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Abstract: Current food production systems rely heavily on resource-poor small-scale
farmers in the global south. Concomitantly, the agrifood systems are exacerbated by
various a/biotic challenges, including low-input agriculture and climate crisis. The recent
global food crisis further escalates the production and consumption challenges in the global
market. With these challenges, coordinated efforts to address the world’s agrifood systems
challenges have never been more urgent than now. This includes the implementation
of deeply interconnected activities of food, land, and water systems and relationships
among producers and consumers that operate across political boundaries. Nature-positive
agriculture represents interventions both at the farm and landscape level that include a
systems approach for the management of diverse issues across the land-water-food nexus.
In the present article, we focus on the history of traditional farming and how it evolved
into today’s nature-positive agriculture, including its limitations and opportunities. The
review also explains the most impactful indicators for successful nature-positive agriculture,
including sustainable management of soil, crops, seeds, pests, and mixed farming systems,
including forages and livestock. Finally, the review explains the dynamics of nature-
positive agriculture in the context of small-scale farming systems and how multilateral
organizations like the CGIAR are converting this into transformative actions and impact.
To address the climate crisis, CGIAR established the paradigm of nature-positive solutions
as part of its research and development efforts aimed at transforming food, land, and water
systems into more resilient and sustainable pathways.

Keywords: nature-positive agriculture; soil biodiversity; crop production; seed systems;
livestock systems; agrifood systems; aggregated farms

1. Introduction
There is no doubt that the production and consumption of global food systems heavily

rely on nature and its assets, including land and ecosystem services. The current conven-
tional production systems greatly rely on land use expansion and high input use that puts
immense pressure on nature, soil, water, climate, and indeed on our producing communi-
ties. For instance, since the green revolution, global food production has improved threefold
while inputs used in farming have increased nine times [1]. However, many species have
become extinct as a result of the heavy use of agrochemicals, which has contributed largely
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to biodiversity loss. Over time, for efficiency gains, improved management practices and
better genetics were embedded in the global production systems. While high input use
increases farm productivity simultaneously, it is responsible for the degradation of natural
systems, including forests [2]. The current production systems are also responsible for a
considerable amount of greenhouse gas emissions; in addition to environmental footprints,
conventional farming systems bring other diverse challenges globally, such as total biodi-
versity loss (one million species are at risk of extinction), land degradation (approximately
1.9 billion hectares), climate change (average surface temperature has increased by about
1.2 ◦C), and food and nutritional insecurity (828 million people were undernourished in
2021) [3]. For small-scale farming systems, these challenges are further looped with other
societal challenges, such as inequality and economic inviability, and thus threats to health,
well-being, and livelihoods. These challenges inspired us to review novel approaches that
can balance the environmental and societal benefits besides meeting food demands to feed
the global population of 9.7 billion projected by 2050.

Nature-positive agriculture (NPA) refers to an approach to building integrated ecosys-
tem services for increasing resilience and providing multiple benefits to nature and society3

(Figure 1). Working with NPA means it enhances the sustainable and regenerative agrifood
system practices to create net-positive gains for various components such as biodiversity,
soil, crops, land, and water and restore the natural systems [3,4]. Sustainable agriculture
aims to maintain environmental balance and resource conservation, while regenerative
agriculture focuses on restoring and improving ecosystems, soil health, and biodiver-
sity beyond their original state. NPA is a step towards developing and implementing
regenerative farming and agroecological solutions that are sustainable, easily adaptable,
and economically viable. Furthermore, regenerative agriculture provides evidence-based
and cost-efficient farming models by encouraging the economical use of resources while
contributing to biodiversity preservation and the ecosystem at large. Improving soil fer-
tility/production capacity, water and nutrient management, controlling pest and disease
infestations, and climate regulations are among the many ecosystem services that ensure
safe and resilient production systems. NPA is a multifunctionality ecosystem-based ap-
proach to restoring natural farming practices (emphasizes nature by avoiding synthetic
chemicals and promoting soil fertility through natural processes, often with minimal ex-
ternal interventions) framed around five concepts on using natural resources for farming,
providing societal benefits, improving economic benefits, environmental benefits, and net
gain of biodiversity [5]. NPA is gaining attraction globally, with examples found in various
regions, including Europe and the EU’s Farm-to-Fork Strategy emphasizes sustainable
practices that enhance biodiversity and ecosystem services; Latin America’s agroforestry
systems are increasingly used to integrate crops and trees, promoting biodiversity and
sustainable land use; Sub-Saharan Africa’s regenerative agriculture practices are being
adopted to improve food security while restoring degraded land; and Asia’s innovations in
rice cultivation, such as System of Rice Intensification (SRI), aim to increase yields while
minimizing environmental impact, all having the goal to create resilient agrifood systems
that support both human and environmental health. NPA also contributes to achieving
Sustainable Development Goals (SDGs) of Ending Poverty (SDG1), Zero Hunger (SDG2),
and Good Health and Well-Being (SDG3), which further need direct implementation focus
on SDG15 to Protect, Restore, and Promote Sustainable Use of Terrestrial Ecosystems.

NPA works based on knowledge and evidence gained from the Indigenous commu-
nity and is applied to adapt to the local needs and agroecologies. NPA also recognizes
the importance of systems thinking, including soil, water, crops, and livestock, while inte-
grating solutions more broadly to achieve production that meets food demands, protects
other ecosystem services, and reduces reliance on external inputs. The reduction in external
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inputs, including agrochemicals and mechanized farming systems, enables small-scale
farmers to save on costs while protecting the environment from negative impacts. When
compared to many high-input, resource-intensive monoculture farming production sys-
tems, NPA frequently produces much higher total farm yields with superior nutritional
qualities of agricultural outputs.
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Moreover, NPA follows a community-driven approach with interconnected compo-
nents of agrifood systems, including biodiversity, environment, ecosystem services and
livelihoods of small-scale farmers. NPA involves diverse stakeholders in building mutual
understanding and agreeing on the approach of identifying, mapping, and aggregating
the resources on the ground. While NPA focuses on solutions through the co-design of
farms/resources that deliver a range of livelihood, social equity, and ecological co-benefits
to the communities, these solutions are evidence-based and can be implemented and deliv-
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ered at scale to communities. Expanding and transforming our concept of food systems
by implementing a nature-positive agrifood systems approach can support/improve pro-
duction and farmers’ livelihoods through community-level participation and scaling to the
landscape level.

Therefore, this review focuses on the literature analysis concept of nature-positive agri-
food systems by identifying different production, environmental, and social components
while ensuring the comparability and compatibility of innovative and adaptive farming so-
lutions. We also review various nature-positive practices in their current state and potential
applications, including co-creation, co-design, and benefit assessments.

2. History
The concept of NPA has evolved over time, integrating traditional practices with

modern scientific insights. NPA (traditional or natural farming) dates back to the 1930s,
when it only focused on anthropology, ethnobotany, ecology, and agronomy. Pre-20th-
century traditional practices, including indigenous and local farming communities, have
practiced methods that promote biodiversity and sustainable land use for centuries, such
as agroforestry systems and crop rotation methods. Integrating traditional practices with
modern scientific insights means combining time-tested, locally adapted farming methods
with data-driven research and technological advancements to create more sustainable and
resilient agricultural systems. Traditional practices, such as crop rotation, agroforestry,
and soil conservation, are often deeply attuned to local ecosystems and cultural contexts,
while modern science brings tools like precision agriculture, climate modeling, and soil
science to optimize and validate these methods. The two can complement each other by
enhancing local knowledge with scientific insights, but their compatibility depends on
careful adaptation, cultural sensitivity, and ensuring that modern technology supports
rather than replaces traditional wisdom. This integration helps develop farming systems
that not only sustain but actively regenerate ecosystems and increase food security.

During the 1940s–1960s, the time of the green revolution, high-yield crop varieties,
synthetic fertilizers, and pesticides were introduced, aiming to increase food production.
While this increased yields significantly, it often led to environmental degradation and
biodiversity loss. In the 1970s, the sustainable agriculture movement emerged in response
to these negative impacts, including those of industrial agriculture. This period saw in-
creased awareness of organic farming practices with other ecosystem services. In the 1980s,
farming communities started to value the need for and importance of other practices,
including nature-based, agroecological practices, to develop sustainable agrifood systems.
Organic certification standards in various countries were established during the 1990s,
promoting practices that align with NPA principles, such as reduced external/chemical
inputs and overcoming biodiversity loss. Recognizing Indigenous knowledge of NPA
served as the foundation of the transition from traditional agriculture to a more sustain-
able approach. This includes knowledge of complex farming practices, adaptability to
environmental stresses, and access to locally identified resources without modern farming
technologies—equipment, fertilizers, etc.

In the last decades of the 20th century, many NGOs played a crucial role in identify-
ing the need to combat rural poverty and reversing the degradation of natural resources
globally [6]. By the beginning of the 21st century, many researchers globally aimed at in-
creasing the options for community-led participatory approaches for resource mapping and
technology development and dissemination, including a focus on diversity, synergy, and
understanding of social and political aspects of agrifood systems. From the 2000s–2010s,
the adoption of integrated pest management (IPM), including biological control practices
and regenerative agriculture, also gained attraction to improve and sustainable manage-
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ment of crop and soil health, carbon sequestration, etc., globally by organizations like the
USDA, FAO, and EPA to promote sustainable pest control practices. Focusing on autonomy,
the current agrifood systems are more driven as a movement for NPA and agroecological
practices by many research institutions, including CGIAR, development NGOs and other
stakeholders. Today’s agrifood systems fully recognize the idea of NPA as the foundational
principle to fully produce and consume food locally, as well as manage soil, land, water, and
agrobiodiversity in a sustainable way. The focus is on the interdisciplinary and integrated
approach of various components developed on collaborative research and evidence-based
tools, keeping in mind the insufficiency of current approaches and guided by long-term
consideration of ecosystem services. This integrated approach of NPA goes beyond the
level of interventions and innovations in complex value chains with the systems thinking
lens of agrifood systems. NPA interventions are designed to handle the current and un-
predictable challenges of global food systems focused on food demand, resilience of the
environment, livelihood, and economics of small-scale farmers. This follows a systematic
application with complementary entry points on farmer’s typology, production systems,
nutrition value, nutrient recycling, reversing soil degradation, climate crisis, and other
social and biophysical aspects reflected with stakeholders. The multidisciplinary models
are both interconnected in some respects but also uniquely positioned and interdependent
to tackle issues of food and nutrition security, water and climate change, and biodiversity
loss to achieve the SDGs.

3. Limitations and Opportunities
NPA is expected to focus on the humanitarian challenges of agrifoods systems. This

includes feeding 9.7 billion people on the planet by 2050 with the onset of multiple crises
(e.g., COVID-19 and the Ukraine–Russia war). Over the years, the agrifood systems have
followed the strategies of producing more food per unit area. For instance, short-term
production systems influence major agricultural practices but undermine major environ-
mental and social crises. The green revolution played a crucial role in food production
systems but kept away the issue of large-scale hunger and sustainability [7]. Furthermore,
the productivity in agrifood systems is closely linked to the overexploitation of natural
resources (land degradation, diversity of crops, livestock, and water issues), which disables
political and economic situations. So, the question is, can any paradigm approach alone be
enough to produce and solve the multiple crises of 21st-century agrifood systems?

Many paradigm approaches have failed to fully address the issues of sustainability
over the years. Extensive agricultural expansion is required to feed the population in
developing countries, as well as deal with environmental, social, and political issues. How-
ever, NPA was developed to transform agrifood systems design to achieve autonomy and
resilience while addressing global challenges of production and the way of consumption
of foods. NPA also brings ambitious strategies for ensuring diverse commodity produc-
tion while protecting the integrity and sustainable persistence of agrifood systems and
supporting small-scale farming systems seeking to solve the issues of the global crisis.

4. Components for NPA
Small-scale farmers, particularly from the global south, are the major contributors to

the world’s food supply chain. Farming systems in the region, particularly in Sub-Saharan
Africa (SSA) and Latin America, are highly diverse in terms of soil biodiversity, cropping
systems and management practices, often characterized by limited inputs, land areas and
resource accessibility. NPA plays a crucial role in promoting the synergies between all
these different components in small-scale farming systems and investigates strategies for
sustainable food production and maintaining the resilience of agricultural ecosystems.
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4.1. Soil Biodiversity

A wide range of soil biodiversity, from microbiome to macrofauna, supports and
maintains ecological functions. The importance of soil as a non-renewable resource and its
functions as a sustainable resource is increasingly recognized among agricultural practition-
ers. This is because the soil harbors diverse communities of organisms (soil biota) crucial
for its functioning [8,9]. The soil biota is generally classified into four groups according to
the size of the individuals: microorganisms (or microflora), microfauna, mesofauna, and
macrofauna (Figure 2). Soil biotas interact in a soil food web (based on the degradation
of roots and dead organic material), where each trophic layer is food for the next trophic
layer [10]. These interactions result in several ecosystem services such as nutrient cycling,
water filtration, pest control, carbon storage, soil stabilization, climate regulation, and other
ecosystem services. Therefore, the stability of the performance of an ecological function
is dependent on the stability of the soil food web, which increases with an increasing
number of interactions between the organisms [10]. For example, when predators have an
increasing choice in their food, the chance that they will predate on a specific species until
its extinction decreases [11]. This section takes a closer look at the key roles of soil biota in
enhancing the functioning and productivity of agricultural ecosystems.
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Figure 2. Diagram of the different groups of soil biodiversity classified by size. A diverse
group of soil biota classified according to the size and functioning of individuals—Macrofauna
(a—Coleopteres; b—Hemiptera; c—Chilopedes; d—Lombrics; e—Gasteropodes, etc.); Mesofauna
(a—Springtails; b—Millipedes; c—Thrips; d—Mites; e—Proturans, etc.); Microfauna (a—Nematodes;
b—Tardigrades; c—Rotiferes, etc.); and Microorganisms (a—Bacteria; b—Actinomycetes; c—Fungi;
d—Algae; e—Protozoa, etc.).

4.2. Nutrient Cycling

Soil biota, particularly microorganisms, plays a direct role in the cycling of key plant
nutrients, including carbon (C), nitrogen (N), phosphorus (P), and other essential nutrients,
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thereby enhancing the transformation of these nutrients in forms that make them available
to plants [12]. Contemporary, the carbon cycle is largely debated because of its relations
with the theory of climate change [13,14]. The carbon cycle starts when atmospheric carbon
dioxide (CO2) is fixed into organic form through the process of photosynthesis. Although
plants are well known for performing this process, there are also a range of microbial
organisms, such as algae, cyanobacteria, and some other forms of bacteria capable of
photosynthesis.1 Soil biota then participates actively in the decomposition and transforma-
tion of organic matter through diverse metabolic pathways, contributing to the stabilization
of organic carbon and carbon storage and turnover (Figure 3). In this process, soil biota
promotes plant growth and consequently C inputs to the soil by enabling plants to access
nutrients and/or by protecting plants from adverse biotic (e.g., pathogens) and abiotic
(e.g., drought stress) conditions [15,16]. Recent research suggests that microbes may be a
major source of organic carbon, with the contribution of microbial necrotic mass to soil
organic carbon as high as 50–80% [17–20]. Therefore, understanding the processes, mecha-
nisms, and driving factors of soil microbial carbon cycling is crucial for understanding the
functionality of terrestrial carbon sinks and effectively addressing climate change.
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Figure 3. Carbon cycle in the soil via the microbial loop plants. Organic matter is broken down
by microbes, which release carbon into the soil. Plants then take up the carbon and continue the
cycle. The atmospheric carbon dioxide (CO2), after being fixed by plants and added to the soil
through processes, such as (1) root exudation of low-molecular-weight simple carbon compounds or
deposition of leaf and root, (2) is made bioavailable to microbial metabolic cycles and subsequently is
either (3) respired to the atmosphere or (4) enters the stable carbon pool as microbial necromass.

Nitrogen is another nutrient of which its availability is largely mediated by soil mi-
croorganisms. Although N is very abundant in the atmosphere, only when it is converted
from dinitrogen gas into ammonia (NH3) does it become available to primary produc-
ers, such as plants. The nitrogen cycle thus relies heavily on the soil biota, including the
free-living cyanobacteria and various genera of bacteria and actinomycetes, or symbiotic
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microbes, such as rhizobium, which form root nodules in legumes [21]. The major trans-
formations of nitrogen are nitrogen fixation, nitrification, denitrification, anammox, and
ammonification (Figure 4). These processes result in the transformation of N into different
chemical forms that determine whether N can be taken up by plants, remains in the soil, or
is at risk of being lost to the environment through leaching or in the gaseous form [22]. In
addition, soil biota has been proven to be, by themselves, an important temporal storage
pool for N [23]. A high number of new pathways and ecological processes involved in N
cycling have been discovered in recent years, suggesting that the N cycle is more complex
than believed in the past [24–26].

Sustainability 2025, 17, x FOR PEER REVIEW 8 of 25 
 

or is at risk of being lost to the environment through leaching or in the gaseous form [22]. 
In addition, soil biota has been proven to be, by themselves, an important temporal stor-
age pool for N [23]. A high number of new pathways and ecological processes involved 
in N cycling have been discovered in recent years, suggesting that the N cycle is more 
complex than believed in the past [24–26]. 

Phosphorous is another nutrient vital for life on this planet, with an important 
edaphic phase reliant on the soil biota, generally for the decomposition stages of the cycle. 
The organisms involved include bacteria and fungi living in the bulk soil and the rhizo-
sphere, as well as mycorrhizal fungi, which supply P to the plant [27]. The biological trans-
formations of P in the soil are very important in the availability of P to plants. Neverthe-
less, the mismanagement or application of excessive amounts of inorganic waste can have 
negative environmental impacts, including eutrophication of surface waters, which can 
ultimately reduce oxygen content in the water. 

 

Figure 4. Major transformations in the nitrogen cycle. The major transformations in the nitrogen 
cycle are nitrogen fixation, where nitrogen gas (N2) is converted into a bio-available form, ammonia 
(NH3); nitrification-the process by which bacteria convert ammonia into nitrite (NO2−) and subse-
quently nitrates (NO3−), allowing plants to use nitrogen for growth; ammonification-the process by 
which decomposing organic tissues release inorganic nitrogen back into the ecosystem as ammonia; 
and denitrification-the process that converts nitrate to nitrogen gas. 

4.3. Waste Recycling 

Soil biota contributes to the breakdown and decomposition of dead animals and 
plants, which would otherwise cause pollution, harm the ecosystem, and endangered spe-
cies, and hinder the natural processes that keep our planet in equilibrium. On agricultural 
lands, various organisms play a role in recycling nutrients and breaking down waste, con-
tributing to the regeneration of fertile soil and the purification of air and water. Organic 
waste recycling is facilitated by soil organisms collectively known as saprotrophs, consist-
ing mainly of bacteria (primary decomposers of dead animals) and fungi (primary decom-
posers of dead plant materials. Other soil invertebrates, such as millipedes and collem-
bola, also take part in the decomposition of organic wastes, although they can partially 
digest the wide range of compounds that fungi and bacteria are capable of digesting [11]. 

Figure 4. Major transformations in the nitrogen cycle. The major transformations in the nitrogen cycle
are nitrogen fixation, where nitrogen gas (N2) is converted into a bio-available form, ammonia (NH3);
nitrification-the process by which bacteria convert ammonia into nitrite (NO2

−) and subsequently
nitrates (NO3

−), allowing plants to use nitrogen for growth; ammonification-the process by which
decomposing organic tissues release inorganic nitrogen back into the ecosystem as ammonia; and
denitrification-the process that converts nitrate to nitrogen gas.

Phosphorous is another nutrient vital for life on this planet, with an important edaphic
phase reliant on the soil biota, generally for the decomposition stages of the cycle. The
organisms involved include bacteria and fungi living in the bulk soil and the rhizosphere, as
well as mycorrhizal fungi, which supply P to the plant [27]. The biological transformations
of P in the soil are very important in the availability of P to plants. Nevertheless, the
mismanagement or application of excessive amounts of inorganic waste can have negative
environmental impacts, including eutrophication of surface waters, which can ultimately
reduce oxygen content in the water.

4.3. Waste Recycling

Soil biota contributes to the breakdown and decomposition of dead animals and plants,
which would otherwise cause pollution, harm the ecosystem, and endangered species,
and hinder the natural processes that keep our planet in equilibrium. On agricultural
lands, various organisms play a role in recycling nutrients and breaking down waste,
contributing to the regeneration of fertile soil and the purification of air and water. Organic
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waste recycling is facilitated by soil organisms collectively known as saprotrophs, consisting
mainly of bacteria (primary decomposers of dead animals) and fungi (primary decomposers
of dead plant materials. Other soil invertebrates, such as millipedes and collembola, also
take part in the decomposition of organic wastes, although they can partially digest the
wide range of compounds that fungi and bacteria are capable of digesting [11]. Microbial
decomposition of natural waste also renders organic compounds and minerals bioavailable
for growing crops, effectively aiding in overall crop production.

4.4. Enhancement of Sustainable Agriculture

Agricultural intensification, characterized by high input use (fertilizer, pesticides,
specialty seeds, labor, machinery, etc.), has often been conceptualized with a focus on
increasing productivity per unit area to feed the ever-increasing human population [28].
However, it has also been criticized because of associated environmental problems, such
as low pH, low biodiversity friendliness, increase in erosion processes and land degra-
dation, and pollution of water bodies [29–31]. Ecological intensification (defined as the
management of organisms) to enhance ecosystem services is considered to provide a means
to reduce the negative impacts of agricultural intensification without compromising crop
yields [32].

Apart from nutrient and waste cycling functions discussed above, at scales relevant
for fields, there is also a well-developed literature documenting other benefits of increasing
and maintaining soil biodiversity, such as increased soil stability and resilience to abiotic
stresses caused by both natural phenomena (storms, fires, erosion) or anthropogenic (tillage,
excessive application of pesticides and fertilizers) [33,34]. Soils high in biodiversity have a
higher gene pool reservoir for harnessing their different functional capabilities, including
the ability to bounce back after the shocks. There is also evidence that soil microbial
diversity confers protection against soil-borne disease. A healthy soil community has a
diverse food web that helps to keep pests and diseases under control through competition,
predation, and parasitism [35].

Soil structure (the arrangement of the elemental particles of the soil) has a close
relationship with the movement of soil biota, water, and gases in and out of the soil—and
the range of functions, services and benefits associated with this. The soil structure is
mediated by soil biota (meso and macrofauna) as they burrow through and root and fungal
hyphae as they grow through the soil. Soils with good soil structure are less prone to water
logging, do not dry quickly and have maximum resistance and resilience against physical
degradation [12,36]. Soil fauna’s effects on nutrient and water use efficiencies are also
apparent, although the effects may be indirect, as they affect soil structure [37].

4.5. Crop and Seed Systems

The transition to NPA has been increasingly recognized as a viable strategy to mit-
igate the environmental impacts of conventional farming [38]. Crop breeding and seed
systems are among the components of NPA that are characterized by diverse portfolios
driving productivity sustainability of agrifood systems, including the resilience of our
ecosystem [39]. Particularly in the Global South, crops serve as a fundamental source of
food, income, and livelihood. Small-scale farming systems often include traditional crop
and seed varieties that are adapted to the local context. However, management of those
crop and seed varieties plays a crucial role in improving soil biodiversity and health and,
indeed, the tolerance to biotic and abiotic stresses. Thus, from the researchers’ point of
view, it is essential to develop crop varieties and seed systems with high resistance to pests
and soil-borne diseases, better capability to withstand stress conditions including drought
and salinity and indeed adaptation to local environment. On-farm plant breeding involves
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farmers actively selecting and improving plant varieties based on local conditions and
needs, promoting genetic diversity and resilience. Unlike the traditional genetic vision
of researchers, which often focuses on high-yield, uniform traits through conventional
breeding or biotechnology, on-farm breeding emphasizes adaptability, disease resistance,
and environmental compatibility. However, the genetic approach in research can be lim-
ited by its focus on specific traits and standardized production, often overlooking the
importance of local biodiversity, ecological context, and farmer knowledge in developing
sustainable, resilient crops. This narrow genetic focus can sometimes neglect the broader
agroecological systems in which plants are grown, potentially undermining long-term
sustainability and adaptability. Other desired traits include high yield potential, providing
nutritional value of crops, and livelihood security for small-scale farmers. However, it’s
important to use traditional knowledge and a participatory approach for local context
assessment and to develop varieties that can be adapted to wider agroecological situations.
Overcoming the contradiction between wide adaptation and local evolutionary processes
in plant breeding requires recognizing that local adaptation and co-evolution should be
managed by farmers and their communities, not by commercial seed markets. While global
seed companies focus on optimizing crops for broad, market-driven conditions, this often
undermines the local genetic diversity and resilience that farmers rely on. To reconcile
these approaches, participatory breeding, decentralized seed systems, and agroecological
practices can help preserve local knowledge and adaptation while offering a compromise
that allows for limited market involvement without compromising crop resilience and
ecological sustainability. However, for this balance to be realized, farmers’ seed sovereignty
must be protected from corporate control.

Furthermore, the preservation of seed systems that are the carriers of crop genetic
diversity directly influencing the agrifood production systems is essential for maintain-
ing resilient agricultural systems in the face of changing environmental conditions and
evolving pests and diseases [40]. While small-scale farmers always rely on timely access to
quality crop seeds, it is countered by a number of challenges, including shortage of seeds,
limited access to improved seed systems, and, importantly, the threat of the eradication of
traditional seed systems. Thus, it is important to strengthen the diversity and traditional
seed varieties for the continuous production of staple and economically important crops
in a small-scale context. Agrobiodiverse seed systems, which encompass a wide array of
locally adapted and diverse crop varieties, serve as a crucial resource for ensuring food
security, nutrition security, and safeguarding genetic resources for future generations [41].
These seed systems not only contribute to the resilience of farming communities but also
play a vital role in preserving traditional knowledge and promoting cultural heritage
related to farming practices. Moreover, the inclusion of innovative crop and seed vari-
eties, community seed banks and participatory approaches towards breeding initiatives
along with nature-positive practices improve the sustainability and resilience of the overall
agrifood systems. Local community organizations, such as seed producer groups and
community seed banks, can serve as quality seed hubs to meet the demand for diverse seed
systems [3,42]. For the sustainability of these initiatives, governments should harmonize
current policies towards seed production. We also call upon policymakers, researchers,
farmers, and consumers to collectively work towards the adoption of NPA. By harnessing
the power of crop and seed systems and traditional knowledge, we can cultivate a more
resilient, diverse, and sustainable food system that not only meets the needs of the present
but also safeguards the future for generations to come.
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4.6. Pests’ Management

Pests (including insects, nematodes, and weeds) represent one of the most important
challenges in crop production and are responsible for crop losses, estimated to be between
17 and 23% for major food crops [43]. Pest management, which is predominantly done
through the use of synthetic pesticides, costs billions of dollars globally and is one of
the most important expenses in agriculture. However, beyond the financial aspects, the
massive use of pesticides has harmful impacts on the environment, animals and human
health. These negative impacts, which include contamination of soil and groundwater,
biodiversity loss, residue accumulation in food, disruption of ecosystem services, etc., have
been widely discussed during these last decades [44–46].

The Integrated Management of Pests (IPM) is a holistic approach introduced in the
20th century based on using various pest control methods to optimize the management of
all agricultural pest populations while promoting environmental sustainability, economic
viability, and human health. It was seen globally as the solution to minimize the reliance
on the use of synthetic pesticides [47,48]. Even if the implementation of IPM achieved
success with a significant reduction in pesticides in specific cases (in Asia with a significant
reduction in the use of pesticides in rice farming), the adoption of IPM at a global level and
the abusive use of pesticides remain a challenge nowadays, with IPM being more of an
integrated management of pesticides [47]. Various factors could have contributed to the
lack of broad uptake of IPM, starting with the confusing definition of IPM and its principles,
the non-inclusion of the pesticide reduction objective in the principles of IPM, and the
complexity associated with a successful implementation of IPM (there is a need to have an
expanded knowledge of pasts’ physiology and resources for their monitoring). Another
aspect is the lack of economic incentives for alternative pest management strategies, with
the use of pesticides being a cheap and effective (in killing pests) strategy within the reach of
farmers. In addition, IPM is generally implemented at a field level, while the management
of some pests requires measures at a landscape level. Furthermore, the lack of long-term
programs and policies to support the implementation of IPM (with adoption declining after
the end of programs and incentives) is one of the factors contributing to the low level of
adoption by farmers, even in developed economies [48,49].

With the increase in the awareness of the general population of the issues associated
with the use of pesticides, the ineffectiveness of the implementation of IPM, and the
potential negative impact of climate change on pest population, there has been a call
for a change in the global strategy of pest management. Many alternative pest control
managements have been proposed, including agricultural practices (for example, crop
rotation to disrupt pest life cycles and reduce their populations), biological control (using
natural enemies of pests, such as predators, parasites, and pathogens, to control their
populations) or the use of other non-synthetic products used as a replacement of chemicals
(microbial biopesticides, botanicals or biostimulants) [50–52]. These alternatives have
generated a good deal of interest on a small scale, with, for example, the adoption of
Bacillus thuringiensis-based biopesticides in Brazil or the adoption of push-polyculture
in sub-Saharan Africa [53,54]. However, widespread adoption of these technologies and
practices is still yet to be achieved. It was reported that despite considerable efforts in
research and development on non-chemical alternatives for herbicides, farmers are reluctant
to adopt them for several reasons, some of which are a lack of motivation or incentives,
costs, time, and risks associated with the use of these “new” practices/technologies and
lack of long-term perspectives [55].

Some authors have suggested a redefinition of IPM principles, while others (re)introduced
new concepts such as holistic pest management, ecological-based pest management, bio-
based integrated pests management, climate-smart pest management or the agroecological
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management of pests [56–60]. These approaches and IPM share the objective of designing a
cropping system that prevents or minimizes pest attacks, controls tactics based on ecological
processes and the use of non-synthetic chemical management methods (microorganisms,
cultural practices, mechanical control). However, the present use of pesticides in crop
protection and management practices that are adverse to the environment is a symptom of
the current agrifood system, and any sustainable change will require a transformation of
the way food is produced. In terms of crop protection, this transition of the agrifood system
would require going from a conventional pest- and crop-centric, bottom–up approach
to a more holistic, system-centric, top–down scheme with ecosystem-wide goals. This
transition will need to start from a field level, and crops and varietal diversity will need
to be considered, which will improve genetic variability while enhancing the resilience
of the ecosystem. Farmers’ knowledge of local conditions can favor this process, offering
insights that can guide the development of more adaptable and context-specific varieties
and pest management strategies. Participative approaches integrating farmers’ knowledge
of local biodiversity have the potential to reduce crop losses while limiting the use of
chemicals [48].

One of the pillars of NPA implies sustainable management of the existing food pro-
duction system with biodiversity as a basis for ecosystem services. In terms of pest man-
agement, the objective of an NPA would be to implement crop-system diversification and
landscape management to maintain a functional balance so that production systems can
tolerate pests and diseases or reduce the magnitude of pest outbreaks [61]. At a field level,
this means incorporating strategies such as using diverse cultivars, rotation, intercropping
or agroforestry, which significantly contribute to pests and diseases management. At the
agroecosystem level, this means managing agricultural landscapes in such a manner that
this would provide ecosystem services that allow the decrease of pests’ population and
pressure and minimize the use of pesticides. At a landscape level, ecosystem services can
promote the development of pests’ natural enemies, such as predators and parasitoids
(birds, snakes, ladybugs, wasps, and entomopathogenic fungi), which can help in pest
management (Figure 5).

Non-crop vegetation introduced or unmanaged vegetation already present can provide
ecosystem services for the biological control of pests. Depending on the context, these
services can include repelling pests, attracting natural enemies of pests and providing
them with food sources and favorable conditions for their reproduction. Other ecosystem
services facilitated by unmanaged and non-crop vegetations include providing other prey to
crop pests’ natural enemies during off-season, which can help sustain their presence in the
landscape. In comparison with monoculture landscapes, diversified landscapes can increase
the richness of parasitoids with multi-species interaction, leading to a positive outcome
in pest pressures. However, abundant and diverse natural enemies do not necessarily
provide enhanced pest control since pest densities may also respond positively to these
stimuli in a landscape and lead to ecosystem disservices [62,63]. There is still a need for
evidence on the impact of landscape composition and management on pests’ control and
crop performance [64–66]. Overall, pest management and the use of pesticides remain
an important challenge for the future of agriculture with an increasing world population,
which requires increasing productivity without deforestation and protecting biodiversity,
soil, and water resources. There is no easy route for the reduction of pesticides, and a
sustainable change will require a long-term commitment from governments, policymakers,
and researchers.
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Figure 5. The balance between ecosystem services and disservices for pest control at a landscape
level. At the landscape level, there are different ecological services (in a positive way) and disservices
(in a negative way) that an ecosystem with unmanaged habitats can provide in the management
of pest populations. Ecosystem services create conditions that inhibit pest development. This can
be achieved through different mechanisms that negatively impact pests (for example, chemical
repelling or physical barrier to the movement of pests) or favor their natural enemies (by, for example,
creating a beneficial environment through the provision of food and natural habitats). Conversely,
ecosystem disservices for pest management arise when the landscape characteristics promote pest
development and impede the proliferation of their natural enemies. The situation in a specific
agricultural landscape will depend on the balance of these two processes. Understanding the interplay
between ecosystem services and disservices is important for the development of nature-positive pest
management strategies.

4.7. Livestock-Based Systems

The livestock sector is an integral part of global agriculture, providing meat, dairy,
and essential food, livelihoods, and economic opportunities. Globally, livestock uses
approximately 3900 million hectares of land, which represents around 80% of all agricultural
land, most of which is utilized by extensive, grazing-based ruminant systems [67]. In
developing countries where small-scale farming is predominant, livestock plays a crucial
role in food security and nutrition, providing essential functions such as food, income, and
draft power, but it also has a significant environmental impact, contributing to greenhouse
gas emissions, nitrogen emissions, land use, and soil degradation globally [68].

Livestock production has had a significant impact on global land use change his-
torically and has led to both negative and positive effects on ecosystems. Livestock can
contribute positively to soil health, grassland fertility, and even carbon sequestration in
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some cases, but there is ongoing debate about the feasibility of scaling up these benefits to
achieve carbon-neutral farming [69].

On the other hand, livestock production is considered one of the drivers of land
degradation and climate change, and a threat to food security, and has been accompanied by
significant environmental challenges, including deforestation, biodiversity loss, greenhouse
gas emissions and water pollution, which has raised concerns about its sustainability [70,71].
Overgrazing in pasture and rangelands has led to significant soil degradation, particularly
in drylands, causing loss of soil organic carbon (SOC) on a global scale [72]. Livestock
production is linked to biodiversity loss, high water usage, and environmental damage,
including greenhouse gas emissions, deforestation, and land/soil degradation, especially
in tropical regions. These issues highlight the negative environmental impacts associated
with livestock farming practices and the urgent need for sustainable land management
strategies in these areas [68].

NPA solutions in the livestock sector encompass a wide range of strategies aimed at
minimizing the sector’s adverse environmental effects while promoting ecological restora-
tion and conservation. These solutions involve both technological innovations and changes
in management practices to create a more sustainable and harmonious relationship be-
tween livestock production and the environment. These include holistic approaches that
emphasize the importance of biodiversity, soil health, and ecosystem resilience in agricul-
tural production.

Livestock contributes significantly to nutrient cycling through manure production,
with global manure production increasing over the years, providing essential nutrients
like nitrogen (N), phosphorus (P), and potassium (K), as well as other secondary and
micronutrients to soils. The application of manure to soils has increased, benefiting soil
health by enhancing organic matter content, which in turn improves water infiltration
rates, water holding capacity, and cation-exchange capacity. This process helps maintain
soil fertility and promotes sustainable agricultural practices [73]. By integrating livestock
into diverse farming systems, such as rotational grazing, cover cropping, and agroforestry,
farmers can improve soil fertility, enhance carbon sequestration, and reduce the reliance on
synthetic inputs, thereby contributing to nature-positive outcomes.

Well-managed livestock systems in grasslands can enhance carbon sequestration. The
impact of livestock on carbon and nitrogen cycling varies based on factors like climate, soil
type, grazing intensity, and whether animals are browsers or grazers. Grassland systems
allocate significant carbon to roots, which contributes to higher soil organic carbon stocks.
There are various strategies for reversing land degradation in grasslands and improving
the health and sustainability of degraded grasslands, including reseeding with resilient
grass–legume mixtures, maintaining proper stocking rates, targeted fertilization, adaptive
grazing management, and strategic distribution of watering points [71].

4.8. Role of Forages in the Context of Mixed Crop–Tree–Livestock Systems

Forage-based systems are integral components of agricultural ecosystems, providing
essential nutrition for livestock and contributing to the overall sustainability of food pro-
duction. Forage crops play a critical role in supporting global agriculture and livestock
production. These systems encompass the cultivation and management of plants, such as
grasses, legumes, and other herbaceous species, specifically for the purpose of livestock
feeding. Genetic improvement of tropical forages has focused on enhancing productivity,
feed quality, and stress tolerance, with recent attention shifting towards bred forages that
combine desirable traits and allow for better adaptation to specific constraints [72].

Livestock production in the global south occurs in various systems, with most of the
meat, milk, and egg production happening in mixed crop–livestock systems that incorpo-
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rate a wide range of cultivated forages, including grasses, legumes, trees, and shrub [73].
Integration of improved forages in livestock production systems offers various benefits,
including sustainable intensification, increased efficiency, improved livelihoods, and en-
vironmental advantages such as enhanced soil health, reduced erosion, and decreased
greenhouse gas (GHG) emissions [74,75]. Improved tropical forages have shown the ability
to boost productivity while lowering livestock-related GHG emissions per unit product.
Certain forage grasses like Urochloa and Megathyrsus can reduce soil-borne N2O emissions
by up to 60% through biological nitrification inhibition, and supplementing cattle diets
with forage legumes like Leucaena could potentially cut cattle enteric CH4 emissions by up
to 67% compared to a grass-only diet [76–78].

Tree-based forage species also have multiple benefits in restoration efforts, emphasiz-
ing the importance of combining slow-growing indigenous trees with fast-growing native
fodder species for successful outcomes [79]. Silvopastoral systems with improved forages
have shown early positive effects on soil health, macrofauna diversity, and environmental
benefits such as GHG emission mitigation and enhanced water use efficiency [80,81]. Mixed
systems with a strong tree component are gaining recognition for their multiple environ-
mental advantages, including increased soil quality, biodiversity, and overall sustainability.

Notenbaert et al. (2021) [68] described some key principles related to sustainable and
nature-positive agriculture, particularly focusing on the role of forages in achieving these
principles (Figure 6). Forages are highlighted as beneficial for nutrient cycling by utilizing
resources efficiently, improving nutrient use efficiency, and reducing the need for external
inputs like feeds, agrochemicals, and water. Secondly, by using high-quality forages and
managing them effectively, farmers can reduce reliance on commercial supplements and
concentrates, as well as decrease the need for off-farm manure or chemical fertilizers. This
is achieved through practices such as symbiotic nitrogen fixation by forage legumes, using
forages as green manure, and optimizing livestock productivity to enhance nutrient cycling
on the farm. The third principle is the benefits of using forages as cover crops in agriculture.
Forages help reduce the need for weeding and chemical weed control and can offer genetic
tolerance against pests and diseases, potentially replacing chemical pest control methods.
Fourth, forages contribute to decreased water requirements by improving soil structure,
increasing water retention and infiltration, and reducing runoff. Using drought-tolerant
and water-saving forages can lessen the reliance on irrigation compared to traditional
forages grown in similar conditions.

Integrating cultivated forages into agricultural systems improves soil health in vari-
ous ways. This integration enhances chemical soil health by stimulating nutrient cycling,
increasing soil organic matter and carbon stocks, and promoting soil carbon sequestration.
Physical soil properties benefit from improved soil aggregation, structure, aeration, and
organic matter content. Below-ground biodiversity and biological activity increase through
enhanced soil microbial diversity and the presence of rhizobia. Diverse pastures and
tree-based forages are highlighted as methods to improve soil quality and climate change
mitigation by sequestering carbon and inhibiting biological nitrification [68]. Increasing
biodiversity across the landscape by enhancing land productivity with high-yielding for-
ages can help conserve biodiversity and prevent further land conversion to agriculture.
Introducing alternative forage species boosts species and genetic diversity compared to
monocultures or degraded pastures, attracting a wider range of pollinators and below-
ground fauna. Well-managed pastures promote the natural introduction of native plant
species resilient to environmental conditions. Silvopastoral systems with shrubs and trees
create complex habitats that support diverse wildlife and soil biota. Cultivated forages
facilitate positive ecological interactions and synergies among soil, plant, and animal
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components, aligning with agroecological principles. For example, tree-based forage also
contributes to carbon storage, offering climate mitigation benefits [68].
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Figure 6. Productivity and environmental co-benefits of tropical forage technologies [68]. The
integration of forages in mixed crop–tree–livestock systems highlights the positive impacts on both
livelihoods and the environment. The figure describes the concept of sustainable intensification of
forage-based systems, which involves combining genetic, ecological, and socio-economic processes to
enhance system efficiency. This approach has the potential to improve livelihoods and yield various
environmental benefits, such as improved soil health, reduced soil erosion, decreased greenhouse gas
(GHG) emissions, and better adaptation to climate variability.

The adoption of NPA in the livestock sector is essential for addressing the environ-
mental impacts associated with livestock production and advancing global sustainability
efforts. By integrating regenerative agriculture practices, sustainable forage production,
and advanced management technologies, the industry can minimize its ecological footprint,
restore natural ecosystems, and contribute to a more balanced and harmonious relation-
ship with nature. These approaches not only benefit the environment but also have the
potential to improve the resilience and productivity of livestock systems while ensuring
the well-being of both people and animals.

The transition to NPA in forage-based systems requires a comprehensive and holistic
approach that considers ecological, social, and economic factors. Farmers can begin by
diversifying forage crops, incorporating native species, and implementing rotational graz-
ing practices to emulate natural ecosystems. Furthermore, reducing tillage, minimizing
agrochemical use, and preserving natural habitats within forage production areas can help
conserve soil structure and prevent erosion. Furthermore, sustainable forage practices can
contribute to climate change mitigation, reduce environmental degradation, and support
the long-term viability of agricultural landscapes.
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NPA in forage-based systems prioritizes the restoration and enhancement of ecosys-
tems, aiming to support biodiversity, improve soil health, and minimize environmental
harm. By integrating these principles into forage production, farmers can contribute to
the preservation of natural resources and the overall health of the environment. Improved
forages like certain grasses, legumes, and shrubs/trees play a significant role in soil fertility
management by reducing erosion, fixing nitrogen, supporting nutrient cycling, and en-
hancing water use efficiency and carbon sequestration. These forages can lead to increased
organic carbon levels, particularly in deep layers, and integrating them into cropping
systems can reduce soil loss and boost soil organic carbon by about 10%.

Overall, the use of improved forages in livestock systems can have substantial benefits
for both agricultural productivity and environmental sustainability [74]. The transition to
nature-positive solutions in forage-based systems requires a comprehensive and holistic
approach that considers ecological, social, and economic factors. Farmers can begin by
diversifying forage crops, incorporating native species, and implementing rotational graz-
ing practices to emulate natural ecosystems. Furthermore, reducing tillage, minimizing
agrochemical use, and preserving natural habitats within forage production areas can help
conserve soil structure and prevent erosion. Moreover, sustainable forage practices can
contribute to climate change mitigation, reduce environmental degradation, and support
the long-term viability of agricultural landscapes.

4.9. Circular Economy and Market Linkages

Small-scale farming systems are characterized by limited land and other resources,
which, apart from food production constraints, bring them many vulnerabilities, including
socio-economic ones. Various other factors, such as the volatile market price of crops, timely
labor availability, and limited access to financial services and credits, strongly impact the
economics of small-scale farmers. Along with agrifood production systems, transitioning
into diverse approaches such as circular bioeconomy and value chain models provides
opportunities for small-scale farmers to address these challenges and sustainably drive the
NPA interventions.

For instance, the adoption of circular economy approaches, including enhanced re-
source use efficiencies, waste reductions and management (on-farm and off-farm process-
ing), and renewable energy production, promotes development in rural areas. This includes
interconnecting soil nutrient loops, minimizing external input reliance and valorization of
crop residues and other by-products. Co-designing precision agriculture with counting
practices of water harvesting/watershed and agroecological techniques maximizes the
input use efficiencies and thus yields limited land availabilities. Loop systems that are
interconnected, such as crop–livestock, agroforestry systems, and aquaculture, enhance
nutrient recycling and energy while reducing carbon emissions in the environment, con-
tributing to climate mitigation efforts of agrifood systems. By-products of crop residues can
be transformed into valuable resources by small-scale farmers. The practices are simple and
easy to scale in rural areas without much effort and resources. This includes waste valoriza-
tion methods of biogas generation, making compost, manure from livestock, and biochar
as organic fertilizers or carrier materials for fertilizers that can be applied to optimize
nutrient use efficiencies [82]. These value-added products and reductions in input costs
improve the socio-economic viability of small-scale farmers in rural areas. Understanding
and fostering models of circular bioeconomy strategies and community-based initiatives
through NPA are essential to support environmental sustainability and promote regener-
ative agriculture while realizing the maximum potential of small-scale farming contexts.
NPA interventions in small-scale farming systems targeting value chain strategies also
strongly improve incomes, livelihoods, and sustainability efforts in rural areas. Value chain
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analysis maintains the flow of value-added crops and other products from field to market
and stakeholder exchange. This includes understanding value chain dynamics in rural
livelihoods, identifying and promoting opportunities, and reducing post-harvest losses in
NPA systems. Enriched with traditional knowledge and a diverse portfolio of crops, these
rural communities are always an integral part of food and nutrition security and have close
ties to the ecosystem. Strengthening the bonds between market linkages (producers and
consumers involving processors and distributors) and investing in the development of rural
infrastructure certainly enhances market access and creates value-added opportunities for
improving value shares. Furthermore, creating an enabling environment, strengthening
policy support even at the institutional level and fostering community engagement add
value to other NPA interventions and thus effectively contribute to food and nutritional
security, alleviation of poverty in rural areas and ecosystem resilience.

5. NPA and CGIAR
To transform food, land, and water systems into a climate crisis, CGIAR set up the

paradigm (Nature-Positive Solutions for Shifting Agrifood Systems to More Resilient and
Sustainable Pathways) in the research and development initiatives. CGIAR started ef-
fectively embracing this paradigm in two cycles—the 1st cycle from 2022–2024 and the
2nd cycle from 2025–2030—globally in five countries, including Burkina Faso, Colombia,
India, Kenya, and Vietnam. The paradigm focuses on various impact areas and promotes
tools, technologies, farming practices, and policies targeted to achieve various SDGs for
the transformation of agrifood systems. To operationalize, the paradigm deliberates highly
diverse and specific research and evidence-based model designs involving different organi-
zations and stakeholders needed for small-scale producers. The model follows systemic
approaches transitioning to nature-based solutions and uses case tools that have synergies
and complement each other.

This CGIAR initiative (https://www.cgiar.org/initiative/nature-positive-solutions/
(accessed on 23 November 2021)) begins with the scope of ambition calls for transformative
changes more towards community-level participatory approach and broadening that at
landscape level of agrifood systems. The initiative highly emphasizes co-creating and
co-designing NPA for small-scale farming communities. The initiative creates an enabling
environment among stakeholders, including at policy levels, which brings the interventions
based on indigenous knowledge, identifying opportunities and experience while ensuring
that future agrifood systems and ecosystem services are the net positive contributors
to nature. The initiative also targets diverse farming practices and innovations with
various agrifood system actors in a way that addresses the socio-ecological context. More
specifically, the initiative focuses on interconnectivity between farm and landscape levels
for various components that have the long-term impact of adopting diverse farming designs
on various stakeholders. The initiative for operational scales is set up at a high institutional
and socio-political level at the mainstream level, where design and test innovative practices
are developed to enhance the business models and bring about behavioral changes for
small-scale farmers to transition into NPA. There is no doubt that the paradigm focused on
various ecosystem services but with goals that have interdisciplinary components and, at
some point, share synergies, having a primary and secondary focus on five impact areas.

In order to match research efforts with global concerns and development objectives
such as food security, poverty reduction, and environmental sustainability, CGIAR identifies
these impact areas. The CGIAR defines impact areas in light of major global concerns like
nutrition, climate change, and fair access to resources, which guarantee that research
tackles practical issues. Also, farmers, legislators, and other stakeholders provide inputs
that aid in defining impact areas that are pertinent and workable, guaranteeing alignment

https://www.cgiar.org/initiative/nature-positive-solutions/
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with community requirements. Moreover, CGIAR uses a multidisciplinary approach to
define the impact areas in order to promote comprehensive solutions, acknowledging
the interdependence of agricultural systems that frequently correspond with the SDGs,
guaranteeing that the research conducted by CGIAR advances more general goals of world
development. A primary focus of nature-positive agriculture is the improvement of the
health and biodiversity impact areas of CGIAR while addressing the other impact areas.

Although various other paradigms of CGIAR work on similar indicators with equal
or less focus, nature-positive select these key areas and indicators according to their
capacity to measure advancement toward predetermined objectives with the SMART
goals—specifically, measurable, realistic, pertinent, and time-bound. To assess the signif-
icance and influence of different factors, these indicators determine high, intermediate,
and low focus for agrifood systems. High-focus indices are closely related to important
objectives, like reducing poverty or ensuring food security; intermediate-focus indicators
are significant, and low-focus indicators have a less direct impact on the primary goals and
may be more supplementary. Since indicators are closely related to the impact areas, they
accurately depict any modifications or advancements made in various regions, such as
higher agricultural yields or improved farmer incomes. The choice for impact areas takes
into account the accessibility of data for monitoring advancement that can be gathered, both
quantitative and qualitative and their potential to evolve over time, enabling CGIAR to
address emerging challenges or shifts in the agrifood systems. Thus, while nature-positive
impact areas are strategic and focused on tackling significant global challenges, specific
indicators are meticulously chosen to effectively gauge the progress that facilitates tar-
geted research and allows for the evaluation of the effectiveness of various innovations in
enhancing livelihoods and sustainability.

NPA emphasizes the shift towards sustainable solutions while addressing the many
challenges of production systems in the face of climate change, sustainable management
of soil, land and water resources, improvement of food and nutritional security, and ulti-
mately reducing rural poverty by improving and integrating outcomes and actions. The
operational starting point of NPA is to identify windows of opportunity with the key
commodities and re-design the goal with new approaches. The paradigm follows the
participatory approach at the community level and equitably supports local food and
livelihoods through NPA by bringing a nexus of agrobiodiversity soil, crop, and water
interventions in the agrifood systems concept. The focus is on conserving, managing,
and reversing the loss of agrobiodiversity and natural resources. The diversification of
crops and improving productivity through nature-positive interventions that are applicable
in the local context, the approach applies to engage with small-scale farmers and other
stakeholders. NPA promotes cost-efficiency models of restoration and recycling, i.e., land,
soil, and water systems, to maximize the efficiency of ecosystem services and to gener-
ate income for small-scale farmers, thereby educating and attracting investments from a
wide range of stakeholders. Creating an enabling environment for key stakeholders, the
paradigm builds on the analysis of true food costs and value chains and validates scaling
solutions involving women and youth. The aggregated farming systems concept of NPA
in CGIAR involves the small-scale farmers taking a lead role in a participatory approach
where communities come together for permaculture for the land management and farm
designs that adopt arrangements observed in flourishing natural ecosystems. This includes
a whole-systems thinking approach and a set of design principles derived using available
resource mapping in reality as well as soil, rivers, forests, crops, and management prac-
tices (https://www.cgiar.org/news-events/news/initiatives-first-nature-positive-farms-
are-a-community-effort-in-kenya/ (accessed on 16 October 2023)). Resource mapping
followed the approach at two levels in different sites-landscape level where farm size is

https://www.cgiar.org/news-events/news/initiatives-first-nature-positive-farms-are-a-community-effort-in-kenya/
https://www.cgiar.org/news-events/news/initiatives-first-nature-positive-farms-are-a-community-effort-in-kenya/
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small and diversified and second level to aggregate farms at one place to ecologically
harmonize the strategic components to an innovative framework for creating sustainable
ways of living. Exclusively nature-positive builds on its major focus on agrobiodiversity
(crops, trees and seed diversity, including in situ and ex situ conservation, management of
biodiversity and natural resources, restoring degraded land (including deforestation), and
water management.

The aggregation of farms is the practice that combines several farms or farmers to
obtain benefits as a group, including better access to markets, pooled resources, and a
stronger negotiating position. This idea is connected to different agricultural groups and
methods in a few different ways where agricultural cooperatives, like farm aggregation,
unite farmers to share expenses, pool resources, and enhance market access. Enhancing
smallholder farmers’ economic viability is the ultimate goal. To become more competitive,
farmers in producer organizations cooperate on production, marketing, and sales, much
like in aggregated farms. In order to improve overall efficiency and profitability, both farm
aggregation and value chain approaches stress the significance of cooperation among many
stakeholders (farmers, processors, and distributors). Moreover, a lot of other initiatives
for sustainable agriculture encourage farmers to work together to adopt eco-friendly
methods, which can support aggregation efforts in a different way. However, we have
the uniqueness of scale and scope where farm aggregation frequently focuses on forming
larger units from smaller farms to exploit economies of scale, which might not be the
primary purpose of cooperatives or producer groups. We also frequently emphasize the
shared resources, including equipment, technology, and input, which lowers costs. In
contrast, other organizations and cooperatives may concentrate on shared marketing and
sales. Smallholder farmers can benefit from enhanced market access that can assist them
in negotiating more favorable contracts and pricing with purchasers. Furthermore, our
concept allows farmers to work together to tackle the obstacles by using aggregation as a
buffer against environmental risks and market volatility. All things were considered, which
makes our farm aggregation distinct from other agricultural organizations and methods
due to its emphasis on forming larger, cooperative groups in order to optimize resources
and market power. It is essential for bolstering resilience in agricultural systems, improving
sustainability, and assisting smallholder farmers.

6. Small-Scale Agrifood Systems and NPA
NPA is configured as reservoirs between the ecosystem services and small-scale farm-

ing communities. One way NPA supports the adaptation of new interventions in in existing
farming practices. Secondly, it brings communities together for a center role to learn and
experiment with the sustenance of NPA practices. This includes community-led/based im-
plementation of natural resource management, soil, water, and other ecosystem reservoirs.
For instance, decentralized wetland systems in rural and semi-rural areas have been re-
ported to empower local communities in managing wastewater from rural households and
improving water use efficiency for small-scale farmers [83]. These low-cost NPA interven-
tions offer small-scale farmers the advantage over many engineered manufacturing farming
solutions. Wetlands restoration enables multiple ecosystem functions, including climate
mitigation, tackling water and food security issues and biodiversity conservation [84]. Also,
the interventions offered by the NPA have a much wider scope rather than just biodiversity
and climate issues. The NPA solutions simultaneously address the social, economic, and
other environmental challenges following human well-being, which are widely accepted by
the research and development community. The cost-efficiency models have also enhanced
the acceptance of various NPA interventions among small-scale farming communities
around the globe. Nevertheless, the scaling and adaptability of these NPA interventions
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are governed by a number of factors, such as land use changes, climate disturbances, and
resources, i.e., human, financial, etc.

There has also been growing interest in climate resilience food production systems,
which can be tackled with the potential of NPA. Reduction in global GHG emissions has
been crucial for climate mitigation strategies where our natural ecosystems serve both as a
source and sink, abstracting its importance. Many land use activities, including agriculture
and deforestation, accounted for 25% of total GHG emissions [85]. Reforestation can be
relied on as one of the climate mitigation and adaptation strategies, taking into consid-
eration high-diversity plantations instead of monocultures. Fast-growing monoculture
plantations are the usual trend found in most tropical and semi-arid regions, where farm-
ers reap significant harvest returns every few years. Over the years, these monoculture
plantations and soils have become vulnerable to abiotic and biotic stresses, including pests
and disease infestation.

On the other hand, diverse plantation systems, broadly the native species, always have
long-term resilience to these stress conditions, contribute to cultural values, provide key
benefits to Indigenous communities, and serve for cost efficiencies of NPA. This includes
rejuvenating natural forests, agroforestry, and horticulture systems, targeting tropical and
sub-tropical biodiversity hotspots, and finally, improving soil organic carbon in agricultural
lands. Diverse systems also become easily and rapidly adapted to adapt, reducing exposure
to immediate climate shocks. Many studies described the role of natural forests, NPA and
wetlands in reducing erosion risks, securing water supplies, and enhancing crop yields
in variable climates [86]. A biodiverse system uplifts the ecosystem services that help
small-scale farming communities with diverse sources of income generation and sustain
their livelihoods. However, NPA plays a crucial role in maintaining and sustaining these
highly diverse and multifunctional ecosystems as they are designed for species/varieties
to adapt to changes and empower the system.

Transitioning from small-scale agriculture to Nature-Positive Agriculture (NPA) in-
volves integrating traditional knowledge with sustainable practices like agroecology and
regenerative agriculture while addressing economic pressures and policy barriers. Small-
holder farmers must have access to training, sustainable inputs, and financial support to
adopt eco-friendly practices that prioritize biodiversity, soil health, and ecosystem services.
However, the slow adoption of NPA is due to economic pressures favoring high-yield,
input-intensive farming, lack of awareness, and inadequate policy frameworks. To over-
come these, markets must value sustainability, governments should incentivize ecological
farming through policy reforms, and infrastructure must be improved to support local
markets and value chains. Collaboration between farmers, researchers, and institutions is
key to scaling up successful solutions and ensuring long-term resilience in food systems.

7. Conclusions
NPA practices have the capability to address diverse issues of food and nutritional

security while rebuilding ecosystems, improving soil and plant health, and lifting bio-
diversity. Small-scale farmers, particularly in the global south, have learned from past
and conventional systems, which is the reason they are more focused on implementing
NPA practices. However, other stakeholders, including policymakers, must contribute by
prioritizing the exploitation of potential, supporting it with financial means, and creating
incentives around NPA techniques. Consumers can support and promote the adoption
of sustainable practices and raise awareness programs to put environmental stewardship
and human health at the top. For NPA to thrive, markets must shift away from prioritizing
short-term profits and high yields, which often drive harmful practices like monoculture
and overuse of chemicals. Instead, markets should value ecosystem services, biodiversity,
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and climate resilience, incentivizing sustainable practices such as agroecology and local
seed systems. This requires policy changes, including rethinking subsidies and supply
chains, to support farmers’ sovereignty and promote long-term environmental and social
benefits. To sum up, NPA has the full potential to produce food sustainably while taking
care of communities and the ecosystem’s well-being. By embracing the collective efforts
of NPA, it is possible to maximize resource use and increase outputs, thus creating highly
stable, resilient, and regenerative agrifood systems that feed people and the environment.
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