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Introduction
Soil is living foundational infrastructure, yet 
its value remains largely invisible. This paper 
makes soil health visible and legible to business.

Soil – the ground beneath our feet – is the very 
foundation on which life and prosperity depend. 
Yet most economies fail to account for this 
dependence, leaving soil’s true value largely 
invisible. Soil health rarely appears on balance 
sheets or in boardroom conversations. This paper 
reveals the hidden economic power of healthy soils, 
making it visible and legible to business.

Consider a morning routine: the grain in toast, the 
coffee that starts the day, the cotton in a shirt, the 
cashmere in a sweater, the botanicals in a perfume. 
Each begins in soil, yet most businesses have little 
idea how much they depend on it. Soil does not ask 
to be noticed. Its degradation is quiet, gradual and 
invisible – until it is not.

Today, up to 40% of the world’s land is already 
degraded,1 costing an estimated $878 billion 
annually2 and directly affecting 3.2 billion people,3 
including farmers and pastoralists. And, as this 
paper will show, it affects your business.

This is not a new warning. Almost 100 years ago, 
facing the devastation of the American Dust Bowl, 
then-US president Franklin D. Roosevelt wrote to 
state governors with an urgent appeal: “The nation 
that destroys its soil destroys itself.”4

The risks are real, but so are the opportunities. 
Healthy soils do something remarkable: they 

stabilize the systems around them. They retain 
water, resist erosion and sustain the biological 
activity on which productivity depends. The 
same soils that anchor farms also help regulate 
key biogeochemical cycles — carbon, nitrogen, 
phosphorus and water — on which the global 
economy rests. When these cycles are disrupted, 
instability ripples through the systems. But when 
they are restored, so do the benefits.

This is possible because soil is not a static 
resource. Soil is foundational infrastructure. 
It is also living. And like all living systems, soil 
responds to care. It can regenerate when invested 
in and degrade when neglected. Measurable 
improvements in soil function and related services 
can often emerge within years rather than decades, 
generating benefits such as reduced input costs, 
improved yield stability and greater resilience. 
While stewardship can restore function over time, 
sustained pressure can erode resilience and push 
soils closer to critical thresholds.

This paper makes three main points: First, soil 
dependency is real and largely invisible: if the soil in 
your supply chains is not healthy, your business is 
not healthy. Second, healthy soils create value while 
degraded soils create risk, affecting productivity, 
resilience and long-term business performance. 
Third, action – individual and collective – is both 
urgent and achievable.
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Why soils, why now? 
The science of 
the foundation
Healthy soils are central to the interconnected 
systems on which life, economies and 
societies depend. Soil degradation threatens 
this foundation.

1

Most people understand that healthy soils are 
important for agriculture; far fewer appreciate the 
extent to which soils underpin the wider systems 
on which economies depend. Soil plays a central 
role in regulating key biogeochemical cycles – 
carbon, nitrogen, phosphorus and water – through 

its interactions with plants, microorganisms 
and the atmosphere.6 Disruptions to these 
interconnected processes can cascade through 
food systems, ecosystems and economies. 
These relationships can be understood through 
six interconnected domains:

1.1	� Soil as the master variable

Soil health is the ability of the soil to sustain the productivity, 
diversity and environmental services of terrestrial ecosystems.

FAO, 20205
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Soil as the foundationF I G U R E  1

Soil as our 
foundation

Regulates the interconnected
systems on which life and 

prosperity depend.

Climate

Soils store more carbon than 
the atmosphere and all vegeta-
tion combined.4

Healthy soils help regulate climate 
through carbon storage and 
biogeochemical cycling.

Biodiversity

Soil is home to an estimated 59% 
of all life on Earth3

Soil and crop diversity reinforce 
one another, underpinning nutrient 
cycling, ecosystem function 
and resilience.

Food and 
nutrition security

95% of the world’s food depends 
on soil.1

Healthy soils support both food 
production and nutritional quality.

One health

The health of soils, plants, animals 
and people is interdependent.5

Healthy soils support the health 
and resilience of living systems.

Economic and 
political stability

Land degradation costs the 
global economy an estimated 
$878 billion annually.6

Food systems, livelihoods and 
societal stability depend on 
productive soils.

Water systems

Nearly half of rainfall over 
land originates from terrestrial 
evapotranspiration.2

Healthy soils store, filter and release 
water, helping regulate local and 
global water cycles.

Source: 1. FAO. 2024 . “FAO highlights the vital role of soil: 95 percent of our food is directly produced on soil.” 2. Global Commission on the Economics of Water. 
2024 . The Economics of Water: Valuing the Hydrological Cycle as a Global Common Good. Paris: OECD Publishing. 3. Anthony, M.A., Bender, S.F. & van der 
Heijden, M.G.A. 2023 . “Enumerating soil biodiversity.”Proceedings of the National Academy of Sciences. 4. Food and Agriculture Organization. 2020 . Soil and 
Climate Change: Facts and Figures. 5. One Health Commission. 2022 . One Health: A call for collaborative action. Economic & Political Stability 6. UNCCD. 2024 . 
Investing in Land’s Future: Financial Needs Assessment for UNCCD.

Food and nutrition security. Soil underpins 
approximately 95% of global food production.7 
Healthy soils influence not only the quantity, but 
also the quality of food and forage, contributing to 
healthier food for both people and animals.

Water systems. Soils store, filter and release 
water, helping regulate hydrological cycles from 
farm to watershed scale. Beyond that, green 
water stored in soils and vegetation returns to 
the atmosphere through evapotranspiration and 
generates around half of all rainfall over land, 
linking soil health directly to regional and global 
water cycles.8

Climate. Soils store more carbon than the 
atmosphere and all vegetation combined.9 Through 
continuous exchanges of carbon with plants 
and the atmosphere, soils play an active role in 
regulating the Earth’s climate. Soil is not just a 
carbon sink; it is a carbon regulator. 

Biodiversity. Soil is home to an estimated 59% 
of all species on Earth,10 much of it microscopic. 
This vast soil biodiversity underpins nutrient cycling, 
decomposition, ecosystem functioning and ecological 
resilience. Aboveground diversity also matters. Diverse 
crops, varieties and rotations improve soil structure, 
nutrient cycling, biological activity and resilience.
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Health. The One Health framework maintains that 
the health of soils, plants, animals and people is 
interconnected. By influencing food quality, water 
quality and biodiversity, healthy soils contribute 
to healthier ecosystems and, ultimately, healthier 
societies. Soils can also act as reservoirs, filters 
and pathways for pollutants, including heavy 
metals, PFAS and microplastics, linking soil 
health to broader environmental and public 
health outcomes.

Economic and political stability. The 
consequences of degradation are not confined to 

individual farms or landscapes. Food insecurity, 
water stress, supply chain disruptions and 
rising costs propagate through systems. In an 
interconnected world, pressures that originate in 
degraded landscapes can cascade through supply 
chains, markets and social systems.

Healthy soils provide services upon which our entire 
economy and society rely. In this sense, soil can 
be understood as a form of living infrastructure: a 
foundational natural asset that provides essential 
services over long time horizons yet is rarely 
managed or financed as such.

1.2	� The crack in the foundation

Up to 40% of the world’s land is degraded,11 
directly affecting more than 3.2 billion people,12 
including farmers, pastoralists and – increasingly – 
the businesses that depend on them.

Drivers of degradation are both direct – land 
conversion, intensive tillage, overgrazing and 
pollution – and indirect: incentives that promote 
extraction over stewardship, reward short-term 
production over long-term soil health and externalize 
the costs of degradation. These pressures are 
compounded by climate-related threats. 

Degradation is often gradual, with impacts 
accumulating long before they become visible. 
Ecological systems can absorb stress for extended 
periods before critical thresholds are crossed, after 
which declines in function may accelerate and 
recovery becomes increasingly difficult. 

The consequences of soil degradation are felt both 
locally and globally. At the local level, degraded soil 
loses its ability to hold water, resist erosion, cycle 
nutrients and sustain the biological activity on which 
productivity depends. At larger scales, degradation 
affects biogeochemical cycles13 that connect to 
wider ecological and economic systems. Because 
soil underpins food security, water systems, 
biodiversity, climate regulation, human health and 
economic stability, degradation can propagate 
through multiple systems simultaneously.

Maintaining soil health is not only an environmental 
or agricultural imperative, but a strategic investment 
in the natural asset base upon which economies 
and societies depend. Yet despite its importance, 
soil remains largely invisible in the frameworks 
through which governments, businesses and 
investors assess value and manage risk.

 Maintaining soil 
health is not only 
an environmental 
or agricultural 
imperative, 
but a strategic 
investment in 
the natural asset 
base upon which 
economies and 
societies depend.
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The business case 
for soil health
Every business depends on nature; many 
depend on healthy soils. Yet few recognize 
the full extent of that dependence, or what 
it means for business. 

2

Businesses depend on a range of ecosystem 
services supported by healthy soils. Some of these 
dependencies are obvious. Others are embedded 
within supply chains or ecological relationships that 
may be several steps removed from a company’s 
direct operations. The more distant a dependency 
becomes, the less visible it tends to be.

Direct dependencies occur within a company’s 
own operations and assets. Agriculture, forestry 
and other land-based industries depend directly 
on healthy soils to sustain productivity and 
ecosystem function. Indirect dependencies arise 
through supply chains and the ecosystem services 
on which those depend. Food brands, retailers, 
textile companies, cosmetics manufacturers 
and pharmaceutical firms rely on agricultural raw 
materials whose availability, quality and cost are 
shaped by soil health. A cosmetics company may 
depend on botanical ingredients whose production 

depends on pollinators, which in turn depend on 
biodiverse ecosystems supported by healthy soils. 

Nor is it only farms or cropland. Products such as 
cashmere, wool, some leather and livestock-derived 
foods originate in rangeland ecosystems. Covering 
roughly half the Earth’s land surface, rangelands 
provide food, fibre and livelihoods for hundreds of 
millions of people.14 

Businesses can be dependent on soil health 
without recognizing it. This challenge is not confined 
to producers and brands. Financial institutions 
may also be exposed to soil-related risks and 
dependencies through the assets, sectors and 
value chains they finance. As a senior sustainability 
executive at a global agricultural company observed, 
“Not a single bank has ever asked me about land. 
Not ever.” The invisibility of soil is not merely an 
ecological problem; it is also a business risk. 

2.1	� Dependency made visible

 Agriculture, 
forestry and 
other land-based 
industries depend 
directly on healthy 
soils to sustain 
productivity 
and ecosystem 
function. Indirect 
dependencies 
arise through 
supply chains and 
the ecosystem 
services on which 
those depend.
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Business dependence on soilF I G U R E  2

Many business dependencies on soil are hidden from view

Botanical
ingredients

Cotton fibre

Pollinators

Cotton farm

Biodiverse
ecosystems

Healthy soil

Grapes

Healthy soil
The foundation for productive landscapes, resilient supply chains and thriving ecosystems

Sundaram
textiles:
Cotton shirt

Clarins:
Skincare product

Chateau
Galoupet

Until recently, few tools existed to help companies 
systematically assess their nature dependencies. 
The Taskforce on Nature-related Financial 
Disclosures (TNFD) works to address this 
gap. LVMH’s TNFD assessment reflects a shift 

from treating soil as an external environmental 
issue to recognizing it as part of the productive 
infrastructure on which businesses depend. 
Measurement turns dependencies into decision-
relevant information. 
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C A S E  S T U D Y  1

LVMH TNFD assessment making ecosystem dependencies visible

LVMH – the leading luxury goods group, whose portfolio 
spans wines and spirits, fashion and leather goods, perfumes 
and cosmetics, and retail – recently assessed ecosystem 
service dependencies across its direct operations and 
purchased goods, as part of its reporting against the 
Taskforce on Nature-related Financial Disclosures (TNFD).

The assessment helped make previously hidden 
dependencies visible and actionable. It found that 58.4% of 
raw-material volumes depend on soil quality/formation and 
nutrient cycling, while 40%+ of soil-dependent raw materials 
are sourced from regions affected by soil degradation. 

The assessment also yielded some unexpected insights. For 
example, LVMH mapped dependence on pollination – by 
wind or insects – across its ingredients base. Insect pollinators 

rely on biodiverse landscapes that are affected by soil health. 
Although the dependency on pollination does not seem large at 
first glance (7-9%), it was linked to what LVMH considers iconic 
ingredients (e.g. citrus like lemon, grapefruit) used extensively 
in perfumes. Palm oil derivatives (used in some cosmetics) are 
also insect pollinated. Even the animals that provide leather for 
a Louis Vuitton handbag depend on pollinated plants for feed. 

Importantly, the assessment was not the end; it was 
designed to support decision-making. By identifying priority 
ecosystem services, key sourcing regions (e.g., grapes from 
France and Argentina, wool from Australia, cashmere from 
Mongolian rangelands) and high-dependency materials and 
value chains, it helped translate an invisible environmental 
dependency into information to inform procurement, 
supplier engagement and long-term business strategy.

LVMH: Making ecosystem dependencies visible

LVMH assessed ecosystem service dependencies across both direct operations and purchased materials, as part of its 
reporting against the Taskforce on Nature-related Financial Disclosures (TNFD).

Source: LVMH TNFD (2024) Table 6: Qualitative overview of LVMH main raw materials categories across ecosystem services.

Direct operations Purchased raw materials categories

Own and self-managed land  
LVMH vineyard estates Via supply chain and/or ecological chain

Ecosystem service

Wines and 
spirits and 
ingredients

Wines and 
spirits and 
ingredients

Wood  
and paper

Textiles 
and coated 
fabrics Leather

Cosmetic
ingredients

Soil quality and formation

Nutrient cycling

Water supply

Water purification  
- eutrophication

Water purification  
- ecotoxicity

Water cycle

Biomass provisioning  
- agriculture

Biomass provisioning  
- forestry

Pollination

85%+ of agricultural land surface  
exposed to high soil-quality risk

40%+ of soil-dependent natural raw materials
 sourced from degraded-soil regions

58.4% of raw-material volumes depend on soil quality and nutrient cycling

Dependency level key:      High dependency     Moderate dependency     Low dependency
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At the other end of the value chain – closer to the 
land – nature dependencies are felt more directly. 
This extends beyond croplands to rangelands, 
which cover roughly half of the Earth’s land 
surface and support the livelihoods of millions of 
pastoralists, yet up to half are estimated to be 
degraded or at risk.15 Cashmere, wool, leather 
and livestock-derived foods all originate in these 
landscapes, often far removed from the brands and 
consumers they ultimately serve. 

Rangelands – a diverse category in its own 
right – have characteristics that require different 
management approaches. Through its work with 

pastoralists in Mongolia and Inner Mongolia (China), 
the Sustainable Fibre Alliance (SFA) has highlighted 
how the long-term availability and quality of 
cashmere depend on healthy rangelands, effective 
stewardship and local knowledge accumulated 
over generations. These relationships are often 
poorly understood within global supply chains, yet 
they shape the resilience of both ecosystems and 
the pastoralists and businesses that depend on 
them. In the words of Una Jones, CEO of SFA and 
Founder of the Rangeland Stewardship Council, 
“People don’t realize how many products – fibre, 
food and leather – come from rangelands and other 
land managed by pastoralists.”

Understanding dependency is only the first step. The 
more important question for most decision-makers is 
what those dependencies mean in practice. Healthy 
soils influence outcomes that businesses care 

about: productivity, reduced volatility, resilience and 
long-term viability. These outcomes are rooted in the 
same underlying asset, but experienced differently 
by farmers, businesses and investors. (see Table 1). 

2.2	� How healthy soils create business value

Different lenses, shared valueTA B L E  1

Healthy soils create value across the economy – but that value is experienced differently by farmers, 
businesses and financial institutions.

Category        Farmer        Business/brand        Investor

Productivity

Better yields 

Healthy soils support stronger 
and more consistent yields.

More reliable supply 
Consistent volumes and quality 
from productive landscapes.

Stronger asset performance 
Better underlying performance 
of real assets and portfolios.

Stability

Reduced yield variability 
Healthy soils buffer weather 
and seasonal fluctuations.

Reduced price and 
supply volatility 
Lower exposure to production, 
climate and market shocks.

Reduced portfolio volatility 
More stable returns and lower 
volatility over time.

Resilience

Greater resilience to shocks 
Greater ability to withstand 
climate and market shocks.

More resilient supply chains 
Lower exposure to 
systemic shocks.

Reduced exposure 
to systemic risks 
Lower exposure to climate, 
nature and transition risks.

Long-term value

Farm viability 
Sustainable productivity 
supports livelihoods and 
intergenerational success.

Business continuity 
Improved long-term supply security 
and business continuity.

Long-term return 
Durable value creation and 
compounding returns over time.
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Productivity

The most immediate business case for soil health 
is maintaining – and often improving – productive 
capacity. Healthy soils support nutrient cycling, 
water retention and biological activity, helping 
crops access the resources they need to grow. 
For farmers, this can translate into better yields,16 

improved input efficiency and stronger margins, 
particularly when combined with well-adapted 
crops and varieties, appropriate crop nutrition and 
good agronomic management. For businesses, it 
can mean more reliable volumes and quality from 
sourcing regions. For investors, it can contribute to 
stronger performance of the underlying assets and 
value chains on which returns depend. 

Productivity also underpins supply security. For 
many businesses, the most compelling argument 
for soil health is confidence that critical raw 
materials will remain available, affordable and of 
consistent quality. Reliable supply depends on 
productive landscapes, and productive landscapes 
depend on healthy soils.

Reduced volatility

Higher productivity alone is not enough. Businesses 
also need predictability, with stable performance 
often considered more valuable than occasional 
peaks. At the farm level, improved water retention 
and soil organic matter can reduce fluctuations 
in production between seasons.17 In turn, more 
stable farm-level production can contribute to more 

predictable supply, reduced exposure to shortages 
and lower price volatility – outcomes that matter to 
buyers, investors and insurers alike.

Resilience 

Stability concerns normal variation. Resilience 
concerns disruption. Healthy soils improve water 
infiltration, increase water-holding capacity and 
reduce erosion, helping agricultural systems 
withstand both droughts and floods. For businesses, 
resilience is not simply about avoiding losses. It is 
about maintaining production, securing supply and 
recovering more quickly when disruption occurs. 
Healthy soils contribute to that resilience by reducing 
the frequency and severity of production shocks.

Healthy soils do not eliminate risk. Rather, they 
change the probability distribution of outcomes, 
increasing the likelihood of favourable results and 
reducing the likelihood of severe production losses 
under adverse conditions.18

Long-term viability

The final question is whether performance can be 
sustained over time. Healthy soils contribute to 
long-term viability by helping maintain the productive 
capacity of land. For farmers, this can mean farm 
viability across generations. For businesses, it can 
mean business continuity and long-term supply 
security. For investors, it can mean stronger asset 
performance and reduced exposure to risks.

Different starting points, shared destinationB O X  1

The transition to healthier soils does not begin 
from the same starting point everywhere.

In many regions, decades of agricultural 
intensification have delivered substantial 
productivity gains but have also contributed to 
soil degradation, biodiversity loss, declining water 
quality and increasing input requirements. 

Elsewhere, particularly across parts of Africa 
and the tropics, farmers often face very different 
starting conditions, including highly weathered 

soils, low inherent fertility in many areas, 
and decades of nutrient depletion that have 
constrained productivity. Here, restoring soil 
function – including rebuilding soil organic matter 
and replenishing nutrients – is often a prerequisite 
for sustainable intensification. 

Despite these different starting points, the 
overarching goal is the same: productive 
landscapes that maintain and renew the 
ecological systems on which long-term 
prosperity depends.

Today’s challenge is to sustain and often increase 
production while maintaining the ecological systems 
that make production possible. Viewed through this 
lens, the land-use transition shares important similarities 
with the energy transition. Both involve a move away 
from models that generate value by drawing down 
underlying assets towards models that maintain and 
renew the systems on which value creation depends. 

Viewed together, these outcomes suggest that 
soil health is not simply a sustainability issue. It is 
increasingly an issue of asset performance, risk 
management and long-term value creation. Healthy 
soils do not create a different set of business 
outcomes. They influence the same outcomes 
businesses already care about.

 Today’s 
challenge is to 
sustain and often 
increase production 
while maintaining 
the ecological 
systems that 
make production 
possible.
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Businesses do not simply depend on healthy soils. 
Through their operations, sourcing decisions, 
products and investments, they also influence soil 
outcomes – for better or worse.

Some impacts occur at the operational level. 
Agricultural production can either build or 
degrade soil health depending on management 
practices. Mining, manufacturing and urban 
development may disturb soils, contribute to 
contamination, or permanently reduce soil 
functions through sealing and land conversion. 
Emerging concerns such as PFAS, microplastics 
and other pollutants further illustrate how soils 
can become both sinks for and pathways of 
environmental contamination.

Many of the most significant influences, however, 
occur through value chains. Procurement 
requirements, sourcing strategies, product 
specifications and commercial incentives all 
shape how land is managed. They can encourage 

production systems that either maintain soil function 
over time or contribute to its degradation.

Businesses can also become agents of restoration. 
By aligning procurement, investment and innovation 
with long-term stewardship, they can help rebuild 
soil function while strengthening supply security 
and long-term value creation. The case studies in 
Section 3 illustrate a range of pathways through 
which businesses are already beginning to do so.

As expectations around nature-related disclosure, 
supply chain due diligence and corporate 
sustainability continue to evolve, businesses are 
increasingly expected not only to understand 
their dependence on healthy soils, but also to 
demonstrate how they are managing their impacts 
across operations and value chains. For some, 
this is primarily about managing risk. For others, 
it reflects broader commitments to stewardship 
and long-term value creation. In practice, these 
motivations increasingly reinforce one another.

2.3	� Beyond dependency:  
Business shaping soil outcomes

For farmers, solutions must be economically rewarding and support dignified 
livelihoods. Businesses that depend on healthy soils have an important role to play 
in sharing the investment, risks and rewards needed to make healthier soils the norm 
rather than the exception.

Nyifamu Ogechi Manzo, Co-Founder and Chief Executive Officer, Farmatrix
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Evidence in practice
There is no single pathway to healthy soils. 
Contexts, crops and production systems differ. 
However, the evidence consistently shows 
that healthier soils improve business-relevant 
outcomes through multiple pathways. 

3

The four case studies below illustrate different entry 
points into soil-health transitions:

1   Productivity

Research by the African Plant Nutrition Institute 
(APNI) in Western Kenya illustrates the principles of 
Integrated Soil Fertility Management (ISFM)19 – an 
approach that combines appropriate crop nutrition 
with locally adapted agronomic practices20 to improve 
productivity while building long-term soil fertility.

The study21 compared three scenarios across multiple 
cropping seasons: a control group with no intervention, 
smallholder farms receiving balanced NPK (nitrogen, 
phosphorus, potassium) fertilization, and farms receiving 
manure application followed by balanced NPK. 

While balanced NPK accounted for the largest single 
productivity gains, combining mineral nutrients with 
organic amendments produced the strongest overall 
outcomes: doubling the available phosphorus and 
exchangeable potassium and increasing soil organic 
carbon by 18%. Improvements persisted for years 
after the original manure application.

3.1	� Case studies
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Productivity and profitability � APNI, Western Kenya

Intervention

Integrated soil fertility management,  
including balanced NPK fertilization  
and manure application

Business outcomes

Net returns: US$1,136/ha vs US$675/ha

SOC maintained at 10.7 g/kg

Higher yields

5.4 t/ha
vs. 2.7 t/ha control 

Additional profit

US$461/ha
Value-cost ratio

3.2

18% higher SOC (12.6 vs. 10.7 g/kg)

Olsen P nearly 3x higher (6.5 vs 2.2 mg/kg) +100% phosphorus +116% potassium

Improved soil fertility over seven cropping seasons Benefits persisted years after manure application

Balanced NPK Past manure + balanced NPK

The strongest outcomes came from combining balanced nutrient management with long-term investment in soil fertility (manure), 
generating benefits that persisted years after application.

Soil outcomes

Soil outcomes compare balanced NPK  
alone vs past manure + balanced NPK

(Control vs intervention)

Source: Njoroge et al. (2019); Zingore et al. (2022).

Integrated soil fertility management (ISFM) in Western KenyaF I G U R E  3

The business outcomes were impressive. Yields 
reached 5.4 tonnes per hectare against a control 
of 2.7 tonnes. Additional profit reached $461 per 
hectare. The value-cost ratio was 3.2, meaning that 
for every dollar invested, more than three dollars were 
returned. This translated to net returns of $1,136 per 
hectare against $675 in the control group.

Healthy soils are rarely built through a single 
intervention. Integrated approaches combine 
appropriate crop nutrition with practices that 
strengthen long-term soil function. Investments in 
soil fertility do not just produce a season’s return. 
They generate compounding value over time. That 
is the language of long-term asset management.

2   �Building resilience, 
reducing volatility

One of the strongest business arguments for soil 
health is its ability to reduce downside risk. Healthy 
soils improve infiltration, increase water-holding 
capacity and reduce erosion, helping production 
systems withstand both droughts and floods. 
While resilience is often discussed in abstract 
terms, documented examples show how these 
mechanisms operate in practice.

Brown’s Ranch in the US state of North Dakota 
provides a well-documented example of how 

Takeaway
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Regenerative farming in North Dakota, USAF I G U R E  4

regenerative agricultural practices can improve 
soil function over time. After more than two 
decades of no-till, diverse crop rotations, cover 
crops and livestock integration, soil organic matter 
increased substantially while water infiltration 
improved from a very low baseline. Published 
case studies report infiltration increasing from 
around 0.5 inches per hour to 8 inches per 
hour.22 In later testimony,23 Brown described 
even greater improvements.

The precise figure is less important than what it 
represents: healthier soils absorb more rainfall rather 
than allowing it to run off. This means less erosion, 
better protection of topsoil, and a natural reserve of 
water that crops can draw on during dry periods. 
The same soil characteristic helps buffer both 
floods and droughts. In Brown’s case, increased 
self-reliance also lowered exposure to supply-chain 
disruptions. Soil health does not eliminate shocks – 
it reduces their impact.

Intervention

Regenerative agricultural practices  
for 20+ years

No-till, cover crops, diverse crop rotations, 
livestock integration

Soil outcomes

Substantially higher soil organic matter

Substantially improved water filtration

Business outcomes

Higher soil organic matter → Improved soil 
structure → Greater water infiltration →  
Flood and drought resilience

Flood resilience

More water enters soil

Less runoff and erosion

Drought resilience

Greater water retention

Reduced water stress

Improved soil function reduced business volatility by strengthening resilience.

Takeaway

Resilience � Brown’s Ranch, North Dakota, USA
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From a very low baseline to substantially higher levels over 20+ years

1991 2005 2015
(and more recently)

Reported improvement in water infiltration

Source: Cultivating Resilience (Brown’s Ranch case study); Brown (2021) U.S. House agriculture Committee testimony.

3   �Measurement enables 
management

One of the barriers to investing in soil health 
is that businesses often struggle to measure 
whether interventions are working and how soil 
improvements translate into business value. As 
a result, decisions continue to rely on short-term 
production metrics rather than the long-term 
performance of the underlying asset.

Yara’s NossoCafe coffee programme in Brazil 
illustrates a different approach. The programme 
was founded by Yara more than a decade ago to 

provide farmers with sustainable crop solutions that 
support higher yields, improved cup quality and a 
lower environmental footprint, and is delivered in 
collaboration with distribution partners to farmers 
across Brazil’s coffee-growing regions. It combines 
soil analysis, tailored agronomic advice and 
outcome-based monitoring to guide continuous 
improvement. The programme brings environmental 
and business indicators together within a common 
measurement framework, allowing farmers and 
value-chain partners to track progress, adapt 
management and demonstrate outcomes over 
time. Similar approaches are followed in other 
coffee regions across Latin America.
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Outcomes-based monitoring for sustainable agriculture in BrazilF I G U R E  5

Intervention

Sustainable agricultural management  
informed by outcomes-based monitoring

Soil outcomes

Measured using physical, chemical  
and biological indicators, including:

Soil organic carbon

Nutrient status (N, P, K)

Soil pH

Microbial activity

Soil cover and tillage

Yara coffee programmes, BrazilMeasurement linking soil 
and business outcomes

The framework measures multiple dimensions of 
performance, including soil health, climate impacts, 
resource efficiency, biodiversity and prosperity. Soil 
health is assessed across physical (e.g., soil texture, 
measured as a baseline property), chemical (e.g., 
pH and nutrient status) and biological (e.g., soil 
organic carbon and microbial activity) parameters, 
while business outcomes include productivity, 
profitability and reduced carbon intensity. 

Soil health can also influence product quality. In 
higher-value crops such as coffee, improvements 
in cup quality may translate into price premiums, 
creating an additional pathway through which 
healthy soils generate business value. 

On Fazenda Santa Bárbara in Brazil, for example, 
the programme improved soil fertility by 14%, 
increased nitrogen-use efficiency by 24%, reduced 
the coffee carbon footprint by 32%, and generated 
an additional return of R$8,307 per hectare. 

These results show how outcome-based 
measurement turns soil from an invisible environmental 
concern into a strategic asset – one that can be 
managed, monitored and incorporated into business 
decision-making.

Business outcomes

Direct business outcomes

�Higher  
productivity

�Improved  
profitability

�Improved coffee 
quality (cup score)

Wider business value

�More efficient  
nutrient use

�Lower coffee  
carbon footprint

Outcome-based measurement enables businesses to manage soil as a strategic asset rather than simply an agricultural input.

Takeaway

Location: Monte Carmelo, 
Minas Gerais, Brazil

Farm size: 63 ha of coffee

Management area: 6.7 ha

Trial period: 2021-2023

Results vs control

Note: Results vary by farm, 
season and baseline conditions.

Source: Fazenda Santa Bárbara, 2021-2023; Yara, 2024. Regenerative Agriculture in Practice.

24%
R$ 8,307/ha

Resource 
efficiency

Prosperity

Climate

32% 14%
Soil health

lower coffee 
carbon footprint

improvement in soil 
fertility attributes

improvement in  
nitrogen-use 
efficiency
(+6.4 sc / ha increase  
in productivity)

additional  
return (increase  
in profitability)
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4   �Long-term value creation

The final business question is whether performance 
can be sustained over decades rather than 
seasons. Soil degradation often accumulates slowly 
and invisibly, creating risks that may not appear in 
conventional financial reporting until they become 
acute. Several companies have discovered that soil 
health is not simply a sustainability concern, but a 
prerequisite for long-term business continuity.

ZZ2’s experience illustrates this dynamic. ZZ2 is a 
South African fresh produce company, more than 
a century old, producing approximately half of the 
country’s commercial tomato output and employing 
9,500 people. It is not a company that came to soil 
health through a sustainability agenda. It came to it 
because the alternative was the end of the business.

Conventional intensive monoculture worked, initially. 
The problem was that soil degradation accumulated 
slowly and largely invisibly. Input requirements 

increased while returns weakened. By the time the 
pattern became clear, the viability of the company 
was in question. 

The response was a fundamental transition: from 
intensive monoculture to natuurboerdery, or “nature 
farming”, with soil health adopted explicitly as a 
long-term business strategy. Today, the soil is more 
fertile, biologically diverse and productive. ZZ2 
applies around 50,000 cubic metres of on-farm 
compost annually, turning organic residues into a 
valuable resource while reducing reliance on mineral 
fertilizer and agrochemicals by approximately 
60%.24 The business has grown consistently 
across two decades, going from producing just 
over 10 million boxes in 2003–2004 to just under 
21 million boxes in 2018–2019, farming only 100 
more hectares.25 

The ZZ2 case makes a point that this paper returns 
to repeatedly: long-term value creation requires 
a different accounting frame, one that treats soil 
health as an asset, not just a cost. 

Transitioning to long-term business viability in Limpopo, South AfricaF I G U R E  6

Intervention

�Transition from intensive  
monoculture to Natuurboerdery

Soil health adopted as a long-term  
business strategy

21 million
Top-grade tomato 
boxes annually

~50% 
of South Africa’s 
tomatoes

9,500
Employees

Soil health helped restore business viability and supported sustained growth over two decades.

Takeaway

Soil outcomes

Improved soil fertility

Improved microbial diversity

Business outcomes

Soil health helped restore business viability

�Supported sustained growth over  
two decades

Source: ZZ2; International Fresh Produce Association (IFPA).

Soil degradation had 
reached a point where the 
long-term-viability of the 
business was in question.

It was really a question 
of will the business be 
able to carry on... it was 
reaching the point where 
it was not sustainable 
anymore.

Erik Holm,  
ZZ2 Director

Long-term value and business continuity� ZZ2, Limpopo, South Africa

 Soil degradation 
often accumulates 
slowly and invisibly, 
creating risks that 
may not appear 
in conventional 
financial reporting 
until they become 
acute.
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Four cases. Four contexts. Four entry points. 
Several conclusions hold across all of them:

1   Soil responds to care 

Measurable improvements in soil function 
are often visible within two to three years of 
changing practices. While soil formation occurs 
over geological timescales – and some forms of 
degradation may not be fully reversible on any 
meaningful human timescale – many aspects of 
soil function respond on management timescales. 
Water infiltration, biological activity and nutrient 
cycling, for example, can begin responding 
within years. 

2   Returns are real, but context-dependent

The business case is credible across contexts, but 
ROI varies. Pair every ROI figure with its context, 
including the practice, geography, crop, baseline 
and market conditions.

3   Integrated approaches matter 

Successful soil health strategies rarely rely on 
a single intervention. Across the case studies, 
the strongest outcomes came from combining 
complementary practices – whether integrating 
mineral and organic nutrient sources, combining 
regenerative practices, or pairing improved 
management with outcome-based measurement. 
Soil health is best understood and managed as 
part of an integrated production system.

4   Measurement enables management

Businesses are more likely to invest in soil health 
when outcomes can be measured. Bringing soil, 
environmental and business indicators together 

makes progress visible, supports adaptive 
management and helps translate soil health into 
operational and strategic decision-making.

5   Benefits extend well beyond yield

The cases consistently demonstrate co-benefits, 
including improved water management, greater 
resilience, reduced volatility and stronger long-term 
business performance.

6   �Productivity and resilience reinforce 
one another

The evidence does not support the idea 
that improving soil health requires sacrificing 
productivity. Healthy soils frequently strengthen 
both production and resilience.

7   Economics drive adoption

When farmers and businesses can see measurable 
performance improvements, adoption accelerates. 
Demonstrated value is a stronger driver than 
awareness alone.

Across these cases, successful models 
consistently combine:

	– Measurement that makes outcomes visible

	– Integrated management approaches 

	– Incentives aligned with stewardship 

	– Technical support and trusted advice 

Together, these elements create multiple pathways 
towards the same objective: measurable 
improvements in soil health that translate into 
outcomes that matter for business (Figure 7).

3.2	� What the evidence tells us

What gives me hope is nature’s capacity to regenerate, when given a chance.  
Within a few years of changed practices, we could see biodiversity returning.

Benedikt Bösel, Founder and Chief Executive Officer, Gut und Bösel and the Finck Foundation
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3.3	� Making soil health measurable and actionable

The evidence presented in this section demonstrates that many pathways can lead to healthier 
soils. While practices differ across contexts, they converge on a common destination: measurable 
improvements in soil function and the business outcomes that follow. The challenge is not 
identifying a single best practice, but making soil health measurable and actionable across contexts.

Pathways to measurable soil healthF I G U R E  7

Reduced
volatility

Yield 
performance 
and stability

Supply
security

Climate 
mitigation and 

adaptation

Input
efficiency

Long-term 
value creation

AgroforestryConservation
agriculture

Integrated 
soil fertility

management

Biological soil
management

Diversified 
cropping
systems

Water 
management/
erosion control

Landscape-
scale 

restoration

Land use 
planning

Many pathways: Context-specific practices. No single solution.

Measurable
Soil health

A practical set of core indicators. Soil is 
complex. We measure what matters most.

Chemical BiologicalPhysical

Business Outcomes: Better soil health delivers outcomes that matter to business.

Soil health is complex, but complexity does not 
make it impossible to measure. Rather than 
attempting to measure everything, practical 
monitoring typically focuses on a core set of 
indicators, which commonly include (but are not 
limited to):

	– Soil organic carbon (SOC) and/or soil organic 
matter (SOM)

	– Soil structure (including measures such 
as bulk density)

	– Water infiltration

	– Biological activity (e.g. microbial biomass)

	– Nutrient availability and cycling

	– Soil acidity (pH)

	– Erosion risk/prevalence

	– Pollution

The objective is not to capture every soil process, 
but to generate sufficient information to guide 
management, investment and policy. This requires 
indicators that support consistent monitoring while 
allowing regional thresholds and local interpretation 
to reflect different ecological contexts.

The case studies demonstrate that healthy 
soils can create value across a wide range of 
contexts. Measurement makes those outcomes 
visible, comparable and actionable. Scaling these 
approaches, however, requires more than evidence 
alone. It depends on coordinated action across 
businesses, investors, policy-makers and the 
scientific community. 

Source: WOCAT Global SLM Database (wocat.net); UNCCD, 2014 . Case studies: see Section 3.
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Collective action and 
transition pathways
Building healthy soils requires coordinated action 
across policy, business, finance and science to 
create the conditions for long-term stewardship.

4

Healthy soils possess strong public good 
characteristics, with benefits and costs that extend 
well beyond individual farms and businesses. While 
farmers, businesses and investors make many of the 
decisions that shape soil outcomes, policy-makers 

help create the conditions in which those decisions are 
made. The land-use transition requires coordinated 
changes in incentives, governance, finance and 
knowledge systems. Public policy plays a critical role 
in aligning private decisions with public outcomes. 

4.1	� Policy

The case studies in Section 3 demonstrate 
that healthier soils can improve business 
performance across a wide range of contexts. 
Yet successful transitions remain the exception 
rather than the norm. The challenge lies not 
only in changing land management practices, 

but in aligning the institutions that shape them. 
Policies, markets, financial systems and evidence 
systems all influence how land is managed. 
Together they determine whether stewardship 
of living infrastructure is recognized, rewarded 
and scaled.

C A S E  S T U D Y  2

Loess Plateau, China – Enabling landscape-scale transition

The restoration of China’s Loess Plateau is often cited as one 
of the largest ecological rehabilitation programmes in history. 
Beginning in the 1990s, Chinese authorities combined long-
term public investment, land-use planning, technical support 
and restrictions on damaging practices to reverse severe land 
degradation across the plateau. 

More than 4 million hectares of degraded land was directly 
rehabilitated, while broader policy and land-management 
changes influenced a region larger than France. The 
programme helped lift more than 2.5 million people out of 
poverty, doubled household incomes and significantly reduced 
erosion and flood risk. Importantly, terracing and other land-

management interventions not only increased agricultural 
production, but also reduced yield variability, demonstrating 
how public investment can create conditions for both 
environmental restoration and more resilient livelihoods.

The programme demonstrates that large-scale soil and 
land restoration is not simply a technical challenge. It 
requires institutions capable of coordinating action across 
landscapes, aligning incentives and sustaining investment 
over decades. By creating the conditions under which 
millions of farmers, pastoralists and other land users could 
adopt new practices, it helped improve ecosystem function 
while also supporting agricultural productivity and livelihoods.

Source: World Bank. 2007 . Restoring China’s Loess Plateau. Available at: https://www.worldbank.org/en/news/
feature/2007/03/15/restoring-chinas-loess-plateau 
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One of the most important policy questions 
concerns incentives. Agricultural subsidies and 
support mechanisms often influence land-use 
decisions at scale, yet many were designed 
around production objectives that do not fully 
account for soil degradation, biodiversity loss, 
or water impacts. 

A growing number of countries are exploring how 
incentives can be redesigned to reward stewardship 
alongside production. Emerging mechanisms – 
including payments for ecosystem services, carbon 
markets and other outcome-based approaches – 
offer additional ways of recognizing and rewarding 
the public benefits generated by healthy soils. Their 
effectiveness depends on sound policy design, 
trusted standards and robust governance.

Policy also plays an important role in creating 
a level playing field. By establishing common 
expectations through standards, disclosure 
requirements and well-designed market 

mechanisms, it can create a pre-competitive 
baseline that rewards stewardship without placing 
early movers at a competitive disadvantage. 

As soil and ecosystem outcomes become 
economically valuable, policy-makers must also 
consider who captures that value. The design of 
incentives and market mechanisms influences how 
costs and benefits are distributed across value 
chains. Well-designed approaches should help 
ensure that farmers, pastoralists and other land 
stewards share meaningfully in the value created.

Finally, soil-health transitions extend beyond national 
borders. Supply chains, environmental systems 
and financial flows operate internationally, creating 
a role for multilateral cooperation. Institutions such 
as FAO’s Global Soil Partnership and the United 
Nations Convention to Combat Desertification 
(UNCCD) help create shared frameworks, coordinate 
action and support the exchange of knowledge 
needed to accelerate soil-health transitions globally.

Businesses depend on healthy soils and help 
determine their condition. Through their operations, 
supply chains and purchasing decisions, they can 
either reinforce soil degradation or help create the 
conditions for long-term stewardship. Many of these 
dependencies remain hidden within complex supply 
chains, making them difficult to identify and manage. 

Frameworks such as the TNFD and the Science 
Based Targets Network (SBTN) help companies 
identify their dependencies and impacts on nature, 
including soils. LVMH’s nature assessment, for 
example, identified healthy soils as a critical 
dependency across multiple parts of its value 
chain (see Section 2.1). These assessments help 
translate soil health from an environmental concern 
into a business issue linked to sourcing security, 
operational resilience and long-term value creation.

Understanding dependencies, however, is only the 
beginning. Businesses rarely manage soils directly, 
but they help shape the incentives within which 
farmers, pastoralists and other land managers 
operate. Healthy soils are built over years, while 
many commercial relationships operate on 
annual purchasing cycles. This misalignment can 
discourage investment in practices whose benefits 
accumulate over time.

Businesses can help overcome these barriers 
by creating the conditions that enable long-term 
stewardship. These include trusted technical 
advice, access to soil measurement and monitoring, 
procurement models that reward sustainable 
production, longer-term commercial relationships 

that provide producers with the confidence to 
invest, and, where appropriate, financial support 
during transition.

Different contexts require different combinations  
of support. Some producers face significant 
transition costs or temporary reductions in income, 
while others benefit primarily from improved 
information, agronomic guidance or better 
incentives. The common principle is alignment: 
commercial relationships should reward the long-
term stewardship of the natural assets on which 
supply chains depend.

Pre-competitive initiatives such as the Sustainable 
Agriculture Initiative (SAI) Platform’s Regenerating 
Together Framework help companies develop 
shared approaches to soil health and regenerative 
agriculture. By providing common indicators and 
implementation guidance, they create a more 
consistent baseline for action across supply chains 
while reducing duplication and lowering the costs 
of implementation. 

As expectations around nature-related disclosure, 
supply chain due diligence and corporate 
sustainability continue to evolve, businesses are 
increasingly expected not only to understand 
their dependence on healthy soils, but also to 
demonstrate how they are managing soil-related 
risks and opportunities across their operations and 
value chains. For many companies, soil health is 
becoming not simply an environmental issue, but an 
increasingly important part of business resilience, 
risk management and long-term value creation.

4.2	� Business

 A growing 
number of 
countries are 
exploring how 
incentives can 
be redesigned to 
reward stewardship 
alongside 
production.

The Hidden Economic Power of Healthy Soils 21



4.3	� Finance

The land-use transition shares important 
characteristics with the energy transition. Both 
require investment in assets that generate long-
term value while improving resilience and reducing 
systemic risk. Yet financial systems have historically 
been designed around annual production rather 
than the long-term stewardship of living assets.

As the business case strengthens and measurement 
improves, financing models are evolving alongside 
production systems. No single financing mechanism 
will deliver the soil-health transition. The objective is 
not to replace one financing model with another, but 
to build a financing ecosystem capable of supporting 
stewardship at scale, aligning financial systems with 
ecological transitions.

Different forms of capital solve different problems, 
operate over different time horizons and support 
different stages of market development: 

Proof and demonstration

Early-stage finance builds evidence, strengthens 
institutional capacity and reduces uncertainty. Public, 
grant and philanthropic capital generate the knowledge 
and confidence needed before larger-scale investment 
becomes viable. Ethiopia’s GIZ ProSoil programme 

illustrates this role: grant funding and technical support 
demonstrated integrated soil fertility management 
across hundreds of thousands of hectares while 
strengthening extension services and generating 
evidence of improved yields and farm incomes.

De-risking and capital mobilization

Once approaches have been demonstrated, the 
next challenge is reducing the risks that deter 
commercial investment. Blended finance, guarantees 
and concessional finance help bridge this gap by 
sharing risk between public and private partners. The 
Land Degradation Neutrality Fund demonstrates this 
approach, combining public and private capital to invest 
in sustainable land-use projects, de-risk commercial 
investment and build a pipeline of bankable projects.

Scale and market formation

As confidence grows, financing increasingly shifts 
from proving concepts to building functioning 
markets for natural capital and long-term 
stewardship. Nature-focused investors such as 
Mirova Natural Capital are helping establish natural 
capital as a recognized investment category capable 
of attracting institutional capital and integrating 
nature into mainstream investment portfolios.

Financing soil-health transitionsF I G U R E  8

Different forms of capital play different roles in moving soil-health interventions from proof of concept to scale.

Can proven solutions attract 
larger pools of capital?
Concessional and blended finance

Example: LDN Fund

$208 million
assets under management

70,000 smallholders and employees 
targeted to benefit

13 investments
across sustainable land-use sectors

350,000 ha target
under sustainable land management

Bridge the gap between proven solutions 
and investable opportunities.

Key takeaway

De-risking and
capital mobilization

Question:

+63% yields

784,500 farmers

235 districts

399,474 ha

Does this work?
Public, grant and philanthropic capital

Question:

Example: GIZ ProSoil (Ethiopia)

~80% higher net income

Generate evidence and
build institutional capacity.

Key takeaway

Proof and
demonstration

Scale and
market formation

Can natural capital become a 
mainstream investment category?
Commercial and institutional investment

Example: Mirova Natural Capital

Strategies

$1 billion
raised since inception

Environmental assets
(carbon and biodiversity)

Sustainable food and fibre systems

50+ projects
across 22 countries

20 years
experience in natural capital investing

Help establish natural capital as 
a recognised investment category.

Key takeaway

Question:

Note: Different forms of capital often operate simultaneously rather than sequentially. The pathway illustrates the roles they play in supporting soil-health transitions.

Sources: GIZ ProSoil. 2026 . “SOILution: A stepwise approach to advancing the agroecological transition: Ethiopia”; IDH & Mirova. 2025 . Sustainable Land 
Management: LDN Fund’s Blended Finance Approach to Unlock Profit with Purpose. Available at: https://idh.org/news/what-were-learning-from-blended- 
finance-in-sustainable-land-use; Mirova. 2024 . Mirova Natural Capital: Impact Report 2024.
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Rather than relying on a single source of finance, 
transition models increasingly combine commercial 
incentives, technical support, risk-sharing and 
ecosystem-service markets to support stewardship 
over the long term. By way of example, Tourba (a 
programme of INNOVX, part of the OCP Group) 
illustrates how transition finance can combine 
immediate agronomic benefits with longer-term 
ecosystem service revenues, helping bridge the 
period before carbon markets begin generating 
returns (see case study below).

Taken together, these examples suggest that 
financing soil-health transitions is becoming less 
about funding individual projects than about building 
financial systems capable of supporting long-term 
stewardship. As with the energy transition, success 
will depend not only on mobilizing capital, but on 
creating institutions, standards and investment 
models that allow healthy soils to be recognized 
as productive, investable assets. Achieving this will 
depend on robust measurement systems, trusted 
standards and fair distribution of benefits. 

C A S E  S T U D Y  3

Tourba – Linking soil health to carbon revenue

Launched in 2022 and developed by INNOVX, Tourba is a 
nature-based project developer accelerating the transition 
towards regenerative agriculture across Morocco, Africa 
and beyond. By promoting farming practices that sequester 
carbon, enhance soil fertility and strengthen the resilience of 
agricultural systems, Tourba helps build competitive climate 
solutions while supporting locally adapted farming.

Named after the Arabic word ةبرت (“soil” or “earth”), Tourba 
reflects its core mission of restoring soil health.

Tourba is scaling rapidly, with projects spanning more than 
470,000 hectares across Morocco, Nigeria, Brazil and 
Ethiopia, building one of the largest regenerative agriculture 
carbon portfolios in the Global South.

The programme promotes practices including no-till, crop 
rotation, residue management and agroforestry, with three 
country projects now officially registered under the Verra 
Verified Carbon Standard (VCS).

The programme is already delivering tangible 
agronomic benefits. In Morocco, where it now reaches 
6,000 participating farmers, reported results include 

yield increases of up to 30% alongside input cost 
reductions of approximately 25-30%, benefits realized 
independently of future carbon revenues. Carbon 
finance will follow: first credit issuances are expected 
from 2027 under a benefit-sharing model that allocates 
60–65% of revenues to participating farmers.

To bridge the gap, the programme has developed parallel 
access mechanisms. In Morocco, close to 200 no-till 
seeders are now in use by participating farmers, with 
equipment costs structured to be repaid through future 
carbon revenues. For smallholders without the means to 
own equipment, a network of more than 130 local service 
providers offers no-till seeding services directly, significantly 
lowering the barrier to adoption.

Tourba illustrates both the promise and the sequencing 
required for ecosystem-service finance. Agronomic 
and soil health benefits can begin to accrue well before 
carbon markets deliver returns. Robust measurement and 
verification systems are essential, and programme design 
– particularly how costs, risks and benefits are distributed 
across participants – will determine whether carbon finance 
ultimately reaches the farmers who make it possible. 

Sources: Tourba (n.d.). Home. https://tourba.ma/; Verra Registry. (n.d.). Morocco Project; 
Nigeria Project; Brazil Project. https://registry.verra.org/verra/public.

Soil health is far more than an agricultural issue; it is a strategic priority. Soils are where 
food security, water resilience, climate action, biodiversity and economic development 
converge. Our resilience tomorrow depends on how we invest in it today.

Faris Derrij, Chief Executive Officer, OCP Nutricrops
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4.4	� Science, data and evidence

Science, data and evidence systems are essential 
enablers of soil-health transitions. Their role extends 
beyond improving scientific understanding. They help 
develop the standards, tools and evidence systems 
that allow businesses, investors, policy-makers and 
land managers to measure outcomes, compare 
results across contexts and make better decisions.

Science also provides the evidence base that 
informs soil-health management. Long-term field 
experiments, agronomic research and on-farm 
innovation help identify which combinations of 
practices are most effective for different soils, 
climates and production systems. 

Evidence is translated into practice through 
indicators, baselines and standards that enable 
consistent monitoring. Institutions including FAO, 
together with research organisations such as 
CGIAR and the Landscape Alliance (ICRAF), and 
collaborative initiatives such as the FAO Global 
Soil Partnership and the Coalition of Action for Soil 
Health (CA4SH), are helping develop and align 
practical approaches to soil-health measurement.

Current efforts are converging on a core set of 
indicators that provides for regional thresholds and 
local interpretation for different ecological contexts. 
For example, a soil organic carbon concentration 
of 20g/C per kilogram of soil would be considered 
high in northern Kenya but low in Iowa, USA. 

Continued investment in research and development 
remains essential, not only to improve scientific 
understanding, but also to develop new 
technologies, refine management approaches and 
translate scientific advances into practical solutions 
that can be adopted at scale. Recent advances in 
sensing technologies, digital platforms and artificial 
intelligence are already expanding the range of 
tools available for assessing and managing soil 
health. Innovations such as proximal sensing using 
electromagnetic induction (EMI),26 calibrated with 
targeted laboratory analyses, show how proxy 
measurements can reduce monitoring costs while 
maintaining decision-useful information. Together, 
such advances are making soil measurement more 
accessible, affordable and scalable across a wider 
range of production systems and geographies.

From field plots to predictive maps: Advances in scalable soil health monitoringB O X  2

Historically, soil assessments were constrained 
by fragmented sampling, small datasets and 
the high cost of laboratory analysis. Advances 
are making it possible to generate scientifically 
robust soil health data at scale. The Land 
Degradation Surveillance Framework, now 
implemented with partners in more than 45 
countries, combines statistically robust field 
sampling with standardized protocols to generate 
comparable, georeferenced data across 
ecosystems and time. 
 
Soil spectroscopy presents a breakthrough. 
Rather than measuring every property through 
conventional laboratory analysis, spectroscopy 
records the spectral “fingerprint” of a soil 
sample. When calibrated against laboratory 
measurements, a single scan can accurately 
predict multiple soil properties, including soil 
organic carbon, nitrogen, pH, texture and 

exchangeable bases. This dramatically reduces 
cost and processing time while maintaining 
scientific robustness.

The next advance comes from combining field 
observations and spectroscopically analysed 
samples with satellite Earth Observation data. 
Field measurements provide the essential ground 
truth, while satellite imagery provides continuous 
spatial coverage. Machine-learning approaches 
can then generate predictive maps extending well 
beyond individual sampling locations. 
 
These integrated approaches have now been 
demonstrated across multiple scales – from 
landscape assessments in Ethiopia to continent-
wide mapping across Africa and tropical regions 
– producing spatially explicit information on 
soil organic carbon, erosion risk, pH and other 
soil properties. 

Effective assessment also depends on combining 
multiple sources of evidence. Soil science, 
ecological monitoring, remote sensing and digital 
tools each provide part of the picture. In many 
contexts, they are strengthened further by local 
and indigenous knowledge. In rangeland systems, 

for example, emerging approaches such as the 
Rangeland Standard recognize that ecological 
condition cannot be assessed through soil 
indicators alone. Assessment is often strongest 
when scientific evidence is interpreted alongside 
the knowledge and experience of pastoralists.

 Recent advances 
in sensing 
technologies, 
digital platforms 
and artificial 
intelligence are 
already expanding 
the range of 
tools available 
for assessing 
and managing 
soil health.

Sources: Vågen, T.-G. and Winowiecki, L.A. 2025 . Land and Soil Health Assessments using the Land Degradation Surveillance 
Framework (LDSF). LDSF Field Manual, Version 5 . ICRAF; Viscarra Rossel, R.A., Behrens, T., Ben-Dor, E., Chabrillat, S., Demattê, 
J.A.M., Ge, Y., Gomez, C., Guerrero, C., Peng, Y., Ramirez-Lopez, L., Shi, Z., Stenberg, B., Webster, R., Winowiecki, L. & Shen, 
Z. (2022). Diffuse reflectance spectroscopy for estimating soil properties: A technology for the 21st century. European Journal of 
Soil Science, 73(4), e13271; Vågen, T.-G., Winowiecki, L.A., Tondoh, J.E., Desta, L.T. and Gumbricht, T. 2016 . Mapping of soil 
properties and land degradation risk in Africa using MODIS reflectance. Geoderma, 263: 216–225.
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Measurement creates value when it informs 
decisions. Monitoring, reporting and verification 
(MRV) systems translate soil information into 
procurement decisions, supplier engagement, 
sustainability reporting, investment decisions and 
ecosystem-service markets. Reliable baselines 
and outcome-based measurement systems 
create the foundation for accountability while 
helping businesses identify sourcing risks, prioritize 
interventions, monitor outcomes and support 
investment decisions across value chains. 

Different decisions require different levels of 
precision. Large-scale soil information systems, 

including initiatives such as the FAO’s Global 
Soil Information System (GLOSIS) and the ISRIC 
SoilGrids database, provide important foundations 
for national planning, reporting and long-term 
monitoring. Farm-level management, however, 
often requires much more localized and context-
specific information. As one interviewee observed, 
a 30-metre satellite pixel may be perfectly adequate 
for national monitoring but of limited value to a 
smallholder managing one or two acres. The 
challenge is not simply generating more soil data, 
but creating evidence systems that are trusted, 
affordable and appropriate for the decisions they 
are intended to support.

Different actors contribute different capabilities. 
No single actor can deliver the soil-health transition 
alone. Governments create enabling policy 
frameworks and public investment. Businesses 
influence land management through procurement, 
supply chains and commercial relationships. 
Financial institutions mobilize capital and help 
align investment with long-term stewardship. 
Science, data and evidence systems provide the 
information needed to guide decisions and assess 
outcomes. Farmers, pastoralists and other land 
managers remain central because soil-health 
outcomes are ultimately created on the ground. 
Progress depends not only on the actions of 
individual actors, but also on the institutions and 
partnerships that connect them. 

There is a growing ecosystem of collaborative 
initiatives operating at national, regional and 
global levels. The FAO Global Soil Partnership 
helps connect science, policy and implementation 
through shared standards, knowledge exchange 
and capacity-building. The UNCCD provides a 
global framework for action on land degradation 
and sustainable land management, while its 
Business4Land (B4L) seeks to strengthen UNCCD’s 
engagement with the private sector. The Coalition 
of Action for Soil Health (CA4SH) brings together 
partners from across sectors to advance practical 
approaches to soil-health measurement and 
implementation. At the regional level, the African 

Union’s African Fertilizer and Soil Health Action Plan 
provides a shared framework for strengthening soil 
health across the continent through coordinated 
action by governments, research organisations, 
businesses and development partners. The 
Economics of Land Degradation (ELD) Initiative 
– sometimes described as the “Stern Review for 
land degradation” – has helped strengthen the 
economic case for sustainable land management. 
The World Economic Forum’s Global Future 
Council on Healthy Soils and Land is working to 
elevate soil health within business, investment and 
policy discussions.

Collective action is equally important at the national 
level, where policies, institutions and stakeholder 
relationships ultimately determine how soil 
stewardship is implemented in practice. Uruguay 
provides one example of how government, scientific 
institutions, technical professionals, producers and 
industry organizations can work together to create 
the enabling conditions for long-term stewardship 
(see case study below).

Today’s challenge is creating the enabling 
conditions that allow those interventions to become 
standard practice. This requires institutions, 
incentives and partnerships capable of aligning 
business, finance, policy and science with the long-
term stewardship of living infrastructure. 

4.5	� The collective action imperative

 Progress 
depends not only 
on the actions of 
individual actors, 
but also on the 
institutions and 
partnerships that 
connect them.
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C A S E  S T U D Y  4

Uruguay – Building long-term stewardship through collective action

Uruguay’s soil stewardship system illustrates how science, 
policy, technical expertise and producers can work together 
to support long-term land management. The system rests on 
three reinforcing pillars.

Science and evidence. Uruguay’s approach builds on 
decades of investment in soil science, mapping and 
monitoring. Regulations on soil and water conservation date 
back to 1981. Concerns about rising erosion risks associated 
with agricultural intensification, including the rapid expansion 
of soybean production in the 2000s, led to the introduction 
of strengthened requirements, including mandatory soil use 
and sustainable management plans for farms larger than 50 
hectares. These plans are tailored to site-specific conditions, 
including soil type, site rainfall erosivity, topography, land 
use and management, and supportive mechanical practices. 
Recent assessments indicate that soil erosion has fallen to its 
lowest recorded levels since monitoring began.

Public-private collaboration. Soil stewardship is embedded 
within a broader national development vision and supported 
by a distinctive network of public-private institutions. These 
include the National Institute for Agricultural Research (INIA), 
National Meat Institute (INAC), Agricultural Plan Institute 

(IPA), and other sectoral bodies covering dairy, seeds 
and viticulture. These bodies combine public and private 
representation in their governance structures. Together, 
they help connect science, policy and implementation while 
creating mechanisms for stakeholder participation and long-
term policy continuity.

Professional accountability and trust. Soil management 
plans must be prepared and signed by accredited 
agronomists, creating shared responsibility between 
government, technical professionals and producers. Rather 
than relying primarily on punitive regulation, the system 
emphasizes planning, evidence and stewardship. This 
collaborative approach has helped build trust and legitimacy 
among stakeholders while encouraging producers to take a 
longer-term view of land management.

Uruguay’s experience highlights an important lesson: healthy 
soils help stabilize productive systems, but long-term 
stewardship depends equally on stable institutions. Policy 
continuity, trusted relationships and long-term planning 
can help reduce short-term responses to market volatility, 
creating a more predictable environment for stewardship 
and investment.

Sources: Interview with Matías Carámbula, Deputy Minister of Livestock, Agriculture and Fisheries in Uruguay; Ministry 
of Livestock, Agriculture and Fisheries: https://www.gub.uy/ministerio-ganaderia-agricultura-pesca/planesdeuso.
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Five actions 
for business
These five actions show how businesses and 
investors can strengthen soil stewardship through 
their decisions, supply chains and partnerships.

5

The business case for soil health is increasingly 
clear. The question is no longer whether healthy 
soils matter, but how businesses can begin 
translating that understanding into action. While 
every organization will follow a different pathway, 
five actions consistently emerge from the evidence 
presented in this paper.

1   Make dependencies visible

Understand where the business depends on healthy 
soils and how operations and supply chains influence 
them. Frameworks such as TNFD and SBTN can 
help identify soil-related dependencies, impacts 
and risks, turning soil health from an environmental 
concern into a business issue linked to sourcing 
security, resilience and long-term value creation.

2   Measure what matters

Focus on a practical set of indicators that provide 
decision-useful information rather than attempting 
to measure everything. Establish baselines, monitor 
change over time and integrate soil information into 
procurement, sourcing and investment decisions. 
Good measurement builds confidence, supports 
better decisions and creates the foundation for 
accountability and investment.

3   �Align incentives 
with stewardship

Recognize that soil-health outcomes are 
created by farmers, pastoralists and other land 
managers. Procurement, supplier engagement, 

technical assistance, long-term commercial 
relationships and outcome-based incentives 
can all help create the conditions for long-term 
stewardship. If healthy soils create value across 
supply chains, the incentives shaping land-
management decisions should recognize and 
reward that value.

4   Invest in transition

Support financing models that reflect the long-
term value of healthy soils. Transition finance, 
blended finance and emerging ecosystem-service 
markets can all play important roles. As with 
the energy transition, success will depend not 
only on mobilizing capital, but also on aligning 
financial systems with long-term stewardship 
and ensuring that value is shared fairly across 
value chains.

5   Work together

No single organization can deliver the soil-health 
transition alone. Businesses can accelerate 
progress by collaborating pre-competitively, 
supporting common standards, engaging 
constructively in policy and participating in 
multistakeholder initiatives. Collective action 
helps reduce costs, build confidence and 
create the enabling conditions needed to scale 
soil stewardship.

Healthy soils are living infrastructure that underpins 
resilient businesses, economies and societies. 
Investing in their stewardship is not only an 
environmental responsibility, but a strategic 
business decision.
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