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Effects of epiphytic algae on biomass and physiology
of Myriophyllum spicatum L. with the increase of nitrogen
and phosphorus availability in the water body
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Abstract The disappearance of submerged vascular mac-
rophytes in shallow eutrophic lakes is a common phenom-
enon in the world. To explore the mechanism of the de-
cline in submerged macrophyte abundance due to the
growth of epiphytic algae along a nutrient gradient in
eutrophic water, a 2 × 3 factorial experiment was per-
formed over 4 weeks with the submerged macrophyte
(Myriophyllum spicatum L.) by determining the plant’s
biomass and some physiological indexes, such as chloro-
phyll (Chl) content, malondialdehyde (MDA) content, and
superoxide dismutase (SOD) activity in the leaves of
M. spicatum L. on days 7, 14, 21, and 28, which are based
on three groups of nitrogen and phosphorus levels in the
water body (N-P [mg L−1]: NP1 0.5–0.05, NP2 2.5–0.25,
NP3 4.5–0.45) and two levels of epiphytic algae (the epi-
phytic algae group and the control group). Epiphytic algal

biomass was also assayed. The results indicated that epi-
phytic algal biomass remarkably enhanced in the course
of the experiment with elevated levels of nitrogen and
phosphorus in the water. Under the same level of nutrient
condition, plants’ biomass accumulation and Chl content
were higher in the control group than that in the epiphytic
algae group, respectively, while MDA content and SOD
activity in the former were lower than that in the latter.
The influences of epiphytic algae on the biomass accumu-
lation and Chl content and MDA content became greater
and greater with elevated levels of nutrients. In general, in
this experiment, water nutrients promoted the growth of
both epiphytic algae and submerged plants, while the
growth of epiphytic algae hindered submerged macro-
phytes’ growth by reducing Chl content and promoting
peroxidation of membrane lipids in plants.
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Introduction

Submerged plants are important in shallow lake ecosys-
tems for keeping stable the macrophyte-dominated clear
water states (Jackson 2003; Janssen et al. 2014).
Following the process of eutrophication in shallow lakes,
water bodies receive excess nutrients, submerged macro-
phyte abundance, and diversity decline in shallow lakes
worldwide (Lauridsen et al. 2003; Sand-Jensen et al.
2000; Qin et al. 2013) and shallow lakes are often
exhibiting phytoplankton-dominated turbid water states
(Scheffer 1998; Hilt and Gross 2008). Through the reduc-
tion of external nutrient loads, a change back from the
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turbid, phytoplankton-dominated state to the clear,
macrophyte-dominated state is often delayed by stabiliz-
ing mechanisms that cause resilience (Roberts et al. 2003;
Gulati et al. 2008). Actually, the enrichment of nitrogen
and phosphorus in eutrophic water is usually accompanied
with the increase of epiphytic algae and planktonic algae
(Balls et al. 1989; Romo et al. 2007; Tóth 2013).
However, the disappearance of the submerged macro-
phytes is connected with high planktonic algae population
density in eutrophic lakes (Phillips et al. 1978; Xing et al.
2013; He et al. 2014); in the eutrophic lakes, the bloom of
epiphytic algae occurring first was observed, then plank-
tonic algae bloom, and the reduction of macrophyte pop-
ulations is connected with the dense epiphytic algae pop-
ulations. Therefore, enhanced planktonic algae biomass
was considered to be subsequent instead of causative
(Phillips et al. 1978; Sand-Jensen et al. 2000; Fong
et al. 2000). It has also been repeatedly indicated that
the development of submerged macrophytes is hindered
by epiphytic algal growth (Sand-Jensen and Søndergaard
1981; Asaeda et al. 2004; Chen et al. 2007), and the shade
for epiphytic algae attached on the surface of leaf which
was the major factor that suppresses the growth of mac-
rophytes was also taken for granted; even over 80% light
intensity decreased through a dense epiphytic community
before reaching the chloroplasts (Sand-Jensen and
Søndergaard 1981). However, Asaeda et al. (2004) report-
ed that macrophytes could respond to low light-created
shade by enhancing Chl content and new shoot number,
while they could not produce the same response to the
shade created by epiphytic algae. On the contrary, epi-
phytic algal boom resulted in the decline of leaves’ Chl
a density (Asaeda et al. 2004; Chen et al. 2007; Song
et al. 2015). Maybe epiphytic algae induced one or more
mechanisms that damaged the photosynthetic organelles
of macrophytes and that the chlorophyll content of mac-
rophytes was reduced. The underlying mechanisms be-
hind the disappearance of submerged macrophytes in the
eutrophication process needed to be fully understood.

In this paper, Myriophyllum spicatum L. was chosen
for study. M. spicatum L. is a perennial aquatic macro-
phyte widely distributed all over the world; on the other
hand, they could tolerate eutrophic conditions. We
assayed biomass accumulation and some physiological
indexes, such as Chl content, malondialdehyde content,
and activity of superoxide dismutase in the leaves of
M. spicatum L., under two levels of epiphytic algal
loads through laboratory experiments, to verify the hy-
pothesis that epiphytic algal loads have adverse influ-
ences on the growth of submerged macrophytes by
physiological stress and the effects became greater and
greater with the increase of nitrogen and phosphorus
concentration in the water.

Materials and methods

Experimental design

Myriophyllum spicatum L. was acquired from East Taihu
Lake, and then five terminal apices (terminal 10 cm of shoot)
were cultured in each plastic pot (8 cm diameter × 10 cm
depth) containing clean sand. Twenty pots with plants were
placed in each plastic container (50 cm × 40 cm × 60 cm) con-
taining 40 L tap water and kept in a greenhouse for adaptation.

After 2 weeks of adaptation, a 2 × 3 factorial experiment
was conducted with three replicates in a controlled condition,
based on two levels of epiphytic algae and three levels of
nitrogen and phosphorus concentrations in the water body.
Three levels of nitrogen and phosphorus concentrations (N-
P, mg L−1) were NP1 0.5–0.05, NP2 2.5–0.25, and NP3 4.5–
0.45, according to the levels of nutrients in the eutrophic shal-
low lakes in China (Qin et al. 2013). Two levels of epiphytic
algae were the control group and the epiphytic algae group. In
the control group, 24 Radix swinhoei (H. Adams) species per
container were utilized to control the growth of epiphytic al-
gae according to a preliminary experiment. The added
R. swinhoei (each about 0.2 g) was obtained from East of
Lake Taihu. In the epiphytic algae group, no R. swinhoei
was added. To prevent the planktonic algal blooms and to hold
the initial water column nutrient concentrations in the course
of the experiment, 20 L culture solution in each container was
renewed once every other day. The total nitrogen and phos-
phorus in water were assayed daily (The State Environmental
Protection Administration 2002), and inorganic nitrogen
(NH4CL and NaNO3(NH4

+-N/NO3
−-N = 1:1)) and inorganic

phosphate (NaH2PO4) were added as a concentrated solution.
To keep the original water volume, evaporated water was sup-
plied with tap water which contains 1.295 ± 0.025 mg L−1 of
total nitrogen and 0.023 ± 0.001 mg L−1 of total phosphorous.
As compared with the volume of culture solution in the con-
tainer, nitrogen and phosphorous added with tap water were
negligible. The sampling was conducted on the seventh day
after the treatment, and then at 7-day intervals. Three pots with
plants were conducted at each sampling time, and instead,
three spare pots with five plants were transferred and main-
tained to the end.

Sample pre-treatment

Some plants were carried out and quickly washed with dis-
tilled water at each sampling time. The residual water on
plants was absorbed carefully with filter paper, and the fresh
weight of leaves was recorded. After that, samples were stored
at −80 °C for future assay of physiological indexes. A portion
of the remaining plants was conducted to collect epiphytic
algae, and a soft brush was utilized to separate epiphytic algae
from mature leaves of M. spicatum L. in100 mL sterile
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distilled water. Separated liquid samples containing the epi-
phytic algae were not contaminated by the tissues of
M. spicatum L., and the surface areas were determined for
the leaves of M. spicatum L. after separation. Five-milliliter
separated liquids were preserved immediately in formalde-
hyde solution (final concentration of 2%) and stored at 4 °C
for the identification and enumeration of epiphytic algae later.
Fifty-milliliter separated liquids were filtered through 47-mm
Whatman GF/C filters and then stored at −20 °C for the assay
of chlorophyll a (Chl a) of epiphytic algae.

Determination of biomass of M. spicatum L.

Two pots of plants were conducted from each container on
each sampling day, and above-sediment biomass (leaves and
stem) was collected and dried to constant weight in an oven at
65 °C.

Determination of biomass and taxonomy of epiphytic
algae

Epiphytic biomass was estimated by Chl a content of epiphyt-
ic algae (Heck et al. 2006). Chl a of epiphytic algae was
extracted from the prepared frozen filters with 90% acetone
and then assayed by the method reported by Loftus and
Carpenter (1971). A Nikon Eclipse LV100 POL optical mi-
croscope was utilized to identify and enumerate the epiphytic
algae (Hu and Wei 2006).

Assay of chlorophyll content in the leaves
of M. spicatum L.

Frozen leaves of M. spicatum L. (0.2 g fresh weight) was
ground into a fine powder in liquid nitrogen and extracted
with 90% acetone. Following centrifugation (10,000×g,
10 min, 4 °C), the supernatant was collected and the absor-
bance of the supernatant was determined on a spectrophotom-
eter at 645 and 663 nm to estimate chlorophyll contents in the
leaves of M. spicatum L. (Li and Sun 2000).

Assay of SOD activity and contents of MDA and soluble
protein in the leaves of M. spicatum L.

Frozen leaves of M. spicatum L. (0.5 g) were homogenized
thoroughly in 6 mL pre-cooled phosphate-buffered saline so-
lution (PBS, 50 mM, pH 7.8). Following centrifugation
(10,000×g, 10 min, 4 °C), the supernatant was collected for
the assay of malondialdehyde (MDA), superoxide dismutase
(SOD), and soluble protein. MDAwas assayed by the thiobar-
bituric acid (TBA) reaction (Li and Sun 2000), SOD activity
was assayed by monitoring the inhibition of nitroblue tetrazo-
lium (NBT) reduction according to Beauchamp and Fridovich

(1971), and soluble protein was assayed by the method report-
ed by Li and Sun (2000).

Data analysis

Statistical analysis results presented were mean and standard
error (SE) and were assayed by utilizing the statistical package
SPSS for Windows. A two-way repeated measures ANOVA
following Bonferroni test was performed with epiphytic algae
and nutrient as the major factors and sampling time as the
within-subject factor for multiple comparison tests, and sig-
nificance levels were taken at p < 0.05. To examine the differ-
ences among nutrient treatment at the same sampling, a one-
way ANOVA was performed and remarkable differences
(p < 0.05) were determined by Turkey’s HSD test. Student’s
test was also conducted to analyze the remarkable difference
in the treatments of epiphytic algae.

Results

Biomass of M. spicatum L.

Under the same nutritional conditions, the biomass of
M. spicatum L. was lower in the epiphytic algae group than
that in the control group (Fig. 1: NP1–NP3). More specifical-
ly, there was no remarkable change in the biomass of
M. spicatum L. (p > 0.05) between the epiphytic algae group
and the control group in the nutrient treatments of NP1 (Fig. 1:
NP1). While in the nutrient treatments of NP2 and NP3, there
was a remarkable difference (p < 0.05) in the biomass of
M. spicatum L. between the control group and the epiphytic
algae group, respectively, except for the first sampling data
(Fig. 1: NP2–NP3). This indicated that the effects of epiphytic
algae on the biomass of M. spicatum L. were enhanced with
elevated levels of nitrogen and phosphorus concentrations in
the water body (Fig. 1), and at the end of experiment, the
biomass of M. spicatum L. in the epiphytic algae group de-
creased by 13.4, 13.6, and 35.6% compared with the control
group in the nutrient treatments of NP1, NP2, and NP3, re-
spectively. The results of repeated-measures ANOVA indicat-
ed that there were statistical differences (p < 0.001) in the
biomass of M. spicatum L. with elevated levels of nitrogen
and phosphorus concentrations and epiphytic algae, respec-
tively (Table 1), and there was a remarkable interactive effect
of nutrient and epiphytic algae (p < 0.001, Table 1).

Chlorophyll content in the leaves of M. spicatum L.

The effects of the epiphytic algae on the Chl contents in leaves
ofM. spicatum L. were remarkable in the course of the exper-
iment (Fig. 2: NP1–NP3). Under the same nutritional condi-
tions, Chl contents of M. spicatum L. in the epiphytic algae
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group were remarkably lower (p < 0.05) than that in the con-
trol group at the same sampling time (Fig. 2), especially in the
nutrient treatments of NP3 (Fig. 2: NP3). This indicated that
Chl contents of M. spicatum L. were remarkably reduced by
the epiphytic algae and the reduction in Chl contents of
M. spicatum enhanced with elevated levels of nitrogen and
phosphorus concentrations. The repeated-measures ANOVA
also indicated that there were statistical changes (p < 0.001,
Table 2) in the Chl contents of M. spicatum L. with elevated
levels of nitrogen and phosphorus concentrations and epiphyt-
ic algae, respectively, and there was a remarkable interactive
effect (p < 0.01) between levels of nutrient and epiphytic algae
(Table 2).

MDA contents in the leaves ofM. spicatum L.

The influences of epiphytic algae on MDA contents of
M. spicatum L. were obvious in the experiment (Fig. 3).

Specifically, there was no remarkable difference (p > 0.05)
in MDA contents of M. spicatum L. between the epiphytic
algae group and the control group in the nutrient treatments
of NP1 (Fig. 3: NP1). While in the nutrient treatments of NP2
and NP3, they were remarkably higher (p < 0.01) in MDA
contents of M. spicatum L. in the epiphytic algae group than
that in the control group, respectively, except for the first sam-
pling day (Fig. 3: NP2–NP3). At the end of the experiment,
MDA contents ofM. spicatum L. in the epiphytic algae group
enhanced by 17.2, 71.3, and 98.2% by contrast with that in the
control group. This indicated that the influences of epiphytic
algae on MDA contents of M. spicatum L. were enhanced
with elevated levels of nitrogen and phosphorus concentra-
tions in the water (Fig. 3: NP1–NP3). The repeated-
measures ANOVA illustrated that the change of MDA con-
tents was remarkable (p < 0.01, Table 3) with the change of
epiphytic algae and nutrients and culturing time, respectively,
and there was also an interactive effect between levels of nu-
trient and epiphytic algae (p < 0.01, Table 3).

Fig. 2 Chl contents of M. spicatum L. at three levels of nitrogen and
phosphorus in the water body (NP1, NP2, and NP3 as in Fig. 1). Asterisks
indicate a remarkable difference to the control group at the same sampling
time by Student’s t test (*p < 0.05; **p < 0.01)

Table 2 The effects of nutrient and epiphytic algae on chlorophyll
contents in leaves of M. spicatum L. by repeated measures ANOVA

Factors and interactions F value p value

Nutrient 318.923 <0.001*

Epiphytic algae 157.432 <0.001*

Time 144.808 <0.001*

Nutrient × epiphytic algae 8.199 0.005*

Nutrient × time 9.751 <0.001*

Epiphytic algae × time 2.288 0.095

Nutrient × epiphytic algae × time 0.825 0.825

*p < 0.01

Fig. 1 Biomass ofM. spicatum L. (mean, SE) at three levels of nitrogen
and phosphorus in the water body (N-P (mg L−1): 0.5–0.05 (NP1), 2.5–
0.25 (NP2), 4.5–0.45 (NP3)). Asterisks indicate a remarkable difference
to the control group at the same sampling time by Student’s t test
(*p < 0.05; **p < 0.01)

Table 1 The effects of nutrient and epiphytic algae on biomass of
M. spicatum L. by repeated measures ANOVA

Factors and interactions F value p value

Nutrient 52.628 <0.001*

Epiphytic algae 84.578 <0.001*

Time 182.086 <0.001*

Nutrient × epiphytic algae 25.306 <0.001*

Nutrient × time 3.812 <0.005*

Epiphytic algae × time 8.636 <0.001*

Nutrient × epiphytic algae × time 1.054 0.408

*p < 0.01
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SOD activity in leaves of M. spicatum L.

SOD activity of M. spicatum L. was also influenced by
epiphytic algae (Fig. 4). SOD activity of M. spicatum L.
was high at the beginning of the experiment then de-
clined remarkably after culturing for 7 days. In the nu-
trient treatments of NP1, at the first sampling time,
SOD activity of M. spicatum L. in the epiphytic algae
group was remarkably higher than that in the control
group (p < 0.05), while no remarkable difference
(p > 0.05) was found on the last sampling day
(Fig. 4: NP1). In treatments of NP2 and NP3, SOD
activity of M. spicatum L. in the epiphytic algae group
was remarkably high (p < 0.01) over the whole exper-
iment period, as compared with that in the control
group, respectively (Fig. 4: NP2–NP3). The results of
repeated-measures ANOVA indicated that variation of
SOD activity was remarkable (p < 0.01) with increasing

water nutrients and epiphytic algae, and there was a
remarkable interactive effect of nutrients and epiphytic
algae (p < 0.05, Table 4).

Discussion

The effects of nitrogen and phosphorus on epiphytic algae

During this experiment, epiphytic biomass enhanced with el-
evated levels of nitrogen and phosphorus concentrations in the
water body and was in the order NP3 >NP2 >NP1 (Fig. 5),
and the epiphytic biomass enhanced at the end of the experi-
ment in comparison with that at the beginning in all nutrient
treatments (Fig. 5). The epiphytic biomass enhanced remark-
ably with elevated levels of nitrogen and phosphorus and the
culture time (p < 0.01, Table 5), and there were remarkable

Fig. 4 SOD activity in the leaves of M. spicatum L. at three levels of
nitrogen and phosphorus in the water body (NP1, NP2, and NP3 as in
Fig. 1). Asterisks indicate a remarkable difference to the control group at
the same sampling time by Student’s t test (*p < 0.05; **p < 0.01)

Fig. 3 MDA content in the leaves of M. spicatum L. at three levels of
nitrogen and phosphorus in the water body (NP1, NP2, and NP3 as in
Fig. 1). Asterisks indicate a remarkable difference to the control group at
the same sampling time by Student’s t test (*p < 0.05; **p < 0.01)

Table 3 The effects of nutrient and epiphytic algae on MDA contents
in leaves ofM. spicatum L. by repeated measures ANOVA

Factors and interactions F value p value

Nutrient 53.645 <0.001*

Epiphytic algae 180.026 <0.001*

Time 611.949 <0.001*

Nutrient × epiphytic algae 25.985 <0.001*

Nutrient × time 15.144 <0.001*

Epiphytic algae × time 54.762 <0.001*

Nutrient × epiphytic algae × time 8.805 0.001*

*p < 0.01

Table 4 The effects of nutrient and epiphytic algae on SOD activity in
leaves ofM. spicatum L. by repeated measures ANOVA

Factors and interactions F value p value

Nutrient 58.279 <0.001**

Epiphytic algae 98.326 <0.001**

Time 3008.313 <0.001**

Nutrient × epiphytic algae 4.119 0.043*

Nutrient × time 127.963 <0.001**

Epiphytic algae × time 24.136 <0.001**

Nutrient × epiphytic algae × time 21.134 <0.001**

*p < 0.05; **p < 0.01
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interactive effects between water nutrient levels and the cul-
turing time (p < 0.01, Table 5).

The effects of nitrogen and phosphorus in the water body
on M. spicatum L.

It is known that elevated levels of nitrogen and phosphorus
enhance the synthesis of Chl and promote photosynthesis of
plant in a proper range; while exceeding that range, nitrogen
and phosphorus cause stress to plants and affect their normal
physiological activities, as do other stresses, such as salinity
stress and environmental pollutant stress (Jampeetong and
Brix 2009; Zhang et al. 2010; Cai et al. 2012). In the control
group, at the end of this experiment, biomasses and Chl con-
tents ofM. spicatum L. enhanced as the levels of nitrogen and
phosphorus concentrations rose from NP1 to NP3, respective-
ly (Figs. 1 and 2), and there were remarkable differences in
biomass and Chl content of M. spicatum L., respectively,
among the nutrient treatments (one-way ANVOA, p < 0.05).
Chlorophylls are the most abundant pigments responsible for

absorption and conversion of light energy, and the rate of
photosynthesis is proportional to the chlorophyll contents in
plants (Sudhakar et al. 2009). Biomass is the product of pho-
tosynthesis. Our results showed that biomass of M. spicatum
L. increased with increasing Chl contents of M. spicatum L.
(Fig. 1: NP1–NP3). As one of the products of membrane lipid
peroxidation, MDA contents in plants are considered to be a
reliable indicator in detecting the effects of environmental
stress on plants via lipid peroxidation (Misra and Gupta
2006). In the control group, MDA contents of M. spicatum
L. enhanced with elevated levels of nitrogen and phosphorus
in the water (Fig. 3: NP1–NP3), which indicated that elevated
levels of nitrogen and phosphorus induced oxidative stress in
M. spicatum L. leading to the generation of potent reactive
oxygen species (Panda and Khan 2004; Kamara and
Pflugmacher 2007). As SOD is the main antioxidant enzyme
and acts on scavenging reactive oxygen species, oxidative
stress in plants could induce the increases of SOD activity
(Panda and Khan 2004; Kamara and Pflugmacher 2007). In
this study, SOD activity of M. spicatum L. was remarkably
higher at the first sampling time than that at the end of the
experiment under three nutrient treatments; this phenomenon
may be an adaptive response of M. spicatum L. to the new
environment. At the end of the experiment, SOD activity of
M. spicatum L. enhanced with elevated levels of nitrogen and
phosphorus in the water (Fig. 4: NP1–NP3), while no remark-
able increases of SOD activity were shown at the last sampling
time (one-way ANVOA, p > 0.05), andMDA content showed
the same variation law. According to the results of this exper-
iment, we could speculate that elevated levels of nitrogen and
phosphorus made stress onM. spicatum L. in this experiment,
while M. spicatum L. could acclimate to the environment by
regulating physiological functions. So the growth of
M. spicatum L. in this experiment was promoted by elevated
levels of nitrogen and phosphorus.

The effects of epiphytic algae on M. spicatum L.

It was apparent that epiphytic algae increased the level of lipid
hydroperoxide in this experiment. MDAs of M. spicatum L.
were remarkably higher in the epiphytic algae group than that
in the control group (p < 0.05) (Fig. 3), which indicated that
epiphytic algae induced oxidative stress in M. spicatum L.
SOD may be induced by the high-level production of active
oxygen species for a stress of epiphytic algae, which have
influenced the cell membrane lipid peroxidation degree of leaf
tissues, further influencing Chl contents of plants and then
biomass (Asaeda et al. 2004; Panda and Khan 2004; Kamara
and Pflugmacher 2007). In the nutritional treatments of NP2
and NP3, Chl contents and biomass of M. spicatum L. in the
epiphytic algae group were remarkably lower than that in the
control group at the end of this experiment (t test, p < 0.05)
(Figs.1 and 2). The present results agree with earlier

Fig. 5 Biomass of epiphytic algae attached on M. spicatum L. (mean,
SE) at three levels of nitrogen and phosphorus concentrations in the water
body. Different letters above bars mean remarkable differences among
the treatments of nutrients (NP1, NP2, and NP3 as in Fig. 1), small letters
mean remarkable difference (one-way ANOVA, p < 0.05), capital letters
mean highly remarkable difference (one-way ANOVA, p < 0.01), and
equal letters mean no differences

Table 5 The effects of nutrient on biomass of epiphytic algae attached
onM. spicatum L. by repeated measures ANOVA

Factors and interactions F value p value

Nutrient 235.395 <0.001*

Time 69.754 <0.002*

Nutrient × time 8.119 <0.003*

*p < 0.01
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researches which were performed on submerged macrophytes
and indicated that photosynthesis rates were reduced by epi-
phytic algae (Phillips et al. 1978; Asaeda et al. 2004). For
example, Asaeda et al. (2004) reported that the decrease in
net photosynthesis rates of Potamogeton perfoliatus was
about 20–33% for the epiphytic algae attached on its surface.
In this experiment, the above-sediment dry weight of
M. spicatum L. in the epiphytic algae group was reduced by
13.4% in the nutrient treatments of NP1 and up to 35.6% in
the nutrient treatments of NP3 as compared with their control
group, respectively, and MDA contents of M. spicatum L. in
the epiphytic algae group enhanced by 17.2, 71.3, and 98.2%
by contrast with that in the control group in the nutrient treat-
ments of NP1–NP3, respectively. These indicated that the in-
hibition of photosynthesis of macrophytes enhanced with the
growth and accumulation of epiphytic algae in this experi-
ment. Actually, the response of aquatic macrophyte growth
to the epiphytic algae is a complex phenomenon. In this ex-
periment, there was a remarkable difference in the above-
sediment dry weight of M. spicatum L. with elevated level
of nutrients (one-way ANVOA, p < 0.05) in the epiphytic
algae group and was in the order of NP2 > NP3 > NP1 at
the end of the experiment (Fig. 1), while epiphytic algal bio-
mass enhanced with elevated levels of nitrogen and phospho-
rus concentrations (Fig. 3). At the same time, Chl contents and
MDA contents ofM. spicatum L. also enhanced with elevated
levels of nitrogen and phosphorus concentrations in the epi-
phytic algae group. SOD activities ofM. spicatum L. changed
significantly with the increases in nitrogen and phosphorus
concentrations, and they were in the order of NP2 > NP3 >
NP1 at the end of the experiment in the epiphytic algae group.
These results might be caused by the interactions of the neg-
ative influence created by the epiphytic algae and the positive
impact made by increasing nutrient (Tables 1, 2, 3, and 4), and
the epiphytic algae interacted greatly with the leaf surface of
its host (Asaeda et al. 2004). In general, all those demonstrated
that epiphytic algae created stress on its host, which results in
the increases of the cell membrane lipid peroxidation, further
reducing Chl contents and the products of photosynthesis.

Conclusion

1. Elevated levels of nitrogen and phosphorus concentra-
tions in the water body promote the epiphytic algal
M. spicatum L. and the growth of M. spicatum L. in the
control of epiphytic algae.

2. Epiphytic algae inhibited the growth ofM. spicatum L. by
influencing indexes of physiology. The effects of epiphyt-
ic algae on the growth and physiological indexes of
M. spicatum L. enhanced with elevated levels of nitrogen
and phosphorus concentrations in the water body.

Acknowledgements The authors greatly acknowledge G. Gao for his
language editing. We also thank B. Qin for his help and encouragement.
This work was funded by the National Natural Science Foundation of
China (NSFC) (No. 41471446)

References

Asaeda T, Sultana M, Manatunge J, Fujino T (2004) The effect of epi-
phytic algae on the growth and production of Potamogeton
perfoliatus L. in two light conditions. Environ Exp Bot 52:225–238

Balls H, Moss B, Irvine K (1989) The loss of submerged plants with
eutrophication I. Experimental design, water chemistry, aquatic
plant and phytoplankton biomass in experiments carried out in
ponds in the Norfolk Broadland. Freshw Biol 22:71–87

Beauchamp C, Fridovich I (1971) Superoxide dismutase: improved as-
says and an assay applicable to acrylamide gels. Anal Biochem 44:
276–287

Cai XL, Gao G, Tang XM, Dai JY, Chen D (2012) Photosynthetic re-
sponse of Vallisneria natans, (Lour.) Hara (Hydrocharitaceae) to
increasing nutrient loadings. Photosynthetica 50:437–446

Chen C, Yin DQ, Yu B, Zhu HK (2007) Effect of epiphytic algae on
photosynthetic function of Potamogeton crispus. J Freshw Ecol
22:411–420

Fong CW, Lee SY, Wu RSS (2000) The effects of epiphytic algae and
their grazers on the intertidal seagrass Zostera japonica. Aquat Bot
67:251–261

Gulati RD, Pires LMD, Donk EV (2008) Lake restoration studies: fail-
ures, bottlenecks and prospects of new ecotechnological measures.
Limnologica 38:233–247

He H, Liu XB, Liu XL, Yu JL, Li KY, Guan BH, Jeppesen E, Liu ZW
(2014) Effects of cyanobacterial blooms on submerged macrophytes
alleviated by the native Chinese bivalve Hyriopsis cumingii: a
mesocosm experiment study. Ecol Eng 71:363–367

Heck KL Jr, Valentine JF, Pennock JR, Chaplin G, Spitze PM (2006)
Effects of nutrient enrichment and grazing on shoalgrass Halodule
wrightii and its epiphytes: results of a field experiment. Mar Ecol
Prog 326:145–156

Hilt S, Gross EM (2008) Can allelopathically active submerged macro-
phytes stabilise clear-water states in shallow eutrophic lakes? Basic
Appl Ecol 9:422–432

Hu HJ, Wei Y (2006) The freshwater algae of China: systematics, taxon-
omy and ecology. Science Press, Beijing

Jackson LJ (2003) Macrophyte-dominated and turbid states of shallow
lakes: evidence from Alberta lakes. Ecosystems 6:213–223

Jampeetong A, Brix H (2009) Effects of NH4+, concentration on growth,
morphology and NH4

+,uptake kinetics of Salvinia natans. Ecol Eng
35:695–702

Janssen ABG, Teurlincx S, An S, Jansea JH, Paerl HW, Mooij WM
(2014) Alternative stable states in large shallow lakes? J Great
Lakes Res 40:813–826

Kamara S, Pflugmacher S (2007) Acclimation of Ceratophyllum
demersum to stress imposed by Phragmites australis and Quercus
robur leaf extracts. Ecotoxicol Environ Safety 68:335–342

Lauridsen TL, Jensen JP, Jeppesen E, SøndergaardM (2003) Response of
submerged macrophytes in danish lakes to nutrient loading reduc-
tions and biomanipulation. Hydrobiologia 506–509:641–649

Li HS, Sun Q (2000) The experiment principle and technology of
plantphysiology. Higher Education Press, Beijing

Loftus MC, Carpenter JH (1971) A fluoremetric method for determining
chlorophylls a, b and c. JMar Res 29:319–338

Misra N, Gupta AK (2006) Effect of salinity and different nitrogen sources
on the activity of antioxidant enzymes and indole alkaloid content in
Catharanthus roseus seedlings. J Plant Physiol 163:11–18

9554 Environ Sci Pollut Res (2017) 24:9548–9555



Panda SK, Khan MH (2004) Changes in growth and superoxide dismut-
ase activity in Hydrilla verticillata L. under abiotic stress. Braz J
Plant Physiol 16:115–118

Phillips GL, Eminson D, Moss B (1978) A mechanism to account for
macrophyte decline in progressively eutrophicated freshwaters.
Aquat Bot 4:103–126

Qin BQ, Gao G, Zhu GW, Zhang YL, Song YZ, Tang XM, Xu H, Deng
JM (2013) Lake eutrophication and its ecosystem response. ChinSci
Bull 58:961–970

Roberts E, Kroker J, Körner S, Nicklisch A (2003) The role of periphyton
during the re-colonization of a shallow lake with submerged macro-
phytes. Hydrobiologia 506–509:525–530

Romo S, Villena MMA (2007) Epiphyton, phytoplankton and macro-
phyte ecology in a shallow lake under in situ experimental condi-
tions. Funda Appl Limnol 170:197–209

Sand-Jensen K, Søndergaard M (1981) Phytoplankton and epiphyte de-
velopment and their shading effect on submerged macrophytes in
lakes of different nutrient status. Internationale RevueDer Gesamten
Hydrobiologie Und Hydrographie 66:529–552

Sand-Jensen K, Riis T, Vestergaard O, Larsen SE (2000) Macrophyte
decline in Danish lakes and streams over the past 100 years. J
Ecol 88:1030–1040

Scheffer M (1998) Ecology of shallow lakes. Chapman and Hall, London
Song YZ, Wang JQ, Gao YX, Xue XJ (2015) The physiological re-

sponses of Vallisneria natans to epiphytic algae with the increase
of nitrogen and phosphorus concentrations in water bodies. Environ
Sci Pollut Res 22:8480–8487

Sudhakar C, Reddy PS, Veeranjaneyulu K (2009) Changes in respiration,
its allied enzymes, pigment composition, chlorophylase and hill re-
action activity of horsegram seedlings under salt. Neurocomputing
72:2636–2642

The State Environmental Protection Administration (2002) Water and
wastewater monitoring and analysis method, 4th edn. China
Environmental Science Press, Beijing

Tóth VR (2013) The effect of periphyton on the light environment and
production of Potamogeton perfoliatus, L. in the mesotrophic basin
of Lake Balaton. Aquat Sci 75:523–534

Xing W, Wu HP, Hao BB, Liu GH (2013) Stoichiometric characteristics
and responses of submerged macrophytes to eutrophication in lakes
along the middle and lower reaches of the Yangtze River. Ecol Eng
54:16–21

Zhang M, Cao T, Ni L, Xie P, Li Z (2010) Carbon, nitrogen and antiox-
idant enzyme responses of Potamogeton crispus, to both low light
and high nutrient stresses. Environ Exp Bot 68:44–50

Environ Sci Pollut Res (2017) 24:9548–9555 9555


	Effects...
	Abstract
	Introduction
	Materials and methods
	Experimental design
	Sample pre-treatment
	Determination of biomass of M.�spicatum L.
	Determination of biomass and taxonomy of epiphytic algae
	Assay of chlorophyll content in the leaves of M.�spicatum L.
	Assay of SOD activity and contents of MDA and soluble protein in the leaves of M.�spicatum L.
	Data analysis

	Results
	Biomass of M.�spicatum L.
	Chlorophyll content in the leaves of M.�spicatum L.
	MDA contents in the leaves of M.�spicatum L.
	SOD activity in leaves of M.�spicatum L.

	Discussion
	The effects of nitrogen and phosphorus on epiphytic algae
	The effects of nitrogen and phosphorus in the water body on M.�spicatum L.
	The effects of epiphytic algae on M.�spicatum L.

	Conclusion
	References


