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Abstract

:

The management of crop production in a sandy soil “culture” is difficult, mainly due to its low soil-water-holding capacity, organic matter and poor fertilizer efficiency. Options to increase soil water and nutrient retention for these soils include the addition of surface mulch covers, amendment with biochar and the use of layers of a mixture of charcoal and compost material. Our objective was to measure the distribution of water and nutrients for layers of control 1 (CK1), control 2 (CK2) and compost material of different thicknesses (0.02, 0.05 and 0.10 m) buried 0.01 m from the surface in a column (0.2 m radius, 0.5 m height) filled with sand. The experiment was conducted in a greenhouse located at the Agricultural Science Training Base of Ningxia University, China. There were three replicates per treatment and one soil column per replicate. The soil columns were watered with 2 L via a surface drip emitter and 45 days later, soil samples were obtained in 0.01 m increments across the diameter and depth of 0.4 m, with a total of 12 samples per column. In each sample, we measured soil water, pH, electrical conductivity, ammonium and nitrate nitrogen and available P and K. The results showed that the distribution of water content and nutrient contents were centered on the dripper and diffused to its surroundings. Notably, the horizontal diffusion distance was smaller than that of the vertical direction. In the vertical direction, compared with control 1, adding compost changed the spatial distribution of WC and nutrients and had a greater impact on available potassium (AK) than on inorganic nitrogen (IN) and available phosphorus (AP). Compared with control 1, the composting treatment decreased the content of water in the 0–10 cm surface soil, reduced the electrical conductivity (EC) and nitrate nitrogen (NO3-N), C5 and C10 increased the available potassium. Moreover, composting treatments increased the electrical conductivity, available phosphorus, available potassium and nitrate nitrogen of the 10–30 cm substrate by 61–384%, 10–240%, 11–45% and 133–929%, respectively, when compared with control 1.The nutrients increased as the thickness of the compost interlayer increased. A principal component analysis (PCA) of the C5 and C10 treatments significantly distinguished them from control 1. A linear regression fitting analysis showed that the inorganic nitrogen, available potassium and total nutrients positively correlated with the water content and electrical conductivity of the sand. The 5 cm and 10 cm composting interlayers had a high water content and ability to conserve fertilizer for sand culture, but C10 caused an excessive accumulation of nutrients. Thus, it was concluded that a composting interlayer that was less than 5 cm reduced the base fertilizer input by 24–84%. All these results suggest that applying a composting interlayer of 5 cm could retain more suitable root zone water and fertilizer for the next crop season and provide technological support to reduce fertilizer inputs.
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1. Introduction


Desertification is a widespread problem worldwide and has affected more than 900 million hectares [1]. With industrialization and urbanization, a large amount of cultivated land has gradually been desertified; thus, cultivated land resources are becoming increasingly rare [2]. Additionally, there has been a reduction in the productivity of crops [3]. The shortage of arable land and the desertification of the land conflict with the demand for food and crops for the world’s growing population [4,5].



The area of sandy land in China accounts for 18% of the total land area [6]. The area of Northwest China that desertified reached 1.47 × 106 km2, which accounted for 56% of the total desertification area of the country [7]. Faced with the continuous shrinkage of arable land, the need to ensure that the demand for crop productivity owing to population growth is met has caused interest in the search for new farmland in the desert and the utilization of low productivity sandy soil for crop production [8]. Sand culture has always been one of the primary methods of soilless culture used in the adjacent desert areas where sand has the advantages of good permeability, low cost and few soilborne diseases [9]. However, when the soil is affected by the shortcomings of sand, such as large porosity and low moisture-holding capacity, it has difficulty in retaining nutrients, resulting in low nutrient utilization [10,11]. Therefore, exploring methods to improve the and ability of the sand culture to fix nutrients is vital to guarantee the farm use of sandy soils. Thus, the pursuit of a highly efficient and sustainable agricultural production is important.Researchers have focused on the uses of sand by considering different configurations in a soil profile. For example, the surface of a sandy soil in an experiment was covered with straw strips, which increased the accumulation of organic matter and nutrients and promoted plant growth [12]. The amendment with biochar in saline soil has been shown to increase the rate of transport and range of distribution of soil water, salt and N [13]. The addition of a mixture of biomass charcoal and compost topdressing significantly increased the pH, total N (nitrogen), P (Phosphorus), organic matter and available nutrient content of sandy soils [14]. Organic amendments in combination with bentonite significantly increased the contents of organic nutrients in sandy soils in an oasis [15]. The addition of compost to sandy soils increased the levels of available nutrients, such as N, P, Ca and Mg, and promoted the growth of wheat (Triticum aestivum) [16]. Further, the introduction of man-made soil layers with added clay at the bottom of the profile can increase water and intercept nutrients that would otherwise be lost [17]. Filling a reclaimed land profile with coal gangue can effectively increase soil quality and promote the growth of corn (Zea mays) [18]. Lastly, the addition of a biochar layer at a depth of 20 cm in a saline soil increased the soil water in the upper soil profiles [19].



Previous measures used to enhance the water and fertilizer retention capacity of cultivated substrates primarily included covering the surface layer of the soil or the mixture of substrate composition to regulate the moisture-holding characteristics and ability to supply nutrients. However, there have only been a few studies concerning organic fertilizers applied as an interlayer at the bottom of sand, and an inadequate amount of research has been conducted on systematically evaluating their combined effect on the spatial distribution of water, salt and N in a sand culture. As an organic fertilizer, compost can increase soil fertility and crop yield and reduce the use of chemical fertilizers to promote ecologically sustainable agriculture [20,21]. Therefore, this study addresses the effect of a compost interlayer that was constructed on the spatial distribution of moisture and nutrients. In addition, it examined their contribution to the moisture and ability to retain fertilizers of 10–30 cm in the primary distribution area of common crop roots. Thus, the major objectives of the study were as follows:




	(1)

	
To investigate the effect of compost interlayer constructed on the spatial distribution of water and nutrients in sand;




	(2)

	
To determine the optimum thickness of the compost layer for adding 10–30 cm of water and nutrients; and




	(3)

	
To propose a new way of using compost.










2. Materials and Methods


2.1. Experimental Design and Management


The experiment was carried out for a 45 day period, starting at a greenhouse located in Ningxia University Agricultural Science Training Base, Ningxia, China. A column with drip irrigation was built and used (Figure 1). To avoid the influence of light and ambient temperature, the side wall of the soil column was coated with a 5 mm silver gray insulation foam. In this experiment, sand was identified by control 1 (CK1). Compost mixed with 20 cm of surface sand was identified by control 2 (CK2, traditional compost mixed application (0.454 g/column)) and 0.02 cm of compost layers (0.157 kg/column) was identified by C2; 0.05 m compost layers (0.3925 kg/column) was identified by C5, and 0.1 m compost layers (0.785 kg/column) was identified by C10. The compost was added 0.1 m below the surface of sand. The bulk density of compost remained at 0.25 g∙cm−3, and the bulk density of sand remained at 0.83 g∙cm−3. The compost was a commercial organic fertilizer made from a mixture of animal manure and fermented straw (courtesy of Ningxia Lv feng yuan Agricultural Development Co). Each column was arranged from the bottom to the top with sand and compost according to the different treatments. There were three replicates per treatment and one soil column per replicate. The experiment was conducted in the winter. No crops were planted during this period due to the low ambient temperatures. The soil was irrigated and each column received the same amount of water, i.e., 2 L. The columns were sampled 45 days after irrigation, which was consistent with a fallow period between the spring and autumn growing seasons. The basic physicochemical properties of the compost and sand are shown in Table 1.




2.2. Sand Sampling and Analyses


Soil samples were taken 45 days after irrigation with 2 L of water to analyze the distribution of water and nutrients in the column. They were measured at the intersection of 0 lateral distance, 10 cm left and right, and 10, 20, 30 and 40 cm longitudinal distance from the infiltration point. A 2 cm diameter soil auger was used to sample soil samples in 0.01 m increments across a depth of 0.4 m, and each sand column collected 12 samples. The samples were then air-dried and passed through a 1 mm sieve to determine the nutrient amount. The water content (WC (v/v)) was determined by the gravimetric method. The sand pH was determined by a basic pH meter (sand/water ratio of 1:5 (v)) (PHSJ-3F, Rex, Shanghai, China) and the electrical conductivity (EC) was determined by a conductivity meter (DDS-307A, Rex). Sand NH4+-N and NO3−-N were measured using an AA3-AA001-02E continuous flow analyzer (SEAL Analytical GmbH, Norderstedt, Germany). The inorganic N was the sum of NH4+-N and NO3−-N. The sand available P was determined using the 0.5 mol L−1 NaHCO3 extraction-molybdenum antimony anti-colorimetric method [22], and the available K was determined by 1 mol·L−1 NH4AC extraction-flame photometry [23]. The total nutrients (TN) are the sum of the measured inorganic N, available P and K.




2.3. Statistical Analysis


Microsoft Excel 2016 (Redmond, WA, USA) and SPSS 25 (IBM, Armonk, NY, USA) were used for statistical analyses of the experimental data, and Origin 2021 (OriginLab, Northampton, MA, USA) was used for graphing. A one-way analysis of variance (ANOVA) was used with the Duncan’s test to determine significance at p < 0.05. The contour map of the distribution of different indicators was drawn using Surfer 15 (Golden Software, Golden, CO, USA). The origin was 10 cm to the left of the infiltration point directly below the dripper and the vertical down was the ordinate axis. The horizontal right was the abscissa axis, and the point (X, Y) represented the spatial coordinate point whose horizontal distance was X and vertical distance was Y to construct a two-dimensional coordinate system that described the water–salt–nutrient distribution of sand (Figure 1). The Kriging interpolation method was used to process the data grid and contour maps were drawn to obtain the distribution of each index. A principal component analysis (PCA) of the primary nutrients was conducted using Origin 2021. Inorganic nitrogen, available phosphorus, available potassium and total nutrients were selected for linear fitting analysis with the WC and EC, respectively.





3. Results


3.1. Spatial Distribution of the WC under Compost Interlayers with Different Thicknesses


As shown in Figure 2, the water distribution of the treatments was spread around with the dripper as the center; the horizontal distance was smaller than the vertical diffusion distance and the distribution satisfied the symmetrical relationship. In the vertical direction, the WC of sand increased with the increase in sand depth. CK1 and CK2 followed the same trend, both showing an increase in WC with depth. The WC of C2 increased with depth from 10–30 cm, with a central zone appearing at the 30 cm attachment. The WC of C5 increased with depth from 0 to 25 cm and tended to a stable value after 25 cm. There was no significant difference of the WC of C2, C5 and C10 at 20–30 cm when the compost interlayer thickness was added, but all values were lower than that of the C10. The WC of C10 showed a high value in the central area at 20 cm, and the approximate circle decreased to the surrounding area. Compared with CK1 and CK2, the compost interlayer did not increase the WC in the 0–10 cm layer, but increased it in the 15–30 cm and 30–40 cm layers. This showed that adding the compost interlayer treatments promoted the accumulation of the WC under the compost interlayer usually at the main distribution area of the root system.




3.2. Spatial Distribution of the pH and EC of Sand under the Construction of Compost Layers with Different Thicknesses


The pH distribution was similar than that of the soil water content. With increasing sand depth, the pH of CK1 increased first and then decreased. The pH of 0–20 cm layer was higher than that of the sand layer below 20 cm, and the maximum value appeared at 20 cm. The pH of CK2 showed a decreasing trend, and the pH of the 0–20 cm sand layer was lower than that of the sand layer below 20 cm. In contrast to CK1 and CK2, the addition of a compost interlayer thickness resulted in a trend in which the pH values of C2, C5 and C10 treatments first decreased and then increased and formed a low-value central area at 15–25 cm. There was an increasing trend from the low-value central area to the surrounding areas, and the pH of C10′s low-value center was significantly lower than that of the other treatments. Compared with CK1, C5 increased the pH at 0–10 cm and below 20 cm, and the pH value of CK1 showed a decreasing trend below 20 cm (Figure 3). Although there is relatively little variation in pH across all treatments, there are some differences in terms of counter line. In contrast to CK1 and CK2, the addition of compost interlayer thickness resulted in a trend in which the pH values of C2, C5 and C10 treatments first decreased and then increased and formed a low-value central area at 15–25 cm.



The spatial distribution showed that the EC was statistically greater in the vertical direction than in the horizontal direction (Figure 4). With the increase in sand depth, both CK1 and CK2 showed a decreasing trend in EC. CK1 exhibited a low value of 280 μS·cm−1 at 30 cm, and the decreasing trend of the EC of CK2 at 25–40 cm was less than 0–25 cm. The EC of C2 showed a turning point at 10 cm and first decreased and then increased before decreasing. The EC of C5 and C10 showed a trend of first increasing and then decreasing, and the high value appeared near 20 cm. The distribution was oval-shaped and decreased from this center to the surrounding areas. The EC of CK2 was higher than the other treatments in the 0–10 cm. Compared with the CK1 and CK2, the EC of C5 and C10 decreased from 0–10 cm and increased below 20 cm.




3.3. Spatial Distribution of Nutrients under Different Thicknesses of Compost Layer


Under drip irrigation conditions, the distribution direction of NH4+-N was primarily in the vertical direction and less in the horizontal direction. With increasing sand depth, the NH4+-N of all the treatments showed a decreasing trend, and the density of the 0–20 cm contour line was significantly lower than that of the 20–40 cm contour line. In the 0–20 cm, all the treatments except CK1 showed a low value at 10 cm, and C2 had higher amounts of NH4+-N than the CK2 in the 0–10 cm contour line. The NH4+-N of the 20–40 cm counter line was lower in CK1 than in CK2 and C2, but there was no difference between CK2 and C2 in the 20–40 cm contour line. At 0–40 cm, the NH4+-N of C5 and C10 was lower than that in the other treatments. This indicated that the NH4+-N above the compost interlayer did not increase with the addition of compost thickness but decreased instead, and the NH4+-N below the compost interlayer also decreased (Figure 5).



The spatial distribution of NO3−-N and NH4+-N differed from each other. With increasing depth (Figure 6), CK1, CK2 and C2 showed a decreasing trend of NO3−-N, and C5 and C10 showed an increasing and then a decreasing trend. The low-value central areas of CK1, CK2 and C2 appeared at 20 cm, 40 cm and 10 cm, respectively, and then spread to the surrounding areas. The high values of C5 and C10 were distributed in the 20 cm sand layer, and the diffusion to the surrounding area decreased. The high value of NO3−-N in C10 was 1.52-fold that of C5. Compared with the other treatments, the increasing range of NO3−-N in the sands at different depths of C5 and C10 from high to low was as follows: 20–30 cm, 30–40 cm and 0–10 cm.



The spatial distribution of AP and EC of each treatment was similar (Figure 7). With increasing sand depth, the content of AP in CK1, CK2, C2 and C5 showed a downward trend, while C10 showed a trend of increasing first and then decreasing. The AP was primarily distributed in the 10–15 cm sand layer of CK1, the 0–30 cm sand layer of CK2, C2 and C5, and the 0–25 cm sand layer of C5 and C10. CK1 showed a low value at 20 cm and gradually decreased to the periphery, and the content of AP below 20 cm was significantly lower than that of the other treatments. In the 0–20 cm sand layer, CK2 showed a high value at 10 cm, C2 showed a low value at 10 cm and the AP of C2 was close to that of CK2 in the same sand layer. C10 showed a high value near 20 cm, and the high value of AP was 1.24-fold that of C5 and gradually decreased in all directions.



The spatial distribution of AK and EC was similar, and the C10 showed a high value at 20 cm. In terms of the overall distribution characteristics, the content of AK in CK1, CK2 and C2 showed a decreasing trend with increasing sand depth, while C5 and C10 showed a trend of increasing first and then decreasing. In the 0–10 cm sand layer, compared with CK1, only CK2 had an increase in the content of AK. Below 20 cm of sand, the content of AK in the compost interlayer treatments compared with CK1 was higher than that in the CK2 compared with CK1 and increased with the addition of compost interlayer thickness. The maximum values of C5 and C10 appeared at 30 cm and 20 cm, respectively, and the high value of C10 was 2.8-fold higher than that of C5 (Figure 8).




3.4. Influence of the Construction of Different Thicknesses of Compost Layer on the Sand Water Content and Primary Nutrient Distribution


In the 0–10 cm layer, C2 and C5 significantly reduced the sand WC compared with that of CK1, and C5 significantly reduced the sand WC compared with that of CK2. In the 10–20 cm and 20–30 cm layers, C10 significantly increased the WC compared with that of the other treatments. There was no significant difference between CK1, C2 and C10 in the 30–40 cm layer, and C10 was significantly higher than those of CK2 and C5 (Figure 9a). There was no significant difference in the amount of IN among the treatments in the 0–10 cm layer. There was no difference in the amount of IN among CK1, CK2 and C2 in the 10–20 cm, 20–30 cm and 30–40 cm layers, respectively, and they were all lower than those in C5 and C10 (Figure 9b). There was no difference in the content of AP in each treatment in the 0–10 cm layer. There was no difference in the AP among the compost interlayer treatments in the 10–20 cm, 20–30 cm and 30–40 cm layers and CK1 had the lowest amount of AP (Figure 9c). The content of AK in CK1 was the lowest in the 0–10 cm layer, and it was lower than that in CK2. The content of AK also increased with the addition of compost interlayer thickness in the 10–20 cm, 20–30 cm and 30–40 cm layers compared with CK1. The content of AK also increased, and the compost interlayer treatments were higher than the CK2 (compost mixed application). The content of AK increased significantly, and its content in C10 was 3.7-fold that of C5, 5.2-fold that of C2 and 6.1-fold that of CK2 in the 10–20 cm layer. The content of AK in C10 was 1.2-fold that of C5 and 2.94-fold that of C2 in the 20–30 cm layer (Figure 9d).




3.5. PCA of the Primary Plow Layer Nutrients in Different Treatments and a Linear Fitting Analysis with WC and EC


Major root layer nutrients (10–30 cm) of each treatment were selected for principal component analysis (PCA), and PC1 (principal component 1) and PC2 (principal component 2) were obtained. PC1 and PC2 could explain 67% and 16% of the total variation, respectively. The primary contributing indicators for PC1 were WC, NO3−-N, AK, EC, total available N (TAN) and IN, and the primary contributing indicators for PC2 were NH4+-N, AP, WC and NO3−-N. The EC value significantly positively correlated with the content of IN, AP, AK and TAN in the sand layer, and there was a significant positive correlation between the contents of each available nutrient (Figure 10a,b). IN, AK and TAN all had extremely significant correlations with WC (p < 0.01), but there was no significant correlation between AP and WC. The R2 and r of the line fitting of IN, AK and TAN with WC were higher than those of AP. The WC of sand had a significant effect on the distribution of IN and AP (Figure 10d). The contents of IN, AP, AK and TAN extremely significantly correlated with that of the EC (p < 0.01). The R2 and r of the line between IN, AK and TAN with EC were all greater than those of the AP, which was consistent with the fitting situation with WC in Figure 10c. This indicated that the spatial distribution of sand nutrients significantly affected the sand EC, and these differences were primarily caused by differences in the IN and AK.





4. Discussion


The irrigation with 2 L of water resulted in the accumulation of applied nutrients, which then led to a large amount of nutrient accumulation in the topsoil [24]. Results from this study showed that in the 0–10 cm surface sand layer, the WC of CK1 and CK2 were the highest and they were significantly higher than those of the other compost interlayer treatments, and the WC of CK1 was significantly higher than that of C5 by 50%. This showed that the construction of the compost interlayer reduced the movement of water to the surface layer and hindered the evaporation of water. Thus, the constructed compost interlayer has a low bulk density and a high proportion of capillary voids, which increased its ability to retain water and effectively reduced the movement of deep water to the surface layer [25]. The EC of the 0–10 cm sand layer of CK2 was higher than that of the other treatments, and C5 and C10 reduced the sand EC. The compost was rich in nutrients (inorganic N and ions among others) and mixing with the surface sand layer increased the EC in the sand layer. However, if compost is placed under the sand layer as an interlayer, the permeability coefficient will increase due to its high porosity. Alternatively, the interlayer may lead to the slow infiltration of water which is conducive to ion exchange and desorption, thus, promoting the transfer of nutrients and EC from the surface layer to the deep layer [26]. These results suggested that the compost mix (CK2) was susceptible to salt phenology and secondary salinization compared with the compost layer construction treatment [27]. Compared with CK1, the C5 and C10 treatments increased the EC content at the 0–10 cm layer, and C10 caused the most significant increase. This is because the compost interlayer impedes the movement of water to the surface layer, reducing the accumulation of nutrients in the surface layer and subsequently increasing the surface sand pH [28]. Compared with CK1, the addition of compost interlayer thickness did not significantly change the content of NH4+-N, but that of NO3−-N showed an increasing trend. The NO3−-N content of C10 was the highest and reached 125.84 mg·kg−1, and there was an increase in the content of AK. Similar to the results reported by Huang Yan et al. [29], we also found that the application of organic fertilizers had a greater impact on NO3−-N, and the NO3−-N content increased with the addition of a compost interlayer.



It is well known that the root system of vegetable crops is primarily distributed on the surface at 10 to 20 cm. A linear regression analysis showed that WC and EC were significantly positively correlated with the available nutrients, and the TAN, IN and AK were better than AP in fitting with the WC and EC. This was probably because P is unstable in the soil and has little mobility [30]. Compared with CK1, the compost had colloid and capillary voids, and the compost interlayer significantly increased the water content of the 10–30 cm sand layer; C10 had the most significant increase [31]. Compared with CK1 and CK2, the compost layer construction treatment decreased the sand pH. Compared with CK1, the other treatments significantly increased the sand EC, and the C10 treatment increased the most significantly. This also occurred because the compost layer increases the permeability coefficient owing to its high porosity and simultaneously reduces the accumulation of salt in the surface layer, thus causing the transfer of nutrients from the surface layer to the deep layer, followed by increases in the nutrient and salt contents of the deep sand [32].



The amount of NH4+-N showed a decreasing trend with the addition of compost interlayer thickness, and NO3−-N showed an increasing trend. The contents of C5 and C10 IN were significantly higher than those in other treatments, and the proportion of NO3−-N increased. The transport and distribution of nutrients are determined by the type of fertilizer and the physicochemical properties of the cultivation medium. The trend of NO3−-N to migrate is significantly higher than the spatial distribution characteristics of NH4+-N, which could be owing to the high solubility of NO3−-N, and the migration is more noticeable with the distribution of water [33]. Vegetable crops benefit from NO3−-N, but the appropriate ratio of NH4+-N can promote the growth and development of crops and is beneficial to the absorption of K+ by crops to some extent. Cui Jihan et al. [34] reported that there is an antagonistic relationship between NH4 and K when the crops absorb nutrients. It shows that C5 and C10 increase the proportion of NO3−-N in N and reduce the proportion of NH4+-N while increasing the amount of IN, which will also be conducive to promoting the use of K by crops.



In the 30–40 cm sand layer, compared with CK2, the addition of compost interlayer first caused an increase in the pH, which then decreased. The EC and IN increased significantly; the NH4+-N decreased, and the WC and IN in the contents of C10 were the highest. This was primarily caused by the increase in NO3−-N. The AP and AK significantly increased at the same time as the increase in IN, and the available nutrients were the highest in the C10 treatment, which was significantly higher than those in CK1 and CK2. The addition of a compost interlayer can significantly increase the available nutrients of the deep sand, but an excessive thickness will lead to the accumulation of nutrients such as nitrates in the deep sand. Too many nutrients cannot be fully used by the crop, which results in less efficient nutrient use, and the accumulation of large amounts of nitrate tends to cause nitrate pollution and environmental hazards [35].



With the addition of a compost interlayer thickness, the WC, EC and nutrients of the primary plow layer in the sand all increased. The excessive thickness brings in a large number of available nutrients, which far exceeds the needs of crops, resulting in excessive nutrient input [36,37]. Compared with the other treatments, the C10 treatment had higher EC values and amounts of TAN. The analysis of the fitting results indicates that a higher EC is often accompanied by higher nutrient contents, and a high EC is more likely to cause salinity stress, which can lead to water loss in the root system and even to the dehydration of plants [38]. This can cause ion poisoning [39,40]. For non-salt-tolerant crops, when the EC is greater than 1 mS·cm−1, a physiological obstacle will appear, which will significantly reduce the yield. In addition, Li et al. [41] pointed out that salinity negatively correlates with the digestion of N, and excessive salinity will inhibit the digestion of N and reduce the benefits of nutrients. In addition, values of EC that are too high are not conducive to the normal growth and development of crops in the later stage. Therefore, it is recommended to build a 5 cm compost interlayer to improve the water and nutrient characteristics of the sand plow layer area, provide more root zone nutrients for the next vegetable crop planting and reduce the input of fertilizer.




5. Conclusions


The study demonstrates that control 2 can increase the nutrients and electrical conductivity of the surface sand. However, this results in the accumulation of salinity. It is necessary to emphasize that the construction of a compost interlayer can reduce the movement of water to the surface, hinder the evaporation of water and promote the transfer of nutrients from the surface layer to the deep layer. In addition, as the compost layer thickness increases, it reduces the amount of ammonium nitrogen and increases the amounts of nitrate nitrogen and available phosphorus. Furthermore, the compost layer can increase the water content by 32 to 156% and also increase the electrical conductivity and the proportion of nitrate nitrogen in the primary distribution area of 10–30 cm. This has a significant effect on the IN and AP of the sand in the primary distribution area of 10–30 cm in the root system and total nutrients positively correlated with those of the electrical conductivity and water content. An analysis of the findings of this study, combined with the PCA, showed that when the compost layer < 5 cm, the sand layer contributed to the retention of water and fertilizer. Compared with control 2, the fertilizer input was reduced by 24 to 84%, which would provide more root zone nutrients in the 10–30 cm area. Taking into account the cost of the compost material and the contribution of the different compost interlayer treatments to the nutrients in the primary root layer, we recommend 5 cm to be used among those applied.Next, we will plant the main vegetable crops and explore the effect of the compost layer on the improvement of the vegetables.
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Figure 1. Sand column diagram. The sand column was made of acrylic material 50 cm high and had an inner diameter of 20 cm. The bottom knob controlled the movement of water and X is the thickness of the composting interlayer. 
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Figure 2. Spatial distribution of the water content under different treatments (m3/m3). 
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Figure 3. Spatial distribution of the pH under different treatments. 
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Figure 4. Spatial distributions of electrical conductivity under different treatments (μS·cm−1). 






Figure 4. Spatial distributions of electrical conductivity under different treatments (μS·cm−1).



[image: Agronomy 13 01181 g004]







[image: Agronomy 13 01181 g005 550] 





Figure 5. Spatial distribution of the NH4+-N content under different treatments (mg·kg−1). 
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Figure 6. Spatial distribution of NO3−-N content under different treatments (mg·kg−1). 
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Figure 7. Spatial distribution of AK content under different treatments (mg·kg−1). 
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Figure 8. Spatial distribution of available potassium under different treatments (mg·kg−1). 
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Figure 9. Effect of different treatments on the water content and available nutrients under different sandy layers. (a) Water content of different treatments. (b) Inorganic nitrogen of different treatments. (c) Available phosphorus of different treatments. (d) Available potassium of different treatments. p < 0.05 indicates significance, and p < 0.01 indicates extreme significance. Different letters (e.g., a, b, c, etc.) are statistically significant (p < 0.05) from each other. 
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Figure 10. PCA of primary surface nutrients under different treatments and linear fitting analysis with WC and EC. (a) Score map of each treatment in PCA1 and PCA2. (b) Loading map of each variable in PCA, ammonium nitrogen (NH4+-N), nitrate nitrogen (NO3−-N), electrical conductivity (EC), water content (WC), inorganic nitrogen (IN), available potassium (AK), total nutrients (TAN) and available phosphorus (AP). (c) The fitting diagram of each nutrient and water content. (d) Each nutrient and conductivity fitting graph. R2 is the goodness of fit, and a larger value indicates a greater degree of explanation of the independent variable to the dependent variable. r is Pearson’s correlation coefficient. A larger absolute value indicates a stronger correlation. EC, electrical conductivity; PCA, principal component analysis; WC, water content. p < 0.05 indicates significance, and p < 0.01 indicates extreme significance. 
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Table 1. Physical and chemical properties of the test materials.
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	Materials
	Bulk

Density

(g cm−3)
	pH
	Electrical

Conductivity

mS cm−1)
	Available Potassium (mg kg−1)
	Available

Phosphorus

(mg kg−1)
	Ammonium Nitrogen

(mg kg−1)
	Nitrate

Nitrogen (mg kg−1)





	Sand
	0.83
	9.02
	0.14
	8.96
	3.91
	19.75
	12.24



	Compost
	0.25
	7.86
	1.66
	979.10
	2024.79
	1948.33
	3316.66







The values are means of triplicate analyses.
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