collaboration with government research institutes. This was followed
by a second phase (2018-19), jointly implemented by the International Finance Corporation (IFC) and
Heineken, with more emphasis on aggregation and business skills development for aggregators.

Despite Ethiopia’s great potential for malt barley production and the government’s eagerness to
boost production, malt barley yield was too low—2.4 metric tons per hectare (t/ha)—to meet
national demand prior to this project. Aggregation of available produce was not effective enough to
serve the needs of large buyers, and domestic prices for malt barley were not competitive with
imports. Consequently, all breweries were importing most of the malt they needed. In this context,
the project was designed to increase Heineken's local sourcing of malt barley by increasing the
productivity of farmers, enhancing the business skills of aggregators, and facilitating input and out-
put financing.

Heineken and IFC partnered with the European Cooperative for Rural Development (EUCORD),
a local consulting firm (PRECISE), Cordaid, and three local microfinance institutions (MFls) to imple-
ment phase two of the project. Farmers were provided with agronomy training and access to
improved inputs, while aggregators (cooperatives, unions, and model farmers) received the pack-
age of SCOPEinsight assessments and IFC's Agribusiness Leadership Program (ALP) training. The
project worked with model farmers as aggregators for the first time in Ethiopia and pioneered the
implementation of ALP in the country. Both the agronomy and business skills interventions lever-
aged and worked in line with the country’s public extension system.

A total of 80 aggregators (39 cooperatives, 16 unions, and 25 model farmers) benefited from
business skills capacity building using ALP, and the final SCOPEinsight reassessments demonstrated
that slightly more than three-quarters of the aggregators scored higher than 3.5 (out of 5.0), regis-
tering 11 percent improvements in their scores from baseline. Under these aggregators, 40,152
farmers (including 20,000 from the preceding phase one project) benefited from agronomy train-
ing, improved inputs, and access to market. There were also spillover effects, where an additional
50,000 farmers adopted the improved farming practices and inputs. Also, US$1.8 million was mobi-
lized through local MFlIs and facilitated for 29,235 farmers in short-term financing for the purchase

box continued
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BOX 3.2

Case Study: Heineken Breweries Share Company (HBSC), Ethiopia—
Local Malt Barley Sourcing through Farmer Organizations and
Model Farmers (Continued)

of inputs (seeds, fertilizers, and agrochemicals). Yield doubled among targeted smallholders from
24 t/ha to 4.5 t/ha and led to an estimated USS$S59 million incremental increase in farmers’ sales
revenues (with sales to Heineken and other off-takers). With strengthened aggregators, Heineken
significantly increased its local sourcing from 5,000 t in 2017-18 (baseline), to 19,000 t in 2018-19,
and 15,000 t in 2019-20. More importantly, the project played a key role in proving the case for
commercial malt barley production in Ethiopia, which led to the investments by international malt-
ing companies Soufflet and Boortmalt.

Building on the success of the phase two project, the same approach is currently being repli-
cated at scale with Soufflet Malt Ethiopia. Soufflet plans to source 100 percent of its malt barley
locally, with 80 percent of the sourcing from smallholder farmers. During its implementation period
of 2020-23, 100 aggregators (cooperatives, unions, and model farmers) are receiving business
skills capacity-building support, and 50,853 (3,404 female) farmers are receiving agronomy training
and access to improved inputs. So far, through the aggregators, farmers generated US$17.6 million
from sales revenue, and 31,500 t of malt barley has been supplied to Soufflet.

Cash crop value chains, such as those for cotton, coffee, cocoa, and fresh
bunches of palm oil, are more formal, with shorter and tighter chains

and few key actors.

High-value food crop value chains, such as for fruit and vegetables, typi-
cally operate in well-coordinated markets with a clear value chain driver

such as an exporter, supermarket, or large processor.

Animal husbandry and related produce value chains, such as those for ani-
mal meat and dairy products, typically require highly regulated food-
safe and biosecure supply chains in well-coordinated markets, similar to

those for the high-value food crops.

Tight versus loose value chains: In all categories, the supply chains need
to be tight or tightened as a prerequisite for quality-controlled produc-
tion and traceable sourcing, which can be achieved through contract
farming. Tight chains are imperative to gain access to finance and to
ensure traceability, food safety, and, where necessary, biosecurity

(Mattern and Ramirez 2017).
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Sourcing and Aggregation Models

Ways to Source from Smallholder Aggregates

Distinguishing up to six separate alternative sourcing models for
the relationship between the farmer or farmer organization and agri-
businesses is useful, but keep in mind that in practice these distinctions
often blur. An off-taker may merge different sourcing modes or pursue
them in parallel.

In the open market model, an itinerant trader purchases directly from
the farmgate, possibly brings the crop to a collection point, and sells to
another middleman or intermediary. The product might pass through
several traders before reaching the company. In intermediary models, the
agribusinesses either source from independent third-party aggregators
or they work more closely through arrangements or contracts with spe-
cific intermediaries or aggregators such as collectors, preprocessors, or
trained agents who link and coordinate transactions with smallholders
or their farmer organizations. Direct sourcing from smallholders or their
farmer organizations includes deep procurement (purchase agreement just
before season) or—and even better—via actual contract farming of speci-
fied crops under mutually agreed conditions. In the nucleus-estate model,
agribusinesses maintain a central plantation and supplement production
through informal or contracted agreements with nearby smallholders.?
However, the term nucleus estate may also be used for a lead-farmer-
owned, well-developed farm operation, which, acting as a champion,
supports and collaborates with other smallholders as a farmer group.
These models of sourcing are depicted in figure 3.3.

Direct Sourcing versus Sourcing through Intermediaries

Direct sourcing clearly implies that the off-taker operates under direct
agreement or contract with the supplier, directly provides upstream
services of support, demands produce as per specifications, and has
oversight. The farmer produces and supplies, and the off-taker pays
directly. By contrast, in an indirect sourcing model through intermedi-
aries, the agribusiness is not necessarily free from the same obligations
and controls, but these are simply less direct. In other words, the off-
taker or agribusiness may delegate but must not give up its decisive
influence and control and consequently lose the benefits of the
upstream integration. The agribusiness should work with the interme-
diary, ensure that support to the farmer organizations is being
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FIGURE 3.3 Models of Sourcing at Decreasing Levels of Intermediation
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Source: Adapted from Gradl et al. 2012, figure 14.

Note: Neither the open market nor the fully incorporated model meets inclusive business criteria.
Aggregation of smallholders’ produce suits both large-scale sourcing of crops and selling of
farming inputs. Companies sourcing from smallholders, particularly in the context of upstream
integration through contract farming, will have to provide inputs and support services. Companies
selling inputs may also add contract farming to their business model to promote and influence
the proper use of their products—a valued strategy in combination with promoting sustainable
agriculture.

provided, build capacities, and maintain control. To make that import-
ant oversight and contribution point stronger, let’s ask the question:
“Is indirect sourcing without provision of support really an option?”
The answer must be “no’—not for integration in a tight supply chain
and a sustainable and inclusive business model. Excluding itinerant
traders or mere brokers, a chosen intermediary must link and provide
services to off-takers and suppliers. That intermediary procures
directly, possibly through contract farming.

The burden of providing support and exerting due diligence and con-
trol may be shared only among actors. Passing on responsibilities does
not eliminate associated efforts and costs without jeopardizing the busi-
ness model and the outcome. Fundamental and advanced criteria for
successful contract farming apply to all forms of responsible sourcing,
whether direct or indirect.

Since final responsibility for product quality and safety rests with
the brand owner or seller, the off-taker or agribusiness must exer-
cise due diligence to ensure the supplying smallholder or farmer
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organization receives the upstream support to deliver products as
expected and agreed upon.

In conclusion, anyone, direct buyer or intermediary, will have to
source through contract farming to achieve true upstream integration as
part of an inclusive business model.

Aggregation Models

Smallholder aggregation models can be categorized by their drivers, struc-
tures, motivations, sizes, and degree of organization and professionalism.

Drivers and Motivation

Aggregation into informal groups or more elaborate farmer organiza-
tions may be initiated by a lead farmer or by an off-taker, intermediary,
or independent trader (table 3.1). Group formation or aggregation may
also be driven by a government or an NGO to improve the agriculture
sector’s performance. These aggregation models are designed to work
with multiple smallholders at the same time, thereby decreasing trans-
action costs.

Lead farmers are advanced and innovative farmers in a certain local-
ity, acting as aggregation points for neighbor smallholders. They may
conduct training and facilitate access to markets. As successful farm-
ers, they enjoy trust and respect from their peers. Hence, information
provided by or through them is more readily adopted than from other
sources.

Nucleus farms are well-developed commercial farms with processing
capacities and strong market links. Under contract farming models, they
are used, developed, or even created by agribusinesses to organize col-
laboration with smallholders, support them in many ways, and serve as a
collection point for products.

Farmer organizations and formal farmer organizations (FFOs) are small-
holder member-based groups that pool resources for common goals.
Their forms include informal and formal groups, cooperatives, trade asso-
ciations, and farmer-owned sourcing and trading companies. Farmer
organizations are commercial, provide business services to their mem-
bers, and represent them collectively. Even if initiated or facilitated by
external actors, they are owned and controlled by the smallholders them-
selves. They pursue common procurement and sales interests. They may
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TABLE 3.1 Aggregation Models, Structure, and Motivations

Model Structure Driver/motivation

Informal farmer Typically built around Producer driven: members keep independence
group (IFG, a lead farmers with while pursuing common interests to increase
first aggregate basic capacities: share bargaining power, access inputs and technical
and entry point information, jointly assistance, secure market access, and improve
to establish participate in training, access to scarce resources such as water

or develop shared collection point

sustainable supply)
Nucleus farm

Formal farmer
organization
(collective output
still too small but
valuable self-
managed entity
as part of a larger
aggregate)

Corporate
farmer enterprise
(sometimes
referred to as

a second-tier
organization)

Advanced “champion”
farm, setting example,
attracting collaboration

Formally registered as a
cooperative; manages
and acts as small
enterprise; manages
group support and input
needs as well as shared
resources

Registered company,
built on an aggregate
of smaller farmer
organizations, often via
shareholding: acts as an
aggregator by itself and
manages input supplies
and services as or better
than FFO; does trading
Referred to by various
names including
depots, fora, and apex
cooperatives

Producer- or lead-farmer-driven: can collaborate
with or aggregate smallholders to leverage own
connections with buyers or markets.

Buyer driven?® to secure or enlarge supply base:
includes traders, processors, wholesalers, retailers,
exporters; also involves input suppliers (seeds,
chemicals, and services) who also can take the
role of aggregators and serve above buyers;
involves specialized intermediaries (agripreneurs)
supported to improve management of finances and
quality/quantities of outputs

Driven by (or better, only initiated) NGO/
government intermediaries to build capacity and
become sustainable

Driven by market opportunities and motivated by
economies of scale, maximizing bargaining power:
run as a commercial company with profit goals and
dividends paid to shareholders

May be an accredited supplier to government and
institutional buyers, hence qualified to bid in tenders
An advantage for the buyer is the least involvement
in aggregation and related efforts, as well as shared
legal due-diligence responsibility

Increased time and resources needed to build
strong apex cooperatives, as size can reduce trust
between members

Source: Original table for this book provided by IFC.

Note: FFO = formal farmer organization; NGOs = nongovernmental organizations.

a. For strategic reasons, to achieve early success, the first target of aggregation should be FFOs with similar, but not too diverse,
capacities and development needs and prospects.

purchase equipment to be used jointly and produce, store, and process
collectively. They aim to secure access to finance for their members.

Off-takers should support the development and professionalization
of farmer organizations. Economical ways of doing so are discussed in
detail later in this chapter, supported with case studies.
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How to Implement

Aggregation, trust, gap analysis, the contract, farmer organization sup-
port, resources, solutions, and partners are the key elements in imple-
menting smallholder sourcing. The overall process of implementation
entails the following tasks: identify and select the smallholders and their
farmer organizations, draw up contracts that are perceived as win-win,
follow through and deliver on the mutually agreed-upon elements of the
contract, and develop the business.

Aggregation

For strategic reasons and to achieve early success, the first target of
aggregation should be the type of FFO to engage with: one whose mem-
bers have similar, not too diverse, capacities and development needs and
prospects. With this in mind, economies of scale can be achieved for the
kind of supports that contribute to the commercial viability of the busi-
ness case and growing profitability. These will range from inputs, exten-
sion services, and specific training to the prospects of value addition and
scaling up (quality and quantity). In the process of aggregation, this
approach may also create FFO champions that can serve as models to
motivate IFGs and individual smallholders to join the development,
expanding the supplier base for the agribusiness over time. This widens
the spectrum of inclusiveness and development impact.

A Five-Step Guide to Aggregate Smallholders

Step 1: Determine the basic goals of the agribusiness. These could include type
of crops, varietals to source and specifications, the volumes required per
season or per year, and how much control to exercise and support to
provide. The latter determines depth of procurement, integration, and
control needed to achieve the agribusiness's goals.

Step 2: Conduct desk and field research, networking, and partnering in the
supply chain. Desk and field research should be done simultaneously to
study contextual parameters, analyze the value chain (including current
production data, source channels, business support infrastructure), and
determine environmental factors. From experience, this process will
entail a back and forth between desk and field research to evaluate infor-
mation and findings.

There are farms and farmer organizations that are ready, or have the
will and capacity to get ready, to become part of an aggregate of suppliers.
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It is advisable to start with FFOs with similar capacities and support their
needs, which will increase the effectiveness of training and support, econ-
omies of scale, and the business’s commercial viability.

Choosing farms or farmer organizations would be done either
directly by one’s own team or in collaboration with partners (profes-
sionals, firms, and institutions) that are working with farmers culti-
vating the crops required in the target area. In either case, prepare a
checklist with the selection criteria for suitable farms or farmer orga-
nizations. These suitability criteria will include, among other specific
or individual requirements, the expected varietals, quality, and quan-
tity of the crop; farm sizes; locations and logistics; performance indi-
cators; compliance with sustainable agriculture standards; and,
importantly, a gap analysis to estimate the required level of effort for
building and enhancing the capacity of the prospective supplier.
SCOPEinsight provides the tools for that.?

Conduct a first round of visits to the field of smallholders, FFOs, other
professionals, traders, and other intermediaries in the supply chain.
These visits are invaluable to add information and validate what was
obtained from secondary sources. Then start sketching the upstream
part of the supply chain.

See the list of recommended sources of information and prospective
collaboration partners, including prospective partners to manage the
aggregation process and to later collaborate with in the provision of
upstream support. Prospective strategic partners have shared business
interests in the same supply chains and are eager to collaborate for
mutual benefits, likely without added costs to the agribusiness. This is
further elaborated in box 3.3.

Step 3: Meet targeted smallholders or farmer organizations for assessment and to
establish a baseline. Analyze the capacity gaps (access to resources, infor-
mation, know-how, and managerial capability) of the prospective farmer
organization. Comprehensive assessment tools are provided by several
institutions and initiatives such as SCOPEinsight and IFC’s Agribusiness
Leadership Program (ALP).* Pay particular attention to gaps and exclu-
sion criteria in regard to sustainable farming (due diligence). Although
that process is very formal, the aggregator should create an atmosphere
of open conversation with the farmer organization, discuss its needs and
wants, and negotiate on what can be agreed on.

Step 4: Determine strategic alliance partners for organizing and managing the
aggregation of and the sourcing from smallholders. Many of them may
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BOX 3.3

Preferred Strategic Partners in Aggregation

» Industry and traders’ associations working in the same range of crops and agricultural products

« Crop, traders, or industry associations, chambers of commerce

o Rural departments of agriculture (may have supportive strategies in place, have information
on development activities in the area, and have leads to identify prospective partners locally)

e Departments of investment (if any)

« Suppliers of certified seeds and of other quality, probably certified, inputs (They obviously serve
the same, that is, the right segment of farmers or farmer organizations, already advanced or
willing to invest in performance.)

« Extension service providers and their employers or organization

o Agricultural universities and/or vocational training institutions

¢ Nongovernmental organizations working in the target area in value chain development

o Certification bodies with current and prospective client information, certainly eager to
cooperate

¢ Platforms such as the Sustainable Agriculture Initiative (SAl) and the Sustainable Rice Platform
(SRP) (to provide sustainability assessment tools, standards and performance indicators, and
access to networks)

¢ Financial institutions, especially those offering microfinance support

¢ Agtech or information and communication technology for agriculture (ICT4Ag) solutions providers

e Farm equipment sellers and leasing firms

¢ Logistic firms or harvest service providers

o Agripreneurs and current intermediaries in the supply chain (The agripreneur has dual potential
value, first at this phase of aggregating, and then, as a low- or no-cost trainer or extension of
the aggregator; currently competing traders or brokers should also be explored for suitability
and readiness to become a contract aggregation partner.)

o Lead farmers and nucleus-estate operators as focal candidates for aggregation themselves and
also as excellent sources of information on aggregation options in the locality (and adjacent
areas) and on development needs and opportunities

deliver later, jointly, the agreed-upon support to smallholders for
contract farming (upstream integration). The selection process is
best done through discussing and using a memorandum of
understanding. Once all parties are comfortable with that, make firm
and formal contracts with the selected collaboration partners and
with intermediaries.
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Step 5: Meet the selected smallholders or farmer organizations to finalize
the formulation of agreements—the contract. When meeting with the final-
ists, appear to be the decision-maker and be prepared to explain and
commit on the spot to the support you can provide.

Conclude a fair and transparent contract, ensure that it is truly
understood and agreed upon, and have it witnessed and signed by a
respected and mutually trusted person of influence (see upcoming
section “The Contract”).

This process should be followed up with preparing and agreeing on a
schedule for the provision of goods, services, and information with the
FFO. Ensure that this will result in two-way communication: namely,
exchanges of information such as progress reports, monitoring data
gathering and recording, and ad hoc observations.

Trust and Communication

For good reason, trust and personal relationships must be emphasized
repeatedly, especially regarding agribusinesses headquartered and with
operating experience mainly in countries with a “contract culture,” a reli-
ance on formal documents, written contracts, and their legal enforce-
ment. In most agribased emerging markets, the culture is very different,
and contract enforcement by legal means is perceived differently—as a
communication defeat and reputational loss. Even the upfront request
to sign a very legalistic contract can be regarded as an expression of mis-
trust on which business can hardly be based successfully.

Trust is a _function of many elements, but good communication—frequent,
formal and informal, and of varying types—is a key ingredient.

In that sense, the bedrock of successful aggregation and contract
farming is trust, and contract farming is the backbone of upstream inte-
gration. Drafting the actual contract requires knowing each party’s
understandable interests, a common perception of mutual benefits,
transparency, clear agreements on “what if” situations, namely, foresee-
able variations with reward and discount schemes, and a signed and
witnessed contract, followed by frequent communication throughout.

The farmer wants to trust the off-taker and expects procurement and pay-
ment as agreed, timely support and to the full extent agreed, fairness, and
empathy for the farmer, who is perceived to be in a weaker position.®

The off-taker wants to trust the farmer and expects supply of the crop
varietal as per specifications in quality and volume as agreed, and excel-
lent communication throughout, with updates and early heads-ups
informing of or anticipating any changes that may occur.
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All the emphasis on trust is not an invitation to trust blindly. Good
communication is key, and the saying “trust is good, but control is better”
may sound harsh but holds true in business. To achieve that, and in the
absence of already long-standing relationships, a solution is to team up
with others and form strategic alliances. Instead of deploying an army of
one’s own field staff (intermediaries in the best sense), the off-taker can
build on shared interests and seek collaboration with their preferred
suppliers of products (seeds, chemicals, and other farming inputs) and
services (training or extension, finance, and logistics). Often this requires
training of suppliers’ personnel and improving or even organizing their
reporting and communication systems, but it will be worth the effort.

Gap Analysis

Prior to concluding an agreement and before formulating a contract, the
off-taker should conduct a thorough gap analysis of the supplying farmer
organization. This forms the basis for decision-making, discussions, and
planning of support and capacity building, and potential investments to
be made. Comprehensive gap analysis tools are, for instance, provided
by SCOPEinsight, and specific tools for self- and third-party assessment
are available for sustainable agriculture (Farm Sustainability Assessment)®
by the Sustainable Agriculture Initiative and sustainable rice cultivation
by the Sustainable Rice Platform (SRP),” respectively.

In the chapter’s earlier section “Opportunities and Challenges,” several
risks or typical challenges, as they are often encountered in contract
farming, have been highlighted. It is useful to revisit them before draw-
ing up the contract and to anticipate how to mitigate risks and deal with
sensitive issues. Table 3.2 explores high-level considerations of chal-
lenges and potential solutions, while the details of these are presented in
the sections “Implementing the Contract” and “Contract Farming
Resources, Solutions, and Partners.”

The Contract

To recap: A contract is a comprehensive, detailed, fair, negotiated agree-
ment on mutually agreed obligations. The contract is very important as a
reference tool in communication with the smallholder farmer organiza-
tion, but reliance on that formal document without a solid relationship
foundation, true understanding, mutual agreement, and trust would be a
recipe for failure. Based on experience, the following are the key consid-
erations and specific elements upon which the contract should be built.
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TABLE 3.2 Overview of Challenges and Potential Solutions

Challenges to
secure

Solutions working directly with farmers or with networking partners

Quantity, quality,
consistency,
uniformity

Safety, traceability

Compliance with
rising standards

Packaging logistics

Loyalty and
fulfillment of
commitments by
farmers (side selling)

Capacity-building
efforts and costs
Political opposition

to commercialization
of smallholders

Advisory, training, and coaching in sustainable agriculture—Sustainable
Agriculture Initiative (SAI) and the Sustainable Rice Platform (SRP)—from use
of quality inputs, seeding, and farming techniques to quality management,
leveraging extension services

Advisory on food safety, part of sustainable agriculture standards (for example,
GlobalG.A.P); application of agtech (for example, FarmForce, Bluenumber)

Off-taker/aggregator to anticipate trends and provide or facilitate advisory
and capacity building

Provision of material and/or outsourcing of activity, partnering with relevant
service providers

Agreements on what support to manage and which gaps and needs of
the smallholder farmer organization to address—clearly and specifically
addressed in the contract; promote such with the members to gain trust,
buy-in, loyalty

Efforts with partners = investment, not a cost, paid for by the gain in yields,
quality, loyalty, and contract fulfillments

Advocacy, promoting the contributions to socioeconomic development
and political stability brought about by the inclusiveness, support to, and
sustainability of the business model introduced by the off-taker

Source: Original table for this book provided by IFC.
Note: agtech = agricultural technology.

Winning principles begin with the contract introducing and maintain-
ing transparency and ensuring clear understanding. To that end, the off-
taker should stay in close and frequent buyer-seller contact throughout
the duration of the agreement, which will also discourage interference by
freelancing traders. In case of extensive agreements involving standards
and specific practices, companies must build and monitor smallholders’
capacities. In that case, trusted partners and specialized intermediaries
are of great value, not only to accomplish the technical advisory, but also
to keep up close contact and the flow of communication.

Managing expectations is a great way to minimize disappointment.
The off-taker needs to insist on a discussion of reciprocal fairness and
contract flexibility, which will increase cooperative attitudes and com-
pliance. One must also accept reality and should therefore define
reciprocal provisions for “side selling” and “side buying” Agree on
mutually acceptable final price adjustments based on actual yields,
quality, and prevalent market price levels. Clearly define the required
quality standards and consequences of under- or overachievements.
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Offer rewards for the achievement of agreed-upon goals in compliance
with guidelines, but by the same token, include a discount scheme for
product deficiencies.

Partnering and forming strategic alliances begin with forming partner-
ships with farmer groups that facilitate communication, provision of
services, secure sourcing of agreed-upon volumes, and product quality.
The off-taker should explore recruiting some independent intermedi-
aries to become corporate purchasers and field consultants. Relatively
easy and most useful is to partner with selected service providers in the
areas of logistics, for example, harvesting support. Forming strategic
alliances with seed suppliers who have shared interests begins at
the aggregation stage and leverages their long-standing relationships
with their customers and their distributors’ customers. More detailed
suggestions are provided in the section “Contract Farming Resources,
Solutions, and Partners,” followed by examples of resources, networks,
programs, platforms, and initiatives to call upon or partner with.
Finally, bear in mind that intermediaries and partners must be trained
and equipped to ensure farm-level compliance with sustainability and
inclusiveness criteria.

Strengthening supplier-buyer relations, thus triggering loyalty, is the bed-
rock, and it must be focused on exploring and then responding to social
and infrastructural needs of the farmers businesses, especially those that
may not be cash based (which seems to be generally underutilized). This
relates to the farmers or farmer organizations' socioeconomic needs in
the areas of health care, nursing, education (scholarships), advocacy, visi-
bility, social activities, and training. Indirect financing is also attractive and
economical, including, for example, favorable financing at lower-than-
market rates or a nominal cash prize if a child attends university. Most
practical and most in demand is the provision of, or facilitated access to,
certified seeds. Together with the provision of training to obtain better
quality and yields, this is a highly attractive element in contract farming. A
final, proven tool to increase compliance is to have the contract witnessed
by a respected community leader (accepting the patronage culture).

Excelling in communication is a goal to be achieved by securing the flow
and exchange of information along the supply chain with a focus on criti-
cal elements (including updates and alerts) and crucial actors. The off-
taker should explore collaborative use of databases and the knowledge of
key input suppliers and service providers. Ensure close communication by
all available means, such as personal direct contacts, phone calls, digital or
social media chats, networking partners and alliances, and service provid-
ers. If possible, convert some intermediaries into purchasing agents or
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agripreneurs, by collaborating rather than competing. Beyond the need to
assure the success of contract farming, continual and frequent contact
with the suppliers is meant to prevent the interference of middlemen.

Some examples of valued social contribution include the off-taker
committing to providing social benefits or contributions to farmer
organization-managed benefits, for example, health (visiting nurse),
student transportation (leased minivan), and childcare. The off-taker
may initiate a foundation for community causes and contribute a
nominal amount per metric ton of crop. Similarly, a scholarship can
be created and funded; the community can then be empowered to
select candidates annually.

Implementing the Contract

The agribusiness should take a holistic approach to both needs and
opportunities to add value. The most cost-effective way to strengthen
smallholder farmer organizations, to scale up outputs and impact, and to
achieve optimal use of resources is through collaboration. There are
three key levels for this:

First, cooperating with smallholders is the foundation of any inclusive
agribusiness. Smallholders need to be aggregated to make business rela-
tionships with hundreds or thousands of small and often remote farm-
ers. The off-taker’s management must ensure that the procurement staff
is fully informed of their roles and trained to execute the agreements
(contracts) the company has entered into with the smallholder farmer
organizations and any intermediaries.

Second, leveraging synergies and complementarities can be achieved
through partner organizations or entities to complement the company’s
own strengths in order to pursue shared interests with smallholders.
The relationship with other organizations can range from being purely
transactional to very close partnerships: for example, in the form of
joint ventures.

Third, improving the broader business environment through collective
action with nonprofit organizations and policy dialogue with govern-
ments can be effective. For that, special platforms exist in the domain of
agribusinesses to facilitate collective action and policy dialogue for a
better enabling environment.

In a tight, well-interlinked value chain, holistic development will ensure
that the strengthening of one element has synergistic push-pull effects on
the others: downstream from better inputs and production to better mar-
kets and from better markets to upstream improvements along the chain.



AGGREGATION AND WORKING COST-EFFECTIVELY AT SCALE

Table 3.3 provides an overview of the development needs of farmer
organizations, whereby the common most dominant needs such as
access to finance and to markets straddle across the whole supply chain.
Segmenting the chain into three components makes it easier to identify
specific needs and plan for targeted interventions. Conversely, the seg-
mentation can be used as a tool to make interrelationships more visible
and create scenarios of interventions in one segment that have impact
on the other two. By taking this kind of holistic view in planning, the
cost/benefits of interventions can be optimized.

Contract Farming Resources, Solutions, and Partners

For the three components of the supply chain—production, processing,
and marketing—there are resources that can be used to respond to devel-
opment needs and to add value. Finding these resources and proposed
solutions will always be a work in progress due to the continual develop-
ments of the technologies supporting production; processing; communi-
cation with markets; and digital interactions with the environment,
among actors, and with communities in the business world.

Many of the resources presented in this section come with web-based
references that will have their own dynamic updates. Readers are
encouraged to use the URLs provided in the chapter reference list and
the endnotes or the keywords for their own internet searches.
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TABLE 3.3 Smallholder Farmer Organization Support at All Levels That Meets Needs and Strengthens and

Develops Sustainable Business

Support to production

Support to processing

Support to marketing

Provision of information/
advisory support

Digital farming support: Global
Environmental Monitoring
System (GEMS)

Information exchange: chatbot
platforms

Provision of information/
advisory support

Post-harvest advisory support,

equipment, and logistic
services: for example, Tun
Yat,® Twiga smart crates
(Silafrica 2020)

Digital applications—
traceability: for example,
Bluenumber., FarmForce©

Provision of information/
advisory support on regulatory
requirements, market demand,
consumption trends, consumer
preferences

Collecting and grouping of
products by categories

Market prospecting services:
finding new markets for crops
and diversified products

table continued
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TABLE 3.3 Smallholder Farmer Organization Support at All Levels That Meets Needs and Strengthens and
Develops Sustainable Business (Continued)

Support to production

Support to processing

Support to marketing

Access to quality inputs

Access to productive equipment

Agricultural extension services
to agripreneur

Sustainable agriculture—
Sustainable Agriculture Initiative
(SAl) and the Sustainable Rice
Platform (SRP)

Resilient, regenerative climate-
smart agriculture (CSA)

On-farm carbon sequestration

Advisory on precision
agriculture—agtech

Provision of information and
advisory support on add-on
business from crop rotation, off-
season alternate crops, waste
management to biomass uses

Applications/techniques
to reduce spoilage/extend
product shelf-life: for
example, Apeel?

Advisory support on value
addition and preprocessing
opportunities

Processing of by-products for
additional value creation

Access to processing
equipment

Access to packaging facilities

Advisory support/training on
food safety

Labeling and certifications

Advisory support on grading,
quality control, logistics

Facilitation of participation
in trade fairs, online trading
e-commerce: for example,
Pinduoduo®

Connecting to trade associations

Support to understanding buyers
and export potentials

Farm Sustainability Assessment
(FSA) tool (SAI)f

SRP-verified label

SRP Brand Manual?

Narratives for marketing
and promotion: www
.sustainablemarkets.org

Narratives for marketing and
participation in carbon markets."

n.a.

n.a.

Source: Original table for this book provided by IFC.

Note: n.a. = not applicable.

a. Tunyat website, https://www.tunyat.com/.

b. Bluenumber website, https://www.linkedin.com/company/bluenumber/.

c. FarmForce website, https://farmforce.com/.

d. Apeel website, https://www.apeel.com/.

e. Pinduoduo website, https://en.pinduoduo.com/.

f. SAl Platform website, https://www.saiplatform.org.

g. SRP website, https://www.sustainablerice.org.

h. https://ag.purdue.edu/commercialag/home/resource/2021/06/opportunities-and-challenges-associated-with-carbon-farming
-for-u-s-row-crop-producers/.

i. https://www.ucsusa.org/resources/agricultural-soil-carbon-and-carbon-markets.

There are many services, networks, initiatives, and prospective
partners to support production and to professionalize farmer organi-
zations. These can help smallholders improve productivity through
rehabilitation of farms and material, better access to inputs, improved
mechanization, and environmentally sustainable farming techniques,
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passed on through advisory services, and ideally all introduced,
provided, and/or facilitated by the off-taker. The following provides
an entry point for the off-taker to navigate through the seemingly
endless options.

Professionalizing the Farmer Organization

The International Organization for Standardization/IWA 29:2019 Professional
Farmer Organization—Guidelines (ISO 2019) is a standard that establishes
common guidelines for professional farmer organizations to improve
their business performance.

The Agribusiness Market Ecosystem Alliance (AMEA)® is a global
network in the agricultural sector for accelerating the professionaliza-
tion of farmer organizations, currently reaching millions of smallholder
farmers in more than 80 countries.

The IFC Agribusiness Leadership Program (ALP)’ prepares farmer
organizations to become more professional and more productive so that
they then can attract finance and customers, sell more, and do more for
their members and for farming communities. The ALP integrates
SCOPEinsight assessments™ for capacity and creditworthiness. Training
and coaching are designed to measurably improve the management
skills and professionalism of farmer organizations.

A novel digital solution is also offered by ALP Metrics. It is a mobile-
phone-based assessment survey for producer organizations, model
farmers, and last-mile retailers. ALP Blended Learning integrates
e-learning and live virtual training with traditional face-to-face
approaches. Both innovations present the opportunity to implement
projects more effectively with greater development impact at lower cost.

Low- Or No-Cost Extension Services Solutions

The Last Mile Retailer" provides retailers an often overlooked link
between agribusinesses and smallholders. Frequently, agri-input retail-
ers are farmers’ first stop for advice and knowledge. IFC and partners,
including SCOPEinsight, Cultivating New Frontiers in Agriculture,®?
Bayer,” and Syngenta,"* created Last Mile Retailer. It aims to improve
the professionalism, knowledge base, and business performance of agri-
input retailers.

The Agricultural Entrepreneur—Agripreneur, a concept from the
Syngenta Foundation,” is an entrepreneur-centric approach to address
bottom-line problems of the marginal agrarian community. Every
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agripreneur works with 150-200 farmers in a cluster of two to three vil-
lages and acts as a one-stop resource provider for the agricultural needs
of smallholders. Kuza One' is an agtech digital platform that leverages
last-mile rural agents to improve farmers' productivity, resilience, and
income. They provide advisory or extension services to the smallholders
and facilitate transactions for procuring, servicing, quality inputs, mech-
anization, credit, market, and allied services. Kuza establishes and trains
agripreneurs who generate their own income via commissions from the
transactions the farmers make in the marketplace. Agripreneurs can be a
low-cost extension arm, consulting smallholders for an off-taker instead
of the firm employing its own large extension field force. The practical
experience with the agripreneur model is presented in box 3.4, a case

study of Bayer in India.

BOX 3.4

Case Study: Bayer Better Life Farming Alliance, India, Agri-Entrepreneurs—
“Agripreneurs”—Approach for Aggregation and Holistic Development of
Supply Chains

A global partnership among Bayer Crop Science, Netafim, Swiss Re, and the International Finance
Corporation (IFC) was launched in 2018, aiming to enable 3 million smallholders to unlock their
farming potential and improve their livelihoods.

The initiative works to achieve its objective by promoting the adoption of modern and
climate-smart farming practices and technologies, facilitating access to quality farm inputs, and
offering access to markets. Accordingly, Bayer introduced the Better Life Farming Alliance (BLFA)
approach, which entails working with a network of rural agri-entrepreneurs—agripreneurs—to
provide holistic extension and aggregation services. Through BLFA, Bayer works with 5,000
agripreneurs who offer extension and aggregation services together with the mainstream exten-
sion team working in farmer engagement.

The Bayer initiative provides smallholders with a complete package of farm inputs (plant
protection, balanced fertilizers, seeds, micro-irrigation) together with training and farm demon-
strations using the BLFA approach (agripreneurs) to help sustainably increase farm yields and
create markets for the produce. The agripreneurs work as the last-mile channel in underserved
geographies, providing access to both agricultural inputs and markets. The initiative supports
agripreneurs with the tailored business skills training program, Last Mile Retailer, and compre-
hensive capacity building is also provided to professionalize their aggregation role using IFC’s
Agribusiness Leadership Program.

box continued
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BOX 3.4

Case Study: Bayer Better Life Farming Alliance, India, Agri-Entrepreneurs—
“Agripreneurs”—Approach for Aggregation and Holistic Development of
Supply Chains (Continued)

In India, the Bayer initiative aims to reach 25,000 smallholders, of which 50 percent are women.
The program also aims to support 300 agripreneurs, including 150 women. In this initiative, IFC
works with the BLFA partners to build the capacity of the agripreneurs for supporting smallholders
with improved agronomy practices and technologies to increase farm yields. The agripreneurs are
also empowered in their aggregation roles to meaningfully integrate smallholders into the com-
mercial agribusiness supply chains. The alliance of BLFA partners, including input suppliers, capacity
builders, financiers, off-takers, and other service providers ensures the delivery of complex and
all-inclusive support to the agripreneurs and smallholder farmers to achieve holistic development
of the supply chains. In this regard, the initiative substantially increases the inclusion of smallholders
from underserved areas and improves their business acumen and farm productivity. This process, in
turn, enlarges the supplier base for off-takers and grows the market for input and service
providers.

The results from such an initiative are a win for all stakeholders. Bayer's market share increases
in underserved geographies, its brand value is enhanced, and its supplier base is increased. The agri-
preneurs’ income is increased through alternative livelihood options, and their business profession-
alism is improved. Smallholder farmers double their farm yields, increase their income, and boost
sustainability through climate-smart agriculture practices. Given these results, the BLFA approach is
set for replication, for an ultimate global reach of 100 million smallholders.

Bayer is currently scaling the BLFA approach through its growth plans and expansion efforts in
Bangladesh and Indonesia. Similar plans are also underway for Kenya, the Philippines, and Vietnam.
Bayer's commitment to the BLFA, its targets, training, and other capacity-building activities are
further being institutionalized under the Better Life Farming (BLF) Academy (a work in progress).
The BLF Academy seeks to standardize the ALP and Last Mile Retailer programs as it expands
beyond India. The BLFA initiative in India is a pilot and steppingstone to the larger goals of Bayer and
its alliance members by increasing market shares, brand value, and reach in underserved
geographies.

Support Production and Facilitate Market
Access of Off-Season Crops

Off-takers and partners can support value addition at the production
level for their mutual benefit in other ways: for instance, by encouraging
crop rotation and helping the farmer gain market access for the alter-
nate crop (typical example: beans or pulses as an alternate off-season
crop to rice).
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Support Add-on Business

An example of collaborative business creation is the use of post-
harvest waste. The use of crop post-harvest waste as biomass for
energy generation, biological fertilizer, and so forth is quite common
and represents a resource for many business spin-offs. Material such
as rice straw (or just the stubs) presents multiple add-on business
opportunities (see IRRI 2018).

A recent project by a corporate social responsibility-conscious entre-
preneur (Urmatt) collects rice stubble from smallholders, who would
ordinarily burn the stubble. The entrepreneur processes the straw into
paper pulp to produce biodegradable, food-safe packing material that
replaces single-use plastics, thus preventing post-harvest pollution
(greenhouse gas emissions from burning)."”

Access to Financial Resources

Limited access to finance is the smallholder’s most quoted business
impediment, and there is no single solution; a multipronged approach
is needed for short- and long-term solutions to this multitiered
problem. An immediate activity for longer-term and longer-lasting
impact is financial literacy training that includes preparation of busi-
ness plans, as financial institutions expect these plans for loan applica-
tions. This training is part of the packages that aim to professionalize
smallholder farmer organizations (for example, the ALP). Shorter-term
interventions depend on options that vary by location, infrastructure,
and regulatory environment.

The off-taker may collaborate with microfinance and microinsur-
ance institutions. For instance, an advance payment mechanism to
support smallholders’ access to inputs was put into place to prefinance
farmer organization members inputs before production and sales
in Burkina Faso and Mali (IFAD 2016). Based on volume estimates of
produce that will be sold through the farmer organization, advance
payments are made in two tranches: one during the first week of
the farming season and the other when the produce is delivered to the
farmer organization. Digital solutions are included in the subsection
“Digital Solutions.”

The warehouse receipt system is a good solution where the infrastruc-
ture exists. Farmers or farmer organizations store their produce in a
warehouse in exchange for a voucher. The voucher can then be used as
collateral to obtain funding from a rural finance institution. The system
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depends on the availability of adequate storage facilities and funding
agencies willing to engage.

Information Services

Lack of information is mentioned as the second biggest smallholder
farmer organization deficit (after access to finance). In fact, the amount
of information accessible today is overwhelming, but it must be searched
for in a targeted manner and then processed. The off-takers are in a great
position to prove their support value, provide information, and benefit
from it as well. The sources of information are too numerous to list but
include the networks, platforms, and initiatives already highlighted in
the first three subsections under “Contract Farming Resources, Solutions,
and Partners.” The channels to provide information services are direct
ones, through intermediaries and one’s network of partners. To counter
occasionally voiced concerns, transparent sharing of market and mar-
keting information does not diminish the off-takers power of knowledge
if applied in proactive fashion but rather helps achieve the buy-in, will-
ingness to upgrade, compliance, and loyalty from the smallholder farmer
organization; again, this provides mutual benefits.

Digital Solutions

Digital solutions serve at all levels, along and across supply chains. They
either strengthen or make support and monitoring activities possible at
all through farm and data management, production and processing
monitoring, traceability, agent development, farmer information and
extension services, training and coaching, supply chain benchmarking,
and precision agriculture to help smallholders improve performance
and make the inclusive business model successful.
Digital solutions are covered in more detail in chapter 4.

Notes

1. See Agribusiness Market Ecosystem Alliance (AMEA) and Agribusiness
Leadership Program (ALP) Tools at the ALP website, http://www.ameaglobal
.org/.

2. A central plantation is a company-owned nucleus-estate model that would
have to be assessed as to whether it delivers on the comparative advantages
of smallholders (risk mitigation, diversity, and inclusion) to fit into one of the
supplier categories.
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10.

11.

. See the SCOPEinsight web page, “Assessments,” for the tools and approach useful

for this endeavor, https://scopeinsight.com/how-we-do-it/assessments/.

. See the SCOPEinsight website, https://scopeinsight.com, and IFC: International

Finance Corporation/World Bank, Agribusiness Leadership Program web page,
https://www.ifc.org/wps/wem/connect/Industry EXT Content/IFC_External
_Corporate_Site/Agribusiness/Advisory/Agribusiness+Leadership+Program/.

. The farmer’s expectation toward the off-taker’s willingness to compromise can be

challenging.

. See the full range of Farm Sustainability Assessment (FSA) resources at SAI

(Sustainable Agriculture Initiative) “Platform Resource Centre,” https://saiplatform
.org/resource-centre/fsa/.

See the SRP (Sustainable Rice Platform) web page, “Resources,” http://www
.sustainablerice.org/Resources/.

. See the AMEA (Agribusiness Market Ecosystem Alliance) website, https://amea

-global.com/.

. See the IFC Agribusiness Leadership Program website, https://www.ifc.org/wps

/wem/connect/industry_ext_content/ifc_external corporate_site/agribusiness
/advisory/agribusiness+leadership+program.

See the SCOPEinsight web page, “Assessments,” https://scopeinsight.com/how-we
-do-it/assessments/.

See the IFC Last Mile Retailer: Improving Outcomes in Agribusiness website,
https://www.ifc.org/wps/wem/connect/Industry_EXT_Content/IFC_External
_Corporate_Site/Agribusiness/Advisory/Last+Mile+Retailer/.

12. See CNFA, “Cultivating New Frontiers in Agriculture,” website, https://www.cnfa
.org/.

13. See Bayer, “Our Targets to Be Met by 2030,” website, updated February 24, 2022,
https://www.bayer.com/en/agriculture.aspx.

14. See Syngenta Group, “Innovating Sustainable Agriculture Solutions,” website,
https://www.syngenta.com/innovation-agriculture.

15. See Syngenta Foundation for Sustainable Agriculture, “India,” web page, https://
www.syngentafoundation.org/agriservices/wherewework/india.

16. Kuza Biashara Limited, “Revolutionizing Rural Businesses,” website, http://www
.kuza.one/.

17. Personal communication with Urmatt project staff. More information about
Urmatt may be found on its website, https://www.urmatt.com/.
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CHAPTER 4
AGRICULTURAL TECHNOLOGY

Ashley Elliot

KEY MESSAGES

Thanks to improved infrastructure connectivity and diverse technol-
ogy ecosystems in many emerging markets, the digital technologies
that strengthen smallholder supply chains are expanding every year.

Emerging solutions encompass how farmers receive payment, obtain
finance, protect against risk, access markets, optimize production,
and manage data and supply chains.

These technologies focus not just on boosting incomes and yields but
also on supply-chain traceability and certification—a response to
growing consumer demand.

However, the agriculture technology (agtech) “revolution” remains in
the early test-and-learn phase. The landscape is both fragmented—
due to low interoperability and accessibility—and overcrowded, due
to a lack of consolidation among subscale start-ups.

Agtech winners with products that are multiuse and scalable will
gradually emerge, boosted by the falling costs of mobile data, handset,
and cloud storage, but as with the earlier “fintech revolution,” it is
hard to predict ahead of time which models will succeed. (Fintech is
shorthand for financial technology and for the companies using it.)
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Above all, cost and complexity will determine scale and engagement:
unless agtech tools are compatible with low-resource or low-digital-
literacy contexts and address critical farmer needs at ultralow cost,
adoption will be low. Overengineering is a key risk: agtech solutions
should focus only on the key pain points—keeping user interfaces sim-
ple, minimizing external dependencies, and ensuring financial viabil-
ity at a realistic targeted threshold.

Agribusinesses should review their operating model regularly to iden-
tify whether new digital solutions can add value to their specific busi-
ness needs. For operational managers applying digital solutions to
their smallholder supply base, key areas include agronomic advice,
field data collection, agent field-force management, and software that
enhances traceability, certification, and procurement.

This chapter concludes with a practical checklist to help guide opera-
tional managers through key decisions and issues to monitor across
the life cycle of an agtech investment, from inception through
rollout.

Introduction

Before assessing the agtech opportunities available to smallholder-
focused organizations, a practical definition is required. While some
industry players confine agtech to digital tools, others include
hardware not exclusively linked to digitalization, such as novel farming
systems, innovative foods and cellular agriculture, farm robotics, and
biotechnology. For this handbook, we do not limit our definition of
agtech to digital activities. Rather, our focus is on the full suite of
technologies that have applications in the smallholder agricultural
systems that predominate in emerging market (EM) contexts, as
outlined in figure 4.1.

The “sweet spot” for scalability in an EM context lies primarily in farm-
level digital advisory services, digital financial services (DFS), digital
marketplaces (e-platforms), digitized supply-chain management, and
animal health technologies, as shown in figure 4.1." These subsectors
map onto the most prevalent issues facing smallholder production and
off-taker markets, while also lowering barriers to entry for local tech
entrepreneurs. See box 4.1 for more information.
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BOX 4.1

Variations in Agtech Market Developments across Emerging Markets

o Africa has seen the world's fastest growth of digital advisory services and digital financial
services (DFS) in agriculture, albeit from a low baseline, with growth especially high in East
African markets such as Kenya, Rwanda, Tanzania, and Uganda, which have well-developed
mobile and mobile-money infrastructures.

 In Latin America and the Caribbean, agricultural e-commerce has seen the fastest growth in
recent years, with digital advisory services and DFS lagging behind.

e |In South Asia, an agricultural, value-added, service model-led mobile network operator (MNO)
predominates, often backed by ambitious government programs. This model works alongside
an agricultural e-commerce ecosystem that benefits from well-established local corporations,
the demand from large urban centers, and a substantial banked rural population in Bangladesh,
India, and Pakistan.

» As a global leader in software development, India’s agtech market stands at the vanguard of
innovation across most agtech subsectors, including nascent low-cost solutions based on the
“internet of things” (IoT).

» In Southeast Asian markets such as Indonesia, the Philippines, and Vietnam, agtech solutions
benefit from relatively well-structured value chains, especially in export-focused commodities.
As a result, numerous digital procurement and supply-chain solutions, as well as a limited
number of loT-based “smart farming” solutions, have emerged. However, the lack of mobile-
money solutions in the region has curtailed DFS innovation in agriculture.

e China has emerged as the global leader in rural e-commerce “super-platforms,” thanks to
the country’s robust transportation, energy, and connectivity infrastructure, and supportive
e-commerce policies. In 2019, China built the world’s largest optical fiber and mobile network,
with an optical fiber and 4G coverage rate of more than 98 percent for its administrative villages.
The country has 1 billion internet users and 4.2 million kilometers of rural roads. Today, China
accounts for more than 42 percent of all global e-commerce transactions (US$262 billion
annually, as of 2019).2

a. See Phatty-Jobe 2020. For China-specific data, see FAO and ZJU 2021.

In contrast, more capital-intensive and complex technologies that
revolve around high-intensity farming are more applicable to developed
markets, where the price point for end products would be high enough
to offset the sizable up-front investment and per-unit costs. (These tech-
nologies include vertical and indoor farming, automated production sys-
tems, and substitute food innovations such as alternative proteins.) The
same issue applies to internet of things (IoT)-based solutions that rely on
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expensive sensor equipment and to blockchain applications for
agriculture’—although a gradually increasing number of exceptions
exist in the more mature EMs for agribusiness.’

Use Cases

From a smallholder perspective, the beneficial impacts of agtech solu-
tions include the following (see also figure 4.2):

Enhanced productivity and reduced crop losses achieved through
real-time agronomic or market data, associated analytics, and digi-
tized advice

Greater access to appropriate financial products via the digitalization
of investment readiness, credit screening, and loan decision-making
processes (for example, by building a digital record from farmer
mobile payment and farm location data)

Reduced bottlenecks around collateralization thanks to digital and
satellite-based farm mapping that enhances security of land title

Strengthened links to high-quality input markets (seeds, fertilizers,
and pesticides) and structured off-taker markets, thanks to
participation on e-platforms

Better nutritional outcomes, because the crops produced and
consumed benefit from agtech solutions that deliver more nutritious
food, including through more precise crop nutrition and protection
(Valverde 2020; Tsan et al. 2019)

Meanwhile, for large-scale input suppliers and off-takers engaging

with smallholder farmers, the benefits of agtech solutions include the
following (see also figure 4.2):

Greater capacity to incorporate smallholders into commercial sup-
ply chains due to reduced field agent costs, increased aggregation
capability, and improved operational efficiencies

Improved market links leading to increased demand for input
products, reduced crop losses, higher production volumes, and

higher overall profitability

Less volatile supply volumes because of real-time tracking and
predictive analytics
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- Augmented visibility across the value chain, enabling off-takers
to understand farmer needs and incentives in detail—and tailor
products and services to them

+ More efficient use of energy and resources, boosting environmental
sustainability

- Improved safety and brand integrity, thanks to improved traceability
and standards compliance, and reduced counterfeiting—which in
turn can unlock higher-value end markets, for example, organically
certified foods (Valverde 2020; Tsan et al. 2019 )

However, it is not enough to simply match farming challenges to tech
solutions. To understand why certain agtech solutions are not viable in
low-resource settings, it is essential to view the cost-benefit calculations
driving technology adoption through the lens of smallholder incentives.

Is new hardware or software “nice to have” for smallholders (for exam-
ple, providing improved training or insights into crop performance) or is
it a “must have,” with an immediate impact on incomes (for example,
providing first-time access to high-value sustainable food markets)? If
climate adaptation is a high priority for development institutions work-
ing with smallholders, does it necessarily follow that farmers wish to pri-
oritize it in the immediate term? These distinctions matter because
agtech solutions will be widely used only if they directly address farmers’
highest priorities. The benefits of agtech for smallholders may also
reduce the household expenses and improve cash-flow, as it would be
faster and less costly to do the activities already listed as benefits.

This point is underscored by the gap between the number of unique
(but unengaged) users on agtech platforms and the number of people
actually making use of the service. Across Africa in 2019, there were
26 million users registered on more than 400 agtech applications, of
which only around 40 percent (11 million) could be classified as engaged.
The issue, therefore, is less about reaching users and more around
incentivizing active and sustained engagement.*

Market Infrastructure

Understanding the level of market development is also key to determin-
ing the appropriateness of new technologies. For every agtech applica-
tion, there is a minimum necessary level of infrastructure and supportive
regulation for scale to become feasible. Market development can be
unpacked into four building blocks:
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1. Structural fundamentals of the agricultural system, including average
farm size; quality of transport links; formalization of input and off-
taker markets; quality and openness of agricultural policies, pro-
grams, and research and development (R&D) systems; prevalence of
informal agricultural trade; and human capital, including agrono-
mist and extension officer training

2. Maturity of digital connectivity infrastructure, including mobile net-
work reach; voice and data costs; digital payment network penetra-
tion; digital ID frameworks; and the software or hardware that
enables data acquisition, storage, and analytics

3. Readiness of physical marketing and logistics infrastructure, which is
needed to “back up” the digital activities

4. Conduciveness of the regulatory environment—especially modernized
digital, mobile-money, e-commerce, sound data privacy policies,
and a market-oriented investment climate

Two requirements stand out as game changers: first, the scale of the
digital payments ecosystem, without which many agtech solutions
become nonviable,’ and second, the quality of agriculture data systems
(for example, farmer registries that generate a farmer ID and log
information on individual farms, location-specific data on input and
crop prices, national soil maps that identify location-specific nutrient
deficiencies, land title registry data, weather and agronomic data, and
financial data from agricommodity transactions).®

Market Segmentation

While the level of agtech market development varies within every juris-
diction and subregion, the building blocks framework can broadly cate-
gorize EM countries from nascent to advanced (figure 4.3).

Applying this segmentation on a qualitative basis, roughly two-thirds
of all countries in sub-Saharan Africa fall into the nascent category pri-
marily due to critical shortfalls in connectivity infrastructure. Similarly,
fragile states in Asia and other regions are nascent. For now, most agtech
investments in these regions are not likely to be sustainable.

At the other end of the scale, several larger EM economies can be
categorized as advanced, with agtech sectors that have more in common
with world-class agtech hubs such as Israel, the Netherlands, or the
United States than with countries in the nascent or basic categories.
Examples include Argentina, Brazil, Chile, Colombia, and Turkiye.
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Between these nascent and advanced groups are two categories: basic
and intermediate. Taking Africa as our example, the number of regions
in these middle categories runs into double figures and includes Cote
d'Ivoire, the Arab Republic of Egypt, Ghana, Kenya, Morocco, Senegal,
Tanzania, Tunisia, Uganda, and Zambia. It is in these markets, we believe,
that agtech investments can make the most decisive impact in addressing

the global food challenge.

Deep Dives: High-Potential Agtech for Smallholder Value Chains

Digital Advisory and Information Services

Advisory-first solutions led the first wave of innovation in EM-focused
agtech, providing information and decision-making support to farmers
in a wide range of areas, including the following:

+ Input usage

- Farm management (for example, more precise, data-driven crop
management decisions)

- Market pricing and market access channels
- Agronomic techniques

- Pest and disease surveillance

- Weather and climate risk management

- Data analytics (providing country, regional, and crop-specific

insights)
- Extension system tools
- Out-grower management support for off-takers

While relatively few agtech companies achieve commercial viability
solely by providing digital advisory services, such services are commonly
offered at zero or near-zero cost as a way to build deep farmer or cus-
tomer relationships that unlock additional business lines. (See box 4.2
for an overview and box 4.3 for a case study on the agtech company
Cropln.) As such, there is significant overlap between this category and
the other categories described in this chapter.
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BOX 4.2

Smallholder-Focused Digital Advisory Services around the World

The marketplace for advisory-first solutions is constantly evolving as start-ups test and modify new
offerings, pivot into new services or partnerships, or fail. Over time, any survey of existing players
becomes outmoded. Yet it remains useful to spotlight models from different emerging market
regions in order to convey the breadth of value propositions that entrepreneurs are bringing to
market. We highlight five examples:®

1. From its base in Nigeria, KITOVU® is using data to eliminate supply-chain inefficiencies in
African agriculture, enabling farmers to make more money through increased yields and
market access.

2. In India and other markets, the participatory and peer-to-peer advisory services provider
Digital Greencdelivers locally relevant training videos in 50 languages, in addition to collecting
and analyzing data through Connect Online Connect Offline (CoCo), a dashboard that allows
users to visualize insights on any device regardless of connectivity, and providing farmers with
access to information about soil health, input availability, weather forecasts, and pest risks
through its FarmStak product, together with scientifically vetted, localized, timely advisories.

3. Also in South Asia, the artificial intelligence (Al)-based agronomy app BharatAgri¢ provides
weather-based dynamic advisory through its own app to help farmers address climate risks,
along with advice on crop management and technology adoption.

4. In Kenya, Farmingtech® develops mobile technologies that increase productivity and
profitability through data-driven decisions, including (1) DigiCow, an app that keeps digital
records, analyzes reports, and allows timely alerts to farmers on important gestation dates,
and (2) the Digital Vet System, a service based on unstructured supplementary service data
(USSD) that allows farmers to request veterinary services.

5. Netherlands-based AgroCares' delivers precision farming advice based on real-time nutrient
intelligence to a global client base. Products include SoilCares, which monitors and analyzes
soil fertility in real time; FeedCares, which measures the quality of nutrients in silages and raw
materials; LeafCares, which enables fast, affordable testing of nutrients in leaf tissue to support
harvesting decisions; and InsectCares, a software solution which locates harmful insects to
guide crop protection decisions.

a. Examples are selected to demonstrate variety in terms of geography and business model and do not imply a
recommendation or preference on the part of the International Finance Corporation versus other agtech companies
in the market segment(s). This applies to all chapter case studies.

b. Kitovu website, https://kitovu.com.ng/.

c. Digital Green website, https://www.digitalgreen.org/.

d. BharatAgri website, https://www.bharatagri.com/.

e. Farmingtech website, https://digicow.co.ke/.

f. AgroCares website, https://www.agrocares.com/.
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BOX 4.3

Case Study: Cropin

Snapshot: Cropln Technology Solutions has developed a flexible, software-as-a-service (SaaS)—
based farm management solution that enables digitization of farms; data-driven decision-making;
and full visibility of people, processes, and performance. As an early adopter of optical satellite imagery
and artificial intelligence for farm management, Cropln’s flagship products—SmartFarm, SmartRisk,
SmartWare, and RootTrace—deliver its solutions by leveraging big data analytics, machine learning,
satellite monitoring, and weather analysis. Initially focused on India’'s Bihar and Madhya Pradesh
states, Cropln's solutions have been applied to a range of geographies. The full product suite includes:

» Climate-smart advisory services (including season-wise crop configurations)

» Weather-based advisory services in the local language, including seven-day hyperlocal
forecasts based on best available weather observation systems and forecast models

« Web- and mobile-based advisory dashboards to deliver rapid agronomic insights for timely
pest and crop health management

e Technical inputs in real time from agriculture experts (for example, via public research
institutions)

» Digitization of all records associated with agricultural production

* Monitoring of production costs and financials, including key performance indicators (KPIs)

¢ Traceability function and real-time inventory reporting to ensure quality standards and
adherence to compliance and certification requirements

Challenge: Cropln addresses the need for enhanced smallholder resilience in the context of
increasing weather shocks and climate change. By using technology to advise farmers on ways to
achieve optimal harvests depending on weather conditions, soil, and other indicators, the company
empowers farmers to adopt climate-resilient practices and adapt to climatic uncertainty.
Opportunity: Cropln has developed climate smart, data-driven products that guide farmers on sus-
tainable agriculture practices through the application of predictive and curative measures. This real-
time data is downscaled to the farm-plot level to help farmers make effective decisions for their
specific crops. The conversion of sophisticated tech and complex data into tailored and user-
friendly advice creates a farm-level transformation opportunity for farmers.

Impact: Cropln's products concentrate on three areas: (1) increased efficiency, through app-based
data gathering, which provides real-time visibility for field agents; (2) increased productivity, through
timely and actionable insights that enable farm managers to make business decisions that boost
yield quality and quantity; and (3) increased sustainability, through actionable insights that empower
farmers and supply-chain managers. Moreover, with a flexible per-acre or per-user pricing model,
and with solutions that are not specific to crop or location, Cropln’s solutions can easily be scaled
up. The company is also well-placed to develop partnerships—for example, with agricultural equip-
ment and processing machinery providers—where Cropln provides the software edge, helping
farmers improve the quality of the inputs that go into their machines.
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E-Platforms

Overview

Digitized marketplace business models that create links across the agri-
business value chain have risen to prominence over the past five years.
Since many of the initial cohort of advisory-first solutions had encoun-
tered challenges with monetization and user engagement, many agtech
innovators then pivoted to a business case that focuses on value-chain
integration—models that typically deliver more compelling value for
users by unlocking access to finance and larger markets.

The Consultative Group to Assist the Poor (CGAP) identifies six stra-
tegic choices that determine the specific model for an e-platform in the
food and agriculture space (see figure 4.4).

From these decision points, four main categories of e-platform arise:

1. Integrated market linkage platforms that connect farmers directly
with wholesalers, retailers, or consumers, enabling farmers to retain
higher revenue share (These platforms may also undertake invest-
ments in missing-link physical infrastructure—see the section “From
Market Linkages to Super-Platforms.”)

2. Business-to-consumer (B2C) models for agro-inputs and/or online
input marketplaces

3. Digitized agricommodity exchanges

4. Sharing economy platforms for farming equipment and other non-
food assets

FIGURE 4.4 CGAP Strategic Choices for E-platform Models

Model Transport and Logistics

0 What type of model will the platform employ? e How will the platform manage its transportation
Open, mediated, or contract? and logistics?
Crops Farmer engagement

o What crops/value chains will the platform e How will the platform engage farmers and facilitate
focus on, particularly at the onset? the movement of goods to buyers?

Financial services and payments

Buyers ) ) . .
) , What financial services and payment solutions
m ?
e Who will be the platform’s target buyers? e can and should the platform provide?

Source: Shrader, Morawczynski, and Karlyn 2018.
Note: CGAP = Consultative Group to Assist the Poor.
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Whatever the category, virtually all e-platforms use mobile and mobile-
money systems to reach large numbers of smallholders disbursed across
rural landscapes, aggregating and formalizing previously fragmented sup-
ply and demand. Participation in digital marketplaces reduces the costs
and risks to farmers of locating and transacting with suppliers or buyers,
ultimately improving their incomes through a virtuous circle in which
more structured market access encourages higher investment by farmers
in quality inputs, equipment, and other assets. These benefits are partly
the result of increased certainty: e-platforms enable farmers to under-
stand and trust market requirements (around standards, volumes, and
timing) while simultaneously providing the financial and technical sup-
port to enable them to capture market opportunities.

From Market Linkages to Super-Platforms

The initial wave of e-platform solutions is paving the way for end-to-
end super-platforms to emerge that combine agricultural market links
to a broader ecosystem of integrated products and services—from
market-pricing data, agronomic advice, and farm and supply-chain
management tools to mobile credit and insurance, distributed energy
solutions, household consumables, and other nonagricultural services
(for example, m-health or medical advice delivered via phone). This
model is complex and involves a daunting level of up-front invest-
ment—including the need to hire large networks of field agents—but its
advantages are manifold.

Convenience, more attractive prices (i.e., improved bargaining power vis-
a-vis input sellers), and strongly aligned incentives on input quality, since
the super platform also partakes in the upside of higher farmer productiv-
ity and incomes. [In addition,] financial services are likely to be far more
affordable than alternatives due to the super platform’s privileged access
to the farmer’s data and, most importantly, its ability to monitor input pur-
chases or off-take transactions. (Tsan et al. 2019)

For the platform owner, service bundling presents an answer to the
thorniest question in smallholder-focused agtech: how to monetize user
activity when individual farmer willingness to pay is negligible? By bun-
dling a spectrum of value-adding services, platforms can create instant
value that farmers are willing to pay for, in contrast to the longer-term
results associated with yield-improving advisory-only solutions.
Meanwhile, for the platform owner, arbitrage opportunities and second-
ary revenue streams are created. By creating attractive economies of
scale for intermediaries and platform partners, the platform owner can
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take a share of the value created for each customer segment, for exam-
ple, through business-to-business (B2B) advertising revenues or platform
access fees, rather than relying on farmer subscriptions or farmer data
monetization.

Blending Online and Offline Assets

To succeed in rural areas, e-platforms must deploy hybrid semidigital
networks that combine digital channels, human touch points, and phys-
ical infrastructure to overcome the bottlenecks created by weak rural
connectivity, digital literacy gaps, and low user trust. This requires paral-
lel investments in the following:

Human touch points at the village level, including field forces made up
of digitally skilled extension officers, company agents, or networks of
lead farmers: for the largest platforms, this in-person network can be
substantial. Alibaba’s Rural Taobao platform, for example, has engaged
60,000 agents in China as of 2019, with plans to increase to 300,000.

Missing-link physical assets that are strategically positioned to fill key
gaps in existing infrastructure linking rural/informal and urban/for-
mal markets: For example, investments in modernized processing or
warehousing and storage facilities, quality management facilities,
cold chain packaging, and local-level logistics depots.

Investment in offline capability provides a higher level of control over
the digitized aspects of an e-commerce platform. As one recent study
observed, “The most successful agri e-commerce businesses invest in
more than a platform; they provide additional functions, such as farmer
and buyer engagement, payments and logistics, quality control and
warehousing” (Phatty-Job 2020, 5).

However, these offline investments also increase the capital expendi-
ture (CAPEX) and operating expenditure (OPEX) requirements to a
much higher level than those faced by nonagricultural e-platforms or
financial technologies for example. Examples of agriculture-focused
e-platforms that have undertaken major capital investments to develop
offline infrastructure and in-person services, alongside a digital offering,
include Indonesia’s TaniHub, which manages cold chain and storage
functions, and China’s Pinduoduo platform.

Outlook

To a significant extent, the future of smallholder-focused agtech belongs
to the new generation of super-platforms. As with the leading e-commerce

121



122

WORKING WITH SMALLHOLDERS

platforms worldwide, from Amazon to Alibaba, building commercially
viable farmer-focused platforms at scale (that is, several million active
users) is a long-term journey. As this journey unfolds, cost control and
consolidation will be the path to take. Most platforms will operate at a loss
for several years before reaching targeted scale. Consequently, this part of
the agtech landscape is set to emerge throughout the 2020s, both as the
segment with the fewest number of “winners” and as the model with the
most transformational impact on smallholder value chains. Indeed, by
2030, investments in agricultural connectivity have the potential to unlock
more than $500 billion in gross domestic product (GDP) globally (Goedde
et al. 2020). (See box 4.4; box 4.5 provides a case study of Pinduoduo
in China.)

BOX 4.4
Smallholder-Focused E-platforms around the World

As noted in this chapter, agtech is relatively young and fast evolving: Many business models will
improve or fail over the medium term. Any survey of existing players will be superseded in time.
Nevertheless, it is helpful to highlight the current models emerging from different regions to illus-
trate the variety of value propositions already in play. We selected six examples:

1. UK- and Kenya-based WeFarm? provides an on- and offline peer-to-peer platform for small-
holders in multiple markets to transact with retailers via a free-to-use platform.

2. Also in Kenya, DigFarmP provides 1.3 million registered Kenyan farmers with advisory services,
market links, inputs, input credits, and crop insurance aiming to become a one-stop shop—all
backed by the infrastructure and agent network of market-leading mobile network operator,
Safaricom.

3. From its base in India, blockchain-enabled e-marketplace and data analytics firm agril0*
provides real-time synchronization of supply and demand by leveraging artificial intelligence,
blockchain, and the internet of things. The company identifies and resolves issues around soil
health, moisture levels, pests, and diseases to ensure healthy crops and better pricing, and it
predicts and advises on harvest timing and commodity pricing.

4. Another South Asia—focused company, Agrim,® has created an agri-inputs business-to-
business (B2B) marketplace, empowering small agri-input retailers via technology to provide
wide product selection, the best procurement prices, shop delivery, and flexible payments.

box continued
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BOX 4.4
Smallholder-Focused E-platforms around the World (Continued)

5. In the same geography, DeHaat® provides a one-stop shop for agricultural services. Farmers
get access to quality inputs, coordinated sale of produce to institutional buyers, and tailored
science-based farming advice. Last-mile access is provided through a chain of DeHaat centers.

6. Finally, India-based B2B agricultural commodity platform Bijack® digitizes and organizes the
agroprocurement market by connecting buyers and sellers through a single platform. The
company boosts accountability and transparency through a buyer-seller rating system.

a. WeFarm website, https://wefarm.info/.

b. DigFarm website, https://digifarm.com/,

c. AgrilOx website, https://www.linkedin.com/company/agril0x/?originalSubdomain=in.
d. Agrim website, https://agrim.app/.

e. DeHaat website, https://agrevolution.in/.

f. Bijack website, https://www.bijak.in/.

BOX 4.5
Case Study: Pinduoduo—a Digital E-commerce Platform in China

China has the world's highest e-commerce penetration, but e-commerce penetration for agricul-
tural products is in the low-single digits, and many farmers are still living below the poverty line.
Pinduoduo (PDD) is a mobile-only marketplace that connects millions of agricultural producers
with consumers across China. It aims to bring more businesses and people into the digital economy
so that local communities can benefit from increased productivity and convenience through new
market opportunities. The platform enables demand aggregation and creation (introducing prod-
ucts to markets) through recommendations, and provides insights on consumer preferences and
market pricing to farmers.

As of the end of 2019, PDD's total transactions were worth US$150 billion; 600 million buyers
were connected with 5.1 million merchants, and there were 54 million orders per day (19.7 billion
annually). Agricultural products comprise 13 percent of these transactions, with a value of US$21.3
billion benefiting 12 million farmers nationally. The merchants are individual farmers, cooperatives,
young entrepreneurs, and distributers.

PDD uses a team purchase business model that offers a lower price than buying individually
(prices are determined by the merchants on the platform). Two buyers can form a team, and buyers

box continued


https://wefarm.info/�
https://digifarm.com/�
https://www.linkedin.com/company/agri10x/?originalSubdomain=in�
https://agrim.app/�
https://agrevolution.in/�
https://www.bijak.in/�

124

WORKING WITH SMALLHOLDERS

BOX 4.5
Case Study: Pinduoduo—a Digital E-commerce Platform in China (Continued)

can invite friends to buy with them as well as join existing teams. Despite the option to buy individ-
ually, 99 percent of the buyers use the team purchase model. The team purchase approach facili-
tates demand aggregation by avoiding fragmented purchasing, enhancing supply chain efficiency,
enabling fresh produce delivery, lowering consumer price, and providing consumer insight for
farmers.

Customers provide reviews on the quality of the agricultural produce, and merchants face pen-
alties for ruined products while customers are compensated with free coupons. PDD supports
farmers’ cooperatives to create brands for agricultural produce that will allow premium qualities to
get rewarded.

Despite the high demand, there are structural problems limiting farmers’ capabilities to
respond adequately, chiefly, that there are 500 million farmers in the country to feed a
population of 1.4 billion. Recognizing this, PDD has partnered with provincial governments
through its Duo Duo Farms initiative to develop pilot farms that adopt financial, agronomic, and
technological innovations to improve farm productivity and raise farmer incomes. The
company’s goal is to develop sustainable models that can be replicated on more impoverished
counties across China.

Factors for PDD’s success include (1) high connectivity penetration and expanded social media
use, (2) online payment system used in everyday life in China, (3) expanded access to e-wallet, and
(4) high logistics penetration and well-developed physical infrastructure to enable delivery.

To deepen PDD'’s digital inclusion efforts in agriculture, the company is allocating all profits as of
the second quarter of 2021 to the 10 Billion Agriculture Initiative (USS$1.4 billion). This new initiative
facilitates the advancement of agtech, promotes digital inclusion, and provides agtech talents and
workers with greater motivation.

PDD's business model has the potential to be replicated and scaled up in developing countries
with high population sizes and large numbers of smallholder farmers, in which supply chains are
fragmented and multiple layers of intermediaries raise consumer prices. However, in these con-
texts, the less-developed infrastructure and political uncertainties may limit the scale and level of
success for the business. Nonetheless, the low margin e-commerce trading with large numbers
and high-volume transactions engaging millions of farmers, merchants, and consumers, makes it
viable in such countries.

Source: Pinduoduo website, particularly “Our Company” video, PDD Holdings, Shanghai, https://en.pinduoduo.com/.
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Digital Supply Chains

While e-platforms are taking center stage, there remains a need for more
niche agtech models to address specific bottlenecks—especially in
supply-chain management. Opportunities abound for software- and
data-driven solutions that enhance companies’ ability to digitally track
and manage smallholder supply chains—for example, from sourcing to
cold chain storage, from processing and delivery to markets. Broadly,
this category breaks down into three segments:

1. Software-as-a-service (SaaS) and digitized procurement to improve
efficiency and standards across the supply chain

2. Whole-of-supply-chain traceability solutions

3. Sustainability certification solutions (including organic product cer-
tification tracking)

These functions often overlap under a multicategory solution, as the
underlying use case is the same: to lower costs, unlock access to
quality-sensitive markets, and simplify and strengthen smallholder
engagement (see box 4.6).

BOX 4.6
Digital Supply-Chain Solutions around the World

To illustrate the wide range of value propositions in agtech, we describe a diverse selection of
examples from different emerging market regions:

« A Norway-based provider of supply-chain enterprise resource planning and traceability
software, FarmForce?® offers digital solutions for sustainable agrisourcing globally, with sales
in Latin America, Africa, Asia, and other regions. The company works with off-takers to learn
where and how products are grown and to connect with global markets via a “bush-proof web
and mobile platform” (Farmforce n.d.).

e A traceability and supply-chain software-as-a-service provider, SourceTrace® operates in
32 countries with a software platform that enables full visibility into the agrifood value chain,
with touchpoints from farm to retail.

* A Ghana-based traceability and anticounterfeiting company, mPedigree® deploys mobile and
web technologies to secure products against faking, counterfeiting, and diversion.

box continued
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BOX 4.6
Digital Supply-Chain Solutions around the World (Continued)

e From its base in India, AgNext® provides rapid food-quality assessment through its full-stack
Qualix platform, delivered via a mix of artificial intelligence, machine learning, the internet of
things, and advanced data analysis. The company builds trust and speed by delivering real-
time accuracy, and it incorporates physical and chemical analysis solutions applicable across
commodities (grains, spices, tea, milk, and animal feed).

» A coffee supply-chain verification and certification specialist, Enveritas® enhances smallholder
participation in global coffee supply chains by reducing high verification costs and leveraging
geospatial data and statistics to cut costs.

a. Farmforce website, https://farmforce.com/.

b. SourceTrace website, https://www.sourcetrace.com/.
c. mPedigree website, https://mpedigree.com/.

d. AgNext website, https://agnext.com/.

e. Enveritas website, https://www.enveritas.org/.

The Agricultural-Energy Nexus

The agricultural-energy (ag-energy) nexus is a nascent but important
dimension to the smallholder-focused agtech ecosystem; innovative
energy solutions have the potential to power farm-level productivity
and post-harvest activities. This section focuses on the application of
distributed (that is, modular, off-grid) energy solutions to small-scale
agriculture, ranging from solar irrigation and water tech to modular
cold storage, minigrid powered crop drying centers, and biogas-based
dairy farming appliances (figure 4.5).

Despite the broad spectrum of demand for agriculture-focused
energy-as-a-service solutions in rural (largely off-grid) environments,
few commerecially viable business models have emerged in the ag-energy
space. This is often due to the need for significant up-front investment,
which is often beyond the reach of smallholders with limited access to
finance. To date, several overlapping constraints have held back this
sector—as identified in a landmark report produced by Factor[e]
Ventures,” which we summarize in table 4.1.
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FIGURE 4.5 Energy Needs through the Agribusiness Value Chain

Q 5

Production Local Strorage Value- Transport Marketing End-user
transport/ and added and and
collection handling processing  logistics distribution
» Seed e On-farm e Farm to « Cold * Drying * Warehouse « Packaging « Cooking
o Irrigation/ ~ Mechanization  collection storage « Grinding  « Road, rail, « Retail « Transport
pumping  « Reduction in center * Moisture « Milling and maritime  (supermarkets) . Household
« Livestock human labor « Collection control transport « Refrigeration appliances
feed requirement center to « Mechanized
. Fertilizer  ® Increases processing  sorting/
operational facility/ packaging
efficiencies market

Source: Factorle] Ventures 2020.

TABLE 4.1 Constraints to Agricultural-Energy Sector Growth

Subsector Distributed energy use case Traditional constraints
Irrigation Only 4 percent of agricultural land in Environmental and market data are limited,
Africa is irrigated. The figures for Asia which curtails efforts to concentrate on
and Latin America—where 37 percent the core market for irrigation services.
and 44 percent of cropland is irrigated, Business model innovation is required to
respectively—are higher but remain low  incorporate market mapping, financing,
in absolute terms. farmer education, and behavior change,
as well as improving market access for
high-value products. Effective policy and
public subsidies are also needed to enable
innovative partnerships and business
models.
Cold chain The developed world has 200 cubic Technology adaptation to enable

meters (m?) of refrigerated storage
capacity per 1,000 people. In the
developing world it is 19 m3, and in
Kenya and Nigeria it is less than 3 m?.
India and China together host 255
million m? of refrigerated warehouse
space, but other emerging markets
(EMs) lag far behind.

refrigeration in the absence of
uninterrupted power is needed. The
cost of controlling the temperature of
agriproducts must also be more closely
matched with the value that refrigeration
creates at each point in the value chain.
Currently, the economics rarely work.
Innovation in business models is needed
to make financing refrigeration products
feasible with risks shared more evenly by
stakeholders.

table continued
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TABLE 4.1 Constraints to Agricultural-Energy Sector Growth (Continued)

Subsector

Distributed energy use case

Traditional constraints

Agricultural
processing

Agricultural
waste-
energy
applications

On-farm
productivity

Farmers can lose up to 30 percent of
grain due to mycotoxins and bacteria
from poor storage and drying. Even a
decade ago, the estimated economic
value of post-harvest losses in India
alone was USS$15 billion. Agroprocessing
is predicted to be the fastest growing
subsector in the next decade: a US$122
billion revenue increase.

Less than 0.5 percent of Africa’s available
biomass waste residues are used for
energy. Globally, utilization of biomass
for energy amounts to ~10 percent of
energy production, arising primarily from
cooking and heating in EMs. At the same
time, fuel for generators alone accounts
for 24 percent of total spending by
African consumers on electricity, while
providing only 7 percent of electricity
service.

Engines supply only 10 percent of farm
power in Africa, where cereal yields

are 70 percent lower than the rest of
the developing world. In India, at least
240 million people have no access

to electricity, of which more than

90 percent are in rural areas. Globally,
1.1 billion people live off-grid in rural
villages without modern energy access,
forcing farmers to rely on human or
animal energy for tilling, cultivating, and
harvesting.

Technology adaptation is needed for
market and business models that can
deliver processing capabilities in more
distributed and remote areas. There is

a lack of farmer-aligned agribusinesses
operating in remote areas to partner with
and source from smallholder farmers, add
value, and link their products to markets.

Technology development and adaptation
are needed to deliver the benefits of
waste-to-energy solutions to smaller
and more remote farming operations.
Mechanisms to aggregate agricultural
waste and the behavior change to
recognize its value will be required to
harness this resource.

Distribution systems and a lack of farmer
financing are the primary barriers to
boosting productivity. Public and private
(and partnered) means of providing
farmers with physical and financial
access to inputs, mechanization, and
machinery must be developed and scaled.
Technology innovation is a limitation,
particularly for mechanisms that deliver
and scale sustainable means for boosting
on-farm productivity.

Source: Adapted and synthesized from Factor[e] Ventures 2020. Additional data from the World Bank; Food and Agriculture

Organization of the United Nations; Salin 2018; Safdar and Heap 2016.

Precision Farming

As noted in the chapter’s introduction, capital-intensive and complex
technologies that revolve around high-intensity farming are less appli-
cable in smallholder value chains. However, this does not rule out
every solution under the “precision-farming” umbrella, given that the
costs for some applications are manageable (especially at lower-tech
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specifications) and are falling every year. While smart farming remains
the newest agtech use case to take hold in EMs, companies developing
relatively affordable solutions that leverage mobile IoT functionality
have a growing presence, often paired with digital agronomy solu-
tions—in particular in South and Southeast Asian markets. Currently,
most business models focus on one or more of the following:

- Autonomous farm equipment monitoring

- Smart shared assets®

- Satellite imagery-enabled smart crop monitoring
- Smart livestock monitoring

Other use cases such as self-operated robotics for automated pesti-
cide and herbicide spraying and “drone farming” are less prevalent—
although some do exist. For now, unlicensed IoT networks remain the
primary source of connectivity for precision-farming solutions, which
creates a bottleneck, as these networks have minimal capacity for scale
and frequently suffer from poor reliability. As such, we anticipate a sig-
nificant breakthrough in scale for IoT-based applications in smallholder
agriculture in the coming half decade. Capitalized mobile network oper-
ators (MNOs) increasingly commit to business models for agri-IoT solu-
tions that leverage their own deep connectivity infrastructures (for more,
see GSMA n.d.). This represents an exciting, near-term tipping point.

IoT-based solutions will attain scale fastest in markets with a higher
proportion of medium-sized farms, as these have greater ability and
incentives to digitize. The up-front costs of developing IoT solutions are
compensated more easily by efficiency gains on larger farm areas and in
more intensive or high-volume value chains such as cereals, grains, fruits,
and vegetables (Goedde et al. 2020).

Agtech as a Tool for Strengthening Smallholder Engagement

Agtech is only a tool—not a silver bullet. To maximize impact, solutions
must be designed and operationalized with their limitations and risks
in mind, and with sensitivity to the constraints of uneven connectivity
infrastructure, weak market links, or low digital skills. In this section,
we outline the key vulnerabilities before concluding with a checklist to
guide user-centric and context-sensitive design and execution.
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Risk Factors

Some emerging agtech solutions will not stand the test of time. We
remain in the test-and-learn phase, during which many new models lack
a clear line of sight to commercial viability without grant funding and
perpetual soft financing. Against this backdrop, solutions with the best
prospects of success will be those designed with mitigation strategies for
known risk factors (figure 4.6), such as the following:

- The inability of digital solutions to substitute for physical infrastruc-
ture investments that enable agricultural trade (for example, roads,
energy, irrigation, processing, and storage)

- The risk that digitalization of agricultural systems may trigger
a decline in the number of jobs due to consolidation, even as the
number of quality jobs increases

FIGURE 4.6 Key Risk Factors of Digital Solutions

a. Demand side: farmers b. Supply side: technology companies

Inequality of access Digital +
(digital infrastructure and connectivity) igital ecosystem

\ « Lack of connectivity and poor quality of « Agtech solutions are built onto existing data
h connectivity of broadband infrastructure leads (e.g., weather indices, agricultural ministry

to unequal access, especially in rural areas. databases, supply chains, market price data,

surveys, and farm sensors). Absence of such

« If the technology requires substantial core data increases challenges.
investment, then segments like SHFs, women, ) I o
and youth will often be excluded. * There is low availability of DFS and limited

availability of e-commerce/e-logistics
specializing in agribusiness.

Technology readiness and data privacy VC and unproven business models

« Agtech adoption issues remain especially « There is a higher perceived risk with untested
for SHFs; other issues include limited business models, which limits investment,
technology readiness and training. thereby leading to more focus on

better-developed markets like Brazil

« Digital technology raises questions about the o) Seutlh Al

ownership and use of data acquired by these III
technologies. =i « Untested business models could lead to higher

« Predominance of SHFs in EMDEs limits viability failure rates, requiring higher risk appetite.

of traditional business models and technology « There are not enough incubators and
companies. accelerators to help create a steady pipeline of
agtech companies.

Appropriate physical marketing and logistics infrastructure is needed to “back up” the digital activities.
Source: Original figure provided by IFC.

Note: DFS = digital financial services; EMDE = emerging markets and developing economies; SHFs = smallholder farmers;
VC = venture capital.
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- The data privacy and information security risks that accompany
digitalization

- Lack of interoperability with other digital platforms and bank or
telecoms systems in a poorly coordinated and highly fragmented
agtech ecosystem

- The danger that the complexity of agtech solutions runs ahead of the
short-term ability and willingness of governments and smallholders
to adopt them

- Disintermediation risk—that is, the risk that platform users become
reliant for their market access upon digital solutions that may
abruptly fail: One example is when an app is discontinued by a net-
work operator seeking to launch its own in-house version; another is
when digital platforms become obsolete due to infrastructure
upgrades or downgrades. While this risk factor has precedents in the
financial technology sector, it is often overlooked in agtech.

A single data point brings the agtech ecosystem’s immaturity into
focus: In 2018, the annual total stock of grant funding to agtech
(US$197 million) actually exceeded the earned revenues from agtech solu-
tions (US$143 million) in Africa. The situation in EMs outside of Africa is
more encouraging, but even in large markets such as India and China,
proof points supporting commercial viability for agtech solutions are
currently the exception and not yet the rule.

Alongside the lack of metrics on financial performance, data are also
weak on the social and environmental returns delivered by agtech.

Robust evaluations and trustworthy impact metrics are hard to find across
the [digital agriculture] space. The sector requires significant investment
in capturing impact data if we are to better understand successes and fail-
ures. (Tsan et al. 2019)

This paucity of performance data provides a helpful reality check, but
not a cause for pessimism. It reflects, above all, how incipient the agtech
sector remains in developing economies. Taking a multidecade view, we
are still on the starting line in a market with virtually untapped potential.
Today, the share of the addressable market for agtech solutions in Africa
reached by market incumbents stands at just 4-8 percent (Tsan et al.
2019), with comparable percentages applying to low- and lower-middle-
income Asian markets. By 2030, however, current growth trajectories
indicate that about 200 million smallholders will be participating in
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agtech platforms in Africa. In India, most of the country’s 120 million
smallholders will access agtech solutions by the end of this decade
(EY 2020).

In summary, the sector is growing rapidly off a low base and at a rate
across Africa—currently 44 percent per annum—that speaks to its
infancy and exuberance (Tsan et al. 2019). What lies ahead, as we enter a
phase in which multiple uses are bundled together, is the hard work of
sector consolidation and scaling of the select few business models that
prove enduring.

Strengthening Smallholder Supply Chains through Agtech:
A Checklist for Decision-Making

How can operational managers who are responsible for integrating
smallholder farmers into supply chains make informed, risk-adjusted
decisions about whether—and how—to invest in agtech (figure 4.7)? In
this section, we flag the key decisions and issues throughout the lifecycle
of an agtech investment decision and rollout where the solution is
focused on a company’s own supply chain. The range of tools includes,
but is not limited to the following:

Field data collection tools that shift from paper systems to enable
greater integration and automation of data, providing more accu-
rate information on a dispersed smallholder base: for example,
parameter mapping and digitized surveying functions that collect
biometric farmer data such as farm geographic information system
(GIS) coordinates

Agent field-force management

Farmer training and provision of farming advice directly to
smallholders

Streamlining of payment processing to smallholder suppliers
Data analytics
Weather data

Market information
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- Full tracking, traceability, and certification software that reduces
waste or improves standards

- Supply-chain management tools and operations software (for exam-
ple, procurement management)

No two agribusiness models are the same, but the following checklist
brings together the recurring themes observed across a range of regions—
collating diverse lessons and insights for supply-chain and procurement
managers, sustainability managers, and field managers. Our focus is on
identifying and managing (1) context-specific issues around smallholder
adoption in a marketplace where the economics around agtech remain
challenging and (2) the critical factors for successful operational
execution.

The checklist is not comprehensive and is generalized rather than
value-chain-specific. Nevertheless, we hope it provides one useful refer-
ence point among others for those commencing an agtech investment
decision-making and design process, as well as for governmental or non-
governmental agricultural development programs leveraging technology
in their engagement with smallholders.

Not all questions in the list will apply to every investment or design
process. However, six guiding principles stand out as being universally
applicable:

1. Focus only on solving for the most critical pain points.

2. Prioritize multiuse over single-use solutions as this will increase
adoption.

3. Keep user interfaces simple and avoid customizations.

4. Minimize dependencies on external tech firms and consultancies
and on pending regulatory changes; instead, retain in-house control
over the technology.

5. Avoid reliance on subsidies—ensure the solution can be financially
viable at a realistic targeted scale threshold.

6. Design to ensure “operational gearing,” that is, the ability to increase
revenues or impact as user numbers grow, without increases in costs
or complexity.’
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Checklist

Part 1: Objective Setting
Identify Pain Points.

Which known operational challenges will the proposed agtech solution

address?

° Examples: reducing reliance on physical cash in the supply chain and improv-
ing visibility and quality of produce supply

Can the opportunity cost of leaving these challenges unaddressed be quantified

to determine the size of existing pain points with accuracy?

If there are several identified bottlenecks, can these be ranked (highest to

lowest priority) using a risk likelihood or impact methodology to identify the

most critical challenge(s)?

o o o 0O

Fix and Align Priorities.

Which partners will be engaged beyond farmers (for example, agro dealers,
transporters, aggregators, retailers)?

° What is the value proposition for them?

° How will they collaborate with each other?

What is the level and make-up of demand for agtech among smallholders in the

supply chain?

° In-person, one-to-one interviews or perception surveys required?

If the proposed agtech solution is deemed “must have” by the company, to what

extent is it also high priority for smallholders in the supply chain?

° Example: If the solution enhances productivity, will this translate into
enhanced profitability for farmers? Has this been understood by farmers?

O 0O oo ooo o

Is the objective of the agtech solution clear and binary (for example, obtaining
organic certification through digitized field data collection) or incremental (for
example, delivering marginal cost savings)?

° Design key performance indicators on a traffic light system or sliding scale,
accordingly.

O

Is there a documented and phased implementation plan for all parties? What ]
is the proof of concept? What assurance exists that the model will work and be
cost-effective?

Measuring Impact

What measurable commercial and social or environmental impact is being ]
targeted?

° How will this be measured? O
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What would success look like at a defined time interval (for example, end of
year one)?

Can we focus in on the top three easily trackable metrics?

° Simplicity is the key to avoiding overburdening participants with reporting
requirements.

Inclusion versus Exclusion

Is there a risk that the solution could exclude some smallholders in the supply

chain (due to variable digital literacy or the inability of some farmers to switch

farming techniques)?

° If so, can the solution be modified to ensure a net positive outcome for all
farmers? (Allow for early versus late adopters and a sliding scale on willing-
ness to pay or use [GSMA 2022].)

Part 2: Resource Mobilization and Budgeting

Fundraising and Funding Costs

Budgeting

Can the solution be funded in-house? (In-house is the preferred option because

projects funded from the company’s own balance sheet generate higher levels of

ownership and are more agile in response to evolving needs.)

° If not, can partners be identified that bring both funding and technical
expertise?

° If initial funding will be grant based, is this locked in? Is there a risk of dis-
bursement delays?

If there are multiple funders, are their objectives aligned, or could they conflict

during rollout?

° Example: Some funders target financial returns, while others prioritize
social impact.

Can local currency financing be secured, rather than relying on US dollar

funding (which may create a foreign exchange risk if future revenues are in a

local currency whose value depreciates)?

Has a realistic budgeting process been undertaken and stress-tested, allowing
for potential delays?

Can a low-budget test-and-learn pilot be conducted to remove financial risk
from the project?

If a request for proposal process is being conducted to select a technology part-
ner, what insights can be gained from bid submissions regarding opportunities
to reduce costs?

o o o o O

O
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° Example: Minimize cross-border travel and consultant expenses.

What in-house skill gaps need to be filled to form a team capable of project
design and rollout?

° Examples: marketing, app content development, user experience design,
product management, data analytics

Part 3: Market Sizing

User Base
What is the target user base or total addressable market size?
Closed-Loop Solutions

For closed-loop projects targeting a known number of smallholder farmers
already participating in a company’s supply chain, an accurate number may be
deduced based on current sourcing operations (typically ranging from the low
hundreds to tens of thousands).

Scalable Solutions

For scalable agtech solutions being marketed to smallholders within and out-
side of a company’s existing supply chain, market sizing will be less accurate.
Estimates can be based on an assessment of the total population of reachable
users who have the hypothetical ability and willingness to use the solution
(determined by access to the devices, connectivity infrastructure, and dispos-
able income required, plus survey-based data on levels of demand). Note that
the population cohort for advisory solutions is limited to the number of farm-
ers within a given region (this would be the case for a digitally enabled market
off-taker arrangement, for example), whereas for bundled products offered via
e-platforms (such as mobile credit and insurance), the number of households
can be a more useful metric. In either case, forecasted user numbers can be
multiplied by the estimated median average revenue per user (ARPU), but
should then be discounted heavily (we would advise by around two-thirds) to
reflect the average ratio of user engagement versus nonengagement histori-
cally experienced by agtech platforms, absent a robust participation incentive
or enforcement mechanism. (The reality is that adoption rates are overesti-
mated in the vast majority of cases.)

Part 4: Farmer-Centered Product Design

In-House versus Third-Party

What is the business case for developing the capability in house (higher com-
plexity but generates valuable proprietary data and ensures control over tech-
nology)versusajointventure withatechnology partner, abuild-operate-transfer
model, or full outsourcing?

O
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Does the desired solution already exist, either in-country or in other EMs? (If
so, seek to partner with the provider and adapt the model—it always makes sense
to work off proven off-the-shelf technology if it meets core requirements.)

If the solution is initially built by a third party, who will own the user data?

Is there a credible plan to build in-house capability in the future to own and
execute customizations (as opposed to indefinite reliance on fly-in/fly-out
consultants)?

Single Use versus Multiuse

If the solution is the single-use case, is its problem-solving capability compel-
ling enough to ensure adoption? Can this be tested prepilot?

° Isitsingle crop or multicrop in scope (GSMA 2022)?

° If the solution focuses on data collection or advisory services, can these be
linked to more tangible farmer benefits such input access, market access (for
example, building relationships with distributors or end buyers), or soft
credit (for example, by creating a digital record that supports financing
applications)?

How can the current or future needs for customizations be kept to a

minimum?

Can the solution run on basic feature phones and operate via short message

service texts, or does it require an internet connection?

Is the solution focused only on individual smallholders (for example, farmer

advice), or can it be applied to small and medium enterprises agribusiness

owners (for example, enterprise resource planning)?

Building Trust

- Has the solution been designed to be participatory and to ensure that informa-

tion flows in both directions, between the company’s representatives or part-

ners and smallholder suppliers?

How will trust be built with target users?

° Examples: local language compatibility, in-person demonstrations, and edu-
cation centers identifying “user champions,” or partnering with trusted local
brands or nongovernmental organizations (NGOs)"

Is the user interface simple and sensitive to differences in language, literacy,

and digital skills?

Lowest Possible Cost

What is the minimum necessary cost to deliver the core use case for farmers?
What ancillary capabilities can be stripped out to keep costs low?
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Highest Possible Replicability
How can the solution’s replicability be enhanced, even if this means losing a ]
degree of precision?
Are there opportunities to capture integration opportunities with local bank- [
ing systems, telecommunications company systems, or government agricul-
tural programs?

If the model is initially focused on a company’s own supply chain, can it be O
designed to enable franchising or SaaS opportunities further down the line?

COVID-19 Impact

How is COVID-19’s impact affecting farmer behavior, and what are the implica- [
tions for project design? Is there an accelerated adoption opportunity (for
example, public health advantages of contactless payments)?

Critical Dependencies

What are the key dependencies in terms of (1) the supporting infrastructure  []
required for the solution to function (for example, availability of farmer regis-

tries, digital agronomy data, soil maps, and so on) and (2) regulations required

to enable the solution, such as data laws that give access to government-held
agricultural data? (Note that time frames for the passage of draft technology
regulation are often slower than expected.)

How can such dependencies be reduced? If they can’t, does the business case O

still hold?

Part 5: Delivery and Revenue Model

Evidence-Based Forecasting

What is the revenue model (if applicable), and how will this evolve from pilot [
to scale-up? Are ARPU estimates based on relevant real-world examples, rather

than macrolevel forecasts? Likewise, are scale-up targets grounded in real-
world evidence?

Is the pricing model flexible and reflective of different affordability profiles for ~ [J
different user segments? Are there options to defray or defer up-front user
costs to boost adoption?

Does the path to profitability rely on a specific scale threshold? If so, has this ]
minimum user base been preidentified?

Or, if the solution will be free to use, how will return on investment be tracked?  []
What savings will the solution deliver when compared to the current operating
model (for example, reduced need for in-person training of widely dispersed
farmers, or reduced need for field agents due to more efficient aggregation)?
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Monetization

- If the intention is to monetize data, has in-country legal counsel been con-
sulted to ensure compliance with data regulations? Do the data need to be
housed onshore? What will this cost?

Has willingness to pay been tested among customers of aggregated data? (Past
experience shows it is very challenging to monetize agricultural data).

- Has the option of monetizing a share of the value created for intermediaries
been explored, as a more feasible revenue model than user fees or data mone-

tization (for example, through B2B advertising revenues or platform access
fees)?

Part 6: Stakeholder and Partner Engagement

Stakeholder Mapping

- Which local stakeholders have influence over the agtech solution and the farm-
ers who will use it (for example, government representatives, community lead-
ers, shop owners, aggregators, agrodealers, NGOs, MNOs, microfinance
institutions, or local banks)? What is their likely level of support?

- Has a written memorandum of understanding been drafted confirming the
roles and responsibilities of all key stakeholders, as well as a grievance
mechanism?

Owning the Engagement Process

- If project sensitization has previously been led by a third party (for example, an
NGO), has the messaging been clear and consistent, or is there a risk of inher-
iting inflated expectations (especially if the project is delayed or suspended)?
Is there a user feedback mechanism in place to identify and address issues
early?

Partner Due Diligence
If a tech partner is involved, what is its technical track record and reputation?
Does it have experience in this specific value chain and cultural context?
What is the partner’s view on timelines—is there a risk that it is overpromising
to win the contract? What is its source of funding, and is it reliable?

- Is the balance of execution risk and financial commitment shared fairly with
the partner(s)?

Above all, does the partner share your values?

- Can asingle strategic partner be identified, rather than engaging with multiple

partners?

oo o o O
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Part 7: Course Correction in the Run Phase

Decision Gates

- What pilot phase checkpoints and milestones will trigger a decision on whether
to scale up?" There are many examples of scratch-card certification of input
quality, but what is their record of success and cost-effectiveness?

What role will marketing or sales agents and field agents have in ongoing train-
ing efforts: that is, engaging farmers to build trust in and understanding of the
product?

- How will internal resource requirements shift from design phase to pilot phase
to scale-up (for example, shifting from a model led by a content development
team to a model led by a marketing or field agent team)?

Notes

1. This includes genetic technology that produces more nutrient-dense food and
that prevents disease without reliance on antibiotics.

2. The record-keeping capability offered by blockchain is not useful until underlying
data quality is sufficiently high. Therefore, in an EM agribusiness context, the
need to solve basic data collection issues comes first. See Patel (2020).

3. In countries such as China, Colombia, India, Indonesia, and South Africa.

4. See the presentation by Dalberg Advisors, "Dalberg on AgTech: Delivering on
the Potential of Digital Agriculture Platforms for Smallholder Agriculture in the
Age of COVID-19 and Beyond," World Bank Webinar Series, June 2020, https://
olc.worldbank.org/content/digital-ag-series-dalberg-agtech-potential-digital
-agriculture-platforms-smallholder (log in required). A lower estimate of 30
percent is provided by McKinsey & Co. in Goedde et al. (2021).

5. Where mobile data are ubiquitous and relatively affordable—and where
smartphone ownership is common and 3G, 4G, or even 5G networks are
present—agtech solutions that depend on connected field sensors; advisory
services delivered via video; or apps for field diagnostics of pests, diseases, and
soils all become viable. By contrast, where connectivity infrastructure is weak
or expensive, agtech models must revert to unstructured supplementary service
data (USSD), SMS, and text alert delivery channels based on interactive voice
response (IVR) systems, reducing their usefulness.

6. Adapted from Tsan et al. 2019.

7. An impact venture builder that supports early-stage tech companies in energy
and agriculture, primarily in East Africa.

8. Smart-shared asset solutions facilitate access to capital-intensive agricultural
assets by sharing costs among large groups of farmers on a “sharing economy”
basis.

9. Several of these principles are aligned with recommendations provided in the
excellent AgDevCo presentation, “Navigating the Agri-Tech Landscape” (Capelli,
Valverde, and Roberts 2021) as well as in Valverde (2020). A further pathfinding
report by the GSMA (2022) informed the development of these principles.
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10. As noted in the AgDevCo presentation, “Navigating the Agri-Tech Landscape”
(Capelli, Valverde, and Roberts 2021). The same webinar presentation also
included several insightful real-world case studies.

11. Parts of Part 6 draw on Valverde (2020) and presentations on this topic by
the African agriculture-focused impact investor, AgDevCo, including Capelli,
Valverde, and Roberts 2021.
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CHAPTER 5

FINANCING NEEDS AND SOLUTIONS
FOR AN AGRIBUSINESS SUPPLY
CHAIN

Adam Gross, Panos Varangis, and Margarete Biallas

KEY MESSAGES

Agriculture finance has numerous benefits. It enables agribusinesses
to achieve their business objectives in terms of buying commodities
or selling goods and services and it empowers poor farmers to increase
their wealth and facilitates the development of food value chains
required for feeding 9 billion people by 2050.

The financial needs of smallholder farmers (SHFs), rural micro-,
small, and medium enterprises (MSMEs), and agribusinesses are
diverse, ranging from payments to savings and loans as well as risk
mitigation instruments.

Agribusiness anchors can provide financing to SHFs directly or via
aggregators such as farmer organizations. However, most agribusi-
nesses do not have the administrative capacity or commercial appe-

tite to prefinance more than a relatively small proportion of the total
SHF base.

Agrifinance has been around for centuries. But in most markets agri-
cultural lending rarely exceeds 3-5 percent of bank assets, which will
not be sufficient to finance the growing needs of the industry that
must increase food production by 70 percent by 2050 (World
Resources Institute 2019).
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Financial institutions have traditionally been reluctant to engage in
agrifinance due to a lack of understanding, high risk perceptions, and
the high cost to serve.

Agribusinesses can help improve direct bankability of SHFs by
financial institutions by expanding the range of SHF borrower
information available to the financier, supporting the SHF to meet
financiers’ eligibility requirements, and working with financiers to

help mitigate key lending risks.

Technology is a game changer and can significantly increase access to
finance. Toward this end, leveraging value chain relationships and
building partnerships is critical, as access to data can significantly
de-risk agricultural lending.

Additional instruments to de-risk agrifinance include index-based
insurance and climate-risk scoring, all enabled by technological
innovations.

The proliferation of agricultural technology (agtech) and financial
technology solutions is driving more robust SHF lending methodolo-
gies, with techniques that better leverage borrower information and
incentivize repayment to mitigate credit risk, which in turn encour-
ages increased direct SHF lending by financiers.

Introduction

Smallholder farmers and agribusinesses have diverse financing needs,
ranging from payments through savings to loans and risk mitigation
instruments.

The overall financial needs of small-scale producers in developing
countries are estimated at about US$240 billion annually (Dalberg
Advisors/KfW 2018), providing an indication of the magnitude of the
investments required in small-scale agriculture. Out of this amount,
the world’s 270 million smallholders require US$188 billion to cover
agricultural inputs or investments in mechanization and US$50 billion
to cover nonagricultural household-related expenses, including health
care, school fees, home improvements, and life events. (ISF Advisors
and Mastercard Foundation 2019). Importantly, these estimates may
not take into account the climate-specific capital required, which is
currently estimated at US$70 billion a year (IFAD 2020).

Additionally, estimates suggest that at least US$80 billion in annual
investments will be required to meet growing global food demand.
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Most of this needs to come from the private sector due to limited public
resources. Investments are needed for farmers and agriculture MSMEs
to increase their productivity while reducing environmental impact
and taking into account climate risks. These would include investments
for input, trade finance, equipment, and technology. Access to finance
helps an agribusiness manage cash flow and grow sufficient volumes
of crops, produced sustainably, at the right quality, and in a timely
fashion. Financing should ultimately help an agribusiness increase
its revenues.

Banks, microfinance institutions, and institutional investors have
traditionally provided very limited resources for the sector.
Agriculture loans and investment portfolios currently are dispropor-
tionately low compared to the agriculture sector’s share of gross
domestic product (GDP). While agriculture contributes 15-50 percent
of a country’s GDP, lending by banks to the agricultural sector ranges
between 3 and 15 percent. Important challenges for the financial
institutions include (1) management of unique risks in agriculture, (2)
high transaction costs in dealing with large numbers of small farmers
as well as MSMEs along the agriculture value chains, (3) limited effec-
tive demand for finance, and (4) lack of expertise in managing agricul-
tural loan portfolios. Financial systems are even less prepared to
finance the shift to sustainable agriculture and agrifood industries.
Challenges faced by financial institutions, such as lack of expertise in
assessing lending risks or managing agricultural loan portfolios, can
be addressed through capacity building.

There are several tools that help financial service providers de-risk
agricultural lending. For example, the past two decades have seen the
emergence of risk mitigants such as index-based crop insurance and
agroclimatic risk assessment tools. Leveraging relationships within value
chains can also de-risk agricultural finance.

In addition, technology innovations and ever-increasing comput-
ing power have a game-changing impact on agrifinance. Increased
computing power allows real time analysis of vast amounts of data
from a variety of sources, such as payments within value chains, in
real time. This data can in turn be used to enhance customer profiles,
providing additional insights into their financial behavior and finan-
cial strength. The use of mobile payment and agent infrastructure can
significantly reduce the cost to serve, while digitalization of payment
streams can form the basis for data analytics as invisible transactions
become visible.

Within the past 10 or more years, a relatively small but growing
stream of investments has led to a proliferation of digital financial
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services (DFS) and related information services aimed at the agricul-
ture sector. These have been launched by incumbents from the finance
and payments sectors as well as new entrants, such as mobile network
operators (MNOs) and digital technology companies. These offerings
exhibit a diverse range of financial and operating models, and they all
rely on digital solutions for many, if not all, of their business opera-
tions. Offerings can range in financial complexity from layaway pay-
ments for SHFs to buy inputs without a loan to index-based weather
insurance for global reinsurers. In terms of digital complexity, these
offerings exhibit a similarly wide range: from no requirement on the
part of a SHF to own or have access to a mobile device to the use of
smartphones and quick response (QR) codes by SHFs and cloud-based
management information systems (MISs) by other enterprises or cor-
porate actors in an agrivalue chain.

At the same time technology gives rise to new business models,
agtech platforms can help organize smaller producers into a better
optimized ecosystem and improve their resource allocation, as well
as performance, while strengthening value chains. These platforms
are able to link producers with consumers (business-to-consumer, or
B2C) but also producers with agribusinesses (business-to-business, or
B2B) that are off-takers of agricultural commodities (for example,
trade, local processing, and so forth). Technology can also be used
to help bundle financing and insurance more efficiently and at a
lower cost per farmer. Financing farmers through such platforms can
reduce investment risks by increasing diversification and enhancing
transparency.

Data analytics is a critical factor to de-risking agrifinance. The devel-
opment of strategic partnerships enables access to a variety of data sets
from input providers, MNOs, off-takers, and so forth. Partnerships with
technology companies can provide agroclimatic risk analysis and mitiga-
tion strategies and other information that can further increase financiers’
ability to understand and mitigate risks. Embedding finance in specific
value chains, where payments are digitized, can further reduce risks—as
participants and flows become transparent.

The most prevalent model for SHFs and rural MSMEs to access
finance is through larger agribusiness (anchors) who directly or indi-
rectly finance SHFs, leveraging their supply and/or distribution chain
relationships to do so. Such financing can be provided from the agribusi-
nesss own balance-sheet, the agribusinesses may borrow from banks to
on-lend to farmers, or they partner with banks and microfinance institu-
tions (MFIs) for the latter to do the lending to SHFs based upon a
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guarantee from the larger agribusiness. There are pros and cons with
each of these arrangements. Also, the options are not mutually exclu-
sive, as they can be combined: for a certain set of farmers the agribusi-
ness could do the finance directly, while for another set of farmers,
financial institutions can do the lending. The options for an agribusiness
to finance its suppliers and distributors are summarized in figure 5.1.
Larger agribusinesses have access to capital markets and may raise
funds at lower rates than local banks. Their knowledge of the SHFs, along
with the focus on using finance to secure volumes of business, could lead
to competitive credit costs for SHFs. Small and medium enterprises
(SMEs) agribusinesses may not be able to secure lower-cost funding.
Their funding through local commercial banks could be limited by their
balance sheet and assets, and thus credit could be more expensive.
Bringing in banks and MFIs to lend to farmers could be advantageous
to an agribusiness because the agribusiness would not need to use its
own balance sheet to raise funding to on-lend, while it would still be able
to facilitate funding to its suppliers. SHFs can also find additional finan-
cial products beyond those for crop production. However, banks and
MFIs may be more risk averse than the agribusinesses, and farmers may
not have the risk profile these financial institutions seek. Therefore, the
availability of credit to SHFs may be limited compared to direct lending
from the agribusiness, and fewer farmers would be able to access credit,

FIGURE 5.1 Matrix: Smallholder Farmer (SHF) Funding Choices

Direct SHF transactions

Directly funding SHFs Facilitating external
funding for SHFs

Direct 1007 risk to agribusiness 0-1007 risk to agribusiness
funding
Directly funding Facilitating external
intermediaries funding for intermediaries
100% risk to agribusiness 0-1007% risk to agribusiness

Intermediated SHF transactions

Source: Original figure for this book by the International Finance Corporation.
Note: SHFs = smallholder farmers.
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given the loan application requirements of banks and MFIs, which are

more structured compared to production credit from agribusinesses.

Financing by agribusinesses could rely on off-taker contracts or pur-
chase orders to their suppliers (farmers), resulting in contract-farming
arrangements. However, financing can also take place in a less formal
environment, wherein agribusinesses could provide inputs on credit to
SHFs, which in turn would be expected to pay back the loan in kind
through crop delivery, supplying at least a percentage of the crop to sat-
isfy the cost of inputs provided. The case study in box 5.1 provides an

example of such a system.

—
BOX 5.1

Case Study: Jiva Platform in Indonesia

Jiva Ag Pte Ltd—established in 2019—is a wholly owned subsidiary of Olam Group Ltd. Since early
2021, Jiva has been operating a digital platform in Indonesia that provides inputs to maize farmers
and procures the crop after harvest to deliver to feed mills. Inputs are provided on credit, with Jiva
earning a spread from buying and selling inputs. This approach embeds the cost of finance in the
crop price, and there is no interest rate. Farmers can pay the input credit in cash or by delivering part
of their crop. However, the focus is to link input credit to purchasing the crop. After harvest, Jiva
advances funds to its buyers to pay cash, aggregate the crop, and deliver it to feed mills with whom
it has contracts. Jiva's business model focuses on margins for input and crop trade, while the com-
pany facilitates input supply and crop purchases by providing credit. Through this platform, Jiva
builds a transaction history of farmers, offers customized agronomic advice, and provides access to
input and output markets, thereby enhancing farmers' income and welfare. Jiva uses a combination
of digital technologies and on-ground presence to facilitate financing. The company employs the
services of microcollectors (MCs) that serve as commission-based agents and Jiva's primary point
of contact with farmers. The MCs have four main functions: (1) register new farmers with their
"know your customer” data; (2) help farmers apply for credit (in-kind inputs) and place input orders
through the MC app; (3) receive and distribute inputs to farmers; and (4) use the procurement
advances provided to purchase the crop from the farmers and pay them immediately. Jiva uses
activation coordinators (ACs) who are full-time employees to hire, train, and manage the MCs. By
the end of 2022, Jiva reached more than 12,000 transacting farmers and 1,000 MCs with 50,000
tons of corn in total transacted volume. The International Finance Corporation (IFC) is contributing
financial resources and expertise to further develop, strengthen, and expand this business model.

box continued
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BOX 5.1

Case Study: Jiva Platform in Indonesia (Continued)

IFC's participation allows Jiva to scale its lending program to MCs and farmers and will help build a
track record of repayment behavior for commercial lending (risk sharing) from IFC and other finan-
cial institutions. IFC also offers its expertise to enhance Jiva's credit-related processes and improve

the environmental and social sustainability of its operations.

Source: Original box for this book by the International Finance Corporation.

A key risk is side selling, in which the SHF would sell to someone else
to avoid repaying the loan. The extent of side selling depends on the
structure of the value chain and the relationships between the farmers
and agribusinesses. Crops that require centralized collection and pro-
cessing (for example, sugar, cotton, and rubber) and have a well-
structured value chain around an anchor buyer are better at controlling
side selling. Beyond these, the creation of loyalty incentives, provision of
nonfinancial services, field monitoring, use of digital technologies, and
the like can lower the risk and incidence of side selling.

Agribusinesses can provide data and information on their SHF suppli-
ers to financial institutions (banks and MFIs) to enable these institutions
to assess financial needs, design financial products, and assess credit and
other risks. Beyond data and information, agribusinesses could share
some of the credit risks (for example, first-loss credit risk sharing) or pro-
vide some guarantees to banks and MFIs. The repayment of such loans is
often based on delivery of the crop to the agribusiness, although farmers
could also be given the option of selling somewhere else if they repaid
the loan to the bank or MFI. However, in such scenarios, the agribusi-
nesses are not likely to be willing to share any of the risks.

Financing through Agribusiness Anchors

Smallholder farmers most often require smaller amounts of credit for
working capital, which makes it impractical to ask for collateral.
Therefore, agrifinancing for SHFs places emphasis on lending models
that mitigate risk through a better understanding of borrower cashflows
and how to capture them for loan repayment. The following subsection
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briefly addresses agricultural value chain finance (AVCF), a common
form of SHF prefinancing within a contracting relationship.' The second
subsection looks in greater length at agrifinance products and tech-
niques to strengthen AVCF arrangements in the face of high side-selling
risks. The third subsection considers SHF agrifinance opportunities that
do not require a prefinancing commitment by the anchor agribusiness.

Agricultural Value Chain Finance (AVCF) through Agribusiness
Anchors

AVCF involves prefinancing of goods or services, typically agri-inputs, to
the producer during the production cycle in return for delivery of out-
puts to a designated off-taker after harvest. A contract establishes a
financing relationship in which provision of preharvest credit (cash or in
kind) is repaid using proceeds from the smallholder’s crop sales post-
harvest, payable by the off-taker directly to the financier (when the
financier is a party other than the off-taker). Table 5.1 shows common
AVCF arrangements.

TABLE 5.1 Typology of Common AVCF Arrangements

Funding source /

AVCF type risk allocation Description Typical motivations

Off-taker Off-taker Off-taker prefinances » Supply security

prefinancing smallholder farmer (SHF) inputs, ¢ Quality assurance
expecting delivery after harvest » Traceability

Input-supplier
prefinancing

Tripartite
arrangement

Financier-led
arrangement

Input supplier

Off-taker, input
supplier, or
both, with risks
allocated among
them

Financier, which

may take full risk
or share risk with
off-taker or input
supplier

to repay input credit.

Input-supplier prefinances SHF
inputs and expects delivery after
harvest to repay input credit.

Input supplier and/or off-taker
prefinances SHF inputs and
expects delivery to off-taker
after harvest to repay input
credit.

Financier prefinances SHF
inputs and expects delivery
to designated off-taker after
harvest to repay input credit.

Corporate social
responsibility

Product marketing
Demand stability
Up-and cross-selling

Mix of the above

Relationship building
New business
opportunities

Portfolio diversification
Impact investment

Source: Original table for this book by the International Finance Corporation.
Note: AVCF = agricultural value chain finance.
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AVCF schemes may be established by off-takers linked to a con-
tract-farming or an out-grower scheme, and by input suppliers (or, much
less commonly, equipment vendors) as part of a product marketing
strategy. In the latter case, the input supplier may itself off-take and then
on-sell the produce to buyers, or it may partner with one or more off-
takers, which directly off-take from the contracted producers and then
provide the repayment for the input credit. The agribusiness's contrac-
tual relationship under AVCF may be directly with the producer or via
an intermediary—for example, a producer organization (PO), a retailer/
distributor, or a trader/aggregator—which would be given full or partial
responsibility for provision of inputs and aggregation of outputs.

POs have often been engaged by agribusiness anchors as a useful
means to reduce risk when lending to multiple SHFs. The involvement of
the PO can help reduce transaction costs through facilitation of last-mile
logistics and distribution. The PO also takes on the repayment risk by an
individual SHF member and is usually better positioned than an agri-
business or financier to mitigate that risk: preemptively by virtue of the
close relationship with the member SHF, at time of default through off-
setting the repayment obligations of the defaulter with produce pro-
vided by other members, and post facto through increased likelihood of
recovery based on social and community-based financial and legal inter-
actions. The resulting debt can then be remedied within the PO rather
than through foreclosure proceedings, which may impact the future bor-
rowing capacity of the individual SHF or of the PO.

The financier relies on the off-taker to make loan repayments out of
the SHF’s sales proceeds rather than relying on the SHF making pay-
ments directly to the financier, the latter translating into increased trans-
action costs and risks for the financier. However, AVCF based on off-taker
or input-supplier prefinancing has inherent limitations in application for
both commercial and structural reasons:

Commercial: Most agribusinesses do not have the administrative
capacity or commercial appetite to prefinance more than a relatively
small proportion of the total SHF base. To engage the large number of
SHFs in its catchment area, an agribusiness may explore sources of
external funding. When an external financier prefinances the SHFs,
the agribusiness may consider supporting the prefinancing by (1) pro-
viding pertinent information to assist the financier in appraising the
SHF’s creditworthiness; (2) committing to off-take so the financier is
assured that prefinanced SHFs can find a market for their produce
and a mechanism for facilitating repayment in the case of an off-taker;
(3) sharing to a defined extent in the repayment risk; and (4) providing
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full or partial guarantees. These themes are explored further in the
sections titled “How Can an Agribusiness Help Smallholder Farmers
Become Bankable for Financial Institutions?” and “Sources of Finance
in AVCF”

Structural: AVCF tends to work best in “tight” value chains. Such value
chains have one or more constriction points along the chain, usually but
not always at the level of agroprocessing. These constriction points pro-
vide limited choice of route for goods to market, thus reducing the pos-
sibilities for side selling (that is, when a producer sells its produce to
someone other than the designated off-taker, circumventing the repay-
ment mechanism stipulated in the financing agreement).? It is particu-
larly difficult to avoid side selling with food crops because they are sold
and consumed everywhere. To prefinance SHFs in value chains not ordi-
narily supportive of AVCF, an agribusiness may consider products and
t