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Abstract

:

The karst area in Southwest China is facing the challenges of environmental degradation and agricultural safety. Intercropping is a green and efficient planting mode that can make full use of the differences in crops’ physiological and ecological characteristics and land and climate resources while considering the environmental and yield benefits. This study selected five treatments: Salvia miltiorrhiza monoculture, Dactylis glomerata intercropped with S. miltiorrhiza, Cichorium intybus intercropped with S.miltiorrhiza, Trifolium repens intercropped with S.miltiorrhiza, and Lolium perenne intercropped with S.miltiorrhiza. Using one-way ANOVA, principle component analysis (PCA), and linear correlation analysis, we analyzed the changes in the soil physicochemical factors and the coupling relationship between them in the intercropping mode. The results showed that at different soil depths, the soil bulk density in the intercropping mode was significantly lower than that in the single cropping mode (p < 0.05), and the soil water content and total porosity were significantly increased (p < 0.05). There were no significant differences in soil pH among the five models (p > 0.05), the content of soil organic matter was significantly higher than that in the single cropping mode (p < 0.05), and the content of nitrogen and phosphorus also showed different changes. The correlation analysis showed that there was no significant correlation between the pH and soil physical properties (p > 0.05); bulk density and chemical properties were negatively correlated, while the soil water content, field water-holding capacity, and total porosity were significantly positively correlated with the chemical properties (p > 0.05). Therefore, it is suggested to strengthen the management of agricultural grass intercropping, improve soil pore structure, regulate the distribution of soil water and fertilizer, and improve the resilience of agricultural systems in the karst area of southwest China.
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1. Introduction


Intercropping is a traditional and efficient planting mode that can make full use of the advantages of time and space, reduce the loss of soil, water, light, fertilizer, and other resources, and increase diversity in crop production [1]. The research on intercropping patterns at home and abroad includes food crops and cash crops [2], green manure crops [3], medicinal crops [4], fodder crops, and so on [5,6]. Its advantages are reflected in increases in crop yields [7], suppression of weeds and insect pests [8], increases in unit land productivity [9], repair of soil pollution [10], and protection of the environment [11], all of which contribute to the development of modern agriculture. Compared with single planting, intercropping can maximize soil advantages, reduce soil water evaporation and leakage, improve crop water-use efficiency, and optimize the soil water environment for crop growth and development [12]. Changing root exudates and promoting the rapid growth of soil microorganisms can improve the metabolic abilities, increase the content of effective soil nutrients [13], regulate the soil microflora, prevent and control crop soil-borne diseases, change the functional diversity of microbial communities, improve the soil quality, and restore ecological balance [14].



Under the influence of its internal structure and external conditions, the weathering of the whole dolomite karst area in southwest China is strong, causing the mountains to be broken and the rock cementation force to be poor. Although the soil is continuous, the soil gravel content is rich, the saturated water conductivity is high, and the water-holding performance is poor. Because of these aspects, coupled with unreasonable human social and economic activities, the water and nutrients are easily leaked into the epikarst zone, resulting in nutrient loss [15,16,17,18]. The prevention of the loss of moisture and nutrients is the key to the efficient utilization of water and fertilizer in the dolomite karst soil. Most researchers have focused on aspects of the crop types in the Shibing dolomite karst area, such as on the irrigation and fertilization systems, plant density, spatial arrangements, cultivation and mulching measures, and environment [19,20,21,22,23]. There are few reports related to the effects of different intercropping patterns on the physical and chemical properties of the soil. In recent years, following the rural industrial revolution and the development of innovative industries in the Shibing area, good economic benefits have been obtained by planting S. miltiorrhiza in sandy soil with a high gravel content in accordance with the local conditions, but long-term and continuous cropping causes soil acidification and imbalances in the rhizosphere, ecosystem, and soil nutrition [24,25,26]. Thus, this paper selected S. miltiorrhiza and different kinds of forage in the Shibing dolomite karst area as the research objects. From the perspective of ecological planting, this study compared the physical and chemical properties of S. miltiorrhiza under four kinds of compound planting: Dactylis glomerata, Cichorium intybus, Trifolium repens, and Lolium perenne. The differences in physical and chemical properties between different layers of the S. miltiorrhiza soil were used to clarify the mechanisms of action of different intercropping modes on the soil moisture and nutrients and to screen for the intercropping plants that were suitable for the complex planting of S. miltiorrhiza in order to provide a basis for the construction of an efficient and ecological planting model of S. miltiorrhiza.




2. Materials and Methods


2.1. Basic Information


This study area was located in Shiqiao Village, Shibing County, Guizhou province, China (Figure 1). It is a typical dolomite karst mountain-canyon landform type, with large undulations in the area and an altitude of 530–1100 m. The demonstration area is dominated by a subtropical humid monsoon climate, and the vegetation types are mainly subtropical evergreen broad-leaved forests. The average annual temperature is 16.5 °C, the average annual precipitation is 1348.1 mm, the average annual sunshine duration is 1138.6 h, the annual average relative humidity is 79%, the forest coverage rate is 93.95%, the lithology is a thin layer of fine-grained dolomite of the Cambrian Gaotai Formation, the soil is mainly black lime soil, and some of the soil is rich in gravel [17,19]. The main crops are Oryza sativa, Zea mays, Nicotiana tabacum, Brassica napus, Capsicum annuum, Pseudostellaria heterophylla, S. miltiorrhiza, and other crops. There is a long history of agricultural cultivation in this area.



With a random block design, the experiment was carried out in five planting modes with approximately the same latitude, longitude, elevation, and slope direction (Table 1). The area of each plot was 3 m × 6 m, and repeat 3 times for each plot. S. miltiorrhiza was planted with two rows per ridge, the ridge width was 70 cm, the row spacing was 20 cm, and the plant spacing was 30 cm. The area was sown on 23 March 2020, and the root propagation method was adopted with a sowing rate of 4 kg/hm−2. Forage was planted in furrows through the strip sowing method, and four rows of forage were planted in every other ridge of S. miltiorrhiza; the row spacing of the forage was 30 cm (Figure 2), and the sowing time was on 12 April, 2020. The seeding rate of T. repens was 5 kg/hm2, the seeding rate of C. intybus was 5 kg/hm2, and the seeding rate of D. glomerata and L. perenne was 15 kg/hm2. S. miltiorrhiza was planted in November 2019, and the forages were planted in March 2020. Before planting, the area was uniformly plowed, and compost was applied at a rate of 134 kg/hm2. No plowing, irrigation, or fertilizers were used during the growth process. Soil samples were collected after the forage was harvested. The tested S. miltiorrhiza root seedlings came from Bozhou Wanfeng Chinese Medicine Technology Co., Ltd. (Bozhou, China), and D. glomerate L.cv.Qiancao No. 4., C. intybus L.cv.puna Qianying., T. repens Yaqing, and L. perenne L.cv.nipuna were used. Before planting, the area was uniformly plowed, and compost was applied at a rate of 134 kg/hm2. No plowing, irrigation, or fertilizers were used during the growth process.




2.2. Soil Sampling and Analysis


The soil samples were collected on 24 October, 2020. The S-type random sampling method was used to divide the samples into four layers. The sampling depths ranged from 0 to 20 cm: 0–5, 5–10, 10–15, and 15–20 cm, and repeated three times. Samples were brought back to the laboratory for natural air drying and removal of visible plant roots and gravel. Then, they were passed through 0.15 and 2 mm soil sieves and stored at room temperature.



The basic physical and chemical properties—soil bulk density, water content, and capillary porosity—were determined by using the cutting-ring method [27]. The soil pH was measured with the 1:1 soil–water ratio method and was also directly measured with a pH meter. The total N was estimated by titration of distillations after Kjeldahl readiness tests and examinations [28]. The total P in the soil was measured with the perchloric corrosive assimilation strategy technique [29]. Available P was analyzed by using molybdenum blue colorimetry [30]. Alkaline hydrolysis N was measured with the alkaline solution diffusion method [31], and soil organic matter was measured with the potassium dichromate oxidation–external heating method [28].



The SPSS 22.0 software was used for statistical analysis of the measured data. A one-way analysis of variance was performed, and the least significant difference (LSD) method was used to test the significance of the differences at the p < 0.05 level. The Origin 2018 software was used for drawing.





3. Results


3.1. Effects of Different Intercropping Patterns on Soil Physical Properties


The soil bulk density in this experiment was between 1.1 and 1.5 g/cm3. In the soil layers of 0–5 and 10–15 cm, the soil bulk densities of the four intercropping methods were lower than that of the CK, and the difference was significant (Figure 3). In the 5–10 cm soil layer, the CK had the highest soil bulk density, which was not significantly different from the DM treatment. In the 15–20 cm soil layer, the bulk density of the soil treated with DJ was the highest, and the difference between CK and DJ was not significant. The soil water content of intercropped soil was higher than that of the monoculture (excluding the DM treatment), and it decreased with the increase in soil depth. The soil moisture content of the DM treatment in the 0–5 cm soil layer was lower than that of the monoculture, and the difference was not significant, while the soil moisture content of the four intercropping modes in the soil layer of 5–20 cm was higher than that of the monoculture, with a significant difference. The soil water-holding capacity in the field gradually decreased from the surface layer to the lower layers. Within the soil layer of 0–15 cm, the changing trends of the four intercropping patterns were inconsistent. Compared with the single cropping, the difference was not significant, but there was a significant difference in the bottom layer. The total porosity of the soil in the 0–5 cm soil layer was the highest in the DH treatment, and the difference was significant (p < 0.05). The total porosity in the 5–10 cm soil layer was highest in the D. glomerata treatment, and the difference between intercropping and single cropping was significant (p < 0.05). In the 10–15 cm soil layer, the total porosity of the DH treatment was significantly higher than that of the other treatments, and the difference between the DJ and DB treatments was not significant (p > 0.05). In the 15–20 cm soil layer, the total porosity of the DM treatment was the highest, and the DJ treatment was the lowest. There was no significant difference between the DB and CK treatments (p > 0.05).




3.2. Characteristics of Soil Chemical Properties in Different Intercropping Modes


The intercropping patterns had different effects on the soil chemical properties in different soil layers, and the differences between the intercropping modes and monoculture were significant (Figure 4). In the 0–5 cm soil layer, intercropping had significant effects on SOM, AN, TP, and AP content. Compared with single cropping, the TN content of the soil treated with DH increased by 7.79%. The contents of AN and TP of the DM and DJ treatments were reduced by 15.12%, 9.35%, 7.69%, and 9.91%. The TN content of the DM treatment was not significantly different (p > 0.05). In the 5–10 cm soil layer, the content of SOM was significantly different in the intercropping pattern (p < 0.05). The TN content of the DM treatment was not significantly different from that of the CK. The contents of SOM, TN, AN, and AP in the DB treatment increased by 16.54%, 2.61%, 8.74%, and 14.29%. Compared with CK, the contents of SOM, TP, and AP in the DH treatment increased by 26.68%, 11.9%, and 33.83%. In addition, the TP and AP contents of the DM treatment were reduced by 2.77% and 3.26%, and there was a significant difference (p > 0.05). In the 10–15 cm soil layer, the SOM and TN contents were significantly different among the treatments (p < 0.05), the content of AN was significantly different, except for the DH treatment (p < 0.05), and the TP content of the soil showed no significant difference between the DM and DB treatments (p > 0.05). There was no significant difference in the AP content between the DH and DJ treatments (p > 0.05). In the 15–20 cm soil layer, the content of SOM was significantly different in all treatments, the TN content of DM and DJ was not significantly different from that of CK (p > 0.05), the AN content of DJ was not significantly different from that of CK (p > 0.05), the TP content of DJ and DM was not significantly different from that of CK (p > 0.05), and the AP content of DJ was not significantly different from that of CK (p > 0.05).




3.3. Soil Physical and Chemical Characteristics with Different Treatments


A linear regression equation was used to analyze the correlations of the soil physical and chemical properties under different intercropping modes (Figure 5 and Figure 6). The results showed that the soil pH and physical indicators had an insignificant linear relationship (p > 0.05). The nitrogen, phosphorus, and organic matter content and field water-holding capacity in the soil had a strong positive correlation; they had a significant negative correlation with soil bulk density, but they had a significant positive correlation with soil moisture content. There was an insignificant linear relationship between the soil available nitrogen and total soil porosity, while organic matter had a strong positive correlation with the total soil porosity.




3.4. Principal Component Analysis of Soil Physical and Chemical Properties


In order to further explore the impact of intercropping on the soil environment, principal component analysis was performed on the data from each sampling point. It was preliminarily found that the correlation coefficients between the various indicators were mostly greater than 0.3 (Table 2), indicating that there was a high degree of information repeatability between the factors, which met the requirements of principal component analysis. A further dimensionality reduction and two common factors were proposed, and the cumulative contribution rate of the common factors reached 80.10%, which indicated that the physical and chemical characteristics of the soil was reflected (Figure 7). As shown in Figure 7, the contribution rate of the first factor was 67.77%, and the order of correlation was: AP > TN > SOM > TP > CSL > AN > HSL > RZ > KXD > PH. This shows that the relationship between the pH and the physical and chemical properties of the soil was weak, and the correlation between the soil moisture and N and P was strong, indicating that water is more important for nutrient transport. The score of the first principal component in the DH treatment was much higher than those of other treatments. It was because that the root system of DH treatment was developed and dense, the interception effect was better, the water retention capacity was high, and the nutrient transfer was guaranteed.





4. Discussion


4.1. Effects of Intercropping on Soil Physical Properties


Soil bulk density is an effective index for reflecting the physical properties of soil. It plays an important role in soil tightness, aeration, and drainage, as well as the growth of plant roots. In this experiment, the intercropping pattern was able to significantly reduce the soil bulk density, increase the total porosity, enhance the soil cultivability, and reduce the loss of nutrient elements. This conclusion was consistent with the findings of Ding [32] and Zhang [33]. Intercropping forage can increase the surface coverage and reduce the ineffective evaporation of surface water; at the same time, it can be used to intercept precipitation, intercept surface runoff, and adjust soil water content [34,35]. The effects of different species of forage on the soil water retention were obviously different. The soil water content increased with the use of the four types of intercropping forages, and DH provided the strongest soil water content. Ryegrass is a gramineous forage with many root systems and large numbers, and its water retention and water retention effects on soil were better than those of legumes and composite forages, which was consistent with the findings of Liu [36]. On the other hand, D. glomerata, which is also a gramineous forage, had a lower soil water content in the 0–5 cm soil layer than that obtained with monocropping, but the difference was not significant. This was mainly because the influence of S. miltiorrhiza on soil moisture was mainly on the surface of the soil. D. glomerata had a strong adaptability, with a higher above-ground biomass and greater water consumption than that obtained with single cropping. It was able to slow down the dissipation of soil moisture by regularly influences and controlling the water consumption of the forage. The field water-holding capacity of the C. intybus soil showed a downward trend compared with the monoculture, and the difference was not significant. Because its tap roots were conical, the lateral roots and fibrous roots were not developed, which led to the poor water-holding capacity of the soil and a decrease in the field water-holding capacity.




4.2. Effects of Intercropping on Soil Chemical Properties


There was no significant difference in soil pH under different intercropping planting methods (p > 0.05). The content of organic matter is an important indicator in the measurement of soil fertility, and it is closely related to mineral content; there was a positive correlation between nitrogen and organic matter. Intercropping can significantly improve organic matter content [37]. In this study, the organic matter and total nitrogen showed that the effect of intercropping L. perenne and T. repens in the 0–10 cm soil layer was significantly higher than that of intercropping D. glomerata and C. intybus (p < 0.05). The plant of L. perenne has luxuriant leaves, and there is a large amount of litter and dead branches in the later growth period [38]; the litter remains as the main source of organic matter input. The nutrient content of the litter of withered plant organs is returned to the soil, which may have a greater effect than with D. glomerata and C. intybus. T. repens, as legume herbage, has a root system that can coexist with rhizobia, and its biological nitrogen fixation ability is extremely strong. It takes advantage of its characteristic of covering the ground for a long time to effectively prevent the loss of surface water and fertilizer nutrients, promote the absorption of crops’ own nutrients, improve the organic matter content, increase the total nitrogen content, and cultivate fertility, which is consistent with the conclusions of studies by Song [39] in a tea garden, Zhang [40] in an orchard, and Jian [41] in farmland. All of these authors found that intercropping T. repens can effectively increase the organic matter and total nitrogen content. The total phosphorus content of soil treated with DM, DJ, and DB was significantly lower than that of soil treated with DH and CK. The available phosphorus content in the soil treated with DH and DB was higher than that of soil with the DM and DJ treatments, and the change trend was similar to that of the soil moisture content. The total phosphorus content of the soil treated with DM, DJ, and DB was significantly lower than that of soil treated with DH and CK. The available phosphorus content shows that DH and DB are better than DM and DJ, which is similar to the change trend of soil water content. Soil phosphorus is easily fixed and should not be lost with leaching. The soil water content affects the phosphorus diffusion rate, organic matter content affects the phosphorus adsorption and fixation, and the difference between the total phosphorus and available phosphorus content is related to the degree of soil leaching. In this study, the cultivation density of L. perenne was high and the plant gaps were small, so the soil leaching effect was weak; however, the density of D. glomerata and C. intybus cultivation was small and the plants were tall and thin, so the soil leaching effect was strong. Thus, the total phosphorus and available phosphorus content were lower than those of L. perenne.




4.3. Correlative Effects of Soil Physical and Chemical Properties in Different Intercropping Patterns


Soil is one of the most important sources of water and nutrients for crop growth and development. The level of soil fertility determines the abundance of crop yields. The distribution of soil moisture affects the migration and decomposition of nutrients and affects their absorption and utilization by crops. As the bulk density of soil becomes larger, the porosity and connectivity become weaker, the contact area between crop roots and soil decreases, and the circulation of nutrient elements between plant bodies and soil becomes slower [42]; thus, the bulk density can reduce the accumulation of nutrient elements. On the contrary, when the soil bulk density is low, the porosity becomes greater, and the water-holding capacity is strengthened, which increases the growth space for the crop root system and promotes its absorption of nutrients elements. Therefore, the soil nutrient content of the study area was at the maximum under the condition of low bulk density. As the total porosity of the soil increases, the amounts of water and air contained increase and the material exchange between soil microorganisms and plants becomes more frequent, which accelerates the hydrolysis of insoluble organic phosphorus compounds in the soil and the rate of nutrient returned, and it also increases the soil phosphorus content. The study of Li [43] showed that there was a significant positive correlation between the soil total phosphorus content and total porosity (p < 0.05), but in this study, the changes in phosphorus and nitrogen in the soil of the S. miltiorrhiza field were not obviously correlated with the total porosity, and only a weak positive correlation was shown. On one hand, the content of phosphorus in the soil was mainly affected by phosphorus mineral compounds and the soil in the dolomite karst area was affected by the weathering of the parent rock, so the soil phosphorus was scarce. The total porosity had little effect on the weathering and release of phosphorus minerals into the soil. On the other hand, the mineralization of soil nitrogen was strong in the dolomite karst area, and the organic nitrogen in the soil was mostly in the form of unstable inorganic compounds under the action of microorganisms. When the total porosity of soil increased, the nitrogen was emitted into the atmosphere in the form of ammonia [44], which can accelerate the loss of total nitrogen and available nitrogen in the soil of S. miltiorrhiza.





5. Conclusions


Salvia is a commodity among common medicinal materials, and growers mainly rely on artificial cultivation. Due to the increase in demand, as it is a rhizome crop, continuous large-scale single planting will cause continuous cropping obstacles, pests and diseases, and a lack of soil water and fertilizer. A principal component analysis and correlation analysis showed that intercropping S. miltiorrhiza can increase the soil water, improve soil bulk density, and increase soil organic matter, nitrogen, and phosphorus. Intercropping ryegrass can significantly increase the soil organic matter and phosphorus content, providing a strong basis for intercropping L. perenne in areas that lack soil phosphorus. The method of intercropping with forage can be used to reduce the pollution from pesticides and fertilizers in the soil environment, to explain the effect of S. miltiorrhiza intercropping on the soil water and fertilizer from the perspective of the soil, and to effectively realize the green and sustainable development of agricultural production. This study is only a preliminary study for constructing the best collocation of the ecological compound planting patterns of S. miltiorrhiza. The long-term dynamic change processes of the four intercropping patterns, the degree of influence of the soil environmental elements on intercropping, and the relationships of the quantitative indexes all need to be further studied in the future.
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Figure 1. Schematic diagram of the location of the test site. 






Figure 1. Schematic diagram of the location of the test site.



[image: Sustainability 13 05484 g001]







[image: Sustainability 13 05484 g002 550] 





Figure 2. Schematic diagram of the planting mode. Note: nD indicates the number of rows of the single crop of S. miltiorrhiza. 2D/4M, 2D/4J, 2D/4B, and 2D/4H indicate two rows of S. miltiorrhiza intercropped with four rows of D. glomerata, C. intybus, T. repens, or L. perenne, respectively. 
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Figure 3. Comparison of the soil physical properties in different treatments. DM = S. miltiorrhiza + D. glomerata intercropping; DJ = S. miltiorrhiza + C. intybus intercropping; DB = S. miltiorrhiza + T. repens intercropping; DH = S. miltiorrhiza + L. perenne intercropping. Different lowercase letters indicate significant differences (p < 0.05). 
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Figure 4. Characteristics of the variations in soil chemical properties with different treatments. DM = S. miltiorrhiza + D. glomerata intercropping; DJ = S. miltiorrhiza + C. intybus intercropping; DB = S. miltiorrhiza + T. repens intercropping; DH = S. miltiorrhiza + L. perenne intercropping. Different lowercase letters indicate significant differences (p < 0.05). 
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Figure 5. Linear diagram of the correlation of bulk density and water content with chemical properties. DM = S. miltiorrhiza + D. glomerata intercropping; DJ = S. miltiorrhiza + C. intybus intercropping; DB = S. miltiorrhiza + T. repens intercropping; DH = S. miltiorrhiza + L. perenne intercropping. Different lowercase letters indicate significant differences (p < 0.05). pH = soil pH; SOM = soil organic matter; TN = total N; TP = total P; AN = alkaline hydrolysis N; AP = available P. 
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Figure 6. Linear diagram of the correlation of the field water-holding capacity, total porosity, and chemical properties. DM = S. miltiorrhiza + D. glomerata intercropping; DJ = S. miltiorrhiza + C. intybus intercropping; DB = S. miltiorrhiza + T. repens intercropping; DH = S. miltiorrhiza + L. perenne intercropping. Different lowercase letters indicate significant differences (p < 0.05). pH = soil pH; SOM = soil organic matter; TN = total N; TP = total P; AN = alkaline hydrolysis N; AP = available P. 
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Figure 7. Principal component analysis diagram. 
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Table 1. Location and information of the sampling points.
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	Treatment
	Longitude(E)
	Latitude (N)
	Altitude (m)
	Aspect
	Slope
	Coverage %





	Salvia miltiorrhiza (CK)
	108°1′55″
	27°12′59″
	1105.31
	Sunny slope
	11
	69 ± 3



	Salvia miltiorrhiza—

D. glomerata (DM)
	108°1′55″
	27°12′59″
	1105.11
	Sunny slope
	9
	85 ± 6



	Salvia miltiorrhiza—

C. intybus (DJ)
	108°1′55″
	27°12′59″
	1105.16
	Sunny slope
	7
	77 ± 5



	Salvia miltiorrhiza—

T. repens (DB)
	108°1′55″
	27°12′58″
	1105.20
	Sunny slope
	7
	79 ± 4



	Salvia miltiorrhiza—

L. perenne (DH)
	108°1′54″
	27°12′58″
	1105.19
	Sunny slope
	5
	89 ± 5
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Table 2. Matrix correlation table. RZ = soil bulk density; KXD = total soil porosity; CSL = field water-holding capacity; HSL = soil moisture content; pH = soil pH; SOM = soil organic matter; TN = total N; TP = total P; AN = alkaline hydrolysis N; AP = available P.
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	RZ
	KXD
	CSL
	HSL
	pH
	SOM
	TN
	TP
	AN
	AP





	RZ
	1.00
	
	
	
	
	
	
	
	
	



	KXD
	−0.75
	1.00
	
	
	
	
	
	
	
	



	CSL
	−0.40
	0.45
	1.00
	
	
	
	
	
	
	



	HSL
	−0.72
	0.59
	0.66
	1.00
	
	
	
	
	
	



	pH
	0.05
	0.15
	0.13
	0.00
	1.00
	
	
	
	
	



	SOM
	−0.66
	0.75
	0.83
	0.70
	0.16
	1.00
	
	
	
	



	TN
	−0.54
	0.48
	0.91
	0.77
	0.02
	0.81
	1.00
	
	
	



	TP
	−0.47
	0.45
	0.94
	0.62
	0.00
	0.81
	0.92
	1.00
	
	



	AN
	−0.38
	0.33
	0.89
	0.73
	0.12
	0.74
	0.94
	0.88
	1.00
	



	AP
	−0.71
	0.60
	0.83
	0.88
	0.08
	0.84
	0.89
	0.86
	0.84
	1.00
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