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Abstract The submersed macrophyte, Vallisneria natans
L., was cultured in laboratory with NHZ -enriched tap water
(1 mg L' NH,-N) for 2 months and the stressful effects
of high ammonium (NHJ) concentrations in the water
column on this species was evaluated. The plant growth
was severely inhibited by the NH; supplement in the water
column. The plant carbon and nitrogen metabolisms were
disturbed by the NHI supplement as indicated by the
accumulation of free amino acids and the depletion of
soluble carbohydrates in the plant tissues. The results
suggested that high NHJ concentrations in the water col-
umn may hamper the restoration of submersed vegetation
in eutrophic lakes.

Keywords NH; stress - Vallisneria natans -
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Although ammonium (NHF) is an important nitrogen
source for plant growth, it is also a toxicant at high con-
centrations. Many higher plants exhibit toxic syndromes in
exclusive NHf environments (Britto and Kronzucker
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2002). High NHJ concentrations inhibit photosynthesis,
trigger oxidative stress and cause internal carbon-nitrogen
imbalance of submersed macrophytes (Rudolph and Voigt
1986; Cao et al. 2004). In some eutrophic Chinese lakes,
the concentration of NHJ is very high in the water column
and the restoration of submersed vegetation is far from
success. Vallisneria natans L. is a common rosette sub-
mersed macrophyte in China. In the program of the
restoration of submersed vegetation, it is frequently
selected as a pioneer species to be introduced into some
eutrophic Chinese lakes. However, there is little informa-
tion on the effects of high NHJ concentrations on the plant.
In this study, V. natans was cultured in laboratory with
NH -enriched tap water for two months. The aim was to
examine the stressful effects of high NHZ concentration on
the plant by monitoring the plant growth and carbon and
nitrogen metabolisms.

Materials and Methods

In May 2003, eighty V. natans seedlings of 15 cm height
were collected from Lake Liangzi at the outskirt of Wuhan
city, China. The seedlings were separately transplanted into
80 cups (7 cm in diameter, 10 cm high) that was filled with
sediment collected from the mesotrophic part of Lake
Donghu. The concentrations of NO3-N, NH4-N and PO,4-P
in the sediment pore-water were 0.22 mgL~' 1.59
mg L™" and 0.04 mg L™, separately. The seedlings were
cultured outdoor in four tanks (1 x 1 x 0.8 m), among
which two tanks were filled with tap water (NOs-N:
1.06 mg LY NH,-N: undetectable, PO,4-P: undetectable)
and regarded as the control and the other two tanks were
filled with NH{ -enriched tap water by adding ammonium
carbonate to achieve 1 mg L™ NH,-N in the water column.
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The water in the tanks was refreshed in every 5 days and
ammonium carbonate was appropriately added to the water.
The experiment lasted for 2 months, during which the
concentration of NH4-N in the water column ranged from
0.44 to 1.03 mg L™ in the treated tanks, with an average of
0.75 mg L.

During the experiment, three plants were collected from
each tank in every 10 days. The plants biomass and leaf
length were measured. A small part of the plants leaves
was stored at —18°C for enzyme analysis. The other part
was oven-dried at 80°C to constant weight and grounded
into powder for the analysis of free amino acids (FAA),
soluble carbohydrate (SC) and starch. About 100 mg of
each powder was extracted by 10 mL 80% ethanol at 80°C
for 20 min and centrifuged at 10,000g for 15 min. The
supernatant was used for the examination of FAA and SC
contents with alanine and glucose as standards (Yemm and
Willis 1954; Yemm and Cocking 1955). The residue was
used for the analysis of starch contents following the
method of Dirk et al. (1999). For the analysis of soluble
protein contents and peroxidase (POD) activities, the fro-
zen leaf was ground into fine powder in liquid nitrogen
with a mortar and a pestle. About 0.5 g powder of each
sample was extracted by 2.5 mL 50 mM phosphate buffer
at 4°C for 20 min, and centrifuged at 15,000g for 10 min.
The contents of soluble protein in the supernatant were
measured following the method of Bradford (1976). The
activities of POD in the supernatant were measured by
monitoring the oxidation of guaiacol at 470 nm with a
spectrophotometer (Chance and Maehly 1995).

The mean and standard deviation (SD) were calculated
from the measurements of six replicative samples by
Microsoft Excel programs. The effects of NH; supplement
on the growth and physiology of V. natans were analyzed
by the T-test program of the Statistica (Version 6.0)
software.

Results and Discussion

The growth of V. natans was severely inhibited by the
NH supplement in the water column. The biomass of the
NH -treated plants was 1.36 g per cup at the end of the
experiment, which was significantly lower than the control
plants (3.06 g per cup) (Fig. 1). The NH{ -treated plants
sharply accumulated FAA (from 2.1 to 13.9 mg g~' DW)
in the tissues during the experiment, and showed higher
NHJ contents and FAA/SC ratios than the control plants at
the end of the experiment (Fig. 2). The contents of NHZ,
FAA and the ratio of FAA/SC were relatively stable for the
control plants during the experiment (Fig. 2). The contents
of starch decreased gradually (from about 200 to
50 mg g~' DW) in both the NH{-treated and the control
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Fig. 1 Temporal changes in leaf length (a) and biomass (b) of V.
natans in NHf-enriched (1 mg L} NH4-N) and control (ctrl)
treatments. Vertical bar was the SD of six replicates
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plants. The NHJ -treated plants showed lower SC contents,
higher protein contents and higher POD activities than the
control plants in the majority time of the experiment
(Figs. 3, 4).

Ammonium toxicity has been reported for many mac-
rophytes. In experimental studies, 0.42, 0.5 and 3.7 mg L'
NH4-N inhibited the growth of Zostera marina, Potamog-
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Fig. 3 Temporal changes in the contents of starch (a) and SC (b) in
the tissues of V. natans in NHf -enriched (1 mg L! NH;-N) and
control (ctrl) treatments. Vertical bar was the SD of six replicates
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Fig. 4 Temporal changes in the activity of POD (a) and the contents
of soluble protein (b) in the tissues of V. natans in NH{ -enriched
(1 mg Lt NH;4-N) and control (ctrl) treatments. Vertical bar was the
SD of six replicates
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eton maackianus and P. densus, respectively (Mattes and
Kreeb 1974; van Katwijk et al. 1997; Li et al. 2007). In the
present study, V. natans in the NHZ -enriched water showed
strong physiological responses as indicated by the FAA
accumulation, SC depletion, high FAA/SC ratios, and
increased POD activities in the plants tissues. These results
supported that the concentration of NH4-N at 0.56 mg L™
in the water column might be the upper limit for V. natans
(Cao et al. 2007). In a field survey, Chambers (1987) found
rosette macrophytes (e.g. Valisneria) grows at an advantage
on sediments of intermediate fertility. V. natans also prefers
to grow in mesotrophic lakes in the Yangtze River basin
(Cao et al. 2007). Therefore, it is possible that the release of
NHJ from the fertile sediments into the water column
would inhibit the growth of the Valisneria genus in eutro-
phic lakes.

Generally, higher plants passively uptake NH{ at high
external NHY concentrations (Kronzucker et al. 1996). To
prevent NH accumulation in the tissues, plants actively
transport NHZ out of the plant cells and expend energy
(Britto and Kronzucker 2002). In addition, the synthesis
of FAA can diminish the accumulation of NHZ in the
plant cell (Rabe 1990). In the present study, the extended
NH supplement in the water column led to the depletion
of SC and accumulation of FAA in the tissues of V. na-
tans and the consequent high FAA/SC ratios indicated
that the plant carbon and nitrogen metabolisms were
severely disturbed by the NHZ supplement. The sharp
increase of the contents of NHY in the tissues of V. na-
tans at the end of the experiment indicated the inefficient
incorporation of NHJ into FAA in the situation of SC
shortage. In a 6-day experiment, P. maakianus that grown
in NH7 -enriched water showed constant SC levels with a
decrease in the starch contents, indicating that the deg-
radation of starch may help the plant capable to tolerate
NHY stress (Li et al. 2007). V. natans under NHJ stress
showed lower SC contents, instead of lower starch con-
tents, than the control plants, suggesting that the plant
may not tolerate extended NHJ stress. Our results, toge-
ther with previous studies (Cao et al. 2007), demonstrated
that V. natans was vulnerable to high NHJ concentrations
in the water column. Because the concentrations of NHy-
N in the water column is generally at the magnitude of
milligram per liter in many eutrophic Chinese lakes (Jin
2003), caution should be used when selecting V. natans as
a pioneer species in the restoration of submersed vege-
tation in these lakes.
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