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Abstract
Erosion control has become one of the foremost environmental issues of the 21st century due to the accelerated impacts of climate change, land degradation, and unsustainable land management. The method of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was used. Series of eligibility/exclusion criteria were applied: only journal articles, peer reviewed conference papers and government publications were selected; articles in English publications were chosen as well. Only papers published in 1994 Onwards were selected. This systematic review examines the broad array of erosion control methods developed and deployed in the past two decades and their efficacy, sustainability, and applicability across contexts. The review highlights the significance of vegetative strategies, such as cover crops, agroforestry, and reforestation, which not only reduce soil erosion but also enhance ecosystem  services such as carbon sequestration and biodiversity conservation. Structural strategies, such as terracing, check dams, and geosynthetic materials, remain effective but are typically limited by their high expense and maintenance requirements. Bioengineering techniques, by vegetative and structural incorporation, are increasingly favored for the double advantage of immediate erosion control alongside promoting long-term ecological recovery. Conservation tillage and soil organic amendments are agricultural management practices that have demonstrated the significance of improved soil quality and tensile strength. Moreover, community and policy-level interventions, such as integrated watershed management and payment for ecosystem services, have also emerged as indispensable methods of combatting erosion at the landsscape level. Despite taking great leaps forward, scaling them up and sustainability over the long term continues to pose a problem. This review underlines integrating technical measures into community involvement coupled with policy action through locally determined strategies. Present studies must focus on optimizing the use of erosion control techniques, optimizing the involvement of stakeholders, and detailing innovative options for addressing emerging problems in a rapidly evolving world. It is feasible to minimize the impact of erosion and promote sustainable land use for generations to come by employing a multidisciplinary method.
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Introduction
Erosion, a natural force driven by wind, water, and ice, has been a perennial issue throughout human history, shaping landscapes, and impacting agricultural productivity, water quality, and ecosystem health. In the 21st century, though, the scale and severity of erosion have been exacerbated by a synergy of anthropogenic activity and climatic change. The intensified urbanization, deforestation, intensive agriculture, and infrastructure development have disrupted natural ecosystems, leaving soils vulnerable to erosion risk (Montgomery, 2007). Climate change has also exacerbated the problem by altering precipitation patterns, increasing the frequency and severity of extreme events, and accelerating the melting of glaciers and permafrost, all of which lead to higher soil displacement rates (IPCC, 2021). The consequences of unchecked erosion are extensive, varying from the loss of fertile topsoil, reduced agricultural output, sedimentation of water bodies, and increased vulnerability to natural disasters such as landslides and floods (Pimentel et al., 2004). Besides threatening environmental sustainability, these impacts have severe socio-economic implications, particularly for the people in developing nations whose livelihoods rely heavily on natural resources (Lal, 2018).
Responding to such challenges, the 21st century has witnessed a growth in research and innovation aimed at devising effective erosion control measures. These measures span a wide spectrum, ranging from traditional methods such as terracing and reforestation to emerging technologies like geosynthetics and bioengineering measures (Gray & Sotir, 2018). The growing recognition of the interconnections among ecological, social, and economic systems has also spurred the application of integrated approaches that combine technical, policy, and community-based solutions (Wunder et al., 2008). For instance, watershed management programs that engage local stakeholders in planning and implementation have been successful in addressing erosion at a landscape scale, while policies for sustainable land use, such as payments for ecosystem services (PES), have promoted conservation efforts (Chazdon et al., 2017). In spite of these developments, the success of erosion control practices is frequently reliant on how well they can be adapted to local circumstances, the resources available, and the extent of community participation (Blanco-Canqui et al., 2015).
This literature systematic review is intended to provide a comprehensive overview of 21st-century erosion control measures that have been developed and applied, their performance, sustainability, and feasibility in diverse environments. Based on a synthesis of evidence from an extensive list of scholarly journal articles, technical reports, and case studies, this review seeks to determine best practices, identify emerging trends, and address gaps in the existing literature. The review is structured under five general themes: vegetative strategies, structural strategies, bioengineering strategies, soil management practices, and policy and community-based approaches. Within each theme, the basic principles, practical applications, and empirical findings of their success are described. The ultimate aim of this review is to contribute to the ongoing debate on sustainable land management and provide actionable suggestions to policymakers, practitioners, and researchers struggling to cope with the impacts of erosion in an increasingly uncertain future.
Methodology
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
The process of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) which involves selecting literature databases (Google scholar, Science direct, and public records) was used to carry out a systematic review, establish eligibility and exclusion criteria, and set-out review process (identification, screening, and eligibility) and data separation and analysis. Sierra-Correa and Cantera Kintz (2015) observed that PRISMA presents remarkable importance for its use in literature review programme. This importance includes finding out different research questions that allow a systematic research, defining inclusion and exclusion criteria, and evaluating extremely huge databases within a short period of time (Shaffril et at., 2018). The PRISMA gave room to carry out a thorough review on the erosion control methods.
Resources
The study was based on Google scholar, Scopus, and Science Direct as well as public records. Science Direct is a leading full-text scientific database that offers over two thousands five hundred journals and more than thirty-three thousand book titles, which covers wide range of interest including engineering. Google scholar is a rich repository comprising of several research papers especially conference and journal papers from different publishers, professional bodies, experts, institutional repository for thorough review. 
Criteria for eligibility and exclusion
Various eligibility and exclusion criteria were defined. Basing on the literature type, only peer-reviewed journals, and government publications were selected, implying that books, chapters in books, book series, and conference papers were excluded. In addition, only papers published in English were selected, meaning that non-English published papers were excluded in the search. Finally, the review covered papers that were published from 1994 onwards.
Systematic review process
The whole review work was divided into four stages. The first stage was the identification of the keywords relevant to erosion control methods in the search. This stage also included selecting identical articles, where 700 papers scaled through to the next stage. In the second stage, 700 papers were reviewed out of which 580 were dropped out. 120 papers scaled through to the next stage. However, after critical evaluation of the papers which reached the third stage, 88 papers were removed due to the fact that they did not align the inclusion criteria for erosion control methods, or did not focus on erosion. In the fourth stage, only 32 published papers were considered for subjective evaluation (see Fig. 1)
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Fig. 1 PRISMA diagram showing steps in data extraction
Data Extraction and Analysis
The selected papers were retrieved and scrutinized carefully basing on the areas which are related to the formulated research questions. This was done starting with scrutinizing the abstract and then reading through the entire sections (in-depth) of the papers to pick out the relevant data. A detailed meta-analysis was also carried out to identify the subject matters connected to erosion control methods. The inclusion and exclusion criteria are shown in Table 1.
Table 1: The inclusion and exclusion criteria
	Criteria
	Inclusion
	Exclusion

	Type of literature
	Journal papers, peer reviewed conference proceeding, gray literature
	Book chapters

	Language
	English 
	Non-English

	Timeline
	1994-onwards
	

	Country
	
	

	Indexes
	Google Scholar, Science Direct
	



Results and Discussions.
Spatial and temporal scope of the study
The reviewed articles shown that the erosion control methods are divided into vegetative, structural, bioengineering, soil management practices, and policy and community based approaches as shown in table 2.  The reviewed exercise revealed that, out of thirty one (31) papers considered, two (2) which were about erosion control methods identified explicitly vegetative methods as an erosion control methods. Two (2) articles identified explicitly vegetative methods, and policy and community based practices, two (2) explicitly identified single vegetative methods, and policy and community based practices, and bioengineering methods. Six (6) identified explicitly structural methods, and bioengineering methods, two (2) explicitly identified bioengineering methods, eight (8) identified soil management practices, and ten (10) articles explicitly identified policy and community based approaches.
Table 2: Papers considered
	S/N                                                                    
	Papers considered                                       
	Erosion control methods

	1                                                                                                           
	Blanco-Canqui et al., 2015
	Vegetative methods, Policy and Community-Based Approaches, Bioengineering Methods

	2                        
	 Fiener et al., 2011
	Vegetative methods

	3                        
	Lal, 2018
	Vegetative methods, Policy and Community-Based Approaches

	4 
	Chazdon et al., 2017
	Vegetative methods

	5
	Liu et al., 2008
	Vegetative methods, Policy and Community-Based Approaches

	6
	Morgan (2005)
	Structural methods, Policy and Community-Based Approaches, Bioengineering Methods

	7
	Koerner, 2012
	Structural methods, Bioengineering Methods

	8
	Sharda et al., 2013                                             
	Structural methods, Bioengineering Methods

	9
	Mishra et al., 2019
	Structural methods, Bioengineering Methods

	10
	Nyssen et al., 2004
	Structural methods, Bioengineering Methods

	11
	Gray & Sotir, 2018
	Structural methods, Bioengineering Methods

	12
	Das, 2010
	Structural methods, Bioengineering Methods

	13
	Schiechtl and Stern, 1997
	Bioengineering Methods

	14
	Li and Eddleman, 2002
	Bioengineering Methods

	15
	Montgomery, 2007
	Soil management practices

	16
	Derpsch et al., 2010
	Soil management practices

	17
	Kaspar & Singer, 2011
	Soil management practices

	18
	Lehmann et al., 2011
	Soil management practices

	19
	Diacono & Montemurro, 2010
	Soil management practices

	20 
	Thapa et al., 1999
	Soil management practices

	21
	Vanlauwe et al., 2010
	Soil management practices

	22       
	 Lal, 2015
	Soil management practices

	23
	Wani et al., 2008
	Policy and Community-Based Approaches

	24
	Garg et al., 2012
	Policy and Community-Based Approaches

	25
	Wunder et al., 2008
	Policy and Community-Based Approaches

	26
	Pascual et al., 2014
	Policy and Community-Based Approaches

	27
	Ali et al., 2014
	Policy and Community-Based Approaches

	28
	Sparovek et al., 2010
	Policy and Community-Based Approaches

	29
	Tiffen et al., 1994
	Policy and Community-Based Approaches

	30
	Garrity et al., 2002
	Policy and Community-Based Approaches

	31
	Reij et al., 2005
	Policy and Community-Based Approaches

	32
	Pretty et al., 2010
	Policy and Community-Based Approaches



 Vegetative Methods
Vegetative erosion control practices are among the most widely used and ecologically friendly methods of minimizing soil erosion in the 21st century. Through the utilization of the natural properties of vegetation to anchor soil, reduce surface runoff, and enhance soil health, vegetative practices are being found to be extremely effective in both non-agricultural and agricultural settings. Some of the vegetative measures that are being employed include cover cropping, grassed waterways, agroforestry, reforestation, and vegetative buffers. These practices not only address the direct problem of losing soil but also assist in the long-term environmental benefits, such as increased soil fertility, carbon sequestration, and biodiversity conservation. The effectiveness of vegetative practices has been extensively studied, with research pointing to their potential to significantly reduce erosion rates while providing additional ecosystem services.
One of the most studied vegetative practices is the use of cover crops, crops grown primarily to enrich and shade the soil rather than harvest. Cover crops, such as legumes, grasses, and brassicas, are grown between cash crops or in fallow periods to permit ground cover, reduce soil exposure to erosive forces, and add soil organic matter. Cover crops can reduce soil erosion by up to 90% compared to bare soil, primarily via rainfall interception, surface runoff reduction, and soil structural improvement through root growth and addition of organic matter, according to Blanco-Canqui et al. (2015). For example, legume cover crops like clover and vetch have nitrogen-fixing properties that enhance the soil's fertility and reduce the application of synthetic fertilizers. Similarly, oats and rye are some of the grasses that grow dense root systems, which bind soil particles together and render them less susceptible to wind and water erosion. The effectiveness of cover crops, however, depends on factors such as the selection of species, density of planting, and management. In low rainfall areas, for instance, cover crops will compete with cash crops for water, and hence effective planning and irrigation management must be in place.
Another important vegetative practice is the establishment of grassed waterways, which are natural or constructed channels vegetated with grasses to convey runoff water without erosion. Grassed waterways are extremely beneficial in agricultural landscapes where concentrated flow can trigger gully formation. These water courses use grasses such as Bermuda grass and fescue, which slow down runoff, reduce its erosive power, and filter sediment before it enters downstream water bodies. A paper by Fiener et al. (2011) highlights that grassed waterways can reduce sediment loss by up to 80% in agricultural watersheds, and as a result, are a low-cost and low-maintenance solution for erosion control. However, the success of grassed waterways is dependent on proper design, i.e., appropriate channel size, slope gradients, and grass species selection. Lack of proper maintenance, i.e.,
Agroforestry, the integration of trees and shrubs into agricultural systems, is another successful vegetative strategy for erosion control. Agroforestry systems, i.e., alley cropping, windbreaks, and silvopasture, have multiple benefits, from soil stabilization and microclimate regulation to enhanced biodiversity. Trees and bushes in agroforestry systems reduce erosion by rainfall interception, reduction in wind speed, and soil stabilization with their expansive root systems. A study by Lal (2018) confirmed that agroforestry systems can reduce soil erosion by up to 60% in the tropics, where intense rainfall and steep slopes heighten the likelihood of erosion. For example, in Central America, alley cropping with nitrogen-fixing trees like Gliricidia sepium has been shown to reduce soil loss by a great amount while increasing crop yields. Similarly, windbreaks, rows of trees planted perpendicular to prevailing winds, have been effective in reducing wind erosion in semi-arid and arid regions. Although they are advantageous, agroforestry systems can be limited by land tenure, technical expertise deficiencies, and the long duration of time for trees to mature.
Reforestation and afforestation are also major vegetative erosion control methods, particularly in degraded landscapes and deforested areas. Reforestation is the replanting of trees in places where the forests have been cleared, whereas afforestation is planting trees where they did not previously exist. Both reforestation and afforestation restore vegetative cover, hold slopes in place, and decrease surface runoff. A meta-analysis conducted by Chazdon et al. (2017) established that tropical reforestation projects can lower soil erosion by as much as 95% within ten years of implantation. For instance, in the Loess Plateau of China, large-scale reforestation has transformed highly eroded landscapes into productive and stable ecosystems. However, the success of reforestation and afforestation is dependent upon the selection of appropriate tree species, site preparation, and long-term management. In some cases, introduction of exotic species or monoculture plantations can create unexpected ecological impacts, such as reduced biodiversity and altered water cycles.
Vegetative buffers, such as filter strips and riparian buffers, are another very effective vegetative erosion control method, particularly near water bodies. Riparian buffers are strips of vegetation along rivers and streams that filter sediment, nutrients, and pollutants from runoff before it reaches the water. Filter strips, which are narrower versions of the same idea, are used in fields to trap sediment and slow runoff. Research by Liu et al. (2008) demonstrates that the implementation of riparian buffers can reduce stream sediment loads by up to 70%, along with wildlife habitat creation and water quality improvement. The effectiveness of vegetative buffers depends on their width, vegetation type, and management. For example, buffers composed of many native species are generally more effective than monocultures because they produce greater root density and biomass.
In conclusion, vegetative erosion-control practices are a multifunctional and sustainable approach to soil erosion in the 21st century. Vegetative practices capitalize on the inherent ability of vegetation to stabilize soil, reduce runoff, and enhance ecosystem health, so they can be employed over a wide range of environments and land uses. While the effectiveness of vegetative practices has been well documented, their success is dependent upon careful planning, species selection, and management. Future studies must focus on optimizing the design and implementation of vegetative measures, particularly in the context of climate change and land-use pressure escalation. By integrating vegetative methods with other forms of erosion control, land management systems that are more resilient and sustainable can be achieved.
Structural Methods
Structural control of erosion involves the implementation of physical barriers or landscape changes to prevent the migration of soil and regulate the passage of water. Structural control can be applied when vegetation cannot maintain the ground stable or in circumstances where extensive erosion is likely to cause immediate loss of infrastructure, agriculture, or ecosystems. During the 21st century, advancements in engineering, materials science, and geotechnical practice have significantly enhanced the efficiency and sustainability of structural erosion control methods. This section provides detailed descriptions of these methods, combining results and discussion to outline their applications, efficiency, and limitations.
Terracing
Terracing is one of the most traditional and prevalent structural methods of steep slope erosion control. It involves building a series of leveled platforms, or terraces, along the contour of the slope, which reduces the rate of surface runoff and allows water to infiltrate into the ground. Terraces are particularly valuable in agricultural fields, where they prevent soil erosion and improve water retention for plants. It has been shown by a study conducted by Morgan (2005) that terracing can cut soil erosion on steep slopes by as much as 90%, and thus it is an effective technique for sustainable land management. The construction of terraces involves huge amounts of labor and capital, and if designed or maintained incorrectly, can cause terraces to collapse and increase erosion. Advances in modern engineering techniques, such as the use of geosynthetic materials for terrace wall stabilization, during the 21st century have improved the efficiency and durability of terracing systems (Koerner, 2012).
Contour Bunding
Contour bunding involves the construction of small ridges or embankments along the contour lines of a slope to intercept and reduce surface flow. The technique is particularly well suited in semi-arid regions, where it harvests soil moisture and reduces erosion. It has been established by a study by Sharda et al. (2013) that bunding of contour reduced soil loss by 50-70% in Indian agriculture fields. Effective contour bunding requires proper designing and spacing along with upkeep over time to prevent breaches. During the last few years, the application of vegetative measures, i.e., planting grass or shrubs on the bunds, has enhanced the environmental benefits and sustainability of this method (Mishra et al., 2019).
Check Dams
Check dams are small, temporary or permanent structures built across streams or gullies to reduce the velocity of water flow, trap sediment, and prevent erosion. They are typically constructed from the materials found locally, such as rocks, logs, or concrete. Check dams have also widely been used in small watersheds and mountainous regions to stabilize stream channels and prevent gully erosion. Nyssen et al. (2004) reported that check dams in the Ethiopian highlands successfully restricted sediment transport and promoted rehabilitation of degraded land. But the effectiveness of check dams depends on their construction, placement, and maintenance. Check dams poorly constructed can collapse during heavy rainfall, leading to further erosion downstream. With the incorporation of geotextiles and other artificial materials in the 21st century, the strength and effectiveness of check dams have been improved (Gray & Sotir, 2018).
Retaining Walls
Retaining walls are vertical walls built to retain soil and support slopes. They are used often in towns, on roadsides, and on building development sites where the slopes are likely to produce landslide or erosion. Retaining walls are constructed with a variety of materials including concrete, stone, wood, or gabions (wire mesh boxes filled with stones). The design of retaining walls considers factors such as soil classification, slope ratio, and hydraulic conditions in an effort to have stability and function. Das (2010) highlighted in a research the importance of proper drainage systems behind retaining walls to prevent water pressure buildup, leading to wall failure. Reinforced soil structures such as mechanically stabilized earth (MSE) walls have gained popularity in recent years due to their affordability and ability to be designed for different site conditions (Koerner, 2012).
Gabions
Gabions are wire mesh containers filled with rocks or other durable materials, used in slope stabilization, erosion prevention, and riverbank defense. They are particularly valuable where there is high water flow or where there is a requirement for flexibility to accommodate ground movement. Gabions have widespread use in riverbank stabilization projects, where they reduce flowing water's erosive effect and enable sediment to be caught. Gray and Sotir (2018) demonstrated in a study that gabion structures reduced riverbank erosion by up to 80% in most case studies in the United States. Gabions, however, require periodic maintenance to prevent damage due to corrosion or intrusion of debris. With the use of coated or stainless-steel wire mesh in the 21st century, the performance and lifespan of gabion structures have been improved (Mishra et al., 2019).
Geosynthetic Materials
Use of geosynthetic products, such as geotextiles, geogrids, and geomembranes, has revolutionized structural erosion control practices in the 21st century. The products are used in soil reinforcement, slope stabilization, and water runoff control in a wide range of applications. Geotextiles, for example, are porous textile products which can be used for filtering soil particles, reinforcing slopes, and planting vegetation. A study by Koerner (2012) pointed out the effectiveness of geotextiles in preventing soil erosion by up to 95% in road embankments and construction. Geogrids, which are rigid or elastic polymer grids, are used to stabilize retaining walls and sloping slopes. The integration of geosynthetic materials with traditional erosion control measures, such as terracing and check dams, has significantly improved their effectiveness and sustainability (Gray & Sotir, 2018).
Discussion
Structural methods of erosion control have been highly effective in preventing soil loss and landscape stabilization across different environments. Their success, however, is dependent on good design, construction, and maintenance, as well as consideration of local environmental and socio-economic conditions. While such methods are immediate and tangible in their impact, they are often expensive and resource-demanding, hence limiting their implementation in resource-limited settings. Moreover, the environmental impact of structural methods, e.g., the utilization of non-degradable materials or disruption of natural habitats, must be effectively regulated in an effort to provide for sustainability in the long run. In the 21st century, the combination of structural methods and vegetative and bioengineering approaches has demonstrated potential for achieving sustainable erosion control. Through the combination of the advantages of different methods, there is the potential to create efficient and versatile solutions that address the complex issues of erosion in a climate change scenario.
Bioengineering Methods
Bioengineering, or biotechnical soil erosion control, is a blending technique that harnesses both the biological and the engineering principles for soil stabilization, erosion reduction, and ecosystem re-establishment. The method is gaining popularity during the 21st century as it has the capability to provide immediate erosion control while enhancing the long-term process of ecological healing. As compared to the traditional structural practices relying on inert materials like concrete and steel, bioengineering utilizes living flora and biodegradable materials in the creation of environmentally friendly and sustainable solutions. The effectiveness of bioengineering processes lies in the ability to emulate nature, develop biodiversity, and boost landscape stability. This category addresses the predominant techniques, mechanisms, and outcomes of bioengineering operations, combining the results and the discussion for a deeper understanding of their roles in modern-day erosion control.
Major Techniques in Bioengineering
Live Staking
Live staking involves the planting of live shoots, often harvested from willows or poplar trees, directly into the ground to stabilize streambanks and slopes. With time, these cuttings root and grow into mature plants and form a natural protective barrier against erosion. Riparian zones have been proved effective in live staking by Gray and Sotir (2018), as the roots retain soil particles together, thereby preventing bank collapse. Live staking is cost-effective, easy to install, and simple to maintain, hence greatly preferred for carrying out small-scale control activities of erosion. However, the efficacy of live staking depends on species choice, location, and planting methods.
Brush Layering
Brush layering refers to the application of live branches or brushwood in horizontal layers to slopes or streambanks. The branches are covered partially with the soil and left to root and form a close vegetative cover. The process not only stabilizes the terrain but also enhances water infiltration and reduces surface runoff. Studies by Schiechtl and Stern (1997) have indicated that brush layering can reduce erosion rates by up to 70% in steep slopes. The method works best in shallow landslide-susceptible zones, where the rooted branches create a reinforcement network that stabilizes the ground. Brush layering, however, needs to be properly planned and implemented to enable proper root growth and long-term stability.
Coir Logs and Mats
Coir logs and mats are biodegradable erosion control products made from coconut fiber. These products are typically applied in association with live vegetation to provide temporary soil stabilization while promoting plant growth. Coir logs are tubular installations along streams or slopes, while coir mats are flat mats on the ground surface. Mishra et al. (2019) highlight the fact that coir logs are useful in tropical regions due to their tension strength and resistance to biodegradation, hence ideal for the control of erosion. Coir mats, on the other hand, are widely used in revegetation programs since they protect plant seedlings from erosion and support root establishment. The biodegradable properties of coir products imply that they will not leave behind any toxic residues; hence they are an environmentally friendly option.
Fascines
Fascines are bundles of live or dead plants, such as willow sticks, tied together and planted in shallow trenches on slopes or streambanks. The bundles act as a physical erosion barrier, trapping sediment and reducing the velocity of water. Over time, live fascines root and become dense cover, further stabilizing the soil. The technique is most effective on areas of moderate erosion rates and is generally implemented in combination with other bioengineering methods. Research by Li and Eddleman (2002) has shown that fascines have been able to reduce sediment transport up to 50% in small watersheds. However, effective fascine performance is dependent on good installation and maintenance, as poorly constructed bundles will not provide adequate erosion protection.
Vegetated Geogrids
Vegetated geogrids are a blend of geosynthetic materials and live vegetation used to create a reinforced soil system. Synthetic or natural fiber geogrids provide immediate structural stability, while the vegetation provides long-term stability through the ability of the roots to grow. This technique is most commonly used in road embankments and steep slopes where plant growth alone may not be sufficient to prevent erosion. Vegetated geogrids can reduce erosion rates up to 80% in hazard-prone sites, as contended by Koerner (2012). The utilization of geosynthetics with plants also increases soil fertility and water retention capacity, and hence it is a solution for diversified environments.
Mechanisms of Bioengineering Methods
Bioengineering methods work so well because they are capable of addressing the physical and biological requirements of erosion control. Root systems of plants play an essential role in soil stabilization by bonding soil particles together, thereby decreasing the likelihood that they will be washed or blown away by water or wind. Vegetation that grows above the ground is also a physical structure that slows down the speed of water and traps sediment. Also, vegetation enhances the structure of the soil by enhancing organic matter content and microbiological processes, which enhances soil stability (Blanco-Canqui et al., 2015).
Succession and ecological recovery processes are also naturally used by bioengineering methods. By using native species of plants, the methods offer habitats to wildlife, enhance diversity, and also restore ecosystem processes. For example, riparian bioengineering designs not only control erosion but also improve water quality, regulate streamflow, and promote aquatic ecosystems (Gray and Sotir, 2018). The use of biodegradable products, such as coir and brushwood, ensures that bioengineering methods are not harmful to the environment in the long run, as espoused in the principles of sustainable land management.
 Discussion of Results and Applications
The result of numerous experiments and field tests helps to demonstrate the versatility and robustness of bioengineering methods under varying conditions. On tropical coastlines, for example, with frequent heavy rains and high erosion rates, slope and streambank stabilization methods through coir logs and brush layering have been found to be most effective (Mishra et al., 2019). In temperate regions, live staking and vegetated geogrids have been used effectively to control erosion along agricultural and urban lands (Gray and Sotir, 2018). The application of bioengineering methods across different climatic and soil conditions makes it an effective choice to mitigate erosion in developed and developing countries.
Notwithstanding, the success of bioengineering methods depends on a multitude of factors, including species selection, site preparation, and maintenance. For example, vegetation species selection must consider local climate, soil, and ecological appropriateness to ensure optimal successful establishment and growth. Experienced installation techniques, such as coir log or fascine placement, are also important to the successful attainment of necessary erosion control functions. In the majority of instances, maintenance tasks such as watering, weeding, and replanting vegetation must be performed regularly to ensure long-term success.
Despite these challenges, bioengineering methods have several advantages over traditional erosion control measures. They are generally cheaper, more environmentally friendly, and more aesthetically pleasing than structural methods. Moreover, bioengineering promotes ecological restoration and biodiversity, which improves the overall health and resilience of ecosystems. As the world faces increasing environmental challenges, such as climate change and land degradation, bioengineering methods are bound to play an increasingly important role in sustainable land management and erosion control.
 Conclusion
Bioengineering methods are a holistic and sustainable approach to erosion control that combines the best of biological and engineering principles. Live staking, brush layering, coir logs, fascines, and vegetated geogrids are some of the methods that have proven to be effective in soil stabilization, erosion mitigation, and ecosystem recovery. The success of these methods is founded on their ability to mimic natural processes, promote biodiversity, and build landscape resilience. While restrictions such as species selection and maintenance continue, the benefits of bioengineering methods far outweigh their drawbacks. As more is needed for erosion control to be more sustainable and environmentally friendly, bioengineering could play a fundamental role in 21st-century land management planning.
 Soil Management Practices
Soil management practices are among the most effective and sustainable ways of erosion control in the 21st century. Soil management practices seek to improve soil health, structure, and resistance to erosive forces such as wind and water. Farmers, land managers, and policymakers can use soil management practices to mitigate erosion while also improving agricultural productivity and ecosystem resilience. This chapter is focused on large-scale soil management practices for controlling soil erosion and synthesizes evidence from empirical research in debating implications of such practices on sustainable land management.
Conservation Tillage
Conservation tillage is defined as a widespread soil management system that restricts further disturbance of the soil by reduced intensity and frequency of plowing or tillage. As opposed to conventional tillage, where the soil is overturned and subsequently left exposed, conservation tillage has crop residues remaining on the surface as a covering that shields the soil from erosive power. Montgomery (2007) found that conservation tillage cuts down on soil erosion by up to 90% compared to conventional practice. The remaining residues improve soil organic matter, improve water infiltration, and reduce surface runoff, hence reducing the likelihood of water-induced erosion. Conservation tillage has also been reported to reduce wind erosion in arid and semi-arid regions by maintaining surface roughness and preventing soil particles from being blown into the air (Lal, 2015). Though useful, conservation tillage has previously been constrained by the specialized equipment needed and the expense of conversion from conventional tillage. Extended trials have proved, however, that the environmental and economic benefits of conservation tillage outweigh these up-front expenses, and therefore it is a key component of sustainable land management (Derpsch et al., 2010).
Crop Rotation and Diversification
Crop diversification and rotation are two important soil management measures that serve to manage erosion by maintaining structure and fertility of soil. Crop rotation with diverse root systems and nutrient requirements helps break cycles of disease and pests, reduces soil compaction, and improves levels of organic matter. Blanco-Canqui et al. (2015) point out that diversified cropping systems, e.g., legume inclusion in cereals, improve soil aggregation and erosion mitigation by promoting the growth of roots and microbial activity. Additionally, cover crops, grown during fallow periods, play a key role in the protection of the soil from erosion. Clover, rye, and vetch cover crops provide ground cover, suppress surface runoff, and facilitate water percolation, thereby minimizing soil loss (Kaspar & Singer, 2011). Crop rotation with cover crops has worked in controlling erosion in hilly regions as well as regions with high rainfall. However, diversification and crop rotation are successful only if there is proper planning and adapting to soil and climatic conditions at a local level.
Organic Amendments
Utilization of organic amendments such as compost, manure, and bio-char is a good soil conservation practice for erosion control. Organic amendments improve the structure of the soil by increasing aggregate stability, improving water-holding and activating microbes. Lehmann et al. (2011) also note the potential of biochar, which is a carbon-rich product obtained through pyrolysis of biomass, to improve soil health and reduce erosion. Soil porosity has been reported to be increased, surface crusting reduced, and water infiltration improved through biochar amendments, which make soils more erosion-resistant. Similarly, compost and manure application have been shown to increase soil organic carbon, improve nutrient cycling, and reduce erosion in crop production (Diacono & Montemurro, 2010). These benefits are particularly valuable in degraded soils, where soil fertility and resilience can be enhanced through organic amendments. However, cost and accessibility of organic amendments are usually the limiting factors, particularly in resource-scarce environments. Despite all of these limitations, the long-term benefits of organic amendments to the soil's health and erosion reduction make them an integral component of sustainable land management programs.
Contour Farming and Strip Cropping
Contour farming and strip cropping are two soil management practices in which tillage operations and crops trace along the natural incline of the land. The methods reduce the velocity of surface runoff, stimulate water infiltration, and minimize soil movement. Contouring has been particularly effective in reducing erosion on sloping land, with the potential to limit soil loss by up to 50% compared to up-and-down slope farming (Morgan, 2005). Strip cropping, in which strips of alternating vegetation or crops are sown, enhances erosion control by offering physical barriers that trap sediment and retard runoff. For example, scattered strips of annual grasses and legumes at row crops would minimize erosion highly in addition to increasing the fertility and biological nature of soils (Thapa et al., 1999). Such practice works best when adopted alongside other measures of soil conservation, for instance, conservation tillage, and organic addition in order to provide an integrated framework for managing erosion.
Integrated Soil Fertility Management
Integrated soil fertility management (ISFM) is a comprehensive approach that brings together the use of organic and inorganic fertilizers with conservation agriculture and high-quality crop varieties. ISFM aims to optimize nutrient supply, enhance soil quality, and reduce erosion by eliminating causes of soil degradation. Vanlauwe et al. (2010) point out that ISFM has the potential to reduce erosion significantly by improving soil structure, organic matter, and root development. For example, blending mineral fertilizers and organic matter has been proven to enhance soil aggregation and reduce erosion in smallholder farming systems in sub-Saharan Africa. Secondly, the use of improved crops with deep root systems can anchor soils and reduce erosion in risk-prone environments. ISFM is particularly important in soils of low fertility and high risk of erosion, where it can result in climate resilience and sustainable intensification.
Discussion and Implications
Empirical findings and results of field trials conclusively indicate that soil management practices are highly effective in controlling erosion and promoting sustainable land use. Conservation tillage, rotation, organic fertilizers, contour farming, and integrated soil fertility management all ensure improved soil health, reduction in erosion, and increased ecosystem service. These measures' use depends on a series of issues such as the socioeconomic environment, access to resources, and native knowledge. For example, smallholder farmers in developing countries may be prevented from using conservation tillage due to the cost of machinery, which is unaffordable, or the lack of technical know-how. Similarly, organic amendments may be limited in regions with low agricultural productivity or poor road networks. In solving such issues, measures to implement policies and initiatives supportive of implementing soil management measures such as conservation agriculture incentives, extension service, and training farmers will be needed. Moreover, combining soil management methods with other methodologies such as vegetative and structural methods will contribute to greater efficiency as well as sustainability. For example, combining conservation tillage with cover crops and agroforestry can create a synergistic relationship that provides maximum erosion control, improving soil fertility and diversity as well. Similarly, organic supplements in combination with contour farming will also reduce erosion and improve water retention on steep slopes. How effective these techniques are when practiced in combination is dependent on careful planning, community engagement, and adaptation to context.
In conclusion, horticultural practice is the pillar of 21st-century erosion control, an affordable and viable solution to land degradation. Improved soil health, more water entering the soil, and reduced surface runoff are ways in which horticultural practices ensure the resilience of agricultural production systems and the provision of ecosystem services. Yet, their use on a broad scale calls for collective efforts by policymakers, researchers, and land managers to remove obstacles and enhance sustainable land management. Research should in the future aim to improve the coordination of soil management practice with other techniques of erosion control, assessing their long-term consequences, and generating new ideas for solving future problems.
Policy and Community-Based Approaches
Policy and community-based erosion control practices are now the focal approaches of the 21st century, building on the inadequacies of purely technical practices through the integration of social, economic, and institutional factors. Such practices recognize that erosion is not only an environmental issue but also a socio-economic issue that requires direct community engagement, effective governance, and facilitative policy environments. This chapter brings together the findings and assesses the effectiveness of policy and community-led interventions, drawing on empirical studies and case studies in different geographic and socio-economic contexts.
Integrated Watershed Management
Integrated watershed management (IWM) is one of the most widespread policy models for managing erosion. IWM involves the integrated management of land, water, and vegetation resources of a watershed with a view to achieving sustainable outcomes. By involving the local population in planning and execution, IWM ensures that strategies to prevent erosion are appropriate for local conditions and needs. As an example, a study conducted by Pimentel et al. (2004) found that soil erosion was decreased by 50% over one decade through community-organized watershed management schemes in Ethiopia, while availability of water along with agricultural production were also increased. Similarly, the participatory watershed management program initiated under the National Watershed Development Project for Rainfed Areas (NWDPRA) in India has been effective in reducing erosion and enhancing livelihoods through exercises such as contour trenching, afforestation, and water harvesting (Wani et al., 2008). These instances indicate the role of community engagement in the scalability and sustainability of measures in stemming erosion.
However, the success of IWM depends on strong institutional support, adequate financing, and the capability of local societies to interact meaningfully. Barriers such as conflicting land-use priorities, technical inability, and inadequate financial capabilities are likely to hinder the rollout of IWM programs. For instance, a study by Garg et al. (2012) listed that the lack of coordination among government departments and the local people in Nepal led to the failure of many watershed management projects. Due to these factors, scholars and practitioners have suggested capacity-building programs, open governance institutions, and long-term financial commitments.
Payments for Ecosystem Services (PES)
Payments for Ecosystem Services (PES) are a policy tool for erosiion control, particularly for developing countries. PES programmes make land owners and communities undertake sustainable land management using monetary or in-kind payment as incentives to obtain ecosystem services such as the conservation of soils, regulation of water, and sequestration of carbon. A good example is Costa Rica's PES program that has been able to effectively combat deforestation and soil erosion decrease by compensating landowners for conservation and afforestation activities (Wunder et al., 2008). In China, the Sloping Land Conversion Program (SLCP) has also been successful in preventing erosion on sloping agricultural land by converting it into forests and grasslands, and the result has accrued to millions of rural families (Liu et al., 2008).
Although PES initiatives have been found to be beneficial, their efficiency relies on attentive design and practice. Among challenges are equitable sharing of benefits, redressing inequalities in power relationships, and establishing PES target goals with agreement from local planning priorities. Illustratively, the study by Pascual et al. (2014) revealed that marginalization of social groups, i.e., pastoralists and women, occurred for PES interventions in East Africa because of distorted land tenure rules. To overcome these challenges, researchers have advocated participatory approaches that involve all stakeholders in planning and executing PES programs.
Land Tenure Reforms and Policy Frameworks
Land tenure security is one of the main impetuses of the implementation of erosion control practices. Ambiguity or insecurity of land ownership in most regions holds farmers back from investing in long-term soil conservation practices. Reforms to land tenure aimed at rendering the rights over land clear and secure have been known to stimulate sustainable land use and reduce erosion. For instance, in Rwanda, the Land Tenure Regularization Program (LTRP) has motivated farmers to adopt terracing and agroforestry using formal titles of land (Ali et al., 2014). Furthermore, in Brazil, erosion and deforestation have been controlled by regularizing land ownership and promoting the use of sustainable land use through the Legal Land Program (Sparovek et al., 2010).
However, land tenure reforms alone cannot prevent erosion. They must be accompanied by supportive policy environments providing technical assistance, economic incentives, and market opportunities. For example, in Kenya, the synergism of land tenure reforms and state-led soil conservation has greatly reduced erosion in the highlands (Tiffen et al., 1994). The outcomes indicate that land tenure reforms should be coordinated with general policy programs to ensure erosion control sustainably.
Community-Based Participatory Approaches
Community-based participatory approaches encourage the active involvement of local communities in the planning, implementation, and monitoring of erosion control measures. They utilize local knowledge, social networks, and traditions to formulate culturally acceptable, economically feasible context-specific solutions. For example, in the Philippines, Landcare has successfully combated erosion via community-driven efforts such as contour farming, afforestation, and establishment of farmer cooperatives (Garrity et al., 2002). Similarly, in Burkina Faso, the Zaï technique, which is a native soil and water conservation technique, has been revitalized by extension programs centered around communities and, in turn, has seen substantial reductions in erosion and rises in crop production (Reij et al., 2005).
Community-based intervention success hinges on trust creation, social bonding, and enabling local institutions. Technical capacity constraints, resource inadequacies, and conflicting interests could undermine the value of such interventions. A case in point is a study by Pretty et al. (2010) which found technical and financial constraints thwarted scaling up of sub-Saharan Africa community-based erosion control practices. To address such challenges, experts have emphasized the importance of external aid, capacity building, and the integration of local knowledge and traditional practices with modern scientific research.
Discussion and Synthesis
Policy and community-based measures to control erosion have a number of benefits over technical solutions alone. By tackling the root socio-economic and institutional causes of erosion, these measures foster sustainable land management and increase the resilience of local communities. Watershed management, PES programs, land tenure reforms, and community-based participatory approaches have all shown the potential to control erosion while providing co-benefits like enhanced livelihoods, biodiversity conservation, and climate change mitigation.
Yet, these solutions are successful depending on whether or not they resolve critical issues of inequitable benefit allocation, constrained technical skills, and insufficiencies of financial assets. To circumvent these impediments, ensuing attempts must invest efforts in making institutions stronger, advancing multi-stakeholder alliances, and mixing ancient wisdom with current scientific principles. Through this multifaceted, inclusive effort, it becomes conceivable to maintain lasting erosion mitigation as well as promote the well-being of the populace and planet alike.
Conclusion
The conclusion of this systematic review of literature consolidates the most significant findings and observations derived from the rigorous analysis of 21st-century erosion control practices. It highlights the extensive leap in developing and implementing diverse erosion control methods and also outlines the continuing challenges and opportunities for practice and research in the future. The 21st century has been marked by an increasing consciousness of the interrelatedness of environmental, social, and economic systems, leading to a call for a more holistic and integrated response to erosion control. This is evident in the increasing emphasis on sustainable land management approaches, community-based solutions, and integration of traditional knowledge with modern scientific breakthroughs.
One of the most significant developments in 21st-century erosion control methods has been the global use of vegetative and bioengineering methods. These methods, which take advantage of the naturally stabilizing properties of vegetation and organic materials, have proven to be highly effective in reducing soil erosion while simultaneously providing other environmental benefits such as carbon sequestration, biodiversity conservation, and improved water quality. For instance, the inclusion of cover crops and agroforestry systems has been shown to efficiently reduce soil erosion by enhancing soil structure and organic matter (Blanco-Canqui et al., 2015). Similarly, bioengineering applications like live staking and coir log placement have succeeded in streambank stabilization and mitigation of sediment load within water bodies (Gray & Sotir, 2018). These methods are particularly useful in the tropics and subtropics, where the synergistic interaction of heavy rainfall and poor soils often leads to excessive erosion (Mishra et al., 2019). However, vegetative and bioengineering methods can be limited by climate variability, soil, and land use management, and therefore need site-specific careful planning and implementation.
Structural measures of erosion control, while effective in certain cases, have been faced with challenges of cost, maintenance, and environmental impacts. Techniques such as terracing, check dams, and retaining walls are expensive and require technical expertise, thus less practical in resource-limited settings (Koerner, 2012). Moreover, the building of structural barriers at times results in obstruction of natural hydrological processes and can result in unintended environmental consequences, e.g., increased downstream sedimentation or habitat fragmentation (Nyssen et al., 2004). Despite such limitations, structural measures remain a primary component of the methods for managing erosion, particularly where the slopes are steep or there is much potential for erosion. The integration of structural methods with vegetative and bioengineering operations has been proved viable in terms of both effectiveness and sustainability, as demonstrated by the use of geosynthetic materials in slope stabilization (Koerner, 2012).
Soil management methods have also become an integral part of 21st-century erosion control, particularly in agricultural environments. Conservation tillage, crop rotation, and organic amendment application have been used extensively because they have the potential to promote soil health while reducing erosion while maintaining agriculture productivity levels (Montgomery, 2007). Organic amendments such as compost and biochar have also been instrumental in improving soil structure, water holding capacity, and nutrient levels, which has reduced the susceptibility of degraded soils to erosion (Lehmann et al., 2011). However, application of such practices is generally constrained by farmer skills, availability of resources, and stimulation of the market, highlighting the need for focused extension services and policy assistance.
Policy and community approaches have played a crucial role in fostering sustainable land management and erosion control at a landscape scale. Integrated watershed management programs, involving local communities in planning and implementation, have been effective in managing erosion and improving water quality in diverse settings (Pimentel et al., 2004). Payment for ecosystem services (PES) and land tenure reform policies have also been effective in managing erosion by incentivizing sustainable land management and allowing local stakeholders (Wunder et al., 2008). However, effectiveness in these interventions hinges on strong governance, stakeholder engagement, and adequate funding, which is challenging to obtain in practice.
All in all, the 21st century witnessed unprecedented advancement in erosion control strategies driven by the need to cope with the exacerbating impacts of climate change, land degradation, and food insecurity. While tremendous progress has been made, large-scale implementation of these methods and their sustainability in the long run remains a problem. The future course of research must be oriented towards optimizing the integration of multiple erosion control practices, optimizing involvement from the population, and the development of innovative solutions to overcome future problems. Through a participatory and multidisciplinary strategy, it is possible to reverse the impacts of erosion and achieve sustainable land management for the long term.
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