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Abstract: Excessive application of pesticide fertilizers makes nitrogen and phosphorus, which are 
not absorbed and utilized by crops, enter the water body with surface runoff, thus causing 
eutrophication of rivers and lakes. Agricultural non-point source pollution has been paid more and 
more attention by the whole society. As an ecological engineering measure, herbaceous vegetation 
filter belt has significant effect in preventing and controlling agricultural non-point source pollution. 
In this paper, a simulated drainage experiment of surface runoff is designed, and the correlation 
between sediment and particulate pollutants is analyzed. Based on the concept of soil mixed layer, 
the transport of soil pollutants is simplified, and an estimation model of the effect of vegetation 
filter zone on pollutants is established. The simulated deviation of runoff and sediment 
concentration in the model is within 9% and 14%, indicating that the model can simulate the effect 
of vegetation filter belt intercepting runoff and sediment. At the same time, the simulation results 
show that the vegetation over-band width is linearly positively correlated with the interception rate 
of runoff and sediment. The purification effect of the vegetation filter belt can be evaluated based 
on the soil mixed layer concept and the hydrological and soil erosion model. 

1. Introduction 
Because of long-term, large-scale and unreasonable use, and low utilization efficiency. 

Pesticides not only play a role in ensuring crop yield, but also pollute the environment. Vegetation 
filter belts are also called filter belts, coastal buffer belts, buffer belts and coastal areas. In this paper, 
vegetation filter belt is referred to as filter belt [1]. It can reduce surface runoff and sediment, 
nitrogen, phosphorus and other pollutants in runoff through biological, chemical and physical ways. 
Effectively reducing agricultural non-point source pollution and alleviating the pressure of water 
environment, so it has been widely used in the world [2]. Under the action of precipitation or snow 
melt, it is connected to the receiving water body (including rivers, lakes, reservoirs, bays, etc.) 
through the runoff process and causes other forms of pollution such as organic pollution, 
eutrophication or toxic and harmful. Among them, the most important non-point source pollution 
caused by water pollution is agricultural non-point source pollution [3]. Because of the universality 
and extensiveness of agricultural activities, agricultural non-point source pollution has now become 
one of the important threats to the current deterioration of water quality. 

Agricultural non-point source pollution involves random variables and random effects. Therefore, 
it is very important to clarify the analysis of agricultural non-point source pollution by the 
uncertainty and random variable elements. For example, the growth of cropland crops is inevitably 
affected by natural factors such as weather [4-5]. As a low-cost and fruitful ecological engineering 
measure, the vegetation filter belt is generally located in the lower part of the farmland or farm, 
between the pollution source and the water body, and is a strip-shaped vegetation system that 
effectively blocks the pollution of agricultural non-point source. The mechanism of intercepting 
pollutants in vegetation filter belts, its influencing factors and model construction have been studied 
earlier, and the filter belts have been listed as the best management measures to prevent non-point 
source pollution from entering rivers such as rivers [6]. There are many factors affecting the 
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interception effect of vegetation filter belts on runoff and sediment, such as width, density, slope, 
vegetation type, etc. To grasp the relationship between interception effect and main factors is the 
basis of vegetation filter belt planning and design. The experience and lessons of a large number of 
water pollution control practices at home and abroad prove that in order to solve the problem of 
water environmental protection, both point source and non-point source pollution must be 
considered [7]. For our country, while continuing to do a good job in the control of point source 
pollution, we should continue to strengthen the research and control and management of non-point 
source pollution. 

2. Methodology 
Taking the vegetation filter belt formed by filling the soil tank and inserting different widths of 

embroidered candle wire as the research object, the muddy water scouring test was carried out on 
the vegetation filter belt on the soil tank, the effect of the vegetation filter belt on pollutants was 
studied quantitatively, the mechanism of the column interception was explored, and the suiTable 
width was determined preliminarily. Through observing the characteristics of vegetation filter zone, 
the purification effect of herbaceous vegetation filter zone on typical agricultural non-point source 
pollutants was quantitatively evaluated, that is, the purification effect of herbaceous vegetation filter 
zone on runoff and nitrogen, phosphorus, chloride ion and atrazine in runoff [8]. A reservoir is built 
in the test site, and a stirring device and a water supply device are installed at the upper end for 
supplying water to the filter belt, and a water valve is installed at the outlet of the water supply tank 
for controlling the flow rate. The lower end of the soil trough is provided with a collecting port for 
collecting the surface outflow of the filter belt, and the slope of the soil trough is adjusTable. It is 
used to provide water source to each vegetation belt and simulate surface runoff. A collection pool 
is built at the outlet of each filter belt to collect the outflow of the test belt. The choice of vegetation 
in the filter belt should follow the natural law. The more indigenous species in the filter belt, the 
closer the filter belt is to the natural state, and the stronger its ecological function. According to the 
design principle of “close to nature, low cost, and suiTable for promotion“. 

The building elements of the vegetation filter belt mainly include the composition and 
configuration of the plants and the bandwidth of the filter belt. The filtering effect of the filter belt 
varies with the construction elements. Composite filter belts, also known as "multi-species riparian 
buffer belts", can integrate the advantages of different vegetation types, and the effects of different 
vegetation types on the function of vegetation filter belts are shown in Table 1. 

Table 1 Effect of different types of vegetation filter belts 

Purpose Grassland Shrub Arbor 
Filtering sediment High Low Low 

Filtration chemicals Low Low Low 
STable river bank Low High High 

The ability of the filter belt to retain pollutants is represented by the interception efficiency. The 
quantitative calculation of the pollutant interception efficiency is generally carried out by the 
following calculation method, and the filter belt interception is calculated directly according to the 
diameter of the run-off flow of the experimental filter belt and the control zone (no vegetation or 
weeds, etc.). Contaminant efficiency. It is generally believed that the size of the vegetation filter 
belt is the main factor affecting its function. The length of the filter belt can explain 60% of its 
barrier function, and the wider the filter belt, the better. Corresponding to the experimental design, 
the test is filled with a plurality of soil tanks of the same specification, and a plurality of small holes 
are arranged at the bottom of the soil tank to facilitate leakage of soil moisture into the deep layer. 
Before filling the soil tank, a layer of thin yarn is arranged at the bottom of the soil tank to prevent 
soil leakage. Surface runoff can enter the soil through plants and their roots. Plant roots form a huge 
network of underground roots, which has the mechanical effect of consolidating the soil and 
supporting the slope, and can increase the permeability of the soil. Water samples were collected 
from the outlet of vegetation filter through drainage test, and the outflow velocity and outflow 
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volume were recorded at the same time. Based on the investigation of the vegetation around the test 
site, it is found that the natural conditions are good and the herbaceous vegetation on the bank slope 
of the reservoir is flourishing. Combining with the research results of vegetation filter belts abroad, 
it is considered that the natural vegetation growing after the enclosure measures taken in the test site 
can meet the test requirements. 

According to the analysis of different vegetation conditions, different soil initial water content, 
different bandwidths, different inflow fluxes and the influence of different influent pollutant 
concentrations on the filtration effect of vegetation filter belts, this study conducted a set of 
common water release tests in the formal test. As shown in Table 2 and Figure 1. 

Table 2 Water release test plan 

Test number Water volume(m3) Sediment consumption(kg) 
1 2.6 5.5 
2 3.1 6.2 

 
Fig.1. Water release test plan 

The slope and width of vegetation filter zone are two factors in the scouring experiment. The 
slope and width are three treatments, each of which is repeated three times. All the experiments are 
carried out under the scouring condition. The scouring time is 30 minutes from the beginning of 
runoff generation. For several filter belts in the experiment, sometimes the inflow water quality of 
each filter belt is not monitored one by one, but the outflow water quality of the upstream runoff 
source area of each filter belt is approximately the same under natural or simulated rainfall. Only 
the outflow water quality of the upstream vegetation-free production area of a filter belt is 
monitored. However, considering that the vegetation filter belt needs to protect the surface water 
body while occupying the cultivated area as small as possible, and creating greater benefits, many 
field research uses a filter belt of less than 10 m length. The roots increase the stability of the soil by 
increasing the number and size of the soil water-sTable aggregates to resist the dispersion of water 
flow. The roots can also effectively enhance soil permeability and reduce runoff, thereby reducing 
soil erosion. Infiltration is the only mechanism that can remove dissolved pollutants. That is, the 
vegetation filter belt inflows dissolved nitrogen and phosphorus can only be reduced by infiltration 
and diffusion into the soil layer, and other processes have no effect on it. 

3. Result Analysis and Discussion 
The slope of the vegetation filter belt will affect the surface runoff movement, so the slope and 

slope of the belt will need to be measured before each water discharge test. The slope measurement 
uses a micro-dip level, starting with the filter belt inlet and each measuring section. The simulated 
values of the model are smaller than the measured values, and the simulated deviation of the 
sediment concentration is greater than the simulated deviation of the runoff. This result indicates 
that the actual interception effect of the vegetation filter belt on runoff and sediment is worse than 
the interception effect simulated by the model. Plant absorption and microbial metabolism 
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processes take longer than infiltration and adsorption/sedimentation processes. Compared with 
common crop areas and bare surface. The suiTable width of vegetation filter belt should be chosen. 
When setting width, factors such as actual land slope, local rainfall intensity, soil texture and input 
cost should be considered. In this simulation experiment, it may be mainly due to the slope and 
width of the vegetation filter zone, and the use of embroidered wire instead of herbaceous plant 
stalks in the process of the experiment. Phosphorus is stratified in the soil profile. The phosphorus 
content in different soil layers is quite different, but the spatial distribution of phosphorus in the soil 
profile is basically the same. That is, with the increase of soil depth, the phosphorus content in the 
soil presents a decreasing trend, and the phosphorus content in the surface soil is the highest. 

The process of pollutant transport in vegetation filter belt system is complex, including the 
interaction among vegetation, runoff and soil layer. Therefore, it is necessary and reasonable to 
simplify the process of pollutant transport. Considering that the sediment should be fully stirred to 
make the sediment particles mix evenly in the water body after adding sediment into the reservoir, 
the storage depth of the reservoir should not be too deep. As time goes on, the surface roughness of 
the filter zone will decrease, the soil water content will gradually saturate, and the 
micro-topography of the filter zone will change, which weakens the ability of the filter zone to 
intercept runoff. The filter belt can block the dissolved pollutants from entering the downstream 
river water body by enhancing the runoff infiltration. The infiltration capacity increases with 
increasing width, and correspondingly, the ability to remove dissolved contaminants also increases. 
In general, the greater the slope, the stronger the rainfall, and the smaller the soil porosity, the 
greater the width of the vegetation filter belt. Second, select the appropriate plant species based on 
the characteristics of the pesticide and the type of soil. Therefore, the infiltration amount is more, 
the production flow rate is less, and the pollutant interception rate is higher, that is, the effect of the 
vegetation filter belt intercepting pollutants is better under the gentle slope condition. 

As the running time of the herbaceous vegetation filter belt increases, the phosphorus content 
adsorbed and deposited in each layer of soil gradually increases and decreases. The herbaceous 
vegetation filter belt has a "fast" absorption of phosphorus. When the other conditions of the filter 
belt are similar, comparing the influence of a certain condition on the filtering effect of the filter belt 
can provide a theoretical basis for the design of the vegetation filter belt. During the scouring 
process, part of the topsoil in the vegetation is also carried into the runoff, increasing the 
concentration of sediment in the outflow runoff. Deeper rhizome systems, dense vegetation debris, 
and the presence of cockroaches and other animals enhance soil porosity and promote infiltration. 
At this time, it is better to use the tree-shrub-grass composite vegetation filter belt. This is because 
grassland vegetation root system is shallow, can not effectively intercept the underground lateral 
flow, and trees and shrubs can make up for this defect. The aboveground part of the herbaceous 
vegetation filter zone is the key to intercepting runoff and sediment, that is, the density of plant 
Lotus stalk is directly related to its ability to intercept runoff and sediment. Phosphorus content 
gradually decreased with the increase of migration distance, mainly as a result of horizontal and 
vertical accumulation of soil phosphorus in the concentration gradient. After 200 cm, the 
phosphorus content changed little along the course, which indicated that the vertical movement of 
phosphorus was not obvious. 

4. Conclusion 
Based on the mixed layer theory and hydrological and sediment transport model, a simple model 

for estimating the purification effect of nitrogen and phosphorus in vegetation filter zone with fewer 
parameters is proposed. The purification effect of nitrogen and phosphorus in vegetation filter zone 
under sub-runoff conditions is simulated and verified by comparison with the measured values. 
Effective interception of non-point source pollutants in runoff has been achieved, which not only 
reduces the pollution load of the input water ecosystem in the polluted source area, but also slows 
down the rate of eutrophication. Compared with slope, the width factor of vegetation filter band is 
more sensitive to the interception effect of vegetation filter band on runoff and sediment. The 
mechanism of vegetation filter belt for controlling non-point source pollution of pesticides is to 
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reduce runoff and maintain water and soil, reduce runoff flow rate, prolong pesticide deposition and 
adsorption time, increase infiltration, and increase soil organic matter content and microbial activity. 
The presence of vegetation filter belts can delay runoff and intercept sediment, thereby reducing the 
ability of runoff to transport soil particles, resulting in the trapping of some particulate nitrogen and 
phosphorus. Previous studies have considered more of a single vegetation filter belt, and the 
composite vegetation filter belt has better pollutant removal rate and long-term effectiveness, which 
is the future development trend.  
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