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Soil degradation poses a major challenge to agricultural systems in sub-Saharan Africa.

Whereas there is a wealth of knowledge on the consequences of degraded soils, the

evidence base for farm management practices that could prevent and mitigate soil

degradation is still emerging and farmer uptake of such practices remains mostly low.

We propose that low adoption rates are due, in part, to a lack of near-term, farm-level

incentives, specifically immediate financial benefits accruing to farmers who implement

sustainable management practices associated with enhanced soil health. To encourage

adoption of soil-enhancing production practices by African smallholder farmers, a focus

on farm-level return on investment (ROI) is essential. To be effective at scale, soil health

initiatives must be built on realistic predictions of context-specific benefits, adoption

barriers, and farm-level financial incentives. In this paper, we postulate that monetizable

benefits of soil-enhancing practices accrue from increased agricultural production,

reduced cost of production, greater resilience and environmental benefits. We review

value chain, policy, and finance strategies that can shift the structural incentives that

powerfully influence farm-level ROI and smallholder adoption of soil-enhancing practices.

We conclude that agricultural development initiatives should integrate evidence-based

estimation of soil-related biophysical changes and thorough analysis of monetizable

benefits of promoted interventions, both on-farm and off-farm. This should be built on

robust regional datasets and models, developed over several consecutive seasons and

considering local specificities.

Keywords: soil health, sustainable agriculture, smallholder farming, soil management and conservation,

conservation agriculture, technology adoption

INTRODUCTION

Soil health can be defined as the continued capacity of soils to function as a vital living system
to sustain biological productivity and maintain the quality of air and water (Doran and Safley,
1997). As such, healthy soils are a basis for many environmental services to humanity, including
agricultural production, water recharge, and climate regulation (Rojas et al., 2016). However,
historical and current land use practices continue to degrade the structural integrity and fertility
of soils across sub-Saharan Africa. As a consequence, most cropland is characterized by poor soil
health, threatening the productivity and resilience of agricultural systems that depend on them
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(Vanlauwe et al., 2014). Particularly for smallholder farmers, this
results in production risks which will likely aggravate in the
context of climate change as poor soils tend to retain less water
and are more prone to erosion (Morton, 2007; IPCC, 2019).

Soil health improvement is a pressing need for farmers,
ecosystems, food systems, and humanity and it is not surprising
that soil health is a policy priority in many parts of the world
(Rockström et al., 2017). Yet, farm management decisions are
often guided by structural incentives that encourage extractive
production and reduce long-term soil health (Vermeulen et al.,
2019).

Soil health can be maintained and enhanced when improved
soil management practices are widely adopted by the individuals
who manage agricultural land. Such practices take many forms
including soil inputs, crop combinations, variety selection,
reduced tillage, ridging, residue utilization, and integrated weed
and pest management. In a global context, the technical potential
of improved soil management appears to be significant for
agricultural productivity, climate change mitigation, and other
sustainability objectives (Smith et al., 2007). Improved soil
management practices are commonly incorporated into holistic
concepts for sustainable farming and there are numerous
regional- and global-scale projections of the potential benefits
accruing from large-scale adoption of various agriculture
practices, technologies, or combinations (Pretty et al., 2018;
Searchinger et al., 2019).

In Africa however, the adoption of improved soil management
practices is mostly limited to growers that farm at a larger and
more commercial scale (Mutoko et al., 2014; Vanlauwe et al.,
2014; Stringer et al., 2020). Despite promising initial reports on
the uptake of such practices and concepts (Pretty et al., 2006),
more recent data suggests that aggregated adoption rates have
been as low as 3–18% in areas and communities where they
have been promoted (Nkonya et al., 2016; Stevenson and Vlek,
2018), indicating a significant gap between hopes and realities of
farm-level adoption (Stevenson et al., 2019).

Beyond Africa, low adoption levels are observed in other parts
of the world, in part because sustainable farming practices tend
to deliver very heterogenous public and private benefits (Cui
et al., 2018). Especially in the context of smallholder farming,
these benefits are rarely properly quantified or, more importantly,
monetized at the farm level to provide a reliable return on
investment (ROI) for their adoption. Individual farmers will
have distinct rationales and capacity for adopting single or
multiple improved soil management practices, on some or all
of their fields, and the timing and duration of adoption can be
highly varied. Adopting new practices often requires farmers to
outlay financial resources (e.g., to purchase improved inputs or
machinery) and accept new risks (e.g., lower yield or market price
than expected). For resource-constrained smallholder farmers,
an immediate and reliable ROI, ideally building on a low initial
investment base to reduce financial risks, is vital.

When soil-enhancing practices are promoted to them, farmers
assess the potential benefits, factoring in their available resources
(e.g., finances; labor; land) and competing options (e.g., current
practice). Potential farm-level ROI is greatly influenced by farm-
specific factors (e.g., farm size and location; soil type; household

capacity and assets) as well as structural incentives (i.e., in value
chains, government policies, and agricultural finance).

Large commercial farms in advanced economies have access
to robust, spatially-resolved agronomic recommendations (i.e.,
precision agriculture) that rely on long-term public and private
investment in rich datasets and regionally-calibrated models.
They also benefit from reliable market information systems.
Such capacity facilitates assessment of farm-level ROI for
adoption of soil-enhancing practices (e.g., in the US, adoption
of conservation agriculture was accelerated by quantified farm-
level benefits from improved soil management). Neither long-
term regional datasets and models, nor market information
systems are commonly available to African smallholders, who
have adopted soil-enhancing practices at quite low rates.

A large number of donor- and government-led initiatives
promote adoption of a variety of practices designed to improve
soil health and the overall environmental sustainability of
smallholder farms. Without access to quantitative estimates of
potential farm-level risks and benefits, such initiatives have
not adequately integrated factors guiding smallholder adoption.
We propose that agricultural development initiatives will more
successfully select, promote, and scale soil-enhancing practices
if they can be designed around evidence-based quantification
of the biophysical benefits and financial incentives that underlie
assessment of farm-level ROI.

In this paper, we propose strategies for the design and
deployment of interventions that aim to sustainably scale
the adoption of improved soil management practices in
smallholder farming systems in sub-Saharan Africa. We review
soil enhancement benefits that accrue at the farm level, in the
African context, and survey barriers to smallholders’ adoption
of soil-enhancing practices. We propose necessary preconditions
and development interventions for overcoming adoption barriers
as well as metrics suitable to farm-level ROI assessment. We
conclude by proposing value chain, policy, and finance strategies
that can facilitate emergence of necessary preconditions that
can shift farm-level ROI calculations toward adoption of
soil-enhancing practices. Assessment of adoption benefits and
barriers is essential to robustly quantifying potential financial
incentives and to designing appropriate supportive interventions
that foster immediate and sustainable value at farmer level.

BENEFITS AND BARRIERS TO ADOPTION
OF IMPROVED SOIL MANAGEMENT
PRACTICES

The uptake of improved soil management practices depends on
the benefits they deliver to individual farmers in the near-term
as compared to the status quo, the barriers to adoption, and the
incentives provided to overcome adoption barriers.

Resource-poor smallholder farmers require options that
are relatively low-risk and provide short-term returns on
investment. Environmental sustainability is often a less-
immediate concern than the economic viability of adopted
practices and technologies, so economic factors and monetizable
benefits will be essential considerations for creating smallholder

Frontiers in Sustainable Food Systems | www.frontiersin.org 2 October 2020 | Volume 4 | Article 576606

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Klauser and Negra Incentive Systems for Healthy Soils

incentives to adopt soil-enhancing practices (Pannell et al.,
2014).

Yet, low adoption rates indicate that such benefits are often
not appropriately quantified and attributed nor are adoption
barriers (e.g., cultural norms, access, logistics, labor, timing) well-
characterized or understood. As a result, incentives for such
practices are often inaccessible or insufficiently attractive to
targeted individuals.

Benefits From Adopting Improved Soil
Management Practices
Globally, there is a solid evidence base for the benefits of many
soil-enhancing practices. While such evidence is patchy in the
African context (Stevenson and Vlek, 2018), Table 1 illustrates
that there are studies demonstrating beneficial biophysical
change for a range of practices.

Biophysical changes commonly include increased soil organic
matter and biodiversity, improved plant-available water, better
nutrient availability, and reduced weed, pest, and disease
pressure. These biophysical changes can increase productivity
(e.g., higher yield; extended growing seasons), reduce cost of
production (e.g., more efficient fertilizer use; less need for crop
protection products), and boost resilience (e.g., to drought)
as well as delivering environmental benefits (e.g., reduced
erosion; water recharge; carbon sequestration) accruing both on-
and off-farm.

A number of practices to improve soil health have been
developed and introduced to smallholder farming communities
across sub-Saharan Africa. Amongst others, these include
diversified cropping systems, crop rotations, continuous soil
cover (e.g., cover crops; mulching), minimum tillage, and
intercropping and agroforestry systems. Some of these practices
have been integrated into holistic concepts for sustainable land
management, such as conservation agriculture (Hobbs et al.,

TABLE 1 | Selected evidence of biophysical changes and farm-level benefits from soil-enhancing practices.

Benefits Selected evidence for soil-enhancing practices

Productivity: Increased production and/or improved quality and value of production

Increased yield Legume rotation/forage/cover cropping—(Lal et al., 1978; Sileshi et al., 2008; Franke et al., 2018; Zemek et al., 2018)

Perennial intercropping—(Bayala, 2012; Bright et al., 2017)

No-till, legume intercropping—(Thierfelder et al., 2016)

Organic amendments/biochar addition—(Soma et al., 2018; Kätterer et al., 2019)

Planting basins, ridging, weed management—(Dahlin and Rusinamhodzi, 2019)

Fertilizer microdosing—(Bielders and, 2015)

Precision agriculture, seed treatment—(Aune et al., 2017)

Rhizobium inocula and phosphorus fertilization—(Belete et al., 2019)

Tied ridging, crop residue incorporation, legume rotation—(Kouyaté et al., 2000)

Zaï farming—(Schuler et al., 2016)

Reduced costs of production: Decreased input (e.g., fertilizers; crop protection products) and/or labor costs

Yield return on labor Planting basins, ridging, weed management—(Dahlin and Rusinamhodzi, 2019)

Reduced fertilizer use Perennial intercropping –(Bright et al., 2017)

Integrated soil fertility management—(Vanlauwe et al., 2015)

Reduced fertilizer in green manure legume rotation—(Mupangwa et al., 2016)

Starter nitrogen for cowpea—(Nurudeen et al., 2018)

Phosphate rock-legume compost—(Shitindi et al., 2019)

Organic amendments—(Soma et al., 2018)

Reduced weed/pest

pressure Ecological weed management—(Bàrberi, 2019)

Legume intercropping/trap crop rotation—(Gbèhounou and Adango, 2003; Khan et al., 2006)

Integrated pest management (push-pull)—(Hassanali et al., 2008)

Resilience: Decreased variability of production; diversified income sources

Increased resilience to

drought No-till—(Jemai et al., 2013)

Perennial intercropping—(Paterson et al., 1998)

Environmental benefits: Accruing both on- and off-farm

Increased soil organic

matter

Perennial intercropping—(Rosenstock et al., 2014; Bright et al., 2017; Corbeels et al., 2019)

No-till—(Jemai et al., 2013)

Grass/legume cover cropping—(Lal et al., 1978)

Legume cover crop—(Tian et al., 2001)

Increased soil biodiversity Legume cover cropping—(Tian et al., 2001; Blanchart et al., 2006)

Reduced input use Tied ridging, crop residue incorporation, legume rotation—(Kouyaté et al., 2000)

Reduced erosion Mulching—(Iorkua, 2012)

Biochar addition—(Odhiambo and Mihara, 2018)
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2007; Franke et al., 2018), integrated soil fertility management
(ISFM) (Vanlauwe et al., 2014), and permanent agroforestry
(Rahman et al., 2017; De Giusti et al., 2019).

In Africa, a history of relatively low research investment in
soil health has resulted in a limited evidence base (e.g., low
spatial resolution; gaps for many potentially beneficial practices)
for soil biophysical changes and farm-level benefits (i.e., yield,
production costs, resilience). This impedes quantification and
ROI assessment of soil-enhancing practices for a specific farming
context and can be improved through expanded research using a
common set of metrics.

Barriers to Adoption
At the farm level, the potential benefits of soil-enhancing
practices are weighed against the known benefits and risks
of current farm practice. To abandon the low uncertainty of
adhering to the status quo, the high uncertainty of new practice
adoption must be accompanied by sufficiently large, near-term
benefits and, ideally, some form of risk mitigation.

To adopt new practices, smallholders need low-risk, near-term
ROI. However, the magnitude and timeframe for biophysical
changes that arise from soil-enhancing practices is not yet well-
quantified (e.g., soil organic matter accumulation). Additionally,
some portion of the environmental benefits arising from farm-
level biophysical changes may accrue beyond the farm (e.g.,
climate change mitigation; reduced erosion). Smallholders with
insecure land tenure lack guarantees that they will derive soil-
related benefits beyond the current growing season.

Given high variability among farming operations and
contexts, site-specific factors will influence the attractiveness
of new practices (Pannell et al., 2014; Vanlauwe et al., 2019)
and limit the potential success of one-size-fits-all approaches
(Palm et al., 2014). Yet, agronomic knowledge is commonly
limited or incomplete among smallholders who require training
in soil, water, and pest management, marketing and financing
strategies, and more. Context specificity tends to go beyond local
soil properties and predominant production systems to include
potential resource use tradeoffs, socio-economic dimensions,
local market linkages (both input and offtake), as well as the
policy and extension environment.

Farm-level incentives are strongly affected by structural
factors. National and sub-national agricultural policies such as
subsidies (e.g., for commodity crops; for generic fertilizers),
regulations (e.g., seed registration), tariffs, and taxes tip the
scales toward certain types of crops (e.g., cereals) and farm
management practices (e.g., monocropping). Similarly, local
value chains fundamentally control the type and timing of farm
products that receive adequate remuneration to generate farm-
level profits. Taken together, the complexity of farm-level and
structural factors may work against smallholders opting for new
practices over the status quo.

While emerging data substantiates potential benefits from the
adoption of more sustainable production practices (see Table 1),
the current evidence base may not be sufficient to establish a
robust business case at farmer level to justify adoption. Many
promoted practices and technologies require investment, yet
most smallholder farms have limited financial assets, or access

to affordable credit, for purchasing improved seeds, nursery
stock, equipment (e.g., irrigation; storage; machinery), and other
investments necessary to implement or derive benefit from
new practices.

Promoted practices also commonly involve resource use
tradeoffs (Klapwijk et al., 2014; Kanter et al., 2016). Such tradeoffs
are often acute for land (e.g., to produce for markets or household
consumption), organic matter (e.g., to use for fodder, fuel, or
SOM enrichment), labor (e.g., for crops, livestock, or off-farm
employment), and inputs (e.g., which crops to receive limited
irrigation water or expensive fertilizers and crop protection
products). For instance, rotation crops may improve yields and
reduce production costs of successive cash crops. Yet, if they have
limited market value, adoption of rotation crops could actually
reduce farm-level income in the season in which they are grown.

Farm-level adoption barriers are illustrated by conservation
agriculture (the combination of minimum soil disturbance, crop
rotations and continuous soil cover), which has seen a substantial
expansion in many parts of the world yet is only sparingly
practiced in sub-Saharan Africa (Giller et al., 2009). This can
partially be attributed to (i) low incremental productivity of
smallholder farming systems; (ii) competing interests for crop
residues and organic matter (for feed and fuel); (iii) increased
labor requirements (e.g., for weed control); (iv) lack of offtake
markets for rotation crops; and (v) lack of immediate financial
benefits, as productivity gains only materialize over years
(Palm et al., 2014; Pannell et al., 2014; Rigolot et al., 2017).
Similar patterns are seen for other agricultural innovations,
such as Integrated Soil Fertility Management, which relies on
organic inputs and synthetic fertilizer that may not always be
readily available or affordable (Vanlauwe et al., 2010). There is
surprisingly little information available on such context-specific
factors at the local and farm level.

TRANSLATING BENEFITS INTO FINANCIAL
INCENTIVES—THE NEED FOR
SUPPORTIVE INTERVENTIONS

Monetization of benefits is a key step to assessing whether
adoption of more sustainable practices will deliver an
appropriate, near-term ROI at the farm level. Marketing of
farm products, reduced production costs, subsidies, direct
payments, and insurance can all contribute to net farm income
(see Table 2). A combination of such incentives can help
overcome barriers and increase farmer implementation of
improved soil management practices.

When soil-enhancing practices deliver significantly increased
yield or reduced costs in the same growing season, there
is an inherent incentive for adoption and only facilitative
interventions may be needed (e.g., capacity building; access to
inputs and markets). For example, where high-quality seeds and
remunerative markets are made available, integration of a legume
rotation might rapidly improve nitrogen availability and break
pest or disease cycles resulting in higher or less variable yields.

However, accrual of agronomic benefits may occur over
extended periods of time or, in the case of increased resilience,
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TABLE 2 | Potential interventions to shift toward necessary preconditions for adoption of soil-enhancing practices.

Preconditions Interventions

FARM-LEVEL

Access to appropriate

agronomic knowledge

• Assessment of agroecological suitability (appropriate crops, varieties, rotations; soil diagnostics)

• Bundled rural advisory services (e.g., training, Extension, Integrated Pest Management)

Assets • Secure land tenure

• Household labor and financial resources

VALUE CHAINS

Reliable access to inputs, labor,

equipment

• Improved seeds, nursery stock, equipment (e.g., irrigation; storage)

• Agri-entrepreneurs (machinery services)

Reliable, remunerative markets • Reliable offtake arrangements (for new types of products, off-season production, increased regional production)

• Premium prices (certification)

• Extended transport infrastructure

• Farmer aggregation mechanisms

POLICY

Seeds • Improved seed registration

• Coordinated seed multiplication systems

Knowledge • Funding for in-region R&D, datasets, models

Subsidies • Provision or cost-sharing for farm inputs

Supportive policy context • Regulations, tariffs, taxes

• Land titling

FINANCE

Financial inclusion • Preferential access to credit OR borrowing terms that account for lower repayment risk based on farmer screening1

• Concessionary/blended finance schemes to incentivize agri-entrepreneurs (seeds; diagnostic or machinery services)

Risk mitigation tools • Insurance and other risk-pooling schemes

Payments for ecosystem

services (PES)

• Incentive schemes that subsidize and verify environmental performance

• Carbon offset credits: subsidized prices, measurement methodologies, and verification mechanisms

• Water funds: established pricing, quotas

• Biodiversity and habitat conservation payment schemes

1Farmer screening relates both to a farmer’s ability to benefit from lending (i.e., actual farm-level ROI) and to repay loans (i.e., realistic integration of repayment

risks).

may only become apparent during an extreme event. Delayed
agronomic benefits will not sufficiently incentivize smallholders
to adopt new farming practices without additional interventions
that offset new costs (including foregone alternative uses of land,
labor, and resources) and risks during the period of delay. For
example, leaving crop residue in the field, rather than using
it for fuel or fodder, requires provision of an alternative (e.g.,
efficient cookstove; fodder trees) until increased soil organic
matter delivers greater productivity (e.g., via improved water and
nutrient efficiency).

When the environmental benefits of soil-enhancing practices
primarily accrue beyond the farm, smallholder adoption may
require monetary incentives as either a temporary or permanent
subsidy (e.g., carbon offset payments; public support programs).
Adherence to specified sustainable production practices and
accrual of environmental benefits can lead to increased farmer
income through access to premium offtake markets (e.g., via
certification schemes), specialized finance, subsidies, or payments
for ecosystem services (PES).

Current value chain, policy, and financial systems rarely
provide sufficient incentives for smallholders to adopt improved
soil management practices (Vermeulen et al., 2019), and in many
cases, supportive interventions are necessary. Many agricultural
development initiatives promote soil-enhancing practices among

smallholders in sub-Saharan Africa, but may not take advantage
of the full array of farm-level, value chain, policy, and finance
interventions that can facilitate accrual of farm-level benefits
and shift the farm-level ROI calculation toward adoption of
soil-enhancing practices. In Table 2, we list and categorize
preconditions for establishing a robust, farm-level business case
for adoption improved soil management practices.

Farm-Level and Value Chain Interventions
Adoption of new practices requires access to knowledge and
equipment, to high-quality farm inputs, and to remunerative
offtake markets that convert surplus or diversified farm
production (e.g., rotation crops) into net increase in farm income
(Vanlauwe et al., 2014). In addition, adoption of promoted
practices is likely to be higher when these are complementary
to existing farming systems and have moderate knowledge
requirements and low adoption risks.

Offtake agreements can reduce farmers’ risk in adopting
new practices or crop types by guaranteeing access to
markets or premium prices if farmers adhere to offtakers’
requirements or certification standards. The absence of reliable,
remunerative offtakemarkets inmost parts of sub-Saharan Africa
inhibits adoption of sustainable practices (AGRA, 2019). Yet
market dimensions are often neglected in smallholder-focused
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initiatives intended to increase the adoption of improved soil
management practices.

A key challenge will be to develop commercial models for not-
yet-commercial activities, without distorting existing markets.
Amongst others, the following strategies may be effective in
meeting this challenge:

• Incentivize farm and market diversification: Create market
demand (price signals; market infrastructure) for rotation
crops or tree crops that overcome financial and other risks
of diversification.

• Better value chain integration and service delivery through
farmer aggregation mechanisms (e.g., “hubs” that facilitate
input supply, financing, crop aggregation/marketing and
provide timely, integrated support that helps farmers fully
capitalize on soil health practices).

• Develop models that combine soil diagnostic services and
related input supply: improving soil fertility, plant nutrition,
and productivity through soil testing, agronomic advising,
and improved access to soil amendments and quality
seed/improved varieties.

Policy-Focused Interventions
While this paper does not review supportive policy strategies
for farmer adoption of soil enhancing practices and technologies
in detail, we note the tremendous influence of policy and
institutional factors on farm-level options and decisions
(Agrawal, 2008). Fundamental elements of an enabling policy
environment include well-designed subsidy programs (Jayne
et al., 2019), efficient crop variety registration, and land titling to
ensure long-term interest in improved soils (WBCSD, 2018).

For instance, government- or philanthropy-supported
subsidies can accelerate development of smallholder-inclusive
markets such as for customized fertilizers, soil amendments,
and rotation crop varieties that promote soil health. Subsidies
can include government funding for market infrastructure (e.g.,
storage facilities; price information systems, credit registries)
and technical assistance. Ideally, short-term catalytic subsidies
will focus on long-term, strategic market-building activities
(McCann et al., 2018).

Financial Interventions
There is an expanding set of traditional and innovative financial
strategies being adapted to smallholder production systems with
objectives ranging from financial inclusion to incentivizing farm-
level contributions to climate change mitigation. The feasibility
of some newer approaches has not yet been demonstrated for
environmental objectives in smallholder production.

If appropriately structured, loans, insurance, or credit
schemes that bridge the gap to immediate ROI could
incentivize smallholder farmers to adopt soil-enhancing
practices. Smallholders could be offered various forms of value
chain finance such as pre-financing, receivables financing,
and insurance (Havemann, 2016). Farm credit targeted to
smallholders commonly necessitates innovative risk-screening
and collateral requirements that enable favorable interest rates in
the absence of credit history or assets.

Developing appropriate financing strategies, financial
structures, and specific arrangements requires well-conceived
soil health related interventions since all their success relies
on delivery of actual agronomic (e.g., increased yield) and/or
environmental (e.g., carbon, water) benefits. Debt-based
financing strategies can increase farm-level risk if not paired
with mechanisms for increasing farmers’ ability to repay loans.
Accordingly, debt instruments should be pursued after (or in
parallel) with implementation of strategies that increase farmers’
revenue (e.g., increased market prices; PES) or reduce their net
costs (e.g., better access to affordable, high-quality seeds).

Globally, numerous carbon credit schemes and other types
of PES, designed to enhance the farm-level ROI of improved
practice adoption, have been tested (Henderson et al., 2018).
PES is fundamentally dependent on ‘buyers’ willing to pay
for environmental performance (e.g., development finance
institutions; GHG-emitting businesses; water supply agencies)
and are reliant on development of low-cost monitoring and
transaction mechanisms. Where funds are available, direct
monetary support can incentivize farmers to enter contracts
(usually through an aggregating entity) to adopt specified
practices for a given period of time (e.g., per hectare payments)
or to be paid for environmental outcomes (e.g., per ton of
carbon sequestered).

The variety and complexity of methodologies applied, the high
costs of farm-level verification of environmental performance
(e.g., water quality; carbon stocks) have produced significant
headwinds for PES approaches. With uneven evidence for actual
soil carbon sequestration and accrual of benefits from new
practices (Palm et al., 2014; Vermeulen et al., 2019; World Bank,
2020) and weak agreement about permanence and eligibility for
compliance schemes, prices for agricultural carbon credits have
been low and volatile.

Very few smallholders in sub-Saharan Africa have access to
monetary incentives for improved environmental performance
(e.g., carbon sequestration/GHG emission reduction; water
use efficiency; watershed protection) such as lower cost
of farm credit or PES schemes. Given the fragmented
nature of smallholder farming systems, the long-term viability
and scalability of PES initiatives will depend on reliable
metrics and low verification and transaction costs (Salzman
et al., 2018). More cost-efficient models for field verification
of environmental performance (e.g., remote sensing, digital
solutions for self-verification) are being tested (Eitzinger et al.,
2019).

In the short-term, finance needed to test interventions
and to establish new arrangements is likely to come from
a mix of public, philanthropic, and private sources. This
could take the form of blended finance in which structured
vehicles combined diverse sources of finance for specific
purposes under defined terms (e.g., risk allocation) or simply
mobilization of different sources of finance toward different
interventions, ideally in a coordinated manner. In the longer-
term, finance needed for continuation of new value chain
activities is likely to come primarily from private sources
(e.g., commercial banks, value chain companies) or public
lending programs.
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CONCLUSIONS AND IMPLICATIONS FOR
ACTION

Investment in improved soil health can only create value at farm
level when promoted agronomic practices, either individually or
combined as a package, lead to increased short-term, farm-level
profitability (Henderson et al., 2018; Vermeulen et al., 2019).
In some cases, benefits from the adoption of soil-enhancing
practices, such as increased yields and resilience, and reduced
costs of production, can translate directly into near-term ROI,
if essential knowledge, equipment, and inputs are available.
In most cases, changes within value chains (e.g., provision
of inputs; reliable, remunerative markets), government policies
(e.g., appropriate farm subsidies; legal frameworks for PES), and
agricultural finance mechanisms (e.g., concessionary credit) will
be needed for farm-level incentives to materialize.

Like many aspects of sustainable agriculture, there are (cost-
effectiveness) tradeoffs for agricultural soil health enhancement

in Africa (Westermann et al., 2018). To overcome barriers to
adoption of soil-enhancing practices, agricultural development
initiatives should combine and sequence appropriate value
chain, policy, and finance interventions, adapted to specific local
farming contexts. Design of agricultural development initiatives
should also recognize that some smallholder farmers do not yet
have sufficient farm-level capacity (e.g., knowledge; labor; risk
tolerance) and assets (e.g., finances; land; equipment) required
to adopt soil-enhancing practices. These pre-commercial
smallholders will need greater public support to build the
necessary assets and to endure the attendant risks.

While the evidence base for quantifying benefits, costs, and
risks of adopting sustainable agronomic practices is not yet
complete, it can inform sustainable agriculture interventions.
To achieve broad and sustained smallholder adoption, soil-
enhancing practices must be compatible with agroecological
conditions, agronomic variables, regional supply chains, and
policy context (Akpoti et al., 2019). To effectively promote

TABLE 3 | Metrics for assessing the impact of soil-related interventions at multiple levels.

Benefits Potential metrics

FARM-LEVEL

Biophysical • Productivity • Yield; whole farm productivity (t/ha)

• Soil quality • Water-holding capacity

• Reduced soil erosion/compaction

Cost of production • Inputs (fertilizers, seeds, crop protection products) • Total input cost per output ($/ha)

• Labor • Labor cost per farm output ($/ha)

Resilience • Diversification (e.g., crop rotations, agroforestry) • Interannual variability (t/ha/year)

• Soil biota; pest/disease prevalence

• Risk management tools • Insurance coverage (number of smallholders)

Socio-economic • Smallholder commercialization • Farm budgets (e.g., income sources, labor/input costs)

• Farm management (e.g., change in practices/technologies)

VALUE CHAINS

Supply chain • Seed supply • Seed sales (value, geography/demography)

• Agrichemicals • Region-specific fertilizer products (number)

Markets • Market prices • Profitability (price-to-cost ratio)

• Market infrastructure • Collection hubs, storage facilities (number)

POLICY

Inputs • Seed registration/licensing • Catalog entries (number)

• Seed multiplication sites

• Agri-chemicals • Regionally-appropriate fertilizer blends (number)

Policies • Subsidies • Yield (t/ha)

• Smallholder net income ($/year)

• Land tenure • Secure land titles (number; ha)

Science/innovation • R&D investment • New datasets, models (number)

• Relevance of new knowledge, varieties, and techniques

FINANCE

Access to credit • Smallholder financial inclusion • Smallholder interest rate on credit (%)

• Loan collateral requirements ($)

• Allocation to marginalized groups (%)

PES • Incentive payments • Carbon sequestration (CO2-eq)

• Fertilizer use efficiency (N/yield)

• Water-saving practices implemented (ha)

• Water savings (liter/ha); water quality

• Area under conservation, improved practices (ha)
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adoption, soil health initiatives will robustly consider whether
potential practices are compatible with these determinative
contextual factors.

Design of agricultural development initiatives should be based
on estimates of reliable benefit accrual for targeted smallholder
groups, and should be organized around flexible, replicable
delivery models that appropriately integrate and sequence key
supportive functions including:

In-region farmer participatory testing to build an evidence
base for ROI quantification, to ensure context-specificity, to
validate improved agriculture practices and technologies, and to
screen them for viability within existing value chains and policies
(e.g., led by national and international research institutes). While
it is tempting to ‘import’ estimates developed in the U.S.,
Europe, and other developed economies with better-studied
agriculture sectors, there are real risks that imported economic
estimates will be over-optimistic and poorly aligned with
the specific biophysical, socio-cultural, and market conditions
relevant to African smallholders (Pannell et al., 2014). A
rigorous, farmer-engaged “learning-while-doing” approach can
reveal meaningful heterogeneity among smallholder farmers and
generate a portfolio of evidence-based interventions designed to
increase profitability and resilience through improved soil health.

Demand-led R&D networks. Meaningful progress toward
soil health can be made within existing value chain, policy,
and finance contexts. Demand-led, network-based capacity for
R&D and technology transfer can support linked interventions
across value chains and co-investment partnerships (e.g., with
offtakers, insurance companies, input suppliers, traders, financial
institutions). The CGIAR and their national partners have
built an impressive body of soil-related research over recent
decades. Ongoing and expanded investment is needed to develop
quantification and predictive capacity for the relationship among
investments in smallholder capacity building, improvements in
soil management and soil quality, and changes in risk and
resilience at multiple scales (e.g., farm, community, value chain).
Paired R&D and scaling initiatives can test and validate farm
management options in close partnership with organizations who
support farmer capacity building.

Supportive interventions that build access to agronomic
knowledge, farm inputs, markets, and finance. Smallholder
farmers need a “toolbox” of options to navigate their specific
conditions and tradeoffs, which may change dynamically
(e.g., through shifts in climate, policies, or markets). Holistic
approaches that recognize the effects of structural incentives on
farm-level decisions can pair technical knowledge with value
chain, policy, and financial interventions.

Appropriate finance strategies that offer appropriate
combinations of loans, insurance, or credit that bridge the

gap to immediate ROI (e.g., led by governments, DFI, and
impact investors) (Viable soil health initiatives would not
be dependent on long-term donor funding). “Right-sized”
finance will: (i) Overcome farm-level barriers to adoption of
sustainable practices (e.g., opportunity costs of alternative uses
for land, organic matter, labor; new production costs); (ii)
Align with farmers’ needs/capacities and target net reduction
of farm-level risk; (iii) Be anchored in technical feasibility
and risk-adjusted financial return; (iv) Be delivered through
appropriate mechanisms (e.g., farmer aggregation strategies);
and (v) Be paired with necessary policy adjustments (e.g., secure
land use titling) infrastructure investments (e.g., seed access, soil
testing, product storage).

Essential metrics to assess the effectiveness and sustained
impact of soil-related, smallholder-focused interventions. A wide
array of soil-related biophysical metrics can be monitored from
farm- to landscape-level and combined with socio-economic,
policy, and finance metrics to understand the effectiveness and
(direct or indirect) impact of smallholder-focused interventions
(see Table 3). Estimation of farm-level environmental and
economic benefits of soil health improvement strategies should
be built on in-region data, acquired over several consecutive
seasons following clear impact assessment criteria (Stevenson
et al., 2019).

We encourage global donors, agricultural development
program implementers, and public sector partners to focus
on developing holistic models that provide long-term,
sustained impact, potentially at the cost of short-term impact
measures. To facilitate adoption of improved soil management
practices by African smallholder farmers, such initiatives
should incorporate a thorough analysis of both anticipated
benefits and beneficiaries of promoted interventions. By
promoting change in value chains, government policy, and
agricultural finance mechanisms, structural incentives can
shift encouraging smallholder farmers to adopt new practices
and generate productivity, income, and resilience benefits
at scale.
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