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Abstract

:

Soil and water loss is a severe environmental problem in tropical and subtropical Asia (TSA). This review systematically summarizes the techniques that have been widely applied in the TSA region and compares the conservation efficiency of these techniques based on the runoff and sediment reduction ratios (ηr and ηs). The results show that the current techniques can be divided into biological, engineering and agricultural practice measures, and in most cases, their efficiencies in reducing sediment loss (ηs = 14.0–99.5%, 61.3–100.0% and 0.6–95.4%, respectively) were higher than in reducing runoff loss (ηr = 2.8–9.38%, 0.28–83.3% and 1.62–70.2%, respectively). Monocultures of single tree species (e.g., Pinus massoniana) sometimes showed very limited conservation effects. Vetiver and alfalfa were more effective at reducing soil loss than other hedgerow species. Contour tillage, ridge farming, and reduced tillage generally showed high efficiencies in reducing soil loss compared with other agricultural practice measures. The combination of engineering and biological techniques could more effectively reduce soil and water loss compared with the application of these techniques along. Future works should be conducted to build unified technical standards and reasonable comprehensive evaluation systems, to combine these techniques with environmental engineering technologies, and to develop new amendment materials.
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1. Introduction


Soil erosion is a worldwide environmental problem. It can lead to soil structure destruction and nutrient loss, causing the degradation of soil functions and reductions in crop yield [1]. Soil erosion also plays an important role in affecting hydrological process and cycling of crucial elements, such as carbon and nitrogen [2,3]. A report released by the Food and Agriculture Organization (FAO) of the United Nations showed that approximately 75 Pg of soil is eroded annually from arable lands worldwide [4]. Soil erosion is a complex dynamic process intimately influenced by climatic, vegetational and edaphic factors [5,6,7]. Serious soil erosion is usually associated with intensive human activities including unreasonable cultivation, deforestation, and imprudent land construction [8,9,10,11]. In some ecologically vulnerable areas, for example, the loss plateau of China, severe soil erosion has caused great damage to local social and economic development [12,13]. To restrain excessive soil erosion, various soil and water conservation techniques have been adopted in many places worldwide. The effects of these techniques have been well evaluated, and the related mechanisms have been deeply analyzed and discussed at different research scales in the last few decades [14,15,16,17,18].



Tropical and subtropical Asia (TSA) mainly includes South China and Southeast and South Asia. In this region, precipitation, rainfall intensity and temperature are relatively higher than those in other regions of the world. Soils in this area are heavily weathered and desilicified, with extremely high enrichment of aluminum and iron oxides [19]. Despite the favorable hydrothermal and vegetation conditions, the soils are easily eroded, especially under poor land management conditions [20,21]. Moreover, TSA is one of the most densely populated areas in the world, with a total population of more than 3 billion [22]. Most TSA countries are currently undergoing rapid development and extensive changes in social and economic structure, which has resulted in overexploitation of soil resources [23,24,25]. Water and soil loss has been a great threat to local ecological security and economic development, especially agricultural production. One statistic shows that water erosion covers 21% of the total land area in TSA, with the predominant areas in large parts of South China, the Indian subcontinent and Indonesia [26]. In South China, the total area of the soil erosion was estimated at approximately 600,000 km2, among which 20% belonged to seriously eroded areas [27]. In Southeast Asia, a certain part of the cultivation area is affected by soil erosion due to the transformation of forest to new farmland [28,29].



Soil and water conservation techniques are widely used to reduce water and soil loss through engineering, tillage and biological measures in TSA. The conservation objects of the techniques include sloping farmland, barren land and eroded gullies [30,31,32]. Applying reasonable water and soil conservation techniques must consider various factors including erosion degree and natural conditions, in addition, economic and social benefits should also be taken into account [17,25,33]. During the past few decades, various water and soil conservation techniques have been applied in TSA. For example, due to the implementation of the project of returning farmland to forestland or grassland and comprehensive control of soil erosion, water and soil loss area in South China have decreased by 30–40% since the 1980s [34]. In tropical countries such as Thailand, India and Pakistan, conservation techniques including terraces, mulching and soil management have been widely practiced [35,36,37,38].



Although many soil and water conservation techniques have been applied and studied in TSA, the objects, mechanisms, and effects are quite diverse. To date, only a few studies have systematically summarized the existing techniques applied in TSA and the efficiency of these techniques on soil and water conservation has not been well compared. In this paper, we critically review the existing literature regarding water and soil conservation techniques applied in TSA and systematically summarize these techniques and the related mechanisms, as well as compare the efficiency of techniques on soil and water loss control.




2. Materials and Methods


To compare the soil and water conservation efficiency of different techniques applied in TSA, the results of runoff plot experiments recorded in as much relevant literature (published between 1980 and 2018) as possibly were collected and collated with the help of the China National Knowledge Infrastructure, ISI web of science, and Google scholar databases. The collected literature mainly includes journal articles, books and dissertations. The databases were searched within the period of 1 November 2019 to 30 May 2020. Papers with terms including “soil and water conservation”, “runoff/sediment reduction”, “plot experiment”, “runoff plot” and the TSA country names in the title, keywords, or abstract were preliminarily screened. Each term or the combination of the terms was screened by an individual reviewer, and the data were collected and collated. The techniques in the selected literature were then divided into different categories, such as biological measures, engineering measures and agricultural practice techniques. Within a category, the data of a specific technique (e.g., measure with the same vegetation type) was statistically processed, and the results of different subgroup categories were compared.



The runoff reduction ratio (ηw) and sediment reduction ratio (ηs) of the plot observation experiments were used as the comparative indicators [38]:


   η w  =    W 0     - W   s     W 0    × 100 %  



(1)






   η s  =    G 0  −  G s     G 0    × 100 %  



(2)




where Ws and W0 are the total runoff amounts generated from the plots treated with different techniques and the control group, respectively, and Gs and G0 are the total sediment amounts generated from the plots treated with different techniques and the control group, respectively.



In parts of the literature, the ηw and ηs values are directly given, while in other literature, they need further calculation based on the existing data. The calculated ηw and ηs values represent the accumulated values throughout the entire experimental duration. The duration time of the referred runoff plot experiments ranged from a few months to several years, and neither simulated rainfall experiments nor runoff plots with too small sizes (length < 1.0 m) were included in the analysis. The experiments should include control groups that were set up with the forms of barren land or conventionally planted land with crops. For some techniques, it was impossible to obtain the ηw and ηs values by using runoff plots, their conservation efficiencies can be evaluated through watershed-scale runoff and sediment data. Statistical analyses were conducted using SPSS 10.0 (SPSS Inc., Chicago, IL, USA) and SigmaPlot 12.5 software (Systat Software Inc., San Jose, CA, USA).




3. Environmental and Soil and Water Erosion Conditions in TSA


TSA mainly includes South China, Southeast Asia and South Asia. Over 3 billion people live in this region, making it one of the areas with the highest population densities in the world. Mountains, hills, and plains are the main landforms of which the proportions in local areas are quite different. The predominant agrotypes are ultisols, alfsols and vertisols (Figure 1a). The main climate types are subtropical monsoons, tropical monsoons and tropical rainforest. This region is rich in water and heat resources; the mean annual temperature ranges from 18 to 28 °C, except for individual countries located at high altitudes, such as Nepal and Bhutan. Except for Pakistan, the mean annual precipitation of all the countries is more than 1000 mm (Figure 1b). For some Southeast Asian countries, the mean annual precipitation reaches approximately 3000 mm. In general, with the decrease in latitude, the annual average temperature and precipitation of the countries in this region gradually increase.



Influenced by humid and rainy climate conditions, ultisols and alfsols in the region are highly weathered and slightly acidic. The soils are easily eroded under the condition of frequently occurring rainstorm events. In addition, due to the intensification of human activities such as deforestation and agricultural production, soil erosion has become a serious environmental issue in this region [26]. In some serious soil erosion areas of South China, the eroded soil modulus even reached 8000–15,000 t km−2 year−1. The main erosion types in this region include sloping farmland and, underforest soil erosion, Benggang and rocky desertification [41,42,43,44]. A remarkable feature of land use change in this area in the last 50 years was the rapid increase in cultivated land and plantations [45], while the decreased cultivated area caused by soil and water loss has been estimated to be more than 3 million hm2. In recent years, due to the implementation of environmental policy proposed by the Chinese government, the deterioration trend of soil and water erosion in South China has been preliminarily controlled [27]. In South and Southeast Asia, soil erosion mainly occurs in mountainous and hilly areas where local residents extensively cut forest and plant crops in hillside sloping fields. Research showed that the area of cultivated land and the area bearing grass and shrub vegetation increased by 86% and 20%, respectively, while the total forest cover decreased by 29% during 1880–1980 [46]. Zeng et al. [47] estimated that an area of 82 billion m2 has been developed into croplands in the Southeast Asian highlands. Furthermore, rainfall mainly occurs during the rainy season (from May to October) which is exactly the planting period of cropping, as a result, agricultural land in mountainous and hilly areas often experiences severe water erosion. Investigation showed that the sediment yield of reservoir catchments that had been impacted by land use change in Southeast Asia varied in the range of 500–15,000 t km−2 year−1 [48]. Soil erosion in South Asia primarily originates from inappropriate agricultural parties such as excessive tillage, poor soil management and soil pollution [49,50,51]. In particular, in the Himalayas hill region, due to strong dissected high land topography and extremely abundant rainfall (intensity ranges from 2000 to 10,000 mm), the potential soil erosion rate exceeds 4 × 105 t km−2 year−1, which is much higher than the specific soil loss tolerance limit [52].



Figure 2 lists the relative distribution of water erosion areas (1990s) [53] and the estimated variation in soil erosion (2001–2013) [54] in the countries of TSA. In the 1990s, moderate to extreme water erosion is particularly important in countries such as Philippines, Thailand, and Pakistan (Figure 2a). It should be noted that, though the relative value of China was not very high (less than 20%), its total land area suffered water erosion exceeded 180 Mha, equaling nearly half of the total eroded area of South and Southeast Asia. During 2001–2013, obviously aggravated soil loss mainly occurred in partial areas of South China, Vietnam, Laos, Maymmer and Nepal (Figure 2b). In conclusion, soil erosion in TSA is closely linked to anthropogenic factors. Due to constantly increasing demand for natural resources, considerable land use changes have occurred during the last few decades; in addition, special soil, topography, and climate conditions also play important roles.




4. Soil and Water Conservation Techniques


4.1. Biological Measures


4.1.1. Water and Soil Conservation Forests


The mechanisms involved in controlling soil erosion through biological measures include canopy interception, retention of trunk and litter layers, and increasing soil infiltration [55]. Due to the rich hydrothermal conditions, vegetation grows very fast and can rapidly increase surface coverage in TSA; therefore, biological measures are considered an effective way of preventing and treating soil and water loss. The effects of soil and water conservation forests on conserving soil and water are reflected mainly in alleviating surface runoff scour and maintaining or recovering soil fertility [25]. Tree species and stand structure are the most important factors determining the conservation efficiency. Native tree species and multilayer vegetation structures (e.g., tree + shrub + herb and tree + herb) are usually the priority afforestation patterns. Forest cover in Southeast Asia has continuously decreased in recent years. High forest loss rates have been reported in countries including Indonesia, Myanmar and Cambodia [56,57,58]. In contrast to the decrease in natural forest cover, plantations have significantly increased. Artificial soil and water conservation forests are widely constructed in South China. The commonly selected tree species include Pinus massoniana, Pinus elliottii, Schima superba, Acacia mangium, Ecucalyptus urophylla, Liquidambar formosanan, Cunninghamia lanceolato, Robinia pseudoacacia and Cinnamomum camphora [59,60,61,62,63,64,65,66,67].



Although afforestation can obviously increase vegetation coverage, monocultures of single tree species have been found to have very limited conservation effects, sometimes even aggravated soil and water loss. Pinus massoniana is the most representative pioneer species for ecological restoration in South China. However, monoculture of Pinus massoniana usually leads to acidification of soil, making the understory vegetation very hard to grow. The soil may also have poor structural stability, as the soil microorganism activity is very low due to the low input of litter biomass. In the hilly area of South China, the average soil erosion rate of monocultured Pinus massoniana forest is estimated to be 3200 t km−2 year−1, which is 11 times higher than that of other tree species [68]. As a result of long-term erosion, the nutrients in the topsoil of the Pinus massoniana forest dramatically decreased, further obstructing the formation of understory ecological systems. Culturing Pinus massoniana together with shrubs, herbs and/or other macrophanerophytes has been shown to be more effective in controlling water and soil loss in most cases. The co-planted vegetation species include Pennisetum purpureum, Vetiveria zizanioides, Paspalum notatum, Lespedeza bilaeor and Schima superba. Figure 3 shows the runoff and sediment reduction ratios of Pinus massoniana forests implemented with different conservation measures [69,70,71,72,73]. Except for the monoculture treatment, the ηs values were higher than that of ηw values in all the treatments. The lowest values (ηw = 44.4 ± 23.1%; ηs = 39.7 ± 27.6%) appeared in the Pinus massoniana monoculture treatment, while the values of planting Pinus massoniana together with herbs (ηw = 51.7.4 ± 7.1%; ηs = 70.5 ± 9.4%) and other macrophanerophytes (ηw = 47.6 ± 20.7%; ηs = 74.0 ± 10.1%) were clealy higher than those of the Pinus massoniana monoculture treatment. The conservation efficiency of afforestation might also be influenced by other factors such as gradient, canopy density, fertilization and auxiliary engineering measures [74,75,76]. In addition, understory shrubs and herbs can also effectively decrease soil nutrient loss. Research found that nitrogen and phosphate loss decreased by 20.40% and 38.93%, and 34.59% and 24.24%, respectively, after interplanting peanut and soybean in Pinus massoniana forest [71]. Similar results were also observed for Pinus elliottii, Schima superba [77,78] and other species of ecological trees such as Ecucalyptus urophylla [75] and Citrus reticulata Blanco [79].




4.1.2. Hedgerows


Hedgerows are narrow bands of woody vegetation and associated organisms that separate fields [80]. Agricultural and cash crops are usually planted in the spaces between contour hedgerows [81]. Hedgerows can effectively control slope soil erosion, trap runoff, and improve soil fertility, and they can also be applied to farmland as biomass mulching and green manure. The cost of hedgerows is relatively low; thus, hedgerows are considered a cost-effective measure for soil and water conservation in agricultural practices. The commonly selected species of shrub and herb used for hedgerow and co-planted crops in TSA are listed in Table 1. Vetiveria zizanioides, Leucaena leucocephala, Amorpha fruticosa and Hemerocallis citrine are the most commonly used and studied species in Southern China, while in South and Southeast Asia, Vetiveria zizanioides and Leucaena leucocephala receive more attention.



Figure 4 shows the summary of ηw and ηs values for soil conservation measures using the five most-used species (vetiver, Leucaena, Amorpha, Citrina, and alfalfa) of hedgerow techniques in TSA [83,84,85,86,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116]. For all the measures, the values of ηs are generally higher than those of ηw, which is in line with the results obtained for Pinus massoniana forests (Figure 4). The average ηs values of the vetiver (79.4%) and alfalfa (80.0%) treatments were obviously higher than those of other treatments (54.6–58.0%), while the average ηs values of all the hedgerow treatments seemed to be relatively close (39.7–50.4%). Both ηw and ηs varied in very wide ranges (ηw: 2.8–93.8%; ηs: 15.0–99.5%), which can be partly attributed to the difference in experimental conditions, such as plot size, monitoring duration, soil type, slope and crop species [117]. The research of Tuan et al. [94] showed that hedgerow measures had no effect on controlling soil loss in the first year of trial establishment, while greatly decreased soil loss from the second year after the hedgerow ecosystem was already stable. The width and density of hedgerow are important factors influencing the conservation effect. Cai et al. [101] found that 4 and 6 rows/bands of Vetiveria zizanioides or Tephrosia purpurea treatments showed significantly higher efficiencies than two row/band treatments; however, six row/band treatments occupied more crop area, which directly decreased the cropping area. Although hedgerows have a considerable effect on controlling soil and water loss, their promotion was sometimes limited due to several disadvantages, including the extra labor required for pruning and hedgerows and maintenance, a lack of the skills to design and build strictures for farmers and limited early returns on investment [100,118,119]. Another problem of the hedgerow technique that should be mentioned is its influence on crop production. Apart from occupying cropping areas, hedgerow may compete with crops for light, water, and nutrients, leading to decline in crop yield. Guo et al. [120] found that the growth of soybean was greatly suppressed in the false indigo (Amorpha fruticosa) and vetiver hedgerow systems. A survey in northern Vietnam showed that less than 1/3 of the local farmers adopted the hedgerow technique which reduced available areas for the production and demanded more labor at times of labor peaks [91]. Therefore, both ecological and economic benefits must be considered when applying hedgerow techniques for soil and water conservation. Hedgerows are also used for soil conservation of road and river slopes [121], but the related research is rather limited.




4.1.3. Area Enclosures


Enclosures are constructed to fence in protected areas and areas of human activities, such as reclamation and grazing; logging is prohibited in these areas. Under this condition, with the self-regenerative capability of forests and suitable environmental conditions, the vegetation in the eroded area recovers very fast. Based on the protection intensity, enclosure measures can be divided into [122]: (i) total enclosures, mainly for moderately and lightly eroded areas located in high mountains and in the stream and surrounding regions of reservoirs; (ii) half-enclosures, in which the enclosure measure is only implemented in certain seasons; (iii) rotating enclosures, mainly for lightly eroded areas which are divided into several subareas for rotating enclosures; (iv): enclosures combined with planting, for moderately eroded areas with very low vegetation coverage, where appropriate trees and grass are artificially planted as necessary compensation. After enclosure for a certain period, the structure and fertility of the soil, and the biodiversity can be significantly enhanced. Huang [122] found that the soil moisture and organic matter content increased by 3.7~8.8% and 59.0~75.0%, respectively, in hilly woodlands planted with Pinus massoniana, Schima superba, and Cunninghamia lanceolato, etc. In the research of Yang et al. [123], the erosion modulus of purple soil decreased to one-tenth of the original value, and the erosion level varied from ‘severe’ to ‘light’ after 10 years of enclosure. Liu et al. [124] compared different conservation techniques and also pointed out that enclosures are the best measure for water and soil conservation in China’s purple soil hilly region. Planting economic tree species can obtain a high return in the case of low early investigation cost; thus, the measure is quite suitable for remote areas with a sparse population and vast available land. Auxiliary measures such as tending management, replanting and reseeding, and ecological migration can further promote the effect of enclosure [125]. In Southeast Asian countries, the destructed forest is often too degraded to be recovered to sustainable forest ecosystems. Accelerating natural regeneration techniques including several steps are applied to restore tropical forestland. The most important step of these techniques is to protect forests from disturbances such as fire destruction and the influence of animals or human activities [126,127,128,129,130,131].





4.2. Engineering Measures


Engineering measures refer to the conservation of soil and water through changing the topography, regulating surface runoff or rising the basis level of erosion, including transforming slopes to terraces, slope drainage, and gully erosion control projects (e.g., check dams).



4.2.1. Terracing


Terracing is a land consolidation project that can simultaneously control water and soil loss and develop new farmland for agricultural activities. After transforming from the slope, terracing changes the continuity of the topography and reduces the slope length. The surface soil is consolidated to flat or anti-inclined slopes, thus cutting off runoff and increasing the infiltration time [132]. In the hilly and mountainous areas of TSA, such as southwestern China and northern Thailand, Vietnam, and Laos, terracing is one of the most important measures implemented for reclaiming sloped land [133,134,135,136]. The Department of Land Development (DLD) of Thailand recommends farmers living on slope grades between 12% and 35% construct terraces or hillside ditches combined with buffer strips to control soil erosion [137]. Terrace types include level terraces, interval terraces and slope terraces. Level terraces can provide effective areas for growing water-intensive crops (e.g., rice). Combining terraces with vegetation measures has also been adopted in many places. Factors influencing the conservation efficiency of terracing include the shape and composition material of the terrace and their combination with biological measures. Sun et al. [138] showed that the soil and water conservation efficiency of terracing increased with the slope gradient in the Rocky Mountains of Southwest China (Figure 5a). Yuan et al. [139] found that the “terrace + hedgerow” and the “terrace + shrub + herb” measures could greatly decrease water and soil loss in red soil hilly areas (Figure 5b). Terracing may also show certain deficiencies. The compaction and removal of surface soil across terraces cause negative effects on soil physical properties, leading to reductions in hydraulic conductivity, aggregate stability and water retention capacity [140]. Another potential problem that should be noted is that, once a terrace is destroyed, soil erosion could become more serious.




4.2.2. Slope Hydraulics Projects


Slope hydraulics projects include drainage ditches and reservoirs of different forms on the slopes and flats. These projects are usually constructed as the support parts of the terrace systems. Slope hydraulics projects are suitable for gently sloping (<25°) land areas with precipitation higher than 800 mm [141]. In the uplands of Thailand with a 5–20% inclination, the Department of Land Development recommends hillside ditches with 10–12 m contour intervals and hedges of legume crops in alternative strips to alleviate soil erosion [137]. Measures including farm ponds, silt traps and diversion bunds are usually constructed for catching surface runoff and irrigation [142,143]. Drainage and farm pond technologies are also widely used in the central and coastal regions of India [144]. The effects of slope hydraulics projects on water and soil conservation are generally evaluated at the watershed scale. A study conducted in Sichuan Province (Southwestern China) showed that runoff and sediment decreased by 76.4% and 87.4%, respectively, in a small watershed after slope hydraulics projects (e.g., drainage ditches, reservoirs and sediment basins) were constructed. Apart from reducing the scouring energy of slope runoff and capturing sediment, slope hydraulics projects can efficiently collect runoff for irrigation and control non-point pollution. Wang et al. [145] found that the establishment of bio-ditches and reservoirs in red soil slope could significantly reduce nitrogen and phosphate loss.




4.2.3. Gully Erosion Control Techniques


Measures adopted for controlling gully erosion are mainly represented by check dams of different forms. In gullies that suffer strong down-cutting erosion or receive sediment originated gravity erosion, construction of check dams can raise the base level of erosion. According to the construction material, check dams can be divided into earthen, masonry and biological dams. Typical examples of the application of check dam in South China include controlling debris flows in the mountain area and Benggang in the red granite soil hilly region. Check dams are als1o constructed to protect farmlands from landslides and flood-related damage. Combined with vegetation planting, check dams can effectively retain sediment from Benggang and improve soil quality. In agricultural areas of India, check dams are constructed to increase the groundwater level, thus providing available water resources to farmers. The cost of check dams is the key factor restricting their implementation, and large dams are susceptible to damage. Low-cost gabions and sandbags are sometimes used for small-scale gully control [144]. In Nepal, gabion retaining walls and spurs with launching aprons were constructed to control land cutting by streams [146]. At the watershed scale, check dams will be more beneficial when combined with vegetation measures, including grass strips, increasing tree numbers, and fertilizer application [147,148,149,150].





4.3. Agricultural Practice Techniques


Agricultural practice techniques are important measures for the water and soil conservation of sloping cropland in TSA countries, and mainly include changing the surface topography, such as by performing contour tillage, ridge tillage, and ridge farming; improving soil properties, such as implementing no-tillage and reduced tillage; and increasing coverage, such as by enacting contour strip intercropping and mulching.



4.3.1. Tillage Practices


Tillage practice can increase infiltration by impeding runoff and modifying soil roughness and thereby reducing slope runoff loss. Contour tillage reduces erosion by dividing slopes into short sections. Research conducted by Bhatia and Choudhary [151] found that, compared with up-down cultivation, contour cultivation on alluvial soils in India reduced soil loss by 28% and runoff by 61%. Barton et al. [20] also found that the erosion rates of contour cultivation were 31% less than those of downslope planting, and the achieved benefits were little affected by slope angle in Southwest China. In some Southeast Asian countries, contour tillage is widely applied to plant crops including cassava, maize and peanut to efficiently utilize soil resources and reduce soil and water loss [93,107,142]. Ridge tillage is a conservation tillage practice in which plants are grown on soil formed into raised beds or ridges [152]. This technique has been proven to significantly increase crop yields compared to moldboard plow tillage systems. Ridge farming is similar to contour tillage except that the crop is planted on the ridge instead of in the furrow, which is suitable for planting of soybeans, corn, peas, and other large-seed crops. No-tillage has long been studied and practiced in developed countries [153]. In recent years, it has also attracted increasing attention in TSA. A distinct advantage of this technique is improving soil quality by increasing organic matter content and thereby enhancing soil structure stability and erosion resistance. Similar to no-tillage, reducing tillage exerts a moderate disturbance on soil. The application of reduced tillage for soil and water conservation has been recommended as a potential researchable option in countries including China, Nepal, and Thailand [154,155,156]. For example, reduced tillage significantly lowered annual and pre-monsoon soil and nutrient losses compared to conventional tillage in the upland of Nepal. However, the disadvantages of no-tillage and reduced tillage measures are the possible competition for nutrients from weeds and soil structure degradation [157,158,159].




4.3.2. Increasing Coverage


Tillage practices are usually combined with vegetation measures to obtain better soil and water conservation efficiencies. The aforementioned contour hedgerows represent such a typical measure. In addition, intercropping fruit trees, herbs and crops are commonly implemented to increase land coverage in the agricultural areas of TSA. The intercropping combinations that have been proven to be effective in conserving soil and water include maize and potato, citrus and potato, and maize and legumes (e.g., soybean, black bean and cowpea). Table 2 lists the commonly used intercropping measures in South China, Southeast Asia, and South Asia [20,118,159,160,161,162,163,164,165,166,167,168,169,170,171,172,173,174]. Another method for increasing land coverage is mulching, which consists of using dead leaves, compost, and manure to cover surface soil. The objectives of mulching are to prevent the loss of soil moisture by evaporation, preventing soil erosion and control weeds. The most commonly used materials in TSA for mulching include the straw of rice and maize, residues of legumes and vetiver grass, and plastic film [107,142,175,176,177]. Mulching can also improve the soil structure, increase the organic matter content, and provide nutrients for crops [178]. Nitrogen-fixing species (e.g., legumes) are sometimes used for hedgerows, and their practice is applied to crops as green manure to enhance nutrient recycling, which greatly reduces the need for commercial fertilizers [36,179,180].



In recent years, some amendments, such as biochar and polyacrylamide (PAM), have become research hotspots and have been adopted to reduce soil and water loss [104,181,182,183,184,185]. However, these materials should be carefully used due to their negative effect under certain conditions. For example, the application of biochar to soil may lead to increase in surface runoff and nutrient loss in the sediment [186]. Figure 6 shows the runoff and sediment reduction ratios of different agricultural practice techniques adopted in TSA [20,83,106,124,187,188,189,190,191,192,193,194,195,196,197,198,199]. As with the afforestation (Pinus massoniana forest) and hedgerow techniques, the sediment reduction ratios of sediment (ηs = 0–78.2%) were also generally higher than that of runoff (ηr = 3.4–69.3%), and the average ηs values of contour tillage (63.8%), ridge farming (78.2%) and reduced tillage (60.0%) were obviously higher than those of other techniques. In some cases, contour tillage, ridge tillage and intercropping measures did not obtain very effective results regarding reductions in runoff loss, probably because of the influence of topography (e.g., steep slope) [20]. Measures for increasing coverage are usually combined with tillage practices to obtain optimized effects (e.g., contour/ridge tillage + hedgerow + mulching and no/reduced tlillage + intercropping).






5. Conclusions and Prospects


Various soil and water conservation techniques have been adopted and implemented in tropical and subtropical Asia regions to control soil and water loss. These techniques can be divided into biological (afforestation, hedgerow, and enclosure), engineering (terracing, slope hydraulics project, and gully control techniques) and agricultural technical measures (topographic reform (e.g., contour tillage), increasing coverage (intercropping and mulching), and soil quality improvement (no-tillage and conservation tillage)). The analysis results of the soil and water conservation efficiencies of these techniques showed that, for most of the measures, the runoff and sediment reduction (ηs and ηw) values varied within wide ranges, and their implementation was more effective at reducing sediment loss than runoff. The efficiencies of the combined measures were generally higher than those of individual measure. The erosion degree, topography and vegetation type are important factors influencing the efficiency of soil and water conservation techniques. High costs and potential impacts on crop production might limit the application of these measures in agricultural areas. In the authors’ view, future work regarding soil and water conservation techniques research in tropical and subtropical Asia could be pursued in the following aspects: (1) Unified technical standards are needed. To date, the implemented techniques in this region with special environmental conditions have not been well monitored or summarized. More information regarding the technical parameters is needed, and the conservation efficiency is suggested to be assessed by a standardized monitoring method. (2) A reasonable comprehensive evaluation system also needs to be built that includes an evaluation of the economic benefit which is seldom considered. Apart from the efficiencies of these measures in reducing water and soil loss, economic factors are crucial in determining whether these techniques will be adopted by people such as farmers. (3) Water and soil conservation techniques should be combined with environmental engineering technologies to effectively resolve environmental issues such as non-point source pollution. Research and practices on this aspect are relatively limited at present. (4) The development and application of new materials used as amendments should be strengthened, and these new materials should have few negative effects as possible and ensure reasonable costs.
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Figure 1. Soil type distribution (a) [39], and mean annual temperature and precipitation (2006–2016) of countries in tropical and subtropical Asia (b) [40]. 
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Figure 2. Relative distribution of water erosion (as % of total area per country) (a) [53] and estimated difference in soil erosion between 2001 and 2013 (b) [54] in TSA countries. 
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Figure 3. Runoff and sediment reduction ratios of different Pinus massoniana forests. 
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Figure 4. Runoff and sediment reduction ratios for soil conservation measures using different hedgerow techniques. 
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Figure 5. Runoff and sediment reduction ratios of different terracing treatments influence of slope gradient (a) [138] and combination with biological measures (b) [139]. 
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Figure 6. Runoff and sediment reduction ratios of different agricultural practice techniques. 
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Table 1. Commonly used vegetation species for hedgerow in TSA.
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	Region
	Co-Planted Crop
	Vegetation Used for Hedgerow
	References





	South China
	Maize, Glycine max, Soybean, Nectarine
	Vetiveria zizanioides, Leucaena leucocephala, Amorpha fruticosa, Arundo donax, Medicago sativa, Am orpha fruticosa, Eulaliopsis binata, Paspalum notatum Flugge, Hemerocallis citrina Baroni, Lonicera japonica, etc.
	[82,83,84,85,86,87,88]



	Southeast Asia
	Maize, Cassava, Peanut, Cowpa, Pigeopea
	Vetiveria zizanioides, Ruzi grass, Leucaena leucocephala, Tephrosia sp., Cajanus sp., Guinea grass, Rottboellia grass, Cymbopogon ccitratus, Gliricidia speium, Flemingia macrophylla, Callandra calothyrsus, Pennisetum purpureum, kakawate, etc.
	[89,90,91,92,93]



	South Asia
	Finger millet, Pigeopea, Sorghum, Tea
	Vetiveria zizanioides, Saccharum spp., Thysanolaena maxima, bamboo, Calliandra calothyrsus, Senna spectabilis, Gliricidia sepium, etc.
	[94,95,96,97,98]
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Table 2. Commonly used intercropping measures for soil and water conservation in TSA.
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Area

	
Intercropping Measure

	
References






	
South China

	
maize + potato/sweet potato/legumes/cabbage

	
[20,159,160,161]




	
citrus + potato/legumes/cabbage/vigna sinensis/herbage

	
[162,163]




	
Camellia Oleifera + L.pernne/V.myuros/peanut herbage

	
[164,165]




	
Rubbe + pineapple

	
[166]




	
Southeast Asia

	
Maize + cassava/legumes/coffee/herbage

	
[142,167]




	
Cassava + legumes/herbage

	
[118]




	
Fruit tree + cassava/maize/peanut/upland rice

	
[168]




	
Tobacco + legumes

	
[169]




	
South Asia

	
Maize + legumes/weed/wheat/millet

	
[170,171,172]




	
Cotton + citrus/legumes

	
[173]




	
Pepper + coffee/legumes

	
[97]




	
Coconut + coffee/pineapple/cacao

	
[174]
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