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a b s t r a c t
We investigate the effects of water level and soil type on the survival and growth of Persicaria thunbergii during the recruitment phase. Plants in four early growth stages (uprooted seed, seedling with
cotyledon, seedlings with two and four foliage leaves) were planted under combined conditions of six
water levels (dry, wet, ﬂooding) and two soil types (loamy sand, sand). Six weeks later, the survival rates,
plant heights and biomass were measured. The uprooted seeds survived under water levels lower than
6 cm. The seedlings in other growth stages could not overcome water levels twice their height. Under dry
conditions, the plant height and biomass were higher in sand than in loamy sand, yet under saturated
conditions, the opposite result was obtained. The water level relative to seedling height was the most
critical factor for early survival, and seedling growth was also affected by soil type. Thus, P. thunbergii in
constructed wetlands can be removed during the seedling recruitment phase using water level regulation.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction

2. Materials and methods

Persicaria thunbergii (Siebold & Zucc.) H. Gross ex Nakai is an
annual Polygonaceae herb. This plant inhabits not only ﬂooded
environments with few environmental changes (Yun, 2007; Oh
et al., 2010) but also streams and canals, which are unstable due
to frequent hydrological disturbances (Park et al., 2009), with high
resilience to ﬂooding disturbance (Kim et al., 2012). P. thunbergii
is occasionally problematic in constructed wetlands (Kim et al.,
2011; Choe et al., 2010). Wetlands are especially vulnerable to
plant invasion due to frequent disturbance and high nutrient levels
(Rejmankova, 2011), and P. thunbergii can become the dominant
species in constructed wetlands. However, there have been few
ecological studies on P. thunbergii, and the lack of data makes it
difﬁcult to understand its ecological characteristics and manage its
prevalence in wetlands.
To develop a technique for managing this plant, we focused
on its ecological characteristics during its early life history. Early
life-history components are very important for the distribution
of wetland plants (Weiher and Keddy, 1995; Nicol and Ganf,
2000), especially annual plants (Noe and Zedler, 2001). This study
attempts to determine the effects of water level and soil type on
the survival rate and growth of P. thunbergii in early growth stages.

2.1. Experiment 1. Survival and growth of seedlings under
combined conditions of water level and soil type
Seeds were collected during early March in Boonwon-ri,
Namjong-myon, Gwangju, Gyeonggi-do, Korea and incubated in
a light glasshouse until they formed seedlings with cotyledons
(3 cm high). They were planted in plastic trays (20 cm × 20 cm)
under combined conditions of six water levels and two soil types.
The water levels included soil moisture of 5% and 10% (dry) and
water levels of 0 cm (water-logged), 3 cm, 6 cm and 9 cm above the
soil surface (ﬂooding). The water was clear, and the temperature
was not regulated during the study. The soil types included two
treatments: loamy sand (2.26% organic matter) comprised of 1:1
mixtures of bed-soil (for rice seedbeds, Dongbuhannong, Korea)
and sand, and sand (0.89% organic matter) comprised of 1:5 mixtures of bed-soil and sand. All conditions had three replicates. Six
weeks later, we measured survival rates and the plant heights and
biomass of the surviving individuals. For the statistical analysis, we
used multi-way ANOVA and Duncan’s post hoc test (SPSS 17.0) at
the 5% signiﬁcance level.
2.2. Experiment 2. Survival rates for different water levels during
the early growth phase
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To identify the relationship between the survival rate and water
level during early life history, plants were divided into four early
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growth stages: uprooted seed, seedlings with cotyledon (3 cm
high), seedlings with two foliage leaves (7 cm high) and seedlings
with four foliage leaves (13 cm high). The uprooted seeds were
subjected to four ﬂooding depths: water levels of 0 cm, 2 cm, 4 cm
and 6 cm above the soil surface. The other three stages were subjected to four conditions: water levels of 0 cm, the same level as the
plant height, and levels of twice and three times the plant height.
Three seedlings or uprooted seeds were planted per pot (˚ = 15 cm)
in loamy sand, and three replicates were performed. Experiments
were conducted from 5th May to 9th June. For the statistical analysis, we used one-way ANOVA and Duncan’s post hoc test or an
independently sampled T-test (SPSS 17.0) at the 5% signiﬁcance
level.
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3. Results
3.1. Experiment 1. Survival rates and growth characteristics of
seedlings under combined conditions of water level and soil type
Most seedlings planted at soil moistures of 5% or 10% or water
levels of 0 cm and 3 cm survived. All seedlings planted at water
levels of 6 cm and 9 cm died (Fig. 1A). Regarding plant height and
biomass, there were interaction effects between water level and
soil type at the 5% signiﬁcance level (Fig. 1B). Under dry conditions,
plant height and biomass were lower in the loamy sand than in
sand. Under water-rich conditions, plant height and biomass were
higher in the loamy sand than in sand.

Fig. 1. (A) Survival rates of seedlings under combined conditions of water level and soil type. (B) Plant height and biomass under dry conditions (soil moistures of 5% and
10%) and water-rich conditions (water levels of 0 cm and 3 cm). Loamy sand was 1:1 mixture of bed-soil:sand; sand was a 1:5 mixture of bed-soil:sand. Vertical bars indicate
±SE.
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and 0 cm and 13 cm, respectively (Fig. 2A). This ﬁnding indicates
that seedlings can survive at water levels that are lower than their
height. However, all seedlings with cotyledon, two foliage leaves
and four foliage leaves died at water levels of 6 cm and 9 cm, 14 cm
and 26 cm, and 26 cm and 39 cm, respectively.
4. Discussion
4.1. Survival and growth characteristics of P. thunbergii during
the recruitment phase

Fig. 2. Survival rates (A) and plant height (B) and biomass (C) of the uprooted seeds,
seedlings with cotyledon, seedlings with two foliage leaves, and seedlings with four
foliage leaves under four ﬂooding conditions relative to seedling heights. Vertical
bars indicate ±SE. Alphabetic characters indicate signiﬁcant differences at the 5%
level based on Duncan’s groups. Meaningful T-test results at the 5% level are marked
with *.

3.2. Experiment 2. Survival rates for different water levels during
the early growth phase
In the case of the uprooted seed, many organisms survived at
water levels of 0 cm, 2 cm and 4 cm above the soil surface. However,
the survival rate was only 14% at a water level of 6 cm (Fig. 2A).
Although the surviving individuals at a water level of 6 cm appeared
taller than the others (Fig. 2B), they were etiolated. The biomass of
the surviving plants at water levels of 2 cm, 4 cm and 6 cm were
50%, 39% and 2% of that found at a water level of 0 cm, respectively
(Fig. 2C). The maximum water level for the survival of uprooted
seeds was approximately 4 cm, and growth was inhibited when
the water level was more than 4 cm above the soil surface.
The seedlings with cotyledon, two foliage leaves and four foliage
leaves survived at water levels of 0 cm and 3 cm, 0 cm and 7 cm,

This study investigated the survival traits of P. thunbergii during
the early growth phase. In experiment 1, the seedlings survived at
water levels of 0 cm and 3 cm but died at water levels of 6 cm and
9 cm (Fig. 1A). In experiment 2, the survival rate of uprooted seeds
at a water level of 6 cm was only 14%, and the surviving organisms
were on the verge of death (Fig. 2A). Kim et al. (2012) reported
that the maximum water level of the P. thunbergii habitat was
4.8 cm. Our results are consistent with their results and indicate
that a ﬂooding condition of less than 5 cm was the maximum water
level for survival of this plant during recruitment phase in the ﬁeld.
The relationship between seedling survival and water level became
more obvious in experiment 2 (Fig. 2A). The survival of seedlings
was related to both water level and seedling height. Seedlings did
not overcome water levels twice their height. This result may seem
to be common sense, but the fact that seedlings of all stages have
the same resistance to ﬂooding conditions is very important and
useful, especially for wetland vegetation management.
This study also found that the growth characteristics at different
water levels are clearly affected by soil type. Under dry conditions,
the seedling height and biomass are higher in sand than in loamy
sand. However, under water-rich conditions, the seedling height
and biomass are higher in loamy sand than in sand (Fig. 1B). This
difference might be related to the soil texture and organic matter
content. The organic matter content of loamy sand and sand were
2.26% and 0.89%, respectively. Although we did not measure the
available water content of each substrate, soil researchers have suggested that soil water retention differs by soil texture, with loamy
sand retaining more water than sand (Cosby et al., 1984; Rawls
et al., 1982). Thus, under dry conditions, the limiting factor for plant
growth might be the available water. However, under water-rich
conditions, the limiting factor might be available nutrients rather
than available water. Thus, different management plans according
to soil environment are necessary.
4.2. Critical factor for P. thunbergii survival and management
practice in constructed wetland
It is well known that water is the most crucial factor for wetland
plants. Water depth and ﬂuctuation are clearly of greater importance than other factors, especially during the germination and
establishment phases (Weiher and Keddy, 1995). Different species
are specialized for different areas of the moisture gradient during
the recruitment phase (Keddy and Ellis, 1985; Coops and Van Der
Velde, 1995; Nicol and Ganf, 2000). Especially for annual plants,
germination and establishment are critical for plant assemblages
(Noe and Zedler, 2001). Therefore, understanding the ecological
characteristics of the early phases of each plant is very important
for wetland management. In this regard, this study provided additional support for the importance of water conditions for wetland
annual plants. Additionally, this study contributes the practical
information that P. thunbergii in constructed wetlands can be easily
removed during the seedling recruitment phase using water-level
regulation.
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5. Conclusions
The water environment is the most critical factor for the survival
and growth of P. thunbergii seedlings. They cannot overcome water
levels that are 4–6 cm above the soil surface. They were able to survive at water levels equal to their height but not water levels twice
their height. The growth characteristics at different water levels are
clearly affected by soil type. Thus, P. thunbergii in constructed wetlands can be easily removed during the early growth phase using
water level regulation, and different management plans should be
designed according to the soil environment.
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