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Abstract

:

In view of the nitrogen and phosphorus non-point source pollution caused by paddy field drainage in southern China, two paddy fields in Nanjing and Yuyao cities were selected to study the effect of plant buffer zone–antifouling curtain walls on reducing non-point source pollution. The results showed that the designed plant buffer zone–antifouling curtain wall systems could significantly reduce the concentration of total nitrogen (TN) and total phosphorus (TP) in drainage of the two paddy fields. Compared with paddy field drainage in Nanjing, the interception rate of TN in the plant buffer zone and antifouling curtain wall were 33.0% and 59.3%, respectively; the removal rates of TP were about 18.4% and 40.3%, respectively. In addition, the contents of ammoniacal nitrogen (NH3-N), nitrate nitrogen (NO3-N) and Chemical Oxygen Demand (COD) were also significantly reduced. For the Yuyao experimental area, compared to the paddy field without the soil plant buffer zone (the control), the concentration of each indicator in the discharge water of the paddy fields with the soil plant buffer system operation mode was significantly reduced, the rejection rate of the TP, TN, total dissolved phosphorus (TDP), NO3-N and NH3-N were 64.28%, 70.66%, 83.73%, 65.22% and 80.69%, respectively. In summary, the construction of a plant buffer zone–antifouling curtain wall (soil plant buffer zone) has an obvious effect on the reduction of non-point source pollution in paddy fields, which could improve yield and fertilizer utilization. The plant buffer zone–antifouling curtain wall could be popularized and applied in local areas and southern China.
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1. Introduction


China’s rice cultivation area is about 30 million ha, accounting for about 28% of the total area of grain crops in China, and rice water consumption accounts for more than 45% of the total water consumption. Southern China has a large sowing area of rice and a high level of nitrogen fertilizer application, in addition, the rainfall mostly occurs in the form of rainstorms during the main growth period of rice [1,2,3,4,5]. Due to unreasonable irrigation and drainage, a considerable amount of the chemical fertilizer dissolved in the water in the rice fields leaches with lateral or vertical leakage of drainage, causing serious pollution to groundwater, rivers and lakes, as well as the spread of a large number of aquatic diseases [6,7,8,9]. Carrying out research on prevention and control technology of non-point source pollution in southern rice growing areas is an inevitable requirement to protect the ecological agricultural environment of irrigation areas and realize the sustainable development of agriculture. It is of great practical significance to improve the farmland ecological environment and prevent and control agricultural non-point source pollution.



Constructed wetland technology can effectively remove nitrogen, phosphorus and other pollutants from agricultural non-point source pollution, based on the actions of bacteria to remove contaminants from wastewater [10,11,12,13]. In the late 1960s, after the German scholar Kickuth put forward the theory of the root zone method (The Root-Zone Method, or RZM for short), there was an upsurge in research and application of constructed wetlands [14,15,16,17]. Woltemade et al. [18,19,20,21] restored or built wetlands around watersheds in Maryland, Illinois, Iowa and other places in the United States to receive agricultural drainage, so as to improve the water quality of watersheds. The results showed that all wetlands in the experimental area could reduce the concentration of nitrogen and phosphorus, but there were great differences between them. The factors that have the greatest impact on the performance of the wetland are the size of the wetland, the catchment area and the retention time of water in the wetland. When the ratio between the catchment area of the wetland and the watershed is large, or the retention time of water in the wetland is long (at least 1–2 weeks), wetland has a high absorption rate of nutrients. At the same time, the combination of wetland and riparian buffer forest is the best way to improve water quality. There have also been related studies in China. Xiong et al. [22,23,24] designed a new system combining wetland systems with paddy eco-ditches based on the characteristics of the irrigated rice district and evaluated its effects on nutrient losses in the Gaoyou irrigation district in eastern China. The results showed that it significantly decreased N and P losses from paddy fields. Yang et al. [25,26,27] constructed an aquatic vegetable wetland–ecological ditch system (AWDS) to purify the drainage from paddy fields in a field experiment in the Taihu Lake Region of South China, and found that TN and TP concentrations in the outflow of the AWDS significantly decreased compared to those in the inflow. A study in the Ganfu Plain Area indicated that the eco-channel–pond wetland system reduced total nitrogen (TN) and total phosphorus (TP) pollutant levels in rice paddy drainage water, and the pond wetland system showed reductions of 8.6% and 22.9%, respectively [28,29,30,31]. Existing studies show that the plant buffer zone constructed by ecological wetland and ecological ditch has a good effect on reducing pollutants in water. However, the design of the buffer zone should consider many factors, including the size of the buffer zone, vegetation type, management mode, etc. These factors depend on site conditions of the buffer zone including pollution type and load, the ability of the buffer zone to intercept and transform pollutants, and the degree of reducing pollution. The objectives of this study are: (1) To design the plant buffer zone–antifouling curtain wall system for paddy fields in two main rice producing areas, Nanjing and Yuyao city, respectively; (2) To study the reduction effects of the above two systems on no-point source pollution in paddy fields.




2. Materials and Methods


2.1. Overview of the Study Area


The experiments were located in Nanjing, Jiangsu province and Yuyao, Zhejiang province.



The first experiment was carried out in Hengxi town, Jiangning district, Nanjing (30°38′ ~ 32°13′ N, 118°31′ ~ 119°04′ E). The annual evaporation is 1472.5 mm, and the evaporation from July to August in midsummer is significantly higher than that in other seasons. The minimum value of the annual evaporation is in winter, with the maximum evaporation in late July and mid-January. The annual rainfall is 1106.5 mm, the annual average temperature is 15.7 °C, the maximum average humidity is 81%, the maximum wind speed is 19.8 m/s, and the frost-free period is 237 d.



The Yuyao experimental zone is located in the town of Hemudu, in the center/east of Yuyao city and the lower reaches of the Yao River. The terrain is high in the south and low in the north. It is 9.5 km wide from east to west and 10.5 km long from north to south, with a total area of 64.92 square kilometers. It belongs to the north subtropical monsoon climate zone, and the annual average temperature for many years is 16.5 °C. The annual frost-free period is about 228 days. The annual rainfall is between 1263–1987 mm, and the average annual evaporation for many years is about 900–950 mm. The average sunshine for many years is 2061 h, and the annual sunshine rate is 47%. The annual average relative humidity is 80%. The whole territory of Hemudu has fertile land and rich products.



The planting crop was rice, which was cultivated in a greenhouse and transplanted to fields. The transplanting time in the Nanjing experimental area was 16 June 2011. The whole growth period lasted 138 days and was harvested on 30 October. The late rice planted in Yuyao was transplanted on 14 July 2011. The irrigation method is as follows: after transplanting the seedlings, the field surface retained a thin water layer of 5~30 mm and turned green. After turning green, the field surface will not establish an irrigation water layer at each growth stage. In the case of heavy rain, the field surface can store water (except in the late tillering stage), but the water storage should not exceed 70 mm in depth and the water storage duration should not exceed 3 days. Taking the soil moisture of rice root layer as the control index, the irrigation time and irrigation quota were determined.




2.2. Design of Plant Buffer Zone–Antifouling Curtain Wall


Plant buffer zone, ditch plant slope protection and soil plant buffer zone–antifouling curtain wall were set successively from the drainage outlet of the experimental field community. The farmland plant buffer zone of the Nanjing experimental site (Figure 1) was set based on the experimental community as 3 m × 1 m, 12 in total. The ditch plant slope protection was divided into two sections, the first section was 1:0.5, 0.67 m long; the second section was 1:1, 0.85 m long, and the bottom width of the catchment area was 0.70 m; the antifouling curtain wall was 25 m long, 0.6 m high, 1 m wide at the upper bottom and 1.6 m wide at the lower bottom. Two sections A and B are set, the lower bottom of the antifouling curtain wall of section A was padded with about 0.008 m gravel with a thickness of 0.30 m, and the upper part of the gravel was filled with a soil layer of about 0.30 m. The antifouling curtain wall of section B was a full soil structure. The aquatic plant combination of water spinach + celery was adopted.



At the experimental site in Yuyao city, a soil plant buffer zone was set at the drainage side of the paddy field. The buffer zone is the same width as the paddy field plot, and the length is about 1/10 of the total length of the paddy field. Gate valves were set at the water inlet and outlet disposal, which were connected with the paddy field and drainage ditch through the water level control device (Figure 2 and Figure 3). When selecting the planting plants in the soil plant buffer zone, considering that the local Zizania latifolia planting technology is mature and produces certain economic benefits, the aquatic plants chosen were Zizania latifolia + duckweed, and the plant roots were used to absorb the nutrients in the sewage and degrade the agricultural non-point source pollutants flowing through the ditch to the river. When circumstances permitted, the drainage speed could be appropriately reduced through adjustment of the drainage gate valve, and the duckweed in the drainage ditch could be used to play the role of a plant buffer.




2.3. Measurement of Antifouling Effect of Plant Buffer Zone–Antifouling Curtain Wall


(1) Water sample collection: Set up water weirs (gates) at the field drainage outlet and buffer zone outlet, measuring the amount of water when there was drainage after rainfall, and used 1000 mL plastic bottles in the early, middle and late periods of drainage after the start of drainage. Water sample collection location and frequency is shown in Table 1. Sampling was used to analyze the concentration of each water quality indicator in the runoff in each period, and the average value was taken as the current measurement value of the sampling point. The monitoring sampling points were shown in Figure 4 and Figure 5.



(2) Measurement items and methods. The measurement items of the water samples included: total nitrogen (TN), total phosphorus (TP), total dissolved phosphorus (TDP), nitrate nitrogen (NO3-N), ammoniacal nitrogen (NH3-N), and Chemical Oxygen Demand (COD). The water samples were stored in the refrigerator, refrigerated, and tested and analyzed within 48 h. The determination method of items is shown in Table 2, and the detailed measurement methods referred to were the “Analytical Methods for Water and Wastewater Monitoring” prepared by the State Environmental Protection Administration [32].




2.4. Date Processing and Analysis


Measured the water quality index values at the outlet of farmland discharge, the outlet of soil plant buffer zone and the outlet of soil antifouling curtain wall after each drainage. Based on the index concentration of farmland discharge at the outlet, calculated the concentration change at the outlet of the soil plant buffer zone and soil anti-pollution curtain wall, and evaluated the interception effect. Excel 2010 was used for data recording and organizing. SPSS26.0 software was used for the analysis of variance, in which the Duncan method was used for multiple comparisons (p = 0.05).





3. Results and Analysis


3.1. Purification Effect of Experimental Demonstration Area in Nanjing


The soil in the experimental area was paddy soil developed from yellow brown soil, with texture and viscosity, organic matter content of 14.209 g/kg, total nitrogen of 1.303 g/kg, alkali hydrolyzable nitrogen of 0.1299 g/kg, total phosphorus of 0.363 g/kg, available phosphorus of 0.0272 g/kg, pH value of 5.87, 0–60 cm soil bulk density of 1.35 g/cm3 and 0–60 cm soil field capacity of 28.0%. The fertilization method adopted the method of base fertilizer + topdressing, in which the fertilization amount for base fertilizer was 375 kg/ha (nitrogen content was 56.25 kg), and the topdressing after returning to green is urea (fertilization amount was 136.5 kg/ha, nitrogen content was 63.3 kg). The tillering fertilizer adopts the same compound fertilizer as the base fertilizer (the fertilization amount was 800 kg/ha, and the nitrogen content was 120 kg).



Table 3 shows the water quality of paddy field drainage water measured in different sections of soil plant buffer zone and soil antifouling curtain wall during rice growth in the Nanjing experimental demonstration area. Since the soil antifouling curtain wall accepted the drainage of different treatments, the test was mainly to observe the average water quality of two series of soil plant buffer belts and the water inlet and outlet of the soil antifouling curtain wall at different times, so as to estimate the contribution of the soil plant buffer belt and soil antifouling curtain wall in reducing various agricultural non-point source pollutants in paddy field drainage at different times. It can be seen from Table 2 that the concentration of TN decreased after passing through the soil plant buffer zone and soil antifouling curtain wall at different times during the growth period of rice. During the period from 5 July to 25 September, the average content of TN was 10.3 mg/L at paddy drainage, and 6.9 mg/L and 4.2 mg/L at the outlet of the soil plant buffer zone and soil antifouling curtain wall. Compared with the drainage outlet of the paddy field, the TN concentration in the soil plant buffer zone and the outlet of the soil antifouling curtain wall was reduced by 3.4 mg/L and 6.1 mg/L on average. The interception rates of total nitrogen were about 33.0% and 59.26%, and the removal effect was very obvious.



As shown in Table 3, there was a certain difference in the concentration of total phosphorus between the import and export of soil plant buffer zone and soil antifouling curtain wall. Although there were water losses, such as evaporation and transpiration, the concentration of total phosphorus was also reduced after passing through the soil plant buffer zone and soil antifouling curtain wall. From 5 July to 25 September, the average content of total phosphorus at paddy drainage was 0.52 mg/L, soil plant buffer zone and soil antifouling curtain wall were 0.42 mg/L and 0.37 mg/L, the average concentration decreased by 0.10 mg/L and 0.14 mg/L, and the removal rates of total phosphorus were about 18.4% and 40.3%, respectively.



Chemical oxygen demand is the amount of oxygen consumed during chemical oxidation of substances that can be oxidized in the water body. The greater the COD value, the more serious the water body is polluted. During the period from 5 July to 25 September, the average import COD of paddy drainage was 64.7 mg/L, and the export COD of soil plant buffer zone and soil antifouling curtain wall was 41.4 mg/L and 26.38 mg/L. Compared with the drainage outlet of the paddy field, the average interception rate of soil plant buffer zone and soil antifouling curtain wall was 36.0% and 59.2%.



It can be seen from Table 3 that during the growth period of the paddy, the concentrations of NH3-N and NO3-N after passing through the soil plant buffer zone and soil antifouling curtain wall were also reduced. From 5 July to 25 September, compared to the drainage outlet of the paddy field, the average removal rates of ammonia nitrogen and nitrate nitrogen after passing through the soil plant buffer zone and soil antifouling curtain wall were 23.8% and 51.9%, and the average removal rates of nitrate nitrogen were 29.7% and 61.2%. The removal effect was also very obvious.



The above results fully show that in the southern rice field water cycle self-purification system, the drainage water quality of the paddy field is purified and water quality is significantly improved after passing through the combination of soil plant buffer belt and soil antifouling curtain wall.




3.2. Purification Effect of Soil Plant Buffer Zone in Yuyao Experimental Demonstration Area


The soil in the test area was clay loam. The fertilization method was the same as that in the Nanjing experimental area. Table 4 shows the analysis and determination results of water quality index concentration in discharged water under different operation modes. Under the two operation modes, there was a significant difference in each water quality index of farmland discharge water. Compared with the operation without soil plant buffer belt in farmland (the control), the concentration of various indicators in the discharged water of the paddy field under the operation mode of the soil plant buffer system was significantly reduced, in which the concentration of TP was reduced by 0.27 mg/L (reduction range was 64.28%), the concentration of TDP was reduced by 0.211 mg/L (reduction range was 83.73%), and the concentration of TN was reduced by 8.89 mg/L (reduction range was 70.66%). The average concentration of ammonia nitrogen decreased by 6.06 mg/l, with a reduction range of 80.69%, and the average concentration of nitrate nitrogen decreased by 1.80 mg/L, with a reduction range of 65.22%. The effects of the constructed soil plant buffer zone on reducing pollutants are very obvious.





4. Conclusions


The research results showed that the establishment of ecological plant anti-pollution measures can effectively reduce agricultural non-point source pollution. Compared to not setting any interception measures, setting soil plant buffer zones could significantly reduce nitrogen and phosphorus concentration in paddy field drainage (the removal rates of total nitrogen, ammonia nitrogen, nitrate nitrogen and total phosphorus were 33.0%, 23.8%, 29.7%, 18.4% in Nanjing and 70.66%, 80.69%, 65.22%, 64.28% in Yuyao) and also reduced the COD content. On the basis of the plant buffer zone, the soil anti-fouling curtain wall was installed in series, and the pollution reduction effect was more significant (the removal rates of total nitrogen, ammonia nitrogen, nitrate nitrogen and total phosphorus in the Nanjing test area reached 59.2%, 51.9%, 61.2% and 40.3%). It can be seen that, when conditions permit, the construction area of the plant buffer zone-antifouling curtain wall can be enlarged, which can expand the reduction effect of non-point source pollutants in paddy fields.



Peifang Wang et al. [33] found that since nitrogen and phosphorus could be removed by physical filtration, matrix adsorption, microbial metabolism, and plant absorption and utilization of interception facilities, the removal rate of pollutants in farmland wetlands was closely related to the form and material of interception facilities [34,35,36]. In this study, the removal rate of ammonia nitrogen, nitrate nitrogen and total phosphorus by the antifouling curtain wall was 4.3%, 1.8% and 3.5% higher on average than that of the plant buffer zone; the removal rate of total nitrogen by the plant buffer zone was higher than that of the plant buffer zone. The average height of dirty curtain wall was 6.8%. The decontamination effect of the plant buffer zone in the Yuyao experimental area was different from that in the Nanjing experimental area, which may be related to the different types of plants and different growth stages of plants to absorb pollutants and microbial degradation. Further research was needed on the purification and interception mechanisms of pollutants in runoff water by different plants and different growth stages.



In addition, scientific management was very important to maintain the decontamination effect of the plant buffer zone-anti-fouling curtain wall. Wu Xinyu et al. [37] found that the removal rates of TN, NH4+-N, TP and PO43--P in the constructed wetland system were 5.4%, 5.6%, 6.6% and 9.9% higher, respectively, than those of the non-constructed wetland. This was due to unscientific management and untimely harvesting of plants leading to excessive increases in biomass, which causes problems such as the blockage of drainage channels, affecting hydraulic transmission, and reducing the performance of wetland systems [38,39]. It was necessary to scientifically design many elements, such as plant types and management methods of plant buffer zone-anti-fouling curtain walls in combination with the law of plant growth, so as to maximize the effect of pollution reduction.
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Figure 1. Design of plant buffer zone–antifouling curtain wall in Nanjing. 
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Figure 2. Design of plant buffer zone–antifouling curtain wall in Yuyao. 
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Figure 3. Buffer belt demonstration belt in Yuyao. 
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Figure 4. Schematic diagram of sampling points in plant buffer zone–antifouling curtain wall in Nanjing. 
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Figure 5. Schematic diagram of sampling points in plant buffer zone–antifouling curtain wall in Yuyao. 
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Table 1. Water sample collection location and frequency.






Table 1. Water sample collection location and frequency.





	
Experimental Area

	
Nanjing

	
Yuyao






	
Location

	
Paddy drainage

	
Paddy drainage (Control)




	
Soil plant buffer zone

	
Soil plant buffer zone




	
Antifouling curtain wall

	
-




	
Frequency

	
Six

	
Three




	
Sampling dates

	
5 July, 15 July, 25 July, 15 August, 15 Setember, 25 September

	
15 August, 15 September, 25 September
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Table 2. Measurement items and methods.






Table 2. Measurement items and methods.





	Items
	Determination Method





	TN
	Basic potassium persulfate digestion spectrophotometry



	TP
	Molybdate spectrophotometry



	TDP
	Molybdenum antimony anti-spectrophotometric method



	NO3-N
	Ultraviolet spectrophotometry



	NH3-N
	Nano reagent photometry



	COD
	Oxidation of acid potassium permanganate
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Table 3. Concentration of water quality indicators at different sections of the system.
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Date

	
Treatments

	
TN (mg/L)

	
TP m(g/L)

	
COD (mg/L)

	
NH3-N (mg/L)

	
NO3-N (mg/L)






	
5 July.

	
Paddy drainage

	
15.1 ± 0.16 a

	
0.64 ± 0.010 b

	
79 ± 0.4 b

	
7.4 ± 0.06 b

	
0.92 ± 0.015 a




	
Soil plant buffer zone

	
9.7 ± 0.04 a

	
0.51 ± 0.006 b

	
51 ± 0.3 b

	
6.3 ± 0.08 a

	
0.50 ± 0.026 b




	
Antifouling curtain wall

	
5.9 ± 0.03 b

	
0.45 ± 0.006 b

	
36 ± 0.2 a

	
4.9 ± 0.03 a

	
0.20 ± 0.029 b




	
15 July.

	
Paddy drainage

	
13.6 ± 0.15 b

	
0.47 ± 0.015 d

	
65 ± 1.9 d

	
4.9 ± 0.01 c

	
0.55 ± 0.012 c




	
Soil plant buffer zone

	
8.0 ± 0.11 b

	
0.36 ± 0.012 d

	
42 ± 0.4 c

	
3.4 ± 0.05 b

	
0.40 ± 0.012 c




	
Antifouling curtain wall

	
5.1 ± 0.01 c

	
0.32 ± 0.023 d

	
24 ± 0.3 c

	
2.7 ± 0.11 b

	
0.20 ± 0.012 b




	
25 July.

	
Paddy drainage

	
10.0 ± 0.25 c

	
0.36 ± 0.029 e

	
52 ± 0.9 e

	
0.56 ± 0.012 e

	
0.052 ± 0.0006 e




	
Soil plant buffer zone

	
6.6 ± 0.05 d

	
0.25 ± 0.006 e

	
38 ± 1.0 d

	
0.43 ± 0.006 d

	
0.036 ± 0.0015 e




	
Antifouling curtain wall

	
2.9 ± 0.02 d

	
0.22 ± 0.012 e

	
20 ± 0.2 d

	
0.31 ± 0.012 d

	
0.023 ± 0.0015 c




	
15 August.

	
Paddy drainage

	
6.3 ± 0.11 e

	
0.34 ± 0.005 e

	
33 ± 0.2 f

	
0.31 ± 0.021 f

	
0.041 ± 0.0006 e




	
Soil plant buffer zone

	
5.3 ± 0.01 e

	
0.26 ± 0.015 e

	
24 ± 0.3 e

	
0.22 ± 0.006 e

	
0.037 ± 0.0006 e




	
Antifouling curtain wall

	
1.8 ± 0.01 f

	
0.23 ± 0.012 e

	
18 ± 0.6 e

	
0.24 ± 0.021 d

	
0.022 ± 0.0006 c




	
15 September.

	
Paddy drainage

	
10.3 ± 0.11 d

	
0.75 ± 0.010 a

	
89 ± 0.5 a

	
8.2 ± 0.08 a

	
0.66 ± 0.010 b




	
Soil plant buffer zone

	
8.6 ± 0.01 c

	
0.67 ± 0.012 a

	
57 ± 1.0 a

	
6.3 ± 0.08 a

	
0.53 ± 0.017 a




	
Antifouling curtain wall

	
6.4 ± 0.01 a

	
0.58 ± 0.006 a

	
36 ± 0.2 a

	
0.29 ± 0.02 d

	
0.34 ± 0.006 a




	
25 September.

	
Paddy drainage

	
6.4 ± 0.05 e

	
0.54 ± 0.006 c

	
70 ± 0.2 c

	
3.9 ± 0.05 d

	
0.34 ± 0.020 d




	
Soil plant buffer zone

	
3.3 ± 0.04 f

	
0.48 ± 0.006 c

	
37 ± 0.1 d

	
2.6 ± 0.09 c

	
0.30 ± 0.012 d




	
Antifouling curtain wall

	
2.8 ± 0.01 e

	
0.41 ± 0.012 c

	
25 ± 0.1 b

	
1.1 ± 0.02 c

	
0.21 ± 0.006 b




	
Average value

	
Paddy drainage

	
10.3

	
0.52

	
64.7

	
4.21

	
0.43




	
Soil plant buffer zone

	
6.9

	
0.42

	
41.4

	
3.21

	
0.3




	
Antifouling curtain wall

	
4.2

	
0.37

	
26.4

	
2.03

	
0.17




	
Removal rate/%

	
Paddy drainage

	
-

	
-

	
-

	
-

	
-




	
Soil plant buffer zone

	
33.0

	
18.4

	
36.0

	
23.8

	
29.7




	
Antifouling curtain wall

	
59.3

	
40.3

	
59.2

	
51.9

	
61.2








Note: ± means standard deviation; different letters within the same column mean significant difference at 0.05 level in the same location (paddy drainage and soil plant buffer zone and antifouling curtain wall) in different months. The same below.
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Table 4. Concentration of water quality indicators in drainage under different operation modes.
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Date

	
Treatments

	
TN (mg/L)

	
TP (mg/L)

	
TDP (mg/L)

	
NH3-N (mg/L)

	
NO3-N (mg/L)






	
15 August.

	
Control

	
19.38 ± 0.076 a

	
0.49 ± 0.015 a

	
0.64 ± 0.197 a

	
10.38 ± 0.035 a

	
6.11 ± 0.176 a




	
Plant buffer zone

	
7.52 ± 0.065 a

	
0.056 ± 0.0031 c

	
0.049 ± 0.0010 b

	
3.45 ± 0.020 a

	
2.19 ± 0.075 a




	
15 September.

	
Control

	
7.88 ± 0.010 c

	
0.45 ± 0.029 a

	
0.088 ± 0.0035 b

	
4.88 ± 0.006 c

	
1.28 ± 0.026 b




	
Plant buffer zone

	
2.47 ± 0.012 b

	
0.27 ± 0.006 a

	
0.063 ± 0.0025 a

	
0.55 ± 0.021 b

	
0.17 ± 0.010 c




	
25 September.

	
Control

	
10.52 ± 0.012 b

	
0.33 ± 0.025 b

	
0.027 ± 0.0020 c

	
7.27 ± 0.085 b

	
0.89 ± 0.065 c




	
Plant buffer zone

	
1.12 ± 0.023 c

	
0.13 ± 0.020 b

	
0.012 ± 0.0006 c

	
0.36 ± 0.042 c

	
0.53 ± 0.006 b




	
Average value

	
Control

	
12.59

	
0.42

	
0.252

	
7.51

	
2.76




	
Plant buffer zone

	
3.70

	
0.15

	
0.041

	
1.45

	
0.96




	
Removal rate/%

	
Control

	
-

	
-

	
-

	
-

	
-




	
Plant buffer zone

	
70.66

	
64.28

	
83.73

	
80.69

	
65.22
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