ISSN: 3029-0724

S s~ Publishers

Research Article

Journal of Environmental Science and Agricultural Research

Agroforestry and Crop—Animal Integration: A Regenerative Framework for
Sustainable Organic Livestock Systems in Nigeria

Faniyi Oluwashinaayo Paul

Independent Organic Farming Practitioner / Christ Apostolic Church Nigeria & Overseas, Latona Osogbo, Nigeria

Corresponding author
Faniyi Oluwashinaayo Paul, Independent Organic Farming Practitioner / Christ Apostolic Church Nigeria & Overseas, Latona Osogbo, Nigeria.

Received: July 28, 2026; Accepted: August 11, 2026; Published: August 17, 2026

ABSTRACT

The sustainability crisis affecting livestock production systems across Sub-Saharan Africa has i ntensified concerns regarding soil
degradation, biodiversity loss, climate vulnerability, and overdependence on external agricultural inputs. Conventional livestock systems
often operate wit hin fragmented production models that separate crop cultivation, animal husbandry, and ecological management, thereby
weakening long-term resilience. This study examines the ecological and economic significance of agroforestry and crop—animal integration
as aregenerative model for organic livestock systems in Southwestern Nigeria. Using observational and comparative assessments conducted
across five integrated organic farms between 2022 and 2024, the study evaluates soil fertility, biodiversity, livestock performance,
microclimatic regulation, and input-output efficiency relative to non-integrated systems. Findings indicate that integrated farms recorded
substantial improvements in soil organic matter, biodiversity, heat stress reduction, nutrient cycling, and economic diversification.
Integrated systems also reduced dependence on external feed and fertilizer inputs while enhancing resilience against climatic variability.
The study argues that agroforestry-based livestock systems provide a viable pathway toward sustainable food production, ecological
restoration, and climate adaptation within resource-limited agricultural environments. The paper concludes that policymakers, agricultural
extension institutions, and organic farming movements should prioritize integrated agroecological systems as foundational models for

future livestock development in Africa.
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disconnect animal husbandry from broader ecological processes.
Such systems often generate nutrient imbalances, increase
production costs, and weaken environmental sustainability.
Consequently, scholars and development agencies have increasingly
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Introduction

Agriculture remains central to the economic survival and
food security of many African societies, particularly in rural
communities where smallholder farmers constitute the majority
of agricultural producers. In Nigeria, agricultural systems
are increasingly confronted by severe ecological and socio-
economic challenges, including soil degradation, declining
productivity, biodiversity loss, erratic rainfall patterns, and
increasing dependence on expensive external inputs. These
problems are further intensified by climate change, population
growth, deforestation, and unsustainable land-use practices [1].

Conventional livestock systems frequently depend on imported
feeds, synthetic fertilizers, and isolated production structures that

emphasized the need for integrated and regenerative agricultural
systems capable of restoring ecological balance while sustaining
productivity.

Agroforestry and crop—animal integration represent important
components of regenerative Agriculture and sustainable
organic farming. Agroforestry refers to the intentional
integration of trees and shrubs within agricultural landscapes,
while crop—animal integration combines livestock production
with crop cultivation in mutually beneficial systems. Together,
these approaches create ecological synergies that improve
nutrient cycling, soil fertility, biodiversity conservation, and
microclimatic stability.
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Organic agriculture, founded upon the principles of ecology,
health, fairness, and care, strongly supports integrated systems
that function in harmony with natural ecosystems. Integrated
agroforestry systems provide opportunities for sustainable
feed production, manure recycling, erosion control, carbon
sequestration, and income diversification. In addition, they
strengthen resilience against climate variability by improving
water retention, reducing heat stress, and enhancing ecological
stability [2].

In Nigeria, many smallholder farmers already practice traditional
forms of mixed farming; however, these systems often lack
structured integration, technical support, and policy recognition
[3]. There remains limited empirical documentation regarding the
ecological and economic performance of integrated agroforestry-
livestock systems within organic agricultural contexts.

This paper therefore investigates the role of agroforestry and

crop—animal integration in strengthening sustainable organic

livestock systems in Southwestern Nigeria. Specifically, the

study aims to:

»  Examine the ecological benefits of integrated systems.

e Assess their contribution to livestock productivity and
climate resilience.

e Evaluate their economic implications for smallholder
farmers.

*  Explore their relevance within sustainable and regenerative
agricultural development.

The study contributes to ongoing discussions surrounding
agroecology, sustainable livestock management, and climate-
smart agriculture in Africa.

Conceptual and Theoretical Framework

Agroforestry as an Ecological System

Agroforestry is widely recognized as a land-use management
system in which trees are deliberately integrated with crops
and livestock to create ecological, economic, and social benef
its. Unlike monocultural systems, agroforestry emphasizes
biological diversity and ecological interactions. Trees within
agricultural systems improve soil structure, increase carbon
storage, regulate temperature, reduce erosion, and provide shade
and fodder for livestock.

According to the Food and Agriculture Organization (FAO),
agroforestry enhances ecosystem services while simultaneously
supporting agricultural productivity and rural livelihoods. Tree
species such as Gliricidia septum, Leucaena leucocephala, and
Moringa oleifera have demonstrated significant value within
livestock systems due to their nitrogen-fixing abilities and
nutritional benefits [4].

Crop—Animal Integration

Crop—animal integration involves the deliberate interaction of
crops and livestock within a unified agricultural system. Crop
residues serve as animal feed, while animal manure enriches soil
fertility for crop production. This cyclical relationship reduces
waste, minimizes external inputs, and improves resource-use
efficiency.

Integrated systems contrast sharply with industrial livestock

production models that isolate animals from crop cultivation
and rely heavily on imported feed resources. By reconnecting
biological cycles, integrated systems promote ecological
sustainability and economic resilience.

Organic Agriculture and Regenerative Principles

Organic agriculture seeks to maintain ecological balance and avoid
harmful synthetic inputs. The International Federation of Organic
Agriculture Movements (IFOAM) identifies four foundational
principles of organic farming: health, ecology, fairness, and care.

Regenerative agriculture extends these principles by emphasizing
ecosystemrestoration, soil regeneration, biodiversity enhancement,
and climate resilience. Agroforestry and crop—animal integration
align strongly with regenerative objectives because they promote
natural nutrient cycling, reduce environmental degradation, and
strengthen long-term sustainability [5].

Sustainable Livestock Systems

Sustainable livestock systems aim to balance productivity with
ecological preservation and social responsibility. Such systems
must ensure food security while minimizing environmental
impacts. Integrated livestock systems contribute to sustainability
by:

*  Reducing external feed dependence.

*  Enhancing natural soil fertility.

* Increasing biodiversity.

e Improving animal welfare.

e Supporting climate adaptation.

*  Diversifying rural incomes.

These characteristics make agroforestry-livestock integration
particularly relevant within developing countries facing
environmental and economic instability.

Materials and Methods

Study Area

The study was conducted across selected smallholder organic
farms in Southwestern Nigeria between 2022 and 2024. The
region is characterized by tropical climatic conditions with
distinct wet and dry seasons. Farming activities within the area
include mixed crop cultivation, poultry production, goat rearing,
and agroforestry practices [6].

Research Design

The study adopted an observational and comparative research
design. Five organic farms practicing varying forms of
agroforestry and crop—animal integration was selected
purposively. These farms incorporated systems such as:

e Alley cropping

»  Silvopasture

*  Boundary tree planting

*  Mixed tree—crop-livestock systems

* Integrated manure recycling systems

For comparative purposes, five neighboring organic farms
without integrated agroforestry systems were observed as
control farms [7].

Data Collection
Data collection involved multiple approaches:
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Structured Interviews

Farmers were interviewed regarding:
*  Production practices

e Input costs

*  Perceived ecological benefits

»  Livestock performance

*  Climate-related challenges

Field Observation

Direct field assessments examined:
e Soil structure and moisture

e Tree density and canopy cover
*  Animal housing conditions

*  Biodiversity presence

*  Feed availability

Productivity and Ecological Indicators
The following indicators were evaluated:

Indicator Variables Assessed
Soil Quality Organic matter content, moisture
retention
Biodiversity Plant, insect, and bird diversity
Livestock Welfare Heat stress, vitality, feed availability
Economic Efficiency | Input costs, diversified income
Climate Resilience | Shade effects, erosion reduction

Data Analysis

Data were analyzed using descriptive comparisons and indicator
tracking. Observed differences between integrated and non-
integrated farms were evaluated in relation to ecological perform
ance, productivity, and sustainability outcomes [8,9].

Results

Soil Fertility Improvement

Integrated farms demonstrated significant improvements in soil
fertility compared to non-integrated systems. Soil organic matter
increased by approximately 25%, contributing to improved soil
structure, enhanced microbial activity, and better water retention.

The continuous recycling of animal manure and decomposed
plant materials enriched nutrient availability while reducing
dependence on synthetic fertilizers. Tree root systems also
improved soil stability and minimized erosion.

Biodiversity Enhancement
Integrated farms recorded substantially higher biodiversity
levels. Plant diversity was approximately two to three times
greater than that observed in non-integrated farms. Beneficial
insect populations, including pollinators and natural predators,
also increased significantly.

Bird activity was more prevalent within tree-based systems
due to improved habitat availability. Enhanced biodiversity
contributed to natural pest control and ecological balance.

Livestock Health and Welfare
Livestock within agroforestry systems experienced lower heat
stress due to tree shade and improved microclimatic conditions.

Observations indicated approximately 18% lower heat stress
indicators relative to non-integrated farms.

Natural fodder from leguminous trees supplemented livestock
nutrition, reducing feed scarcity during dry seasons. Animals
also exhibited improved vitality and reduced environmental
stress.

Economic Benefits

Integrated systems reduced external input costs by nearly 30%
due to:

e On-farm feed production

*  Nutrient recycling

*  Reduced fertilizer dependence

*  Lower pest management costs

Farmers also diversified income streams through the sale of:
e Fruits

*  Firewood

e Compost manure

*  Livestock products

e Tree seedlings

This diversification enhanced economic resilience and reduced
vulnerability to market fluctuations.

Climate Resilience

Tree integration improved climate adaptation in several ways:
*  Reduction of wind speed

e Increased rainfall infiltration

e Improved moisture conservation

e Carbon sequestration

*  Reduction of extreme temperature exposure

These ecological services strengthened overall farm resilience
against climate variability and environmental shocks.

Discussion

The findings of this study strongly support existing literature
emphasizing the ecological and economic advantages of
integrated agroforestry systems. Integrated crop—animal
systems create functional ecological loops that improve resource
efficiency and reduce environmental degrada tion. The observed
increase in soil organic matter is particularly significant because
soil degradation remains one of the most serious agricultural
challenges in Sub-Saharan Africa. Organic matter contributes
directly to long-term fertility, microbial diversity, and climate
resilience.

The enhanced biodiversity recorded in integrated farms aligns
with agroecological theories emphasizing diversification as
a mechanism for ecological stability. Biodiverse systems
are generally more resilient to pests, diseases, and climatic
disturbances than monocultural systems. The reduction
in livestock heat stress demonstrates the importance of
microclimatic regulation within tropical farming environments.
Heat stress negatively affects animal productivity, reproduction,
and health. Tree cover therefore functions not only ecologically
but also economically by improving animal welfare and
productivity.
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Economically, integrated systems offer practical advantages
for resource-limited farmers. Reduced dependence on external
inputs increases financial sustainability while diversified income
sources reduce vulnerability to market instability.

The findings also reinforce regenerative agriculture principles
that emphasize restoration rather than exploitation of ecosystems.
Agroforestry systems contribute to carbon sequestration and
ecological restoration while maintaining productive agricultural
landscapes.

However, despite these benefits, several challenges continue to
hinder widespread adoption of integrated systems in Nigeria.
These include:

*  Limited technical knowledge

* Inadequate extension services

» Insufficient policy support

*  Land tenure insecurity

*  Limited access to organic certification

* Initial labor and management demands

Addressing these barriers requires coordinated intervention from
government institutions, unive sities, agricultural extension
agencies, and non-governmental organizations.

Policy Implications and Recommendations
To promote sustainable livestock systems through agroforestry
integration, the following recommendations are proposed:

Strengthening Agricultural Extension Services

Governments and agricultural institutions should provide
technical training on agroforestry management, organic livestock
systems, and regenerative farming practices.

Policy Support for Agroecological Farming

National agricultural policies should prioritize integrated and
regenerative systems through grants, incentives, and research
support.

Promotion of Farmer Education

Workshops, demonstration farms, and farmer cooperatives
should be established to facilitate knowledge transfer and
practical adoption.

Climate Adaptation Programs

Integrated systems should be incorporated into climate-
smart agricultural strategies due to their resilience-enhancing
capabilities.

Research and Documentation

Further long-term studies should examine:
*  Carbon sequestration potential

*  Economic profitability over time

»  Livestock productivity indicators

*  Regional adaptation models

Conclusion

This study demonstrates that agroforestry and crop—animal
integration provide a viable and sustainable framework for
organic livestock production in Nigeria. Integrated systems
enhance ecological stability, improve soil fertility, support
biodiversity conservation, reduce production costs, and
strengthen climate resilience.

Unlike conventional livestock systems that depend heavily
on external inputs and environmentally disruptive practices,
integrated agroforestry systems promote regenerative ecological
cycles capable of sustaining long-term agricultural productivity.

Within the context of increasing climate uncertainty, food
insecurity, and environmental degradation, agroforestry-based
livestock systems offer an important pathway toward sustainable
agricultural transformation in Africa. Their promotion should
therefore become a priority within agricultural policy, organic
farming movements, and rural development initiatives.

Ultimately, sustainable agriculture must move beyond isolated
production systems toward holistic ecological integration.
Agroforestry and crop—animal integration represent not merely
alternative farming practices but foundational models for resilient
and regenerative food systems in the twenty-first century.
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