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Abstract: The main aim of this research was to determine the physiological response of the submerged
macrophyte Vallisneria natans (V. natans) to black water with a foul odor. V. natans was chosen as the
experimental plant species to investigate the morphological response and ecophysiological adaptation
methods in response to varying light depths and black-odorous water. V. natans was planted in tap
water (D), two types of black-odorous water (E and F), and under three distinct light conditions
(low light, medium light, and high light). In the high-light condition with black-odorous water
(E), the biomass content of V. natans declined from 1.78 g on the 14th day to 1.49 g on the 28th day,
demonstrating that the black-odorous water inhibited the growth of V. natans. Under the stress of
black-odorous water, the chlorophyll content of V. natans increased greatly in the early period but
reduced during the latter experimental period. However, on the 21st day, maximum chlorophyll
content of 1.30 mg/g (E) and 1.18 mg/g (F) was observed. In addition, the malondialdehyde (MDA),
superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) activity was monitored and
reported under black-odorous water stress in V. natans. The experimental results of this work
demonstrated conclusively that odorous black water exerts a certain stress on the physiological
development of V. natans. Future research should incorporate the evaluation of several plant species
and vary the process and environmental conditions to produce field-relevant, dependable results.
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1. Introduction

With the rapid rise of China’s economy, a substantial amount of domestic sewage,
agricultural wastewater, and industrial effluent are released into natural water bodies,
resulting in the deterioration of the water environment/aquatic ecosystem, thereby causing
significant water-related environmental issues [1-4]. However, in heavily polluted water,
such as municipal/domestic sewage, aquaculture wastewater, and agricultural effluent, the
concentrations of some pollutants exceed the self-purification capacity of the water body
and the decomposition of organic pollutants will consume a large amount of dissolved oxy-
gen (DO) from the water body [5,6]. These conditions promote and stimulate the emergence
of algal blooms, which eventually produce odor-causing chemicals such as methylmercury.
Therefore, the Ministry of Ecology and Environment of the People’s Republic of China
suggested remediating black-odorous water in rural areas and eliminating vast areas of
black-odorous water by the year 2025 [7,8].

Submerged plants are the most important primary producers in shallow lakes and
play a significant role in maintaining the structure and function of shallow lake ecosystems,
as well as in the remediation and purification of polluted water bodies [9-13]. Stressed by
environmental contamination, the physiological growth of submerged plants undergoes
certain modifications. According to previous studies, the biomass and plant height of
submerged plants vary in response to low light or excessive nutritional stress [14-16].
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In addition, the chlorophyll content/concentration and antioxidant enzyme activity of
submerged plants can more precisely indicate the stress-induced state of the plants, The
chlorophyll content of V. natans was different under different environmental conditions.
For example, the chlorophyll content of V. natans under 8 mL/L ammonia nitrogen stress
was lower than that under 4 mL/L ammonia nitrogen stress [17]. In another work, the
chlorophyll content of Coontail increased from 1 mg/L to 15 mg/L as the Zn content
increased, and the antioxidant enzyme activity indirectly reflected the reactive oxygen
species (ROS) and oxidative stress in plants [18,19].

V. natans is a submerged herb belonging to the family Hydrocharitaceae with unisexual
flowers and dioecious plants. V. natans possesses typical submerged plant traits, including
well-developed aeration tissues, longer pedicels with flowers kept above water, and spread-
ing proliferation of grape stems, which are compatible with any aquatic environment. The
unusual physiological structure of V. natans makes it an ideal species for water purification
and aquatic ecological restoration [9,20]. In a recent study that compared the tolerance
of five submerged plants to various ammonia nitrogen concentrations, it was observed
that V. natans could survive at concentrations as high as 16 mg/L (NH4*-N) [21]. Jiaojiao
et al. [22] demonstrated that V. natans exhibited growth-related inhibition but not extinction
under the combined stress of less than 30% light intensity and a DO concentration of less
than 5.5 mg /L. Zhang et al. [23] reported that V. natans decreased the C, N, and P concentra-
tions in black-odorous water sediments by 0.28, 0.08, and 0.83 g/kg, respectively, compared
to the control group. Although several research studies focus on the water purification
efficiency of submerged plants in black-odorous water [21,24], there are no studies that
have reported their physiological growth response. The primary purpose of this study was
to examine the physiological and biochemical properties and responsiveness of V. natans
under various light conditions for the treatment of black-odorous water and demonstrate
its efficacy for the restoration/purification of black-odorous water.

2. Materials and Methods
2.1. Experimental Setup

Experiments were carried out at Hunan Agricultural University’s YunYuan Base in
Hunan Province, China. The test vats were placed in an open, well-ventilated experimental
shed that received sufficient sunlight. The testing period lasted from November to De-
cember of 2021, and the test plants were acquired from a field garden located in Hunan
Province, China. The soil was gathered from the base of Hunan Agricultural University’s
Cultivation Garden, whereas the black-odorous water (E) and black-odorous water (F)
were collected from Jingang Town, Wangcheng District, Changsha City, Hunan Province
(Figure 1). Before the start of the experiment, healthy V. natans were selected, intercepted to
a leaf length of 14.5 (£0.5) cm, root length of 3.0 (£0.5) cm, and the number of leaves was
10 in each plant. One plant was placed in each plastic cup and they were pre-cultured for
15 days (Figure 2).
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Figure 1. Photographic images of (A) black-odorous water (E), and (B) black-odorous water (F).

Figure 2. Photographic images of (A) the test site, (B) the pre-cultivation of plants, and (C) before the
pre-cultivation of V. natans.

2.2. Experimental Design

In the experiment, three light intensities were established: bright light (no shade
treatment (A)), medium light (one layer of shade net treatment (B)), and low light (double-
shade net treatment (C)). Three distinct water environments were prepared: tap water (D),
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black-odorous water (E), and black-odorous water (F). Each condition was assigned four
sets of replicates, resulting in a total of 36 experimental units. Eight cups were planted
in each of the 40 L polyethylene buckets in which the pretreated V. natans was planted.
During the 28-day experimental period (temperature ~20 °C), samples were collected and
the different parameters were measured on days 1, 4, 7, 14, and 28, respectively, and a cup
of V. natans was taken each time. Before beginning the experiment, the light intensity was
measured as follows: 100% natural light, 56% natural light, and 15% natural light for the
high-light group (no shade treatment (A)), the medium-light group (one layer of shade net
treatment (B)), and the low-light group (double-shade net treatment (C)), respectively.

The following water-quality parameters were measured: (a) tap water (D) with
NH,4"-N 0.262 mg/L, dissolved oxygen (DO) 9.6 mg/L, redox potential 226 mV; (b) black-
odorous water (E) with NH;*-N 5.098 mg/L, DO 3.6 mg/L, transparency 13.6 cm, redox
potential —161 mYV, total phosphorus 0.2016 mg/L; and (c) black-odorous water (F) with
NH4"-N 4.329 mg/L, DO 2.4 mg/L, transparency 14.7 cm, redox potential —153 mV, total
phosphorus 0.1785 mg/L. The sediment characteristics were as follows: pH 6.63, organic
matter 19.26 mg/g, and total nitrogen (TN) 1.93 mg/g.

2.3. Analytical Techniques

After sampling, the samples were rinsed three times, weighed using a precision
balance, and the biomass, height, root length, number of branches, number of leaves,
and weight of the underground sections were recorded. After collection, 0.2 g of fresh
sample was taken for determining the chlorophyll content and the remainder of V. natans
was frozen at —80 °C and stored in the refrigerator. The chlorophyll concentration was
measured using the ethanol technique [25].

All biochemical assays were conducted at 4 °C. Approximately 0.5 g of fresh plants
were homogenized in liquid nitrogen using a cooled mortar and pestle before being ex-
tracted with 5 mL of 20 mM sodium phosphate buffer (pH 7.0) containing 0.5 mM EDTA
and 0.15 M NaCl. The crude extract was centrifuged at 15,000x g and 4 °C for 5 min and
the supernatant was used to measure the antioxidant enzyme activity. MDA was measured
using the thiobarbituric acid method [26], SOD was measured using the nitrogen blue
tetrazolium photochemical reduction method [27], POD was measured using the guaiacol
method [28], and CAT was measured using the sodium thiosulfate titration method [29].

Before beginning the experiment, 200 mL of each type of experimental water and 200 g
of experimental soil were collected for analysis. NH4*-N, DO, transparency, redox potential,
and total phosphorus concentration were measured in different water environments using
the phenol method [30], using a portable dissolved oxygen meter (model: JPB-607A,
Qingdao Jinghong Environmental Protection Technology Co., Qingdao, China), Sechs disc
method, portable redox potential meter (model: CT-8010, Shenzhen Ke Didi Electronic Co.,
Shenzhen, China), and the ammonium molybdate method, respectively. The soil organic
matter and total nitrogen were determined using the potassium dichromate external heating
method [31] and Kjeldahl’s nitrogen method [32], respectively. An illuminance meter was
used to measure the light intensity.

2.4. Statistical Analysis

Microsoft Excel 2016 was utilized for storing the experimental data, whereas SPSS
statistics 22 (IBM, Armonk, NY, USA) was used to perform descriptive statistical analy-
sis. The graphs were plotted using the Origin 2021 software (OriginLab, Northampton,
MA, USA).

3. Results
3.1. Morphological Index
The biomass of V. natans was significantly impacted by the interactions between the

varied water quality and variable water quality and light (p < 0.05; Table 1). The biomass of
V. natans under high-light conditions was marginally greater than that of the medium- and
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low-light groups in both black-odorous water (E) and black-odorous water (F); however,
the biomass appeared to increase and then decrease in both the black-odorous water
environments (Figure 3). For example, under the high-light condition of black-odorous
water (E), it decreased from 1.784 £ 0.144 g on the 14th day to 1.492 £ 0.233 g on the 28th
day. On day 14, the biomass of V. natans did not substantially differ, irrespective of the
different water environments, but from the 28th day’s results, the biomass of V. natans in tap
water (D) was significantly higher than that in black-odorous water (E) and black-odorous
water (F) (Figure 4).

Table 1. The results of multivariate bivariate ANOVA of biomass tiller number, root length, weight of
the underground parts, and total leaf number of V. natans with different water qualities and light
conditions on the 28th day of the experiment.

Biomass (g) Un_derground Root Length (cm) Leaf Number Ramets
Item Biomass (g)
F P F P F P F P F P
Light 0.328 0.723 0.088 0.916 1.783 0.187 3.454 0.046 * 1.404 0.263
Water 71.932 0.000 ** 23.182 0.000 ** 5.332 0.011* 43.228 0.000 ** 10.743 0.000 **
LxW 6.057 0.001 ** 2.398 0.075 3.539 0.019 * 0.208 0.932 0.453 0.769

Note: * p < 0.05, ** p < 0.01 and without asterisk p > 0.05.
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Figure 3. The morphological changes of V. natans at different sampling times: bright light (A),
medium light (B), low light (C), laboratory tap water (D), black-odorous water (E), and black-odorous
water (F).
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Figure 4. The morphological index values of V. natans on the 14th and 28th days of the experiment
under different light intensities and water environments. The uppercase letters represent the dif-
ferences between the water quality and the lowercase letters represent the differences between the
lighting conditions.
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The different water quality had a substantial impact on the subterranean biomass of
V. natans (p < 0.05; Table 1). The underground biomass of V. natans in tap water (D) steadily
grew over time, whereas the subterranean biomass measured 0.897 £ 0.184 g under low-
light-intensity conditions. However, the subsurface biomass in the black-odorous water (E)
and black-odorous water (F) showed an increase, followed by a declining phase over time
(Figure 3).

The root length of V. natans was significantly impacted by the interaction of the varied
water quality and varying water quality with light (p < 0.05; Table 1). V. natans’ root length
was longer under higher light-intensity conditions in tap water (D) (Figure 3). The root
length of V. natans in black-odorous water (E) under high light was significantly shorter
than that under the treatment with tap water (D) and black-odorous water (F) (day 14).
However, on day 28, the root length of V. natans in tap water (D) under high light was
significantly different from that under medium- and low-light conditions (Figure 4).

Different light and water quality had a significant impact on the number of leaves
in V. natans (p < 0.05; Table 1). Although the quantity of V. natans leaves in tap water (D)
grew over time and with increased light intensity, the quantity of V. natans leaves in the
black-odorous water (E) and black-odorous water (F) increased steadily over time (Figure 3).
The number of V. natans leaves in the tap-water (D) treatment was substantially higher on
the 14th day than on the 28th day in the medium-light samples of the black-odorous water
(E) and the black-odorous water (F) (Figure 4).

The ramets of V. natans were significantly affected by the varying water quality
(p <0.05; Table 1). Under different water environments, the ramets of V. natans grad-
ually became higher with increasing light intensity (Figure 3). There was no discernible
difference between the ramets of V. natans in the different water qualities based on the
results from the 14th day. However, on the 28th day, the ramets of V. natans in tap water (D)
were significantly higher in the high-light treatment than in the low-light treatment in the
black-odorous water (E) and black-odorous water (F) (Figure 4).

There was a significant effect of the different water qualities on the ramets of V. natans
(p < 0.05; Table 1). The ramets of V. natans became progressively higher with increasing
light intensity in the different water qualities (Figure 3). In the results on the 14th day, there
was no significant difference in the ramets of V. natans in the different water qualities, but in
the results on the 28th day, the ramets of V. natans in tap water (D) were significantly higher
in high-light versus low-light treatment than in black-odorous water (E) and black-odorous
water (F) (Figure 4).

3.2. Photosynthetic Index

On the 14th and 28th days of the experiment, the different water environments and
light conditions significantly affected the amount of chlorophyll in V. natans (p < 0.05;
Table 2). In tap water (D), the chlorophyll content under medium-light conditions was
higher than the chlorophyll content under high-light conditions and lower than the chloro-
phyll content under low-light conditions. In black-odorous water (E) and black-odorous
water (F), the chlorophyll content peaked on the 21st day at 1.303 & 0.041 mg/g and
1.189 £ 0.063 mg/g, respectively (Figure 5). In comparison to black-odorous water (E) and
black-odorous water (F), tap water (D) had no discernible impact on the chlorophyll content
of V. natans on the 14th and 28th days of experimentation (Figure 6).
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Table 2. The results of multivariate two-way analysis of variance between the total chlorophyll
content of V. natans and different water qualities and light conditions on the 14th and 28th days of
the experiment.

Day 14 Day 28
Item
F P F P
Light 1.000 0.381 4.680 0.018 *
Water 4.662 0.018 * 2.341 0.115
LxW 0.606 0.662 1.608 0.201

Note: * p < 0.05, and without asterisk p > 0.05.

Tap water Black-odorous water (E) Black-odorous water (F)
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Figure 5. Changes in the chlorophyll content of V. natans at different sampling times.
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Figure 6. Chlorophyll content of V. natans under different light and water-quality conditions on the
14th and 28th days of experiments.

3.3. MDA and Antioxidant System Indexes

The malondialdehyde (MDA) content of V. natans was significantly affected by changes
in the light, water quality /environment, time, and their interactions (p < 0.05; Table 3).
On days 7, 14, and 21, the tap water (D)’s MDA level of V. natans was considerably lower
than that of the two black-odorous water samples (p < 0.05; Figure 7). In addition, it
was also observed that light had no discernible influence on the MDA content of V. natans
(Figure 7). The superoxide dismutase (SOD) enzyme activity of the black-odorous water was
significantly affected (p < 0.05; Table 3) under the different light conditions, water quality,
time, and interaction of water quality and time. On the 7th day, there was a significant
difference between the SOD content of V. natans in tap water (D) and black-odorous water
(E) and black-odorous water (B) depending on the light intensity (F). However, as time
progressed, the SOD activity of V. natans decreased in comparison to the 7th day and did
not significantly differ from that of tap water (D) (Figure 8).

On the other hand, the different light conditions, time, water quality, and their interac-
tions significantly (p < 0.05; Table 3) altered the catalase (CAT) enzyme activity of V. natans.
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On the 7th day of the experiment, V. natans in tap water (D) under medium-light conditions
displayed considerably lower CAT enzyme activity than the two black-odorous water
samples. On the 14th and 21st days of the experiments, the CAT enzyme activity levels
of V. natans in tap water (D) were significantly lower than those in the two black-odorous
water samples. However, under the other two light conditions, the CAT enzyme activity of
V. natans in different water environments was essentially the same (Figure 9).

The peroxidase (POD) of V. natans was significantly affected by the interactions of
(a) water quality, time, and light; (b) water quality and time; and (c) water quality and light
(p < 0.05; Table 3). Although the POD enzyme activity increased with the experimental
time, the POD enzyme activity in tap water (D) was significantly lower on days 7, 14, and
24 than that observed in the two black-odorous waters (Figure 10).

Table 3. Multivariate ternary ANOVA results of different antioxidant enzyme activity values (MDA,
SOD, CAT, and POD) under the influence of different water environments, light conditions, and time.

SOD CAT POD
Item
F P F P F P F P
Light 12.285 0.000 ** 23.192 0.000 ** 5.969 0.004 ** 3.900 0.000 **
Water 61.603 0.000 ** 10.620 0.000 ** 235.383 0.000 ** 557.075 0.024 **
Time 12.539 0.000 ** 8.544 0.000 ** 77.954 0.000 ** 253.739 0.000 **
LxW 1.906 0.117 0.872 0.484 14.134 0.000 ** 6.179 0.000 **
LxT 1.654 0.169 1.231 0.304 21.537 0.000 ** 1.797 0.137
WxT 1.565 0.192 5.077 0.001 ** 31.784 0.000 ** 48.681 0.000 **
LxWxT 2.656 0.012 ** 0.807 0.598 15.027 0.000 ** 6.645 0.000 **

Note: ** p < 0.01, and without asterisk p > 0.05.

7d 14d
14 14
[ 1 Tap water
12 Black-odorous water (E) 12
B4 Black-odorous water (F)

Ab Aa

MDA (umol-g™")

12 Aa

MDA (umol-g™})
- N o

~

High-lighting Mid-lighting Low-lighting

Figure 7. MDA content of V. natans on the 7th, 14th, and 21st days of experiments.
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Figure 8. SOD enzyme activity of V. natans on the 7th, 14th, and 21st days of experiments.
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Figure 9. CAT enzyme activity of V. natans on the 7th, 14th, and 21st days of experiments.
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Figure 10. POD enzyme activity of V. natans on the 7th, 14th, and 21st days of sampling.

3.4. Discussion

The measurement of the changes in plant biomass under the stress of black-odorous
water can also reflect the extent of plant tolerance to black-odorous water [33]. The biomass
of V. natans is an important indicator of the efficiency of phytoremediation [33]. In this study,
it was observed that black-odorous water inhibited the growth of V. natans and that the
biomass of V. natans first exhibited an increasing trend before exhibiting a reverse biomass
growth. This finding may be explained by the fact that in the short term, V. natans did not
absorb excessive pollutants and was able to show normal biomass growth (i.e., mostly in
the subsurface portion of V. natans). According to the literature [34,35], black-odorous water
inhibits the growth of V. natans. Zhu et al. [36] revealed that the biomass of V. natans under
the combined stress of low light, high-ammonia nitrogen, and sulfide likewise displayed
an increasing growth followed by a reverse growth. It has also been demonstrated that
by controlling its shape or morphological features, V. natans avoids/tolerates adverse
environmental stress [37].

In this study, V. natans had fewer leaves in the black-odorous water than in the
tap water (D). However, there was no discernible variation in root length, which may be
explained by the fact that V. natans increases root vigor to withstand stress [38,39]. However,
it is noteworthy to mention that these observations are not consistent with the results of an
experiment where light had a significant impact on the growth of V. natans. One possible
explanation for this phenomenon is the low transparency of the black-odorous water, which
affects its sensitivity to light and makes the shade have little impact on it.

The amount of chlorophyll in a plant can represent how well it is absorbing and
utilizing light energy. Chlorophyll is involved in the conversion and transport of energy
inside the plant’s body. Thus, the growth state of the plant can be assessed by measuring
its chlorophyll content since changes in the environment, such as light, water quality, and
temperature, can impact the amount of chlorophyll present and, consequently, the rate at
which the leaves synthesize oxygen [25,35,40-42]. The chlorophyll content of V. natans in
the tap water (D) showed an increasing trend over time, whereas the chlorophyll content
of V. natans in the black-odorous water (E) and the black-odorous water (F) showed an
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increasing and then a decreasing trend. The increasing trend was also noticeably greater
than the chlorophyll content of V. natans in the tap water (D), which peaked on the 21st day
of the experiment. These results indicate that the chlorophyll content of V. natans in the
black-odorous water was higher than that observed in the tap water (D). This difference
was likely caused by the low transparency and low-light intensity of the black-odorous
water, which required V. natans to produce more chlorophyll to promote photosynthesis.

Cao et al. [43] reported that V. natans adapts to the environment by synthesizing more
chlorophyll under low light. In another study, Hu et al. [44] showed that the synthesis of
chlorophyll in V. natans was inhibited under metal (Cu?*) stress because the Cu?* entering
the plant caused an imbalance of chloroplast enzyme activity, resulting in accelerated chloro-
phyll decomposition. This suggests that the decrease in the chlorophyll content of V. natans
in the black-odorous water in the later stage of the experiment may have been caused by
the gradual increase in the pollutants present in the black-odorous water. When plants
are used to treat ammonia-nitrogen-containing water, they experience photoinhibition, or
inhibition of photosynthesis, which is thought to be caused by excessive light and manifests
as chloroplast inactivation of the photosystem, a decrease in the chlorophyll content, the
destruction of reaction center proteins, and changes in the lutein cycle [21,24,45].

MDA is the end product of membrane lipid peroxidation, which is one of the key
indications of membrane-system damage. Its level can reflect the degree of stress injury
to plants and its buildup signals a decline in tissue protection [46,47]. Under conditions
of stress, the regulating function of reactive oxygen metabolism in plant cells is disturbed,
resulting in an increase in free radicals and triggering an oxidative stress response in the
plant body in order to adjust to the polluted environment [48]. In this study, the MDA
concentration in the black-odorous water was substantially higher than in the tap water
(D), showing that the important activities of V. natans are hampered in the presence of
black-odorous water.

Antioxidant enzymes are essential defensive mechanisms in plants [49] and the activity
of antioxidant enzymes changes when plants are subjected to external environmental
stressors [1,50,51]. The antioxidant enzymes include superoxide dismutase (SOD), catalase
(CAT), peroxidase (POD), etc. The SOD scavenges the superoxide anion radicals; it is
essential for the oxidative and antioxidant balance of plants and serves as the first line of
defense in the antioxidant system [52]. In this study, the SOD activity of V. natans in the
black-odorous water was significantly greater than that in the tap water (D) on the 7th day
of the experiment but showed a declining trend with no significant difference from the tap
water (D) in a later stage. This was presumably because the stress was beyond the tolerance
range of V. natans to inhibit SOD activity. Catalase is one of the essential enzymes of the
biodefense system that can degrade excess H,O,, thus protecting the cells from the harmful
effects of H,O, and mitigating peroxidative damage [53]. The CAT activity of V. natans in
the black-odorous water was considerably higher than in the tap water (D), which showed
that V. natans increased CAT activity in response to black-odorous-water stress. Wang
et al. [54] reported that the CAT activity of V. natans under high-ammonia-nitrogen stress
(2.8 mM) was much higher than under other mild-ammonia-nitrogen stresses.

Peroxidase is a class of oxidoreductases extensively found in plants, animals, and
microbes that employs H,O, and analogs as oxidants to create H,O [26,55]. Peroxidase is
one of the most essential enzymes in the plant antioxidant protection enzyme system [56].
In this study, the POD activity in the black-odorous water was substantially higher than in
the tap water (D) and it increased significantly with the experimental time. Therefore, it
appears that V. natans responds to the stress of black-odorous water by boosting the activity
of antioxidant enzymes.

In general, under severe environmental stress, plants produce reactive oxygen species
(ROS) and free radicals that are detrimental to the cells [57,58]. Antioxidant enzymes, such
as V. natans’ defense mechanism, protect plants by scavenging ROS and free radicals [59-61].
SOD generates H,O, and oxygen from ROS via the catalytic disproportionation processes.
Although H;O; causes damage to the plants, CAT and POD degrade H,O, into innocuous
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byproducts. After 14 days, the SOD in V. natans was essentially unchanged, indicating that
the removal of ROS and free radicals in the plant had not been completed to the extent that
they were toxic to V. natans. These findings also corroborate the decrease in the biomass of
V. natans after 14 days of experimental time [12,62]. The steady increase in CAT and POD
activity over the course of the experiment suggested that the protective enzyme system
in V. natans was activated to combat the oxidative damage produced by environmental
stress. V. natans adapted to the adverse environmental stress by increasing its CAT and
POD activity, which responded better to the stress of the black-odorous water than the SOD
activity. Thus, future research should focus on current real-life case studies on sustainability
and/or water quality in order to achieve the universal continuous black and odorous
water index (CBOWI) by determining the role of different N species, fertilizers, and sulfur
transformation (e.g., speciation and its precipitation mechanism with iron and manganese)
and conducting microbial community structure analysis to determine the dominant genera
in the plant biofilm [63-68].

4. Conclusions

The changes in the morphological and physiological characteristics of V. natans under
the stress of black-odorous water were tested in this study. The growth and morphology
of V. natans were not significantly influenced by the intensity of the light. The MDA and
antioxidant enzymes of V. natans were able to respond to the black-odorous water stress.
The CAT and POD activity of V. natans responded better than the SOD activity. V. natans
thrived in the environment of black-odorous water and its high tolerance capacity suggests
that it may have applications in the ecological restoration of black-odorous water. In
this study, the experimental trial period was too brief and only one plant species was
evaluated. In future research, the duration of the experiment should be lengthened and a
wide range of submerged plants should be tested under varied concentrations of polluted
water and different environmental conditions in order to ascertain the treatment efficiency
of black-odorous water.
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