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ABSTRACT

Effects of water levels and soil nutrients
on the growth of Iris laevigata seedlings

Eun Hye, Lee
Major in Biology Education
Dept. of Science Education
The Graduate School
Seoul National University

Iris laevigata is geographically restricted and legally protected as
a 2nd-grade endangered plant species in Korea. In this study, a
mesocosm

study

was

conducted

to

examine

the

effects

of

environmental factors such as water levels and soil nutrient
conditions on the growth and survival of I. laevigata seedlings.
Complete submergence lowered the total number of leaves, biomass
and survival rate. A rise in soil nutrients increased overall seedling
growth and increased tiller numbers via the promotion of asexual
reproduction. Also, we found that the lowest measured values of
seedlings are associated with the negative interaction of low-soil
i

nutrients and high-water level. I. laevigata seedlings, however, are
distributed in low-nutrient habitats such as floating mat, even though
they do not grow well under these conditions. This study suggests that

I. laevigata does not prefer low nutrient condition but choose another
benefit such as low competition. Also, the water level must be lower
than the seedling height for effective growth and management I. laevigata.

Keywords: Iris laevigata, endangered species, water levels,
soil nutrients, seedling establishment
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I. INTRODUCTION

In

many

ecosystems,

higher

biodiversity

enhances

productivity and stability of ecosystem (Isbell et al. 2011,
Corcoran and Boeing 2012, Isbell et al. 2015). Each species
differently contributes to the community with complementary
functions, and positive interactions of species could promote
ecosystem function (Lawton 1994, Wohlgemuth et al. 2017).
However, global environmental changes such as climate change,
invasive species, excessive exploitation and pollution have
continuously decreased biodiversity (Butchart et al.

2010).

Especially, rare species which have relatively less numbers and
range sizes are much more vulnerable to the environmental
changes (Gaston 1994). Therefore, rare species are particularly
likely to disappear at first as the biodiversity is declined.
Recent studies have emphasized that rare species have large
impacts on ecosystems and the ecological consequence of losing
rare species would be worse than expected (Lyons et al. 2005,
Richardson et al. 2012, Jain et al. 2014). Mouillot et al. (2013)
reported

that

some

vulnerable

ecosystem

functions

are

overwhelmingly supported by rare species even in highly diverse
ecosystems using extensive datasets of species occurrences and
functional traits from alpine and tropical ecosystems. Another
study provided empirical evidence that the removal of rare plant
1

species led to greater invasion by exotic grass species (Lyons
and Schwartz 2001). These results show that conservation of
rare species is essential for improving biodiversity and
ecosystem functions.
The

conservation

of

rare

species

should

begin

by

understanding ecological traits of early life-history along
environmental gradient (Molina 2013). Early life-history stages
are critical first step that determine plant population development
and community structure and sustainability ultimately (Chen and Xie
2007, Baeten et al. 2009). On the other hand, early life-history
stages are the most vulnerable period on environmental stress
(Leck et al. 2008). Therefore plant species could be rare and
endangered because their early-life history stages are disturbed
or limited (Gulias et al. 2004). Also, there is a difference in the
environmental range of seedlings and mature plants, seedlings
often do not show a better growth where the mature plants
customarily occur (Rabinowitz 1978, Kellogg 2003). This
indicates the need for detailed studies focused on the effect of
environmental gradient on the early life-history of rare plants.
Wetlands are species-rich ecosystems. The freshwater
wetland ecosystems, for example, cover only 1% of the total
world surface, but hold ~40% of the world’s species (Cannicci
and Contini 2009). In addition, individual wetland also can be
extremely important in supporting a number of rare, even
2

endangered species. Indeed, wetlands are used as an essential
habitat for 60% of threatened species and 40% of endangered
species (National Institute of Environmental Research 2001).
However, wetlands are one of the most threatened habitats
because of their vulnerability and attractiveness for their
development (Keddy 2010). So there is clearly an urgent need
to pay more attention to conservation of rare species in wetland
ecosystems.
The genus Iris (Iridaceae) comprises more than 300 species,
and it has long been used for ornamental and medical purposes
(Rodionenko 1987, Wang et al. 2010). Because of its high
horticulture and pharmaceutical value, previous studies in Iris
focused mainly on breeding and plant constituents (Morita et al.
1973, Laublin et al. 1991, Nasim et al. 2003, Boltenkov and
Zarembo 2005).
There are 23 species found in Korea, and 11 species of which
consist of endemic, rare, and endangered species, accounting for
approximately 50% in total (Korea Forest Service and Korea
National Arboretum 2008, National Institute of Biological
Resources 2017). Although Iris is more threatened to survive
than any other taxon in Korea, the ecological research on rare

Iris is only a few (Cheon et al. 2010, Pi et al. 2016, Lee et al.
2015, Kim et al. 2017).

Iris laevigata Fisch. is a northern submerged aquatic plant
3

with the distribution restricted to a particular geographic area in
Korea. Due to its endangered status, it has been designated as a
2nd grade endangered plant species in the country since 2012
(Ministry of Environment 2012).
Water level is the most important factor affecting seedling
survival and establishment of submerged plants (Nicol and Ganf
2000, Fraser and Karenzis 2005, Kwon et al. 2007). Optimum
water level for germination and seedling establishment may vary
from aquatic plants (Keddy and Ellis 1985). March is the time
when most aquatic irises germinate and the each of mean value
about the water levels of two natural habitats on March is 6 ± 2cm
(± SD), 10 ± 4 cm (± SD) (Lee and Kim 2014). However,
there is no previous study about the establishment mechanism of

I. laevigata at this water level.
In Korea, I. laevigata grows as a floating mat when the
seasonal water level fluctuations are less than 10 cm, and available
nutrients to the plants are low (Kim et al. 2013b, Lee and Kim
2014). Plant growth and development generally depends on the
nutrients derived from the soil, water or air. Soil is a major source
of nutrients for plant, and high soil nutrients lead to increase of
plant growth and productivity (Barbour et al. 1998). But some rare
species tend to be restricted to a poor nutrient habitat because of
more specialized resource requirements or a limited range of
physiological tolerance levels (Gaston and Kunin 1997). To the
4

best of out knowledge, no previous study has examined the
relationship between the rarity of I. laevigata and soil nutrients.
In this study, I focused on independent and potentially
interacting effects of two environmental factors i.e., water levels
and soil nutrients on the growth of I. laevigata seedlings. The
specific objectives are (1) to determine the impact of water
levels and soil nutrients on the growth of I. laevigata seedlings
and (2) to provide specific ecological information about I. laevigata
population management through examination of the seedlings.

5

II. MATERIALS AND METHODS

2.1 Study material
The seeds of I. laevigata collected from a natural habitat in
Goseong-gun, Gangwon province in August 2014 as an EcoInnovation project of Ministry of Environment were used. Seeds
were sealed in a plastic bag and stored under humid and dark
condition at 4 °C until the start of each experiment. Based on
conditions that gave highest germinations and survival rates in a
preliminary experiment, seeds were germinated, and seedlings
were grown in a growth chamber (25 °C / 15 °C, 14h
photoperiod, sand substrate) for 2 weeks. Seedlings were
adjusted to experimental conditions for 1 week to reduce
transplant stress. For experiment, the selected three-weeksold seedlings with the height of 10 ± 2 cm (± SD) were used.

2.2 Growth conditions
This research was conducted from June to September 2017,
in Seoul National University (37°27'33" N, 126°57'23" E, 118 m
above sea level, Seoul, South Korea). During the experiment, air
temperature of experimental site was measured hourly by Hobo
data logger (Part U23-001, Onset Corp., Pocasset, MA) and
climate

data

were

obtained

administration.
6

from

Korea

meteorological

The maximum value of monthly precipitation sum occurred
in July (621 mm) (Fig. 1). The maximum and minimum air
temperature were 30.3 °C and 19.2 °C, respectively (Fig. 1).
There was no the significant temperature difference between the
experimental site and one of natural habitats, Goseoung.

Figure 1. Monthly mean temperature and precipitation sum in experimental site
and Goseoung from June to September, 2017.

2.3 Experimental treatments
The seedlings were planted under the combination of three
water levels and three soil nutrient conditions.
Water levels were adjusted to 10 cm below (Group -10), 0 cm
(Group 0) and 10 cm above (Group +10) the soil surfaces. Water
level refers to the height of the selected seedlings and the
environment of the natural habitat (Kim et al. 2013b, Lee and
7

Kim 2014).
The soil nutrient conditions consisted of sand (Low, Group
L), 1: 4 mixture of nursery soil (Dongbu-Hannong, Korea) and
sand (Mid, Group M), and 1: 1 mixture of nursery soil and sand
(High, Group H). Low and mid-soil nutrient settings refer to the
habitual environment of Iris species such as I. pseudacorus ,

I. setosa and I. ensata in wetland (Engin et al. 1998, Nash and
Stroupe 2003, Lee and Kim 2014).
The seedlings were transplanted individually into pots
(diameter 13.5 cm, height 12 cm), and three pots were placed in
a container (44 cm W × 27 cm L × 30 cm H) with a hole for
water-level treatment. There were twelve replications of each
treatment.
Because many of young seedlings died in pilot experiments,
hydrology treatment was added 1 week after transplantation.
The water level was checked every day and maintained at the
same level throughout the investigation. From June to August,
the water was replaced once a week because of algae blooms.
The soil was sampled before and after the experiment for
analysis of soil nutrients. NO3- N, NH4- N in the soil were
extracted with a 2 M KCl solution (Kim et al. 2004) and PO4-P
was extracted with Bray No.1 solution (Bray and Kurtz 1945).
NO3- N, NH4- N and PO4- P in the extracted soil solution were
analyzed with the hydrazine method (Kamphake et al. 1967),
8

indo-phenol method (Murphy and Riley 1962), and ascorbic acid
reduction method (Solorzano 1969), respectively.
All nutrients in Group L were very low compared to other
groups (Table 1). Group H contained an average of 2.54 times
nitrate, 2.9 times ammonium and 2.3 times phosphate compared
with Group M. After the experiment, all soil nutrients were lower
than those before the experiment. However, the gradient of soil
nutrients increasing from Group L to Group H was consistent
from the beginning to the end of the experiment.

9

Table 1 Nitrate, ammonium and phosphate contents in soil used before and after experiment (average ± SD)
Soil
Nutrient
levels

Time
Before

L

-10 cm
0 cm
+10 cm

After
Before

M

-10 cm
0 cm
+10 cm

After
Before

H

After

-10 cm
0 cm
+10 cm

NO3-N
(mg/kg)

NH4-N
(mg/kg)

PO4-P
(mg/kg)

1.35 ± 0.05
0.15 ± 0.02
0.13 ± 0.02
0.17 ± 0.04
23.92 ± 2.25
0.27 ± 0.04
0.17 ± 0.01
0.26 ± 0.05
60.87 ± 1.98
0.94 ± 0.56
0.36 ± 0.23
0.55 ± 0.35

0.40 ± 0.06
0.54 ± 0.09
0.60 ± 0.08
0.80 ± 0.10
33.38 ± 1.64
1.91 ± 0.63
1.41 ± 0.26
3.37 ± 1.75
96.80 ± 3.70
20.09 ± 6.50
16.81 ± 4.69
26.64 ± 3.40

4.46 ± 0.13
4.22 ± 0.22
3.62 ± 0.29
3.83 ± 0.37
24.31 ± 0.89
19.29 ± 2.49
19.60 ± 1.48
20.97 ± 1.54
56.94 ± 1.00
39.47 ± 4.24
34.85 ± 0.99
32. 77 ±8.59
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2.4 Measurements
The survival, height and longest leaf width were measured twice a
week, and total number of leaves on each plant were measured once in
three weeks until harvest. Before harvest, measurements were made
of the longest leaf area and tiller numbers. All the measurements were
carried out on non-senescent and non-destroyed leaves. The survival
was estimated by assuming that an individual plant died from the time
of visible degeneration of the leaves. The longest leaf width were
measured across the widest part of the leaf. The height data were fitted
to sigmoid curves using SigmaPlot 14 software (Systat Software Inc.,
San Jose, CA, USA).
Plants were harvested at the end of September, after 16 weeks of
transplantation. The harvested plants were separated into below and
above-ground and dried for over 48 h at 70 °C. After drying, the
biomass was determined by dry-weight measurements.

2.5 Statistical analysis
Survival data was analyzed by Chi-squared tests at P < 0.05
levels of significance to compare groups that had received
experimental treatments. To determine the effect of water levels
and soil nutrients on the growth of I. laevigata seedlings, the data
were analyzed using analysis of variance (ANOVA) and post-hoc
Scheffé’s tests at P < 0.05 levels of significance. All analyzes were
done using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA).
11

III. RESULTS

3.1 Survival
All the I. laevigata seedlings survived for about 2 weeks after
treatments (Fig. 2). Most seedlings in Group -10 and Group 0
survived until the end of experiment. However seedlings of
Group +10 gradually died over time. In Group +10 / H, half of
seedlings died within about 40 days, and 1/3 of seedlings of Group
+10 / L and Group +10 / M died within 7 weeks after treatments.
As a result of Chi-squared test, the survival difference was
significant (χ2 = 30.66, df = 8, P < 0.001).
The survival rate did not decrease any more after 7 weeks
of treatments. At that time, the height of the seedlings was 2 or
3 times above the +10 cm water level (Fig. 3). Therefore, death
of seedlings did not occur, even at the +10 cm water level.

12

Figure 2. Changes in seedling survival by time after transplantation of I.
laevigata under different water levels and soil nutrient conditions. There
was no change in seedling survival about after from 80 days to the end
of the experiment.
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3.2. Growth
The seedling height increased rapidly by time from the
beginning of the experiment but the growth rate gradually
decreased toward the end of the experiment (Fig. 3).
As a result of height growth graph fitting, the duration of
exponential phase was slightly different by groups (Table 2).
Groups with longer exponential phase showed slower time to
reach ½ Vmax based on trend lines for height and growth. Overall,
the time to reach ½ Vmax was slower in Group H than Group L
and M, regardless of the water level. In Group M and H, which
showed more excellent growth, the time to reach ½ Vmax at
Group +10 was slowest. Due to the difference in the duration of
the exponential phase, the time taken to exceed ½ Hmax was
longer in Group H than Group L and M at all water levels. In
Group M and H, it took longer for Group +10 to exceed ½ Hmax
than Group -10 and 0.
The final height elevated with increased soil nutrients
irrespective of the water level. The time to reach Vmax was slower
in Group H than Group M at the beginning although Group H showed
the highest final height (Table 2). However, Group H showed
faster speed and more sustaining growth toward the end of
experiment. The highest final height was 60.54 cm at Group 0 /
H and the lowest was 24.36 cm at Group 0 / L. The time to reach
14

Vmax was fastest in Group +10 / L, which reflects the interaction
effect of high-water level and low-soil nutrient. In order to
escape the stressful environment of submergence quickly,
seedlings tend to grow fast (Striker 2012).
The height difference was related to soil nutrients (F2,83 = 223.38,

P < 0.001) and the interaction between soil nutrients and the water
levels (F4,83 = 2.52, P < 0.05). However, there was no statistically
significant effect of water levels (F2,83 = 0.16, n.s.) on plant height.

Table 2. Max Height and max growth rate of I. laevigata seedlings under
different water levels and soil nutrient conditions. Hmax and ½ Hmax represent
the dates on which seedlings reach to the height of maximum and 1/2 maximum,
respectively. Vmax and ½ Vmax represent the dates on which seedlings reach
to the maximum and 1/2 maximum growth rate, respectively. L means group
with sand only, M means group with 1: 4 mixture of nursery and sand, and H
means 1: 1 mixture of nursery soil and sand.
Soil nutrient
levels

L

M

H

Water
levels

Hmax
(days)

½ Hmax
(days)

Vmax
(days)

½ Vmax
(days)

-10 cm
0 cm
+10 cm
-10 cm
0 cm
+10 cm
-10 cm
0 cm
+10 cm

90
97
104
90
90
97
93
97
107

18
7
11
28
28
34
37
41
51

41
20
10
31
30
38
39
46
60

60
54
58
56
55
63
65
76
95
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Figure 3. Changes in height by time after transplantation of I. laevigata under
different water levels and soil nutrient conditions (mean values ± SE). (a) -10 cm
water level, (b) 0 cm water level, (c) +10 cm water level. L means group with sand
only, M means group with 1: 4 mixture of nursery and sand, and H means 1: 1
mixture of nursery soil and sand. Alphabetic characters indicate significant
differences at the 5% level based on Sheffé’s groups.
16

Changes in leaf width were very similar to changes in height
(Fig. 4). The leaf width rapidly increased by time at the beginning
of the experiment but the growth rate gradually decreased
toward the end of the experiment.
The leaf width was increased according to the increase of
soil nutrients at all water levels. The largest leaf width was 18.83
mm for Group +10 / H, and the smallest width of leaf was 3.13
mm for Group +10 / L. The smallest final leaf width of Group
+10 / L indicated that there was some kind of negative
interaction between water level and soil nutrients. The leaf width
was related to soil nutrients (F2,83 = 353.71, P < 0.001) and the
interaction between soil nutrients and water levels (F4,83 = 10.31,

P < 0.001). However, the effect of water levels was not statically
significant (F2,83 = 1.14, n.s.).
The number of leaves also increased with the increase of soil
nutrients (Fig. 5). Because tillers occurred in Group H from about
70 days after transplantation, the number of leaves in Group -10 / H
and 0 / H continued to increase until the end of the experiment.
However, Group +10 / H had a small increase, even under high
soil nutrients. The largest total leaf numbers were 12.26 for
Group -10 / H. Group +10 / L had the lowest total leaf numbers,
3.48, which is thought to be due to a negative interaction between
the high-water level and the low-soil nutrients. The number of
leaves was affected by soil nutrients (F2,83 = 42.94, P < 0.001),
17

water levels (F2,83 = 5.54, P < 0.01) and the interaction between
soil nutrients and water levels (F4,83 = 2.66, P < 0.05).
The only group showing increased tiller numbers (~60% of
vegetative propagation of live plants) was Group H (Fig. 6). The
tiller numbers were significantly affected by soil nutrients (F2,83 = 42.66,

P < 0.001). Fewer tillers emerged with rising water levels. But
there was no significant difference among water levels (F2,83 = 1.24,
n.s.) and no significant interactions between soil nutrients and
water levels (F4,83 = 1.17, n.s.).
Similarly to its width, the length of each examined leaf area
increased with an increase in soil nutrients (Fig. 7). Areas tended
to be lower for Group +10 than at Group -10 and 0 in the case
of both Groups L and M. However, leaf area increased in Group H.
The largest leaf area was 84.42 cm2 for Group +10 / H, and the
smallest leaf area was 6.26 cm2 for Group +10 / L. The leaf area
was significantly affected by soil nutrients (F2,83 = 206.53, P < 0.001)
and the interaction between soil nutrients and water levels (F4,83
= 3.97, P < 0.01). However, the effect of water levels was not
statically significant (F2,83 = 0.35, n.s.).
Plant biomass, both below and above-ground, showed a tendency
to increase with an increase of soil nutrients at all water levels
(Fig. 8). In all soil conditions, Group +10 showed the lowest
biomass. The below-ground biomass was significant affected by
soil nutrients (F2,83 = 85.32, P < 0.001), water level (F2,83 = 16.03,
18

P < 0.001) and the interaction between soil nutrient and water
level (F4,83 = 4.63, P < 0.01). The above-ground biomass was
significantly affected by soil nutrients (F2,83 = 127.05, P < 0.001),
water level (F2,83 = 17.25, P < 0.001) and the interaction between
soil nutrient and water levels (F4,83 = 4.61, P < 0.01).
The below: above-ground biomass ratio was lowest in Group L.
Moreover, the same ratio was lower in Group +10 for all the
tested soil conditions and under all soil conditions (Fig. 8). A
lower below: above-ground biomass ratio meant that the
development of the below-ground part was inhibited, or
development of the above-ground portion of the plant was
promoted under the conditions. In this experiment, the aboveground part was not promoted for both the Group L and +10 (Fig.
3 and 7). So, it may be the result of a decrease in the belowground part, especially inhibition of root development. The
below : above-ground plant biomass ratio was related to soil
nutrient (F2,83 = 104.91, P < 0.001), water level (F2,83 = 14.20,

P < 0.001) and the interaction between soil nutrients and water
levels (F4,83 = 3.54, P < 0.01).
Group +10 / L, which was the most stressful condition, had the
lowest value associated with growth (Fig. 4, 7 and 8). It was the
result of the interaction of nutrients and water levels.
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Figure 4. Changes in longest leaf width by time after transplantation of
I. laevigata under different water levels and soil nutrient conditions (mean
values ± SE). (a) -10 cm water level, (b) 0 cm water level, (c) +10 cm water
level. L means group with sand only, M means group with 1: 4 mixture of
nursery and sand, and H means 1: 1 mixture of nursery soil and sand.
Alphabetic characters indicate significant differences at the 5% level based on
Sheffé’s groups.
20

Figure 5. Changes in total leaf numbers by time after transplantation of
I. laevigata under different water levels and soil nutrient conditions

(mean

values ± SE). (a) -10 cm water level, (b) 0 cm water level, (c) +10 cm water
level. L means group with sand only, M means group with 1: 4 mixture of
nursery and sand, and H means 1: 1 mixture of nursery soil and sand.
Alphabetic characters indicate significant differences at the 5% level based on
Sheffé’s groups.
21

Figure 6. The number of tillers per plant under different water levels and soil
nutrient conditions (mean values ± SE). L means group with sand only, M means
group with 1: 4 mixture of nursery and sand, and H means 1: 1 mixture of nursery
soil and sand. Alphabetic characters indicate significant differences at the 5%
level based on Sheffé’s groups.

Figure 7. The longest leaf area under different water levels and soil nutrient
conditions (mean values ± SE). L means group with sand only, M means group
with 1: 4 mixture of nursery and sand, and H means 1: 1 mixture of nursery soil
and sand. Alphabetic characters indicate significant differences at the 5% level
based on Sheffé’s groups.
22

Figure 8. Dry weight of below ground (a) and above ground part (b), and the
below: above ground ratio (c) under different water levels and soil nutrient
conditions (mean values ± SE). L means group with sand only, M means group
with 1: 4 mixture of nursery and sand, and H means 1: 1 mixture of nursery soil
and sand. Alphabetic characters indicate significant differences at the 5% level
based on Sheffé’s groups.
23

IV. DISCUSSION

4.1 Effects of water levels
Complete submergence is more stressful than partial
submergence. Although all wetland plants have a tolerance that
allow them to live in water, plants may suffer severe growth
reduction or even death depending on the relative high water
level compared to their height (Striker 2012). Once plants are
completely submerged under high levels of water, the chances to
capture atmospheric oxygen and to continue with carbon fixation
are restricted, which makes it difficult or impossible to grow, and
ultimately leads to plant death (Lacoul and Freedman 2006,
Colmer and Pedersen 2008, Sauter 2013).
In this experiment, I. laevigata seedling survival is restricted
when most of the plant parts are submerged under high levels of
water (Fig. 2). In addition, total leaf numbers and biomass were
the lowest under the almost completely submerged condition
(Fig. 5 and 8). These results can indicate that the water level,
which makes seedlings almost completely submerged, is fatal to
the survival and growth of I. laevigata seedlings.
The effects of water level on the total number of leaves,
biomass, below: above-ground biomass ratio showed that the
response of each leaf to water level might be different, depending
on whether they were completely submerged or partially
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submerged within the same individual (Fig. 5 and 8). Even at the
same water level, the new and smaller leaf is likely to submerge
completely and this can cause fatal damage to leaf growth
(Striker 2012). Thus, even if the water level is not fatal to
survival, it is possible to inhibit the I. laevigata seedling growth
by damage to new leaf.
In this experiment, the survival rate did not decrease after
the seedling height was much taller than the water level. This
result is consistent with that the seedlings are more vulnerable
than mature plants at the same water level (Pratt et al. 2008, Kim
et al. 2013a) and rapid seedling growth is required to quickly
escape the stressful environment of submergence for seedlings
(Striker 2012).
This experiment could provide valuable information on
cultivating of I. laevigata seedling for conservation. It is
important to maintain adequate water level for I. laevigata
seedling are not to be submerged until sufficient growth occurs.
The water level range of floating mat, which is natural
habitats of I. laevigata in Korea is 4 to 13 cm in March (Lee and
Kim 2014). However, the survival data showed that average
water level of floating mat in March could almost submerge newly
germinated seedlings and interfere the survival and establishment
of seedlings. It might be explained that the propagation of

I. laevigata by the seeds may be possible only on micro25

topography to create a low water level such as tussock grasses
in floating mat. After the seedlings have established in sediment
with low water levels, they will expand through asexual
reproduction such as a tiller.
In a similar case, Kim et al. (2017) reported that

Sparganium

erectum ,

a

freshwater

submerged

plants,

germinate at shallow water level and then spread to gradually
deeper water level through asexual reproduction, because the
seedling germinate and establish only in shallow water.
According to research by Kim et al. (2013b), it seems possible
that Carex heterolepis, the dominant species in natural habitat of

I. laevigata, provides tussock as a useful platform for establishing
I. laevigata seedling by exposing the soil.
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4.2 Effects of soil nutrients
Higher soil nutrients level increased plant productivity and
above-ground biomass (Fig 3 to 8). These results suggest high
growth and reproduction potential of I. laevigata seedlings in
a nutrient-rich environment. Nonetheless, I. laevigata appears in
a floating mat, nutrient-depleted environments when the plants
are found in their natural habitats in Korea. The maximum heights
of Phragmites australis and Zizania latifolia are 181 cm and 137 cm,
when found in similar environments as I. laevigata floating mats
in Korea, even though they are over 350 cm and 300 cm in other
‘fertile’ habitats, respectively (Hong et al. 2014, Lee and Kim
2014).
Under higher nutrient conditions, common species are better
able to take advantage of increased nutrient availability compared
to rare species, and they have higher relative growth rates and
greater biomass than rare species (Hautier el al. 2009). On the
other hand, species with higher relative growth rates have
difficulties adapting to infertile habitats and their comparable
growth rates decrease more rapidly as fertility decrease (Grime
and Hunt 1975, Grime 1979). Thus, common species have higher
rate of survival under the competition, comparing with rare
species in rich nutrient environment (Hautier el al. 2009, Dawson
et al. 2012), some rare species tend to select nutrient poor
habitats rather than compete with common species in nutrient
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rich habitats (Drury, 1974).
Living on a floating mat has advantage in the establishment
of seedlings and the population subsistence for vulnerable
hydrophytes. Lee (2012) reported Menyanthes trifoliata living
on a floating mat grew and expanded well in non-competitive and
nutrient-rich

condition,

but

inter-species

competition

in

nutrient-rich environment decreases the growth and propagation
remarkably. Shin et al. (2015) also reported that Cicuta

virosa lives on a floating mat because a floating mat provides
the decreased level of competition due to nutrient limitation
under continuous disturbance by water fluctuation. Both studies
suggest that vulnerable hydrophytes may have a strategy to
avoid competition in nutrient-rich environment and choose
nutrient-depleted environment even though the growth rate is
low.
Compared our findings with those from previous studies,

I. laevigata may use similar survival strategy to M. trifoliate and
C. virosa, which live on floating mat with low nutrient and low
competition level (Lee 2012, Shin et al. 2015, Kim et al. 2017).
However, since the seedling growth characteristics associated
with soil nutrients can vary depending on the competition, further
studies focusing on competition is needed.
In this experiment, all the measurements representing
seedling growth increased as soil nutrients were increased, but
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the growth were less promoted under submergence even with
the same soil nutrient condition. In addition, combination of
higher water level and lower soil nutrient condition was the most
stressful for seedling survival and growth. It represent that there
were significant impacts of interaction between soil nutrients and
water levels on I. laevigata seedlings.
The natural environment is a whole set of biotic and abiotic
factors and plants respond to each factor and to the combined
effect (Slama 2008). The results of this experiment showed the
effect of the interaction between soil nutrients and water
level on I. laevigata seedling growth and provide the basis for
understanding the growth response in the natural environment.
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V. CONCLUSION

Soil nutrients and water levels are critical environmental
factors in establishment and growth of I. laevigata seedlings.

I. laevigata live in shallow water level but seedling does not
survive well under complete submergence. I. laevigata shows
better growth and asexual reproduction in higher soil nutrients.
This study identify the cultivating condition for I. laevigata
restoration. For effective management, it is important to maintain
adequate water level so that I. laevigata seedling are not
submerged until sufficient growth occurs.
This study could suggests that I. laevigata does not prefer
low nutrient condition but choose another benefit such as low
competition. In addition, this study suggests inference that
modification of micro - topography to have a low water level can
assist seedling to establish and expand with asexual reproduction
in their habitats.
This study contributes practical information for the early life
cycle of I. laevigata in a wetland that could help to conserve

I. laevigata.

30

REFERENCES

Baeten, L., Jacquemyn, H., Van Calster, H., et al. (2009). Low
recruitment across life stages partly accounts for the slow
colonization of forest herbs. Journal of Ecology, 97(1),
109-117.
Barbour, M. G., Burk, J. H., Pitts, W. D., et al. (1998). Terrestrial

Plant Ecology (3rd ed). Benjamin Cummings.
Boltenkov, E. V., & Zarembo, E. V. (2005). In vitro regeneration
and callogenesis in tissue culture of floral organs of the
genus Iris (Iridaceae). Biology Bulletin, 32(2), 138-142.
Bray, R. H., & Kurtz, L. T. (1945). Determination of total, organic,
and available forms of phosphorus in soils. Soil Science,
59(1), 39-46.
Butchart, S. H., Walpole, M., Collen, B., et al. (2010). Global
biodiversity:

indicators

of

recent

declines.

Science,

328(5982), 1164-1168.
Cannicci, S., & Contini, C. (2009). Management of wetlands for
biodiversity.

Biodiversity

Conservation

and

Habitat

Management, 1(1), 302.
Chen, F. Q., & Xie, Z. Q. (2007). Reproductive allocation, seed
dispersal and germination of Myricaria laxiflora, an
endangered species in the Three Gorges Reservoir area.

Plant Ecology, 191(1), 67-75.
31

Cheon, K. S., Han, J. S., Seo, W. B., et al. (2010). Environmental
characteristics

of

habitats

of

Iris odaesanensis YN

Lee. Journal of Environmental Science International, 19(11),
1337-1353. (in Korean)
Colmer,

T.

D.,

&

Pedersen,

O.

(2008).

Underwater

photosynthesis and respiration in leaves of submerged
wetland plants: gas films improve CO2 and O2 exchange.

New Phytologist, 177(4), 918-926.
Corcoran, A. A., & Boeing, W. J. (2012). Biodiversity increases
the productivity and stability of phytoplankton communities.

PLoS One, 7(11), e49397.
Dawson, W., Fischer, M., & Kleunen, M. (2012). Common and
rare plant species respond differently to fertilisation and
competition, whether they are alien or native. Ecology

Letters, 15(8), 873-880.
Drury, W. H. (1974). Rare species. Biological Conservation, 6(3),
162-169.
Engin, A., Kandemir, N., ŞENEL, G., et al. (1998). An
autecological study on Iris pseudacorus L. (Iridaceae).

Turkish Journal of Botany, 22(5), 335-340.
Fraser, L. H., & Karnezis, J. P. (2005). A comparative
assessment of seedling survival and biomass accumulation
for fourteen wetland plant species grown under minor
water-depth differences. Wetlands, 25(3), 520-530.
32

Gaston, K. J. (1994). Rarity. London: Chapman and Hall.
Gaston, K. J., & Kunin, W. E. (1997). The Biology of Rarity:

Causes and Consequences of rare-common differences.
Springer, Dordrecht.
Grime, J. P. (1979). Plant Strategies and Vegetation Processes.
Wiley, Chichester.
Grime, J. P., & Hunt, R. (1975). Relative growth-rate: its range
and adaptive significance in a local flora. Journal of Ecology,
63, 393-422.
Gulias, J., Traveset, A., Riera, N., & Mus, M. (2004). Critical
stages in the recruitment process of Rhamnus alaternus L.

Annals of Botany, 93(6), 723-731.
Hautier, Y., Niklaus, P. A., & Hector, A. (2009). Competition for
light causes plant biodiversity loss after eutrophication.

Science, 324, 636-638.
Hector, A., & Bagchi, R. (2007). Biodiversity and ecosystem
multifunctionality. Nature, 448(7150), 188-190.
Hong, M. G., Son, C. Y., & Kim, J. G. (2014). Effects of
interspecific

competition

on

the

growth

and

competitiveness of five emergent macrophytes in a
constructed lentic wetland. Paddy and Water Environment,
12(1), S193-S202.
Isbell, F., Calcagno, V., Hector, A., et al. (2011). High plant
diversity is needed to maintain ecosystem services. Nature,
33

477(7363), 199-202.
Isbell, F., Craven, D., Connolly, J., et al. (2015). Biodiversity
increases the resistance of ecosystem productivity to
climate extremes. Nature, 526(7574), 574-577.
Jain, M., Flynn, D. F., Prager, C. M., et al. (2014). The importance
of rare species: a trait-based assessment of rare species
contributions to functional diversity and possible ecosystem
function in tall-grass prairies. Ecology and Evolution, 4(1),
104-112.
Kamphake, L. J., Hannah, S. A., & Cohen, J. M. (1967).
Automated analysis for nitrate by hydrazine reduction.

Water Research, 1(3), 205-216.
Keddy,

P.

A.

(2010).

Wetland

Ecology:

Principles

and

Conservation. Cambridge University Press.
Keddy, P. A., & Ellis, T. H. (1985). Seedling recruitment of 11
wetland plant species along a water level gradient: shared
or distinct responses? Canadian Journal of Botany, 63(10),
1876-1879.
Kellogg, C. H., Bridgham, S. D., & Leicht, S. A. (2003). Effects of
water level, shade and time on germination and growth of
freshwater marsh plants along a simulated successional gradient.

Journal of Ecology, 91(2), 274-282.
Kim, D. H., Kim, H. T., & Kim, J. G. (2013). Effects of water level
and soil type on the survival and growth of Persicaria
34

thunbergii

during

early

growth

stages.

Ecological

Engineering, 61, 90-93.
Kim, H. T., Lee, G. M., & Kim, J. G. (2013). The ecological
characteristics

and

conservation

counterplan

of

Menyanthes trifoliata habitat in floating mat in Korean east
coastal lagoon, Sunyoodam. Journal of Wetlands Research,
15(1), 25-34.
Kim, J.G., Park J.H., Choi, B.J., et al. (2004). Method in Ecology.
Bomoondang, Seoul. (in Korean)
Kim, S. H., Nam, J. M., & Kim, J. G. (2017). Establishment
strategy of a rare wetland species Sparganium erectum in
Korea. Journal of Ecology and Environment, 41(1), 27.
Kim, Y.Y., Kim, T. G., So, S. K., et al (2017). Predicting the
Impacts of Climate Change of Endangered Iris koreana
Nakai. Proceedings of International Symposium on Plant

Resources, p. 245. (in Korean)
Korea Forest Service & Korea National Arboretum (2008). Rare

Plants Data Book in Korea. Geobook. Pocheon. (in Korean)
Kwon, G. J., Lee, B. A., Nam, J. M., et al. (2007). The relationship
of vegetation to environmental factors in Wangsuk stream
and Gwarim reservoir in Korea: II. Soil environments.

Ecological Research, 22(1), 75-86.
Lacoul, P., & Freedman, B. (2006). Environmental influences on
aquatic plants in freshwater ecosystems. Environmental
35

Reviews, 14(2), 89-136.
Laublin, G., Saini, H. S., & Cappadocia, M. (1991). In vitro plant
regeneration via somatic embryogenesis from root culture
of some rhizomatous irises. Plant Cell, Tissue and Organ

Culture, 27(1), 15-21.
Lawton, J. H. (1994). What do species do in ecosystems? Oikos,
367-374.
Leck, M. A., Parker, V. T., & Simpson, R. L. (Eds.). (2008).

Seedling Ecology and Evolution. Cambridge University
Press. Cambridge.
Lee, B. E., & Kim, J. G. (2014). Habitat environmental
characteristics of vulnerable plant species Iris laevigata and

I. setosa in Korean east coastal lagoons. The 4th
International Conference of Urban Biodiversity and Design.
Incheon. Korea.
Lee, G. M. (2012). Effects of Habitat Substrates and Companion
Plants on the Growth of Menyanthes trifoliate L. Seoul
National University, Master’s Thesis. (in Korean)
Lee, S. G., Kim H. Y., Lee, K. C., et al. (2015). Effects of seed
storage methods and shading on seed germination and
seedling growth of endangered species, Iris dichotoma and

Iris setosa. Journal of Korean Forest Society, 104(1), 6066. (in Korean)
Lyons, K. G., & Schwartz, M. W. (2001). Rare species loss alters
36

ecosystem function–invasion resistance. Ecology Letters,
4(4), 358-365.
Lyons, K. G., Brigham, C. A., Traut, B. H., et al. (2005). Rare
species and ecosystem functioning. Conservation Biology,
19(4), 1019-1024.
Ministry of Environment (2012). Law of Wild animal and plants

protection. Ministry of Environment. (in Korean)
Molina, N. (2013). Conservation of Rare or little-known Species:

Biological, Social, and Economic Considerations. Island
Press.
Morita, N., Arisawa, M., Kondo, Y., et al. (1973). Studies on
constituents of Iris genus plants. III. The constituents of

Iris florentina L. (1). Chemical and Pharmaceutical Bulletin,
21(3), 600-603.
Mouillot, D., Bellwood, D. R., Baraloto, C., et al. (2013). Rare
species support vulnerable functions in high-diversity
ecosystems. PLoS Biology, 11(5), e1001569.
Murphy, J., & Riley, J. P. (1962). A modified single solution
method for the determination of phosphate in natural
waters. Analytica Chimica Acta, 27, 31-36.
Nash, H., & Stroupe, S. (2003). Complete Guide to Water Garden

Plants. Sterling Publishing Company.
Nasim, S., Baig, I., Orhan, I., et al. (2003). Isoflavonoid
glycosides from the rhizomes of Iris germanica. Helvetica
37

Chimica Acta, 86(10), 3354-3362.
National Institute of Biological Resources (2017). National List

of Species of Korea. National Institute of Biological
Resources. (in Korean)
National Institute of Environmental Research (2001). The

Understanding

of

Wetlands.

National

Institute

of

Environmental Research.
Nicol, J. M., & Ganf, G. G. (2000). Water regimes, seedling
recruitment and establishment in three wetland plant
species. Marine and Freshwater Research, 51(4), 305–309.
Pi, J. H., Park, J. G., Jung, J. Y., et al. (2016). Habitats
environmental and population characteristics of Iris koreana
Nakai, a rare and endemic species in Korea. Korean Journal

of Ecology and Environment, 49(2), 102-109. (in Korean)
Pratt, R. B., Jacobsen, A. L., Mohla, R., et al. (2008). Linkage
between water stress tolerance and life history type in
seedlings of nine chaparral species (Rhamnaceae). Journal

of Ecology, 96(6), 1252-1265.
Rabinowitz, D. (1978). Early growth of mangrove seedlings in
Panama, and a hypothesis concerning the relationship of
dispersal and zonation. Journal of Biogeography, 5, 113–
133.
Richardson, S. J., Williams, P. A., Mason N. W. H., et al. (2012).
Rare species drive local trait diversity in two geographically
38

disjunct examples of a naturally rare alpine ecosystem in
New Zealand. Journal of Vegetation Science, 23, 626–639.
Rodionenko, G. I. (1987). The genus Iris L. (Questions of
Morphology, Biology, Evolution and Systematics). British
Iris Society. London.
Sauter, M. (2013). Root responses to flooding. Current Opinion

in Plant Biology, 16(3), 282-286.
Shin, C. J., Nam, J. M., & Kim, J. G. (2015). Floating mat as a
habitat

of

Cicuta

virosa,

a

vulnerable

hydrophyte.

Landscape and Ecological Engineering, 11(1), 111-117.
Slama, I., Ghnaya, T., Savouré, A., et al. (2008). Combined
effects of long-term salinity and soil drying on growth,
water relations, nutrient status and proline accumulation of
Sesuvium

portulacastrum.

Comptes

Rendus

Biologie,

331(6), 442-451.
Solorzano, L. (1969). Determination of ammonia in natural
waters by the phenol-hypochlorite method. Limnology and

Oceanography, 14(5), 799–801.
Striker, G. G. (2012). Flooding stress on plants: anatomical,
morphological and physiological responses. Botany. InTech.
Wang, H., Cui, Y., & Zhao, C. (2010). Flavonoids of the genus Iris
(Iridaceae). Mini Reviews in Medicinal Chemistry, 10(7),
643-661.
Wohlgemuth, D., Solan, M., & Godbold, J. A. (2017). Species
39

contributions to ecosystem process and function can be
population dependent and modified by biotic and abiotic
setting. Proceedings of the Royal Society B: Biological

Sciences, 284 (1855), 20162805.

40

국문초록
수위와 토양 양분이
제비붓꽃(Iris laevigata) 유묘 생장에 미치는 영향

본 연구에서는 한국의 멸종 위기 2급 식물인 제비붓꽃 유묘의
생존 및 생장에 관련된 환경요인의 영향을 알아보기 위해 세가지
수위조건과 세가지 토양양분 조건을 조합하여 메조코즘 실험을
수행하였다. 실험결과, 유묘가 거의 완전하게 침수될 경우, 생존율,
엽수 및 생물량이 가장 낮았다. 또한 토양영양물이 증가함에 따라
전반적인 유묘의 성장 및 분얼에 의한 무성 생식이 증가하였다.
환경요인의 상호작용으로 인해 높은 수위와 낮은 토양 양분 조건의
조합은 유묘의 성장을 가장 크게 저해했다. 멸종 위기에 놓인
제비붓꽃 보전을 위한 유묘 배양은 풍부한 토양 영양분과 충분한
성장이 이루어질 때까지 유묘의 초고를 넘지 않는 수위를 제공하는
것이 중요하다. 실제 제비붓꽃은 양분이 낮은 환경에 서식하고 있다.
이 연구는 제비붓꽃의 유묘는 낮은 양분조건에서는 잘 자라지
못하지만, 높은 성장과 번식 잠재력 대신 얻을 수 있는 다른 이익
때문에

양분이

낮은

서식지에

제한적으로

분포할

제안한다.

주요어: 제비붓꽃, 멸종위기종, 수위, 토양 양분, 유묘 성장
학번: 2016-21599
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