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Abstract
With the development of cities and economic growth, the eutrophication of urban park landscape water
has become a hot topic in environmental governance and research at home and abroad. Through the
simulation experiment of water pollution, the effect of plant micro system built by aquatic plant on the
ability of algae suppression in eutrophic water was studied. The results show that the micro system
formed by different types of water plant can be reduced and stabilized the pH value of the rich and
enriched water bodies. The pH of Lythrum salicaria L. group (Q) and Iris tectorum Maxim group (Y) group
is the lowest. They are 7.34 and 7.48, which is significantly lower than the plant less group (CK). Different
treatments have effectively reduced the nitrogen and phosphorus content in the water body. At the end
of the experiment, the total nitrogen content of Y dropped from 9.49 to 3.21 mg∙L− 1, and the removal
rate reached 66.2%; the total phosphorus removal rate of the water body phosphorus of different types
of aquatic plants was 59.1%⁓81.3%, which was significantly higher than that of CK. Among them, the
total phosphorus removal rate of Y treatment is the best, and it is significantly different from the CK. At
the end of the experiment, chl a content in group Y was the lowest which was 6.6 mg∙L− 1. It decreased
by 37.1% and 54.1% compared to the initial value and CK, respectively. It showed significant differences
compared to other treatments (P < 0.05). At the same time, the content of proline and malondialdehyde
in plants of Y, Q, and Nelumbo SP. group(H) significantly increased in eutrophic water, with group Y plants
showing the highest increase, with increases of 28.6% and 39.8%, respectively. Different micro-systems
formed by different water plants can improve water quality conditions and inhibit the reproduction of
algae in the water. Among them, the effect of planting Iris tectorum Maxim group is the best.

Background
With the growth of the economy, the discharge of household sewage, industrial wastewater, and
agricultural wastewater has been increasing. The eutrophication of urban park landscape water has
become a hot topic in environmental governance and research at home and abroad. When the total
nitrogen content in the water is greater than 0.3 mg∙L− 1 and the total phosphorus content is greater than
0.02 m mg∙L− 1, the water is in a eutrophic state [1–2]. Research has shown that there are varying

degrees of excessive pollution of TN, NH4
+-N, TP, and COD in the water bodies of Chinese parks. This not

only leads to economic losses, but also damages the structure and function of the ecosystem, which is
not conducive to ecological civilization construction and human health [3]. Therefore, in the construction
of water landscape, the effective removal of pollutants from water bodies is an urgent development
demand in the field of ecological and environmental science at home and abroad. Compared to
traditional physical and chemical remediation technologies, ecological remediation technology has
advantages such as simple operation, low cost, ecological friendliness, and strong sustainability. Aquatic
plant are the key elements of water ecological restoration, and aquatic plant are an important part of
urban water landscape. At the same time, aquatic plant can remove pollutants from the water body or
reduce their toxicity through direct adsorption and absorption of pollutants, collaborative microbial
decomposition of pollutants and other ways [4–5].
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Aquatic plant absorbs organics and nutrients in water through roots, stems, leaves and other tissues and
organs in the water environment [6]. Most aquatic plant need to absorb nitrogen, phosphorus and other
nutrients throughout the cycle, so the removal efficiency of nitrogen and phosphorus in water is high. In
addition, aquatic plant converts other water pollutants into a second substance by absorption and
decomposition and accumulate it in the body, which is gradually consumed during its growth process [7].
Aquatic plant can effectively inhibit the proliferation of algae in polluted water. At the same time, aquatic
plant can reduce the sunlight required for algal growth, and aquatic plant with large volume can block the
sunlight required for algal growth, which restricts algal growth [8]. The rapid propagation of aquatic plant
forms a growth zone, in which they play their competitive advantages, accelerate growth and
metabolism, and inhibit the growth and metabolism of surrounding algae [9]. However, at present, most
water landscape designs consider too much the requirements of garden aesthetics in plant selection,
ignoring the purification ability of aquatic plant. For example, Cai Ling and others studied the application
of emergent plants and floating leaf plants in the wetland landscape in northern Jiangsu [10]. However,
for the research on aquatic plant purifying sewage, there are few kinds of practical plants, and most of
the studies select a single type of aquatic plant as materials [11–13], especially for the research on the
purification effect of different lifestyle aquatic plant on eutrophic urban river water bodies, there is still
less research. Therefore, this study selected six common indigenous aquatic plants and simulated the
eutrophic urban river water environment under indoor conditions to analyze the decontamination and
pollution resistance capabilities of emergent plants. It revealed their adaptation strategies to pollution
stress and their effectiveness in sewage purification in urban rivers, lakes, etc. It is of great significance
to improve the stress resistance of emergent plants and expand their application scope.

Materials and Methods
1.1 Test materials

According to the research on the species of aquatic plant growing in the Shichuan River in Fuping
County, Shaanxi Province, six common emergent plants were selected as the research objects. They are
Lythrum salicaria L., Typha orientalis Presl, Thalia dealbata, Nelumbo SP., Arundo donax var. versiocolor
Stokes, Iris tectorum Maxim.

1.2 Experimental Design

The experiment was conducted in an artificial climate chamber from June to July 2022. The
experimental temperature is maintained at 29–32 ℃ during the day and 20–23 ℃ at night, with a
relative humidity of 75 ± 5%.

This experiment uses a specification of 30 ×50 cm PVC cylindrical experimental box with a water tank
divided into 6 groups: Lythrum salicaria L. (Q), Typha orientalis Presl (X), Thalia dealbata (Z), Nelumbo
SP. (H), Arundo donax var. versiocolor Stokes (L), Iris tectorum Maxim(Y). Each group selected one
emergent plant, and set up 3 parallel experimental groups and a control group which is without plant
planting (CK), totaling 19 experimental groups. Before the experiment begins, fill the bottom mud to the
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bottom of the water tank with a filling thickness of 20 ± 0.5 cm. Add tap water to a depth of 22 cm and
let it stand for use. Cultivate the plants in clean water for two days. After the growth is stable, select
plants with strong growth and relatively consistent growth momentum and transplant them into the
water tank; At the same time, lay 2cm crushed stones on the surface to prevent the sediment from
floating. After the plant growth is basically stable (about 4 days),

The sampling frequency of water samples in this experiment is: collect water samples every 10 days; A
total of 6 water samples were collected. And regularly monitor the decontamination and pollution
resistance indicators in the water body.

1.3 Indicator measurement

1.3.1 Algal inhibition indicators

Chlorophyll a exists in all green plants and is the main pigment for photosynthesis, making it an indicator
of the photosynthetic capacity of algae. During the experiment, measuring the content of chlorophyll-a in
the water can determine the changes in the number of algal cells in the water, and thus compare the
algal inhibition effects of these six emergent plants.

Measurement method: Install an acetate fiber filter membrane on the suction filter and pour 100 ml of
water sample for suction filtration. Take out the filter membrane containing plankton and dry it in the
refrigerator for 6–8 hours. Add a small amount of magnesium carbonate powder and 2–3 ml of 90%
acetone to the mortar, mix and grind thoroughly with the filter membrane, and then centrifuge at 4000
r∙min− 1 for 10 minutes. Transfer the supernatant into a 10 ml volumetric flask, repeat for 1–2 times,
dilute to 10 ml with 90% acetone and shake well. Place the supernatant on a spectrophotometer and use
a 1 cm optical path colorimetric dish to read the absorbance of the sample at wavelengths 750 nm, 663
nm, 645 nm, and 630 nm, respectively. Use 90% acetone as the blank absorbance to correct the
absorbance of the sample [14]. The calculation formula for chlorophyll a content is as follows:

In Eq. 1, V represents the volume of collected water sample; D is the absorbance at different
wavelengths; V1 represents the final constant volume of the extraction solution; C is the range of the
colorimetric dish.

1.3.2 Eutrophication related indicators

The pH and dissolved oxygen (DO) of water samples were measured on-site using the SX825 portable
measuring instrument produced by Lianhua Technology Company. The Ammonia nitrogen (NH4

+- N) of

water samples were measured using salicylic acid spectrophotometry. Nitrate nitrogen (NO3
−-N) was

measured using hydrazine sulfate reduction method, total nitrogen (TN) was measured using alkaline
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potassium persulfate oxidation ultraviolet spectrophotometry, and total phosphorus (TP) was measured
using ammonium molybdate spectrophotometry. The specific operation process is referred to the "Water
and Wastewater Monitoring and Analysis Method" [15]. At the same time, calculate the removal rate of
nitrogen and phosphorus in the water based on the initial and final concentration changes of nitrogen
and phosphorus.

1.3.3 Pollution resistance index

(1) Method for the determination of proline (Pro)

Weigh 0.5 g of the leaves to be tested and place them in a large tube and add 5 ml of 3% horizontal
salicylic acid solution separately. Extract in a boiling water bath for 10 minutes, cool and then pipette 2
ml of the extraction solution into a stoppered test tube. Add 2 ml of glacial acetic acid and 2 ml of acidic
ninhydrin. Heat in a boiling water bath for 30 minutes, cool and add 4 ml of toluene, shake for 30
seconds. After standing for a moment, take the supernatant into a 10 ml centrifuge tube and centrifuge
at 3000 r∙s− 1 for 5 minutes before taking the supernatant. Using toluene as the blank control, compare
the color at the wavelength of 520 nm in the spectrophotometer.

Equation 2: C represents the proline content detected by the standard curve; V is the total volume of the
extraction solution (ml); A represents the volume absorbed during measurement (ml); W is the sample
mass (g).

(2) Method for the determination of malondialdehyde (MDA)

Weigh 0.2 g of the leaves to be tested, wash, dry, and grind. Add 5 ml of distilled water and transfer to a
10 ml centrifuge tube. Add 5 ml of 0.5% thiobarbituric acid (TBA) solution. After a boiling water bath for
10 minutes, cool and centrifuge. Measure the absorbance values of the supernatant at 450 nm, 532 nm,
and 600 nm.

Malondialdehyde content(mol∙g− 1) = 6.452(A532-A600)-0.56A560 （3）

Equation 3: A is the absorbance.

Results and Analysis
2.1 Research on the decontamination ability of emergent plants in eutrophic water bodies

2.1.1 The impact of different emergent plants on the pH of water bodies



Page 6/18

The pH of the microsystem water formed by six emergent plants showed a fluctuating increase in the
early stage and began to decline after July 15th. Among them, the pH of group Q decreases the most
significantly, with a pH value of 7.34 at the end of the experiment, showing a neutral state. The second
group is the planting Y group, with a pH value of 7.48 at the end of the experiment, which is significantly
lower than that of CK. The pH of CK is higher than the initial value at the end of the experiment. It is
directly higher than the other experimental groups. From the overall change trend of each treatment in
the figure, the fluctuation range of the microsystem water formed by emergent plants is significantly
smaller than CK, and the overall performance of the water body is relatively stable (Fig. 1).

2.1.2 Effects of dissolved oxygen (DO) in microsystems created by different emergent plants

Two factor analysis of variance showed that plant material (F = 28.914, P < 0.05), treatment time (F = 
105.641, P < 0.05), and their interaction (F = 1.221, P < 0.05) has a significant impact on DO. Except CK
group, the DO content in the water shows a stable downward trend, and there are certain fluctuations in
the DO content in all other groups of water. At the beginning of the experiment, the DO content of each
plant group sharply decreases. As plants grow, the DO in water rapidly increases. At the end of the
experiment, the DO concentration in the water of the plant group is higher than that of the CK. The DO
concentration in the water of plant microsystems is maintained at 6.91–8.74 mg∙L− 1, while the DO
concentration in the CK is only 2.74 mg∙L− 1. Among them, Y group has the highest DO concentration,

reaching 8.74 mg∙L− 1 (Fig. 2).

2.1.3 Changes of NH4
+-N and NO3

−-N content in microsystems created by different emergent plants

Under different emergent plants, both NH4
+- N and NO3

−-N in eutrophic water have a certain removal
effect, and the removal rate is relatively fast (Fig. 3). In the first week of the experiment, the mass
concentration of NH4

+- N in the water rapidly decreases, with the removal rates of Y, L, and Z treatments

reaching 32.7%, 24.8% and 24.4%, respectively. The removal efficiency of different concentrations of
NH4

+- N by planting aquatic plant is significantly higher than that of CK (p < 0.05). Moreover, At 21 days

of each plant treatment, NH4
+- N shows a decrease with higher efficiency. At the end of the experiment,

the final removal rates of NH4
+- N in water by Y, L, and X treatments are 83.8%, 79.8%, and 75.5%,

respectively, while the removal rate of the CK is only 10.1%. The removal rates of each treatment are
significantly higher than those of CK. The concentration of NO3

−-N in water shows increase-decrease-

stabilize. Especially the peak plant growth period (July 1st), NO3
−-N in the water rapidly decreases, and

NO3
−-N in different plant treatments decreases to 1.02–1.46 mg∙L− 1, with an average NO3

−-N elimination

rate of 27.0%. By the end of the experiment, the NO3
−-N levels in Y, X, and L treatments decreased to

68.7%, 64.4%, and 63.2%, respectively. The average removal rate of NO3
−-N reaches 60.5%, significantly

higher than that of CK.

2.1.4 Changes in TN and TP content in microsystems created by different emergent plants



Page 7/18

In the early stage of the experiment, the TN content in the emergent plant microsystem rapidly decreases
due to the strong adsorption and interception effects of rapid sedimentation and plant roots in the early
stage; As the experiment progresses, the sedimentation effect weakens and the root system gradually
reaches adsorption saturation. Currently, the removal of TN mainly relies on the absorption of plants and
the adsorption and degradation of root microorganisms. This process is relatively slow, so the removal
rate of TN gradually slows down. At the end of the experiment, the removal efficiency of TN in the plant
group is better than that of CK. And the TN content of Y microsystem decreases from 9.49 to 3.21
mg∙L− 1, with a removal rate of 66.2% (Fig. 4); The next group is the X and L microsystem, with TN
removal rates of 62.9% and 58.3%, respectively. And there is no significant difference in removal rates
between the two treatments. The Y shows a rapid decrease in TN on July 15th, mainly due to the rapid
tillering and reproduction of plants during this period, which required a large amount of nitrogen
absorption, resulting in a rapid decrease in TN concentration. The final average removal rate of TN in the
CK is only 8.6%, significantly lower than other experimental groups (p < 0.05).

In the early stage of the experiment, the decreasing trend and amount of TP content of different
emergent plant microsystems remains basically consistent. At the end of the experiment, the TP removal
rate of the plant microsystem water is between 59.1% and 81.3%. It is significantly higher than that of
CK, with a removal rate of 37.6%. Based on the comparative analysis of different types of emergent
plants, the removal effect of Y treatment on TP in water is superior to other emergent plants, and there is
a significant difference compared to CK. Y treatment has a significant removal effect on TP in water, with
a removal rate exceeding 80% (Fig. 5). This may be due to the fact that in the early stages of the
experiment, different plants are in the early stages of growth and have relatively low demand for
phosphorus in the water body; In the later stage of the experiment, plants grow rapidly, and some plants
exhibited a large number of tillering phenomena, requiring a large amount of nutrient supplementation,
resulting in certain differences in the total phosphorus content in the water.

2.2 Changes in Chlorophyll a Content of Algal Inhibition Indicators in Different Emergent Plant
Microsystems

Chlorophyll is an important pigment in the photosynthesis of plants and algae, with chlorophyll a (chl a)
being the most important. The concentration of chlorophyll-a of floating algae in the water environment
system can reflect the quantity of floating algae, which is an important assessment index in the
assessment of water pollution and eutrophication.

From Fig. 6, chl a content of CK increases compared to the initial concentration at the end of the
experiment. In the water of the different emergent plant microsystems, chl a fluctuates significantly in
the early stages of the experiment; At the end of the experiment, there is a significant decrease
compared to the initial concentration. The Y treatment shows a certain rebound after a sharp decline in
the initial stage of the experiment, and then the decline stabilized. Chl a content in treatment Y is the
lowest at the end of the experiment (6.6 mg∙L− 1), decreased by 37.1% compared to the initial stage,
decreased by 54.1% compared to CK. It reaches a significant difference compared to other experimental
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groups (P < 0.05). The chl a concentration of CK group shows a slow increase over time, which may be
due to the experimental time being summer, strong sunlight, high temperature, and abundant nitrogen
and phosphorus content in the water, meeting the conditions for rapid algae growth. Therefore, the
concentration of chl a in CK shows a gradual upward trend, resulting in a significantly higher
concentration measured at the end of the final experiment than the initial concentration.

2.3 Research on the pollution resistance performance of different emergent plants in eutrophic water

The proline content of Z, Y, and H group in eutrophic water shows a consistent upward trend over time,
and the Pro content has increased by 26.4%, 28.6%, and 17.7% compared to the initial value, respectively;
However, the Pro content in the bodies of Q and X group shows a decreasing trend, but the plant growth
is good. Under sewage conditions, the MDA content of Z, Y, and H group showed a consistent upward
trend over time, and the MDA content increased by 38.4%, 39.8%, and 23.9% compared to the initial
value, respectively; However, the MDA content in the bodies of Q, X and L group showed a decreasing
trend (Table 1).

Table 1
Analysis of pollution resistance of different plants in

eutrophic water bodies
Treatment Pro MDA

0 d 60 d 0 d 60 d

Q 102.34 75.61 0.8125 0.6714

X 148.30 104.55 1.2451 0.9453

Z 29.97 37.89 0.3458 0.4785

Y 95.24 122.52 0.2678 0.3744

L 32.41 33.24 0.3017 0.1151

H 95.21 112.08 0.6528 0.8090

Discussion
Aquatic plant generally has multiple functions such as absorbing nitrogen and water elements in
eutrophic water bodies and blocking external nutrients. The roots of aquatic plant can not only inhibit the
release of nutrients in sediment, but also remove aquatic plant to take away excessive nutrient loads in
water bodies. Some aquatic plant also has inhibitory effects on algae [16–17].

Dissolved oxygen is crucial for the balance of aquatic ecosystems and the growth of aquatic
environmental organisms [18]. Wei Jianhua et al. [19] studied the oxygenation technology of polluted
water bodies and found that aquatic plant can significantly increase the dissolved oxygen content in
water bodies, which is consistent with the results of this study. This study found that under the action of
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emergent plant microsystems, the DO content in water significantly increased, with the DO concentration
of Iris reaching 8.74 mg∙L− 1, significantly higher than the DO concentration of the control group (2.74
mg∙L− 1). It has been found that under different aeration measures, planting plants can effectively

remove the ammonium nitrogen content in the eutrophic water head. The NH4
+-N removal rate of cattail

is 99.9%, and the NH4
+- N removal rate of chlorophytum comosum was about 97.0% [20–21]. This is

consistent with the results of this study. Planting different plants can efficiently remove ammonium
nitrogen and total nitrogen content in eutrophic water bodies, with an NH3

−-N removal rate of 83.8%; The
total nitrogen removal rate is 66.2%. The main reason is that after planting plants, nitrogen in water and
sediment can be absorbed and degraded through the absorption of plants and the decomposition of
symbiotic microorganisms in plant roots, thereby avoiding the harm of secondary release of sediment.
Chen Lin et al. [22] found through comprehensive analysis that aquatic plant of different life forms has
higher removal rates of total phosphorus, especially the emergent plant Alisma orientalis, which can
remove up to 99.2% of total phosphorus. This is consistent with the results of this study. Under different
emergent plant microsystem environments, the total phosphorus content in the water body was
significantly reduced, and the highest removal rate reached 80%.

Aquatic plant can effectively inhibit the proliferation of algae in polluted water. In the process of
reproduction and growth, aquatic plant and algae rely on some nutrients in the water body to maintain
their own metabolism [23–25]. The results of this study show that different treatments significantly
reduce the content of chlorophyll a in the water, of which iris has the best reduction effect, reducing
37.1%, which is consistent with the research results of Chen et al. [26]. The study found that the
reduction rate of four different aquatic plant on the concentration of chlorophyll a in the system is
19.1%~72.9%. Mainly because the reduction of ammonia nitrogen and nitrate nitrogen in eutrophic water
bodies inhibits the rapid growth and reproduction of algae and plankton in aquatic ecosystems [27–28];
Because in the same water environment, aquatic plant have obvious competitive advantages. The large
volume of aquatic plant can block the sunlight required for algae growth, which limits the growth of
algae [29]. Aquatic plant can also inhibit the metabolism of algae in water bodies. aquatic plant can
reproduce rapidly, inhibit the growth and metabolism of surrounding algae, and damage the growth and
reproduction of algae [9]. Some aquatic plant will release some chemical substances to protect
themselves during the growth cycle and can also inhibit the metabolic activities of other plankton and
algae [30].

Different emergent plants have certain pollution resistance in eutrophic water bodies. Zhang [31] found
through research that the proline and malondialdehyde contents of aquatic landscape plants in sewage
do not show a consistent upward trend, but rather some increase and some decrease. This is consistent
with the results of this study. The increase in Pro and MDA content of Z, Y, and H group in sewage stress
indicates that these three plants exhibit adaptive stress resistance in eutrophic water bodies by adjusting
their proline content to adapt to the sewage environment. However, the MDA content in the bodies of
Chrysanthemum, Typhae, and Phyllostachys shows a decreasing trend, but the plants are growing well
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with more tillers, which may indicate that these two plants are more adapted to the nutrient rich growth
environment of eutrophic water bodies.

Conclusion
(1) The pH fluctuation range of the microenvironment formed by the different plant was significantly
smaller than that of the non-plant group. The pH performance of the experimental group water is
relatively stable.

(2) Different plant groups have significant scavenging effects on NH4
+-N, TN, and TP in water. Among

them, Iris has the highest clearance rate which is reaching 83.8%, 66.2%, and 80%. And it has a
significant difference from CK.

(3) The content of chlorophyll a in different emergent plant microsystems decreased. Iris, Thalia, and
Lotus produced certain pollution-resistant that adapted well to adversity.

Based on comprehensive analysis, the microsystems formed by different emergent plants can improve
water quality conditions and inhibit the reproduction of algae in the water. Iris, Thalia and lotus have
strong pollution resistance, among which iris cultivation has the best water quality improvement, algae
inhibition ability, and pollution resistance.

Declarations
Data availability

All data generated or analyzed during this study are included in this published article. Six common
emergent plants (Lythrum salicaria L., Typha orientalis Presl, Thalia dealbata, Nelumbo SP., Arundo
donax var. versiocolor Stokes, Iris tectorum Maxim) were purchased from Shaanxi Fuping County
Seeding Industry Co., Ltd. The material source complies with relevant institutional, national, and
international guidelines and legislation. The experimental land is provided by Shaanxi Land Engineering
Construction Group. We have obtained the permission from the landowner.

Acknowledgments

This research is supported by Technology Innovation Center for Land Engineering and Human
Settlements, Shaanxi Land Engineering Construction Group Co. Ltd and Xi'an Jiaotong University
(Program No.2021WHZ0093) and the project of Shaanxi Provence Land Engineering Construction Group
(Program No. DJNY-YB-2023-34).

Author contributions

Conceptualization: Shenglan Ye, Juan Li



Page 11/18

Data curation: Shenglan Ye

Formal analysis: Juan Li

Investigation: Shenglan Ye, Dan Wu

Methodology: Shenglan Ye, Juan Li

Project administration: Lu Zhang

Resources: Shenglan Ye, Lu Zhang

Supervision: Dan Wu, Lu Zhang

Writing-original draft: Shenglan Ye

Writing-review & editing: Juan Li, Lu Zhang

Funding acquisition: Shenglan Ye, Juan Li, Dan Wu, Lu Zhang

Competing interests

The author(s) declare no competing interests.

Availability of data and materials

All data generated or analyzed during this study are included in this published article.

References
1. Wang, D. S., Gan, X. Y., Wang, Z. Q., et al. Research status on remediation of eutrophic water by

submerged macrophytes: A review, Process Safety and Environmental Protection,169, 671-684. doi:
https://doi.org/10.1016/j.psep.2022.11.063 (2023)

2. Liu, L. S., Huang, G. X., Wang, P., et al. Main Problems, Situation and Countermeasures of Water Eco-
Environment Security in the Yangtze River Basin, Research of Envir. Sciences, 33, 1081- 1090. doi:
10.13198/j.issn.1001-6929.2020.04.30(2020)

3. Ansai, A., Naeem, M., Gill, S., et al. Phytoremediation of contaminated waters: an eco-friendly
technology based on aquatic macrophytes application, The Egyptian Journal of Aquatic Research,
46, 471-476. doi: https://doi.org/10.1016/j.ejar.2020.03.002 (2020)

4. Xu, B., Zhang, X. Y., Chang, J. S., Guo, H. L., Han, S., & Lee, D. J. Remediation of the black-odor water
body by aquatic plants with plant growth-promoting Rhizobacteria: Lab and pilot tests, Envi. Res.,
223:115462. Doi:: https://doi.org/10.1016/j.envres.2023.115462 (2023)

5. Wang, C., Zheng, S. S., Wang, P. F. & Qian, J. Effects of vegetations on the removal of contaminants
in aquatic environments: a review, Journal of Hydrodynamics, Ser B, 26, 497-511.doi:



Page 12/18

https://doi.org/10.1016/S1001-6058(14)60057-3 (2014)

6. Kadlec, R. H., Knight, R., Vymazal, J., et al. Constructedwetlands for pollution control[M]. USA:IWA
Publishing, 2002:93-102. Doi: http://library.oapen.org/handle/20.500.12657/30978 (2002)

7. Odoh, C. K., Zabbr, Y. N., Sam, K., & Eze, C. N. Status, progress and challenges of phytoremediation-
an African scenario, Journal of Environmental Management, 237:365-378.
Doi:https://doi.org/10.1016/j.jenvman.2019.02.090 (2019)

8. Shi X. P., Chen, Y. P., Yan, Z. Q., et al. Research Progress on Plant Allelopathy, Biotechnology Bulletin,
36, 215-222. doi:10.13560/j.cnki.biotech.bull.1985.2019-0930 (2020)

9. Alahuhta, J., Rosbakh, S., Chepinoga, V. & Heino, J. Environmental determinants of lake macrophyte
communities in Baikal Siberia, Aquat. Sci. 82, 2-13, Doi: https://doi.org/10.1007/s00027-020-0710-8
(2020)

10. Cai, L., Zhang, H., & Chen, Y. Application of Emergent Plants and Floating Leaf Plants in the Wetland
Landscape of Northern Jiangsu, Genomics and Applied Biology, 11, 5131-5135.
Doi:10.13417/j.gab.038.005131 (2019)

11. Fan, H. L., Xie, L. Q., Song, X. M., et al. Responses and Accumulation Features of Nitrogen and
Phosphorus of Submerged Vegetation under Different Nutrient Levels, Environmental Science
Technology, 40, 42-48. doi: 10.3969/j.issn.1003-6504.2017.03.006 (2017)

12. Zhang, C. B., Liu, W. L., Pan, X. C., Guan, M., Liu, S. Y., Ge, Y. & Chang, J. Comparison of effects of
plant and biofilm bacterial community parameters on removal performances of pollutants in floating
island systems, Ecological Engineering, 73, 58-63. Doi:
https://doi.org/10.1016/j.ecoleng.2014.09.023 (2014)

13. Zhang, H. Y., Tang, Y. Z. & Gu, J. Y. Progress Review on the Water Purification Effect of Aquatic
Ecosystems, Envir. Sci. Technology, 39, 79-86. Doi: 10.3969/j.issn.1003-6504.2016.01.013 (2016)

14. Streibig, J. C., Olofsdotter, M. Joint action of phenolic acid mixtures and its significance in
allelopathy research, Physiologia Plantarum, 114, 422-428. DOI: 10.1034/j.1399-
3054.2002.1140312.x (2002)

15. Editorial Committee of the State Environmental Protection Administration. Water and Wastewater
Monitoring and Analysis Methods (Edition 4). China, Environmental Science Press, (2002)

16. Ma, X., Wang, Q., Wang, H. et al. Effects of disturbance on functional diversity-productivity
relationships of aquatic plant communities depend on nutrients and life-forms. Hydrobiologia, 850,
683–697. https://doi.org/10.1007/s10750-022-05118-x (2023)

17. Lewis, J.P., Ryves, D.B., Søndergaard, M., Lauridsen, T.L., Johansson, L.S., Tserenpil, S., Rasmussen,
P., Jeppesen, E. Nutrients and Saltwater Exchange as Drivers of Environmental Change in a Danish
Brackish Coastal Lake over the Past 100 Years, Water, 15, 1116. https://doi.org/10.3390/w15061116
(2023)

18. Liu, Y. H., Wang, S. T., Yang, Q. Q., et al. Current status of eutrophication in water bodies at home and
abroad and research progress on phosphorus accumulating bacteria, Jiangsu Agricultural Science,
49, 26-35. DO: 10.15889/j.issn.1002-1302.2021.09.005 (2021)



Page 13/18

19. Wei, J. H., Li, Y. Y. & Yang, G.R. Characteristics of the impact of water fall mode and aquatic plant on
dissolved oxygen content in water body, Chinese Journal of Tropical Agriculture, 43, 18-26. (2023)

20. Gaballah, M. S., Abdelwahab, O., Barakat, K. M. & Aboagye, D. A novel horizontal subsurface flow
constructed wetland planted with Typha angustifolia for treatment of polluted water, Environmental
Science and Pollution Research International, 27, 28449-28462.doi: https://doi.org/10.1007/s11356-
020-08669-5 (2020)

21. Zhang, Z., Liu, Y., Hu, S. et al. A New Type of Ecological Floating Bed Based on Ornamental Plants
Experimented in an Artificially Made Eutrophic Water Body in the Laboratory for Nutrient Removal.
Bull Environ. Contam Toxicol, 106, 2-9. doi: org/10.1007/s00128-020-03086-3 (2021)

22. Chen, L., Li, C. G., Li, F. M., et al. Summary of Plant Water Purification Ability in Water Ecological
Restoration, Environmental Pollution & Control, 44, 1079-1084. DOI: 10.15985/j.cnki.1001-
3865.2022.08.017 (2022)

23. Zhang, Z., Yu, R., Xia, X. et al. Significant diurnal variation of CO2 flux from a shallow eutrophic lake:
effects of submerged aquatic vegetation and algae bloom, Aquat. Sci., 84, 62.
https://doi.org/10.1007/s00027-022-00897-w (2022)

24. Liu, H., Jin, Q., Luo, J. et al. Synergistic Effects of Aquatic Plants and Cyanobacterial Blooms on the
Nitrous Oxide Emission from Wetlands, Bull Environ Contam Toxicol,108, 579-584.
https://doi.org/10.1007/s00128-021-03332-2 (2022)

25. Kurbatova, S. A., Mylnikova, Z.M., Yershov, I.Y. et al. Influence of Aquatic Plants of Different
Ecological Groups on Zooplankton Distribution and Abundance. Contemp, Probl. Ecol.,11, 45-53.
https://doi.org/10.1134/S1995425518010080 (2018)

26. Chen, Z. F., Chen, K., Yang, S. J. Analysis of Remediation Effect of Aquatic Plants on Freshwater
Ecosystem, Molecular Plant Breeding, 17, 4501-4506. Doi: 10.13271/j.mpb.017.004501 (2019)

27. Feng, S. G., Xu, S. J., Zhang, X. P., et al. Myriophyllum aquaticum-Based Surface Flow Constructed
Wetlands for Enhanced Eutrophic Nutrient Rrmoval-A Case Study from Laboratory-Scale up to Pilot-
Scale Constructed Wetland, Water, 10, 1391. https://doi.org/10.3390/w10101391 (2018)

28. Rodrigo, M. A., Valentin, A., Claros, J., Moreno L., Segura M., Lassalle M., & Vera P. Assessing the
effect of emergent vegetation in a surface-flow constructed wetland on eutrophication reversion and
biodiversity enhancement, Ecological Engineering, 113, 74-87. DOI:
https://doi.org/10.1016/j.ecoleng.2017.11.021 (2018)

29. Zhang, H., Zhao, Y., Yin, H. et al. Effect of aquatic macrophyte growth on landscape water quality
improvement, Environ Sci Pollut Res, 26, 33791-33803. https://doi.org/10.1007/s11356-018-2421-4
(2019)

30. Wang T. T. & Liu H. C. Aquatic plant allelochemicals inhibit the growth of microalgae and
cyanobacteria in aquatic environments, Environ. Sci. Pollut. Res., 30, 105084–105098. DOI:
https://doi.org/10.1007/s11356-023-29994-5 (2023)

31. Zhang Q. N., Chen Y. H., Yang H. R., Chen M. L. & Liu J. R. Study on the purification ability of 29
aquatic plants to rural domestic sewage, Journal of Agricultural Resources and Environment, 36,



Page 14/18

392-402. DOI:10.13254/j.jare.2018.0235 (2019)

Figures

Figure 1

Changes in pH value of microsystem water by different emergent plants
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Figure 2

Changes of dissolved oxygen in microsystems water by different emergent plants

Figure 3

Changes in NH4
+- N and NO3

--N content under different treatments
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Figure 4

Changes of TN content in the water
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Figure 5

Changes of TP content in the water
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Figure 6

Changes in chlorophyll a concentration in different emergent plant


