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Abstract

:

The spatial distribution characteristics of soil organic carbon storage (SOCS) and soil water storage (SWS) and the factors that influence these parameters were compared and analyzed for different economic forests under varying land use practices in the study area with the same abandonment years. The widely distributed abandoned mountain jujube and apple forests at the Qijiashan jujube experimental demonstration base in Yanchuan County were the research field, and grassland was the control. The results show that (1) SOCS and SWS accumulated abundantly in the deep layer (below 100 cm) compared to the highest layer, accounting for 60.63% and 64.63%. (2) After abandonment, the SOCS and SWS were different across vegetation types and under different land preparation methods. In the study area, the SWS showed a comparative advantage compared to the SOCS. The trade-off for different vegetation types suggests that it was the highest for grassland (0.39), while the lowest for jujube (0.16). Under different land preparation methods, the RMSE values of the level terrace grassland and undisturbed slope with apple trees were the highest, while those of jujube trees were the lowest. (3) Environmental factors exerted a certain influence on different vegetation types and varying land preparation methods after abandonment. Apart from the interaction between SOCS and SWS, chemical indicators showed the greatest impact on the abandoned grassland and the SOCS of level terraces.
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1. Introduction


The soil carbon pool, as the most important carbon source in terrestrial ecosystems, is twice as big as the atmospheric carbon pool and thrice that of the terrestrial vegetation carbon. Small changes in soil organic carbon (SOC) greatly affect the atmospheric CO2 concentration, and thus, impact the global carbon cycle [1,2]. Soil moisture is an important component of the terrestrial ecosystem and serves as an important link between the surface material and energy exchange [3,4]. In arid and semi-arid loess hilly areas, the climate is dry, precipitation is scarce, and the groundwater is stored deep. Soil moisture is the direct water source that maintains this ecosystem [5,6]. Studies have shown that soil water conservation and carbon sequestration are important ecosystem services, crucial to vegetation restoration and growth [7]. Therefore, understanding the spatial distribution of SOCS and SWS plays an important role in ecosystem management [8]. Many scholars have studied SOCS and SWS. Lan et al. [9] suggested that the implementation of the Grain for Green project in the Loess Plateau of China may exert a significant impact on shallow soil carbon accumulation and soil moisture balance. Afforestation does not significantly increase deep soil carbon storage but reduces water depletion. Yang et al. [10] showed that different vegetation types exert significant effects on deep SOCS and SWS compared to the surface due to the root action. Environmental factors are also important factors influencing SOCS and SWS. Guo et al. [11] showed that fertilization affects soil properties and microbial communities. Microbes are the main participants in soil biochemical processes, and their abundance, activity, and composition affect the SOCS and SWS. Zhang et al. [12] suggested that soil texture and porosity are important factors affecting the coupling of SOCS and SWS, which gradually weakens with vegetation succession.



Trade-off analysis is the determination of when a change in one factor causes a change in another factor. It has implications in national environmental management, social ecology, land use planning, ecosystem services, and other fields [13,14,15,16]. Studies have shown that soil water use is a necessary condition for vegetation restoration and carbon sequestration, and efficient carbon assimilation and accumulation contribute to the improvement of water use efficiency [17,18]. There is a close trade-off and synergy between soil water conservation and carbon sequestration in arid and semi-arid regions. Several studies on the trade-off occurring in the Loess Plateau have been conducted. For instance, Su et al. [19] studied the trade-off between plant biomass and soil moisture in the Loess Plateau and found relatively high benefits of the soil moisture content compared to the biomass in most precipitation areas, which has an important impact on the rational selection and allocation of plant species. Wang et al. [20] studied the trade-off between soil moisture and biodiversity in the Loess Plateau and reported the potential for coordination between soil moisture and biodiversity in semi-arid grasslands, especially for shady slopes and shrubs. Chen et al. [21] showed that, compared to SOCS, SWS had relatively higher benefits for most plant communities and ensured the sustainable restoration of vegetation. Jujube and apple economic forests not only meet the needs of vegetation restoration, but also yield economic benefits. These have been widely planted in the study area. It is known that the economic forest area in northern Shaanxi is up to 974,000 hm2 [22]. However, due to urbanization, many rural people have migrated to the city in search of work, resulting in a large area of abandoned economic forest land, including mountain jujube and apple forests, which has had a certain impact on the relationship between the soil water and carbon content in the forest land. Most studies on the relationship between soil water and carbon have mostly been focused on shallow soil profiles, a single ecosystem service [23,24], or on the response of soil carbon and nitrogen to vegetation types and growth years [25,26]. However, studies on the trade-off between the soil water and carbon and their benefits in abandoned economic forests are relatively scarce. Therefore, using trade-off analysis, we studied the coupling relationship between SOCS and SWS in abandoned economic forests of northern Shaanxi. Our findings have an important guiding significance for the future transformation of abandoned economic forests. In this study, the abandoned economic forests (mountain jujube and mountain apple) were widely found in the loess area of northern Shaanxi and were the experimental field; grassland was taken as the control. By sampling and assessing the SOCS and SWS distribution in the 0–340 cm soil layer in the study area, the driving factors (physical and chemical indicators and their interactions) affecting the changes were determined. The purpose of the study was (1) to reveal the vertical changes in the SOCS and SWS across different abandoned vegetation types; (2) to assess the trade-off between the SOCS and SWS across different types of abandoned vegetation and under different land preparation methods, and (3) to compare the effects of different environmental factors on the SOCS and SWS across different abandoned vegetation types and under different land preparation methods. The results provide theoretical support and a scientific basis for the transformation and sustainable management of abandoned economic forests in the study area and other similar areas.




2. Materials and Methods


2.1. Study Area


The study area was at the Qijiashan jujube experimental demonstration base (36°57′ N, 110°29′ E) in Yanchuan County, Shaanxi Province, China (Figure 1). It is a loess hilly and gully region with an average altitude of 850 m. The annual average temperature was 10.8 °C, the average duration of sunlight was 2558 h, the mean frost-free period was 185 days, the annual average precipitation was 500 mm, and the rainfall was mainly concentrated between July and September, corresponding to the temperate continental monsoon climate. The vegetation in the study area mainly comprised Zizyphus jujube Mill, Malus pumila Mill, and Ziziphus jujuba Mill. var. spinosa. The herbs grown in the regions mainly comprised Artemisia sacrorum Ledeb. and Heteropappus hispidus (Thunb.) Less.




2.2. Plot Design and Soil Sampling


Through preliminary research and fieldwork, in 2019, the group selected mountain jujube forests and apple forests that were abandoned for the same number of years at the Qijia Mountain Jujube Experimental Demonstration Base in Yanchuan County; a grassland abandoned for the same number of years was used as the control. There were six standard sample plots in total, three undisturbed slope sample plots in an area of 20 m × 20 m, and three level terrace sample plots, which were set up by integrating the upper and lower two steps that had an area of about 10 m × 20 m. In each sample plot, three soil profiles (1 m deep) were excavated, and soil samples were collected by the ring knife method with a sampling interval of 20 cm. Simultaneously, the soil drill method was used. With a sampling interval of 20 cm as a layer, three soil drills were created in each sample plot. The soil samples between 0 and 340 cm in each sample plot were collected for determining the soil moisture, soil organic carbon, and other soil physical and chemical properties. Detailed information on the sample plots is provided in Table 1.




2.3. Determination of Soil Samples


The soil moisture content (SMC) was measured by the drying method, and the soil bulk density (BD), total capillary porosity (TCP), saturated water content (SWC), and capillary water holding capacity (CWHC) were measured by the ring knife immersion method [27]. The soil pH and electrical conductivity (EC) were assessed on the pHS-320 high precision intelligent acidity meter and DDS-608 multifunctional conductivity meter, respectively. The available nitrogen (AN) was determined using the alkaline hydrolysis diffusion–absorption method. The available potassium (AK) was determined by extraction with NH4OAc-flame photometry. The available phosphorus (AP) was determined by extraction with 0.5 mol⋅L−1 NaHCO3 and silica-molybdenum blue colorimetry. The soil organic matter was determined by the potassium dichromate volumetric–dilute heat method [28].



2.3.1. Soil Bulk Density


The soil bulk density for 100 cm was calculated. As it is difficult to measure the soil bulk density below 1 m, Equation (1), as shown below, was used [29].


  P = 1.3370 ×  e  − 0.0084 c    



(1)




where C represents the soil organic carbon (g kg−1) and P(BD) represents the soil bulk density (g/cm−3).




2.3.2. SOCS Was Calculated Using Equation (2) [30]




  R = H × P × C ×   10   − 1    



(2)




where R is the soil organic carbon storage (t hm−2); H is the soil depth (cm); C is the soil organic carbon content (g kg −1).




2.3.3. Calculation of Soil Water Storage by Formula (3)




  SWS = SMC × BD × H  



(3)




where SWS is the soil water storage (mm); SMC is the soil moisture content (%); BD is the soil bulk density (g/cm−3); H is the soil depth (mm).




2.3.4. Trade-Off Analysis


A trade-off relationship is one in which a change in one service function causes a change in another service function and is intrinsically linked. It is necessary to measure the two factors in different places, construct a trade-off relationship diagram, and analyze which planting is more conducive to maximizing the SOCS and SWS simultaneously.



The RMSE represents the vertical distance of the midpoint of ES coordinates deviating from the 1:1 equilibrium line (Figure 2); the farther the distance, the greater the trade-off relationship, and vice versa, the stronger the synergistic relationship [19,21,31,32]. Before calculating the RMSE, the data are first standardized to eliminate the quantitative relationships among the variables. In the two-dimensional coordinate system, the x and y values of a point represent the relative benefits of ES1 and ES2, respectively. The more points above the trade-off balance line, the higher the ES2 benefit, and vice versa [19,32]. For the standardization of the ES relative benefits, ES was defined as:


  ESstd =  (  ESobs − ESmin  )  /  (  ESmax − ESmin  )   



(4)




where ESstd denotes the normalized value of ES, and ESobs, ESmax, and ESmin denote the ES representing the measured value and the maximum and minimum values, respectively. Therefore, the following equation was used for calculating the RMSE (5):


  RMSE =    1  n − 1     ∑   i = 1  n    ( ES  1   ( i )    − ES  2   ( i )    )  2     



(5)




where ES1(i) and ES2(i) represent the standard values of ES1 and ES2, respectively, and n is the number of observations.




2.3.5. Data Analysis


The data were processed and analyzed using Excel 2016 and SPSS 22.0, and graphs were plotted using Origin 2018 and ArcMap 10.2.






3. Results


3.1. Spatial Distribution Characteristics of SOCS across Different Vegetation Types


After abandonment, the overall change in the SOCS in the study area ranged from 0.62 t hm−2 to 23.58 t hm−2, and the soil carbon storage was significantly different across the vegetation types (p < 0.05) (Figure 3a). The SOCS of the jujube economic forest was significantly higher than that of the apple economic forest and grassland. Upon comparing different land preparation methods, the effect of land preparation methods on the SOCS of forest land after abandonment was relatively small, and the difference between the level terrace and the undisturbed slope was statistically insignificant. However, the effect on abandoned grassland was larger, and in the undisturbed slope of grassland, it was significantly higher than that of the level terrace. Specifically, the trend was JU (259.05 t·hm−2) > JL (252.28 t·hm−2) > AU (108 t·hm−2) > AL (106.02 t·hm−2) > GU (97.47 t·hm−2) > GL (46.57 t·hm−2). After abandonment, the vertical distribution characteristics of the SOCS in the study area differed significantly, and the SOCS showed a downward trend with an increase in the soil depth (Figure 3b). In the 0–20 cm soil layer, the highest SOCS was 16.21 t hm−2, accounting for 11.19 % of the total storage (Figure 3c). In the 20–100 cm soil layer, SOCS showed a trend of first decrease and then increase, and SOCS accumulated to 40.84 t·hm−2, accounting for 28.12 % of the total storage. Under 100 cm soil layer, SOCS showed a decreasing trend with the increase of soil depth, and SOCS accumulated to 87.85 t·hm−2, accounting for 60.63% of the total storage.




3.2. Spatial Distribution Characteristics of SWS across Different Vegetation Types


The overall range of SWS variation in the study area after abandonment was 10.02 mm~49.63 mm, and the SWS differed significantly (p < 0.05) between the abandoned economic forests and grassland (Figure 4a). The SWS in the abandoned economic forest was significantly higher than that in the grassland. Under the same vegetation, the SWS of a level terrace was higher than that of an undisturbed slope, and the trend was JL (448.71 mm)> JU (418.37 mm) > AL (385.40 mm) > AU (376.74 mm) > GL (345.21 mm) > GU (269.12 mm). After abandonment, the SWS showed an overall decrease with an increase in the soil depth (Figure 4b). The highest SWS content in the 0–20 cm soil layer was 30.08 mm, accounting for 8.04% of the total storage (Figure 4c). In the 20–100 cm soil layer, with an increase in the soil depth, the SWS had a decreased trend, accumulating up to 102.17 mm, which accounted for 27.33% of the total storage. When greater than 100 soil layers, the change in the SWS trend was stable, accumulating up to 241.68 mm, which accounted for 64.63% of the total storage.




3.3. The Relative Benefit and Trade-Off between SOCS and SWS


3.3.1. Relative Benefits Analysis of SOCS and SWS


After abandonment, the relative benefits of the SWS were generally greater than those of the SOCS in the study area, indicating that the SWS played a predominant role (Figure 5i). The relative benefits of the SOCS for JL and JU were higher than those of the SWS (Figure 5a,b), while opposite performance trends were observed for AL, AU, GL, and GU (Figure 5c–f). On comparing different land preparation methods, both the level terrace and undisturbed slope showed higher relative benefits of the SWS as compared to the SOCS (Figure 5g,h).




3.3.2. Trade-Off Analysis of SOCS and SWS


In the 0–340 cm soil layer, across different vegetation types, the trend was GL (0.39) > AU (0.32) > GU (0.30) > JU (0.24) > AL (0.19) > JL (0.16) (Table 2). Under different land preparation methods, GL showed the highest RMSE while JL showed the lowest value, and AU showed the highest RMSE while JU exhibited the lowest value. In the 0–20 cm soil layer, except for GU, the RMSE values were the smallest across different soil layers; in the 20–40 cm soil layer, the RMSE values were the largest, and with an increase in soil depth, the RMSE values decreased, and the RMSE of the undisturbed slope grassland showed greater fluctuations.





3.4. Analysis of Environmental Factors and Contribution of SOCS and SWS


Changes in the SOCS and SWS were influenced by several environmental factors, including physical indicators (BD, SMC, CWHC, and TCP), chemical indicators (AN, AP, AK, pH, and EC), and their interactions (Figure 6a,b). Among the different vegetation types, the SWS and SOCS in the abandoned jujube forest had the strongest interaction and the highest explanation rate, both at 71.6%. The SOCS and SWS in the abandoned apple forest had the strongest interaction and the highest explanation rate, both at 38%. The chemical factors in the abandoned grassland had the highest explanation rate for the SOCS and SWS, at 46.3% and 78.5%, respectively. Under different land preparation methods, the chemical factors showed the highest interpretation rate at 75.7% for the SOCS, and the SOCS showed the highest interpretation rate at 51.4% for the SWS. The mutual interpretation rate of the SWS and SOCS on undisturbed slopes was the highest at 49.8%.





4. Discussion


4.1. Response of SOCS to Vegetation


Vegetation is an important factor affecting the soil’s organic carbon content [33], as it changes the balance between the input and output of organic carbon through complex physical, chemical, and biological decomposition processes, thereby affecting the SOC distribution [34]. It was shown that the thickness of dead litter and root distribution in abandoned woodlands were more conducive to SOCS accumulation [35]. The results of this study also show that the SOCS in the abandoned economic forests was significantly higher than that in the grassland, and that the abandoned woodlands contributed more to the SOCS than the grassland. The SOCS of the abandoned jujube forest was higher than that of the apple forest, indicating that SOC sequestration in the abandoned jujube forest was better than that in the apple forest. This may be due to the more developed root system of jujube trees, the different microclimate zones formed on the underlying surface across different vegetation types, and a large accumulation of litter and rhizosphere sediments that affect the activity of soil microorganisms and change the carbon conversion rates [36,37,38] Land preparation methods exerted little effect on the SOCS of forest land following abandonment but had a great impact on the abandoned grassland. There was no significant difference in the SOCS between the jujube and apple forests on an undisturbed slope and a level terrace. Site conditions had little effect on the average organic carbon content, and the effects of vegetation growth on the soil organic carbon were stronger than those due to site conditions. However, the total organic carbon content in the undisturbed slope plots of the grassland was significantly higher than that in the level terrace plots. This may be attributed to the growing range of herbaceous plants, which have limited influence on the soil depth, and topographic changes are more likely to affect soil material migration and transformation [39].



The results show that after abandonment, the SOCS generally fluctuated and decreased with an increase in the soil depth. In the 0–20 cm soil layer, the SOCS was the highest, which could be attributed to the increase in the soil organic carbon accumulation due to the supply from surface vegetation consisting of the litter layer and dead root decomposition [40,41]. Water is deficient in deep layers of vegetation, and water stress reduces the return of organic matter [42], which may affect the accumulation of organic carbon. However, our findings show that the SOCS accounted for 60.63% of the carbon storage in the soil layer below 100 cm, suggesting a relatively large proportion of the total. Therefore, deep soil layers have great carbon sequestration potential, and future evaluation of SOCS is warranted.




4.2. Response of SWS to Vegetation


The vegetation mainly affects the soil moisture through canopy interception [43]. The feedback between vegetation and soil moisture plays an important role in improving the understanding of soil and water conservation and water use strategies. [44]. The study of soil water storage in the jujube forest, apple forest, and grassland under different land preparation methods after abandonment suggested that the SWS of the abandoned economic forest was higher than that of the grassland, indicating that the water retention effect of the grassland was lower than that of the woodland [45]. Under different land preparation methods, the SWS for the same vegetation on a level terrace was higher than that on an undisturbed slope, indicating that the land preparation method had a certain impact on the soil water content. The soil structure and soil water distribution patterns changed significantly, and the level terrace was more conducive to soil water retention [46].



The results of this study show that the SWS in the 0–20 cm soil layer was the highest, and below 100 cm, the SWS accounted for 64.63 % of the total storage. The plant canopy reduces the surface temperature and soil evaporation [44], while rainfall infiltration supplements moisture in the shallow soil, resulting in the highest surface soil water storage. Moreover, studies have shown that the permeability of arbor surface soil moisture is the best compared to shrubs and grasses, and the permeability potential of deep soil moisture is high with a high litter coating, thus preventing soil crust formation, increasing the soil organic matter content and porosity, and facilitating soil moisture infiltration [47], and thereby promoting the accumulation of deep soil water storage. Deep soil moisture can serve as a reserve water resource for plant utilization [48] and plays an important role in vegetation growth.




4.3. Relative Trade-Offs between SOCS and SWS and Their Benefits


Soil moisture, as a bridge between soil, vegetation, and atmosphere, is a key factor affecting vegetation growth, development, and ecological recovery [49,50]. According to the trade-off analysis, the SWS plays the dominant role in the study area. After abandonment, the relative benefits of the SWS were higher than those of the SOCS in the apple forest and grassland, while the trends were opposite in the jujube forest. Therefore, we suggest that for the future transformation of abandoned grasslands and mountainous apple woodlands, soil organic carbon content and fertility should be improved by planting carbon-fixing crops or green manure crops, such as legumes. Leguminous plants have a strong nitrogen fixation capacity, which increases the SOCS capacity by 30% and effectively improves the soil health and C content [51]. However, the transformation of abandoned jujube forests requires an increase in the allocation of water-retaining vegetation and water-retaining construction measures to improve the soil moisture benefits. Under different land preparation methods, the level terrace and undisturbed slope showed that the relative benefits of SWS were greater than those of SOCS, and the RMSE values were the lowest for the jujube forest. The mixed use of arbors, shrubs, and grasses is recommended [52]. Reasonable planting policies and land use contribute to economic, environmental, and social benefits [53]. Over time, under the influence of changing climatic conditions, environmental factors, complex topographic factors, and human disturbances [54,55], the soil organic carbon content and soil moisture are also altered. However, combined with the existing knowledge, the results of the trade-off analysis between different ESs can provide a reference for the transformation of abandoned forest land in other similar areas.




4.4. Environmental Influences on SOCS and SWS


Soil water content is one of the main factors affecting plant growth in arid areas. Changes in the soil water content can change the productivity of organisms, thereby promoting or inhibiting changes in the organic carbon content [56]. Studies have also shown that soil moisture is an indicator of soil organic matter accumulation [12], which determines the soil organic carbon content [57,58]. Our findings also suggest that the SOCS and SWS of the abandoned economic forests had the highest mutual interpretation rate and strong interaction. However, the chemical indicators showed the highest explanation rate for the SOCS and SWS in the abandoned grassland. This could be attributed to limited microbial decomposition due to the substrate quality in the abandoned grassland [59]; microbial decomposition is faster [60], soil nutrient levels are high, and the utilization of organic carbon is accelerated. A previous study showed that surface litter and animal and plant residues are the main sources of soil nutrients [61]. The decomposition of plant litter and animal and plant residues can increase the soil nutrient content, thus indirectly improving the soil structure, reducing the soil bulk density, increasing the soil porosity, and promoting soil moisture accumulation [62,63]. This study shows that under different land preparation methods, the chemical factors and SOCS of a level terrace had the highest interpretation rates for the SOCS and SWS, respectively, and the SOCS and SWS of an undisturbed slope had the highest mutual interpretation rate. This could be attributed to the strong capacity of the level terrace for storing runoff and litter, which strengthens the role of humification, thus enriching the nutrient elements in the surface layer. When the soil nutrient content is high, it affects the soil organic matter content [64]; when the runoff velocity and flow rate of an undisturbed slope are high, the rainfall interception effect is small, and thus, the soil moisture and nutrient loss affect the vegetation growth [65], in turn affecting the soil organic carbon accumulation.





5. Conclusions


In conclusion, the spatial distribution characteristics of the SOCS and SWS in a 0–340 cm deep soil layer of abandoned economic forest in the loess hilly areas were studied. The SOCS and SWS in the 0–20 cm deep soil layer were the highest and decreased with an increase in depth; however, the accumulation was high in deeper layers (below 100 cm), at 60.63% and 64.63%, respectively. The potential for water retention and carbon sequestration was high. After abandonment, the SOCS and SWS were different across different vegetation types and under various land preparation methods. In the study area, as compared to the SOCS, the SWS showed higher relative benefits, thus ensuring the prospect of sustainable development for vegetation restoration Across different vegetation types, the relative benefits of the SWS in the abandoned apple forest and grassland were higher than that of the SOCS, while these trends were the opposite for the jujube forest. According to previous findings, it is suggested that the abandoned mountain apple and grassland can be restored by planting carbon-fixing crops or green manure crops, and the mountain jujube forest can further improve the soil moisture benefits through water-retaining vegetation and the construction of water-retaining infrastructure. Under different land preparation methods, the relative benefits of the SWS in the study area were higher than those of the SOCS, and the RMSE was the lowest for the jujube forest. Therefore, we recommend the mixed use of arbors, shrubs, and grasses for transformation. In addition, environmental factors have an influence on different vegetation types and land preparation methods after abandonment. In addition to the interaction between SOCS and SWS, chemical indicators exerted the greatest impact on the abandoned grassland and SOCS of the level terrace.
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Figure 1. Location of the sampling sites. 
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Figure 2. Describe the trade-off between two ecosystem services (ESs). Point B favors ES2 and point C favors ES1. Points B and C are at the same distance from the trade-off bisector and have equal trade-off values, but the trade-off value is less than point A. Point D has a zero trade-off value. 






Figure 2. Describe the trade-off between two ecosystem services (ESs). Point B favors ES2 and point C favors ES1. Points B and C are at the same distance from the trade-off bisector and have equal trade-off values, but the trade-off value is less than point A. Point D has a zero trade-off value.



[image: Forests 14 00221 g002]







[image: Forests 14 00221 g003 550] 





Figure 3. (a) Changes in soil organic carbon storage (SOCS) of different vegetation types; different capital letters indicate significant differences in SOCS of different vegetation types in the same soil layer (p < 0.05). (b) Distribution of total SOCS and (c) percentage of accumulated SOCS in different vegetation types. The center line and empty squares represent the median and mean values, respectively. 
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Figure 4. (a) Changes in soil water storage (SWS) of different vegetation types; different capital letters indicate significant differences in SWS of different vegetation types in the same soil layer (p < 0.05). (b) Distribution of total SWS and (c) percentage of accumulated SWS in different vegetation types. The center line and empty squares represent the median and mean values, respectively. 
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Figure 5. The trade-off between soil organic carbon storage (SOCS) and soil water storage (SWS). The relative benefits of SOCS and SWS in (a) JL, (b) JU, (c) AL, (d) AU, (e) GL, and (f) GU are expressed by black points. (g,h) The relative benefits of SOCS and SWS in level terraces and undisturbed slopes. (i) The relative benefits throughout the region are expressed by blue points. The vertical distance between the point and the 1:1 line represents the degree of compromise, and the direction of the arrow indicates which ES is more efficient. 
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Figure 6. Soil layer: 0–340 cm. (a) The relative contribution of soil water storage (SWS), physical indicators (soil bulk density, saturated water content, capillary water holding capacity, total porosity), and chemical indicators (available nitrogen, available phosphorus, available potassium, soil pH, electrical conductivity) to soil organic carbon storage (SOCS), and (b) the relative contribution of SOCS, physical indicators, and chemical indicators to SWS. 
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Table 1. Basic information of sample plot.
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	Sample Number
	Plot Type
	Altitude (m)
	Slope Gradient (°)
	Slope Aspect
	Vegetation Coverage (%)
	Land Preparation Method
	Age of the Plantation (a)
	Abandoned Years (a)





	1
	JL
	836
	0
	Shady
	40
	Level terrace
	30
	6



	2
	JU
	860
	25
	Shady
	43
	Undisturbed slope
	30
	6



	3
	AL
	900
	0
	Shady
	50
	Level terrace
	30
	6



	4
	AU
	903
	28
	Shady
	52
	Undisturbed slope
	30
	6



	5
	GL
	905
	0
	Shady
	82
	Level terrace
	
	6



	6
	GU
	904
	30
	Shady
	80
	Undisturbed slope
	
	6







Notes: JL, JU, AL, AU, GL, GU represent jujube tree (level terrace), jujube tree (undisturbed slope), apple tree (level terrace), apple tree (undisturbed slope), grassland (level terrace), grassland (undisturbed slope).
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Table 2. RMSEs of SOCS and SWS of different vegetation types.






Table 2. RMSEs of SOCS and SWS of different vegetation types.





	Soil Depth (cm)
	JL
	JU
	AL
	AU
	GL
	GU





	0–20
	0.09
	0
	0
	0.04
	0.09
	0.56



	20–40
	0.25
	0.31
	0.05
	0.55
	0.77
	0.60



	40–60
	0.22
	0.22
	0.23
	0.5
	0.64
	0.19



	60–80
	0.22
	0.21
	0.21
	0.46
	0.53
	0.16



	80–100
	0.19
	0.18
	0.21
	0.42
	0.46
	0.14



	100–120
	0.17
	0.27
	0.22
	0.38
	0.46
	0.21



	120–140
	0.16
	0.32
	0.27
	0.35
	0.42
	0.19



	140–160
	0.15
	0.31
	0.25
	0.32
	0.39
	0.18



	160–180
	0.14
	0.29
	0.23
	0.3
	0.37
	0.26



	180–200
	0.15
	0.28
	0.22
	0.29
	0.35
	0.26



	200–220
	0.14
	0.26
	0.21
	0.27
	0.35
	0.31



	220–240
	0.14
	0.25
	0.21
	0.26
	0.33
	0.32



	240–260
	0.13
	0.24
	0.20
	0.26
	0.32
	0.35



	260–280
	0.13
	0.24
	0.19
	0.26
	0.31
	0.33



	280–300
	0.13
	0.23
	0.19
	0.25
	0.30
	0.33



	300–320
	0.13
	0.23
	0.18
	0.25
	0.30
	0.32



	320–340
	0.12
	0.22
	0.18
	0.24
	0.30
	0.31



	average
	0.16
	0.24
	0.19
	0.32
	0.39
	0.30







Notes: JL, JU, AL, AU, GL, GU represent jujube tree (level terrace), jujube tree (undisturbed slope), apple tree (level terrace), apple tree (undisturbed slope), grassland (Level terrace), grassland (undisturbed slope). SOCS, SWS, and RMSE represent soil organic carbon storage, soil water storage, and root mean square error, respectively.
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