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Inhibition of Submerged Macrophytes on Phytoplankton
l. Field Evidence for Submerged Macrophyte Inhibition
on Phytoplankton Biomass

Joo, Sungbae, Ji Young Jung and Sangkyu Park*
(Department of Biological Science, Ajou University, Suwon 443-749, Korea)

It is known that phytoplankton biomass or turbidity are lower in waters with sub-
merged macrophytes than those without submerged plants at a given nutrient level.
We hypothesize that presence of submerged macrophytes would lower phytoplank-
ton biomass below levels expected by total phosphorus levels through various mech-
anisms and that phytoplankton biomass would decrease more as the biomass incre-
ase of the submerged macrophytes. To find submerged macrophytes effectively lowe-
ring phytoplankton growth, we conducted spatial field surveys at 21 water bodies
and a temporal monitoring at Seung-un 1 Reservoir, Anmyyeondo Island. We mea-
sured chlorophyll a concentrations and total phosphorus (TP) concentrations from
waters in patches of submerged macrophytes with measurements of submerged
plant biomass. Majority of our sites with submerged macrophytes showed much less
chlorophyll a concentrations than the predicted ones from literature. Among sub-
merged macrophytes studied, Myriophyllum spicatum and Hydrilla verticillata
showed patterns of lowering chlorophyll a/TP ratios with increase of their biomass
in both spatial and temporal surveys.
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INTRODUCTION

Recently, many Korean freshwater ecosystems
have become eutrophic due to rapid industriali-
zation and economic development causing seri-
ous ecological and economical problems. Con-
siderable research interests are focusing on re-
gulating phytoplankton water-blooms, especially
cyanobacterial water-blooms using physical, che-
mical and biological approaches. A recent addi-
tion on regulating cyanobacterial water-blooms
is using aquatic vascular plants, especially sub-
merged plants (Van Donk and de Bunk, 2002).
However, lake management studies using aqua-
tic macrophytes are mainly concentrating on nu-
trient absorption of plants to compete with phy-

toplankton (Romero et al., 1999; Coveney et al.,
2002; Dierberg et al., 2002). A recent study re-
viewed on interactions among macrophytes, phy-
toplankton, and periphyton, and summarized
mechanisms of macrophyte inhibition on phyto-
plankton as light, temperature, nutrient compe-
tition, and allelopathy (Van Donk and de Bunk,
2002). Myriophyllum (Planas et al., 1981; Gross
and Siitfeld, 1994; Gross, 1999; Nakai et al.,
2000; Nakai et al., 2005) and Chara (Crawford,
1979; Jasser, 1995) are the two most studied
submerged macrophytes in regarding to allelo-
pathic inhibition on phytoplankton. In particu-
lar, M. spicatum has been reported to produce
several polyphenol compounds and fatty acids to
reduce Microcystis aeruginosa growth (Nakai et
al., 2000; Nakai et al., 2005). However, we are
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still missing strong evidence for allelopathy of
submerged macrophytes (Van Donk and de Bunk,
2002; Gross et al., 2007).

In recent years, many studies on submerged
macrophytes have reported that phytoplankton
biomass or turbidity are lower in waters with
submerged macrophytes than those without sub-
merged plants at a given nutrient level (Scheffer
et al., 1993; Rooney and Kalff, 2003; Takamura
et al., 2003). Especially, Rooney and Kalff (2003)
reported chlorophyll a: total dissolved phosph-
orus (TDP) ratios decreased with increasing cover
of submerged macrophytes. Also, it has been
shown that chlorophyll a levels were lower with
submerged macrophytes than without macro-
phytes at a given limiting nutrient level (Taka-
mura et al., 2003).

For the first step to search for allelopathic sub-
merged macrophytes, we hypothesize that pre-
sence of submerged macrophytes would lower
phytoplankton biomass below levels expected by
total phosphorus levels through various mecha-
nisms such as light, temperature, carbon limita-
tion, and periphytic growth. Phytoplankton bio-
mass would decrease more with the biomass
increase of the submerged plants.

We attempted to screen submerged macro-
phyte candidates lowering phytoplankton bio-
mass regardless of the suppression mechanisms.
In this study, we surveyed 21 water bodies with
submerged macrophytes in summer and a reser-
voir from spring to fall to detect any lowering
effects on phytoplankton biomass by submerged
macrophytes using chlorophyll a/TP ratios.

MATERIALS AND METHODS

1. Study sites and sample collection

Forty three water bodies in South Korea were
selected from Gyeonggi-do, Chungcheongnam-do,
and Chungcheongbuk-do and surveyed between
August 8 and August 15 in 2006 (Table 1, Fig. 1).
Among the surveyed sites, 21 water bodies had
submerged macrophytes. In addition, Seung-un 1
Reservoir in Anmyeondo Island was monitored
every other week between June and September,
2006. Seung-un 1 Reservoir have most of com-
mon submerged species including M. spicatum,
H. verticillata, Ceratophyllum demersum and
Potamogeton macckianus in it.

Fig. 1. Distribution of 21 water bodies with aquatic sub-
merged macrophytes surveyed in August, 2006.
Seungun 1 Reservoir (#8) was monitored monthly
from June to September, 2006.

Physical and chemical parameters such as wat-
er temperature, dissolved oxygen (DO), electric
conductivity (EC) were measured using multi-
parameter equipment (YSI 600XL, YSI 650MDS)
in 19 water bodies except for Yogolje and Gakgi
Reservoir.

Water samples were collected from the patches
of submerged macrophytes and from open wa-
ters, using a Van Dorn water sampler (Wildco,
USA), transferred directly to 4 L polyethylene
bottles, and kept at 4°C with ice during transport
to the laboratory. During field surveys, we had
sunny days except for 2 sites. Water samples for
the measurement of total phosphorus concen-
tration were transferred to 100 mL high density
polyethylene bottle and stored at —20°C until an-
alysis. Submerged plants, such as H. verticillata,
C. demersum, P. macckianus, M. spicatum, and
Chara species, were sampled using a quadrat
(0.4 % 0.4 m) with replications (n=3). Collected
plants were dried at room temperature in shade
for one week. Dried plant samples in replications
were mixed into one composite sample followed
by weighing.

Total phosphorus was analyzed by persulfate
digestion method (Strickland et al., 1972) using
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Table 1. List of study sites where submerged macrophytes occurred, province, species, their biomass, total phosphorus

and chlroophyll a concentration in their patch.

. . . Biomass TP Chl o
No Site Province Species (gm2) el  (ugLY
1 Yogolje Chungcheongbuk-do Chara sp. 13.1 239.7 24.7
.. . Myriophyllum spicatum 22.5 42.1 2.0
2 U -

irim Reservoir Chungcheongbuk-do Potamaogeton distinctus 18.8
3 Gakgi Reservoir Chungcheongbuk-do Potamogeton crispus 24.0 37.7 5.7
Dogok Reservoir Chungcheongbuk-do Potamogeton berchtoldii 25.8 33.3 4.2
Chara sp. 11.3 46.6 6.4

5  Eoui Pond Chungcheongbuk-do Potqmogeton malaianus var. 44.0 33.3 14

latifolius

6  Pungjun Reservoir Chungcheongnam-do Ceratophyllum demersum 15.0 7.7 14.0

Hydrilla verticillata 27.1 77.7 16.4

7  Jigok Reservoir Chungcheongnam-do Ceratophyllum demersum 16.9 66.6 12.0

Potamogeton maackianus 26.0 954 54.3

Potamogeton maackianus 115.8 39.9 8.1

. Hydrilla verticillata 71.0 44 4 4.9

8  Seung-un1 Reservoir Chungcheongnam-do Ceratophyllum demersum 31.0 124.3 29.7
Myriophyllum spicatum 69.6 71.0 17.1

9  Seung-un 2 Reservoir Chungcheongnam-do Hydrilla verticillata 33.3 48.8 5.2
10 Seung-un 3 Reservoir Chungcheongnam-do Potamogeton maackianus 27.1 51.0 10.8
11 Jipo Reservoir Chungcheongnam-do Hydrilla verticillata 73.8 35.5 2.1
12 Chunsandong . .

Reservoir Chungcheongnam-do Myriophyllum spicatum 47.7 48.8 8.9
. . Hydrilla verticillata 45.8 51.0 171
1 Ch -

3 anggi Reservoir Chungcheongnam-do Myriophyllum spicatumgq 105.8 51.0 8.8
14  Nonsan Reservoir Chungcheongnam-do Hydrilla verticillata 159.2 55.5 4.2
15  Daesung Reservoir Gyeonggi-do Myriophyllum spicatum 11.7 66.6 3L.7

. . Chara sp. 23.8 46.6 2.5

16 Gosam Reservoir Gyeonggi-do Ottelia alismoides 25.6 48.8 1.1
17 A pond for rice fields, . . .

I\?eungnae-ri Gyeonggi-do Myriophyllum spicatum 22.3 71.0 15.7

18 Bgd.‘ marsh, Gyeonggi-do Hydrilla verticillata 36.5 37.7 3.7

ujong-myeon

19  Sangchun Reservoir Gyeonggi-do Hydrilla verticillata 42.5 421 2.1
20 Marshy land, . . .

Geunf'dae_ri Gyeonggi-do Myriophyllum spicatum 29.8 108.7 59.1

. Hydrilla verticillata 10.0 39.9 3.1

1  Sewol -

2 ewol Reservoir Gangwon-do Limnophila sessiliflora 3.8 39.9 5.6

spectrophotometer equipment (Beckman, DU-65).
For chlorophyll @ concentration, we filtered 100
mL of sample water though 47 mm GF/C glass
microfibre filters (Whatman International Ltd,
England) to concentrate phytoplankton. After
filtration, the filters were transferred and stored
in film canisters pre-washed with 90% acetone at
—20°C refrigerator until extraction. Chlorophyll
a was measured using a fluorometer (Turner

Designs, Trilogy™) according to EPA Method
445.0, without acidification step. Calibration was
performed with fluorometric chlorophyll stan-
dards (Turner designs, 2006).

2. Chlorophyll a/TP ratio

According to the study of Vollenweider and
Kerekes (1982), chlorophyll a concentrations (ug
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Fig. 2. Dissolved oxygen (DO), water temperature, and electric conductivity (EC) in 21 water bodies in August 2006.
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Fig. 3. Monthly change of water temperature, dissolved oxygen, electric conductivity, and biomass in Seung-un 1
Reservoir from June to September, 2006. Because we could not find two submerged plants, Hydrilla verticillata
and Ceratophyllum demersum on June 28 and did not collect Potamogeton macckiannus on August 25, these data

are missing from the graph.

L™) are determined by total phosphorus concen-

tration (TP),
Chlorophyll a=0.28 TP*%

This equation can be represented as follows :

Chlorophyll o/TP%%=0.28

oy

(2)

Chlorophyll a/TP ratio would exhibit approxi-
mately same value as Chlorophyll a/TP %% and is

easy to understand. We used chlorophyll a/TP
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ratio to compare lowering capacity of submerged
macrophytes on phytoplankton biomass. If a sub-
merged plant lower phytoplankton growth, we
expect that the chlorophyll a/TP ratio would de-
crease as the submerged plant biomass increases.

RESULTS

We summarized physical and chemical factors
such as water temperature, dissolved oxygen
(DO), and electric conductivity (EC) of 19 water
bodies (Fig. 2). Dissolved oxygen averaged 10.2
mg L' while the mean water temperature was
30.7°C during the study. Electric conductivity
ranged from 0.059 uS m™' in Sewol Reservoir to
0.577uSm ! in Seung-un 2 Reservoir and avera-
ged 0.192 uSm™.

Biomass of each submerged macrophyte, total
phosphorus concentration and chlorophyll a con-
centration in water sampled from patches of sub-
merged macrophytes were summarized in Table
1. Surveyed water bodies in this study showed
generally low chlorophyll a concentration levels
with a range of 1.1~59.1ug L™ (average: 12.7 ug
L. Total phosphorus levels were in a range of
33.3~239.7ugL™%.

Seung-un 1 Reservoir showed seasonal changes
in physical and chemical factors and in submerg-
ed macrophyte biomass from June to September,
2006 (Fig. 3). Usually water temperature was
slightly higher in patches of submerged plants.
Dissolved oxygen concentrations in patches of
submerged plants were lower than that of open
water on September 8, 2006 implying that de-
composition of macrophytes occurred at the time.
Open water and patches of P. maackianus show-
ed higher EC than those of Hydrilla and Myrio-
phyllum patches. Potamogeton maackianus and
M. spicatum grew up earlier in the season while
C. demersum and H. verticillata grew up later in
the season. :

Majority of our sites with submerged macrop-
hytes in the present study showed much less
chlorophyll a concentrations than the predicted
lines from other studies (Kim and Hwang, 2004;
Lee et al., 2007) (Fig. 4). Five samples from 2 re-
servoirs (Wonchun Reservoir and Sindae Reser-
voir in Suwon, Korea) collected in August, 2006
showed much higher chlorophyll a concentration
than the predicted lines. Wonchun Reservoir
showed average TP concentration of 122 ugPL™!

2.5
v ¥ Predicted line B
v v B
2.0 A o
P . ® R
Q151 ) .
80 Predicted line A ®
£ X
s 1047, &%
— o .
6:. oe 28 .o. b °
w 0571 o %0,
g L
Y *
0.0 1 s
_0.5 L ° T T T T T
1.6 1.8 2.0 2.2 2.4

Log,,TP(ugPL™

Fig. 4. Relationship between total phosphorus (TP) and
chlorophyll a (Chl. a) of studied waters in the pat-
ches of submerged macrophytes (®), open areas
without submerged macrophytes (0 ). For compari-
son, we showed relationship between TP and Chl.
a from 5 samples of two eutrophic reservoirs with-
out submerged macrophytes (Wonchun Reservoir
and Sindae Reservoir) (W) collected in August,
2006. Equation for predicted line A: y=0.61 xx+
0.27, predicted line B: y=1.14 xx—0.64.

between March and August and average Secchie
depth of 0.63 m between June and July in 2006.
Sindae Reservoir showed average TP concen-
tration of 290 ug P L™ between March and Nov-
ember and average Secchie depth of 0.59 m bet-
ween June and November in 2006. Total pho-
sphorus concentrations and chlorophyll a concen-
trations in waters from the patches of submerged
macrophytes in the studied sites showed signi-
ficant linear relationship on log-log scale (y=1.87
x x—2.40, n=31, r?=0.568, p< 0.0001). Total pho-
sphorus concentrations and chlorophyll a concen-
trations in open waters of the studied sites show-
ed similar significant linear relationship on log-
log scale (y=2.21 xx—2.96, n=22, r*=0.507, p=
0.0002).

In the spatial surveys, most submerged plants
except for C. demersum, showed a tendancy to
decrease in chlorophyll a/TP ratios as plant bio-
mass increase (Fig. 5).

There are six submerged macrophytes collected
from only one site (Table 2). Water from the pat-
ches of 5 submerged plants in this category show-
ed values of chlorophyll a/TP much lower than
those predicted from literature (Vollenweider,
and Kerekes, 1982; Kim and Hwang, 2004; Lee et
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Fig. 6. Relationship between chlorophyll a (Chl. @) and total phosphorus (TP) based index (Chl. a/TP) ratio and biomass of
5 submerged plants in Seung-un 1 Reservoir from June to September, 2006.

al., 2007).

Similar lowering pattern was found in Seung-
un 1 Reservoir (Fig. 6). In Seung-un 1 Reservoir,
water from patches of submerged plants except
for P. maackianus showed decreasing chlorophyll
a/TP ratios as plant biomass increased.

DISCUSSION

Surveyed water bodies in this study appeared
to have lower chlorophyll a concentration levels
compared to the levels predicted from eutrophi-
cated agricultural reservoirs (Kim and Hwang,

2004; Lee et al., 2007) (Fig. 4). Lower chlorophyll
a levels in our study support the notion that wat-
er bodies with submerged plants usually have
lower chlorophyll a levels or turbidity than those
without submerged plants (Scheffer et al., 1993;
Rooney and Kalff, 2003; Takamura et al., 2003).
Our results show that two species may have
potential to suppress phytoplankton biomass
among studied submerged macrophytes. In both
spatial and temporal surveys, M. spicatum and
H. verticillata showed tendency of decreasing
chlorophyll a/TP ratios with increases of their
biomass while P. maackianus and C. demersum
showed somewhat ambiguous patterns (Figs. 4,
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Table 2. List of submerged macrophytes collected in only one site, their biomass, total phosphorus concentration,
chlorophyll a (Chl. @) concentration, and Chl. o/TP ratio. From the patch of Potamogeton distinctus in Uirim
Reservoir, we did not measure total phosphorus concentration and chlorephyll a concentration

. . Biomass TP Chl. a
Site Species @ m-?) (g PLY (g LY Chl. a/TP

Uirim Reservoir Potamogeton distinctus 18.8

Gakgi Reservoir Potamogeton crispus 24.0 37.70 5.65 0.15
Eouipond Potamogeton malaianus var. latifolius 44.0 33.26 1.38 0.04
Gosam Reservoir Ottelia alismoides 25.6 48.80 1.08 0.02
Sewol Reservoir Limnophila sessiliflora 3.8 39.92 5.64 0.14
Dogok Reservoir Potamogeton berchtoldii 25.8 33.26 421 0.13

5). Chara sp. showed that they are living in wat-
ers with lower chlorophyll a/TP ratios. Although
additional 5 submerged plants lowered phyto-
plankton biomass (Fig. 4, Table 2), they were
observed at only one site in this study indicating
that they are not common species. Based on our
field survey results, M. spicatum, H. verticillata
and Chara sp. were expected to be as candidates
capable of producing allelopathic substances.
Our selection of M. spicatum and Chara sp. sup-
port many previous studies that showed M. spi-
catum and Chara sp. had a potential to release
allelopathic substances (Crawford, 1979; Planas
et al., 1981; Jasser, 1995; Gross, 1999; Nakai et
al., 2005).

Our study did not include phytoplankton com-
position for water bodies we sampled. A recent
study report that 36% of total variation in phyto-
plankton communities were explained by the
presence or absence of submerged macrophytes
(Takamura et al., 2003). Phytoplankton compo-
sition with and without submerged macrophytes
would provide valuable insight on species specific
suppression of phytoplankton by submerged
macrophytes. We would investigate the interac-
tions between submerged macrophytes and phy-
toplankton community dynamics in further stu-
dies.

Our results suggest only possibility of produc-
tion of allelopathic substances from the chosen
submerged macrophytes. Other factors such as
competition for light may have caused such effects
on phytoplankton biomass. Another aspect to con-
sider is periphytic algae on submerged plants.
Submerged plants can provide substrates for
periphyton thus indirectly affect phytoplankton
growth through competition between periphyton
and phytoplankton (Jones et al., 2002). Also in-
organic carbon may be an important factor in

competition among phytoplankton and submerg-
ed macrophytes (Maberly and Spence, 1983). To
show more direct evidence of allelopathic inhibi-
tion on phytoplankton by submerged macrophy-
tes, it is necessary to control other factors such
as light, temperature, carbon/nutrient conditions
and periphytic growth (Gross et al., 2007). One
possible approach would be conducting phyto-
plankton growth experiments using waters col-
lected from patches of submerged macrophytes.
Phytoplankton growth experiments with extracts
from submerged macrophytes would be another
direct examination for allelopathic interactions
between phytoplankton and submerged macro-
phytes. Results of our successive study showed
that extracts and waters from the patches of M.
spicatum indeed suppressed M. aeruginosa grow-
th (Nam and Park, 2007).

In conclusion, our results showed that phyto-
plankton biomass levels in waters with submer-
ged macrophytes were much lower than those
predicted from total phosphorus concentrations
based on relationships found in other water bodi-
es in Korea. In addition, we found that M. spica-
tum and H. verticillata exhibited patterns of
lowering phytoplankton biomass according to
their biomass both spatial and temporal surveys.
It will be necessary to further investigate whe-
ther these plants are actually capable of releas-
ing allelopathic substances to inhibit phytoplank-
ton growth.
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