Sustainable Shelter Belt Optimisation in Northern Nigeria: A Systematic Review of Ecological and Socio-Economic Strategies

Faculty of Natural and Applied Sciences Journal of Applied and Physical Sciences y N’
Print ISSN: 3026-9857

www.fnasjournals.com

Volume 3; Issue 1; March 2026; Page No. 30-43.

DOI: https://doi.org/10.63561/japs.v3i1.1181

WAS JOUR,
¥ e
©
S3onzps

¢

Sustainable Shelter Belt Optimisation in Northern Nigeria:
A Systematic Review of Ecological and Socio-Economic Strategies

*LAmough, M.T., 2Namaiwa, B.M., 3Anifowose, K.J. 2Aule, T.T., & “Pama,
B.N.

!Department of Architecture, Baze University, Abuja, Nigeria
2Department of Building Technology, Federal Polytechnic, Kaura Namoda, Nigeria
3Department of Architectural Technology, Federal Polytechnic, Kaura Namoda, Nigeria
*Department of Architecture, Federal University of Applied Sciences, Kachia, Nigeria

*Corresponding author email: nkopuyosamuel@gmail.com

Abstract

Shelter belts play a critical role in enhancing environmental sustainability, mitigating climate impacts, and
supporting socio-economic development in built environments. This Study systematically reviews 424 scholarly
documents on shelter belt practices in Nigeria, employing bibliometric, content, and systematic analyses. Key
findings reveal that shelter belts contribute to vegetation development, soil conservation, windbreak efficiency,
and local livelihoods, yet gaps remain in integrated design approaches and community engagement. Trending
research emphasises optimisation, ecological resilience, and socio-economic integration, highlighting
opportunities for evidence-based interventions in urban and rural settlements. The Study identifies critical
variables, including environmental effectiveness, socio-economic benefits, policy frameworks, and stakeholder
participation. These insights provide a framework for architects, urban planners, landscape managers, and
policymakers to enhance the design, management, and sustainability of shelter belts in Nigerian built
environments. Practical recommendations include reforestation with native species, structured community
involvement, integration with land-use planning, and adaptive management monitoring. This review bridges
ecological science and socio-economic considerations, offering actionable guidance for sustainable
implementation of shelter belts in Nigeria's built environment

Keywords: Shelter Belts, Sustainable Design, Built Environment, Ecological Management, Socio-Economic
Practices

Introduction

Shelter belts, defined as strategically planted rows of trees and vegetation, serve as essential ecological
infrastructure that mitigates environmental hazards, enhances microclimates, and supports socio-economic
activities in both rural and urban settings (Food & Agriculture Organisation [FAO], 2018). In the built
environment, shelter belts help reduce wind erosion, regulate temperature, conserve soil, and provide aesthetic
and recreational value, thereby bridging ecological and architectural concerns (Onyewotu et al., 2003; Adesina &
Gadiga, 2014). Globally, the integration of shelter belts into urban and peri-urban landscapes is recognised as a
sustainable strategy for climate adaptation, biodiversity conservation, and food security (Sharma et al., 2019).
Previous studies in Nigeria have explored various dimensions of shelter belts, including their influence on crop
yields, windbreak efficiency, vegetation dynamics, and socio-economic benefits (Abubakar et al. 2021; Udofia
& Udo, 2010; Gadiga & Dan, 2015). However, limitations exist in these studies, such as localised geographical
focus, limited incorporation of socio-economic variables, and lack of integrated frameworks linking ecological
performance with human and built environment needs (Raji & Ogunwole, 2005; Shamaki & Abubakar, 2021).
Furthermore, many studies have focused on either ecological or socio-economic aspects independently, leaving
gaps in holistic strategies for sustainable implementation of shelter belts in Nigerian built environments.

This Study is justified by the need to consolidate existing knowledge, identify trends and gaps, and provide a
structured framework for optimising shelter belt design and management. Specifically, the Study aims to (i)
analyse ecological and socio-economic practices associated with shelter belts in Nigeria, (ii) identify trends and
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emerging keywords to inform policy and planning, and (iii) propose actionable recommendations for integrating
shelter belts into built environments to enhance sustainability, resilience, and community benefits. The findings
are particularly relevant for architects, urban planners, landscape managers, policymakers, and local communities
seeking to implement sustainable ecological infrastructure within urban and rural settlements. Additionally, this
Study considers other key variables such as vegetation diversity, community engagement, policy frameworks, and
land-use compatibility to ensure long-term sustainability and multifunctional value. By bridging ecological
science with socio-economic considerations and the built environment, this systematic review offers a
comprehensive foundation for informed decision-making, adaptive management, and sustainable development in
shelter belt implementation across Nigeria.

Materials and Methods

The Study employed a mixed-method research design integrating bibliometrics, systematic review, and content
analysis to comprehensively evaluate the scope, trends, and thematic developments of shelterbelt research in
Nigeria, as shown in Table 1. Bibliometrics was chosen to quantify scholarly outputs, discern publication patterns,
and identify key themes and emerging keywords over time. Bibliometric analysis allows for an objective, data-
driven assessment of scientific literature, providing insights into research productivity, subject areas, and
collaboration networks, which are essential for mapping the knowledge structure of shelterbelt studies (Donthu et
al., 2021). Complementing this, content analysis using NVivo 15 software was conducted to extract frequently
used keywords, generate frequency tables, and visualise patterns through word clouds. This approach enables
systematic identification of recurring concepts and terminology, enhancing understanding of the underlying
research focus and thematic emphasis in the field (Bazeley & Jackson, 2013; Jackson & Bazeley, 2019; Olaniran
& Aule, 2025).

Table 1: Mixed-method integrating bibliometrics, systematic review, and content analysis

Checklist Item
Method of Analysis

Variable Data
Bibliometrics, Systematic Review and Content Analysis

Source
Identification

Screening Inclusion
and Exclusion

Analysis

Database material source
Keywords of materials

Search Scope

Search Date

Initial Materials

Acrticles in Press

Limit Language to English

Final Materials for Bibliometrics
Limit Country to Nigeria

Available  Materials (Open  Access) for
Systematic Review
Bibliometrics and  Scientometrics  (Scopus

Database and VVOSviewer software)

Content Analysis (NVivo 15)

Systematic review using Descriptive Cross-
Tabulations

Scopus, Google Scholar
Shelter Belts, Nigeria
Title, Keywords, Abstract
November 10 2025

506 Documents

04 Excluded

78 Excluded

424 Documents

24 Documents

09

Documents by Subject Area
Documents by Year

Main Themes

Trending Keyword (Emerging in
the last 2 years)

Keyword Frequently Used
Frequency Table

Word Cloud

Previous Research Designs and
Variables
Previous
Findings

Methodologies  and

For source identification, comprehensive searches were conducted on Scopus and Google Scholar using the
keyword "shelter belts" within the title, keywords, and abstract sections. The search was conducted on November
10, 2025, ensuring a complete snapshot of relevant literature up to that date. Initial screening yielded 506
documents, of which four were in press, and 78 non-English publications were excluded to maintain data quality
and relevance, leaving 424 papers for bibliometric analysis. Further, the review was narrowed to 24 Nigerian
studies, with nine open-access publications selected for a detailed systematic review, allowing for in-depth cross-
tabulation of previous research designs, methodologies, variables, and findings (Kitchenham & Charters, 2007;
Olaniran & Aule, 2024a & b).

For the bibliometric analysis, VOSviewer software was used to map documents by subject area, publication year,
main themes, and trending keywords emerging over the last 2 years. This visualisation identifies the evolution of
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research focus and highlights gaps for future exploration (Van Eck & Waltman, 2016). In parallel, NVivo 15
content analysis provided qualitative insights by identifying frequently used keywords, relationships among
concepts, and thematic clusters. Descriptive cross-tabulations of systematic review data were conducted to
summarise previous research designs, variables, and methodologies, offering a robust foundation for informing a
framework for shelterbelt conservation in northwest Nigeria. The integration of bibliometrics, content analysis,
and systematic review ensures both quantitative rigour and qualitative depth in evaluating the current state of
research.

Results

This results section presents a comprehensive analysis of shelterbelt research in Nigeria, encompassing
bibliometric trends, thematic patterns, and content insights. Key findings include the number of documents by
subject area and Year, main themes and trending keywords, primary keyword analysis, and a systematic review
of previous research designs, variables, methodologies, and findings.

Number of documents by Subject Area

The distribution of subject areas in Figure 1 reveals a research landscape intensely concentrated in applied life-
and environmental-science domains, with Agricultural and Biological Sciences (194 documents), Environmental
Science (162), and Earth and Planetary Sciences (132) forming a dominant cluster. This pattern typically emerges
in research fields oriented toward sustainability, ecosystem management, food systems, climate adaptation, and
natural-resource assessments, where publication growth has been consistently high over the last decade (Lewis et
al., 2021). The high values across these three categories also reflect the structural behaviour of Scopus' All Science
Journal Classification (ASJC) system, in which journals and individual documents may be assigned to multiple
overlapping subject areas. Thus, articles focusing on agroecology, climate—soil interactions, Biodiversity, or
environmental monitoring often appear simultaneously under agriculture, environment, and earth-science codes,
inflating counts for closely related fields (Turkmen, 2025).
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Figure 1: Distribution of documents by subject area

The moderate representation of Engineering (60) and Social Sciences (55) indicates complementary
interdisciplinary engagement, supporting global observations that climate and sustainability studies increasingly
integrate engineering solutions, socio-economic analyses, and policy dimensions (Weart, 2013; Schipper et al.,
2021). Conversely, the relatively low counts in theoretical or laboratory-intensive fields such as Chemistry (3),
Physics and Astronomy (10), and Mathematics (2) suggest that the underlying dataset emphasises problem-driven,
field-oriented inquiry rather than fundamental theoretical modelling—an established trend in climate- and
sustainability-linked scholarship (Debernardi et al., 2024; Olaniran et al., 2024a & b). Notably, missing data for
"Nursing" signals an error in data extraction that should be verified before downstream analysis. Overall, the
pattern demonstrates that the dataset is shaped not only by genuine disciplinary activity but also by database-level
classification behaviour; therefore, researchers should interpret subject totals cautiously, accounting for multi-
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assignment and the interdisciplinary nature of contemporary environmental and agricultural research (Kim et al.,
2023).

Number of documents by Year

The annual distribution of documents in Figure 2 exhibits a characteristic temporal pattern commonly observed
in long-horizon bibliometric datasets: publication counts are extremely low in early decades (e.g., pre-1980 years
with 1-4 documents), increase modestly through the 1980s and 1990s, and then rise sharply from the early 2000s
onward, reaching the highest values in the years 2014-2026. This steep right-hand concentration reflects the well-
established historical increase in global scientific output, which has followed an exponential trajectory since the
mid-twentieth century (Fortin & Currie, 2013; Price, 1963). Several systemic factors explain this surge. First, the
number of active researchers, research institutions, and journals expanded significantly worldwide in recent
decades, boosting overall publication volume (Lewis et al., 2021). Second, the digital transformation of scholarly
communication—including the introduction of online submission systems, digital repositories, and open-access
publishing—dramatically reduced publication bottlenecks and increased visibility, thereby raising output across
disciplines (Yan & Zhiping 2023). Third, thematic research accelerations—especially in areas linked to
sustainability, health, climate change, and applied sciences—have produced "topic bursts," a pattern commonly
observed in longitudinal scientometric studies (Todeschini & Baccini, 2016). In this context, the elevated
document counts from roughly 2010 onward likely reflect a combination of global research-system growth, digital
publication efficiencies, and increased topical attention within the domain represented by the dataset.
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Figure 2: Annual distribution of documents

The long tail of earlier years in Figure 2 also carries essential methodological implications. Lower counts in
historical periods are not only due to smaller research systems but also to limited journal availability, reduced
indexing coverage in earlier decades, and the predominance of print-only dissemination before digitisation (Lewis
et al., 2021). Consequently, interpreting the temporal trend requires caution: without adjusting for historical
differences in researcher population, journal proliferation, and digital-era expansion, the raw frequencies may
overstate the extent of recent "research surges." Contemporary bibliometric guidance therefore recommends time-
normalised analyses—such as per-capita publication rates, moving-average smoothing, or joinpoint regression—
to distinguish genuine intellectual accelerations from structural growth in the research ecosystem (Cousijn et al.,
2018). Furthermore, the concentration of publications in the 2014-2026 interval may indicate the emergence or
maturation of a specific research field, consistent with publication-life-cycle models where topics evolve through
growth, peak, and stabilisation phases (Todeschini & Baccini, 2016). When interpreted holistically, Table 2
captures both structural global changes in scholarly communication and the field's topical dynamism.

Main Themes from Shelter Belts Publications

Analysis of Figure 3 reveals a complex, interconnected landscape of research keywords that can be thematically
grouped into five main clusters: Agroforestry (red), Ecosystem (green), Biodiversity (blue), Climate Change
(yellow), and Sustainable Development (purple). The Agroforestry cluster includes keywords such as
agroforestry, agriculture, agricultural land, forest, forestry, and grassland, reflecting an emphasis on integrated
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land-use systems that combine trees with crops or livestock to enhance productivity, soil fertility, and resilience
to environmental stressors (Nair, 2012). The Ecosystem cluster comprises ecosystem, ecosystems, ecosystem
service, ecosystem services, ecosystem service value, and land use change, indicating a strong focus on ecological
functionality, ecosystem service valuation, and the impacts of anthropogenic land-use changes on ecological
integrity (Daily et al., 2009). The Biodiversity cluster, including Biodiversity, animal, animals, aves, and
anthropogenic effect, highlights research on species richness, wildlife conservation, and the impact of human-
induced pressures on flora and fauna, particularly in African and tropical contexts (Cardinale et al., 2012). Climate
Change (yellow) encompasses climate change, precipitation, rain, desertification, and erosion, reflecting
investigations into hydrological impacts, land degradation, and adaptive responses to changing climatic conditions
(Change, 2007). The Sustainable Development cluster, encompassing sustainable development, sustainability,
economic development, decision-making, and environmental management, underscores research that integrates
ecological, social, and economic dimensions to inform policy and planning for long-term environmental and
societal well-being (Sachg,é?lS; Butlin, 1989).
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Figure 3: Five main themes from shelter belts publications

High co-occurrence linkages among keywords such as ecosystem services, land use, and climate change
demonstrate the cross-cutting influence of climate and land-management practices on both biodiversity and
ecosystem functioning. Despite these thematic strengths, research gaps remain: limited focus on socio-ecological
modelling that integrates human decision-making with ecological outcomes, underrepresentation of urban and
peri-urban agroforestry systems, and few studies explicitly linking ecosystem service valuation to policy adoption.
Future research should address these gaps by employing interdisciplinary, multi-scale approaches that combine
remote sensing, socio-economic analysis, and participatory governance frameworks to advance both theory and
practice in sustainable land management (Aule et al., 2029; Foley et al., 2011; Yan & Zhiping, 2023). Overall, the
table illustrates a vibrant research nexus at the interface of ecological conservation, climate adaptation, and
sustainable land-use, but highlights the need for integrated approaches that bridge science, policy, and practice.

Trending Keyword on Shelter Belts Publications

The keyword co-occurrence data in Figure 4 suggests that several themes — especially "climate change", "land
use change/land use", "ecosystem services/ ecosystem”, and "sustainable development/decision making /
environmental management™" — likely represent emerging or intensifying research trends over the past few years.
For example, climate change shows a high occurrence (19) and substantial link strength (75), while ecosystem
services (and their variants) also appear frequently and are firmly connected. Such patterns align with recent
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bibliometric findings showing that research on climate change adaptation, land-use transformation, and
sustainability has surged in the 2020s (Chimi et al., 2025). Similarly, keywords related to land use change,
agriculture, agroforestry, and ecosystem services correspond with growing interest in sustainable
land-management practices and integrative agroecological systems (Raveloaritiana & Wanger, 2024; Mlambo et
al., 2025). The prominence of human, economic development, and decision-making further indicates a shift
toward interdisciplinary studies that combine ecological, social, and policy dimensions, integrating
human-environment interactions rather than purely environmental or biological perspectives.
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Figure 4: Keyword co-occurrence showing emerging research trends

These trends reflect broader global research dynamics: as climate and environmental crises intensify, the scientific
community increasingly emphasises land-use transformation, ecosystem services, sustainable agriculture, and
socio-ecological governance. Indeed, a recent bibliometric review in agricultural sustainability documents a
marked increase in output since 2015, especially in climate adaptation and sustainable management themes (Chimi
et al., 2025). Another recent review focused on climate change research in Sub-Saharan Africa (2024—2025)
underscores emergent interest in urban heat islands, health impacts, and adaptation strategies (Okafor et al., 2025).

Despite these advances, the table also reveals research gaps needing further exploration. First, while
biodiversity-related keywords (Biodiversity, animals, aves, anthropogenic effect) appear, their link strengths are
lower relative to climate-change and ecosystem-service themes, suggesting under-explored integration of
biodiversity conservation with land-use and climate-resilience research. Second, a few keywords directly
reference governance, indigenous knowledge, socio-cultural dimensions, or equity, which are critical for
meaningful, sustainable development and environmental justice; this indicates a shortage of socially oriented
sustainability research in the set. Third, there is limited indication of urban agroecosystems or peri-urban land-use
change, despite growing relevance globally with urban expansion — a blind spot if the research aims at
comprehensive land-use dynamics. Future research should therefore expand toward integrated socio-ecological
models, participatory governance, the biodiversity-climate-agriculture nexus, and urban/ peri-urban land-use
change, using interdisciplinary methods.

Analysis of Major Keyword

The keyword frequency data from Figure 5, analysed with NVivo 15, highlight dominant research themes in land
use, agriculture, and environmental management. High-frequency terms such as land, area, use, effects, Study,
government, development, soil, forest, water, crops, management, sustainable, population, and production
indicate a strong emphasis on human-environment interactions and natural resource governance. The prominence
of land (2,554 occurrences) underscores the centrality of spatial and territorial issues in research, reflecting global
concerns over land-use change and its socio-ecological impacts (Gebrehiwot et al., 2024). Similarly, frequent use
of management and development suggests that studies focus on resource exploitation, agricultural productivity,
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and governance structures that influence land and ecosystem outcomes (Farrell et al., 2024). Agricultural and
natural resource management is further emphasised by terms such as soil, forest, water, crops, and production,
highlighting the corpus's orientation toward sustainable land and crop management, soil and water conservation,
and forestry (Dainelli & Saracco, 2023).
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Figure 5: Keyword frequency data highlighting dominant research themes

The frequent use of governance-related terms, such as government and population-related keywords, indicates
attention to policy frameworks, demographic pressures, and administrative oversight in environmental
management. This aligns with the call for integrated socio-ecological research approaches, where human decision-
making, policy, and ecological outcomes are studied in concert (Lewis et al., 2022). Despite this breadth, gaps are
apparent. Terms explicitly referencing climate change (climate, temperature, resilience) and methodological
innovations (GIS, remote sensing, modelling) are notably absent among the top keywords, suggesting
underrepresentation of climate-land dynamics and computational techniques. Additionally, the prevalence of the
generic term 'study’ implies a predominance of descriptive research rather than mechanistic or modelling-focused
investigations. Addressing these gaps is critical, as integrating climate variables, applying advanced geospatial
and modelling tools, and linking governance with ecosystem outcomes would provide more robust, policy-
relevant insights (Gebrehiwot et al., 2024; Farrell et al., 2024).

In brief, the keyword analysis reveals a corpus with a strong focus on land, agriculture, resource management,
and sustainability. Future research should prioritise climate-land interactions, urban and peri-urban land-use
systems, and quantitative modelling approaches to strengthen the socio-ecological understanding of land-use
dynamics.

Previous Research Designs and Variables

The review of previous research designs on shelterbelts in Nigeria reveals a diverse geographical focus, spanning
northern states such as Kano, Jigawa, Yobe, Katsina, and Sokoto, as well as South-west Nigeria, reflecting the
varied ecological and socio-economic contexts in which shelterbelts are studied (Onyewotu et al. 1994; Abubakar
et al. 2021; Adesina & Gadiga, 2014; Udofia & Udo, 2010). As shown in Table 2, most studies prioritise
environmental constructs such as crop yield, vegetation development, wind reduction, soil carbon sequestration,
and fuelwood supply, highlighting the multifunctional roles of shelterbelts in agrarian and semiarid landscapes
(Raji & Ogunwole, 2005; Hyman, 1993). The aims of these studies converge on understanding the efficiency,
ecological benefits, and socio-economic implications of shelterbelts, although only a few explicitly adopt
theoretical frameworks, such as Adesina and Gadiga (2014), who applied the theory of island biogeography to
explain vegetation patterns and species diversity. Study variables typically include vegetation characteristics (tree
height, diameter, density, species frequency, ordination), soil and water parameters, wind speed dynamics, crop
yield, and human perception metrics, while socio-economic variables such as population, GDP, and adoption of
agroforestry practices are occasionally included (Gadiga & Dan, 2015; Akinwalere & Okunlola, 2019).
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Table 2: Designs and Variables of Previous Studies on Shelter Belt in Nigeria

SIN Author Name Study Major Aim and Objectives Study Variables Theory /
Context Construct Concept
1 (Onyewotu, Yambawa of  shelterbelt &  Shelterbelts increase or Aerodynamic and shade Not Available
Ogigirigi and Kano state, adjacent millet reduce crop yields effects, Soil water of
Stigter, 1994) Nigeria unpruned plots, Soil water of
unpruned areas, Yield, root
distribution.
2 (Adamu, 2021) Babura &  Shelterbelt & Assessed the efficiency Horizontal wind Speeds, Not Available
Doko ecological of the shelterbelts vertical wind Speeds,
Jigawa, assessment Correlation of Horizontal and
Nigeria Vertical Wind Speeds
3 (Adesina and Yobe State, Shelterbelt &  Assesses the influence of  Tree Height, Tree Diameter, Theory of
Gadiga, 2014) Nigeria vegetation some selected Tree Density, Species island
development shelterbelts in an arid Frequency, Species  biogeography
environment Diversity, Vegetation
Ordination.
4 (Udofia and Udo, Kaita, Shelterbelts & Role of shelterbelts in  Shelterbelts, Benefits, Not Available
2010) Katsina perception of checking the incidence Windstorms Damage on
state, people of windstorms buildings, Damage on crops,
Nigeria Damage on people.
5 (Gadiga and Dan, Yobe state, Shelterbelt & Role of shelterbelts on  Vegetation Dynamics, Not Available
2015) Nigeria vegetation the development of Population, and GDP.
development vegetation
5 (Shamaki and  Usmanu Shelterbelt & Determining the most Volume Comparison,  Not Available
Abubakar, 2021) Danfodiyo Volume suitable shelterbelt ~ Correlation.
University, estimation stands in Sokoto
Sokoto,
Nigeria
7 (Hyman, 1993) Northern Shelterbelt &  Current forestry, fuelwood study, land use Not Available
Nigeria fuelwood supply ~ agriculture, and land use  policies, forestry  Status,
policies and programmes  Forestry policies.
8 (Akinwalere  and  South-west Shelterbelt & Roles of extension inthe  Agroforestry Practices, Not Available
Okunlola, 2019) Nigeria extension adoption of agroforestry  Improved Fallow, Wind
services practices in South-west Break, Fuel Wood, Visit
Nigeria Frequency, Information
Access, and Adoption of
Agroforestry Practices.
9 (Raji and Savanna, of Shelterbelt & soil long-term soil nutrients Crop lands, natural fallow, Not Available
Ogunwole, 2005) Nigeria carbon in the savannas of forest lands,
sequestration Nigeria

However, there are notable gaps in the literature. First, most studies are localised, limiting generalizability across
northwest Nigeria. Second, few studies integrate socio-ecological frameworks that combine ecological processes,
human behaviour, and policy dimensions to guide sustainable conservation of shelterbelts. Third, the lack of
consistent theoretical or conceptual frameworks across most studies limits a systematic understanding of the
causal mechanisms underlying shelterbelt impacts. Finally, quantitative modelling, long-term monitoring, and the
effects of climate variability on the efficacy of shelterbelts remain underexplored. Addressing these gaps
underscores the need for an integrated framework for shelterbelt conservation in northwest Nigeria, one that
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combines ecological assessment, social perceptions, and policy guidance to optimise shelterbelt design,
management, and sustainability under changing environmental conditions (Shamaki & Abubakar, 2021; Abubakar
et al., 2021). Such a framework would support evidence-based decision-making for agroforestry interventions,
ecosystem service maintenance, and climate adaptation strategies in arid and semiarid regions.

Previous Methodologies and Findings

The review of methodologies and findings on shelterbelts in Nigeria demonstrates diverse approaches to data
collection and analysis, reflecting the multifaceted objectives of these studies. Data collection ranged from root
distribution studies and structured questionnaires to satellite imagery, quadrat sampling, and DNPK soil
treatments, revealing both field-based and remote-sensing approaches (Onyewotu et al. 2003; Abubakar et al.
2021; Raji & Ogunwole, 2005). Data analyses employed a combination of statistical, ecological, and spatial tools,
including ANOVA, Regression, SPSS, CANOCA, PAST software, and descriptive analysis of Landsat imagery,
highlighting the integration of both quantitative and qualitative methods (Adesina & Gadiga, 2014; Gadiga &
Dan, 2015). As presented in Table 3, the Study results consistently emphasise the ecological and socio-economic
importance of shelterbelts, including mitigation of windstorm effects, control of desertification, maintenance of
vegetation cover, enhancement of soil carbon sequestration, and provision of fuelwood, fodder, and poles (Udofia
& Udo, 2010; Shamaki & Abubakar, 2021). These studies further demonstrate that unmaintained or poorly
managed shelterbelts can adversely affect adjacent crops or fail to achieve intended ecological outcomes,
underscoring the need for proper design, maintenance, and community involvement (Onyewotu et al. 1994;
Abubakar et al. 2021).
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Table 3: Previous Methodologies and Findings with ecological and socio-economic importance

SIN  Author Data Data Study Conclusion Recommenda-tion
Name Collection Analysis Results

1 (Onyewotu, root Physical The greatest Unrestrained  tree shelterbelt to keep
Ogigirigi and  distribution observations  proportion of root development wind-borne  sand
Stigter, study of crop yield eucalypt roots adversely out of irrigated
1994) occurred in the 0- affects the Yield of crops

70 cm horizon. adjacent crops
(Heth,
2 (Adamu, Wind Mobile wind movement is The activities of need for replanting
2021) measurements  compass 20.5ms? in April man and animals the cut and dead
using (AM attached to and 1.1ms™ destroy shelter belts  plants
4812) digital for June
anemometer

3 (Adesinaand sample plots SPSS, significant Shelterbelts are a Influence of
Gadiga, (quadrats) at CANOCA, difference necessary tool in shelterbelt on the
2014) an interval of and PAST between fighting development of

200 meters ecological vegetation desertification vegetation
software characteristics and
control sites

4 (Udofia and structured analysed by significant The objective of Shelterbelts,

Udo, 2010) questionnaires  ANOVA reductions in  establishing properly designed
on 300 and tested at windstorm shelterbelts in Kaita and maintained,
households, 5% incidence on LGA has been provide fuelwood,
random significance  crops, buildings, achieved poles, fodder, and
sampling level and humans other uses

5 (Gadiga and Satellite Landsat The 65% Shelterbelts alone Enlightenment of
Dan, 2015) Imagery MSS, vegetation cover cannotguaranteethe the local

Landsat in 1972 decreased  success of communities on the
™, to 16% in 2007 vegetation cover need for
Landsat conservation should
ETM+ be encouraged
ASTER

6 (Shamaki Eight Huber's, Strong  positive  Positive correlation  Smalian's formula is
and randomly Newton's, relationship was noted among recommended for
Abubakar, selected and between volume the variables estimating the
2021) sample plots Smalian's and Dbh measured volume of

of 25x25m formula: shelterbelt stands
ANOVA

7 (Hyman, Literature Descriptive  Natural fuelwood programs  suitable

1993) Review Analysis woodlands have relied on top- tree and  crop
provide most of down, combinations
the wood in the strategies agroforestry in the
northern region region.

8 (Akinwalere A multi-stage frequency no significant Low access to The number of
and sampling and relationship extension service in  extension agents for
Okunlola, technique to percentage,  between extension the study area farmers should be
2019) select 200 Chi-square,  contacts and increased

agroforestry and agroforestry
farmers Regression practices

9 (Raji and DNPK Descriptive  Afforestation Manure application  Agroforestry is
Ogunwole, treatments, Analysis without with NPK fertiliser  potentially a
2005) soil  organic recommended soil improves  pasture substantial sink for

carbon (SOC) management management soil organic carbon
sequesters up to
305 gem?yr!

Despite the valuable contributions, research gaps persist, underscoring the need for a comprehensive framework
for shelterbelt conservation in northwest Nigeria. First, there is limited integration of long-term monitoring
combining socio-economic, ecological, and climatic data to assess resilience under climate change. Second, few
studies have incorporated participatory approaches that link local knowledge with technical interventions to
improve adoption and sustainability (Akinwalere & Okunlola, 2019; Aule et al., 2029). Third, although remote
sensing and ecological software have been employed, predictive modelling of shelterbelt performance under
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varying land-use and climate scenarios remains limited (Gadiga & Dan, 2015). Addressing these gaps requires an
interdisciplinary framework combining field observations, community engagement, spatial analysis, and policy
integration to optimise the conservation, management, and multifunctional benefits of shelterbelts in northwest
Nigeria, ensuring ecological sustainability and socio-economic resilience.

Discussion of Major Findings

The results of this systematic review demonstrate that shelter belts in Nigerian built environments, particularly in
the northwestern region, remain crucial for ecological stability, agricultural productivity, and socio-economic
resilience. The evidence synthesised from diverse studies confirms that shelterbelts reduce wind velocity, improve
soil moisture retention, moderate microclimates, and support vegetation regeneration. These findings are
consistent with those of Onyewotu et al. (1994), who documented significant interactions between crop roots and
shelterbelt microclimates, highlighting the ecological functionality of tree rows in savanna landscapes. By
integrating data from field measurements, remote sensing analyses, household surveys, and environmental
assessments, this Study strengthens the understanding that shelterbelts serve as multifunctional infrastructure
capable of mitigating land degradation while simultaneously supporting local livelihoods, a finding corroborated
by global studies on windbreaks and agroforestry systems in drylands (Brandle, Hodges, & Tanaka, 2004; Nair,
2012).

A dominant insight from the review is that shelterbelt effectiveness depends strongly on maintenance practices,
environmental pressures, and community engagement. Consistent with Adamu (2021), the review reveals that
uncontrolled grazing, fuelwood extraction, and inadequate replanting compromise shelterbelt resilience, echoing
earlier observations by Hyman (1993). This underscores the need for sustained management and socio-
institutional support, aligning with the broader agroforestry literature, which emphasises the roles of governance
and community participation in ecological restoration success (Leakey, 2024). Vegetation studies conducted in
Yobe State further reinforce these conclusions. Adesina and Gadiga (2014) and Gadiga and Dan (2015)
demonstrated that shelterbelts enhance Biodiversity, promote species regeneration, and stabilise arid ecosystems.
Globally, similar evidence indicates that tree belts create microhabitats, improve landscape heterogeneity, and
support carbon sequestration, contributing to climate adaptation strategies (Jose, 2009). Raji and Ogunwole (2005)
provide additional support by showing that shelterbelt-associated agroforestry can increase soil organic carbon,
confirming the carbon mitigation potential of dryland tree belts (Nair et al., 2009).

From a practical perspective, shelterbelts are indispensable for agricultural productivity, environmental protection,
and rural livelihoods. Reduced windstorm incidence, improved vegetation cover, and enhanced soil structure
translate into higher crop yields, safer communities, and more resilient ecosystems. Udofia and Udo (2010) further
demonstrate the socio-economic benefits, including access to fuelwood, fodder, and poles, highlighting the dual
role of shelterbelts as ecological and livelihood assets. The strengths of the reviewed studies lie in their
multidisciplinary approaches, integrating ecological, socio-economic, and geospatial methods across multiple
states, which enhances confidence in the findings. However, limitations persist: short-term datasets, small sample
sizes, and limited theoretical frameworks constrain long-term predictive modelling of shelterbelt dynamics. This
Study is also limited by its reliance on secondary data, which may not fully capture recent changes in shelterbelt
conditions. Future research should prioritise longitudinal monitoring, employ advanced geospatial analytics, and
evaluate community-led governance models to strengthen shelterbelt conservation and optimise their ecological
and socio-economic benefits in northwestern Nigeria.

Conclusion

The Study comprehensively reviewed and analysed shelterbelt research in Nigeria using a combination of
bibliometric analysis, content analysis, and systematic review. Bibliometric findings revealed that the majority of
studies are concentrated in Agricultural and Biological Sciences, Environmental Science, and Earth and Planetary
Sciences, reflecting the primary disciplinary focus on ecological and agricultural impacts of shelterbelts. Trends
in publication over the past decades indicate a gradual increase in research output, with emerging interest in
climate resilience, sustainable development, and biodiversity conservation. Content analysis using NVivo 15
highlighted frequently used keywords such as "land," "shelterbelts," "planting," "agricultural," and "vegetation,"
highlighting recurring research themes in land management, agroforestry practices, and ecosystem restoration.
Additionally, systematic review of previous research designs and findings revealed that studies predominantly
focused on vegetation development, wind mitigation, soil conservation, and fuelwood supply, with limited
application of theoretical frameworks and insufficient integration of social and ecological variables (Onyewotu et
al., 2003; Adesina & Gadiga, 2014; Abubakar et al., 2021).

The findings underscore the practical relevance of shelterbelts in enhancing agricultural productivity, reducing
wind erosion, improving soil fertility, and contributing to ecosystem services, thereby supporting sustainable land
management in arid and semiarid regions of Nigeria. However, the review also identified research gaps, including
limited studies on community engagement, long-term monitoring, and socio-economic impacts of shelterbelt
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interventions. There is also a need for developing conceptual frameworks to guide shelterbelt conservation in
northwest Nigeria. Overall, this Study provides a consolidated evidence base for policymakers, researchers, and
practitioners, highlighting both the achievements and limitations of existing studies while emphasising the
potential for integrating ecological, social, and economic perspectives in future shelterbelt research.

Recommendations

Based on the findings of this Study, several key recommendations are proposed to enhance the effectiveness and

sustainability of shelterbelt systems in Nigeria:-

i Community Awareness and Education: Promote educational programs and awareness campaigns in built
environments to inform local communities about the ecological, socio-economic, and urban planning
benefits of shelterbelts, thereby fostering adoption and long-term sustainability of these systems.

ii. Replanting and Maintenance: Implement structured replanting and maintenance initiatives to replace dead,
cut, or degraded plants, ensuring that shelterbelts continue to provide ecological protection, enhance
vegetation cover, and support livelihoods in Nigerian built environments.

iii. Strengthen Extension Services: Enhance access to extension services, agroforestry guidance, and technical
training tailored for urban and peri-urban settings, enabling stakeholders to actively participate in
shelterbelt design, management, and adoption of innovative conservation practices.

iv. Monitoring and Evaluation: Develop long-term monitoring frameworks to assess shelterbelt performance,
including vegetation dynamics, soil quality, microclimatic regulation, and provision of ecosystem services,
thereby informing adaptive management strategies for sustainable urban and rural integration.

V. Development of Regional Conservation Frameworks: Formulate and implement context-specific
frameworks for shelterbelt design and management in northwest Nigeria and other regions, optimising
ecological, economic, and social outcomes while mitigating land degradation, desertification, and climate-
related vulnerabilities in built environments.
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