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Plant Distribution in Relation to Soil Properties of Reclaimed Lands
on the West Coast of Korea
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Plant species distribution was studied on five reclaimed lands and one intertidal flat (control) on the western coast of
Korea. Nineteen soil properties were analyzed. Of these, soil moisture, electrical conductivity, and levels of Na and Cl
had the greatest effect on plant distribution. The plant species were divided into four groups, according to the
amount of soil moisture found at their habitats. Triglochin maritimum and Typha angustata were found on the wettest
sites; Phragmites communis, Carex scabrifolia, Suaeda japonica, Zoysia sinica, and Salicornia herbacea in places with
relatively high moisture; Aster tripolium and Phacelurus latifolius in areas with medium levels of moisture; and Atri-
plex subcordata, Chenopodium virgatum, and Trifolium repens in the driest areas. The species also were divided into
four groups, according to the degree of soil electrical conductivity: Highest, S. herbacea, Limonium tetragonum,
Suaeda asparagoides, and S. japonica; Relatively high, A. tripolium, C. scabrifolia, P. communis, Artemisia scoparia,
and Z. sinica; Relatively low, Setaria viridis, C. virgatum, Sonchus brachyotus, A. subcordata, Calamagrostis epigeios,
and T. angustata; and Lowest, Imperata cylindrica var. koenigii, Aeschynomene indica, Lotus corniculatus var. japoni-
cus, and T. repens. On reclaimed land, plant species were found in zones, according to the degree of desalinization
(i.e., levels of Na and Cl).
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Tidal flats on the western coast of Korea are being been studied on reclaimed lands (Feekes, 1936,

converted to reclaimed land (Min and Kim, 1997a). 1943; Zuur, 1961; van der Toorn et al., 1969; Beeft-
This reclaimed land has characteristics of both coastal ink, 1975; Gray, 1974, 1977). Joenje (1979) moni-
soils, i.e., similar ion composition (Ungar, 1974) and tored the invasion of plant species and accompanying
inland salt marshes, (tide cutoff; Ranwell, 1972; Dis- changes in soil properties in the early stages after rec-
raeli and Fonda, 1979; Noordwijk-Puijk et al., 1979). lamation. In Korea, several aspects involved in land
After reclamation, sediment becomes the common reclamation have been investigated, including soil
soil as soil salts leach over time (Agricultural Develop- properties and desalinization patterns (Chang and

ment Corporation (ADC), 1986; Min and Kim, 1997a, Lee, 1978; Min et al.,, 1989; Min and Kim, 1997a,
1997b). The rate of leaching is proportional to rain 1997b); ecological properties of halophytes and soil
intensity, soil texture, and topography (Chang and amelioration (Hong et al., 1969a, 1969b, 1970); crop
Lee, 1978; Noordwijk-Puijk et al., 1979; ADC, 1986; cultivation (Cha and Choi, 1966; im, 1969, 1970a,
Min and Kim, 1997a). 1970b; Im et al., 1969, 1971a, 1971b; Im and

Plant species growing in intertidal flats or reclaimed Hoang, 1970, 1977; Im and Lim, 1970; Kim, 1971,
lands differ in their inherent salt tolerance (Waisel, 1980, 1982); the relationship between halophyte dis-
1972; Ihm and Lee, 1985, 1986; lhm, 1987; Ihm et tribution and soil environment (Kim and Song, 1983);
al., 1995a, 1995b). Therefore, vegetative zonations plant productivity and mineral cycling (Kim and Min,

follow lines of topography or according to the dis- 1983; Min and Kim, 1983; Ryu and Kim, 1985); and
tance from the high water mark to sites farther inland. energy flow (Kim and Ryu, 1985).
This is because soil salt concentrations vary by alti- Plant distribution has been studied on intertidal flats
tude or by the amount of inundating seawater (Pen- (Hong, 1956; Kim et al., 1975; |hm, 1987; Lee,
found, 1952; Mall, 1969; Jefferies, 1972). 1990), but litde research has been done for plant
Changes in soil properties and vegetation have populations on reclaimed lands. The purpose of this
study was to identify the patterns of plant distribution
*Corresponding author; fax +82-2-796-2857 as they are influenced by soil properties and soil envi-
e-mail bmeemin@hanmail.net ronment on reclaimed land.
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STUDY AREA AND METHODS

This study was conducted at one intertidal flat and
five reclaimed sites on the western coast of Korea
(Fig. 1). One additional research area was added to
those described by Min and Kim (1997a, 1997b).

1) Intertidal flat (control): The Namdong area (Non-
hyen-dong, Nam-gu, Incheon city, 37° 24’ N, 126°
42’ F) contained a vast intertidal flat to the south,
embankments west and east, and a low, hilly area to
the north. The main research site comprised the
intertidal flat and a band 3 m wide along the mean
high water mark. This land had not been reclaimed,
but was selected for study as being representative of
the prereclamation condition.

2) Reclaimed land: The five areas included Hyun-
dai A (1 year since reclamation), Hyundai B (2 years),
Jangdeog (8 years), Mado (12 years), and Baegseog
(30 years). These sites were described previously (Min
and Kim 1997a, 1997b).

Soil and plant samples were taken in July of 1984.
Selection of the sampling sites was based on topogra-
phy and vegetation. The criteria for choosing plants

2
s ftj:. NG DEOG
7N

PALTAN ™

J. Plant Biol. Vol. 42, No. 4, 1999

was that the vegetation should be homogeneous and
found in pure stands >2 m in diameter. Each patch
also had to contain at least five plants of a particular
species. As a result, 17 sites were chosen at Nam-
dong, 17 at Hyundai A, 51 at Hyundai B, 60 at Jan-
gdeog, 64 at Mado, and 58 at Baegseog. At each site,
10 subsamples were chosen within a 25 X 25-cm
quadrant. The amount of coverage was determined
for each species and the aboveground portions of the
sample plants were removed. These samples were
oven-dried at 80°C for 48 h and then weighed.

Soil samples were taken at depths of 2 cm to 15
cm, and the topsoil was discarded. Moisture content
was measured immediately, and then the soil samples
were air-dried in the shade. Samples to be used for
bulk density, porosity, and aerated porosity determi-
nations were placed in plastic sleeves 10 cm long and
1 cm wide. The following steps were taken to analyze
soil properties:

1) Moisture content was calculated from fresh and
dry weights after the samples were oven-dried at
105°C for 72 h.

2) Bulk density was calculated from dry weight and
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Figure 1. Study areas: Namdong (control), Hyundai A (1 years old), Hyundai B (2 years old), Jangdeog (8 years old), Mado (12

years old), and Baegseog (30 years old).
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volume. Particle density, porosity, and aerated poros-
ity were measured, using a 100-mL volumetric flask
and H,O in a 4°C cold room.

3) Organic matter was calculated according to the
amount of weight lost after the samples were kept in
a muffle furnace for 4 h at 550°C.

4) Total nitrogen was measured by the micro-
Kjeldahl method. Available phosphorus was deter-
mined according to the stannous-reduced molyb-
dophosphoric blue color method, in which samples
were extracted with a 0.002 N H,S0O, solution and
shaken for 30 min. Measurements of pH, soil texture,
and ions were made as described previously (Min
and Kim, 1997a, 1997b).

RESULTS AND DISCUSSION

Plants Distribution as Influenced by Soil Proper-
ties

The plant distribution ranges and mean values for
soil properties are shown in Figure 2. The seven main
soil properties that affected plant distribution were
soil moisture content, electrical conductivity, pH, and
chloride, sodium, calcium, and magnesium contents.

At Namdong (control, not reclaimed), plant species
were distributed in the order of (from wettest to driest
site): Phragmites communis, Carex scabrifolia, Aster
tripolium, Zoysia sinica, Limonium tetragonum, Arte-
misia scoparia, and Suaeda japonica. However, most

moisture content (%)
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of these plants grew in a wide range of sail, and dif-
ferences in moisture content were minimal among
species. This was probably because the area was an
intertidal flat, continually inundated with seawater at
high tides.

At Hyundai A (1 year post-reclamation), the soil
moisture content for all sites was similar, except
where Z. sinica grew. However, at Hyundai B (2
years), species were divided among three habitat
groups, according to soil moisture content: Low, L.
tetragonum, Carex pumila, Calamagrostis epigeios,
and Chenopodium virgatum; Medium, Atriplex sub-
cordata, Z. sinica, Salicornia herbacea, S. japonica, S.
asparagoides, P communis, and Typha angustata; and
High, Triglochin maritimum, C. epigeios. and A. tripo-
lium. The differences in moisture content among
groups, however, were below 10%.

At Jangdeog (8 years) and Mado (12 years), the
range of plant distribution was narrow, and differ-
ences in species habitats were few. At Baegseog (30
years), however, the distribution range was distinct
and conspicuous. The order of species, from xeric to
wet habitat, was: Trifolium repens, Aeschynomene
indica, Lotus corniculatus var. japonicus, Setaria viridis,
Sonchus brachyotus, A. scoparia, L. tetragonum, Z.
sinica, C. epigeios, A. tripolium, Imperata cylindrica
var. koenigii, C. scabrifolia, S. japonica, Phacelurus lat-
ifolius, S. herbacea, P communis, L. tetragonum, and
T angustata.

The distribution ranges for plant species across soil
moisture content are shown in Figure 3 (left). First, T.
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Figure 3. Mean (circle) and range (line) of distribution for plant species in relation to moisture content (left) and electrical con-
ductivity (right) of the soil. Abbreviations of species are defined in Figure 2.



Plant Distribution in Reclaimed Land 283

angustata and T. maritimum grew in stagnant water,
and low soil moisture content was a limiting factor.
Second, P communis, C. scabrifolia, S. japonica, Z.
sinica, and S. herbacea were found in a broad range
of soil moisture contents, but preferred wet habitats.
Third, A. tripolium, L. tetragonum, A. scoparia, C.
epigeios, S. viridis, Suaeda asparagoides, S. brachyo-
tus, A. indica, and L. corniculatus var. japonicus grew
in a mesic habitat. Fourth, A. subcordata and C. pum-
ila were found in a xeric habitat, where high soil
moisture was a limiting factor.

Salicornia grows well in wetlands (Waisel, 1972) or
intertidal flats (Hinde 1954, Beeftink 1977), and pre-
fers non-flooding areas (Brereton, 1971). S. japonica
is a species characteristic of the Sino-Japanese group
(Chapman, 1975), and grows in the intertidal flat
(Hong, 1956), preferring inundation by seawater
(Walter, 1968; Reimold and Queen, 1974). T mariti-
mum and P communis are found in various habitats,
including seawater, brackish or fresh water, and areas
with periodic inundation or stagnant water (Waisel,
1972; Ungar, 1974). In contrast, Aster, Atriplex, and
Limonium grow in non-flooding habitats (Branson et
al., 1967; Waisel, 1972; Beeftink, 1977). Because the
species preference for habitat shown in our study
resulted from a narrow range of tolerance to seawa-
ter, zonations were formed according to altitude from
the mean high water mark.

Distribution patterns were also determined, in part,
by pH, although these species ranges varied by area.
Most plants grow well in soils with pH from 4.0~ to
9.0 (Arron and johnson, 1942; Small, 1946). In addi-
tion, Salicornia and Suaeda grow especially well in salt
marshes where pH is between 7.0 and 9.0 (Ungar
and Capilupo, 1968). The pH at our study sites
ranged from 6.37~ to 7.70; soil pH, therefore, was
not a limiting factor.

The distribution range varied for absolute value of
soil electrical conductivity (EC) by species and by
area, but the relative order of distribution for each
species with a particular value was similar in all six
areas (Fig. 1). The differences in EC values among
plant species were small at Namdong (control),
Hyundai A (1 year), and Hyundai B (2 years), but
large at Jangdeog (8 years), Mado (12 years), and Bae-
gseog (30 years).

The distribution ranges for each species, by EC
value, are summarized in Figure 3 (right). Four groups
of soil EC values were identified, based on plant dis-
tribution patterns at reclaimed sites. First, very high
values (>1.52 mmho) were found at sites where S.
herbacea, S. asparagoides, S. japonica, and L. tet-

ragonum grew. These species, especially S. herbacea,
are tolerant of high soil salinity. Second, A. tripolium,
C. scabrifolia, R communis, A. scoparia, and Z. sinica
grew in areas with relatively high EC values (0.50 to
1.51 mmho). Third, relatively low EC values (0.20 to
0.50 mmho) were found in areas with S. viridis, C. vir-
gatum, S. brachyotus, C. epigeios, A. subcordata, and
T. angustata. These species appeared during the early
stage following reclamation. in the fourth group, the
glycophytic species I. cylindrica var. koenigii, A. indica,
L. corniculatus var. japonicus, and T. repens grew in
areas with very low EC values (<0.20 mmho).

Salicornia is a characteristic halophyte that grows
only in saline areas because of its tolerance to high
salinity. However, it shows weak competition with
other species (Rawson and Moore, 1944; Ungar,
1965; Waisel, 1972; Reimold and Queen, 1974).
This genus inhabits intertidal flats, inland salt marshes,
and inland salt deserts (Chapman, 1975; Ferrari et al.,
1985). Suaeda, Atriplex, and Triglochin also grow in
high-saline areas (Svenson, 1927; Beadle, 1952;
Waisel, 1972; Ungar, 1974) and are highly salt-toler-
ant (Hong, 1956; thm and Lee, 1986; Ihm, 1987).

The plant distribution patterns, as influenced by
levels of soil Na and Cl, were similar to those associ-
ated with EC. This was because the correlation coeffi-
cients between EC and Na or Cl were very high, as
reported by Min and Kim (1997a, 1997b). In addi-
tion, Mg and Ca were constituents in the saline soil,
but at levels less than for Na or Cl ions. Mg and Ca
contents did not influence plant distribution in the
reclaimed areas.

In this study, the distribution patterns for most spe-
cies were not influenced by bulk density, porosity,
aerated porosity, organic matter, total nitrogen, avail-
able phosphorus, or soil texture.

Standing Crops in Relation to Soil Moisture Con-
tent and EC

To verify the performance of each species that
invaded the reclaimed lands, we calculated correla-
tion coefficients between standing crops and soil fac-
tors (i.e., moisture content and EC value). Those traits
common to our six study areas are shown in Table 1.

Correlation coefficients (CC) between phytomass
and EC were positive in populations of S. japonica, S.
asparagoides, S. herbacea, and A. subcordata, but
negative in C. epigeios, P communis, A. scoparia, and
S. brachyotus populations. The CCs between phyto-
mass and soil moisture content were positive for S.
japonica, S. asparagoides, L. tetragonum, C. epigeios,



284 Min and Kim

J. Plant Biol. Vol. 42, No. 4, 1999

Table 1. Growth of plant species along the gradients of electrical conductivity (EC) and moisture content (WC) of the soil.

CC between CC between WC and phytomass
EC And phytomass + 0 -
' + S. japonica, S. asparagoides, A. subcordata S. herbacea ’
0 L. tetragonum C. scabrifolia I. oylindrica var. koenigii, A. indica
- C. epigeios P . communis A. scoparia, S. brachyotus
N A. tripolium

+, positive; 0, unaffected; —, negative; N, normal distribution curve.

and A. tripolium, but negative for I. cylindrica var.
koenigii, A. indica, A. scoparia, and S. brachyotus. In
particular, the phytomass of A. tripolium showed a
normal distribution curve for EC value. This species
probably appeared during the early stage after recla-
mation.

Received September 29, 1999; accepted November 18, 1999.
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