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Soil degradation remains a critical challenge in tropical agricultural areas due to intensive land use, unsustainable 
farming practices, deforestation, and climate variability, which collectively threaten agricultural productivity and 
environmental sustainability. This study aims to analyze sustainable land management (SLM) strategies in 
controlling soil degradation in tropical agricultural areas. The research employs a descriptive-analytical approach 
based on secondary data obtained from scientific publications, government reports, and international databases, 
complemented by a comparative analysis of various land management practices applied in tropical regions. The 
analysis focuses on key SLM strategies, including soil conservation techniques, agroforestry systems, integrated 
nutrient management, land-use planning, and community-based land management. The results indicate that the 
implementation of sustainable land management practices significantly contributes to reducing soil erosion, 
improving soil fertility, and enhancing land productivity while maintaining ecological balance. Agroforestry and 
conservation agriculture are identified as the most effective strategies due to their ability to integrate economic, 
environmental, and social benefits. However, the effectiveness of these strategies is strongly influenced by 
institutional support, farmer awareness, policy consistency, and local socio-economic conditions. This study 
highlights the importance of integrated and adaptive land management policies to mitigate soil degradation and 
promote long-term agricultural sustainability in tropical regions. The findings are expected to provide valuable 
insights for policymakers, practitioners, and researchers in developing effective land management frameworks to 
support sustainable agricultural development. 
Keywords: Sustainable Land Management, Tropical Agriculture, Land Conservation, and Environmental 
Sustainability. 
 
This is an open access 
article under theCC 
BY-NClicense 

 

 Corresponding Author:  
Ruth Riah Ate Tarigan 
Universitas Pembangunan Panca Budi, Medan, North Sumatera, Indonesia 
truthtrg@yahoo.com 

 
1. Introduction 

Soil degradation remains a critical environmental and agricultural challenge in tropical regions, particularly 
in areas characterized by intensive farming systems and high population pressure. In recent decades, 
tropical agricultural lands have experienced accelerated degradation processes, including soil erosion, 
nutrient depletion, compaction, and decline in soil organic matter, which collectively threaten land 
productivity and food security (Borrelli et al., 2020). High rainfall intensity, fragile soil structures, and 
unsustainable land-use practices make tropical regions especially vulnerable to degradation, underscoring 
the urgency of implementing sustainable land management strategies. Agriculture continues to play a 
central role in supporting livelihoods and regional economies in tropical countries. However, the expansion 
of agricultural land, excessive tillage, deforestation, and reliance on chemical inputs have significantly 
altered soil physical, chemical, and biological properties (FAO, 2021). These practices often provide short-
term yield gains but lead to long-term declines in soil health and ecosystem resilience. As soil quality 
deteriorates, agricultural systems become more susceptible to climate variability, droughts, and extreme 
rainfall events, further intensifying land degradation risks (IPCC, 2022). Sustainable Land Management 
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(SLM) has emerged as a key approach to addressing soil degradation while maintaining agricultural 
productivity and environmental sustainability. The Food and Agriculture Organization defines SLM as the 
management of land resources in ways that meet present needs without compromising their long-term 
productive potential and ecosystem functions (FAO, 2021). SLM integrates ecological, economic, and 
social dimensions through practices such as conservation agriculture, agroforestry, integrated soil fertility 
management, contour farming, and land-use planning. These practices aim to reduce soil erosion, 
enhance nutrient cycling, improve water retention, and restore degraded land (Keesstra et al., 2021). 
Recent empirical studies indicate that SLM practices can significantly mitigate soil degradation in tropical 
agricultural areas. Conservation agriculture has been shown to improve soil structure, increase soil 
organic carbon, and enhance crop resilience under climate stress (Corbeels et al., 2020). Agroforestry 
systems contribute to erosion control, biodiversity conservation, and carbon sequestration while providing 
diversified income sources for farmers (Jose & Dollinger, 2019; Mgbecheta et al., 2022). Similarly, 
integrated nutrient management approaches that combine organic and inorganic inputs have proven 
effective in maintaining soil fertility and reducing environmental impacts (Vanlauwe et al., 2020). Despite 
the growing evidence of their benefits, the adoption of sustainable land management strategies in tropical 
regions remains limited. Constraints such as limited access to knowledge and technology, weak 
institutional support, land tenure insecurity, and insufficient policy incentives continue to hinder 
widespread implementation (Djenontin et al., 2020; World Bank, 2023). Understanding the effectiveness 
of different SLM strategies and the socio-economic factors influencing their adoption is therefore essential 
for designing policies that promote sustainable agricultural development. Based on these considerations, 
this study analyzes sustainable land management strategies for controlling soil degradation in tropical 
agricultural areas. By evaluating recent approaches and their impacts on soil conservation and land 
productivity, the study aims to contribute empirical evidence to support sustainable agriculture policies 
and land management practices that enhance environmental resilience and long-term food security in 
tropical regions. 
 
2. Literature Review 

Previous Studies 

Research on sustainable land management (SLM) and soil degradation control in tropical agricultural 
areas has increased significantly in recent years, reflecting growing concerns over land degradation, food 
security, and climate change. Several empirical studies provide important insights that form the 
foundation for this research. Borrelli et al. (2020) conducted a global assessment of soil erosion using 
high-resolution spatial modeling and found that agricultural expansion and unsustainable land-use 
practices are the main drivers of soil degradation, particularly in tropical regions. Their study 
demonstrated that conservation-oriented land management practices could substantially reduce erosion 
rates, highlighting the importance of integrating sustainability principles into agricultural land 
management. However, the study was global in scope and did not specifically evaluate strategic SLM 
combinations at the farm level. 

Vanlauwe et al. (2020) examined the effectiveness of Integrated Soil Fertility Management (ISFM) in sub-
Saharan Africa and other tropical regions. Their findings showed that combining organic inputs with 
balanced inorganic fertilizers significantly improved soil fertility, crop productivity, and nutrient-use 
efficiency. While the study confirmed the agronomic benefits of ISFM, it focused primarily on soil fertility 
outcomes and provided limited analysis of broader soil degradation processes such as erosion and land 
productivity decline. Corbeels et al. (2020) analyzed the impacts of conservation agriculture on soil quality 
and crop yields under tropical and sub-tropical conditions. The results indicated that minimum tillage, crop 
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residue retention, and diversified cropping systems effectively reduced soil erosion and enhanced soil 
organic carbon over time. Despite these positive findings, the authors noted that adoption remains 
constrained by socio-economic factors, suggesting that technical solutions alone are insufficient without 
institutional support. Panagos et al. (2021) investigated soil erosion risks under different land 
management scenarios using the Revised Universal Soil Loss Equation (RUSLE) model. Their study 
emphasized that sustainable land management practices, such as contour farming and terracing, could 
reduce erosion by more than 40% in vulnerable tropical landscapes. However, the research relied heavily 
on modeling approaches and did not incorporate farmer-level adoption behavior or economic 
considerations. 

Keesstra et al. (2021) explored the role of sustainable land management in achieving land degradation 
neutrality. The study highlighted that integrated approaches combining biophysical measures, policy 
instruments, and stakeholder participation are more effective than single interventions. Although the 
research provided a strong conceptual framework, it lacked empirical case studies focused specifically on 
tropical agricultural systems. Mgbecheta et al. (2022) evaluated agroforestry systems in tropical farming 
landscapes and found that tree–crop integration significantly improved soil structure, reduced erosion, 
and increased carbon sequestration. The study also reported positive socio-economic impacts, including 
income diversification and enhanced resilience to climate variability. Nevertheless, the research was 
limited to specific agroforestry models and did not compare agroforestry with other SLM strategies in an 
integrated manner. 

More recently, Djenontin et al. (2023) analyzed factors influencing farmers’ adoption of sustainable land 
management practices in tropical regions. Their results indicated that education level, access to extension 
services, land tenure security, and policy incentives strongly influence adoption decisions. While the study 
contributed valuable insights into socio-economic drivers, it did not directly assess the effectiveness of 
SLM practices in reducing soil degradation. Based on the review of previous studies, it can be concluded 
that existing research has extensively demonstrated the potential of individual sustainable land 
management practices—such as conservation agriculture, agroforestry, and ISFM—in mitigating soil 
degradation in tropical agricultural areas. However, there remains a research gap in integrated analyses 
that simultaneously evaluate multiple SLM strategies and link biophysical outcomes with socio-economic 
and policy dimensions. This study seeks to address this gap by providing a comprehensive analysis of 
sustainable land management strategies for controlling soil degradation in tropical agricultural systems. 

Soil Degradation in Tropical Agricultural Areas 

Soil degradation is widely recognized as a major constraint to sustainable agricultural development in 
tropical regions. It refers to the decline in soil quality caused by physical, chemical, and biological 
processes that reduce the soil’s capacity to support plant growth and ecosystem functions. In tropical 
agricultural areas, soil degradation commonly manifests as erosion, nutrient depletion, soil compaction, 
salinization, and loss of soil organic matter (Borrelli et al., 2020). High rainfall intensity, steep slopes, and 
fragile soil structures typical of tropical environments exacerbate these processes, especially when 
combined with unsustainable land-use practices such as intensive tillage and deforestation. Recent 
studies emphasize that soil erosion remains the most dominant form of land degradation globally, with 
tropical regions contributing significantly due to rapid land-use change and agricultural expansion 
(Panagos et al., 2021).  
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Figure 1. Tropical Agricultural Area 

Nutrient mining caused by continuous cropping without adequate nutrient replenishment further 
accelerates soil fertility decline, leading to reduced crop yields and increased dependence on external 
inputs (Vanlauwe et al., 2020). These degradation processes not only threaten food security but also 
increase vulnerability to climate change impacts, including floods and droughts (IPCC, 2022). 

Concept of Sustainable Land Management (SLM) 

Sustainable Land Management (SLM) is a holistic approach aimed at balancing agricultural productivity 
with environmental conservation. According to the Food and Agriculture Organization, SLM involves the 
use of land resources—soil, water, and biodiversity—in ways that meet human needs while ensuring their 
long-term sustainability (FAO, 2021). The core principles of SLM include maintaining soil health, 
minimizing land degradation, enhancing ecosystem services, and supporting socio-economic viability for 
land users. In the context of tropical agriculture, SLM is particularly relevant due to the sensitivity of soils 
and ecosystems. Keesstra et al. (2021) argue that SLM integrates technical measures (such as soil 
conservation techniques), institutional frameworks, and socio-economic considerations to ensure effective 
land stewardship. Thus, SLM is not limited to biophysical interventions but also encompasses governance, 
policy support, and community participation. A wide range of SLM practices have been documented as 
effective in controlling soil degradation in tropical agricultural areas. Conservation agriculture, 
characterized by minimal soil disturbance, permanent soil cover, and crop rotation, has gained 
considerable attention. Empirical evidence shows that conservation agriculture can reduce soil erosion, 
improve soil organic carbon, and enhance water-use efficiency, particularly under climate stress 
conditions (Corbeels et al., 2020). Agroforestry is another prominent SLM strategy in tropical regions. By 
integrating trees with crops and/or livestock, agroforestry systems improve soil structure, reduce erosion, 
and increase nutrient recycling through litter fall and root interactions (Mgbecheta et al., 2022). 
Additionally, agroforestry contributes to climate change mitigation through carbon sequestration and 
provides diversified income sources, enhancing farmers’ resilience. Integrated Soil Fertility Management 
(ISFM), which combines organic inputs (such as compost and manure) with judicious use of inorganic 
fertilizers, is also widely promoted. Vanlauwe et al. (2020) highlight that ISFM improves nutrient-use 
efficiency, maintains soil fertility, and reduces environmental pollution compared to sole reliance on 
chemical fertilizers. Terracing, contour farming, and mulching have also been shown to be effective in 
reducing runoff and soil loss on sloping lands in tropical environments (Panagos et al., 2021). 
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Figure 2. Concept Of SLM 

Despite the proven benefits of SLM practices, adoption rates in tropical agricultural areas remain relatively 
low. Several studies identify socio-economic, institutional, and policy-related barriers as key constraints. 
Limited access to extension services, inadequate technical knowledge, and high initial investment costs 
often discourage farmers from adopting sustainable practices (Djenontin et al., 2020). Land tenure 
insecurity is another critical factor, as farmers are less likely to invest in long-term land improvements 
without secure ownership or use rights. Policy and institutional support play a decisive role in scaling up 
SLM implementation. The World Bank (2023) emphasizes that effective incentive mechanisms, such as 
subsidies, access to credit, and payments for ecosystem services, can significantly enhance SLM adoption. 
Moreover, participatory approaches that involve local communities in land management planning have 
been found to increase the sustainability and long-term success of SLM interventions (FAO, 2021). 

Research Gap 

Although numerous studies have examined individual SLM practices, there is still a lack of integrated 
analyses that assess strategic combinations of SLM approaches in controlling soil degradation specifically 
in tropical agricultural areas. Many existing studies focus on isolated practices or specific locations, 
limiting the generalizability of findings. Furthermore, limited attention has been given to linking 
biophysical outcomes with socio-economic and policy dimensions in recent empirical research. Therefore, 
this study seeks to address these gaps by analyzing sustainable land management strategies holistically 
and evaluating their effectiveness in controlling soil degradation in tropical agricultural systems. 
 
3. Method 

This study employed a mixed-methods research design combining quantitative spatial analysis and 
qualitative evaluation to analyze the effectiveness of Sustainable Land Management (SLM) strategies in 
controlling soil degradation in tropical agricultural areas. The mixed-methods approach was selected to 
comprehensively capture both the biophysical dynamics of soil degradation and the socio-economic and 
institutional dimensions of land management practices (Creswell & Plano Clark, 2021). The research 
design integrates geospatial analysis, field-based data, and stakeholder perspectives to ensure robust and 
triangulated findings. The research was conducted in tropical agricultural regions characterized by high 
rainfall intensity, intensive land use, and vulnerability to soil degradation processes such as erosion, 
nutrient depletion, and organic matter loss. These areas typically include rainfed and irrigated croplands, 
plantation systems, and mixed farming landscapes. The selected study sites represent dominant tropical 
farming systems and varying degrees of land degradation severity, making them suitable for assessing 
the performance of SLM interventions. This study utilized both primary and secondary data: 
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1. Primary data were obtained through: 
a. Field observations to assess land management practices and visible indicators of soil 

degradation (erosion features, soil structure, and vegetation cover). 
b. Semi-structured interviews with farmers, extension officers, and local land management 

authorities to understand the adoption, constraints, and perceived benefits of SLM practices. 
2. Secondary data included: 

a. Remote sensing data (e.g., Landsat and Sentinel imagery) for land use/land cover (LULC) 
analysis. 

b. Soil and climate data from national agricultural and meteorological agencies. 
c. Scientific publications and policy documents related to soil degradation and sustainable land 

management published from 2020 onwards. 

These indicators were selected based on their relevance in tropical environments and their widespread 
use in recent soil degradation studies (Borrelli et al., 2020; FAO, 2021). 
The SLM strategies analyzed in this study included: 

1. Conservation agriculture (minimum tillage, crop rotation, and permanent soil cover), 
2. Agroforestry systems, 
3. Contour farming and terracing, 
4. Integrated nutrient management using organic and inorganic inputs. 

The effectiveness of each practice was evaluated in terms of its ability to reduce soil degradation 
indicators and enhance land productivity while maintaining ecological sustainability. 

Table 1. Trends of Soil Degradation Indicators and SLM Adoption 
Year Soil Erosion (t/ha/year) Soil Organic Carbon (%) Vegetation Cover (NDVI) SLM Adoption (%) 
2020 35.2 1.20 0.42 20 
2021 32.8 1.35 0.45 30 
2022 29.4 1.55 0.49 45 
2023 25.6 1.75 0.53 60 
2024 22.1 1.95 0.57 75 

Quantitative data were analyzed using: 
1. Geographic Information System (GIS) techniques to map spatial patterns of soil degradation and 

land management practices. 
2. Statistical analysis to compare soil degradation indicators between areas with and without SLM 

implementation. 
3. Trend analysis to assess changes in vegetation cover and land productivity over time. 

Qualitative data from interviews were analyzed using thematic content analysis, focusing on farmers’ 
perceptions, institutional support, and barriers to SLM adoption. To ensure data validity and reliability, 
triangulation was applied by cross-verifying field observations, spatial data, and stakeholder inputs. 
Remote sensing outputs were validated using ground-truth data, while interview findings were compared 
across respondent groups to minimize bias. All primary data collection followed ethical research 
standards. Informed consent was obtained from all interview participants, and confidentiality of 
respondents was strictly maintained throughout the research process. 
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4. Result 

Trends in Soil Degradation Indicators (2020–2024) 

The results indicate a significant improvement in soil conditions following the implementation of 
Sustainable Land Management (SLM) strategies in tropical agricultural areas during the 2020–2024 
period. As illustrated in Figure 3, soil erosion rates showed a consistent downward trend, decreasing from 
35.2 t/ha/year in 2020 to 22.1 t/ha/year in 2024. This reduction suggests that conservation practices such 
as contour farming, mulching, agroforestry, and reduced tillage have been effective in minimizing surface 
runoff and soil loss. 

Table 2. Trends in Soil Degradation Indicators (2020–2024) 
Year Soil Erosion Index Organic Carbon Loss (%) Land Degradation Area (%) 
2020 45 1.8 22 
2021 47 2.0 23 
2022 50 2.3 25 
2023 53 2.6 27 
2024 55 2.9 28 

Simultaneously, soil quality indicators exhibited notable improvement. Soil organic carbon (SOC) 
increased steadily from 1.20% in 2020 to 1.95% in 2024, reflecting enhanced organic matter 
accumulation and improved soil structure. Increased SOC contributes to greater water retention capacity 
and nutrient availability, which are critical for sustaining agricultural productivity in tropical regions. 
Vegetation cover, represented by the Normalized Difference Vegetation Index (NDVI), also increased from 
0.42 to 0.57 over the study period, indicating improved land cover and reduced exposure of soil surfaces 
to erosive forces. 

Adoption of Sustainable Land Management Practices 

The adoption rate of SLM practices increased substantially from 20% in 2020 to 75% in 2024 (Figure 4). 
This upward trend reflects growing awareness among farmers and stakeholders regarding the long-term 
benefits of sustainable land management, supported by extension services, policy incentives, and 
community-based conservation programs. The expansion of SLM adoption was closely associated with 
improvements in soil conditions. Areas with higher adoption rates demonstrated lower soil erosion levels 
and better soil quality compared to areas with limited implementation. These findings highlight the 
importance of institutional support and farmer participation in achieving effective land degradation 
control. 

Table 3. Soil Degradation Indicators in Tropical Agricultural Areas 
Year Soil Erosion Rate (t/ha/year) Soil Organic Carbon (%) Vegetation Cover (NDVI) 
2020 35.2 1.20 0.42 
2021 31.4 1.35 0.46 
2022 27.8 1.55 0.50 
2023 24.6 1.75 0.54 
2024 22.1 1.95 0.57 

Source: Field observation, remote sensing analysis, and soil laboratory tests (processed, 2024). 

Relationship Between SLM Adoption and Soil Erosion 

Figure 5 illustrates the relationship between SLM adoption rates and soil erosion intensity. The analysis 
reveals a strong negative correlation between the two variables, indicating that increased implementation 
of SLM practices is associated with a substantial reduction in soil erosion. As SLM adoption increased 
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beyond 50%, soil erosion rates declined more rapidly, suggesting a threshold effect in which widespread 
adoption produces cumulative environmental benefits. 

Table 4. Adoption Rate of Sustainable Land Management (SLM) Practices 
Year SLM Adoption Rate (%) 
2020 20 
2021 35 
2022 50 
2023 65 
2024 75 

SLM practices include contour farming, agroforestry, mulching, crop rotation, cover cropping, and reduced 
tillage.This relationship confirms the theoretical framework of sustainable land management, which 
emphasizes integrated land-use practices to improve ecosystem resilience. The findings support previous 
studies (e.g., Lal, 2020; FAO, 2021) that report the effectiveness of conservation-based agricultural 
practices in reducing land degradation in tropical environments. 

Implications for Sustainable Agricultural Development 

The results demonstrate that Sustainable Land Management strategies not only mitigate soil degradation 
but also enhance overall land productivity and ecological stability. Improved soil organic carbon and 
vegetation cover contribute to climate change mitigation through carbon sequestration while 
simultaneously supporting food security objectives. However, despite the positive trends observed, 
challenges remain in achieving universal adoption of SLM practices, particularly among smallholder 
farmers facing financial and technical constraints. Therefore, strengthening policy frameworks, improving 
access to training, and integrating local knowledge into land management programs are essential to 
ensure the long-term sustainability of agricultural landscapes. 

Table 5. Relationship Between SLM Adoption and Soil Erosion 
Year SLM Adoption (%) Soil Erosion (t/ha/year) 
2020 20 35.2 
2021 35 31.4 
2022 50 27.8 
2023 65 24.6 
2020 20 35.2 

Preliminary correlation analysis shows a strong negative relationship (r ≈ −0.95) between SLM adoption 
and soil erosion rates. 

Table 6. Summary Statistics 
Variable Minimum Maximum Mean 

Soil Erosion (t/ha/year) 22.1 35.2 28.22 
Soil Organic Carbon (%) 1.20 1.95 1.56 

NDVI 0.42 0.57 0.50 
SLM Adoption (%) 20 75 49.0 

Summary of Key Findings 
1. Soil erosion decreased significantly during 2020–2024, indicating effective land degradation 

control. 
2. Soil organic carbon and vegetation cover improved consistently following SLM implementation. 
3. Higher adoption rates of SLM practices were strongly associated with lower soil erosion intensity. 
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4. Sustainable land management contributes to both environmental conservation and agricultural 
resilience in tropical regions. 

 
5. Conclsuion 

This study examined trends in soil degradation and evaluated the role of Sustainable Land Management 
(SLM) strategies in mitigating land degradation in tropical agricultural areas over the period 2020–2024. 
The results indicate a consistent increase in soil erosion intensity, organic carbon loss, and the extent of 
degraded land, highlighting the growing vulnerability of tropical agricultural systems to unsustainable 
land use practices and environmental pressures. The analysis demonstrates a strong positive relationship 
between soil erosion and organic carbon loss, confirming that accelerated erosion significantly contributes 
to declining soil fertility and reduced soil quality. These findings emphasize that soil degradation is a 
multidimensional process in which physical degradation, such as erosion, is closely linked to chemical and 
biological degradation. Without appropriate intervention, continued degradation may threaten agricultural 
productivity, ecosystem services, and long-term food security in tropical regions. The findings also 
underline the critical importance of implementing Sustainable Land Management strategies, including soil 
conservation practices, organic matter restoration, contour farming, agroforestry, and improved land-use 
planning. Such strategies have the potential to reduce erosion rates, enhance soil organic carbon stocks, 
and slow the expansion of degraded land when applied consistently and supported by institutional and 
policy frameworks. However, the effectiveness of SLM largely depends on local adaptation, farmer 
participation, and long-term commitment from stakeholders. In conclusion, this study provides empirical 
evidence that soil degradation in tropical agricultural areas is intensifying and requires urgent, integrated 
management responses. Strengthening the adoption of Sustainable Land Management practices, 
supported by policy incentives, capacity building, and continuous monitoring, is essential to ensure land 
sustainability and agricultural resilience. Future research should incorporate longer time-series data, 
spatial analysis, and socio-economic factors to further refine land management strategies and enhance 
their effectiveness under changing climatic conditions. 
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