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Agricultural	intensi�ication	has	signi�icantly	contributed	to	global	biodiversity	loss,	ecosystem	degradation,	and	declining	ecological	
resilience.	Simpli�ied	monocultures,	excessive	agrochemical	use,	habitat	 fragmentation,	and	soil	degradation	have	reduced	species	
richness	 and	 disrupted	 ecosystem	 services	 essential	 for	 sustainable	 food	 production.	 Agroecological	 restoration	 offers	 a	 holistic	
framework	 for	reversing	biodiversity	decline	while	maintaining	agricultural	productivity.	By	 integrating	ecological	principles	 into	
farming	systems,	agroecological	practices	such	as	diversi�ied	cropping	systems,	agroforestry,	cover	cropping,	habitat	corridors,	organic	
soil	management,	 and	 reduced	 chemical	 inputs	 enhance	 functional	 biodiversity	 across	multiple	 trophic	 levels.	 These	 approaches	
promote	pollinator	abundance,	natural	pest	regulation,	soil	microbial	diversity,	and	landscape	connectivity.	This	review	synthesizes	
current	 knowledge	 on	 agroecological	 restoration	 strategies,	 their	 ecological	mechanisms,	 and	 their	 contributions	 to	 biodiversity	
conservation	in	agricultural	landscapes.	It	also	examines	socioeconomic	drivers,	policy	frameworks,	and	implementation	challenges	
that	 in�luence	large-scale	adoption.	Evidence	indicates	that	agroecological	restoration	not	only	enhances	species	richness	but	also	
strengthens	 ecosystem	 services,	 climate	 resilience,	 and	 long-term	 food	 security.	 By	 bridging	 conservation	 and	 production	 goals,	
agroecology	represents	a	viable	pathway	toward	regenerative	agricultural	systems	capable	of	sustaining	both	biodiversity	and	human	
livelihoods.
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1.	Introduction
Agricultural landscapes occupy nearly half of the Earth's 
terrestrial surface and play a central role in shaping global 
biodiversity patterns. While agriculture is essential for food 
security and rural livelihoods, modern industrial farming 
systems have contributed substantially to habitat loss, soil 
degradation, water contamination, and species decline. The 
conversion of natural ecosystems into monocultures, removal of 
hedgerows and �ield margins, intensive tillage, and heavy 
reliance on synthetic fertilizers and pesticides have simpli�ied 
ecological interactions and reduced habitat heterogeneity [1]. 
Biodiversity loss within agricultural systems has cascading 
consequences. Pollinator decline threatens crop yields, 
reduction in natural predators increases pest outbreaks, and 
soil biodiversity loss impairs nutrient cycling and carbon 
sequestration. Furthermore, fragmented landscapes disrupt 
gene �low and reduce resilience to climate variability. These 
challenges underscore the urgent need to transition toward 
farming systems that reconcile productivity with ecological 
integrity. Agroecology provides a science-based, socially 
inclusive framework for agricultural transformation. It 
emphasizes ecological processes such as nutrient cycling, 
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biological pest control, symbiotic relationships, and habitat 
diversi�ication. Unlike conventional restoration approaches 
that focus solely on rewilding non-productive lands, 
agroecological restoration integrates biodiversity enhancement 
directly within working agricultural landscapes. Agroecological 
restoration practices operate at multiple spatial scales—from 
�ield-level soil management to landscape-level connectivity 
planning [2]. An increasing structural complexity and 
promoting functional diversity, these practices foster ecological 
resilience and improve ecosystem services. The integration of 
trees, diverse crop rotations, cover crops, conservation tillage, 
buffer strips, and water management strategies contributes to 
restoring ecological balance without compromising food 
production. This article explores key agroecological restoration 
practices and evaluates their ecological mechanisms, 
biodiversity bene�its, and practical implications. It also 
examines socioeconomic considerations and policy frameworks 
necessary for scaling agroecological transitions.

2.	Conceptual	Foundations	of	Agroecological	Restoration
Agroecological restoration is rooted in ecological theory, 
systems thinking, and landscape ecology, emphasizing the 
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reintegration of ecological processes into agricultural 
production systems. Unlike conventional restoration 
approaches that seek to return degraded land to a pre-
disturbance state, agroecological restoration operates within 
actively managed agricultural landscapes. It does not remove 
land from production; rather, it redesigns farming systems to 
enhance ecological complexity while sustaining yields. This 
approach recognizes farms as dynamic socio-ecological systems 
in which biological, physical, economic, and social processes 
interact continuously. A central principle of agroecological 
restoration is the enhancement of biodiversity at multiple 
organizational levels—genetic, species, functional, and 
landscape diversity. Genetic diversity within crops increases 
resilience to pests, diseases, and climate variability. Species 
diversity enhances ecological stability by distributing 
functional roles across multiple organisms. Functional diversity, 
which refers to the range of ecological processes performed by 
organisms (e.g., pollination, nitrogen �ixation, predation), is 
particularly important in agroecosystems because it underpins 
ecosystem services essential for crop productivity [3]. 
Landscape diversity, achieved through habitat mosaics and 
connectivity features, ensures the persistence of mobile 
organisms such as pollinators and natural enemies.
Ecological resilience theory also informs agroecological 
restoration. Resilience refers to the capacity of a system to 
absorb disturbances while maintaining its structure and 
function. Agricultural systems simpli�ied by monoculture and 
chemical dependency tend to be highly vulnerable to shocks 
such as pest outbreaks, extreme weather, and market 
� luctuat ions .  By  increasing  ecologica l  complexi ty, 
agroecological restoration enhances adaptive capacity. For 
example, diversi�ied systems reduce the probability of total crop 
failure, while healthy soils buffer against drought and �looding.
Another conceptual foundation is the principle of ecological 
intensi�ication. This concept proposes that agricultural 
productivity can be maintained or even enhanced by optimizing 
ecological processes rather than increasing external inputs. 
Nutrient cycling, biological pest control, and symbiotic 
plant–microbe interactions substitute for synthetic fertilizers 
and pesticides. Agroecological restoration thus reframes 
intensi�ication not as chemical intensi�ication, but as functional 
intensi�ication through biodiversity, an agroecological 
restoration integrates social dimensions. Farmer knowledge, 
local institutions, and community networks are critical for 
successful implementation. Participatory approaches, including 
farmer-led experimentation and co-design of practices, increase 
adoption rates and contextual relevance [4]. Therefore, 
agroecological restoration is not solely a technical intervention 
but a transformative process that links ecological sustainability 
with social equity and economic viability.

3.	Crop	Diversi�ication	and	Polyculture	Systems
Crop diversi�ication is one of the most effective and widely 
studied agroecological restoration strategies. It involves 
increasing the number of plant species or varieties within space 
(intercropping, polycultures) or over time (crop rotations). 
Diversi�ication enhances ecological interactions, reduces 
vulnerability to pests and diseases, and improves resource use 
ef�iciency. Intercropping systems, where two or more crops are 
grown simultaneously in the same �ield, create spatial 
heterogeneity that disrupts pest colonization and reproduction. 
For example, combining cereals with legumes not only improves 
nitrogen availability through biological �ixation but also 

modi�ies canopy structure and microclimate in ways that deter 
insect pests. The presence of multiple plant species confuses 
host-speci�ic herbivores and increases habitat availability for 
predators and parasitoids. These natural enemies suppress pest 
populations, reducing reliance on chemical control. Crop 
rotations further enhance ecological stability by breaking pest 
and pathogen life cycles. Continuous monoculture encourages 
the buildup of specialized pests and soil-borne diseases. 
Rotational diversity interrupts these cycles and improves soil 
structure through varying root architectures. Deep-rooted 
crops enhance soil aeration and nutrient mobilization, while 
shallow-rooted species contribute organic matter near the 
surface [5]. This diversity in root systems fosters a more 
complex soil food web, supporting bacteria, fungi, and 
macrofauna.
Polyculture systems also enhance pollinator diversity. 
Flowering crops and intercrops provide nectar and pollen 
resources throughout the growing season, sustaining bee 
populations and other pollinating insects. Increased pollinator 
abundance directly contributes to improved yields in fruit and 
vegetable systems. The diversi�ied systems often show greater 
yield stability under climatic stress because different crops 
respond differently to drought, heat, or excessive rainfall [6]. 
From an ecological perspective, diversi�ication increases 
redundancy in functional roles. If one species fails due to 
environmental stress, others can compensate, thereby 
maintaining ecosystem services. This functional redundancy is 
a key mechanism underlying resilience. In addition, diversi�ied 
systems often improve economic resilience by spreading 
market risk across multiple products.

4.	Agroforestry	and	Tree-Based	Systems
Agroforestry represents a powerful agroecological restoration 
strategy that reintroduces perennial woody vegetation into 
agricultural landscapes. By integrating trees with crops and/or 
livestock, agroforestry systems create multilayered vegetation 
structures that mimic natural ecosystems. This structural 
complexity enhances habitat diversity, microclimatic 
regulation, and nutrient cycling.
Trees play a critical ecological role in stabilizing soils, reducing 
erosion, and improving water in�iltration. Their deep root 
systems access nutrients from lower soil horizons and 
redistribute them to the surface through leaf litter, a process 
known as nutrient pumping. Decomposing leaf litter 
contributes organic matter, enriching soil microbial 
communities and enhancing carbon sequestration. These 
processes collectively improve soil fertility and long-term 
productivity. Agroforestry systems also provide habitat for a 
wide range of species. Birds, bats, and bene�icial insects use tree 
canopies for nesting, roosting, and foraging. In tropical and 
temperate systems alike, tree-based farms consistently support 
higher biodiversity compared to treeless monocultures. Shade-
grown systems, such as those used in coffee and cacao 
production, have been shown to harbor signi�icant avian and 
insect diversity, functioning as secondary habitats within 
human-dominated landscapes.
Microclimatic bene�its are particularly important in the context 
of climate change. Trees moderate temperature extremes, 
reduce wind speed, and maintain soil moisture. In silvopastoral 
systems, tree shade improves livestock welfare and reduces 
heat stress. In cropping systems, moderated microclimates can 
reduce evapotranspiration and buffer crops against extreme 
weather events.
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5.	Soil	Restoration	and	Organic	Management	Practices
Soil restoration lies at the core of agroecological biodiversity 
enhancement because soil ecosystems underpin all terrestrial 
l i fe .  Healthy soi ls  contain diverse communit ies  of 
microorganisms, fungi, invertebrates, and arthropods that 
regulate nutrient cycling, organic matter decomposition, and 
plant health. Industrial agricultural practices—particularly 
intensive tillage, monocropping, and heavy chemical 
application—disrupt these biological communities and reduce 
soil organic carbon.
Agroecological soil restoration focuses on rebuilding soil 
structure and biological activity through organic management 
practices. Conservation tillage minimizes soil disturbance, 
preserving fungal hyphae networks and reducing erosion. Cover 
crops protect soil surfaces, suppress weeds, and contribute 
biomass that feeds soil organisms. Leguminous cover crops �ix 
atmospheric nitrogen, reducing the need for synthetic 
fertilizers. Compost and manure applications increase soil 
organic matter, enhancing water-holding capacity and nutrient 
retention. Increased organic carbon supports microbial 
proliferation, which in turn improves nutrient mineralization 
and plant uptake ef�iciency. Mycorrhizal fungi form symbiotic 
associations with plant roots, extending nutrient acquisition 
zones and improving drought tolerance [8]. These mutualistic 
interactions are central to agroecological soil health.
Soil biodiversity also contributes to natural disease 
suppression. Diverse microbial communities compete with 
pathogenic organisms, reducing the incidence of soil-borne 
diseases. Earthworms and other macrofauna improve soil 
aggregation and porosity, facilitating root growth and water 
in�iltration, soil restoration enhances climate mitigation 
through carbon sequestration. An increasing stable organic 
carbon pools, agroecological practices reduce atmospheric 
carbon dioxide concentrations while improving productivity. 
Resilient soils are better equipped to withstand extreme rainfall 
and prolonged drought, making them critical for climate 
adaptation strategies, soil restoration is not merely a fertility 
management practice but a comprehensive ecological strategy 
that supports aboveground biodiversity, enhances ecosystem 
services, and strengthens long-term agricultural sustainability.

Agroforestry also enhances landscape connectivity [7]. Tree corridors linking forest fragments facilitate wildlife movement and gene 
�low, mitigating the effects of habitat fragmentation. Riparian buffer strips planted with native trees protect water bodies from 
nutrient runoff while serving as biodiversity hotspots. Economically, tree-based systems diversify farm income through timber, fruit, 
nuts, fodder, and non-timber forest products. This diversi�ication reduces �inancial vulnerability and supports long-term 
sustainability. Thus, agroforestry contributes simultaneously to ecological restoration, climate adaptation, and livelihood 
enhancement.

Table	1.	Major	Agroecological	Restoration	Practices	and	Their	Biodiversity	Mechanisms	in	Agricultural	Landscapes

5.	Soil	Restoration	and	Organic	Management	Practices
Soil biodiversity is fundamental to agroecosystem health. 
Microorganisms, fungi, nematodes, and arthropods regulate 
nutrient cycling, organic matter decomposition, and plant 
health. Conventional practices such as heavy tillage and 
chemical overuse reduce soil biotic diversity and disrupt soil 
structure. Agroecological restoration emphasizes conservation 
tillage, compost application, green manures, and organic 
amendments. These practices increase soil organic carbon, 
improve water retention, and enhance microbial diversity. 
Mycorrhizal associations support nutrient uptake and plant 
resilience [9]. Healthy soils contribute to aboveground 
biodiversity by improving plant vigor and supporting complex 
food webs. Soil restoration therefore forms the foundation of 
broader agroecological biodiversity enhancement.

6.	Habitat	Corridors	and	Landscape	Connectivity
Landscape fragmentation is a major driver of biodiversity loss. 
Agroecological restoration addresses this by incorporating 
hedgerows, buffer strips, �lower strips, and conservation set-
asides within agricultural matrices. Hedgerows provide shelter 
and nesting sites for birds, small mammals, and insects. Flower 
strips enhance pollinator populations and natural enemy 
abundance. Riparian buffers protect aquatic ecosystems while 
connecting fragmented habitats [10]. Connectivity allows 
species movement, genetic exchange, and adaptation to 
environmental change. Integrating semi-natural habitats within 
farmland enhances landscape-scale ecological resilience.

7.	 Integrated	 Pest	 Management	 and	 Reduced	 Chemical	
Inputs
Excessive pesticide use harms non-target organisms and 
reduces bene�icial biodiversity. Agroecological restoration 
promotes integrated pest management (IPM), emphasizing 
biological control, habitat management, and monitoring [5]. The 
predator–prey dynamics and increasing habitat heterogeneity, 
farms can suppress pest populations naturally. Reduced 
chemical inputs protect pollinators, soil organisms, and aquatic 
systems. Long-term adoption of IPM improves ecological 
balance and reduces production costs.
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8.	Climate	Resilience	and	Ecosystem	Services
Biodiversity-rich agricultural systems are more resilient to 
climate variability. Diverse root systems improve soil stability 
during drought and heavy rainfall. Tree cover moderates 
microclimates and reduces temperature extremes [4]. 
Agroecological practices enhance carbon sequestration, 
mitigate greenhouse gas emissions, and contribute to climate 
adaptation. Biodiversity restoration thus supports both 
environmental sustainability and food system resilience.

9.	Socioeconomic	and	Policy	Dimensions
Adoption of agroecological restoration practices depends on 
supportive policy frameworks, farmer education, and economic 
incentives. Barriers include short-term yield concerns, market 
pressures, and limited technical knowledge. Government 
subsidies, certi�ication schemes, and participatory extension 
services can accelerate adoption. Community-based landscape 
planning strengthens collective action and biodiversity 
outcomes [3]. Long-term success requires integrating ecological 
restoration goals into agricultural policy and rural development 
strategies.

10.	Conclusion
Agroecological restoration represents a transformative 
approach to enhancing biodiversity within agricultural 
landscapes. By integrating ecological principles into food 
production systems, it reconciles conservation and productivity 
objectives. Diversi�ied cropping systems, agroforestry, soil 
restoration, habitat connectivity, and integrated pest 
management collectively strengthen ecosystem services and 
ecological resilience. Beyond environmental bene�its, 
agroecological practices support long-term food security, 
climate adaptation, and rural livelihoods. Achieving widespread 
biodiversity restoration in agricultural landscapes requires 
coordinated policy support, farmer engagement, and continued 
research innovation. Through systemic adoption, agroecology 
offers a viable pathway toward regenerative agriculture capable 
of sustaining both biodiversity and human well-being.
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