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Abstract

:

The Gully Consolidation and Highland Protection (GCHP) project (such as for gully head landfills), a consideration of soil and water conservation measures, has been explored and developed continuously in recent decades in the Chinese Loess Plateau. Using high-precision images taken by drones to extract the topography of the basin, the changes in vegetation and land use were also analyzed. The observation of soil moisture in the critical gully head area of the GCHP was carried out. The results indicated that the critical zones of the GCHP project implementation include the gully head landfill, the gully, and the highland farming area. The soil moisture of the landfill area was 6.91% and 23.61% higher than that of the gully and farming area, respectively, with obvious spatial heterogeneity. The soil sand content in the gully head landfill area was higher than that in the gully area and the agricultural area of the plateau. The main reason for the high soil moisture in the gully head landfill area is that the terrain at the outlet is low, and it is at the lowest point of the whole basin. Analyzing the spatial distribution of soil moisture can point out the direction for the monitoring, prevention, and treatment of geological disasters, such as landslides and debris flow, induced by water erosion. This study will help to understand in detail the spatial heterogeneity and influencing factors of soil moisture under the implementation of the GCHP and improve the GCHP project management system.
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1. Introduction


Loess is easy to soften with water, so loess is prone to hydraulic soil erosion [1]. The Gully Consolidation and Highland Protection (GCHP) project is a large-scale land remediation project based on the unique geomorphology of the Loess Plateau and with the background of soil erosion. The spatial heterogeneity of soil water in its critical zone has important effects on soil erosion, eco-hydrological processes, water–heat–solute transport, and the storage and transport of carbon [2,3,4,5]. The GCHP engineering governance model lacks scientific and systematic theoretical support because there is no international precedent for reference. Fully understanding the spatial heterogeneity of soil moisture in the critical zone of the GCHP project is theoretically helpful to clarify the soil and water environmental conditions in the critical zone that can lead to geological disasters, such as landslides and debris flows. It also helps to improve and optimize the prediction accuracy of small-scale-distributed hydrological model parameters. It will help to guide and perfect the environmental governance model systematically and scientifically and provide a reference for the ongoing GCHP project measures.



The issue of the spatial distribution of soil moisture has been studied by scholars in loess areas [6,7,8,9], as soil moisture is the decisive factor in the ecological environment reconstruction in the Loess Plateau [10,11,12]. With the great efforts of many researchers, a relatively complete academic system has been established for the soil moisture spatial heterogeneity in the Loess Plateau since the 1970s. These studies include influences such as soil moisture spatial heterogeneity and vegetation [13,14,15], terrain [16,17,18], land use [19,20,21], loess texture [22], and studies on the characteristics of soil moisture differentiation including slope [4,16], watershed [23.24], region [25,26], and depth [20,27] at different horizontal and vertical spatial scales of the Loess Plateau. Most of these studies focus on vegetation restoration and eco-hydrological process response in the Loess Plateau [28,29]. Since 2014, the Qingyang Municipal Government, Gansu Province has made a special deployment of the GCHP project and formulated an overall plan for the protection and management of the highland [30,31]. Since the implementation of the GCHP project, the geological disaster effect caused by soil erosion and the eco-hydrological process in the Loess Plateau has changed greatly. To date, there is no international precedent for focusing on GCHP project management. Therefore, the management mode of the GCHP project, the environmental change in soil and water, the engineering measures, and so on, still need to be improved. The scientific reliability of the GCHP project needs further evaluation, which is still an urgent problem to be solved.



Numerous studies have indicated that every process in the Earth’s critical zone has significant spatiotemporal variability characteristics [32,33,34,35,36,37], i.e., the presence of areas or patches in a watershed with high material transport transformation rates. For example, depressions, gully heads, soil interfaces, inter-river zones, and wetlands in river basins often become critical zones (areas or patches with high material transfer and conversion rates in a watershed) for material migration, because of their special hydrological conditions. There are also significant key regional characteristics in the adverse effect of the GCHP project, which means that some areas and landscapes are critical zones prone to geohazard events. Therefore, the study of the adverse effects of the GCHP project can learn from the theory of key areas in Earth’s key belt and promote the progress and development of engineering geology and hydrogeology research [38,39,40]. In this study, Fengbao gully head has undergone GCHP project landfill treatment (i.e., the loess soils from other places were directly transferred, dumped, and compacted), and material migration and transformation are probable in the gully head treatment area and other surrounding areas, so Fengbao gully head can be regarded as the critical area of the GCHP project.



Previous studies pay more attention to ecological measures, and we find that engineering measures are more important in solving the problem of plateau shrinkage. Water is the main culprit in tableland surface erosion. Understanding soil moisture transport after the implementation of soil and water conservation engineering measures is important for the further improvement of the engineering measures. In order to analyze the soil moisture spatial heterogeneity characteristics in the GCHP critical zone, this paper selects the typical gully of the GCHP project—Fengbao gully in Dongzhi plateau—as the study area. In this paper, the soil moisture at different depths in the critical regions of different gully head landfill areas (the loess soil was directly transferred and dumped from other places) is determined, the spatial heterogeneity characteristics and variation rules were studied, and the main soil moisture control factors were analyzed. In deeply understanding the characteristics and laws of the soil and water in the critical zone of disaster (collapse, landslides, and debris flow), the direction of the treatments which can provide a reference for perfecting the GCHP project management system can then be proposed.




2. Study Area


The Dongzhi plateau is located in Qingyang City (107°27′42″–107°52′48″ E, 35°25′55″–35°51′11″ N), eastern Gansu Province which has the largest plateau area, the most complete preservation, and the thickest loess sedimentation in the world (Figure 1a). It covers a total area of 812 km2, accounting for 3.3% of the total area of Qingyang City, involving 21 towns. The Fengbao gully is located southwest of Dongzhi Town (Fengbao Village) in Xifeng District, about 500 m south of Fengbao Street. Before the comprehensive control of the GCHP project in the Fengbao gully, after the widening of Dongzhi Street and the existing drainage project that could not meet the drainage requirements, the runoff increased and resulted in serious erosion damage at the gully head. Water erosion cut down the gully at the outlet. There is little vegetation, and the ecology was fragile on the slopes. In 2015, the Qingyang Water Conservation Bureau implemented the GCHP for 37 large highlands in Qingyang City, with a planned area of 3095.87 km2, and 118 gully heads were rescued under control. Among them, the Fengbao gully head has set concrete protection of 380 m. An area of 2.2 hm2 of abandoned housing land was reclaimed to the north of the gully head. A volume of 105,800 m3 of hillside slope was cut, 105,800 m3 of backfill earthwork was finished, 63,500 m3 of masonry revetment was laid, and 15,000 trees were planted. Willows were planted in a 1.6 hm2 area of the gully bottom and 18.5 hm2 of arbor forests were planted on the slope. The Fengbao gully head area is divided into three parts: gully head landfill, highland farming, and gully area. This study selects the 210 m × 210 m area in the Fengbao gully head area, among which the above three parts were uniformly covered, to study the spatial heterogeneity of soil moisture in the critical zone of the GCHP. The vegetation remained unchanged in the valley area and the highland farmland area beside the tableland, but in the landfill area, the vegetation changed from herbaceous to bare soil before and after the gully head landfill and recovered from bare soil to herbaceous after a period of continuous growth.




3. Method and Data


3.1. Sampling Method


During the sampling period, the vegetation in the gully head landfill area and gully area was herbaceous; the vegetation in the highland farming area was mainly winter wheat. There was no irrigation process in the farming area, and the soil was fertile. The average slope and elevation of the valley were 30.5° and 1353.19 m, respectively. The organic matter, density, porosity, and hydraulic conductivity of soil were 24.01 g/kg, 1.47 g/cm3, 0.533 and 0.15 m/d, respectively [41,42,43]. A soil drill with a maximum length of 5 m was used for laboratory manual sampling. Soil samples were weighed in the field, wrapped in cling film and sealed with tape, and placed in an aluminum box before being brought back to the laboratory for statistical and analytical purposes.



In this study, a total of 375 remote sensing images were captured by the drone (Phantom 4 RTK, DJ-Innovations, Xi’an, China) around the Fengbao gully head area in eastern Gansu Province between 11–15 May 2018 (Figure 1a). Photoscan software (V1.4.5) was used to generate 210 m × 210 m orthophoto image and DEM, and then ArcGIS 10.2 software was used to overlay 30 m × 30 m grid layer on DEM. The center of each grid was determined as the sample point (Figure 1c). Sampling was conducted at the end of May 2019. Since soil moisture (especially topsoil moisture) is closely related to rainfall, the results obtained from sampling in different seasons (especially before and after the rainy season) may vary significantly. Therefore, the results of this experiment were controlled before the rainy season in order to reduce the influence of seasonal rainfall on the study results. A 5 cm diameter soil drill (DIK-1815, Labcan Scientific, Shanghai, China) was used as the tool. The soil samples were collected from 0 cm (the surface soil) to 200 cm in depth at an interval of 50 cm (sampling was repeated three times at each point to reduce errors). The total number of roots in the 0–50 cm soil layer accounted for more than 90%, while that in the 50–200 cm soil layer was less than 10% (Li et al., 1992). Therefore, we chose a sampling depth of 200 cm. In addition, to determine the physical and chemical properties of the soil in the area, six mixed samples (mixing the soil from different depths at the sampling sites, see Figure 2) were selected by another random sampling of different areas. Pretreatment (such as an air-drying method) was carried out before testing.



There were 49 sample points in the study area. Sampling points G18, L5 and F26 correspond to and represented 18 gully consolidation landfill sample points, 5 highland farming sample points, and 26 gully area sample points, respectively. Because there were no other interferences around these points (such as plants, channels, and buildings), the soil’s physical and chemical properties in these three areas were analyzed by testing the physical and chemical properties of the representative G18, L5, and F26 sample points.



At present, the GCHP includes all of these three zones (divided from the plane zone). The gully area is formed by natural water erosion and is the foundation of the GCHP project; the gully head area is the key area, namely, the gully head landfill area; the highland farming area is the surrounding natural environment for the implementation of the GCHP project, and it is also the basis for studying whether the GCHP project can continue to play a role.




3.2. Soil Moisture and Particle Size Distribution Determination


The soil moisture measurements were based on a national standard (GB7172-87). The soil particle size distribution was determined using a laser diffraction size analyzer (Mastersizer 2000, Malvern Instruments Limited, Worcestershire, England, UK). Table 1 shows the main characteristics of the sampling numbers in different areas (gully head landfill, gully area, and highland farming area). Statistical characteristics (including the t-test and normality test) for the soil moisture data at different depths were conducted using Excel 2010 and SPSS 13.0 (Table 2). The geospatial analysis was based on regionalized variables and random functions, with semi-covariance functions as the basic tool. This included the statistical analysis of sample data, the rejection of outliers, the calculation of variance functions, the structural analysis of variance functions, the optimal fitting and testing of the theoretical variance function model, and the application of the Kriging interpolation method to generate a soil moisture distribution map for the entire study area by interpolating the soil moisture condition of the unmeasured areas based on the theoretical variance function model.



The different sampling depths reflect the influence depth of the GCHP project (from the longitudinal direction). For example, soil moisture affects the shear strength of the soil at the foot of the slope which can easily induce geological disasters such as collapse, landslide, and mud flow. All of these have a great influence on the sustainability of the GCHP project.





4. Results and Analysis


4.1. Statistical Characteristic Analysis of Soil Moisture Description at Different Depths


In Figure 3, the black curve is the soil particle grade distribution curve in the gully head landfill area, the blue curve represents the highland farming area, and the red curve represents the gully area. It can be seen that the sand content is the highest and the silt and clay are low in the gully head landfill area. The difference between the highland farming area and the gully area is not huge, and there is a cross phenomenon at a particle size of around 0.05 mm. The main reason for this phenomenon is that the two areas have less artificial disturbance, which belongs to undisturbed soil. However, the gully landfill area has a great artificial disturbance which generally belongs to the uncompacted backfill soil without any vegetation cover. The studies of Peng et al. [45] and Feng et al. [46] both showed that the gully head backfill completely changed the original hydrogeological structure of the construction area and reconstructed the hydrological cycle pattern of the site, and also makes the structure and soil characteristics of the permeable medium completely different from the original loess. Zhuang et al. [47] found through experiments that sandy soil with high shear strength and high permeability can enhance the effective stress of soil, which is the same as the results of this paper. As for the effect of soil texture on soil moisture, many studies have proved that soil moisture is negatively correlated with sand content, and silt particles are positively correlated with clay grains under the same conditions [27,48], which is consistent with the results in this paper.



Table 2 shows the basic statistical characteristic values of soil moisture at different sampling depths in the Fengbao gully head landfill area, gully area, and highland farming area. As can be seen from Table 2, the order of average soil moisture in the different areas is gully head landfill area (17.80%) > gully area (16.65%) > highland farming area (14.40%). According to Figure 4, it can be concluded that there is no significant difference between different depths in the same area since all p are greater than 0.05. Whereas p is less than 0.05 between the same depth in different areas, therefore there is a significant difference. The average soil moisture values vary significantly, which may be due to the differences in vegetation, topography, soil texture, and so on (Figure 3) [49]. The landfilling area and farmland area are relatively flat, and the terrain of the gully area is relatively low and fluctuates greatly. Compared with undisturbed natural soil, landfilling soil was manually compacted, and the porosity and consolidation degree (structure) are still quite different [50]. The spatial heterogeneity for soil moisture in the critical area was significantly affected by the differences in vegetation and soil texture in the gully head landfill area, the gully area, and the highland farming area.



According to Table 2, we can find the regional characteristics of the spatial differentiation in soil moisture. By analyzing this feature, we can find the key weak area of the GCHP project, that is, the areas with a large soil moisture content. The loess soil is very strong when the water content is small, and it will become soft only when the soil moisture is high, to a certain extent (it is a characteristic of loess itself that loess combined with water is soft). The analysis of this feature can point out the direction for the sustainable development of the GCHP project.




4.2. Analysis of the Spatial Distribution of Soil Moisture


The bar graph in Figure 5 shows the average soil moisture at different depths in different regions in the Fengbao gully head area: gully head landfill area > gully area> highland farming area. The standard errors of soil moisture at 50 cm, 100 cm, 150 cm, and 200 cm depths were 1.79, 1.26, 0.98, and 1.35, respectively. The highest, lowest, and average altitudes of the gully area are 1416.65 m, 1322.34 m, and 1353.19 m, respectively. The main reason is that the gully head landfill area and the gully area are generally located in a low-terrain region of the watershed. Rain runoff is gathered here and the basic soil water content is high. In addition, the soil in the gully head landfill area is backfill composed of compacted soil, and the surface is not covered with any vegetation after landfilling. The natural loess porosity and soil water holding capacity are 0.53 and 19.6%, respectively (Liu and Dong 1997). In the highland farming area, the soil moisture decreases continuously with the sampling depth in the range of 0–200 cm. Compared to the original loess in the gully area, the soil’s physical properties (e.g., porosity) change, and the growth of sporadic shrubs in the gully area can consume soil water. The average soil moisture at each depth in the farming area is significantly lower than that in the gully head landfill and the gully area. The main reason for this is that the sampling period was at the time when the local autumn wheat was about to mature and the wheat in the farming area had a high degree of coverage. The soil moisture in the gully head landfill area increased with an increase in depth from 50–100 cm, and then decreased with an increase in depth in the range from 100–200 cm; The soil moisture in the gully area increased with depth in the range of 50–100 cm, decreased with depth in the range of 100–150 cm, and increased again in the range of 150–200 cm. This was because the Loess Plateau receives strong solar radiation and the surface soil moisture at 50 cm depth is easily affected [51], which leads to the obvious spatial differentiation in surface soil water. For the gully head treatment area, the depth of 100 cm is usually the maximum depth for normal rainwater infiltration (without a dominant channel); in the gully area, the root system of vegetation mostly existed in the depth range of 100–150 cm [44], and the vegetation growth consumption of soil water results in the decrease in soil moisture in this range. The soil moisture in the depth range of 150–200 cm may rise again due to the existence of a clay layer (The clay content of the mild clay layer is between 10% and 30%. In the gully area, the soil clay content was 16.81% [52]); the soil moisture in the highland farming area of the tableland is mainly affected by the vegetation (autumn wheat). Therefore, soil moisture decreases continuously with depth below the surface.





5. Discussion


Hydraulic erosion and the GCHP project are mutually affected. On the one hand, hydraulic erosion exacerbates soil loss; on the other hand, the purpose of the GCHP project is to reduce soil loss. At present, the GCHP project is mainly implemented in the gully head area which is the critical zone of hydraulic erosion. The gully head area is divided into the gully head landfill area, the gully area, and the highland farming area. This study found that the soil moisture in the gully head landfill area, the main flow pathway, is higher than that in other areas. Therefore, this study can provide technical support for a large-scale GCHP project that is being carried out under the background of unique geomorphic characteristics in the Chinese Loess Plateau.



Soil water is concentrated in the gully head landfill area in this subbasin because the GCHP landfill area is located in the gully head area. This is usually the lowest location in the entire watershed, where the rainfall and runoff in the subbasin collect; the aeration zone of water in the soil is also gathered here, which is also often the outlet for groundwater. The soil sand content in the gully head landfill area is larger than in the other two regions. According to the general theory, the soil moisture in soil with a large sand content should decrease under the same conditions. While the soil moisture in this area has increased, this proves that the gully head landfill area is the collecting location of surface runoff, aeration zone water, and groundwater from other lands. Dynamic water is the main inducer of many geological disasters, such as mudslides, collapse, landslides, and so on (Mu et al., 2016; Peng et al., 2008; Peng et al., 2014), so the spatial distribution of soil moisture can indicate the direction of monitoring, prevention, and treatment for the GCHP.



Many studies have been made from the scientific perspective of soil and water conservation in the past, but research on the adverse effects of loess erosion under the background of severe human intervention is still rare. The strength of loess structure is closely related to soil moisture [53] and loess cohesion will drop sharply because of high soil moisture, which will be easily collapsible. From the aspect that soil moisture and sand content are negatively correlated (correlation coefficient = −0.84), soil moisture is positively correlated with clay content (correlation coefficient = 0.73) under the same conditions, this study being consistent with previous studies (Suo et al., 2017; Wang et al., 2016). The soil moisture results suggest that the GCHP project should strengthen the subsequent management measures of the gully head backfilling to prevent landslides, collapses, and other secondary geological disasters from occurring.



Although the predecessors have done a lot of research work in this field, the research on a multi-spatiotemporal scale is not sufficient. Future research should emphasize the influence of the GCHP under the background of loess erosion at multiple spatial and temporal scales. Particular attention should be paid to the critical zone at the head of the gully, and good drainage measures to reduce soil erosion and secondary geological hazards will be the direction of future research. It is urgent to set up long-term positioning monitoring points in the critical gully head zone to monitor the soil moisture and soil erosion status in real time. Based on the concept of Earth’s critical zone science, the scientific control theories and the technical system of disaster prevention for the GCHP project based on multiple spatiotemporal scales are proposed, which can help the implementation of the “Belt and Road” major strategy in China.



The limitation of this study was that the sampling depth did not reach the bottom of the gully, and the effect of soil water on the GCHP will be better understood if the groundwater level can be reached. Further study, which should focus on improving the estimation accuracy of soil moisture, should use a more advanced soil drill to take soil samples from deeper soil layers.




6. Conclusions


In order to explore the impact of the GCHP project on the soil and water environment in the zones of the gully head landfill area, the soil moisture at 0–200 cm depths in the Fengbao gully head in Xifeng district, Qingyang City and the soil texture in different regions were observed and analyzed. The results showed that:




	(1)

	
The implementation area of the GCHP project includes the gully head landfill, the gully, and the highland farming area. Soil moisture is heterogeneous in the three regions. In the typical loess highland of the gully–Fengbao gully head area, the average soil moisture at different depths in different areas is shown basically as follows: gully head landfill area> gully area > highland farming area. This characteristic shows that the implementation of the GCHP project has a large impact on the soil and water environment in the gully head landfill area which is located on the flow path, and the soil moisture here is significantly higher than that of the other two areas.




	(2)

	
The soil sand content in the gully head landfill area is higher than that in the gully area and the highland farming area, while the slit and clay here are lower than in the other two areas. Soil moisture is negatively correlated with sand content, and it is positively correlated with clay and silt particles. The variation in soil moisture in the three regions is obvious. The variation coefficient in depths less than 50 cm was the largest since there are many disturbance factors (such as in highland farming areas) that exist near the ground surface. Compared to the gully and the highland farming area, the mean variation coefficient (9.52%) was the smallest in the gully head landfill area. This was because there was usually no vegetation cover on the surface of the backfill soil in the gully head area, and so the influencing factors were mainly related to the soil texture.









Soil moisture that is too high can reduce the shear strength of loess and induce secondary geological disasters. Therefore, it is suggested that the vegetation coverage in the gully head area should be improved after backfilling in the later stage of the GCHP project. It is helpful to reduce the development of secondary geological disasters.
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Figure 1. Location of the study area in China: (a) Location of sampling points; (b) Fengbao gully head is divided into Highland Farming (F), Gully Head Landfill (L), and Gully (G) areas; and (c) sample points are uniformly distributed in the highland farming, gully head landfill, and gully areas. 
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Figure 2. Field sampling and some photos of soil samples from three sampling areas. 
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Figure 3. Particle grading characteristics in different areas. 






Figure 3. Particle grading characteristics in different areas.



[image: Water 14 03674 g003]







[image: Water 14 03674 g004 550] 





Figure 4. ANOVA of soil moisture at different depths in the same area (a) and different areas at the same depth (b). The results of the Kolmogorov–Smirnov (K–S) normal distribution test for each group of data show that the soil moisture data in the gully head landfill area, the gully area, and the highland farming area were normally distributed at a significant level of 95%. As can be seen from Table 2, the coefficient of variation at less than 50 cm depth is greater than at other depths because this depth is near the surface where the soil moisture is easily influenced by various factors and the disturbance is greater. The variation coefficients of the average soil moisture in the other depths were not large (none of them exceeded 20%) in the study area, which might be caused by the small area and similarity of vegetation type, hydrology, and micro-ecological environment. The variation coefficient was the smallest in the gully head landfill area, perhaps because the soil was refilled rather than formed by deposition, and there was no vegetation cover on the surface. Compared with the undisturbed soil in the gully area and highland farming area, the disturbance factor was less, so the variation coefficient was smaller (9.52%). Compared with the complexity of moisture variation in the gully area and the highland farming area, the soil moisture variation in the gully head landfill area is mainly related to rainfall, soil texture, and evapotranspiration. 
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Figure 5. Characteristics of soil moisture in different sections: (a) Soil moisture interpolation map at 50 cm depth; (b) soil moisture interpolation map at 100 cm depth; (c) soil moisture interpolation map at 150 cm depth; (d) soil moisture interpolation map at 200 cm depth; (e) sample average soil moisture interpolation map; and (f) line chart of average soil moisture at different depths in different areas of the Fengbao gully head. 
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Table 1. Main characteristics and sampling numbers in the different areas.
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	Gully Head Landfill Area
	Gully Area
	Highland Farming Area





	Number of samples
	5
	18
	26



	Main vegetation
	None
	Shrubs, Chinese pine, willows
	Wheat, fruit trees



	Root depth
	None
	Main depth 0–160 cm, up to 6 m
	Main depth 0–120 cm, up to 160 cm



	area/m2
	5277.03
	15,625.94
	23,197.03



	Description of GCHP
	The gully head was provided with concrete for protection of 380 m, and the earthwork backfilling treatment was 105,800 m3
	1.6 hm2 of willows were planted in the bottom gully and 18.5 hm2 of arbor forests were planted on the slope
	none



	Sand content/%
	64.05
	34.29
	33.37



	Silt content/%
	34.03
	48.9
	64.22



	Clay content/%
	1.92
	16.81
	2.41







Note: The data on the root depth of vegetation in the table are from references [44].
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Table 2. Statistical characteristics of the soil moisture at different depths.
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Depth/cm

	
Area Type

	
Sample Points

	
Sample Numbers

	
Minimum Value/%

	
Maximum Value/%

	
Average/%

	
Variable Coefficient/%

	
Skewness

	
Kurtosis

	
K–S






	
50

	
Gully head Landfill area

	
8

	
24

	
13.98

	
21.98

	
18.37

	
15.21

	
−0.26

	
−0.95

	
N (0.46)




	
Gully area

	
15

	
45

	
9.89

	
20.20

	
16.41

	
17.22

	
−0.95

	
1.16

	
N (0.74)




	
Highland farming area

	
26

	
78

	
9.21

	
17.95

	
13.77

	
18.01

	
0.22

	
−0.88

	
N (0.68)




	
100

	
Gully head treatment area

	
8

	
24

	
16.02

	
20.41

	
17.94

	
7.34

	
0.58

	
1.16

	
N (0.42)




	
Gully area

	
15

	
45

	
11.98

	
22.06

	
17.12

	
16.84

	
−0.34

	
−0.46

	
N (0.61)




	
Highland farming area

	
26

	
78

	
9.02

	
18.65

	
14.80

	
19.15

	
−0.56

	
−0.91

	
N (0.93)




	
150

	
Gully head treatment area

	
8

	
24

	
15.17

	
21.03

	
17.73

	
11.36

	
0.31

	
−1.04

	
N (0.63)




	
Gully area

	
15

	
45

	
10.84

	
20.77

	
15.84

	
16.97

	
0.11

	
−0.46

	
N (0.48)




	
Highland farming area

	
26

	
78

	
9.17

	
20.26

	
14.81

	
16.08

	
−0.34

	
1.35

	
N (0.71)




	
200

	
Gully head treatment area

	
8

	
24

	
14.93

	
20.61

	
17.14

	
10.9

	
0.63

	
0.48

	
N (0.44)




	
Gully area

	
15

	
45

	
8.93

	
23.36

	
17.22

	
18.67

	
−0.82

	
2.94

	
N (0.92)




	
Highland farming area

	
26

	
78

	
10.96

	
19.84

	
14.23

	
14.42

	
0.96

	
1.79

	
N (0.78)




	
Average sample

	
Gully head treatment area

	
8

	
96

	
16.10

	
20.88

	
17.80

	
9.52

	
0.80

	
−0.25

	
N (0.69)




	
Gully area

	
15

	
180

	
10.54

	
20.72

	
16.65

	
16.17

	
−0.73

	
0.67

	
N (0.51)




	
Highland farming area

	
26

	
312

	
10.04

	
19.10

	
14.40

	
14.64

	
0.13

	
0.14

	
N (0.49)








Note: N is subject to a normal distribution and the K–S test value is in parentheses.
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