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Abstract

:

Soil erosion is a considerable concern in the upland areas of Central Vietnam. This situation is most serious in regions, where the terrain is sloped and subjected to heavy rainfall. Our research was conducted in a mountainous area, belonging to Central Vietnam, the area of Song Kon commune in the Dong Giang district. The objective of this study is first to estimate the impact of soil erosion risk in these areas, and second to assess the capacity of farming systems which are based on indigenous knowledge (IK) to respond to soil erosion. Our data were collected by Participatory Rural Appraisal (PRA) and processed using Geographical Information System (GIS) methods. We then interpreted this research using the Universal Soil Loss Equation (USLE) in order to calculate the soil erosion rate. The Normalized Difference Vegetation Index (NDVI) and the Enhanced Vegetation Index (EVI) were also used as measurements to compare the difference of land surface covers between different farming systems. The results showed that the lowest soil erosion rate was found in the narrow valley regions, which are populated by both agricultural and residential areas. On the other hand, soil erosion was extremely high in the more northerly quadrant of our research area. Our findings also indicate that local farmers are highly aware of soil erosion, which has positively influenced the adoption of adaptation measures (AMs) in their agricultural activities. The most common AMs are as follows: changes in cropping patterns, the adjustments of their planting calendars, the use of native varieties, and intercropping methods. These AMs are mediated by the cultural observances of the local ethnic minority peoples in relation to their IK. We have concluded that when farmers apply IK in their farming systems, the soil erosion rate tends to decrease as compared with non-indigenous knowledge (NIK) practices. We hope to bring a better understanding of the processes that shape farmers’ AMs and thereby to develop well-targeted adaptation policies that can then be applied at the local level. Our findings may be instrumental in future adaptation planning and policies in regard to climate change, and that they will help to increase awareness not only in matters of the soil erosion but also in other interconnected aspects of climate change in these areas.
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1. Introduction


As was noted in the Fifth Assessment Report (AR5) by the International Panel on Climate Change, the negative influences of climate change on human beings is clearly evident and it is growing in impact. This has been observed and documented across all continents and ocean bodies over the world [1]. These changes are increasingly threatening to countries with concentrated populations and who have significant economic activity in vulnerable regions [2]. As a developing country with an agricultural and resource-based economy, Vietnam is identified as one of the most vulnerable nations in this regard. It has been cited as the nation most severely impacted by climate change in Asia [3]. Indeed, during the past three decades in Vietnam, the frequency and severity of floods and typhoons have markedly increased, and have caught many communities unawares [4]. A report of the World Bank (2010) described a steady increase in annual mean temperatures by 0.5 °C to 0.7 °C from 1958 to 2007 and this projected to increase to 2.5 °C by the year 2070 [5]. Because of the increasing temperature, the evapotranspiration rate will also increase and reduce the growing season by depleting soil moisture more rapidly. Another result is reduced stream flow and a degraded water quality [6]. Moreover, it can be predicted that because of more concentrated rainfall in the rainy season, rainfall in the dry season will decrease by the year 2070 in Central Vietnam, and droughts will occur more frequently [5]. Over 10 years ago, 70% of the 73 million people of Vietnam lived in disaster-prone areas, with the majority of these people residing in the Central region [4]. The Central region of Vietnam is the most underdeveloped area of the country, as compared to Northern and Southern regions [7]. Within the central part of Vietnam, significant changes in rainfall patterns and tropical storms trends are notably on the increase [8]. The resulting factors of this are unprecedented flooding, and consequential soil erosion. This of course drastically affects agricultural production, which is the major source of livelihoods within these predominantly rural communities [4]. In comparison to other regions of the country, Central Vietnam is facing the risk of soil erosion quite severely because of the terrain conditions [9]. Preventing soil erosion is the most important adaption measure that needs to be implemented in order to reduce the negative impact of climate change on agriculture in this area [10].



In recent years, GIS and remote sensing have increasingly played an important role in the study of soil erosion [11,12]. These studies require a significant amount of spatial data, which GIS and remote sensing can solve through raster data analysis tools [9]. Several studies have integrated GIS and soil erosion assessment models into web applications [13]. As a result, the users can assess soil erosion quickly and accurately. Worldwide, researchers have developed tools for soil erosion estimation such as the Soil and Water Assessment Tool (SWAT), Water Erosion Prediction Project (WEPP), the Universal Soil Loss Equation (USLE), the Revised Universal Soil Loss Equation (RUSLE) [14]. The USLE is the most popular method for soil erosion estimation because of its simple means of application [14,15,16] and that it is free to access the database input [9,17]. The USLE method predicts the long-term average annual rate of erosion based on rainfall, characteristics of soil type, terrain, land surface cover, and management practices.



In recent studies conducted in Vietnam, it is stated that climate change has a severely negative impact upon the indigenous peoples of the mountainous areas, and along the coastal regions. This affects every area of their lives: ecological, sociocultural, economic, and is pervasive in regard to general health and safety [18,19,20]. Accordingly, it is the ethnic minorities of Vietnam, who are mainly living in or around mountainous areas, which are often treated in a peripheral manner with regard to national policy. These populations are particularly sensitive and vulnerable to the environment’s changes [21]. In the geographical context of Vietnam, local or indigenous knowledge (IK) refers to the activities of the country’s many ethnic minority communities. This knowledge is used as a very effective tool in adapting and coping with environmental changes [21]. According to Kapoor and Shizha [22], IK emerges from careful long-term observation of natural phenomena. These approaches are basically an understanding of the relationship between specific biological entities (plants, mammals, birds, insects) and among biological landforms (mountains, isolated hills), and meteorological phenomena [23]. Kapoor and Shizha [22] have argued that IK is socially dynamic and culturally appropriate as it is inherent to the specific local environment in which it is derived, and is in harmony with local cultural norms. IK has evolved from years of collective learning and it is the result of experience that is gained through an extended process of practical experimentation which is organically conceived within a given area. The aspects of this IK are formed, accumulated, evolved, and disseminated orally from generation to generation. That is to say, this IK is transmitted throughout the entire community by “word of mouth” and also by physical demonstration. It provides the basis for local-level decision-making in many rural communities [21]. It is most notably, indigenous weather forecasting knowledge, which is based on physical observation and accumulated historical experience, and can be applied in an improvised fashion as it does not rely solely on electronic devices. Thus, IK can be used effectively for disaster risk reduction in remote and inaccessible areas, or in regions where there are changeable micro-climates [24]. In a long-term way, the community is able to use their IK to adapt their agricultural systems to partially offset the effects of climate change and the risks of natural disasters [25]. It is ironic that even though the Vietnamese government has attempted to promote economic development and sustainable livelihoods in the uplands and mountainous areas through new policies, and agricultural programs that correspond with national strategies [26], the local people have become more destitute [27]. As a result, observers from outside the immediate vicinity usually misunderstand local farming systems, particularly members of their own governments who are charged with helping them to overcome their livelihood challenges with dignity [28]. This is a dilemma which clearly needs to be given more attention. It shows that existing national and regional policies need to be re-examined and fine-tuned in these areas to better coincide with the changing natural conditions.



It is important to note the ways in which farmers of the upland areas have adapted their farming practices in response to contemporary climate changes, and to look at the agricultural management systems that have enabled them to continue farming in a sustainable manner. There have been numerous studies done worldwide that look at the role of how specific ethnic groups have used their indigenous knowledge in order to combat soil erosion in their given regions [29]. For example, Teklu and Gezahegn [30] indicated that in Ethiopia, crop selection and agricultural management based on IK were well integrated into the local farming systems, and most specifically in order to prevent soil erosion. The IK of Konso people in Ethiopia is considered to be one of the most successful farming endeavors in the world for soil conservation. They have used as many as nine adaptation measures such as contour ploughing, crop rotation, mixed cropping, etc., to achieve their success in soil management [31]. In another African agricultural study, local people in Kaware State, Nigeria, often implement six control measures to avoid and reduce the negative influences of soil erosion on agricultural production [32]. Prudat (2018) assessed the local soil quality of north-central Namibia by using integrating the farmers’ inherent knowledge with scientific knowledge [33]. Suffice to say that in the overwhelming majority of the studies in regard to this concern, the use of IK-based approaches has been a key factor in re-calibrating farming systems in order to prevent soil erosion.



In Vietnam, most of the researches in this regard has been concentrated in the most Northerly regions of the country, and the opposing Southerly regions of the Mekong Delta respectively. There is a need for further studies to be done in the Central regions that relate to the changes in agricultural farming systems and indigenous experience in adaptations to modern climate risks [20,21,34]. Also, the research that has been conducted in the Central region has been mostly conducted in coastal areas [19,35]. Studies focusing on the ethnic communities of the mountainous regions are extremely rare, and are thus in need of further attention. Consequently, this paper aims to understand the indigenous farming systems that are used to respond to climate change within the mountainous regions of Central Vietnam. We have conducted our study through the gathering of empirical evidence, personal observation, and scientific data analysis. As noted, there has been very little, if indeed any, detailed scientific research geared toward investigating the links between local indigenous farming systems and the increasing problem of soil erosion that is due to contemporary changes in climatic patterns of their specific regions. Given this, we have focused this study on the mountainous areas that belong to Central Vietnam. Our objectives are: (i) to determine the risks of soil erosion in this region and (ii) to assess the capacity and effectiveness of IK farming systems to respond to the soil erosion rate in comparison to NIK farming systems.




2. Materials and Methods


2.1. Study Site


This research was conducted in Song Kon commune, located in the North Central region of Dong Giang district with a total area of 7870 hectares (Figure 1). As a mountainous and remote region, it is home to nearly 2500 people, over 90% of whom are ethnic minority groups. Of these upland dwellers, with a population of 2090 people, the “Co Tu” people are the largest ethnic minority group living in and around the remote hills and uplands of the district [36]. These populations are predominantly small-scale farmers who grow rice, and maize as their staple crop, and cultivate acacia in the mid-land hills as their main source of income. Official poverty rates are high, standing at an average of 57.15% (379 out of 663 total households) in this upland region, compared with 9.8% countrywide [37]. Some previous reports [38,39] pointed out several reasons that contribute to the disadvantage that these people are faced with. Those mainly being the varied and challenging topography, the difference in cultural norms, inherent generational lack of economic opportunities, and the remoteness of their locations. These factors have thus caused these ethnic minority groups to be particularly vulnerable to natural hazards and extreme weather variability [20].



This region subject to a humid tropical monsoon climate, which has created a complex terrain that is characterized by steep slopes. 30% of the total area is at an incline of more than 30 degrees. It has a range in elevation from 293 m to 1070 m above sea level, which increases from the Southern to the Northern parts [40]. The area is characterized by two distinct seasons the rainy season (from September to January) and the dry season (from February to August). The yearly precipitation is around 2350 mm. There are two-to-three tropical storms that hit this area from September to November [36]. Because of such complex terrain and climate, agricultural activities are often affected by natural disasters. The variability and extremity of local weather events include flooding in the mid-low land areas, while soil erosion is most predominant in the upland areas. But despite these conditions, the “Co Tu” people, who are indigenous to this complex region, have survived throughout generation by developing agricultural systems and native customs that blend with their environment and result in a symbiotic relationship with their use of the land. The traditional knowledge of the “Co Tu” people in relation to their local ecological systems remains a core strength in coping with, and adapting to the modern effects of CC. Also, the IK that the “Co Tu” people have developed over a significant period of time and has helped them to negotiate through the socio-cultural incongruities which exist between themselves and the surrounding regions [21]. They can rely on natural phenomena such as the appearance of animals or changes in the growth of bamboo trees to forecast weather over a long period of time in the future [39].




2.2. Methods


This study was conducted with both qualitative and quantitative methods for collecting data during the period between January–August 2019. A mixture of several methodological approaches was applied to collect the data. The data were collected related to various aspects of “Co Tu” life. These included the farmers’ perceptions as well as their experiences. We gathered this information in a number of ways, including open in-depth interviews with key members of the community (n = 9), three focus group discussions (FGDs), structured interviews with the broader community (n = 84), and participant observation. This was further augmented by the insights, inference, and experience of participating scientists, local decision-makers, resource managers, published and unpublished literature, and other available sources of information. In addition, the USLE was applied to predict the soil erosion rate, the Normalized Difference Vegetation Index (NDVI) was used to calculate the cropping management factor and the Enhanced Vegetation Index (EVI) was also applied to measure the land surface cover of different farming systems.



2.2.1. The Participatory Rural Appraisal (PRA) Method


The majority of the previous studies that relate to the local community have used the PRA method for determining information [41,42]. This method is particularly effective among small groups. It is effective in enabling the local people to comfortably share their experiences in a way that enhances their own knowledge and analysis of their lives and the condition in which they live. With the help of this modality, they can also plan a course of action that they can be apply in improving their given circumstance [43]. The basic techniques used here include a system of interviewing, surveying, and sampling that lead to deeper understanding of group dynamics and enable the creation of community consensus [44,45]. Accordingly, nine in-depth interviews were conducted with local representatives of varying social and economic groups. The purpose of these interviews was to explore various topics related to agricultural production, to weather extremes, to the impacts of soil erosion and to the changes in the indigenous farming systems used to adapt to soil erosion. After classifying the data that were collected through the in-depth interviews, a semi-structured questionnaire was designed which was used when interviewing individual households.



In total, 84 households were selected. This is 10% of the agricultural households, who each had at least 10 years of agricultural experience. The interviews were carried out during August 2019. The questionnaire was divided into three parts to collect data related to socio-demographic characteristics, agricultural farming systems, and soil erosion issues. Three FGDs were organized to study village group dynamics in the acquisition of information, and to cross-check data that had been collected by other means. The FGDs were conducted with 5–8 key participants, both men and women, ranging in age from 35 to 60 years old. The participants were observed particularly in order to gain insights into the impact of climate hazards on agriculture, especially of soil erosion on specific plots of land, and also to determine what the effects of this were on their livelihoods. This aspect was instrumental in gaining an understanding of the practices of IK in their agricultural systems.




2.2.2. The USLE Calculation


The USLE was developed by Wischmeier and Smith in the year of 1978 [46]. The initial purpose of this equation was to measure the average soil loss per year for gentle terrain [47,48]. Recently, the Revised Universal Soil Loss Equation (RUSLE) has been developed and applied with similar structure of the USLE, but contains some improvements of input factors based on an updated database in the United States (US) [49]. For example, the data from more than 1000 locations were analyzed to calculate the rainfall erosivity. These modifications are useful to help the accuracy of the model in the US, but not for other regions in the world like Vietnam [9]. The USLE is expressed by Equation (1):


  A = R × K × LS × C × P  



(1)




where A is the average soil loss (t/ha/year); R is rainfall erosivity (MJ·mm/ha·h·year); K is the soil erodibility factor (t·h/MJ·mm); LS is the topographic factor (unitless); C is the cropping management factor (unitless); P is the practice support factor (unitless).



Rainfall Erosivity (R)


There are many models that use rainfall data to calculate the rainfall erosivity factor [50], most of them are in relation to annual rainfall as the input data for R calculation [51,52]. Because of the lack of available rainfall intensity data as well as the unique characteristic of each eco-region, the formula could be used in different ways [53]. In this research, the R was calculated based on the suggestion (Equation (2)) of Nguyen [54], who conducted research by the observed data of 253 hydrometeorology stations in the entire country over 54 consecutive years. This was used to calculate the rainfall erosivity in relation to the sloped land specifically in the conditions present in Vietnam.


  R = 0.548257 P − 59.9  



(2)




where P is precipitation (mm). The annual rainfall in this study was calculated on the observed measurement of six hydrometeorology stations around the research site with the shortest and longest distances to the center of Song Kon commune being 13 km and 27 km respectively. The data of rainfall were collected in the period from 2008 to 2018. The map of R factor was obtained by inverse distancing weight (IDW) interpolation method using ArcGIS 10.2.




Erodibility Factor (K)


Soil texture and soil organic matter content are often used for the measurement of the K factor [55,56]. The information needed to acquire these soil indicators is dependent on K identification. As a result, K is one of the most challenging factors to determine. In Vietnam, most of the soil erosion researches that have been conducted in the Central region have used the K factor suggested by Nguyen [57]. This research was conducted in Central Vietnam based on soil analysis of a vast area which stretches over 50.000 square kilometers. For the Song Kon commune, there are three soil types: Arenic Acrisols (86% of total area), Ferralic Arcrisols (12%), and Dystric Fluvisols (2%). The soil type was extracted from the soil map (1:100,000) of Quang Nam province which was mapped by Vietnam National Institute of Agricultural Planning and Projection (NIAPP) in 2005 [58], and its K value is presented by Table 1.




Topographic Factor (LS)


In Central Vietnam, the topography is the most significant feature to have impact on the soil erosion rate [9]. The topographic factor is combined with the impact of slope length (L) and slope steepness (S) to determine the rate of soil erosion. Most of the research [9,12] measured the LS factor by using the formula proposed by Moore and Wilson [59] or Mitasova and Mista [60]. In addition, the use the Digital Elevation Model (DEM) in Geographical Information Systems (GIS) is a popular approach to enable researchers to calculate the LS factor [61]. Moreover, the resolution of DEM data has influenced the accuracy of LS value, especially in the complex terrain regions [62,63]. The flow direction algorithm is also an effective tool in determining the LS value [64,65]. Given the necessity of these determining factors, we can conclude that the LS is a sensitive aspect of soil loss prediction by the USLE model [66]. The LS factor is usually limited to a maximum slope angle by 26.6 degrees [67]. Many researchers have proposed a variety of algorithms to overcome this limitation [68,69]. For example, a recent research [61] has suggested that the formula to calculate L (Equation (3)) which was proposed by Desmet and Govers [70] is appropriate for landscape-scale soil erosion modeling and can capture complex topography.


  L =      (   A  ij   +  D 2   )    m + 1   +  A  ij   m + 1      D  m + 2   ×    X    ij  m  ×   22.13  m     



(3)




where    A  ij     is the contributing area at the inlet of the grid cell (i,j) measured in m2;  D  is the grid cell size in meters;    X  ij  m    is equal to   sin      a    ij   + cos      a    ij     whereas    a  ij     is the aspect direction of the grid cell (i,j);  m  is related to the ratio β of the rill to interill erosion. It is calculated by Equations (4) and (5).


  m =  β  β + 1    



(4)






  β =      sin   θ    0.0896      [  0.56 + 3 ×   (   sin   θ   )   0.8    ]     



(5)







In accounting for S factor, the research method of Nearing [68] suggests a continuous logistic function (Equation (6)) to estimate the S in the upland area.


  S = − 1.5 +   17    (  1 +    e    2.3 − 6.1 ×  sin   θ     )     



(6)




where  θ  is slope angle in degrees.




Cropping Management Factor (C)


This factor depends on the type of crop and the duration of growth, however growing conditions tend to change locally, and the harvesting time is unpredictable [71,72], therefore it is a difficult factor to measure. Considering this, to determine the C factor it is helpful to reference studies that have reported values for similar land cover [49]. Also, remote sensing data are able to provide information on environmental covariates to predict the C. This helps to avoid the time and cost for investigation in the field [73]. In addition, NDVI which is gathered from satellite imagery, is a common indicator of the C factor calculation [74,75]. For the tropical regions, Durigon et al. [76] developed an equation for obtaining the C-factor by using NDVI. It was applied in this research as Equations (7) and (8).


  C =    (  1 − NDVI  )   2   



(7)




where


  NDVI =   NIR − RED   NIR + RED    



(8)







In the case, NIR is the surface spectral reflectance in the near-infrared band and RED is the surface spectral reflectance in the red band. NIR and RED were extracted from Landsat 8-Operational Land Imager (OLI) images which were downloaded from the website of the US Geological Survey (https://earthexplorer.usgs.gov). The information of images data are described in Table 2.




Practice Support Factor (P)


In the USLE equation, the P factor is used to assess the effectiveness of farming methods, which reflects the effect of practices to protect and limit soil erosion. The values for the P factor are the least reliable in comparison to other factors of the USLE equation [59,77]. As a result, some researchers often skip this factor and assigned it a value of 1 [11,78]. However, a number of studies have reported that P factors can be determined based on remote sensing data or previous studies [49,61]. Some studies used slope classification as a source to calculate p-value [79], while others used the land use type [80] as an identified indicator for p-value. In this research, in order to get the most accurate calculation for the P factor, we used a combination of land-use type extracted from a land-use map, and slope degree based on DEM data [81]. This approach has also been used in previous research [9] done in Central Vietnam (Table 3).





2.2.3. Data Analysis


The data from the interviews was collected, synthesized, and analyzed using Statistical Package for Social Science (SPSS), version 22 which was widely used in the social and behavioral sciences [82]. Among the factors of the USLE model, only C and P are related to the farming systems. The P factor was calculated based on the land use type and slope of the given land area (Table 3). When we focus on a specific type of land use in the same terrain and soil type, the influence of P factor to soil erosion rate between these locations can be omitted. In this case, we consider that only the C factor has an impact on the soil erosion rate when the land is used in the same way on similar slope degrees. Since acacia is the most popular tree on the research site, we chose acacia land use in order to compare the impact of different farming system on the soil erosion rate (Figure 2).



In terms of NIK methods, farmers cultivate acacia according to technical instructions including density, quantity, distancing, etc. These farmers often buy acacia seedlings from nurseries and use indirect transplanting with a density of 2500 to 3000 trees per hectare (Figure 2a). In contrast, the IK is used in acacia fields by applying two methods of acacia cultivation without following technical instructions. One is that they sow acacia seeds that are collected and stored from the previous crop, directly on the field. They also use the natural deciduous tree seed of old acacia trees, so that it is accustomed to growing naturally in the same fields of cultivation. In this farming system, local people often use about 700 g of acacia seeds per hectare. The number of acacia seeds varies from 6600 to 11,600 per kilogram [83]. As a result, the number of acacia seeds that are used fluctuates from 4500 to 8000 per hectare (Figure 2b). Farmers reported that not all households used the IK method. This depends on three main factors. The first is the location of the acacia field, that being its accessibility from the main road (over 500 m). The second is the complexity of the sloping of the terrain. The third factor is dependent upon the individual experience of each farming household. Older and more agriculturally experienced farmers traditionally apply the IK as opposed to their younger counterparts.



We used the participatory GIS method in the FGDs. By this method, indigenous people’s capacity for accurate spatial perception is factored into the digital map systems in order to identify the different farming systems within a given area. We invited 6–8 participants, who were the most knowledgeable on the subject within their communities to participate in this aspect. Through this, we were able to determine the exact areas where acacia planting was done by indigenous farming systems as opposed to more modern farming systems. This was based on maps drawn by the participants themselves. Then the C factor values of these areas were extracted from the C map (Figure 3e) and compared at a confidence level of 95% (p < 0.05). In total, a mean of 13,719 values of C factors relating to NIK farming system and 16,563 values in IK farming system areas were compared by t-test [84]. Moreover, the EVI was used to describe the difference of surface cover between IK and NIK farming systems. The EVI was calculated based on the Landsat 8 images by Equation (9) suggested by USGS [85].


  EVI = 2.5 ×    (  NIR − RED  )     (  NIR + 6 × RED − 7.5 × BLUE + 1  )     



(9)










3. Results


3.1. Soil Erosion within the Research Site


The R factor map was obtained from six hydrometeorology stations around of research site (Figure 3a). The difference of R factor between the locations in the research site is very small, only 3% when comparing the highest and lowest value of this factor within the research site. The lowest value (1320 MJ·mm/ha·h·year) belongs to the Southwest part, while the highest value (1387 MJ·mm/ha·h·year) located in the Northeast corner of the commune. The R factor is shown in Figure 3b.



The K value of soil within the region of the commune fluctuated from 0.28 to 0.44 and is shown in Figure 3c. The Arenic Arcrisols have the lowest K value meanwhile the Dystric Fluvisols have the highest value. The K value of Ferralic Acrisols is 0.32.



The slope of the research site ranged from zero to over 54 degrees with a mean of 21 degrees. As a result, the topographic factor of the research site is a very complicated aspect, and has high LS value. The highest LS value is concentrated in the Northern part of commune where land use is the natural forest of Bach Ma National Park (BMNP). This factor leads to a very heavy rain flow rate and makes the soil erosion more serious. The LS factor is described in Figure 3d.



The results show that the C factor of the research site ranged from 0.01 to 0.59 (Figure 3e). The forest areas have the lowest C value, which means that these areas were deficient in preventing soil erosion. A serial Landsat 8 images in the year of 2019 was downloaded and then adjusted atmospherically and radiometrically to calculate the mean of NDVI, which was then used to measure the C factor. The results indicated that the C factor values of IK farming systems are lower than NIK (in acacia planting areas) significantly at the confidence level of 95% (p-value < 0.05). The comparison is shown in Table 4.



The P factor was created based on the slope map and land use map of Song Kon commune, which was mapped in 2017 and updated in 2019 by Natural Resource and Environment Department of Dong Giang district [40]. In the area where the p-value is up to 1 it is indicated that the soil erosion process in these areas occurs naturally without any protection measures. The P factor is shown in Figure 3f.



The soil erosion rate map is described in Figure 4. This map showed that the lowest soil erosion rate of the Song Kon commune is located in the narrow valley that stretches across the region from the East to the West. The main land use types within the valley are both agricultural and residential areas. In general, the degrees of sloping are not too extreme compared with other areas of the commune. The rate of soil erosion among many specific locations within the commune tends to have a large variation given the terrain conditions. But it is significant that there is an extremely high rate of soil erosion in the most northerly part.



We conducted a comparison of the soil erosion rate within the locations where IK and NIK farming systems were applied. We selected points at the same slope degree (4 levels) and with the same soil type (only Ferralic Arcrisols) for both systems. This was done to synthesize the factors that contribute to the rate of soil erosion. The results showed that the soil erosion rate of IK farming systems is significantly lower than those of NIK farming systems, p < 0.05 (Table 5).



When the EVI (Figure 5) of the IK and NIK farming systems were compared, it showed that the vegetation cover of IK areas was significantly higher than that of the NIK farming areas. This difference is showed by the histogram which was created based on the EVI value of IK and NIK via Rstudio software (Figure 6).




3.2. Understanding Local Farming Systems in the Case Study


3.2.1. Social-Economic Background of Respondents


A survey was designed to gather basic socio-economic data concerning the inhabitants of the Song Kon commune. The results of which are presented in Table 6. Based on a review of their experiences, three main findings include: first, all households are ethnic minorities (100%) and their main incomes are reliant upon agricultural and forestry practices (81.26%). There are two local varieties of dry rice cultivated. In addition, wet rice, cassava, and a variety of vegetables are popular as crops in this study area. According to our “in-depth-interviews,” around 30% of the agricultural land could not be cultivated in the Winter-Spring season in 2019 because of an increase drought. They are also highly vulnerable to the risk of soil erosion, which frequently occurs in the hilly regions. As a result, yield loss of wet rice happens quite predominantly. The seasonal calendar is shown in detail in Figure 7. Second, the level of education is low with 42.86% of household heads lacking even primary school education, 15.48% of them have no academic education whatsoever. A contributing factor to this aspect is that the poorer households occupy approximately 26.19% of our total samples. Third, a high proportion of males (69.04%) within the household provided the answers for our interview. This is due to the gender divisions within their culture, where the men are the ones who stay at home to care for their children, and who most often drink alcohol during this time, while women were hired laborers. These communities have low levels of education while also lacking proper clothing, and healthcare services, which is mainly due to the remoteness of their locations and the lack of financial assistance to establish the necessary infrastructures. In this, however, there are also some discrepancies in the cultural lifestyles of the people that create some obstacles in improving their situation.



In Vietnam, the local government is the one who ostensibly holds the responsibility for agricultural development and crop management for whole communes. However, in the minor ethnic communities, they often do not follow the plans recommended by the local authorities. In fact, the development of agriculture is highly dependent on the decisions of each household. These farmers make their decisions based on a combination of their social experience and their economic conditions. The annual seasonal agricultural production calendar can vary markedly from area to area. Generally, within our study group, they have a practice of cultivating wet rice two times per year, most of the respondents often use two local rice varieties as a way in which to adapt to local natural conditions. In particular, these two types of rice are also grown in two different ways and at different times. The first rice variety (mùa) is planted in June and harvested at the end of November. Meanwhile, the second variety (ba trăng) is cultivated and harvested one month earlier than the first rice variety. Regarding acacia cultivation, they also have two different cultivation methods at different times. The first type of acacia cultivation is planted by seed at the end of March, after weeding and cleaning the fields in January and February. In contrast, the second type of acacia cultivation is grown by the transplanting method. This happens at the end of May and takes up to 4 months before weeding, and cleaning of the fields is done. A technique of burning is also used in this process. These agricultural practices are derived from the farmer’s experience and knowledge.



In the past 10 years, based on their observation in many years on changes of top soil layers, out of the 84 respondents, 64.28% experienced a decrease in the frequency of soil erosion, with 15.46% who experienced a significant decrease. Less than 5% of the respondents did not experience an annual increase in soil erosion events and 13/84 of respondents did not notice a change in the frequency of erosion. However, it is worth noting that while most farmers agreed that soil erosion is on a declining trend, they stated that the impact of soil erosion seems to be more severe than previously, as was corroborated by 32.14% and 14.28% of households who agreed that soil erosion intensity had increased and those in later the percentile had noted extreme increases. They also stated that the impact of soil erosion in NIK farming system areas on top soil layer is more serious than those in comparison to IK farming system.




3.2.2. Adaptation Strategies in Responding to Climate Change


Farmers mentioned several private AMs as their current responses toward perceived soil erosion. We selected a variety of these, both at the household level and at the community level. When AMs were identified in the interview process, we then asked the farmers to highlight which measures they were using and subsequently we recorded their explanations. Based on results from FGDs and in-depth interviews, these were grouped into four categories: (1) adjusting planting calendars, (2) adjusting planting techniques, (3) using native varieties, and (4) diversifying crops and varieties (see Table 7 for details).



The farmers in our sample were able to plausibly justify their adaptive responses. For instance, to avoid storms and flood seasons (October and November), they use native rice variety “ba trăng” with shortened growing seasons and earlier harvesting of cassava and wet rice. In addition, local rice varieties were intercropped with acacia during the early stages of acacia growth. They use the rice variety of “ba trăng” when intercrop with the seed-planting of acacia at the same time (end of March). The planting of “mùa” rice variety is combined with transplanting of acacia in the same fields, but at different times. Normally, acacia trees will be transplanted in May, then farmers will sow rice seeds “mùa” when intercropping with acacia fields after a two-week periods. In the past, farmers produced local rice in one season annually as a system of monoculture; and subsequently the land would be left for periods of time to allow for soil rejuvenation. Later, during the relaxed time after harvesting the rice, farmers started growing maize and cassava to prevent soil erosion caused by heavy rain. However, this method was inefficient because of low yield and because of the duration of time that was required. Subsequently, some farmers adopted acacia intercropping with local rice during the early growth of acacia. In this way, they have been able to expand the acacia area because the mono-rice fields have been replaced with acacia fields. However, they can still produce rice to meet their daily needs. This approach was an initiative of the “Co Tu” ethnic minority people that began around 10 years ago. In addition, a new finding in the study area is that the “Co Tu” people do not use any pesticides or fertilizers, even organic fertilizers such as cow manure. There are two reasons for this, the first relates to their agricultural culture, where they consider rain itself to be a sufficient fertilizer, the second reason is because of the lack of economic resources. Because of the fact that most households have a low collective income, their financial resources are used up in everyday concerns of shelter and survival, namely that of buying daily food. Hence, there is very little money left for investing in agricultural production.






4. Discussion


4.1. Soil Erosion Risk and Indigenous Farming System


The soil erosion rate in the research area at each location is very different. This can be explained by the specific terrain and land use type. Our findings indicate that the areas where natural forests are the dominant land cover, soil erosion rates are greater and more serious. As has been noted by some previous research concerning the same natural conditions [9], the grade of slope length is considered to be the main reason for an increased rate of soil erosion in the natural forest. This also has to do with the degradation of these forested areas. The overlapping result of the land use map and the map showing the ratio of sloping indicates that the average slope in the natural forest is 24°. By comparison, the average sloping of cultivated acacia areas and other agricultural land-use areas are 20° and 17°. In relation to other studies in Vietnam [9,86], the slope of our research site is significantly higher. It could be considered to be the main reason why there is dramatically high rate of soil erosion. DEMs with different resolutions and accuracies can generate varied topographic and hydrological features, which can, in turn, affect predictions by soil erosion models. Some researchers [87,88] stated that the LS value grew with the increase of the resolution of DEM data. Another research [89] made a comparison in the changes of LS factor with some DEM resolution from 0.5 m to 100 m and found that the LS with DEM resolution of 30 m is the highest. Our research used the DEM of 30 m. This source could be considered biased in leading to the inference of a very high soil erosion rate.



Our findings indicated that the C factor values of IK farming systems are significantly lower than those of NIK at the confidence level of 95% (p-value < 0.05) (Table 4). This showed that the IK farming systems can prevent soil erosion rates more effectively than NIK (Table 5).



One other benefit of IK farming systems is that when growing acacia, the planting of seeds directly, or with the use of regenerated seeds, other trees and plants species are able to coexist within the naturally acacia plantation. This method leads to a greater health and resilience of that planting area because of increased biodiversity. By contrast, using the method of transplanting seedlings, the farmers are required to initially clear the land of all other species. That form of “clear-cutting” results in imbalances within the ecosystem and reduces the symbiotic health of the area. As a result, the biodiversity of the area where IK farming systems has been applied is more abundant and influences an increased quality of vegetation than in NIK-farmed areas. It may be noted that our findings coincided with other such studies on biodiversity and indigenous farming systems [90,91,92]. The variety of species thus will have an anti-erosion effect through the mechanisms that alter rainfall properties [93].



Another consideration is that, the density of acacia plantations by IK and NIK also contributes to the different influences of the C factor on the soil erosion rate. We found that the acacia plantations that are planted with IK method are denser than those areas that were sown with NIK method.



The importance of plant cover in controlling water erosion is widely accepted [94]. The planting calendar also has an effect on soil erosion rates [95]. For the IK method, local farmers often sow the seeds right after harvesting which maintains some holding mechanism for the soil. In contrast, using the transplanting method for acacia, the land is laid bare for months at a time, which increases the conditions by which the soil will erode. This negative factor is also increased by the burning of previous plant covers, clearing the grasses, and the digging of holes. Another point in favor of IK methods is that the acacia planted by seed have life cycles longer than that of the NIK farming system by one to two years. As a result, the land where acacia is planted by seed has better land surface cover, and less soil erosion, than the NIK farming system.




4.2. From Perception to Adaptive Measures Regarding the Soil Erosion Risk


Although the populations of these mountainous areas are impoverished and significantly lacking in opportunities for formal mainstream education, our findings showed that these farmers are highly aware of soil erosion and of how they can deal with the negative impacts of climate change on their agricultural practices. Indeed, the awareness of soil erosion and its impacts has positively influenced the adoption of AMs within the local agriculture. This is consistent with the numerous earlier studies regarding the interplay between local perception and AMs in agricultural techniques not only in Vietnam [21,34], but also such countries as Tanzania [96], Thailand [97], Canada, the USA, Australia, and New Zealand [98]. Our findings indicated that most of the farmers are already adapting quite extensively to these new environmental concerns by using their innate instinctual capacity to implement cultural initiatives. It has been previously shown that they cannot hope to rely on outside sources which will to help them cope with these climatic effects upon their land. Despite government incentives suggesting the production of hybrid crops including maize and rice, many native varieties continue to be cultivated in these areas. Native rice as well as other native crops are well-known to “Co Tu” farmers, these crops also thrive under local conditions, and continue to match dietary preferences. This is consistent with numerous earlier studies, for example, in describing the IK of the ethnic minorities in North Vietnam. Son et al. [21] concluded that farmers do not have to rely on government guidelines which may not be appropriate to the complex topography and diverse microclimates of mountainous regions. Similarly, a survey of another study in Mekong delta, Vietnam claimed that agricultural extension programs and education geared toward a specific area may not be appropriate in other areas of the country [34].



Our findings indicated that most of the farmer’s adaptive strategies are derived from their culture, especially the cultural considerations regarding agricultural production. For example, it is traditional for these farmers not to use any pesticides or fertilizers on their farmlands. Similarly, despite being opposed by local authorities, these farmers continue to apply local rice varieties as an important adaptation method of their own. The local people recognized the advantages of crop combinations, such as acacia with local rice, in terms of improved incomes and reduction of soil erosion as well as helping to stop the general degradation of their soil. The cultivation of rice yield quick returns, providing income within 6 months of planting (from April to September and from June to November in case of “ba trăng” and “mùa” respectively). On the other hand, a financial income derived from the planting of acacia does not manifest until 5 years or longer after planting, and this is dependent upon the conditions of fields in which they are planted. Local cultural beliefs and practices are an essential element in understanding the motivations behind the people’s responses to soil erosion and soil degradation [99]. Many farmers indicate strong concerns related to their ability to learn from other farmers, adhering to a kind of communal knowledge, as it were. So AMs are applied in relation to their familiarity with local knowledge and group experience of the geographical features of their environment [100]. A strong social network is a prominent feature of the “Co Tu” people, and it helps them in their cultural survival. The farmers’ willingness to adapt and to diversify adaptation strategies is implemented largely because of the quality of their social networks and social communication [96]. One of our survey results indicated that 15.48% of respondents did not receive any formal education from outside their communities. It showed that their agricultural knowledge is based on their strong social cohesion.



The provision of tailor-made courses and training, as well as the mediated communication between peers, friends, neighbors, cooperatives, etc., will increase social learning and will strengthen the people’s resilience and capacity to adapt [100]. It is also important to consider that agricultural adaptation does not only depend on making changes in agronomic practices and attitudes, but also on supportive functions provided by other farm enterprises and institutions both at micro and macro levels [101]. These institutions including local government, non-governmental organizations, and universities not only play an essential part in improving the capacity of these local communities, but they also play a key role in eliminating the obstacles to farming adaptation practices [102]. To achieve these goals, it is required for the local government bodies to organize training courses around these adaptation measures (i.e., cultivation techniques, breeding techniques), and this is also where government extension officers play such an important part. It is necessary for government extension officers to communicate more often with local farmers. Considered within the purpose and function of these extension officers, is the need to put a strong emphasis on fostering good relationships with these indigenous peoples, which will result in increased trust among all parties. Further efforts to integrate local adaptation strategies within local and district government policy will increase the adaptive capacity of the local people, while also contributing to the wider sustainable development goals of the region [100]. According to Pham et al. [99] to facilitate scientific applications in farming activities that include the implementation of innovative farming methods, extension officers are considered to be the connecting link between the scientific community and farmers. However, a word of caution is needed here, that it is necessary for these relationships to be reciprocal between all the various parties involved. It requires a balance in listening, and a respect of different forms of knowledge [100,103]. Different cultural groups will act differently to the severe impacts of modern changes in climate, even within the same geographical region [104]. Here it is matter of achieving a balance between IK and modern scientific techniques. In these times of extreme climatic change, it is also necessary for young researchers and technical professionals to develop good monitoring systems. This can aid in the dissemination of appropriate farming techniques among the different ethnic groups. With increased research and monitoring new ways can be introduced to improve yields, to improve market access, and thus to improve family incomes. Appropriate local knowledge can be brought into the design of soil erosion prevention projects with the farmer’s full participation in planning, implementing, and maintaining conservation measures [105]. In improving the success of adaptation strategies in agriculture, motivating the farmers to do so is a primary consideration [104].





5. Conclusions


The combination of USLE model with GIS and remote sensing is a suitable approach for soil erosion estimation, especially in the area where ground-based observation is difficult. The spatial distribution of different erosion prone areas can be easily identified based on the selection functions of GIS. Moreover, the USLE with five factors and GIS tools will help land users to determine the main causes of soil erosion on their land and from that they will have the most effective response measures.



IK farming systems are effective in the prevention of soil erosion rates through the improvement of land surface cover. The AMs used in IK-based farming systems include the cultivation of biodiversity, the consideration planting density, and the ongoing modification of the annual planting. All of these factors have a significant impact on the vegetation index. The resulting C factor of IK farming systems is significantly higher than the NIK farming system.



From the above insights, this study brings to light some aspects that should be included in future agricultural policies for this region. These future policies should not only focus on technical aspects, but also on the social dimensions of the area. A vital part of this is to include the perceptions and experience of smallholder farmers in the design and implementation of future agricultural projects. This also infers the participation of local people in managing soil erosion. There are some historic barriers to overcome, but conscientious collaboration is essential in order to achieve good stewardship of the agricultural land that is specific to each individual area. Our study found that while most farmers have previous knowledge and experience that is relevant in the prevention of serious soil erosion, other members of the community have very little awareness of this. There are socio-economic factors and resource constraints in applying AMs, but also there are psychological factors within the local culture that need to be further considered in regard to how they might enhance or impede the adaptation process. We support the views that there should be a combination of local knowledge and the introduction of new scientific technologies in order to deal with these concerns in the most effective way. In order to achieve this, attention should be given to improving the co-operative communication between scientists, public officials, and the local indigenous people.
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Figure 1. Map of study area; Central Vietnam (a); Dong Giang district in Quang Nam province (b) and Song Kon commune in Dong Giang district (c). 
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Figure 2. The indigenous knowledge (IK) farming system (a); and non-indigenous knowledge (NIK) farming system (b). 
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Figure 3. The component factors of Universal Soil Loss Equation (USLE) in Song Kon commune: (a) Location of hydrometeology stations, (b) R factor, (c) K factor, (d) LS factor, (e) C factor, and (f) P factor. 
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Figure 4. Soil erosion rate using USLE model in Song Kon commune. 






Figure 4. Soil erosion rate using USLE model in Song Kon commune.



[image: Applsci 10 05091 g004]







[image: Applsci 10 05091 g005 550] 





Figure 5. The Enhanced Vegetation Index (EVI) map of IK and NIK farming system areas. 
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Figure 6. The comparison of EVI between IK and NIK farming systems. 
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Figure 7. Adjusting the seasonal calendar. 
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Table 1. K factor and soil type in research site.
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	Soil Type
	K Value [57]
	Area (Hectares)





	Arenic Acrisols
	0.28
	6768



	Ferralic Arcrisols
	0.32
	944



	Dystric Fluvisols
	0.44
	158
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Table 2. The Landsat 8-OLI images information.
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	Scene
	Path/Row
	Acquisition Date
	Land Cloud Cover (%)





	LC81250492019035LGN00
	125/49
	04/02/2019
	15.50



	LC81250492019051LGN00
	125/49
	20/02/2019
	10.05



	LC81250492019099LGN00
	125/49
	09/04/2019
	17.50



	LC81250492019115LGN00
	125/49
	25/04/2019
	6.80



	LC81250492019163LGN00
	125/49
	12/06/2019
	45.35



	LC81250492019275LGN00
	125/49
	02/10/2019
	14.31
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Table 3. p-Value based on slope and land use type.
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Land Use Type

	
Slope (Degrees)




	
0–5

	
5–8

	
8–10

	
10–15

	
>15






	
Natural forest, Grassland, Shrub

	
1.00

	
1.00

	
1.00

	
1.00

	
1.00




	
Acacia, Perennial crops

	
0.50

	
0.60

	
0.80

	
0.90

	
1.00




	
Rice, Cassava, Corn

	
0.27

	
0.30

	
0.40

	
0.45

	
0.5




	
Residential areas, building

	
0.003

	
0.003

	
0.003

	
0.003

	
0.003
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Table 4. The difference of C value between IK and NIK farming systems in acacia planting areas.
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C Value

	
Mean

	
Degrees of Freedom

	
Sig (p-Value)






	
NIK farming system

	
0.164 ± 0.040

	
29,320.53

	
0.000




	
IK farming system

	
0.150 ± 0.041
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Table 5. A comparison of soil erosion rate between IK and NIK farming systems.
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Slope

(Degrees)

	
Soil Type

	
Number of Point (IK/NIK)

	
Average of Soil Erosion Rate (t/ha/year)

	
Sig (p-Value)




	
IK

	
NIK






	
4–5

	
Ferralic Arcrisols

	
134/24

	
238

	
301

	
0.025




	
9–10

	
Ferralic Arcrisols

	
244/53

	
553

	
678

	
0.040




	
14–15

	
Ferralic Arcrisols

	
308/121

	
888

	
1005

	
0.049




	
19–20

	
Ferralic Arcrisols

	
269/128

	
1181

	
1495

	
0.047
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Table 6. Social-economic background of respondents.
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Items

	
Unit

	
Results






	
1. Number of respondents

	
Respondents

	
84




	
 Male

	
%

	
69.04




	
 Female

	
%

	
31.96




	
2. Average of age

	
Age

	
40




	
3. Education

	
%

	




	
 No formal education

	
15.48




	
 Primary school

	
42.86




	
 Secondary school

	
27.38




	
 High school

	
13.10




	
 University/college

	
1.19




	
4. Poverty rate

	
%

	
26.19




	
5. Number of labors

	
labors/household

	
2.47




	
6. Household income (million VND/month) *

	
%

	




	
 <1

	
30.95




	
 1–2

	
29.76




	
 2–4

	
25.00




	
 >4

	
14.29




	
7. Income from agriculture activities

	
%

	
81.26








* 1 million VND = ~45 USD.
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Table 7. Private adaptation measures (AMs) used in the farming system.
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	No.
	Adaptive Activities
	AMs





	AM1
	Adjusting planting calendars
	
	-

	
Local rice varieties: early planting to early harvesting




	-

	
Wet-rice: shortening the growing season









	AM2
	Adjusting planting techniques
	
	-

	
Acacia: using 2 types of planting including seed-planting and transplanting









	AM3
	Using native varieties
	
	-

	
Using multiple local varieties of rice in upland farms (name in local: “mùa,” “ba trăng”)









	AM4
	Diversifying crops and varieties
	
	-

	
Intercropping between acacia and local rice varieties




	-

	
Intercropping between acacia and cassava




	-

	
Using 2–3 local varieties
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