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ABSTRACT

We studied primary production, nitrogen and phosphorus dynamics in a salt marsh of
Okryutung at Nakdong River estuary. The standing biomass in Phragmites longivalvis, Carex
scabrifolia and Zoysia sinica stand was 5.48 kg/m?, 1.94 kg/m? and 1.95 kg/m?, respectively.
The peak above-ground biomass in each stand was 1.99 kg/m?, 0.74 kg/m? and 1.03 kg/m?,
respectively. Soil nitrogen decreased from the onset of growing season till July, and then in-
creased. Seasonal patterns of soil phosphorus were different from stand to stand. Nitrogen
concentrations of above-ground plant tissue were quite different among the plant species at
the very beginning of the growing season, however, they became similar as the plants grow.
Seasonal pattern of phosphrous in C. scabrifolia roots was quite different from those other two
species. Nitrogen absorbed by plants during the growing season in P. longivalvis, C. scabrifolia
and Z. sinicia stand was 224 kg/ha, 111 kg/ha and 156 kg/ha, respectively. Phosphorus taken
up by plants was 22 kg/ha, 29 kg/ha and 21 kg/ha, respectively. Because the vascular plants
growing at salt marshes can immobilize large quantities of nitrogen and phosphorus, salt marsh
vegetation can be used for preventing the pollution of coastal sea water.

INTRODUCTION

Estuaries are known to be highly productive areas. They are often more productive than ad-
jacent saltwater or freshwater areas and serve as nursery grounds for many animal species. Salt
marsh is an important component of the estuary, contributing organic and inorganic nutrients
to the water which enables them to support such an abundance of life.

There are many reports on the production of salt marsh communities (Odum, 1959, 1961;
McNaughton, 1966; Reimold and Linthurst, 1977). Phragmites longivalvis marshes have been
found to be highly productive in Korea (Oh, 1970; Kim ef al., 1972; Mun, 1984). This excess
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production is an important energy and nutrient source for surrounding areas (Odum and de la
Cruz, 1967). This is supported by Teal’s (1962) work in which he found that approximately 45%
of the production of a Georgia Spartina marsh was exported to surrounding waters.

Nutrient cycling in salt marshes has been found to be very complex due to the interaction
of many marsh components as well as the influence exerted by freshwater and tidal flow. Within
the salt marsh ecosystem, energy and carbon utilized by heterotrophs may be derived either
from materials imported with the tides or from plant materials produced i# situ. Grant and Patrick
(1970) reported that water flowing out from the marsh contained much less phosphorus and
nitrogen than the water flowed into the marsh earlier. Since then, saltmarsh processes of waste-
water purification are acknowledged (Patrick ef al., 1971; Sweet, 1971; Valiela and Teal, 1972;
Gosselink et al., 1974; Queen, 1977).

The objectives of this study were to estimate the production and nutrients absorption by salt
marsh plant communities, and to examine the possible role of salt marsh plants as waste-water
purifier at the Nakdong river estuary.

METHODS

The study area was described in a previous paper (Kim ef al., 1986). Three stands were
developed in this study site: Phragmites longivalvis, Carex scabrifolia and Zoysia sinica, which
were typical of salt marshes in the Nakdong river estuary. They were almost pure except for
the boundary areas which were mixed with both species adjoining each other. Most of this site
submerged at high tide except for some part of high area in P. longivalvis stand.

For estimation of above-ground biomass, we sampled 5, 20x 20 cm quadrats in each stand
at every month from March to November in 1984. Reed samples were cut into 30 cm length
from the base because the nutrient concentrations are different along the plant height. Rhizome
and root of reed were collected by hand after excavation of soil at 60 cm depth. A steel auger,
10 cm diameter and 30 cm height, was used for quantitative measurement of below-ground biomass
in Carex and Zoysia stands. There is yet not a reasonable method for the measurement of growth
of perennial herbs. We assumed that the annual root dynamics (increment and decrement) were
one-fourth of the average below-ground biomass according to Kucera et al. (1967). All the plant
samples were weighed after drying at 80°C for 48 hrs, and ground for chemical analysis. Soil
samples were collected every month in each stand and mud-flat. Soils were air-dried and sieved
with 2 mm sieve.

Total nitrogen in plant materials and soils was determined by a modified micro-kjeldahl method
(Wilde ef al., 1974). Plant phosphorus was determined by a wet digestion method (Allen et al.,
1974). Available phosphorus in soil was extracted with NH,F extracting solution, and measured
the absorbency at 660 nm with a spectrophotometer (Bray and Krutz, 1945). The amount of
nitrogen and phosphorus taken up by plants annually was calculated from nitrogen and phosphorus
contained in the newly produced below-ground biomass and in the above-ground biomass at the
time of peak standing crop.

RESULTS

Seasonal variations of standing crops for Phragmites longivalvis, Carex scabrifolia and Zoysia
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Table 1. Standing biomass, amounts of nitrogen and phosphorus immobilized by plants in each stand

Stand
P. longivalvis C. scabrifolia Z. sinica

Standing biomass (kg/m?)

above-ground 1.99 0.74 1.03

below-ground 3.49 1.20 0.92

total 5.48 1.94 1.95
Total amount of

N taken up by plants (g/m2.yr) 224 11.1 15.6

P taken up by plants (g/m?.yr) 2.2 2.9 2.1
Maximum standing quantity of

Nitrogen (kg/ha) 418.0 186.0 220.0

Phosphorus (kg/ha) 42.0 51.0 28.0

sinica stands were already figured in the previous paper (Kim ef al., 1986, Fig. 5). Out of them
the peak above-ground standing crops in P. longivalvis, C. scabrifolia and Z. sinica were 1.99
kg/m?, 0.74 kg/m? and 1.03 kg/m?, and the peak below-ground crops in them were 3.49 kg/m?,
1.20 kg/m? and 1.20 kg/m? respectively (Table 1). Much of these net production, however, were
removed by freshwater and tidal flow. Some of the reed removed by man. The average below-
ground biomass in each stand was 3.49 kg/m?, 120 kg/m? and 0.92 kg/m?, respectively (Table
1). The primary production and respiration loss in each stand were explained in the previous
paper (Kim ef al., 1986). In seasonal variations of nutrients nitrogen concentration of reed was
higher than those of other two plants (Fig. 1A). It was low at the very beginning of the growing
season (34.8 mg/g), increasing in April (38.8 mg/g), and then gradually decreased (8.0 mg/g).
Mun (1988) reported the same trend in the Miscanthus sinensis. Nitrogen concentration of C.
scabrifolia was 19.2 mg/g at the beginning of the growing season. It decreased till August (8.5
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Fig. 1. Seasonal changes of nitrogen in the unit weight of above-ground (A) and below-ground (B) plant
materials in study area. P. longivalvis stand (O——0), C. scabrifolia stand (O----- 0O), and Z. stnica
stand (6 ——@®@).
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Fig. 2. Seasonal changes of phosphorus in the unit weight of above-ground (A) and below-ground (B) plant
materials in the study area. Legends are the same as Fig. 1.

mg/g), and then increased in November (11.5 mg/g). This seems because new shoots are emerg-
ing in autumn. In case of Z. sinica, there was no significant seasonal pattern till September.
However, it increased to 14.0 mg/g in November. Seasonal pattern of phosphorus concentration
of P. longivalvis and C. scabrifolia was similar with that of nitrogen (Fig. 2A). However, that
of Z. sinica was somewhat different from other two plant species. It was low at the beginning
of the growing season (0.47 mg/g), increased to 2.21 mg/g in June, and then decreased to 0.56
mg/g in November. In case of C. scabrifolia, phosphorus content in plant tissue gradually decreased
till August, and then increased. Seasonal changes of nitrogen in the below-ground tissue were
similar among the plants (Fig. 1B). There was no significant seasonal patterns of phosphorus
in reed and Z. sinica. However, phosphorus content of C. scabrifolia roots showed significantly
seasonal pattern (Fig. 2B). At the beginning of the growing season, it amounted to 3.02 mg/g.
It decreased to 1.02 mg/g in June, maintained this through September, and then increased to
2.58 mg/g in November. This indicates that nitrogen and phosphorus uptake increased for the
new shoots growth in C. scabrifolia stand.

Soil nitrogen in mud-flat and Carex stand showed similar seasonal pattern. It decreased from
the onset of the growing season to July, and then increased (Fig. 3A). Seasonal soil phosphorus
varied from stand to stand (Fig. 3B). Soil phosphorus in Phragmites and Zoysia stands decreased
from the onset of the growing season to July, and then increased significantly. Soil phosphorus
in mud-flat and Carex stand, however, increased from the onset of the growing season till August,
and then decreased. Nitrogen uptake by plants during the growing season in P. longivalvis, C.
scabrifolia and Z. sinica stand amounted to 22.4 g/m?, 11.1 g/m? and 15.6 g/m?, respectively (Table
1). Nitrogen guantity in standing biomass in each stand was 418 kg/ha, 186 kg/ha and 220 kg/ha,
respectively. Phosphorus taken up by plants in each stand was 2.2 g/m?, 2.9 g/m? and 2.1 g/m?,
respectively. Phosphorus quantity in standing biomass in each stand was 42 kg/ha, 51 kg/ha
and 28 kg/ha, respectively.
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Fig. 3. Seasonal changes of nitrogen (A) and phosphorus (B) concentrations in the soil of the study area.
Mud flat (@------ ®). Other legends are the same as Fig. 1.

DISCUSSION

Natural salt marshes remain one of the least modified habitats in the world. Recently, however,
many estuaries are heavily industrialized so that pollution is a serious problem. Pollution with
sewage is a major problem in coastal areas (Valiela et al., 1975), which provide high-nitrogen
and phosphorus to them. It has been suggested that salt marshes could be used for the polishing
of effluents, as dilution sinks for treated and untreated sewage and industrial wastes, the vegetation
uptake nitrogen and phosphorus from the waste water before entering the sea (Pomeroy, 1977;
Long and Mason, 1983). Barnus ef al. (1975) reported that the Spartina alterniflora accumulated
high levels of cadmium, lead and zinc. Other workers have also reported improvements in water
quality as a result of the flow of polluted water across marshes (Valiela and Teal, 1972). The
nutrients immobilized by salt marsh plants can regenerate by decomposition processes which
proceed through long time. This action might be effecting in preventing immediate sea water
pollution.

Nitrogen and phosphorus uptake within a plant community are the results of above-and below-
ground production. The standing biomass in reed stand in this study area (5.48 kg/m?) was lower
than that of Eulsugdo (6.5 kg/m?) (Kim ef al., 1982). This difference might be due to the dif-
ferences of saline condition of the soils (Min and Kim, 1983), and soil nitrogen content (Valiela
and Teal, 1974). The soil nitrogen content in reed stand in this study area (average 0.94 mg/g)
was consistently lower than that in Eulsugdo (average 2.50 mg/g) (Kim ef al., 1982). Nitrogen
taken up by plants during the growing season in P. longivalvis, C. scabrifolia and Z. sinica stand
was 224 kg/ha, 111 kg/ha and 156 kg/ha, respectively. Nitrogen immobilized by P. longivalvis
was two times greater than that in C. scabrifolia [However, phosphorus immobilized by plants
in reed stand (22 kg/ha) was lower than that in C. scabrifolia stand (29 kg/ha). This is because
the phosphorus concentration in unit weight of plant materials in C. scabrifolia stand was con-
sistently higher than that in reed stand. Considering these large quantities of nutrients immobilized
by vascular plants, salt marsh vegetation can be used as waste-water purifier at the Nakdong
river estuary.
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