

  Effects of Different Land-Use Systems on Soil Aggregates: A Case Study of the Loess Plateau (Northern China)




Effects of Different Land-Use Systems on Soil Aggregates: A Case Study of the Loess Plateau (Northern China)







Sustainability 2017, 9(8), 1349; doi:10.3390/su9081349




Article



Effects of Different Land-Use Systems on Soil Aggregates: A Case Study of the Loess Plateau (Northern China)



Shahmir Ali Kalhoro 1,2[image: Orcid], Xuexuan Xu 1,*, Wenyuan Chen 1, Rui Hua 1, Sajjad Raza 3[image: Orcid] and Kang Ding 1





1



Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, Shaanxi, China






2



Faculty of Agriculture, Lasbela University of Agriculture, Water and Marine Sciences, Uthal 90150, Pakistan






3



Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad 38040, Pakistan









*



Correspondence: Tel.: +86-29-8701-2411







Received: 6 May 2017 / Accepted: 26 July 2017 / Published: 1 August 2017



Abstract:



Soil aggregate stability is an important indicator for controlling soil losses and can improve soil quality, particularly in an area such as the Loess Plateau. The objective of this study was to estimate the differences in soil aggregates across six different land-use systems (grassland, apple orchard, abandoned apple orchard, cropland maize, cropland wheat, and shrub-grassland). For this purpose, dry and wet sieving techniques were employed to assess aggregate content and aggregate stability. Higher percentages of water stable aggregates were observed in the abandoned apple orchard and shrub-grassland at 63% and 61%, respectively. The maximum dry aggregate stability (%) was recorded at 78% and 77% in both wheat cropland and common apple orchard, and the abandoned apple orchard was only 74%. Both mean weight diameters and geometric mean diameters of aggregate were recorded as higher in grassland, shrub-grassland, and the abandoned apple orchard, than the other land uses. The formation of soil aggregates and their stability were positively correlated with soil organic carbon content and root biomass of different plant communities. Higher amounts of soil organic carbon content were noted in the abandoned apple orchard, common apple orchard, and natural grassland at the 0–20 cm soil layer. The results of the correlation coefficient showed a positive significant correlation between the mean weight diameter, geometric diameter, root biomass, and soil organic carbon content. Conclusively, the type of land use affected the soil aggregation and distribution of size fractions; the small fractions of the aggregates formed large fractions by combining with fresh organic matter, and increased soil organic carbon concentrations were closely linked with the formation of macro-aggregates. Thus, converting slope farmland to forestland and grassland could improve water-stable aggregate and reduce soil disturbances in areas (like the Loess Plateau) with the highest erosion risk.
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1. Introduction


The Loess Plateau of Northern China is well known for its deep loess deposits, distinctive landscape, and intense soil erosion. Most agricultural practices usually occur on the top surface and the adjacent steep slopes while little agriculture is conducted in the areas with terraces. Most farmers in this region struggle for their livelihood because of hard climatic uncertainties, few make profits from farming. Cropland is the main land use type—with crops of wheat, maize, foxtail, and pearl millet—while the other types of land under farming practices are orchards (apple and pear), grasslands, and forestland [1].



Tillage practice in the Loess Plateau by reducing the soil aggregation process aggravates soil loss through erosion. The government of China has noticed the severity of soil erosion and has introduced various research projects (e.g., the EROCHINA project) and conservation measures in the area [2]. The Chinese government has also urged farmers to convert their farmlands into grassland or forest in order to minimize the tillage and, consequently, protect the soil from being lost [1]. In the existing literature, various studies have been conducted on soil erosion. Soil organic matter (SOM) and soil aggregate stability are two substantial properties that are closely associated with each other and commonly considered as key indicators of soil quality (productivity), decreasing soil erosion as they improve. In fact, aggregate stability is a complex parameter and a significant factor affecting soil structure, soil organic carbon, infiltration, aeration, water retention, soil compaction, and hydraulic conductivity. Therefore, it is important to maintain soil aggregate stability to protect soil efficiency, productivity, and to minimize soil losses [1,3,4].



Additionally, the existence of soil organic matter (SOM) affects aggregate stability and soil structure [3,5]. Plenty of influential work reported by various researchers has suggested that SOM can improve the formation of soil aggregates and increase the mechanical stability of aggregates by binding soil mineral particles, which determines the coherence of inter-particle bonds [1,2,6,7]. Similarly, the presence of soil organic carbon (SOC) in different soil layers or in aggregate sizes is imperative for soil quality assessments, which can be easily lost in the erosion process (since large aggregates are more stable). However, in existing studies, limited information is available on the effects of carbon content in different soil layers of different land-use systems. Previous studies [8,9,10] suggested that macro-aggregates in the soil are stabilized mainly due to carbohydrate-rich roots. The government of China introduced a special project, “Grain for Green” in 1999 with the aim of the “enhancement of soil superiority and a decrease of soil erosion” in the Loess Plateau [1,11].



In addition; there are four different methods, which are generally used for the determination of soil aggregate stability, three of which were proposed by [12] and the other was modified from two different methods that were introduced by [13,14]. Among these methods, dry and wet sieving is considered a reliable approach for the measurement of soil aggregates [15,16,17].



This study had three objectives: first, to determine the distribution of soil aggregates in different land-use systems; second, to evaluate the effects of water stable aggregates (WSA) and dry stable aggregates (DSA) on soil organic carbon (SOC) in relation to the plant roots of different plant types and in different land-use systems; and, third, to determine the impact of different land uses on soil physical properties. This study mainly focuses on the effects of different land-use systems on the Loess Plateau of China. Numerous studies have been done on different aspects of the soil of the Loess Plateau, such as the impacts of land use change and climate variability [11], soil aggregate and crop yield changes with different rates of straw [18], the impact of land-use changes on soil hydraulic properties [1], soil organic carbon and nitrogen fractions, and the effects of re-vegetation on soil organic carbon storage [19], but limited work has been collectively done on the different land-use systems in the Loess Plateau. Therefore, we hope that our study will be of great significance in the decision-making process and future research on the Loess Plateau, China.




2. Materials and Methods


2.1. Soil Sampling and Analysis


The field experiment was conducted in Changwu County (107°40′30″–107°42′30″ E, 35°12′16″–35°16′00″ N) of Xianyang city (Figure 1). The county spreads over an area of 525 km2 at heights of 946 to 1226 m above sea level, 582 mm is the average annual rainfall, and 9.2 °C is the average temperature. The area is very vulnerable to soil erosion with approximately 10,000 to 25,000 t km−2 y−1 in soil losses [1].


Figure 1. The geographical location of the study site of Changwu County, Loess Plateau, China.
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2.2. Soil Sampling and Analysis


To fulfil the objectives of this study, six study sites, i.e., GL (grassland), CAO (common apple orchard), AAO (abandoned apple orchard), Clm (cropland maize), Clw (cropland wheat), and SGL (shrub-grassland), were chosen from the Loess Plateau (Table 1). Apart from maize fields (grown thrice in two years) and wheat fields which are regularly tilled before sowing, all other types of land (grassland, abandoned apple orchard, and shrub-grassland) in the Loess Plateau do not undergo any tillage operation throughout the year. A total of 54 soil samples were collected from three depths (0–20, 20–40, and 40–60 cm). Samples were randomly collected in triplicate from different locations of every site and depth. Stainless steel shovels were used for soil sampling, and the samples were analyzed for soil particle distribution (sand, silt, and clay), electrical conductivity (EC), and soil organic carbon. The EC of the soil was determined by using a digital EC meter, and the extract was prepared in a 1:5 ratio of soil sample to distilled water, with 30 min of shaking. The distribution of soil particles, sand, silt, clay (Beckman Coulter, North Rhine-Westphalia, Germany; LS™ 200 laser particle analyzer; the instrument is laser-based technology that permits analysis of particles without the risk of missing either the largest or the smallest particles in a sample), and the soil organic carbon were assessed by standardized procedures [20,21,22,23], whereas the bulk density (BD) was determined from undisturbed soil samples collected in triplicate from each site and each depth using the standardized procedure [20].



Table 1. Summary of abbreviations of different land uses with their brief history.







	
Types of Land Use

	
Abbreviation

	
Utilization History






	
Grassland

	
GL

	
The land was used as apple orchard and its conversion to grassland started in 2000 and all the woody material of apple trees was removed from the field at the same time.




	
Common apple orchard

	
CAO

	
Before 2006, the land was used for the cultivation of field for crops like wheat, maize, and millet and has been used as an apple orchard since 2006.




	
Abandoned apple orchard

	
AAO

	
The utilization as apple orchard was abandoned some 16 years ago. Some apple trees are still in the field and grow naturally.




	
Cropland maize

	
Clm

	
The land has been under regular maize cultivation for the last 20 years.




	
Cropland wheat

	
Clw

	
The land is cultivated for wheat currently but was an apple orchard 4–5 years ago.




	
Shrub-grassland

	
SGL

	
This land has not been not under cultivation for the last 10 years.











2.3. Sampling Procedure for Determination of Aggregate Size Fractions


To estimate Dry Stable Aggregate (DSA) and Water Stable Aggregate (WSA), individual soil samples were collected randomly in different locations from the same plot, in triplicate. Undistributed soil core samples were collected in a stainless steel box (length × width × height = 20 × 12.5 × 6 cm) at the 0–20, 20–40, and 40–60 cm soil layers. Samples were sealed in polyethylene bags and transported to the laboratory to determine the dry and wet stability of the soil aggregates. Soil samples were air-dried at room temperature for 48 h. Plant roots and stones were removed from the samples, and the samples were placed on the rotary device for sieving (oscillatory sieving analyzer, JH-200, Beijing, China) for the analysis of DSA. The rotary device contained different sizes of sieves that were 5, 5–2, 2–1, 1–0.5, and 0.5–0.25 mm. Each sample was separately put on the top of the sieve (5 mm), and the fixed sieve analyzer shook at 270 rpm for 2 min. The distributed soil aggregates were collected separately in each sieve and weighed on an electrical balance to calculate the distribution of the 5, 5–2, 2–1, 1–0.5, and 0.5–0.25 mm soil aggregates [15,16,17], whereas for WSA 50 g of soil samples were placed in sieves and dipped into water, and the sieves were moved up and down for 2 min at 30 cycles/min. The remaining soil sample in each sieve was recorded to calculate the water aggregate stability [15,16,17,24,25], dry aggregate stability [25], mean weight diameter, and geometric mean diameter [25,26] by using the following formulas [17,24,25,26].


[image: there is no content]



(1)




where the mass of dry aggregate means the remaining mass of soil (before wetting) after each sieve and mass of dry soil sample means the total mass of soil sample, whereas for WSA, the mass of dry aggregate means the remaining mass on dry soil (after wetting) after each sieve
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(2)
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(3)




where, MWD represents mean weight diameter and GMD represents geometric mean weight diameter, Sum of products of [image: there is no content], the mean diameter [image: there is no content], of each size fraction and [image: there is no content] is the proportional of the total sample mass, occurring in the corresponding size fraction, and the summation was carried out over all n size fractions, including the one that passes through the finest sieve.




2.4. Determination of Root Biomass in Different Land-Use Systems


To assess the available amount of root biomass in the different soil layers and in the different land-use systems, stainless steel rings (5 cm in diameter) were used for soil sampling and soil samples were individually collected randomly from different locations within the same plot in triplicate at 0–20, 20–40, and 40–60 cm soil depths, and then, the samples were kept in sealed polyethylene bags and transported to the laboratory for further analysis. In addition, roots were manually separated from the soil particles, and root biomass was calculated with mass density (roots) divided by the inner volume of the soil core [1].




2.5. Statistical Analysis


To explore the influence of different land-use systems on the distribution of soil aggregate, MWD, GMD, and SOC, the mean values and standard errors, analysis of variance (two-way ANOVA), and Pearson correlation coefficient were applied and significant differences among data were determined at p ≤ 0.05 and p ≤ 0.01 The statistical analysis was conducted using SPSS 13.0 (SPSS Inc., Chicago, IL, USA).





3. Results and Discussion


3.1. Physicochemical Properties of the Soil in the Different Land-Use Systems


The results of the basic soil properties are presented in Table 2. Generally, soils were a silty loam in texture (Table 2). Subsequently, the bulk density (BD) at 0–20 cm in all land-uses was different from each other and the difference was not statistically significant (Table 2). There is a tendency of increase in BD in all land-uses with the largest increase with CAO, followed by AAO, SGL, Clw, GL and Clm. The tendency of the increase in BD, Clm, and Clw is an indication of the effects of tillage and the higher application of inorganic fertilizer than Clw and other land-uses (Table 3). The results are in line with the findings of [27,28,29,30,31], which revealed that the BD of the soil surface layers could be reduced with no tillage compared to conventional tillage; and this study showed that the BD in the soil surface layers of AAO, GL, CAO, and SGL were slightly lower compared to Clm and Clw.



Table 2. Characteristics of the soil at study sites under six land-use systems.







	
Soil Layers (cm)

	
Land-Use System

	
Bulk Density (Mg/m3)

	
Electrical Conductivity (dS m−1)

	
Soil Particle Size Distributions




	
Sand %

	
Silt %

	
Clay %






	
0–20

	
GL

	
1.01 (0.35) a

	
0.238 (0.008) ab

	
8.69 (2.07) c

	
70.11 (0.94) a

	
21.20 (1.14) a




	
CAO

	
0.82 (0.19) a

	
0.258 (0.020) a

	
15.45 (4.13) a

	
64.91 (2.24) b

	
19.64 (2.02) a




	
AAO

	
0.97 (0.12) a

	
0.225 (0.012) b

	
13.21 (3.54) a

	
66.61 (1.62) ab

	
20.18 (2.03) a




	
Clm

	
1.11 (0.03) a

	
0.181 (0.010) c

	
11.00 (3.06) ab

	
70.46 (0.96) a

	
18.53 (2.54) a




	
Clw

	
0.99 (0.02) a

	
0.192 (0.003) c

	
10.79 (0.70) b

	
69.15 (0.97) a

	
20.06 (1.29) a




	
SGL

	
0.99 (0.14) a

	
0.209 (0.005) bc

	
9.46 (0.65) c

	
70.95 (0.34) a

	
19.59 (0.94) a




	
20–40

	
GL

	
1.10 (0.05) b

	
0.179 (0.005) b

	
9.20 (1.30) a

	
71.73 (0.48) c

	
19.07 (1.03) ab




	
CAO

	
1.09 (0.06) b

	
0.212 (0.106) a

	
7.84 (3.54) a

	
70.10 (0.63) bc

	
22.06 (3.18) a




	
AAO

	
0.99 (0.21) ab

	
0.210 (0.031) a

	
15.43 (2.48) a

	
69.27 (0.71) c

	
15.29 (1.96) ab




	
Clm

	
1.19 (0.01) a

	
0.176 (0.003) b

	
14.97 (3.58) a

	
68.39 (0.99) c

	
16.64 (2.81) b




	
Clw

	
1.07 (0.01) b

	
0.182 (0.002) a

	
7.55 (0.40) a

	
72.34 (0.43) ab

	
20.11 (0.27) a




	
SGL

	
0.89 (0.10) c

	
0.184 (0.007) b

	
8.35 (2.54) a

	
69.41 (0.20) a

	
22.24 (2.39) a




	
40–60

	
GL

	
1.13 (0.02) a

	
0.182 (0.005) b

	
22.21 (8.85) a

	
64.04 (3.67) b

	
13.75 (5.18) b




	
CAO

	
1.13 (0.05) a

	
0.445 (0.146) a

	
7.60 (4.40) b

	
69.22 (1.18) ab

	
23.18 (3.29) a




	
AAO

	
1.20 (0.07) a

	
0.166 (0.006) b

	
11.99 (3.33) ab

	
69.66 (1.35) a

	
18.35 (1.98) ab




	
Clm

	
1.20 (0.04) a

	
0.167 (0.003) b

	
9.87 (0.53) ab

	
70.72 (0.26) a

	
19.41 (0.68) ab




	
Clw

	
1.17 (0.06) a

	
0.186 (0.003) b

	
8.31 (0.22) ab

	
72.90 (0.28) a

	
18.79 (0.24) ab




	
SGL

	
1.09 (0.17) a

	
0.165 (0.005) b

	
7.07 (0.57) b

	
73.61 (0.11) a

	
19.32 (0.51) ab








The mean value of GL, CAO, AAO, Clm, Clw, SGL, Bulk Density, and Electrical Conductivity in triplicate data with standard error is within the brackets. Different lowercase letters (a, b, c) indicate significant differences at p < 0.05 within a column.








Table 3. Historical data of area and fertilizer usage by different land use types in the Loess Plateau.







	
Period of Land Use (Years)

	
Area (ha m−2)

	
Maize Crop Lands

	
Wheat Crop Lands

	
Apple Orchard Lands




	
Crop Cultivated Areas

	
Orchard lands Areas

	
Grass Land Areas

	
N kg ha−1

	
P kg ha−1

	
N kg ha−1

	
P kg ha−1

	
N kg ha−1

	
P kg ha−1






	
1986–1990

	
267.76

	
36.4

	
55.8

	
103.5

	
39

	
173

	
39

	
346

	
78




	
1990–2000

	
238.61

	
96.83

	
23.14

	
138

	
39

	
173

	
39

	
346

	
78




	
2000–2008

	
133.09

	
191.99

	
62.5

	
138

	
59

	
138

	
39

	
346

	
78




	
2008–2012

	
After this; conversion of land use systems was not made.










The results of electrical conductivity (EC dS m−1) are presented in Table 2, which generally showed minute differences (not statistically significant) in EC (dS m−1) among different land-uses in all three sampling layers. A tendency of the increase was recorded in CAO in all three sampling layers at 0–20 (0.258 ± 0.020), 20–40 (0.212 ± 0.106), and 40–60 cm (0.445 ± 0.146) compared to the other land-use systems (Table 2). The higher concentration of EC may be due to the influence of inorganic fertilizers (NPK), which are applied in higher amounts in orchards as compared to croplands by local farmers to achieve maximum yields (Table 3). The results are supported by numerous researchers [11,18,32,33] that have demonstrated that cultivated land has a higher EC compared to grassland and abandoned land, possibly due to the presence of soil fauna and flora and the high amount of SOM. The data recorded at sampling time showed that farmers applied high doses of NPK fertilizers in the field (Table 3), which might be the result in higher concentrations of EC in CAO compared to the other sites. The minimum EC was obtained in SGL at 0–20 cm, and this may be because the study site was situated on a 5° slope with continuous runoff water from rainfall. In addition, the different land-use systems resulted in different land-use behaviors according to the EC, BD, and soil particle size distribution (Table 2). Statistically, results are not significantly different (p < 0.05). The results revealed that cropland had been affected by tillage operations and the study suggested that there would be an improvement in soil quality if land-uses are changed.




3.2. The DSA and WSA Distribution of Soil Aggregate Compositions (%)


Soil aggregates are a reflection of soil structure and texture. The combined group of soil particles is stronger rather than a single one. Aggregate stability is prominently a multi-parameter effect on the soil properties, and Table 4 and Table 5 present the particle size distribution from the analysis of DSA and WSA results. The dominance of aggregate size of fractions >5 mm were observed in the 0–20 cm soil surface layer across all study sites (GL, CAO, AAO, Clm, Clw, and SGL).The percentage of DSA in the surface soil (0–20 cm) in the different land-use systems was 78%, 77%, 74%, 69%, 64%, and 62% for Clw, CAO, AAO, GL, Clm, and SGL respectively (Table 4) while the percentage of the WSA was 65%, 61%, 52%, 50%, 50%, and 46% for SGL, GL, AAO, CAO, Clw, and Clm respectively (Table 5). Furthermore, the observations of this study illustrate that croplands (Clm and Clw) have lower WSA percentages in the soil than the other types of land (Table 5) while Clw had a higher WSA percentage than Clm (Table 5). Higher DSA (Table 4) and higher concentration of EC in CAO may be the effects of more labor and fertilizer usage in the field compared to those in the other types of land-use. Higher WSA was observed in AAO and GL compared to the other types of land use because the lands had not been used for the last 20 years. Our results are in accordance with the available literature [32,34,35], which revealed that the WSA of cropland could be affected by the use of heavy farm machinery, animals, and human activity [1].



Table 4. Size distribution of soil aggregates by dry sieving, under six land-use systems.







	
Soil Layers (cm)

	
Land-Use System

	
Dry Stable Aggregate and Size Class Distributions (Mass %)

	
MWD

	
GMD

	
DSA




	
>5

	
5–2

	
2–1

	
1–0.5

	
0.5–0.25

	
<0.25






	
0–20

	
GL

	
52.12 (4.34) ab

	
16.51 (1.99) d

	
13.72 (1.94) a

	
9.61 (0.98) a

	
3.93 (0.05) c

	
4.11 (0.52) b

	
4.78 (0.11) b

	
3.19 (0.05) c

	
69 (2.3) b




	
CAO

	
65.10 (3.90) a

	
11.89 (0.33) d

	
10.94 (1.26) ab

	
7.12 (1.29) b

	
2.63 (0.45) d

	
2.33 (0.57) c

	
5.53 (0.13) a

	
4.10 (0.04) a

	
77 (3.6) a




	
AAO

	
41.78 (6.43) b

	
32.00 (1.34) a

	
11.47 (0.40) ab

	
8.40 (2.43) a

	
3.65 (1.24) bc

	
2.70 (1.02) c

	
4.51 (0.24) bc

	
3.23 (0.10) c

	
74 (5.1) a




	
Clm

	
45.54 (7.11) b

	
18.07 (2.26) c

	
11.86 (2.31) ab

	
10.58 (2.84) a

	
4.86 (0.85) b

	
9.08 (3.37) a

	
4.34 (0.12) c

	
2.52 (0.03) d

	
64 (9.4) b




	
Clw

	
50.91 (0.97) ab

	
26.96 (1.27) ab

	
9.49 (0.19) b

	
5.81 (0.53) c

	
2.96 (0.13) b

	
3.87 (0.17) b

	
4.36 (0.02) c

	
3.58 (0.01) b

	
78 (0.3) a




	
SGL

	
37.85 (5.52) b

	
24.36(2.97) b

	
14.95 (1.27) a

	
9.38 (0.48) a

	
5.44 (0.57) a

	
8.01 (1.19) a

	
4.42 (0.41) b

	
2.41 (1.19) cd

	
62 (2.5) c




	
20–40

	
GL

	
70.77 (1.64) a

	
10.19 (0.32) d

	
8.03 (0.80) b

	
5.81 (0.13) b

	
2.47 (0.18) c

	
2.73(0.21) b

	
5.84 (0.13) a

	
4.43 (0.12) a

	
74 (1.3) ab




	
CAO

	
68.22 (2.20) a

	
13.35 (0.74) c

	
8.44 (1.55) b

	
5.66 (1.06) b

	
2.19 (0.24) c

	
2.13 (0.09) b

	
5.76 (1.01) a

	
4.45 (0.09) a

	
76 (2.9) ab




	
AAO

	
56.11 (8.15) ab

	
20.24 (3.57) a

	
9.79 (0.83) ab

	
7.42 (1.73) b

	
3.28 (1.03) b

	
3.15 (0.99) b

	
5.14 (1.11) ab

	
3.69(0.19) ab

	
79(4.6) ab




	
Clm

	
61.51 (7.94) a

	
14.37 (1.64) ab

	
8.13 (1.64) b

	
6.42 (2.35) b

	
3.84 (1.76) ab

	
5.72 (3.83) a

	
5.31 (1.35) ab

	
3.59 (0.03) ab

	
64 (9.6) b




	
Clw

	
56.96 (4.46) ab

	
16.42 (6.34) ab

	
8.03 (0.83) b

	
7.08 (0.01) b

	
4.07 (0.50) ab

	
7.44 (2.22) a

	
5.04 (0.01) ab

	
3.23 (0.21) ab

	
76 (1.9) b




	
SGL

	
40.22 (2.88) b

	
21.92 (7.57) a

	
13.58 (1.15) a

	
9.20 (1.48) a

	
5.78 (0.79) a

	
9.30 (3.57) a

	
4.09 (1.41) b

	
2.37 (0.03) b

	
83 (4.7) a




	
40–60

	
GL

	
55.50 (9.10) b

	
14.54 (2.87) a

	
14.63 (5.81) a

	
7.35 (0.09) b

	
3.60 (0.05) a

	
4.37 (0.46) b

	
4.96 (0.09) b

	
3.36 (0.14) b

	
78 (6.2) ab




	
CAO

	
64.17 (8.75) ab

	
11.44 (1.11) ab

	
9.88 (2.04) a

	
7.72 (2.16) a

	
3.30 (1.50) a

	
3.49 (1.93) b

	
5.44 (1.16) ab

	
3.85 (0.19) ab

	
73 (7.6) ab




	
AAO

	
60.99 (1.84) ab

	
17.91 (6.53) a

	
8.73 (2.05) a

	
6.87 (3.03) b

	
2.89 (1.49) a

	
2.62 (1.80) ab

	
5.40 (0.13) ab

	
4.00 (0.11) ab

	
83 (8.4) a




	
Clm

	
72.23 (1.38) a

	
11.09 (0.20) b

	
8.96 (3.02) a

	
3.32 (0.40) c

	
1.72 (0.34) b

	
2.68 (1.10) bc

	
5.97 (0.40) a

	
4.70 (1.10) a

	
64 (1.2) b




	
Clw

	
74.01 (2.48) a

	
8.90 (0.57) c

	
4.95 (0.61) b

	
3.76 (0.78) c

	
2.39 (0.81) a

	
5.98 (0.86) a

	
5.98 (0.71) a

	
4.32 (0.18) ab

	
63 (3.1) b




	
SGL

	
70.11 (6.85) ab

	
13.51 (4.33) a

	
6.69 (0.98) a

	
4.46 (0.61) c

	
2.01 (0.31) a

	
3.23 (0.62) b

	
5.88 (0.61) a

	
4.52 (0.31) a

	
84 (2.5) a








The mean value of GL, CAO, AAO, Clm, Clw, SGL, DSA, MWD, and GMD in triplicate data with standard error is in the brackets. Different lowercase letters (a, b, c, d) indicate significant differences at p < 0.05 within a column.








Table 5. Size distribution of soil aggregates by wet sieving, under six land-use systems.







	
Soil Layers (cm)

	
Land-Use System

	
Water Stable Aggregate and Size Class Distributions (Mass %)

	
MWD

	
GMD

	
WSA




	
>5

	
5–2

	
2–1

	
1–0.5

	
0.5–0.25

	
<0.25






	
0–20

	
GL

	
51.8 (1.4) b

	
9.1 (1.6) b

	
10.3 (0.0) a

	
9.5 (0.8) b

	
11.5 (0.6) b

	
7.8 (0.0) d

	
4.5 (0.02) a

	
2.5 (0.02) a

	
61 (0.2) b




	
CAO

	
38.9 (2.6) b

	
11.5 (0.2) b

	
5.6 (0.2) d

	
7.9 (2.1) bc

	
3.5 (1.3) c

	
6.5 (0.3) e

	
3.5 (0.09) c

	
2.1 (0.09) c

	
50 (2.4) c




	
AAO

	
48.2 (5.8) b

	
3.8 (0.3) c

	
10.2 (1.5) a

	
12.2 (1.6) a

	
10.7 (2.4) b

	
14.9 (0.5) b

	
4.1 (0.15) b

	
1.8 (0.15) d

	
52 (6.0) c




	
Clm

	
27.8 (2.0) b

	
18.6 (0.2) a

	
2.0 (0.0) e

	
5.7 (1.4) c

	
23.1 (2.0) a

	
22.8 (2.4) a

	
2.9 (0.11) d

	
1.1 (0.13) f

	
46 (1.8) cd




	
Clw

	
35.5 (4.1) a

	
14.3 (3.2) b

	
7.4 (1.3) b

	
9.6 (3.3) b

	
5.7 (1.5) c

	
27.6 (3.8) a

	
3.4 (0.01) c

	
1.3 (0.02) e

	
50 (7.3) c




	
SGL

	
52.0 (0.5) b

	
12.8 (1.2) b

	
5.9 (0.9) c

	
7.7 (0.2) bc

	
11.6 (2.5) b

	
9.9 (0.3) c

	
4.6 (0.31) a

	
2.4 (0.01) b

	
65 (1.7) a




	
20–40

	
GL

	
54.2 (4.0) a

	
9.5 (1.1) a

	
5.6 (1.7) c

	
11.2 (1.7) ab

	
11.5 (2.5) a

	
8.1 (2.5) a

	
4.6 (0.02) b

	
2.5 (0.01) b

	
64 (5.1) a




	
CAO

	
56.9 (2.2) a

	
6.8 (3.8) ab

	
8.0 (3.4) bc

	
11.5 (0.7) ab

	
8.0 (2.2) b

	
8.9 (0.1) a

	
4.8 (0.8) ab

	
2.6 (0.06) b

	
64 (2.1) a




	
AAO

	
62.2 (6.4) a

	
6.6 (2.5) ab

	
12.3 (1.3) b

	
7.4 (4.4) a

	
6.0 (2.2) b

	
5.5 (4.1) a

	
5.2 (0.19) a

	
3.3 (0.11) a

	
69 (1.7) a




	
Clm

	
42.0 (1.8) b

	
9.7 (0.4) a

	
16.1 (1.5) a

	
13.6 (2.5) b

	
11.6 (0.1) a

	
7.0 (1.1) a

	
5.2 (0.11) a

	
3.1 (0.17) a

	
51 (3.9) b




	
Clw

	
36.7 (3.2) c

	
11.7 (3.4) a

	
8.1 (0.2) b

	
9.3 (3.3) b

	
10.0 (1.9) a

	
24.2 (7.7) b

	
3.4 (0.07) c

	
1.3 (0.01) c

	
48 (6.6) b




	
SGL

	
59.1 (3.4) a

	
4.8 (2.5) b

	
8.2 (0.3) b

	
6.1 (1.2) ab

	
8.6 (0.2) b

	
13.4 (0.8) b

	
4.8 (0.11) ab

	
2.5 (0.03) ab

	
64 (0.9) a




	
40–60

	
GL

	
57.4 (0.2) b

	
6.0 (4.0) b

	
8.1 (1.3) b

	
7.2 (3.9) a

	
12.0 (0.3) a

	
9.3 (1.7) a

	
4.7 (0.11) b

	
2.5 (0.04) c

	
64 (3.8) b




	
CAO

	
52.0 (7.8) b

	
8.4 (0.2) b

	
14.3 (2.1) a

	
5.7 (1.2) a

	
10.2 (1.6) b

	
9.4 (2.7) ab

	
5.1 (0.13) a

	
2.9 (0.06) b

	
60 (0.1) c




	
AAO

	
63.7 (1.8) a

	
9.8 (1.9) a

	
2.6 (1.6) c

	
1.0 (0.5) a

	
9.7 (2.7) b

	
13.3 (0.7) a

	
5.2 (0.08) a

	
2.8 (0.11) b

	
50 (2.3) d




	
Clm

	
36.8 (5.0) c

	
12.9 (1.1) a

	
9.6 (1.0) b

	
11.2 (2.7) a

	
5.2 (3.1) c

	
24.3 (3.0) a

	
3.5 (0.05) c

	
1.4 (0.05) d

	
50 (7.6) d




	
Clw

	
60.0 (1.4) a

	
6.5 (1.0) b

	
9.8 (1.7) b

	
7.4 (0.3) a

	
10.7 (0.4) b

	
9.2 (0.7) b

	
5.0 (0.05) a

	
2.8 (0.04) b

	
66.5 (3.9) b




	
SGL

	
60.5 (0.1) a

	
11.9 (2.6) a

	
8.3 (1.2) b

	
7.8 (1.0) a

	
3.3 (0.6) c

	
8.2 (2.9) ab

	
5.2 (0.12) a

	
3.2 (0.05) a

	
72 (2.5) a








The mean value of GL, CAO, AAO, Clm, Clw, SGL, WSA, MWD, and GMD in triplicate data with standard error is in the brackets. Different lowercase letters (a, b, c, d) indicate significant differences at p < 0.05 within a column.








The results of the different aggregate size fractions in terms of DSA indicated that the 2–1 mm and 1–0.5 mm fractions were both affected in cropland (Table 4), with the DSA at 0–20 cm increasing in the order of Clm, Clw, CAO, GL, SGL, and AAO. As many authors revealed before, farm machinery could disturb the soil aggregate fractions and ultimately affect WSA [2,4,7,36], our findings also indicated that the 2–1 mm and 1–0.5 mm fractions were destroyed by ploughing; the study findings suggest that plant restoration and a change in crop cultivation patterns could improve WSA formation in cropland, particularly in the study areas. Soil aggregation can be increased with cropland conversion to no-tillage due to the rapid turnover of SOC in the soil layers [37]. Soil aggregate stability is also supported by constantly increasing SOC levels up to the 20 cm soil layer (Table 4 and Table 5). The mean results of the different size fractions of DSA and WSA in the different land-use systems (GL, CAO, AAO, Clm, Clw, and SGL) are not significantly different. Aggregation is the outcome from the rearrangement of the particle size distribution, flocculation, and cementation by SOC, biota, clay and carbonates, plant roots, and organisms and their exudates [4,37,38]. The results of our study indicate that the formation of WSA was improved in GL, AAO, and SGL compared to CLm and CLw. The variation of WSA in different land use systems might be the effect of the interruption of farmer practices. This is in line with the existing studies [4,37,38,39,40].




3.3. MWD and GMD in Different Land-Uses


The results of the mean weight diameter (MWD) and the geometric mean weight diameter (GMD) of DSA and WSA are presented in Table 4 and Table 5. Significant differences between the different soil layers with the different land-use systems were observed. The MWD and GMD were observed in a decreasing order of SGL, AAO, GL, CAO, Clm, and Clw with the maximum in SGL. The mean MWD and GMD of Clm and Clw were the lowest in the entire soil profile (0–60 cm). This may be due to the presence of the lowest amount of SOM, limited microbial activity, and the lowest root biomass, which may play a major role in the formation of soil aggregates and is important for MWD and GMD [41]; similar experiments were conducted, indicating that the MWD of the surface soil layer was higher in grassland compared to cropland. By using the same techniques, our findings are in line with previous studies [2,6,15,42,43]. The removal of plant residue from the soil surface layer and animal grazing are the main causes of the disturbance of soil aggregates [28,44]. The protection of the land from disturbance is not only essential for aggregates, but also important for the management of the soil ecosystem, which ultimately influences agricultural yield [18,45,46].




3.4. Differences in SOC between Different Land-Use Systems


SOC is the main source of energy that facilitates soil aggregate formation. Figure 2 displayed the results of SOC percentage in the different land use systems. The maximum SOC was observed in AAO (3.3%), followed by GL (3.2%), Clm (2.6%), Clw (2.5%), CAO (2.1%), and SGL (1.2%) at the soil surface layer (0–20 cm). The reason why SGL contained the lowest percentage of SOC among the different types of land use might be that SGL is normally situated near the edge of steep slopes, which experience frequent water erosion due to prevalent rainfall in the area. Meanwhile, SOC percentage decreased with soil depth. SOC played a significant role in the improvement of the physicochemical properties of the soil and the formation of soil aggregates [47,48]. Our results are in line with similar findings of other researchers [49,50,51,52,53,54,55] and demonstrate that grassland contains a high amount of SOC and a significantly higher SOC content was observed in AAO. This is perhaps due to slightly higher WSA, GMD, and MWD in AAO and GL compared to the other types of land use. Similarly, according to the AAO and GL soil data, a slightly lower BD, higher WSA, MWD, GMD, and SOC in AAO and GL is due to less soil disturbance and higher SOM [27,29,31,37,40,56,57,58].


Figure 2. Soil organic carbon (SOC) under different land-use systems, the mean value results are not significantly different (p < 0.05), under different land uses of GL, CAO, AAO, Clm, Clw, and SGL. Different lowercase letters (a, b, c, d) indicate significant differences at p < 0.05.
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3.5. Effects of Root Biomass in the Different Land-Use Systems


The decay and growth of roots are the main supporters of SOM pools in the soil. Root biomass and SOM were observed as supporting material for the formation of aggregates (Figure 3). In many studies, it has been revealed that GL and AAO have the annual mean maximum root biomass, and an estimated annual root biomass was noted in grassland at 1360 kg and 6803 kg hac−1 year−1 [59,60,61]. The findings of this study showed that the surface soil at 0–20 cm in GL and AAO contained the highest amounts of root biomass and SOM (Figure 3) while that in CAO contained the lowest root biomass and Clw contained a greater amount than Clm. We assume that it may be affected by the activities of farmers, who remove all types of unwanted vegetation from the soil in cultivated lands. Across the six study sites, there was a decreasing root biomass pattern beginning with GL, followed by AAO, SGL, Clw, Clm, and CAO at the 0–60 cm soil layers (Figure 3). In addition, root biomass decreased with the increase of the soil depth. Similar trends were also observed in SOM (Figure 3). Root biomass plays a vital role in the decomposition of SOM and helps in the formation of soil aggregates [10,45,60]. Generally, the study observations showed that animal grazing, the regular use of farm machinery, and several anthropogenic activities were assumed to be the reasons for low root biomass production in the CAO, Clm, and Clw; similar findings were observed by many researchers in their studies [62,63,64].


Figure 3. Percentage of soil organic matter (SOM) and root biomass (RB) in different soil layers, mean value with a standard error, the results are not significantly different (p < 0.05), under different land uses of GL, CAO, AAO, Clm, Clw, and SGL. Different lowercase letters (a, b, c, d) indicate significant differences at p < 0.05.
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3.6. Relationship between Soil Aggregates (DSA and WSA) and Soil Properties


It is well known that the stability of soil water-stable aggregate is associated with the composition of soil organic matter. The study showed positive correlations among fraction sizes of DSA, WSA, MWD, GMD, and SOC. A highly significant correlation (p < 0.01) between the aggregate fraction (>5 mm) and DSA WSA, MWD, and GMD was observed, in contrast to other size fractions and related soil properties (Table 6). The results of present study are aligned with the published papers [36,52,64,65]. Soil organic matter is the key compound affected by a range of microbial activities (living and dead organisms, decomposable SOM, and dead plant materials). Our results also show a highly significant and positive correlation between SOC and soil aggregates (p < 0.01). A negative correlation between bulk density and SOC, GMD, and MWD indicates that macro-aggregates are not stable [32], and bulk density decreased with increasing SOC. Accordingly, the changes in the relationship between the soil properties (DSA and WSA with the different size fractions) and land-use systems indicate that the soil factors would have effects on soil aggregation and their fraction sizes.



Table 6. Pearson’s correlation coefficients between soil aggregation parameters (size classes, DSA, WSA, MWD, and GMD), RB, and measured soil properties (SOC, EC, and BD).







	

	
>5

	
5–2

	
2–1

	
1–0.5

	
0.5–0.25

	
<0.25

	
MWD

	
GMD

	
DSA

	
WSA

	
RB

	
SOC

	
BD

	
EC






	
>5

	
1.00

	

	

	

	

	

	

	

	

	

	

	

	

	




	
5–2

	
−0.35

	
1.00

	

	

	

	

	

	

	

	

	

	

	

	




	
2–1

	
−0.43

	
0.64 **

	
1.00

	

	

	

	

	

	

	

	

	

	

	




	
1–0.5

	
−0.66 **

	
−0.34

	
−0.08

	
1.00

	

	

	

	

	

	

	

	

	

	




	
0.5–0.25

	
−0.67 **

	
0.05

	
−0.09

	
0.44

	
1.00

	

	

	

	

	

	

	

	

	




	
<0.25

	
−0.82 **

	
−0.10

	
0.12

	
0.75 **

	
0.48

	
1.00

	

	

	

	

	

	

	

	




	
MWD

	
0.59 **

	
−0.39

	
−0.12

	
−0.39

	
−0.39

	
−0.41

	
1.00

	

	

	

	

	

	

	




	
GMD

	
0.55 **

	
−0.32

	
−0.04

	
−0.43

	
−0.32

	
−0.42

	
0.95 **

	
1.00

	

	

	

	

	

	




	
DSA

	
0.87 **

	
−0.48

	
−0.84 **

	
−0.91 **

	
−0.95 **

	
−0.74 **

	
0.94 **

	
0.97 **

	
1.00

	

	

	

	

	




	
WSA

	
0.15

	
0.57 **

	
−0.28

	
0.16

	
0.01

	
0.13

	
0.05

	
0.92 **

	
1.00

	
1.00

	

	

	

	




	
RB

	
0.58 **

	
0.60 **

	
0.54 **

	
0.51*

	
0.32

	
0.03

	
0.54 **

	
−0.44

	
−0.43

	
−0.28

	
1.00

	

	

	




	
SOC

	
−0.33

	
0.27

	
0.41

	
0.55 **

	
0.19

	
−0.15

	
−0.32

	
−0.33

	
−0.32

	
−0.36

	
0.53 **

	
1.00

	

	




	
BD

	
0.54 **

	
−0.48

	
−0.46

	
−0.44

	
−0.39

	
−0.21

	
0.52 *

	
0.46

	
0.44

	
0.36

	
−0.80 **

	
−0.34

	
1.00

	




	
EC

	
0.03

	
−0.11

	
0.13

	
0.23

	
0.01

	
−0.21

	
0.01

	
0.01

	
−0.06

	
0.20

	
−0.07

	
0.32

	
0.28

	
1.00








** Highly Significant = 0.01%; * Significant = 0.05%, probability level (2-tailed).










4. Conclusions


The effects of the different land-use systems on soil aggregates and their size distributions are evident in grassland, abandoned apple orchard, and shrub-grassland compared to the common apple orchard, cropland wheat, and cropland maize. Higher water-stable aggregate was observed in shrub-grassland, abandoned apple orchard, and grassland compared to cropland maize, cropland wheat, and apple orchard. In addition, a reduced percentage of water-stable aggregate was an indication of low soil organic matter, root biomass, and limited microbial activity.



Pearson’s correlation showed a positive correlation between mean weight diameter, geometric mean diameter, and soil organic matter in grassland, abandoned apple orchard, and shrub-grassland, in contrast to cropland maize, cropland wheat, and common apple orchard. We recommend cropland maize and cropland wheat to retain more residues and soil organic matter as a better way to improve soil aggregation.



Conclusively, the type of land use affected soil aggregation and distribution of size fractions, the small fractions of the aggregates formed large fractions by combining with fresh organic matter, and the increased soil organic carbon concentrations were closely linked with the formation of macro-aggregates. Thus, converting slope farmland to forestland and grassland could improve water-stable aggregates and reduce soil disturbances in areas with the highest erosion risk, such as the Loess Plateau.
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