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Abstract

:

The maintenance of drinking water safety is a major environmental issue. It is necessary to strengthen environmental protection in water source areas and establish good vegetation coverage. This study examined the effects of secondary forests transformation on chestnut forests on soil nutrient changes in the Fuji Reservoir, Anji County, Zhejiang province, China. Plots were set up in a chestnut plantation and a nearby secondary forest to measure the nutrient contents of soil samples that were collected from different soil depths. Differences of soil nutrient content from the two stands were significant at 0–20 cm soil depth. There were no significant differences in the contents of total phosphorus and total potassium between the two forests; however, the available phosphorus content in chestnut stands was 2.73 mg/kg higher than in secondary forests. Overall, the soil nutrient contents under chestnut stands were lower than those under secondary forests. Some of the soil surface is exposed due to the low diversity of the chestnut forest. The soil nutrients in the chestnut forest are usually carried and transferred in soil particle form and they become dissolved in the runoff during rainfall and lost, which explains the lower soil nutrient contents in the chestnut forest than the secondary forest. Therefore, for economic forests, such as chestnut forests, measures should be taken to protect understory vegetation and enhance soil and water conservation capacity, which is conducive to retaining soil nutrients.
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1. Introduction


Plants and soil are major components of ecosystems and they greatly interact with each other. Plant roots absorb nutrients in the soil to meet the needs of growth and development, and the soil also receives plant-returning organisms throughout the plant growing season. Therefore, the replacement or loss of aboveground vegetation inevitably affects the physical and chemical properties of the soil. Moreover, the forest water body has a direct impact on the hydrological process in the basin, and the impact of the forest land on the water body is the main aspect. In general, among the different forms of land use, the water output from forest land has the highest quality [1,2]. In waters with a high proportion of forests, the content of nutrients and sediments is low and the water quality is high. For example, 50–70% of the population in the United States relies on forests to provide sufficient quality water for life [3]. However, changes to forest structure may have a negative impact on water quality [4]. More substantial runoff can be produced when forest management activities cause changes in forest soil exposure and soil physical structure. Runoff can entrain a large amount of sediment, chemical fertilizers, and pesticides into the water body, causing soil erosion and non-point source pollution [5,6].



Many experts at home and abroad have studied soil nutrients [7,8,9]. In the Loess Plateau, the soil organic carbon (SOC) and available phosphorus (AP) contents of Robinia pseudoacacia Linn. forest soil and Populus tomentosa Carr. forest soil were lower than those before afforestation, and the contents of soil total nitrogen (TN), total phosphorus (TP), and total potassium (TK) were increased. Robinia pseudoacacia Linn. forest increased the content of available nitrogen (AN) and potassium (AK) in soil, but it decreased the content of Populus tomentosa Carr [10]. Liu et al. [11] found that soil alkali-hydrolyzed nitrogen and organic matter content significantly increased after potato intercropping with broad bean, whereas the soil AP, TN, and organic matter contents were significantly increased by intercropping buckwheat. Hua et al. [12] found that the soil organic matter in a tea garden in Shangnan county was deficient with an average content of 8.25 g/kg, and the AP and AK in the tea garden were also deficient.



Liu et al. [13] studied the characteristics of forest soil nutrients under different densities, and found that the contents of soil organic matter, alkali-hydrolyzed nitrogen, and AK at soil depths of 0–10 cm and 10–20 cm all showed a trend of increasing initially and then decreasing with the increase of forest density within the range of 650–2500 plants/hm2, and the contents were the highest at 1900 plants/hm2. The AP content decreased with the increase of stand density. Oladele et al. [14] found that soil pH, TN, AP, and AK content at the soil depth of 0–10 cm were significantly (p < 0.05) increased in both sandy clay loam Oxic Paleustalf and sandy loam Oxic Paleustult. However, most of the studies on soil nutrients have focused on agriculture, and to our knowledge, no studies have studied on soil nutrient changes after stand changes for this area.



In recent years, the key development of the chestnut (Castanea mollissima BL.) and white tea industry around the Fushi Reservoir (Anji County, Zhejiang Province, China) has caused the destruction of the original secondary forests, which has had a major impact on the forest soil, affects the water quality of the reservoir, and alters soil nutrients [6]. With the change of stand type, soil nutrients also changed, a large number of soil nutrients enter the water body, which affected the water quality of the Fushi reservoir. The safety of drinking water is related to the health of residents and is therefore of major importance [15]. When the nitrogen content in water is high, the excessive accumulation of nitrate in drinking water is likely to endanger human health [16]. Another consequence of the reduction of soil nutrients is non-point source pollution. The Yangtze River Delta region is rich in water resources, but non-point source pollution is widespread, especially in the Taihu Lake Basin [17,18,19,20,21,22,23,24,25,26,27]. As one of the important water sources in the Yangtze River Delta, Fushi Reservoir provides nearly 20 million cubic meters of drinking water per year for Anji County and Huzhou. Hence, its water quality is directly related to resident health in these cities. Therefore, the study of soil nutrient changes after stand change is of major importance to human health and the control of non-point source pollution.



About 20 years ago, some original secondary forests at the end of the reservoir were artificially replaced and planted with intensively managed chestnut pure forest to improve the economic conditions for local people. However, it remains unclear what changes have taken place in soil nutrients after this secondary forest was transformed into a chestnut forest and whether this change will cause non-point source pollution. Therefore, we hypothesized that secondary forests are more conducive to soil nutrient retention than chestnut forests. In this study, the chestnut forest in Fushi reservoir was selected as the research object, and the undamaged secondary forests were used as a contrast to study the change of soil nutrients in the Fushi reservoir area. The findings of this study will not only be beneficial to control non-point source pollution, but will also have important practical relevance to the management of the water source.




2. Materials and Methods


2.1. Description of Site


Anji County is located in the northwest of Zhejiang province in the western part of the Yangtze River Delta Economic Zone, between 119°14′–119°53′ east and 30°23′–30°53′ north latitude, covering an area of 1886.6 km2. Anji County is rich in bamboo. It is a known as the “Chinese Bamboo Township” and “Hometown of White Tea”. The county has a forest coverage rate of 71.1% and it is the first national ecological county. Xitiao River is the main water system in the county, with a total length of 110.75 km and a drainage area of 1806 km2. It is an important tributary of the upper reaches of Taihu Lake.



Anji County has a subtropical maritime monsoon climate, being warm and humid, with four distinct seasons [28]. The annual average temperature is between 12.2 °C and 15.6 °C, the annual rainfall is between 1100 and 1900 mm, the average annual rainfall period is 164 days, and the average annual sunshine time is 2015 h. Fushi Reservoir, also known as “Tianfu Lake”, is located 20 km west of Anji County, and it is the largest reservoir in the northern part of Zhejiang. The reservoir was built in 1970 with a storage capacity of 218 million m3. The reservoir was originally mainly intended for flood control, but it has many secondary functions, including irrigation, power generation, water supply, aquaculture, and tourism. It is also a very important source of drinking water, with an annual supply of 20 million m3 to Anji and Huzhou. The watershed of the Fushi Reservoir belongs to the comprehensive agricultural economic zone of hilly mountain grain, tea, mulberry, fruit, and forest. The soil types are mainly red soil and yellow soil. In the basin, typhoon and plum rains are likely to cause floods. After the Fushi Reservoir discharges, the water flows into the Xitiao River through the diversion channel and it finally enters Taihu Lake.



The test plot is located at the end of Fushi Reservoir (Figure 1). It has a mountainous terrain. Pure bamboo stand and chestnut pure forest dominate the vegetation, and there are some secondary forests distributed across four nearby hills. Shrub-grass structure dominate the secondary forests, but the composition of the four secondary forest plants is not completely the same, and a considerable part of each secondary forest has been cut to establish chestnut plantations. These chestnut forests have been intensively operated for more than 20 years, with pesticide weeding and fertilization every year. However, in recent years, chemical fertilization has been reduced and organic fertilizer has been used as a replacement. The plant spacing is 5 m × 5 m, the average diameter is 13 cm, the average height is 5.5 m, and the coverage is about 70%.




2.2. Details of the Secondary and Chestnut Forests


Secondary forests: 20 years old, the trees are mainly composed of Cunninghamia lanceolata (Lamb.) Hook, Castanopsis sclerophylla (Lindl.) Schott., and Brachystachyum densiflorum (Rendle) Keng. The tree heights on average are 8–10 m, 9–13 m, and 6–7.5 m, respectively. The average diameter at breast height (DBH) is 15, 20, and 5 cm, respectively, with an average branch height of 2.5, 2.5, and 2 m, respectively. Understory vegetation is sparse with no shrubs. The herbs are mainly Trachelospermum jasminoides (Lindl.) Lem., Plantago asiatica L., Plantago major L., and Plantago depressa Willd.



Chestnut forests: 20 years old, the planting density is 5 m × 5 m, the average DBH is 8.43 cm, the average tree height is 7.29 m, and the average diameter is 13.0 cm. In 2011, plants such as Torreya grandis Fort. ex Lindl. cv. Merrillii., and Photinia fraseri Dress were planted to renovate single-operated chestnut stands. Lycium chinense Mill. and Lonicera japonica Thunb. were planted in the chestnut forest. Plants, such as Lycium chinense Mill. and Lonicera japonica Thunb., were planted at intervals of 5 m × 5 m.




2.3. Soil Sample Collection and Determination of Nutrient Contents


The secondary forests and chestnut forests plots were paired and placed nearby for each plot. Chestnut forests and adjacent secondary forests were selected as the sampling points on the same hillside. The slope, slope direction, topography, and other natural conditions of each sampling point were consistent. Soil samples were collected in chestnut forests and secondary forests in June 2017. The forest soil plots for sampling were positioned at three locations below the mid-slope of the site and three sampling points were selected for each location. Soil samples were taken at 0–20 cm and 20–40 cm soil depth with soil drills. After mixing, the soil samples were placed into bags, marked, and then brought back to the laboratory for air drying, grinding, and sieving prior to determination of the soil nutrients. Table 1 shows the basic conditions for each forest soil.



The determination of soil organic matter was carried out by the potassium dichromate oxidation-external heating method. The Kjeldahl method determined the soil total nitrogen (TN). The alkaline hydrolysis-diffusion method determined the soil hydrolyzable nitrogen. The soil total phosphorus (TP) was determined by the molybdenum antimony colorimetric method; available soil phosphorus (AP) was determined by the 0.05 mol/L HCl–0.025 mol/L H2SO4 extraction method. Sodium hydroxide alkali fusion-flame photometry assigned the determination of total potassium (TK) in soil. Soil available potassium (AK) was determined by 1 mol/L ammonium acetate leaching–flame photometry. The above nutrient determination methods were all based on measurement standards [29].



Statistical and one-way ANOVA analyses were performed with SPSS 19.0 software (IBM, Armonk, NY, USA), and the figures were made in OriginPro 8.6 (OriginLab, Northampton, MA, USA).





3. Results


3.1. Soil Organic Matter Content Change


Figure 2 shows that, in plot No. 1–3, the organic matter content at 0–20 cm and 20–40 cm soil depth in the chestnut forest was lower than that in the secondary forests, and the soil organic matter content of plot No. 4 ground chestnut forest was high. There was a significant difference between the two stands at 0–20 cm soil depth in plots No. 1–3, where the chestnut stands had 13.30, 4.47, and 14.67 g/kg less soil organic matter than the secondary forests, respectively. This indicates that, since the secondary forests of plots No. 1–3 were planted with chestnut forest, which significantly reduced the content of organic matter in 0-20cm soil depths. In plot No. 4, the secondary forests of Brachystachyum densiflorum (Rendle) Keng was planted during reclamation. After the chestnut forest was planted, the soil organic matter content slightly increased. The organic matter content in the 0–20 cm soil depth of the same plot was significantly higher than that of the 20–40 cm soil depth in both chestnut forest and secondary forests. In plots No. 1, No. 2, and No. 3, the difference in soil organic matter content between the chestnut forest and the secondary forests at 0–20 cm soil depth was larger than that at 20–40 cm soil depth.




3.2. Comparison of Soil TN Content


Figure 3 shows that, in plots No. 1–3, the TN contents of the 0–20 cm and 20–40 cm soil depths in the chestnut forest were lower than those in the secondary forests. In plot No. 4, the TN content at 0–20 cm soil depth in the chestnut forest was higher than that in the secondary forests, and the TN content at 20–40 cm soil depth was slightly lower than that in the secondary forests. There was no significant difference between the two stands for the TN content at both soil depths of plot No. 4. This indicates that the cultivation of chestnut forest in the secondary forests reduced the TN content at both soil depths in plots No. 1–3. After the chestnut forest was planted in the secondary Brachystachyum densiflorum (Rendle) Keng forests, the TN content at 0–20 cm soil depth increased slightly, and decreased slightly at the 20–40 cm soil depth. The TN content at the 0–20 cm soil depth of the same plot was significantly higher than the TN content at 20–40 cm in both the chestnut forest and secondary forests. The TN content of 0–20 cm soil depth of chestnut forest was 0.42, 0.45, 0.43, and 0.61 g/kg higher than that of 20–40 cm in plots No. 1–4, respectively. The difference of TN content between the two soil depths in secondary forests was 0.79, 0.71, 0.77, and 0.51 g/kg in plots No. 1–4, respectively. These findings indicate that in plots No. 1–4, the difference in soil TN content was different between the 0–20 cm soil depth and the 20–40 cm soil depth in the chestnut forest and the secondary forests in these plots. This further indicates that, after the secondary forests were reclaimed and planted in chestnut forest, the change in TN content at 0–20 cm soil depth was larger than that at 20–40 cm soil depth.




3.3. Comparison of Soil Hydrolyzable Nitrogen Content


Figure 4 shows that, in plots No. 1–3, the hydrolyzable nitrogen content of the 0–20 cm and 20–40 cm soil depths in the chestnut forest was lower than that in the secondary forests. However, plot No. 4 was the opposite, the soil hydrolyzable nitrogen content in chestnut forest land was higher than that in secondary forests at both soil depths. The hydrolyzable nitrogen content at 0–20 cm soil depth was significantly different between the chestnut forest and secondary forests in all the plots. The hydrolyzable nitrogen content of chestnut forest at 0–20 cm soil depth of plots No. 1–4 was 31.00, 29.00, 60.77, and 35.56 mg/kg lower than that of the secondary forests, respectively. There were no significant differences between the chestnut and secondary forests at 20–40 cm soil depth. These findings indicate that planting with chestnut forest reduced the content of hydrolyzable nitrogen in the two soil depths in plots No. 1–3. The change was significant at 0–20 cm soil depth and not significant at 20–40 cm. For the chestnut forest and secondary forests, the content of hydrolyzable nitrogen at 0–20 cm soil depth in the same plot was significantly higher than that at 20–40 cm. In plots No. 1–4, the difference in soil hydrolyzable nitrogen content between the 0–20 cm soil depth was different in the chestnut forest and the secondary forests in these plots. These findings indicate that, after the secondary forests were reclaimed and replanted as chestnut forest, the change in hydrolyzable nitrogen content at 0–20 cm soil depth was larger than that at the 20–40 cm soil depth.




3.4. Comparison of Soil TP Content


Figure 5 shows that, in plots No. 1–3, the TP content of the 0–20 cm and 20–40 cm soil depths of the chestnut forest was higher than that of the secondary forests, whereas plot No. 4 was the opposite, showing a lower TP content in the soil of chestnut forest than the secondary forest. At both soil depths, the TP content of the two soil depths in plot No. 1 was significantly different between the chestnut forest and the secondary forest. These findings indicate that planting with chestnut forest in plots No. 1–3 increased the content of TP at both soil depths; however, only the TP content of plot No. 1 significantly increased. The TP content reduced at both soil depths in plot No. 4. For the chestnut forest and secondary forest, the TP content at 0–20 cm soil depth in the same plot was significantly higher than that in 20–40 cm, and the TP content at 0–20 cm soil depth of chestnut forest was 0.04, 0.05, 0.05, and 0.04 g/kg higher than that at 20–40 cm in plots No. 1–4, respectively, and the difference of TP content in the two soil depths of secondary forest was 0.03, 0.04, 0.04, and 0.05 g/kg, respectively. This indicates that there was little change in soil TP content following the planting of secondary forests with chestnut forest at either soil depth.




3.5. Comparison of Soil AP Content


Figure 6 shows that, in plots No. 1–4, the AP at 0–20 cm and 20–40 cm soil depths were higher in the chestnut forest than in the secondary forest, and the difference was significant at 0–20 cm soil depth. This indicates that, since the secondary forests of plots No. 1–4 were planted with chestnut forest, the AP content has increased at 0–20 cm soil depth. This change was significant at 0–20 cm soil depth, but not at 20–40 cm. Moreover, for the chestnut forest and secondary forest, the AP content at 0–20 cm soil depth in the same plot was significantly higher than that at 20–40 cm. The AP content at 0–20 cm soil depth in the chestnut forest was 2.16, 1.69, 1.91, and 1.45 mg/kg higher than that of the 20–40 cm soil depth, respectively. The difference of AP content between the two soil depths of secondary forest was 1.29, 0.87, 0.93, and 0.89 mg/kg for plots No. 1–4, respectively. In summary, in plots No. 1–4, the difference in soil AP content between the 0–20 cm and 20–40 cm soil depths in the chestnut forest and the secondary forest in these plots was different. Moreover, after the secondary forest was reclaimed and then planted with chestnut forest, the change in AP content at 0–20 cm soil depth was larger than that at 20–40 cm.




3.6. Comparison of Soil TK Content


Figure 7 shows the TK content results. In plots No. 1–3, the TK content of both soil depths of the chestnut forest was lower than that of the secondary forest, whereas the opposite was found for plot No. 4, in which the TK content in the soil of chestnut forest was higher than that in the secondary forest. The difference of TK content in the 0–20 cm soil depth between the chestnut forest and the secondary forest was not significant, plots No. 1–3 showed a significant difference in TK content at 20–40 cm soil depth. This indicates that the planting of the secondary forests with chestnut forest reduced the TK content at both soil depths in these plots. In contrast, the TK content of the two soil depths increased in plot No. 4. This change occurred at 0–20 cm soil depth, but the change was not significant, whereas it was significant at 20–40 cm soil depth. The TK content at 0–20 cm soil depth of chestnut forest was 2.41, 1.35, 2.36, and 1.00 g/kg lower than that of 20–40 cm soil depth in plots No. 1–4, respectively. The difference of TK content between the two soil depths of secondary forest was 2.41, 1.35, 2.36, and 1.00 g/kg in plots No. 1–4, respectively. These findings indicate that, in plots No. 1–3, the difference in soil TK content was different between the 20–40 cm soil depth in the chestnut forest and the secondary forest. This further indicates that, after the secondary forest was reclaimed and planted with chestnut forest, the change in TK content at 0–20 cm soil depth was lower than that at 20–40 cm.




3.7. Comparison of Soil AK Content


Figure 8 shows that in plots No. 1–3, the AK content at both soil depths in chestnut forest was lower than those in the secondary forest. In contrast, plot No. 4 is the opposite, the soil AK content in the chestnut forest land was higher than that in the secondary forest at both soil depths. The AK content in the 0–20 cm soil depth of the four plots was significantly different between the chestnut forest and the secondary forest, and the difference between the two forests was 12.25, 14.97, 9.53, and 17.73 mg/kg in plots No. 1–4, respectively. However, there was a significant difference in AK content at 20–40 cm soil depth in plot No. 4, whereas there was no significant difference in AK content at this depth in plots No. 1–3. This indicates that, since the secondary forests of plots No. 1–3 were planted with chestnut forest, the AK content reduced at both soil depths. The AK content increased at both soil depths in plot No. 4. The change was significant at 0–20 cm soil depth in all four plots and at 20–40 cm soil depth in plot No. 4, but not in the other three plots. The AK content at 0–20 cm soil depth in the same plot was significantly higher than that at 20–40 cm for both forest types. These findings indicate that in plots No. 1–3, the difference in soil AK content between the 0–20 cm and the 20–40 cm soil depths was different in the chestnut forest and the secondary forest. Furthermore, after the secondary forest was reclaimed and planted with chestnut forest, the change in AK content at 0–20 cm soil depth was higher than that at 20–40 cm.





4. Discussion


Owing to population growth and socio-economic development, the conversion of forest land happens all over the world, which not only resulted from forests reduction, but also led to soil deteriorations and other environmental problems. In Anji County, the transformation of secondary forest into economic stands much more occurred. What is its influence? Especially, what does it mean in water source areas? We performed field study eight years ago. Through our previous studies, it has been found that rainfall is the main factor causing the loss of nutrient elements, such as nitrogen and phosphorus in soil [28,30]. The difference in nutrient contents between plot No. 4 chestnut forest and the secondary forest was basically the opposite of the difference between plots No. 1–3 in the current study. In plot No. 4, the nutrient contents in the chestnut forest land were generally higher than those in secondary forest. This might be due to the high coverage rate of chestnut forest in plot No. 4; the chestnut forest canopy reduced the erosion of the surface by rain water; moreover, the slope of plot No. 4 was lower than that of the other plots, so the soil erosion was not as serious. These findings were consistent with previous results that were reported by us [28,30].



Therefore, the main purpose of this study is to study the effects of soil depth on the spatial distribution of nitrogen, phosphorus, and other nutrients, and the effects of different forests on the spatial distribution of nitrogen, phosphorus, and other nutrients. This study showed that, after the secondary forest Cunninghamia lanceolata (Lamb.) Hook. in plot No. 1 and Castanopsis sclerophylla (Lindl.) Schott. in plots No. 2 and No. 3 were harvested and the chestnut was planted, the decreased vegetation diversity and coverage rate reduced the species and quantity of plant litter returned to the surface, and this decreased coverage rate led to a bare soil surface, allowing for topsoil to be easily washed away by rain. In addition, the slopes of plots No. 1–3 were high and the vegetation cover of the chestnut forest was significantly lower than that of the secondary forest, thus the chestnut litter on the surface was easily migrated downslope under the influence of gravity and rain erosion. Moreover, activities, such as weeding and pruning during the management of chestnut forest, also reduced the return of some plant organic matter and other nutrients to the soil. In this way, the amount of organic matter and other nutrients in the chestnut forest was reduced, and thus the content of soil organic matter and other nutrients in the chestnut forest in the three plots was lower than that in the secondary forest. The process of litter return to the soil and decomposition was mainly carried out at the soil surface, thus the surface was the main area of accumulation of organic matter and other nutrients, and correspondingly the content of organic matter and other nutrients in the topsoil was much greater than that in the deeper soil. Li et al. [31] found that, in the Zhongtiao Mountains, the soil organic matter, TN, AP, and AK contents in the surface soil (0–10 cm) were significantly higher than at 10–30 and 30–60 cm soil depth. Wang et al. [32] also found in the Loess Plateau that the soil organic matter and TN was the highest at 0–10 cm soil depth and showed a clear surface aggregation effect. Zhou et al. [33] found that, in the desert oasis in the southern margin of the Taklimakan Desert, SOC, AN, and AP decreased with an increasing soil depth. These findings were similar to the results of our study.



The original secondary forest was transformed into an intensive chestnut forest, and the coverage of forest land decreased. In addition, weeding activities in the chestnut growing process led to some of the forest soil becoming directly exposed. When a certain intensity of rainfall occurs, the exposed land without the cushioning force and rainwater easily eroded the shunting of the canopy, and the surface runoff carried and migrated the fine particles of the soil, causing soil erosion. Runoff carried soil particles and also dissolved nutrients, which caused the loss of nitrogen, phosphorus, and potassium in the surface soil. However, our findings indicated that the TP and AP contents in the chestnut forest presented a different level, which may be due to the fertilization of chestnut forest. There are differences in the quantity of leaves and litter in different forest land, which will also lead to the difference of soil nutrient content in different forest land. The secondary forest of plot No. 4 was mainly bamboo forest, Brachystachyum densiflorum (Rendle) Keng, which was completely different from the secondary forest type of plots No. 1–3. As the biomass of secondary bamboo leaves was lower than that in chestnut forest, the amount of bamboo litter was less than that of chestnut forest, and the nutrient content of bamboo leaves decomposing into soil surface soil was lower, causing the content of organic matter and other nutrients that are accumulated by chestnut forest to be higher than that in the secondary bamboo forest of plot No. 4. Xiao et al. [34] studied litter decomposition rate for five forest types in the subtropical forest of China, and they found that there were differences in the litter decomposition rate among different forest lands. It also provides a basis to support the point of view, i.e., there is a difference in the litter decomposition rate between forest lands, which in turn affects the nutrient content of forest soil. Through the study, Meng et al. [35] found that, after forest conversion, it can influence soil bacteria communities. Wan et al. [36] studied on the effect of forest management methods on soil bacteria communities; they found that forest management method could affect soil bacteria community and soil nutrient. Different soil bacteria communities can cause differences in litter decomposition rates and thus affect soil nutrients. Jasso-Flores et al. [37] studied vegetation-soil systems drivers of ecosystem carbon contents in central Mexico, and they also found that there is a great difference in carbon storage among different forests.



Fan et al. [38] in the Jiangxi province studied different forest (broadleaved evergreen forest, slash pine plantation, bamboo forest, coniferous broadleaved mixed forest, Masson pine plantation, and Chinese fir plantation) and found that SOC, TP, AN, AP, and AK contents gradually decreased with the increase of soil depth. The descending order of soil fertility was bamboo forest > broadleaved evergreen forest > coniferous broadleaved mixed forest > Masson pine plantation > Chinese fir plantation > slash pine plantation. In addition, studies have shown that human activities, such as weeding, mulching, and farming also affect soil nutrients [39].



We found that, after the secondary forest was transformed into chestnut forest, the content of organic matter, TN, TK, and corresponding affective nutrients in the chestnut forest decreased, which not only reduced the fertility of the forest, but also increased the risk of soil erosion, and also threatened the water quality of the reservoir. Obviously, economic benefits drove this transformation of forest land. In view of the social and ecological interests, secondary forest growing in water source areas is ideal. Thus, it is necessary to help local villagers increase incomes in order to decrease or stop the transformation of secondary forest, also to secure drinking water safety.




5. Conclusions


At present, the conversion of forest land is hard to avoid due to driving economic interests. However, it is vital to retain fine vegetation coverage in water source areas, in order to maintain water environmental security, in which forests have high environmental quality requirements, and ecological restoration is the main management measure for controlling non-point source pollution, especially forestry ecological restoration. We found that differences of soil nutrient content from the chestnut and secondary forest stands were the greatest at 0–20 cm soil depth. The contents of organic matter, TN, hydrolyzed nitrogen, and AK at 0–20 cm soil depth of chestnut stands were lower by 10.81 g/kg, 0.45 g/kg, 40.26 mg/kg, and 12.25 mg/kg than those in secondary forests in plots No. 1–4, respectively. There was no significant difference in TP and TK contents among the forest types, and the AP content at 0–20 cm soil depth of chestnut stands was 2.73 mg/kg higher than in the secondary forests. Overall, the nutrient contents were lower in chestnut stands than secondary forests. Therefore, the secondary forest positioned at the end of the reservoir can effectively reduce the loss of soil nutrients and enhance protection and recovery. Normally, this transformation should be forbidden in water source areas. For economic forests, such as chestnut, measures should be taken to protect understory vegetation, increase forest coverage, and increase soil and water conservation capacity. When local farmers can obtain incomes from other jobs rather than cash trees growing, such as chestnuts, the conversion of economic forest into secondary forest is significant. At the same time, it is necessary to establish a certain width of vegetation buffer along the bank to intercept and purify surface runoff. Such measures to manage surface source contaminants from source to sink can greatly reduce the risk of deterioration of reservoir water quality.
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Figure 1. Geographical location of the study area. 
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Figure 2. Comparison of organic matter content between chestnut stands and secondary forests. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 






Figure 2. Comparison of organic matter content between chestnut stands and secondary forests. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05).



[image: Sustainability 11 02373 g002]







[image: Sustainability 11 02373 g003 550]





Figure 3. Comparison of TN content between chestnut stands and secondary forests at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Figure 4. Comparison of hydrolysis nitrogen content between chestnut stands and secondary forests at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Figure 5. Comparison of total phosphorus (TP) content between chestnut stands and secondary forests at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Figure 6. Comparison of available phosphorus content between chestnut stands and secondary forests at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Figure 7. Comparison of total potassium (TK) content between chestnut stands and secondary forest at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Figure 8. Comparison of available potassium (AK) content between chestnut stands and secondary forest at 0–20 and 20–40 cm soil depth. Note: Bars with the same lowercase letter are not significantly different (p > 0.05), on the contrary, having significance (p < 0.05). 
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Table 1. Basic conditions for sample plots within the chestnut stands and secondary forests.
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Sample Plot Number

	
Slope (°)

	
Vegetation Cover in Chinese Chestnut (%)

	
Vegetation Cover in Secondary Forest Land (%)

	
Plants in Chinese Chestnut Forest

	
Plants in Secondary Forests






	
1

	
13

	
80

	
100

	
Castanea mollissima BL., Hedyotis chrysotricha (Palib.) Merr., Smilax glabra Roxb., Setaria viridis (L.) Beauv

	
Cunninghamia lanceolata (Lamb.) Hook (dominant tree species), Diospyros kaki Thunb, Cinnamomum camphora (L.) Presl., Castanopsis sclerophylla (Lindl.) Schott., Litsea cubeba (Lour.) Pers.; Ilex chinensis Sims




	
2

	
17

	
80

	
100

	
Castanopsis sclerophylla (Lindl.) Schott. (dominant tree species), Cinnamomum camphora (L.) Presl.; Ilex chinensis Sims




	
3

	
10

	
90

	
98

	
Castanopsis sclerophylla (Lindl.) Schott. (dominant tree species), Cunninghamia lanceolata (Lamb.) Hook




	
4

	
6

	
85

	
90

	
Brachystachyum densiflorum (Rendle) Keng (dominant tree species), Lycium chinense Mill.
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