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ABSTRACT

Climate change presents a growing global challenge, necessitating innovative solutions to reduce greenhouse gas

(GHG) emissions. One such approach is the development of carbon markets, which incentivize emission reductions by

allowing entities to trade carbon credits. Farmers, as key stakeholders in climate mitigation efforts, possess the potential to

contribute significantly to carbon sequestration and emission reductions through sustainable agricultural practices. However,

despite this potential, their participation in carbon markets remains constrained by several barriers. These include a lack of

technical knowledge, the high costs associated with market entry and compliance, and the overall complexity of the carbon

trading system. To address these challenges, agribusiness entities have emerged as essential intermediaries, facilitating

farmers’ integration into carbon markets. By offering capacity-building initiatives, financial support, and streamlined

market access, agribusiness firms play a crucial role in bridging the gap between farmers and carbon credit trading platforms.

Their involvement can lower transaction costs, provide necessary technical guidance, and create efficient channels for

farmers to monetize sustainable agricultural practices. This review explores the theoretical frameworks underpinning
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agribusiness participation in carbon markets, presents case studies highlighting successful interventions, and examines

recent developments in policy and technology. It further recommends strategic reforms, technological advancements, and

multi-stakeholder collaborations to enhance the effectiveness of agribusiness in facilitating farmers’ engagement with

carbon markets.
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1. Introduction

Agriculture plays a dual role in the climate change nar-

rative: it is both a significant contributor to greenhouse gas

(GHG) emissions and a critical player in potential mitiga-

tion strategies. Current estimates attribute roughly 24% of

global GHG emissions to agricultural activities, including

deforestation for crop production, methane emissions from

livestock, and nitrous oxide emissions from fertilizer use and

soil degradation [1]. These emissions underscore the urgent

need for systemic reforms in agricultural practices to align

with global climate goals.

However, agriculture also possesses unparalleled poten-

tial to sequester carbon and mitigate climate change impacts.

Sustainable farming practices such as agroforestry, conserva-

tion tillage, crop diversification, and the use of cover crops

can significantly enhance soil carbon storage, reduce emis-

sions, and restore ecosystem health [2]. These methods not

only combat climate change but also improve soil fertility

and long-term agricultural productivity, creating a dual ben-

efit for farmers and the environment.

Carbon markets, which provide mechanisms to trade

carbon credits generated through these practices, represent a

viable pathway for incentivizing and scaling such efforts [3, 4].

Farmers can generate carbon credits by adopting practices

that lead to measurable reductions in GHG emissions or in-

creases in carbon sequestration. These credits can then be

sold to entities seeking to offset their emissions, providing

farmers with an additional revenue stream.

Despite the promising nature of carbon markets, their

potential remains largely untapped by smallholder farmers,

who constitute the majority of agricultural producers globally.

Barriers to entry include a lack of technical knowledge about

carbon credit generation, high upfront costs for adopting

sustainable practices, complex verification and monitoring

requirements, and limited access to the necessary infras-

tructure. For many smallholders, these challenges make

participation in carbon markets financially and logistically

prohibitive [5, 6].

Agribusiness entities have emerged as critical facilita-

tors in this context. These companies, which often operate

at the intersection of agriculture and commerce, possess

the networks, resources, and expertise required to bridge

the gap between smallholder farmers and carbon markets.

Agribusinesses can support farmers by offering training on

sustainable practices, assisting with carbon credit verifica-

tion and registration, and providing access to technologies

such as satellite monitoring and digital carbon accounting

platforms [7, 8]. Moreover, they can reduce transaction costs

by aggregating carbon credits from multiple farmers, increas-

ing market competitiveness and making participation more

viable for smallholders.

Given their strategic position within the agricultural

value chain, agribusinesses have a unique opportunity to ad-

dress systemic barriers and unlock the potential of carbon

markets for farmers. This paper delves into the theoretical

underpinnings of this dynamic, analyzes successful interven-

tions by agribusinesses, and identifies strategies to further

enhance their role in facilitating farmer access to carbon

markets. By bridging the gap between smallholder farmers

and these emerging financial mechanisms, agribusinesses

can play a pivotal role in fostering a more sustainable and

inclusive agricultural system while advancing global climate

goals.

2. Theoretical Framework

Understanding the role of agribusiness in facilitating

farmer access to carbon markets requires examining key

theoretical frameworks that provide insights into their opera-

tional strategies, challenges, and potential contributions to

sustainable agriculture and climate change mitigation.
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2.1. Market Intermediation Theory

Market intermediation theory explains the critical role

of intermediaries, such as agribusinesses, in reducing ineffi-

ciencies within markets. In the context of carbon markets,

these inefficiencies include high transaction costs, informa-

tion asymmetry, and lack of trust between farmers and buyers.

Farmers, particularly smallholders, often lack the expertise

and resources to navigate the complexities of carbon credit

certification, monitoring, and trading. Agribusinesses ad-

dress these gaps by:

• Providing Expertise: Agribusinesses offer technical

assistance to farmers, helping them implement sus-

tainable farming practices that meet carbon market

standards.

• Facilitating Market Access: Through established re-

lationships with carbon market buyers and regulatory

bodies, agribusinesses act as trusted intermediaries,

ensuring that farmers can sell their carbon credits at

competitive prices.

• Risk Mitigation: By assuming some of the financial

and operational risks involved in carbon credit transac-

tions, agribusinesses encourage farmer participation

and foster market confidence.

Moreover, by pooling resources and centralizing pro-

cesses, agribusinesses reduce the administrative burden for

farmers, making carbon market participation more accessible

and efficient [9].

2.2. Transaction Cost Economics

Transaction cost economics emphasizes the costs asso-

ciated with engaging in market activities, including search,

negotiation, and enforcement costs. In carbon markets, these

costs are particularly high due to the technical and regulatory

requirements for generating and verifying carbon credits.

For farmers, the following costs often act as deterrents:

• Search Costs: Identifying buyers for carbon credits

or platforms for trading them is challenging without

prior knowledge or networks.

• Verification Costs: Carbon markets demand rigorous

validation of carbon sequestration practices, which

involves third-party audits, field assessments, and ad-

vanced monitoring technologies.

• Enforcement Costs: Ensuring compliance with car-

bon credit contracts and standards requires continuous

oversight, which many farmers cannot afford.

Agribusinesses play a pivotal role in reducing these

costs by standardizing processes, aggregating carbon credits,

and leveraging economies of scale. For instance, an agribusi-

ness may bundle carbon credits from multiple smallholders,

allowing farmers to benefit from reduced costs per credit

while making these aggregated credits more attractive to

buyers due to their volume [10].

Furthermore, agribusinesses often act as guarantors for

quality and compliance, shouldering the responsibility of

ensuring that carbon credits meet market requirements. This

reduces the enforcement burden on farmers and buyers alike.

2.3. Sustainability Transition Theory

Sustainability transition theory explores the systemic

shifts required to move from traditional, unsustainable prac-

tices to sustainable, climate-friendly alternatives. This frame-

work highlights the importance of “niche innovations” and

the role of key actors, such as agribusinesses, in driving these

transitions. Agribusinesses, due to their influence and scale,

can act as catalysts for systemic change by:

• Promoting Sustainable Practices: Agribusinesses can

encourage farmers to adopt regenerative agriculture,

agroforestry, and other carbon-friendly techniques by

demonstrating their financial and environmental ben-

efits.

• Scaling Niche Innovations: Small-scale experiments,

such as pilot projects for carbon sequestration, can be

scaled to broader regional or national levels through

agribusiness networks.

• Influencing Policy and Market Dynamics: Agribusi-

nesses often have the capacity to engage with policy-

makers, advocating for regulatory frameworks that

support carbon market participation for smallholder

farmers.

Additionally, sustainability transitions involve multi-

level interactions betweenmicro (farm-level), meso (regional

networks), and macro (policy and global market) scales [11].

Agribusinesses operate across these scales, connecting local

farmers with broader economic and policy structures. By

aligning farmer incentives with global sustainability goals,

they enable the agricultural sector to contribute meaningfully

to climate change mitigation.
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2.4. Network Theory

While not previously discussed, network theory offers

an additional lens to understand agribusiness roles. It focuses

on how relationships and collaborations within networks can

enhance resource access and information flow. Agribusi-

nesses act as network hubs, connecting farmers with stake-

holders such as carbon credit certifiers, technology providers,

financial institutions, and buyers [8]. These networks foster

trust, reduce barriers to entry, and create a supportive ecosys-

tem for farmers entering carbon markets.

2.5. Resource-Based View (RBV) Theory

The resource-based view theory posits that organiza-

tions derive competitive advantage from unique resources

and capabilities. Agribusinesses leverage their unique as-

sets, including technological tools, financial strength, and

established market connections, to address the challenges

of carbon markets. Their ability to aggregate resources and

provide tailored support to farmers positions them as indis-

pensable intermediaries.

2.6. Integrating Theories

By synthesizing these theoretical lenses, we gain a com-

prehensive understanding of how agribusinesses facilitate

farmer access to carbon markets. They reduce costs and com-

plexity (transaction cost economics), foster innovation and

system change (sustainability transition theory), and serve

as efficient intermediaries (market intermediation theory).

Additionally, their role as network facilitators and resource

aggregators amplifies their impact, creating pathways for

inclusive and sustainable agricultural development.

3. Conceptual Framework

The conceptual framework for agribusiness involve-

ment in carbon markets emphasizes their multi-faceted role

as facilitators, connectors, and enablers of farmer participa-

tion in these markets (Figure 1). The framework integrates

critical components that address systemic challenges, bridge

gaps, and enhance the effectiveness of carbon market partici-

pation. These components include stakeholder relationships,

capacity building, technology adoption, policy advocacy, and

financial intermediation. Together, they form a holistic ap-

proach to leveraging agribusiness capabilities for sustainable

and inclusive carbon market engagement.

3.1. Stakeholder Relationships

Agribusinesses act as crucial intermediaries in a com-

plex network of stakeholders involved in carbon markets,

including farmers, carbon credit certifiers, regulatory agen-

cies, buyers, and financial institutions. Effective stakeholder

management involves:

• Building Trust: Many smallholder farmers are hesi-

tant to engage with carbon markets due to past expe-

riences of inequity or lack of transparency. Agribusi-

nesses must establish trust through fair practices and

transparent communication.

• Facilitating Collaboration: Agribusinesses serve as

a bridge between farmers and carbon credit buyers,

ensuring both parties understand and fulfill their roles.

This collaboration often involves:

◦ Liaising with third-party certifiers to validate

carbon credits.

◦ Connecting buyers with aggregated carbon cred-

its from farmer networks.

◦ Ensuring compliance with regulations to main-

tain market credibility.

• Creating Synergies: By fostering partnerships

among NGOs, technology providers, and financial

institutions, agribusinesses create synergies that am-

plify the impact of carbon markets.

Strong stakeholder relationships enable streamlined

operations, reduce transactional conflicts, and promote long-

term market stability.

3.2. Capacity Building

Farmers often lack the knowledge and skills required

to participate effectively in carbon markets. Agribusinesses

address this through robust capacity-building initiatives that

include:

• Training Programs: Educating farmers on sustain-

able agricultural practices such as agroforestry, re-

duced tillage, and cover cropping. These practices are

essential for generating measurable carbon credits.

• Carbon Literacy: Introducing farmers to the basics

of carbon markets, including carbon credit generation,
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certification, and trading processes.

• Monitoring and Reporting Skills: Providing train-

ing on data collection, record-keeping, and reporting

for carbon sequestration. This often involves the use

of digital tools and templates to simplify documenta-

tion.

• Demonstration Projects: Implementing pilot pro-

grams to showcase successful examples of carbon

credit generation and monetization, building farmer

confidence in the system.

Capacity-building initiatives ensure that farmers are

well-equipped to adopt practices that align with carbon mar-

ket requirements, reducing barriers to entry and ensuring

compliance with market standards.

3.3. Technology Adoption

Technology is a critical enabler in carbon markets, help-

ing farmers monitor, verify, and optimize carbon sequestra-

tion practices. Agribusinesses play a pivotal role in promot-

ing and facilitating access to cutting-edge technologies:

• Precision Agriculture: Tools such as soil sensors,

GPS mapping, and drone-based monitoring enable

precise measurement of soil carbon levels and emis-

sion reductions.

• Carbon Monitoring Platforms: Digital platforms

and apps simplify carbon accounting by automating

data collection, analysis, and reporting. These plat-

forms also connect farmers to carbon marketplaces.

• Blockchain Technology: By utilizing blockchain,

agribusinesses ensure transparency and traceability

in carbon credit transactions, reducing fraud and en-

hancing buyer confidence.

• Satellite Imagery: Remote sensing technologies pro-

vide cost-effective, large-scale monitoring of land

use changes and carbon sequestration, particularly for

smallholder farmers with limited resources.

• Affordable Access: Agribusinesses often subsidize

or lease these technologies, making them accessible

to smallholders who may otherwise lack the financial

means to invest in them.

Adoption of technology not only increases the accuracy

and reliability of carbon credit verification but also enhances

farmer efficiency and productivity.

3.4. Policy Advocacy

Agribusinesses play a key role in shaping regulatory

frameworks that govern carbon markets. Their involvement

in policy advocacy ensures that regulations are inclusive,

equitable, and supportive of farmer participation:

• Lobbying for Incentives: Advocating for subsidies,

tax credits, or financial incentives for farmers adopt-

ing carbon sequestration practices.

• Simplifying Compliance: Pushing for streamlined

regulatory processes and standardized protocols to

reduce the administrative burden on farmers.

• Enhancing Accessibility: Supporting the develop-

ment of localized carbon markets that cater to small-

holder farmers, as opposed to global markets that may

favor larger-scale operations.

• Promoting Fair Pricing: Ensuring that farmers re-

ceive a fair share of the revenue generated from car-

bon credits, addressing issues of inequity in profit

distribution.

• Engaging in Multilateral Dialogues: Participating

in international negotiations on carbon market mecha-

nisms, ensuring that the interests of smallholder farm-

ers are represented in global climate agreements.

Policy advocacy by agribusinesses can create a more

enabling environment for farmer engagement, increasing

participation and impact.

3.5. Financial Intermediation

One of the biggest barriers to farmer participation in car-

bon markets is the high upfront cost associated with adopting

sustainable practices. Agribusinesses address this challenge

through financial intermediation:

• Providing Upfront Financing: Offering loans,

grants, or credit lines to help farmers cover the ini-

tial costs of implementing carbon-friendly practices

such as planting trees or purchasing precision farming

equipment.

• Revenue Sharing Models: Establishing profit-

sharing agreements where agribusinesses cover the

upfront costs in exchange for a share of the revenue

generated from carbon credits.

• Bundling Carbon Credits: Aggregating credits from

multiple farmers into larger bundles, making them

5



New Countryside | Volume 04 | Issue 01 | January 2025

more attractive to buyers and reducing individual

farmer costs.

• Risk Mitigation: Offering insurance or guarantees

against market volatility, ensuring that farmers are not

left vulnerable to fluctuations in carbon credit prices.

• Accessing Subsidies: Assisting farmers in applying

for government or NGO subsidies designed to pro-

mote sustainable agricultural practices.

By reducing financial barriers, agribusinesses enable

broader participation in carbon markets, ensuring that even

resource-constrained smallholder farmers can benefit.

3.6. Integrated Conceptual Framework

The integrated framework highlights the interconnect-

edness of these factors. Effective stakeholder relationships

facilitate capacity building and technology adoption, while

policy advocacy and financial intermediation create an en-

abling environment for farmers to participate in carbon mar-

kets. Agribusinesses, positioned at the nexus of these factors,

act as the linchpin driving inclusive and sustainable carbon

market engagement. This holistic approach ensures that car-

bon markets are not only accessible but also equitable, em-

powering farmers to contribute to climate change mitigation

while enhancing their livelihoods.

Below is a step-by-step depiction of the Integrated Con-

ceptual Framework for agribusiness involvement in facili-

tating farmer access to carbon markets. The framework is

built around interlinked components that collectively address

systemic challenges, emphasizing how each factor interacts

with others.

Step 1: Stakeholder Relationships as the Core

Agribusinesses sit at the nexus of stakeholder relation-

ships, acting as intermediaries between farmers, carbon mar-

ket regulators, buyers, certifiers, policymakers, and financial

institutions. This forms the foundation for all subsequent

activities:

• Agribusinesses coordinate with regulators to ensure

compliance with market standards.

• They connect farmers with buyers and facilitate ac-

cess to certification bodies.

• Partnerships with technology providers and NGOs

ensure complementary expertise and resources.

Step 2: Capacity Building

Building farmer capacity is a prerequisite for effective

participation in carbon markets. Agribusinesses leverage

their stakeholder networks to deliver training and resources:

• They train farmers in sustainable practices such as

agroforestry and conservation tillage.

• Provide workshops on carbon credit generation,

monitoring, and trading.

• Use demonstration projects to showcase success sto-

ries, encouraging adoption.

The success of capacity building depends on the

agribusiness’s ability to tap into technological tools and

collaborate with technical experts, creating a feedback loop

that strengthens farmer confidence and market readiness.

Step 3: Technology Adoption

Technology adoption amplifies the impact of capac-

ity building, providing farmers with tools to implement and

monitor sustainable practices effectively:

• Precision agriculture technologies enable real-time

data collection on soil health and carbon sequestra-

tion.

• Carbon monitoring platforms simplify record-

keeping and compliance.

• Blockchain ensures transparent and traceable

transactions, instilling trust in the system.

Agribusinesses act as a conduit, subsidizing or leasing

these technologies to make them accessible to smallholder

farmers. Technology, in turn, supports policy advocacy and

financial intermediation by generating accurate, verifiable

data for decision-making.

Step 4: Policy Advocacy

Using data and insights gained fromworking with farm-

ers and markets, agribusinesses advocate for policies that

enhance farmer access to carbon markets:

• Lobby for financial incentives such as subsidies or

tax breaks for sustainable practices.

• Push for streamlined regulatory frameworks to re-

duce administrative complexity.

• Ensure fair revenue distribution to address equity

concerns.

Strong policies reduce barriers and enhance the scalabil-

ity of agribusiness interventions, feeding back into capacity

building and financial intermediation.

Step 5: Financial Intermediation

Financial intermediation is the mechanism that makes

the transition to carbon markets feasible for farmers:
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• Agribusinesses provide upfront financing to support

the adoption of sustainable practices.

• Bundle and sell carbon credits, sharing revenue with

farmers to maximize profitability.

• Offer insurance products to protect farmers frommar-

ket risks.

This financial support reinforces adoption and retention

of practices taught during capacity building while address-

ing the economic barriers highlighted during stakeholder

interactions.

Step 6: Integrated Impact

By interlinking these components, agribusinesses cre-

ate a sustainable ecosystem for farmer participation in carbon

markets. The components interact as follows:

1. Stakeholder Relationships facilitate resource and

information flow, supporting other components.

2. Capacity Building equips farmers with the skills to

engage effectively.

3. Technology Adoption ensures compliance, monitor-

ing, and market readiness.

4. PolicyAdvocacy creates an enabling environment for

carbon market participation.

5. Financial Intermediation addresses economic barri-

ers, making sustainable practices viable.

Visualization of the Framework

Here is a simplified flow diagram (Figure 1) represen-

tation of the integrated framework:

Figure 1. Conceptual framework

Key Insights

1. Central Role of Stakeholder Relationships:

Agribusinesses operate as the connecting hub that

integrates all components.

2. Feedback Loops: Each component strengthens the

others, creating a system of continuous improvement.

3. Farmer Empowerment: The framework prioritizes

building farmer capacity, ensuring equitable access

and participation.

This step-by-step linkage demonstrates how agribusi-

nesses holistically facilitate farmer access to carbon mar-

kets, addressing challenges through an interconnected, multi-

pronged approach.

4. Research Methodology

The present study relied on secondary data sourced

from journals, conference proceedings, articles, manuals,

monographs, edited books, newspapers, internet to gener-

ate data. Furthermore, to have an insight into the research

review, the collected data were systematically analyzed.

5. Results and Discussion

The role of agribusiness in facilitating farmer access

to carbon markets is multifaceted, with notable successes,

challenges, and implications for policy development. This

section delves deeper into case studies, the barriers addressed

by agribusinesses, challenges they face, and the policy mea-

sures that can enhance their effectiveness.

5.1. Case Studies

Case studies provide real-world examples of how

agribusinesses have successfully enabled farmer participa-

tion in carbon markets:

• Nori Platform: Nori partners with agribusiness com-

panies to aggregate carbon credits generated by small-

holder farmers, ensuring compliance with market stan-

dards [12]. This aggregation approach:

◦ Reduces the financial and administrative bur-

den on individual farmers.

◦ Makes carbon credits more marketable by in-

creasing their scale and standardization.

◦ Uses blockchain technology to ensure trans-

parency and traceability, boosting buyer con-

fidence.

• Corteva Agriscience Initiative: Corteva provides fi-

nancial incentives to farmers who adopt regenerative

agricultural practices, directly linking these practices

to carbon credit generation [13]. Highlights include:

◦ Offering technical support to farmers, ensur-
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ing they meet carbon market eligibility require-

ments.

◦ Providing upfront financing to cover the costs

of implementing practices such as cover crop-

ping and conservation tillage.

◦ Enhancing soil health and agricultural produc-

tivity while generating verifiable carbon credits.

• Indigo Ag: Indigo Ag leverages digital platforms

and blockchain technology to help farmers quantify,

verify, and monetize carbon sequestration [14]. Their

approach involves:

◦ Simplified carbon credit registration through

user-friendly digital tools.

◦ Satellite imagery and soil sensors for precise

monitoring and verification.

◦ Partnerships with buyers to secure fair pricing

for farmers’ carbon credits.

• Soil Capital Initiative (Europe): Soil Capital works

with agribusiness networks to provide carbon pay-

ments to farmers transitioning to sustainable practices.

This initiative:

◦ Offers payments tied to both carbon sequestra-

tion and productivity improvements.

◦ Emphasizes local adaptation of carbon market

protocols to align with European regulations.

These case studies highlight diverse strategies used by

agribusinesses, ranging from technical support to leveraging

advanced technologies, underscoring their pivotal role in

reducing market entry barriers for farmers.

Below are further case studies that illustrate the diverse

ways agribusinesses are facilitating farmer access to carbon

markets across the globe:

a. Kenya’s SmallholderAgroforestry Carbon Initia-

tive

• Overview:

Acollaboration betweenViAgroforestry, agribusiness

cooperatives, and local farmers in Kenya focuses on

smallholder agroforestry to generate carbon credits.

• Key Features:

◦ Farmers receive training on tree planting and

sustainable land management practices.

◦ Carbon credits are aggregated and sold through

international platforms like Plan Vivo.

◦ Revenue from carbon credits is shared with

farmers, who also benefit from improved soil

fertility and crop yields.

• Impact:

Over 30,000 smallholder farmers are involved, se-

questering millions of tons of CO₂ while improving

household incomes [15].

b. Bayer’s Carbon Farming Initiative

• Overview:

Bayer, a leading agribusiness company, runs carbon

farming programs in the United States, Brazil, and

Europe. These initiatives incentivize farmers to adopt

regenerative practices.

• Key Features:

◦ Practices include cover cropping, conservation

tillage, and diversified crop rotations.

◦ Bayer provides access to digital tools like Field-

View to track and verify carbon sequestration.

◦ The company connects farmers with buyers

seeking high-quality carbon credits.

• Impact:

Farmers report increased soil health and water reten-

tion, along with new revenue streams from carbon

credits [16].

c. Cargill’s Regenerative Agriculture Program

• Overview:

Cargill, a global agribusiness giant, partners with

farmers in North America and Latin America to pro-

mote regenerative agricultural practices that generate

carbon credits.

• Key Features:

◦ Offers financial incentives and technical sup-

port to farmers adopting sustainable methods

such as reduced tillage and improved grazing.

◦ Leverages partnerships with verification plat-

forms like Soil Health Institute and Indigo Ag.

◦ Bundles carbon credits for large-scale corporate

buyers.

• Impact:

By 2030, Cargill aims to improve soil health on 10

million acres while generating verifiable carbon re-

ductions [17].

d. Rabobank’s Acorn Initiative

• Overview:

Rabobank, through its Acorn initiative, enables small-
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holder farmers in Africa, Asia, and Latin America to

access voluntary carbon markets.

• Key Features:

◦ Focuses on agroforestry and regenerative prac-

tices.

◦ Uses satellite data to measure and verify carbon

sequestration.

◦ Provides payments directly to farmers through

blockchain-based smart contracts.

• Impact:

Over 25,000 farmers have joined, generating signif-

icant carbon credits while building resilient agro-

forestry systems [18].

e. Pepsico’s Positive Agriculture Program

• Overview:

Pepsico’s PositiveAgriculture Program aims to reduce

the company’s supply chain emissions by incentiviz-

ing farmers to adopt climate-smart practices.

• Key Features:

◦ Offers monetary rewards to farmers implement-

ing carbon sequestration techniques like preci-

sion agriculture and rotational grazing.

◦ Collaborates with local agribusinesses to train

farmers and monitor results.

◦ Engages in multi-stakeholder partnerships with

NGOs and governments to scale impact.

◦ Impact:

Pepsico aims to reduce 3 million metric tons of CO₂

by 2030 through its farming initiatives [19].

f. Nestlé’s Soil Carbon Initiative

• Overview:

Nestlé works with coffee and dairy farmers to reduce

emissions and sequester carbon through improved soil

management and agroforestry.

• Key Features:

◦ Provides farmers with upfront payments for

adopting carbon-positive practices.

◦ Implements digital tracking systems to monitor

carbon sequestration and ensure traceability.

◦ Partners with certification bodies to integrate

carbon credits into sustainable product labeling.

• Impact:

The initiative has increased farmer incomewhile align-

ing with Nestlé’s commitment to net-zero emissions

by 2050 [20].

g. Australia’s Carbon Farming Initiative (CFI)

• Overview:

The Australian government partners with agribusi-

nesses under the CFI to engage farmers in carbon

markets.

• Key Features:

◦ Focus on soil carbon enhancement, reforesta-

tion, and methane capture from livestock.

◦ Provides a structured framework for credit ver-

ification and trading.

◦ Agribusinesses such as Nufarm act as interme-

diaries to ensure compliance and market access.

• Impact:

Over 1.2 million tons of carbon credits have been

generated, with widespread adoption of sustainable

practices among Australian farmers [21].

h. Danone’s Livelihoods Carbon Fund

• Overview:

Danone, through its Livelihoods Carbon Fund, in-

vests in projects that support smallholder farmers in

adopting sustainable practices while generating car-

bon credits.

• Key Features:

◦ Targets agroforestry, organic farming, and water

conservation.

◦ Provides upfront investments and technical sup-

port through agribusiness partners.

◦ Focuses on long-term farmer engagement, em-

phasizing capacity building and community in-

volvement.

• Impact:

Projects have improved rural livelihoods while offset-

ting over 10 million tons of CO₂ globally [22].

i. Syngenta’s Carbon Credit Program

• Overview:

Syngenta collaborates with farmers in North America

and Europe to implement practices such as biochar

application and enhanced soil management.

• Key Features:

◦ Provides digital platforms to calculate potential

carbon credits.

◦ Facilitates direct access to voluntary carbon

markets, ensuring fair pricing.
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◦ Partners with technology companies for precise

carbon measurement.

• Impact:

Over 5,000 farmers have participated, generating mea-

surable carbon reductions and improved farm prof-

itability [23].

5.2. Barriers Addressed by Agribusiness

Agribusinesses address several critical barriers that hin-

der farmer participation in carbon markets:

• Technical Expertise: Farmers often lack knowledge

about carbon sequestration practices, measurement

protocols, and market dynamics. Agribusinesses

bridge this gap by:

◦ Offering hands-on training through extension

services and workshops.

◦ Providing resources such as instructional guides

and case studies tailored to local contexts.

◦ Partnering with research institutions to develop

location-specific solutions.

• Verification Challenges: Accurate monitoring and

verification of carbon credits are essential for credi-

bility in carbon markets. Agribusinesses invest in:

◦ Satellite imagery and remote sensing to track

land use changes.

◦ Soil testing technologies for precise carbon

measurements.

◦ Blockchain systems to ensure tamper-proof

verification records, reducing fraud risks.

• Economic Constraints: The high costs of adopting

sustainable practices deter many smallholder farmers.

Agribusinesses mitigate this by:

◦ Offering grants, loans, or shared investment

schemes.

◦ Aggregating credits from multiple farmers to

reduce per-unit transaction costs.

◦ Providing revenue-sharing models where up-

front costs are offset by a share in carbon credit

profits.

5.3. Challenges for Agribusiness

While agribusinesses play a vital facilitative role, they

encounter significant challenges in scaling their efforts:

• Market Volatility: The price of carbon credits can

fluctuate due to changes in regulatory environments,

demand from buyers, or shifts in market sentiment.

This volatility:

◦ Reduces the predictability of farmer earnings.

◦ Discourages long-term investment in carbon

market initiatives.

• Regulatory Hurdles: Carbon market regulations

vary widely across countries and regions, making stan-

dardization difficult. Challenges include:

◦ Adapting to diverse certification protocols and

legal requirements.

◦ Navigating complex bureaucratic processes that

increase transaction costs.

◦ Aligning international standards with local re-

alities, especially for smallholders.

• Trust Issues: Historical exploitation in agricul-

tural dealings has led to skepticism among farmers.

Agribusinesses must:

◦ Build transparent and equitable partnerships,

clearly outlining profit-sharing mechanisms.

◦ Involve farmers in decision-making to foster a

sense of ownership and trust.

◦ Demonstrate long-term commitment to farmer

well-being, rather than short-term profitability.

5.4. Prospects of Agribusiness in Facilitating

Farmers’Access to Carbon Markets

The transition toward sustainable agriculture and the

integration of farmers into carbon markets present substantial

opportunities for mitigating climate change while enhancing

rural livelihoods. Agribusinesses, as key intermediaries, are

uniquely positioned to drive this transformation. As carbon

markets evolve, agribusinesses’ role is expanding from credit

aggregation to fostering systemic resilience in agriculture.

a. Growing Demand for Carbon Credits

The global carbon market is experiencing unprece-

dented growth, driven by increasing corporate commitments

to achieving net-zero emissions. According to [24], the mar-

ket for carbon credits could increase fifteenfold by 2030 [25].

Agribusinesses, with their vast networks, are well-suited to

meet this demand by aggregating credits from smallholder

farmers and large-scale agricultural operations.

• Companies like Cargill and Danone are leveraging
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this demand to bundle carbon credits, creating high-

volume transactions that appeal to corporate buyers

seeking verifiable offsets.

• The Science Based Targets initiative (SBTi) and

regulatory frameworks such as the European Union’s

Carbon Border Adjustment Mechanism (CBAM) are

also incentivizing corporations to offset emissions,

providing a fertile market for agribusiness-generated

credits.

This growing demand underscores the strategic impor-

tance of agribusinesses in scaling carbon market participa-

tion, ensuring that farmers benefit financially while contribut-

ing to global climate goals.

b. Advancements in Digital and Satellite Technology

Technological innovations are revolutionizing the ver-

ification and monitoring of carbon credits. Satellite data,

blockchain systems, and artificial intelligence (AI) are en-

hancing the precision and reliability of carbon credit measure-

ments [26]. Agribusinesses are capitalizing on these advance-

ments to reduce transaction costs and streamline market entry

for farmers.

• For instance, Rabobank’s Acorn Initiative employs

satellite imagery to verify agroforestry projects re-

motely, providing real-time updates on carbon seques-

tration levels [18].

• Syngenta integrates AI-driven tools to calculate po-

tential carbon credits and optimize farm practices [27].

• Blockchain-based smart contracts, as demonstrated

by Danone, ensure transparent and direct payments

to farmers.

The adoption of these technologies enables agribusi-

nesses to overcome traditional barriers such as high verifi-

cation costs and complex bureaucratic procedures, making

carbon markets more accessible to smallholder farmers.

c. Integration with Climate-Resilient Agriculture

Carbon farming practices, such as agroforestry, conser-

vation tillage, and precision agriculture, align closely with

climate-resilient farming models [28, 29]. By promoting these

practices, agribusinesses are not only facilitating carbon mar-

ket access but also enhancing agricultural sustainability.

• Bayer’s Carbon Farming Initiative combines regen-

erative practices like cover cropping and diversified

rotations with digital tools like FieldView to monitor

soil health and carbon storage.

• Nestlé collaborates with coffee and dairy farmers to in-

tegrate carbon-positive practices, fostering resilience

against climate-induced stresses such as droughts and

declining soil fertility [20].

Such integrated approaches amplify the co-benefits of

carbon farming, including improved soil health, biodiver-

sity enhancement, and water conservation, thereby securing

long-term prospects for agricultural livelihoods.

d. Increasing Inclusivity for Smallholder Farmers

Smallholder farmers, who constitute a significant por-

tion of the agricultural workforce globally, are critical stake-

holders in carbon markets [30, 31]. However, their participa-

tion has historically been constrained by limited resources

and technical expertise [32]. Agribusinesses are addressing

these challenges by providing tailored solutions:

• Vi Agroforestry’s initiative in Kenya trains small-

holder farmers in sustainable practices and aggre-

gates their credits for sale through platforms like Plan

Vivo [15, 33].

• Pepsico collaborates with local agribusinesses and

NGOs to deliver technical support and monetary in-

centives, ensuring equitable market participation.

As agribusinesses continue to innovate, smallholder

farmers are likely to gain broader access to carbon markets,

reducing global inequalities in climate finance distribution.

e. Enhanced Public-Private Partnerships (PPPs)

Public-private collaborations are emerging as power-

ful mechanisms to scale carbon market participation. Gov-

ernments, multilateral organizations, and agribusinesses are

co-designing policies and frameworks to streamline carbon

trading [34].

• Australia’s Carbon Farming Initiative (CFI) exem-

plifies this, offering structured frameworks for credit

verification and trading while partnering with private

entities like Nufarm [21].

• TheAfrican Forest Landscape Restoration Initia-

tive (AFR100) brings together governments, agribusi-

nesses, and NGOs to integrate carbon farming into

national climate strategies [35].

These partnerships create enabling environments for

agribusiness-led carbon initiatives, leveraging public re-

sources to amplify private-sector impact.

f. Emergence of Corporate Sustainability Strategies

Major corporations are increasingly embedding sustain-
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ability into their core business strategies, which augments

the role of agribusinesses in carbon markets [36, 37]. Com-

panies like Danone and Pepsico are aligning their carbon

farming initiatives with global sustainability targets such as

the United Nations Sustainable Development Goals (SDGs).

• By 2030, Pepsico aims to reduce 3 million metric

tons of CO₂ through its Positive Agriculture Program,

reflecting the integration of climate-smart practices

into supply chain management [19].

• Similarly, Nestlé is incorporating certified carbon

credits into product labeling, providing consumers

with verifiable information on sustainability im-

pacts [20].

The alignment of agribusiness strategies with corpo-

rate sustainability goals enhances their prospects for scaling

carbon market initiatives globally.

g. Challenges and Areas for Improvement

While the prospects are promising, several challenges

remain:

• High upfront costs: Initial investments in carbon

farming practices and verification systems are signifi-

cant, posing barriers to adoption.

• Market volatility: Fluctuations in carbon credit

prices can undermine farmers’ confidence and finan-

cial returns.

• Data access and transparency: Ensuring data secu-

rity and equity in blockchain-based systems requires

further refinement.

Addressing these issues will require targeted interven-

tions, including subsidized financing, risk-sharing mecha-

nisms, and stronger regulatory oversight. Agribusinesses can

collaborate with policymakers and technology providers to

overcome these hurdles effectively.

h. Scaling Impact through Regional Customization

The success of carbon farming initiatives depends on

their adaptability to local contexts. Agribusinesses are in-

creasingly tailoring their programs to align with regional

agricultural systems and socio-economic conditions.

• In LatinAmerica, Cargill focuses on sustainable graz-

ing and reduced tillage, addressing specific challenges

in livestock farming.

• In Africa, Rabobank targets agroforestry, a practice

suited to smallholder farming systems with limited

resources [18].

Regional customization not only enhances program

efficacy but also ensures cultural and economic relevance,

thereby fostering long-term farmer engagement.

The role of agribusiness in facilitating farmers’ access

to carbon markets is poised for significant expansion, driven

by technological advancements, rising demand for carbon

credits, and global commitments to climate action. By align-

ing carbon market initiatives with climate-resilient agricul-

ture, agribusinesses can create sustainable ecosystems that

benefit farmers, corporations, and the environment alike.

Moving forward, the success of these initiatives will

depend on addressing challenges such as cost barriers and

market volatility while leveraging opportunities in technol-

ogy and public-private partnerships. As the carbon economy

matures, agribusinesses will remain at the forefront of em-

powering farmers as key agents of climate mitigation and

sustainable development.

5.5. Policy Implications

Policymakers play a critical role in creating an enabling

environment for agribusinesses and farmers to thrive in car-

bon markets. Key recommendations include:

• Standardizing Carbon Credit Protocols Globally:

A unified global framework for carbon credits can:

◦ Simplify compliance for farmers and agribusi-

nesses.

◦ Increase the credibility of carbon credits in in-

ternational markets.

◦ Encourage cross-border investments in agricul-

tural carbon projects.

• Offering Subsidies for Sustainable Farming Prac-

tices: Governments should incentivize farmers to

adopt practices that generate carbon credits. This

can include:

◦ Direct subsidies for equipment, seeds, and labor

costs associated with regenerative practices.

◦ Tax breaks for agribusinesses supporting small-

holder farmers in carbon markets.

• Encouraging Public-Private Partnerships (PPPs):

PPPs can amplify the impact of agribusiness efforts by

pooling resources and expertise. Examples include:

◦ Collaborative pilot projects to test new carbon

monitoring technologies.

◦ Joint training programs for farmers, co-funded
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by governments and private entities.

◦ Development of community-based carbon mar-

kets to ensure inclusivity and local adaptation.

• Streamlining Regulatory Processes: Simplified and

transparent certification and verification processes re-

duce transaction costs and administrative burdens for

both farmers and agribusinesses.

• Promoting Fair Revenue Distribution: Policies

must ensure that farmers receive a significant share of

the revenue generated from carbon credits, addressing

equity concerns and encouraging broader participa-

tion.

6. Conclusion and Recommendations

Agribusinesses are pivotal in overcoming barriers to

farmer participation in carbon markets. By acting as inter-

mediaries, they reduce transaction costs, provide technical

expertise, and ensure market access. However, their effec-

tiveness depends on supportive policies, technological ad-

vancements, and stakeholder collaboration.

Recommendations:

• Strengthen Capacity Building: Invest in farmer

training programs focused on carbon sequestration

practices.

• Enhance Technological Adoption: Promote afford-

able and accessible tools for carbon measurement and

verification.

• Foster Collaborative Networks: Encourage partner-

ships between agribusinesses, governments, NGOs,

and technology providers.

• Regulatory Reform: Harmonize carbon credit stan-

dards and incentivize farmer participation through

subsidies or tax benefits.

• Transparency Initiatives: Build trust with farmers

through clear and fair profit-sharing mechanisms.
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