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Abstract: Climate change and artificial disturbance may lead to increased submergence and
eutrophication near a riparian zone and the shift of terrestrial plants into a riparian zone. In this
study, the responses of terrestrial invasive Wedelia trilobata (WT) and congener native Wedelia chinensis
(WC) plants were examined under submergence and eutrophication. A greenhouse experiment was
conducted in which ramets of WT and WC were investigated under two levels of submergence
(S1 and S2) and three levels of nutrients (N1, N2 and N3) along with two cultures (mono and mixed).
Submergence (S) did not affect the morphological traits of both the species but nutrients (N), culture
(C) and their interaction, along with submergence, had a significant effect on the morphological
traits of both the species. The growth of WC under high submergence and high nutrients was
decreased compared with low nutrients (N1, N2) but WT maintained its growth in monoculture.
In mixed culture, low submergence (S1) and low nutrients (N1, N2) made WC more dominant
but high submergence (S2) and high nutrients (N3) made WT more successful than WC due to its
high phenotypic plasticity and negative effect of competition intensity. It was concluded that both
species survive and grow well under submergence and eutrophication, but high submergence and
eutrophication provide better conditions for WT to grow well.
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1. Introduction

Globalization causes many invasive plant species to develop their wild population, where they
were not introduced before [1,2]. Many of these species have successfully spread in the introduced
ranges and now they occupy large areas because of decreased environment suitability for native
plant species [3,4] and increased resource availability due to global change that helps invasive
plant species [5,6]. Native diversity is under threat due to increases in precipitation and nutrients
enrichment [7], and disturbance in environmental conditions makes invasive plant species more
dominant, especially in wetland or a riparian zone [8]. Subsequently, better traits” performance under
different environmental conditions makes invasive plant species successful and allows them to spread
in the introduced habitat [9-12].

High phenotypic plasticity seems to benefit plants to cope with environmental changes and get
the advantage of increases in resources, and invasive plant species have been better on it compared to
native plant species [13,14]. The success of invasive plant species in a new region was faster than native
plant species because of higher phenotypic plasticity, and invasive plant species could outperform
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native plant species under interspecific competition [15,16]. It was found in a meta-analysis that with
increasing resources, invasive plant species were more dominant than native plant species because of
higher phenotypic plasticity and a more negative response under interspecific competition [17-19].
Several studies were conducted to test this hypothesis based on phenotypic plasticity and relative
competition intensity against the environmental factors, such as water, temperature, nutrients, soil types,
light and CO, [2,20]. While environmental variability is affected by environmental factors, such as
water fluctuation, nutrient variations and light availability as well [21]. Therefore, it is important to
test these responses of invasive and native plant species to variability, other than changes in mean
environmental factors.

There are many global change environmental factors, i.e., temperature, light, water, CO, and
nutrients, that are affecting the growth of plant species, but in riparian zones or wetland, the major
factors are submergence and eutrophication [22]. Submergence is the modern form of flood, in which
shoots of the plant are under water. A discharge from riversides, canals and dams will lead to
submergence near these areas and plants will face a submergence period. The strategies in which
plants cope with submergence have been reported in many studies [23-25]. Mostly, plants use two
main techniques, “escape or quiescence”, to cope with submergence [26,27]. In the escape technique,
plants re-establish a relationship with the atmosphere to increase shoot elongation and the number
of leaves [28,29]. Under the quiescence technique, plants limit or cease their growth under water to
tolerate submergence [26,30]. Submergence imposes considerable stress or negative effects on all plant
characteristics because of a decrease in energy and carbohydrates [31] and also severely influences the
photosynthesis [32]. Although, adaptive growth of invasive plant species assists in submergence and
complete or incomplete submergence significantly inhibits their growth [25,27].

Eutrophication on the water surface is another major global environmental factor, which has
negative effects on aquatic ecosystems. Eutrophication is the major threat in the 21st century because
it reduces the diversity of native plant species in the aquatic ecosystems and boosts invasive plant
species [16,33]. Eutrophication is the syndrome associated with an excess of macronutrients that
boost invasive plant growth to outcompete the native plant species [34]. Eutrophication has been
increasing in the aquatic ecosystems because of agriculture and urban activities (i.e., point and nonpoint
source pollution). Eutrophication creates excessive nutrient enrichment on the water surface that
promotes algae biomass accumulation on the water surface, which enhances invasive plant growth [35].
The native plant species diversity has declined in the aquatic ecosystems due to the occurrence and
expansion of certain macrophytes [20,36]. Invasive plant species require light, water and nutrients for
growth development, and CO, for photosynthesis and oxygen for respiration [34]. Eutrophication
reduces the stress of submergence by increasing shoots of invasive plant species that ultimately get more
light, CO, and oxygen for photosynthesis and also increase belowground biomass under submergence
to outcompete the native competitor [27].

Nutrients travel from terrestrial to aquatic ecosystems through the primary source, i.e., surface
runoff [35]. Flooding and excess rain boost the surface runoff, collecting more nutrients into aquatic
ecosystems. By considering the negative effect of submergence and the positive effect of a high amount
of nutrients on plant growth, we hypothesized that increasing nutrients under a submergence condition
might alleviate submergence stress, that is, plants would grow well under high nutrients compared
to low nutrients when the plants were submerged. We also hypothesized that invasive plant species
under submergence and high nutrient conditions would be growing faster than native plant species
when growing together, even they were introduced from terrestrial regions to aquatic regions.

To test this hypothesis, a greenhouse experiment has been conducted. The species chosen for
this study belong to the Asteraceae family. Wedelia trilobata (WT), an annual invasive plant species,
and Wedelia chinensis (WC), which is a congener native species in China. In China, initially, WT was
introduced as a groundcover species, but it spread rapidly amongst gardens, roadsides, agricultural
fields and near riversides [37,38]. Furthermore, WT was mostly found in the arid and semi-arid regions
and also in the wetland area of Hainan province of China, which indicated that water fluctuation
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and nutrient enrichment made WT successful in these habitats [39]. WC, the native congener of WT,
is mostly used as a medicinal plant, but the growth rate of WC is very slow compared to WT [39,40].
The introduction of WT in the riparian or wetland areas is not well understood, so studying the effects
of submergence and eutrophication on WT is a crucial step toward understanding the mechanism
of its invasion and predicting its development trends in the riparian and wetland regions. For this
purpose, plants of WT and WC were tested with two levels of submergence combined with three
levels of nutrient concentrations to attain a eutrophication effect, although biomass allocation and
morphological traits were measured.

2. Materials and Methods

This study was conducted in the school of Environmental and Safety Engineering at Jiangsu
University, Zhenjiang China, from September to mid-November 2019 (32.20° N, 119.45° E). Ramets of
Wedelia trilobata (WT) and Wedelia chinensis (WC) were collected from the vicinity of the study site.
These collected ramets of WT and WC were prepared in the seedling tray with sand as the growing
medium. These trays were placed in a greenhouse that had a 25 + 5 °C temperature with 60% relative
humidity. The distilled water was supplied every day and Hoagland solution was supplied weekly.
When these ramets had two fully expanded leaves, then the ramets were transformed into a plastic pot
(12 cm diameter and 7 cm height) containing sand as a growing medium, and these pots were placed in
a bin (80 x 40 X 20 cm) for the mesocosm experiment under greenhouse. There were two cultures used:
monoculture and mixed culture of both species, with six replicates of each treatment. These ramets
were allowed to be settled in these new habitats for one week, and then divided equally into two
submergence and three nutrients groups, in order to stimulate the naturally occurring submergence
and eutrophication in a wetland ecosystem. Submergence levels differed from water levels in the
bins (7 and 14 cm, labeled as S1 and S2, respectively) so that the actual water level at which WT
and WC were growing was 0 and 7 cm. Eutrophication levels were made according to the nutrient
concentration in the Yangzi river [41]. There were three nutrient concentrations with Ck, 10- and
100-fold dilution of modified concentration respectively, as N1, N2 and N3. Submergence, nutrient
concentrations and the plant culture method have been explained in Figure 1. There was a total
of 108 pots. After applying treatments to each bin, tap water was added every day to keep the
submergence level constant and renewal of the solution was done once a week. After four weeks of
treatments, the plants were harvested.

40 cm
A Nutrient concentrations Nitrogen Phosphorus Submergence Water level inside bin
™) (mg/L) (mg/L) ® (em)
N1 045 0.097 S1 7
N2 45 0.97 S2 14
N3 45 9.7
S2=14 cm
20 cm
Ry —— . - — — N
} S1=7cm
|
|
7 cm AN /
N
y Mono WT Mono WC Mix WT & WC
€ >
80 cm

Figure 1. Diagram illustrating experiment treatments and culture methods.
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2.1. Morphological Traits Measurement

Plant height and root length were measured with the help of a ruler at the end of the experiment.
The number of leaves and nodes per plant were counted carefully. The leaf area of each treatment
plant with six replicates was measured with the help of Image]J software. The plants were oven-dried
at <80 °C for 48 h to measure total biomass of each treatment plant; afterwards, plants were divided
into leaves, stems and roots. We also calculated leaves mass ratio, stem mass ratio and root-to-shoot
ratio of each treatment. Specific leaf area (SLA) was measured with leaf area to dry mass.

The plasticity index (Py) of plant height and root length of WT and WC under different submergence
and eutrophication treatments were calculated by using the following equation [42,43]:

P — Maximum Value — Minimum Value
= Maximum Value

where maximum and minimum value represent the maximum and minimum values of plant height
and root length of WT and WC under all treatments to determine plasticity indices of plant height and
root length for different species and for different treatments, respectively. The value of P; ranged from
0 to 1, where 0 represents zero and 1 represents a higher Py.

2.2. Relative Interaction Index

The relative interaction index (RII) between invasive and native competitor was measured
according to Reference [44]:
(Mc - Mi)
(Mc + Mi)

where Mc is the mass of WT or WC under mixed culture and M; is the mass of WT or WC in the one
plant pots (monoculture). RII represents the interspecific interaction between invasive and native plant
species. RII ranges from —1 to 1. If RII < 0, then interaction intensity has a negative impact, if RII > 0,
then interaction intensity shows a positive impact on plant, but if RII = 0, then there is no impact of
a competitor.

RII =

2.3. Statistical Analyses

Before analyses of the data, the normality and homogeneity of the variances of all data were
checked with the help of the Shapiro-Wilk Normality test and Levene’s test. A three-way analysis
of variance (ANOVA) along with submergence, nutrient and plant culture as the main factors, was
performed to determine the main effects and interaction effects on plant morphological traits, total
biomass accumulation and total biomass allocation. Furthermore, a post hoc Student-Newman-Keuls
test, p < 0.05, was used for multiple comparison to measure significant differences between treatments.
A one-way ANOVA was used to assess the interactive effect of submergence and nutrient levels on
morphological traits, total biomass accumulation and total biomass allocation. All analyses were
conducted in SPSS (Version 22.0, IBM, USA) and graphs were made in the software Origin pro9.

3. Results

3.1. Biomass Accumulation and Allocation

Plants of both species survived under submergence and nutrient concentrations. Submergence
(S), nutrient (N) and culture (C) had different effects on different traits of both plant species. S had
non-significant results on total biomass (Table 1, F = 1.797, p > 0.05) but N and C and the interactions
S x N x C were significant (Table 1, F = 16.347, p < 0.01). In monoculture, total biomass of WT
was significantly higher than WC in all submergence and nutrient treatments (Figure 2a), but under
low submergence and low nutrients (51.N1 and S1.N2), total biomass of WC was higher than WT,
while under high submergence and all nutrients levels (5S2.N1, S2.N2 and S2.N3), total biomass of WT
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was higher than WC_ This indicated that increasing submergence along with nutrients made WT more
dominant (Figure 2b).

Table 1. Analysis of variance (ANOVA) results of biomass accumulation and allocation under

submergence and nutrient concentrations.

Sources Total Biomass Root-to-Shoot Ratio Stem Mass Ratio Leaf Mass Ratio
F p F P F p F P

S 1.797 0.186 4.403 <0.05 1.585 0.214 38.525 <0.01

N 10.303  <0.01 17.383 <0.01 17.051 <0.01 16.281 <0.01

C 10.830 <0.01 18.101 <0.01 16.588 <0.01 23.454 <0.01
S*N 61.212 <0.01 2.901 0.065 0.683 0.510 21.778 <0.01
S*C 62.137 <0.01 0.252 0.859 1.110 0.354 11.904 <0.01
N*C 24333  <0.01 5.347 <0.01 4.288 <0.01 21.006 <0.01
S*N*C 16347 <0.01 6.120 <0.01 5.003 <0.01 16.088 <0.01

Significance level: p <0.05, p < 0.01. Note: S represented submergence, N represented nutrient, C represented culture.

2.0+

] @ H WT @ WC 2.0 ®) B MixWT @ Mix WC
1.8 i +
4 +0 - T a
1.6 e ¢
~ 1 o 1
el + a 80 14
2 1.2 zab 2 12
< = 1
] b
E 10+ +Cd © E 10] o
f 0'8j cde i‘:d cd* cd f 0.8
S 0.6 de de = ]
2 1 ? . ée £ 0.6 +c +C c % c * . i .
= 04 = 04 c
0.2 ] 0.2 ? ¢ é c
0.0 S S 0.01— = : —
& o L 5 5 & A .
NN N S - N\ A G
1.0
© 10{ @
0.8
e S 081 l +a
£ g " a
« «
= 0.6 + - ab +
- a = 0.6- ab
S a o 0.
.g #ab +a .g ab ° ab
w w
S 0.4 +ab abé abc é e 0.4 % b
= + c + . b 3 b +b
& 02+ + d * d 2024
0.0 +— : : : : : 0.0 +— : : : : ;
R\ S L L S L L L
B e =y 2 NN Y Y

Figure 2. Total biomass and root-to-shoot ratio of Wedelia trilobata (NT) and Wedelia chinensis (WC)
under mono and mixed culture with six replicates, (a) total biomass of both species under monoculture,

(b) total biomass of both species under mixed culture, (c) root-to-shoot ratio of both species under

monoculture, (d) root to shoot ratio of both species under mixed culture. Different letters indicate

the significant difference between different treatments of submergence and nutrient concentrations
according to ANOVA and Student-Newman-Keuls, p < 0.05.

For biomass allocation, the effects of S, N and C on the root-to-shoot ratio were independent
(Table 1, p < 0.05). Their interaction, S X N x C, was significant (Table 1, F = 6.120, p < 0.01) but the
interaction S X N was non-significant (Table 1, p > 0.05). The root-to-shoot ratio of WC was higher
than WT in monoculture in every treatment (Figure 2c), while in mixed culture, higher submergence
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with low nutrients (52.N2, S2.N1) and lower submergence with higher nutrients concentration (51.N3),
the root-to-shoot ratio of WT was higher than WC (Figure 2d).

However, S and S X N had a non-significant effect on stem mass ratio (Table 1, p > 0.05) but N, C
and their interaction, N x C, had significant effects on stem mass ratio (Table 1, p < 0.01). However,
the combined effect of S X N x C was significant on stem mass ratio (Table 1, F = 5.003, p < 0.01).
The stem mass ratio of WT was higher than WC in monoculture because of the fast growth of WT
below water. In mixed culture, the stem mass ratio of WT was higher in both submergence levels
along with high nutrient concentration (51.N3, 5S2.N3). However, WC had a higher stem mass ratio in
low submergence along with low nutrients (S1.N1) (Figure 3b), illustrating that low submergence and
nutrients made WC more dominant than WT in competition.

S, N, C and their interaction, S X N x C, had significant effects on leaves mass ratio (Table 1,
p < 0.01). The leaves mass ratio of WC was higher at both submergence and low nutrient concentration
levels (51.N2 and S2.N2) but lower at higher nutrient concentration along with both submergence
levels (51.N3 and S2.N3). This was because increasing nutrients and submergence reduced the leaves
mass ratio of WC, but opposite results were found under the same treatment for WT in monoculture
(Figure 3c). Under competition, WT had a higher leaves mass ratio in all treatments of submergence
and nutrients compared to WC (Figure 3d). According to these results, mass allocation of WT was
higher than WC in higher submergence and higher nutrients levels.
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Figure 3. Stem mass ratio and leaves mass ratio of Wedelia trilobata and Wedelia chinensis under mono
and mixed culture with six replicates. (a) stem mass ratio under monoculture of both species, (b) stem
mass ratio under mixed culture of both species, (c) leaves mass ratio under monoculture of both species,
(d) leaves mass ratio under mixed culture of both species. Different letters indicate the significant
difference between different treatments of submergence and nutrient concentrations according to
ANOVA and Student-Newman-Keuls, p < 0.05.
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3.2. Morphological Traits

S, N, C and their interactions, S X N, S x C, N x C and S x N x C, were significant (Table 2,
p < 0.05). Plant height of WC was more than WT in monoculture under high submergence and high
nutrient (S1.N3). While under low submergence and low nutrients conditions (S1.N2) plant height of
WT was higher than WC (Figure 4a). Plant height of WC in mixed culture was more than WT in low
submergence along with low nutrients (51.N1, S1.N2). Under low submergence with high nutrients
(51.N3) and high submergence with all nutrient concentrations (52.N1, S2.N2 and S2.N3), WT has more
height than WC because increasing submergence and high nutrients make WT more destructive than
WC under competition (Figure 4b).

The root length of both species was not affected by S but was effected by N and C (Table 2, p > 0.05,
p < 0.05), while their interactions, S X N and S x N x C, had a significant effect on both plant species
(Table 2, p < 0.01). Root length of WC under competition was higher than WT in low submergence
along with low nutrients (51.N1 and S1.N2), while for the rest of all other levels, WT root length
was taller than WC due to higher nutrients along with submergence, which facilitate WT (Figure 4d).
In monoculture, root length of WT was higher, indicating more biomass allocation below-ground to
make it more successful in submergence and high nutrient conditions (Figure 4c).

Table 2. ANOVA results of morphological traits.

Sources  Plant Height Root Length  Number of Nodes Number of Leaves  Specific Leaf Area

F p F P F p F [4 F p
S 4590 <0.05 3291 0.076 0.053 0.818 4.900 <0.05 3.617 0.063
N 52.098 <0.01 26.067 <0.01 53.560 <0.01 3.878 <0.05 16.504 <0.01
C 14.013 <0.01 26,582 <0.01 10.329 <0.01 5.196 <0.01 5.450 <0.01

S*N 17396 <0.01 7.899 <0.01 17.613 <0.01 9.233 <0.01 11.578 <0.01
S$*C 3491 <0.05 5923 <0.01 3.076 <0.05 5.463 <0.01 1.694 0.181
N*C 9.070 <0.01 2490 <0.05 4.209 <0.01 1.685 0.145 1.093 0.380
S*N*C 8875 <001 9458 <0.01 3.676 <0.01 1.619 0.163 5.693 <0.01

Significance level: p <0.05, p <0.01. Note: Srepresented submergence, N represented nutrient, C represented culture.

Submergence had no effect on the number of nodes but nutrient and culture had significant results
(Table 2, p > 0.05, p < 0.01). Their interactions, S X N and S x N x C, also had significant findings for
number of nodes (Table 2, F = 3.676, p < 0.01). WC had a greater number of nodes within monoculture,
under high submergence and high nutrient (51.N3). While under low submergence and low nutrients
conditions (51.N2) number of nodes of WC was not higher) (Figure 5a).

In mixed culture, WT had more number of nodes than WC in all treatment but only under both
submergence and low nutrients (51.N1, 5S2.N2), WC had more nodes than WT (Figure 5b).

S, N and C had independent effects on number of leaves per plant but their interaction, S X N x C,
had no effect (Table 2, F = 1.619, p > 0.05). Monoculture WC had a greater number of leaves per plant
compared to WT (Figure 5¢c). Mixed culture WT had a greater number of leaves per plant except in both
submergence and low nutrients (51.N1 and S2.N2) (Figure 5d). According to the results, submergence
and nutrient richness helped both species to grow fast, but under competition, WT gets more benefit
than WC.

The interactions of S X N and S X N x C had significant effects on specific leaf area (SLA) of both
plant species (Table 2, p < 0.01) but independently, S has no effect on SLA (Table 2, F = 3.617, p > 0.05).
SLA of both plant species enhanced with increasing submergence and amount of nutrients. For both
monoculture and mixed culture, mostly, SLA of WC was higher than WT but under high submergence
along with high nutrients (52.N3), WT had a higher SLA (Figure 5e,f).
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Figure 4. Plant height and root length of Wedelia trilobata and Wedelia chinensis under mono and
mixed culture with six replicates, (a) plant height of both species under monoculture, (b) plant
height of both species under mixed culture, (c) root length of both species under monoculture,
(d) root length of both species under mixed culture. Different letters indicate the significant difference
between different treatments of submergence and nutrient concentrations according to ANOVA and
Student-Newman-Keuls, p < 0.05.

3.3. Plasticity Index

Plasticity index of plant height was significantly affected by N (F = 9.489, p < 0.01) and the
interaction of S X N (F = 8.454, p < 0.01) but S (F = 0.033, p > 0.05) and C (F = 1.705, p > 0.05) had no
impact, while root length plasticity index was significantly affected by S, N, C and their interaction
(p < 0.01). Plasticity indices of plant height and root length of both plant species were significantly
different in every treatment (Figure 6). Under monoculture, the plasticity index of plant height was
higher for WC compared to WT, but for the plasticity index of root length, WT was higher than
WC due to more below-ground biomass allocation. For treatments with high nutrients and both
submergence levels like S1.N3, 52.N2 and S2.N3, WT showed more plastic than WC and this made WT
more successful under competition in nutrient-rich and submergence conditions (Figure 6).

3.4. Relative Interaction Index

The relative competition interaction index of both species was significantly affected by S (F = 8.290,
p < 0.01) and the interaction of S X N (F = 3.876, p < 0.05) but not significantly by N (F = 0.013, p > 0.05).
Competition interactions were mostly negative for both of the species (Figure 7). The competition
intensity of both species was significantly increased with enhancing submergence and nutrients.
The competition intensity of WT was higher than WC in high submergence and high nutrients.
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Figure 5. Number of node, number of leaves per plant and specific leaf area (SLA) of Wedelia trilobata
and Wedelia chinensis under mono and mixed culture with six replicates, (a) number of nodes of both
species under monoculture, (b) number of nodes of both species under mixed culture, (¢) number of
leaves per plant of both species under monoculture, (d) number of leaves per plant of both species
under mixed culture, (e) SLA of both species under monoculture, (f) SLA of both species under mixed
culture. Different letters indicate the significant difference between different treatments of submergence
and nutrient concentrations according to ANOVA and Student-Newman-Keuls, p < 0.05.
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Figure 6. Plasticity index of plant height and root length of Wedelia trilobata and Wedelia chinensis under
mono and mixed culture with six replicates. Submergence and nutrient treatments were significantly
different according to ANOVA, ** p < 0.05.
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Figure 7. Relative interaction index of Wedelia trilobata and Wedelia chinensis under competition.

Different letters indicate the significant difference between different treatments of submergence and
nutrient concentrations according to ANOVA and Student-Newman-Keuls, p < 0.05.

4. Discussion

4.1. Biomass Response under Submergence and Eutrophication

The results of this study confirmed our hypothesis, that increasing nutrient concentrations can
promote the growth of both the plant species; however, this occurred only when the amount of
nutrient concentrations attained high eutrophic status [27]. Submergence (S) along with low nutrients
concentration (51.N1 and 51.N2) decreased the growth of WT under mixed and mono culture compared
with WC; however, its inhibitory effects were much greater than the elevation effects of enhancing
nutrient concentrations along with submergence (Figure 2). Similar results were found in previous
studies [23,24,30]. While it can be realized that little eutrophication and a low submergence level would
not promote the growth of WT, because invasive plant species, especially clonal plants, like to grow
in nutrient-rich habitats [45], that is why high amounts of eutrophication and submergence would
increase the growth of WT under mono and mixed culture (Figure 2).

Biomasses of many plants was increased or maintained under submergence [46] (Table 1, Figure 2)
because plants used the quiescence technique to tolerate submergence [26]. WC maintained a higher
root-to-shoot ratio in all treatments under monoculture, which was the plants strategy to cope with
submergence and eutrophication [36], while WT maintained a better stem mass ratio under all treatments
in monoculture, because adventitious roots were a tolerance stratagem of WT to survive these conditions
and also provided structural stability to maintain sexual reproduction [7,24]. Total biomass of both
species was increased under both submergence and three nutrient levels’ interaction because more
than 65% of plants of both species were above the water surface due to plant height elongation [47].
Submerged plants have less biomass compared to plants above the water surface, which agreed
with our finding [48]. Submergence along with nutrient concentrations increased biomass allocation,
plant height and compensatory growth of invasive plant species, when nutrient concentrations
reached eutrophication [24,49,50]. WT showed its destructive behavior under competition, as biomass,
root-to-shoot ratio and stem mass ratio of WT was higher than WC under higher levels of submergence
and nutrients (S2.N3), while with low submergence along with low nutrients (51.N1, S1.N2), WC had
higher growth (Figures 2 and 3). This demonstrated that WC has the ability to bear with a low shortage
of oxygen that was created due to submergence and eutrophication under competition [51]. It was
also indicated that low nutrient concentration does not alleviate the effect of submergence particularly
on invasive plant species [30], while increasing nutrient concentrations and submergence gave more
success to WT with a boost in its invasion because growth rate, photosynthetic capacity and phenotypic
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plasticity of invasive plant species were usually increased more intensively than those of native
hydrophytes under nutrient-rich water [52,53].

4.2. Morphological Traits under Submergence and Eutrophication

Submergence (S) did not have significant effects on most of the morphological traits like root
length, number of leaves per plant and SLA (Table 2, Figures 4 and 5), because submergence created a
stressful environment due to which both native and invasive plant species suffered [24]. However,
nutrients (N) and their interactions, S X N, S X N x C, had significant effects on the morphological
traits of both species. This result agrees with our hypothesis, and several researchers have found that
increasing nutrient concentrations overcomes the stress of submergence and encourages plants to grow
under these conditions, especially for invasive plant species [7,23,27]. Plant heights of both the species
were increasing under submergence and nutrients treatments (Table 2, Figure 4a,b). Plant height
increment was the plants’ response to submergence and high nutrients, to restore contact between stem,
leaves and air above the water surface, which was the plants” approach to deal with submergence and
eutrophication [24,27]. If the plant fails to reconnect with air, that certainly gives rise to carbohydrate
depletion [54] and finally, causes the death of the plant [55]. Therefore, plant height increment under
submergence and high nutrients conditions was seen to be a favorable trait of both species under these
environmental conditions. In monoculture, WC had a higher number of nodes, leaves per plant and
higher SLA compared with WT, but within treatments, WC had higher morphological traits at S1.N2,
representing zero submergence (water surface equal to pot height) along with high nutrients that make
WC successful, but an increasing submergence level along with nutrients decreased the growth of WC
(Figures 4 and 5). This finding indicates that WC could bear oxygen deficiency and maintain its growth
when it was growing alone but within competition, WC growth reduced because WT increased its
below-ground biomass to capture the resources that cause two effects on WC, with one being oxygen
deficiency and the other competition [27]. Number of nodes and leaves per plant were decreased with
increasing submergence and nutrient concentrations of both species (Figure 5). It was consistent with
the results that submergence and eutrophication reduced the number of nodes and number of leaves
per plant [24,27]. Under interspecific competition, number of nodes and leaves per plant of WT was
higher than WC at high submergence and high nutrients levels because of the allelochemicals” effect
that reduced the growth of the neighboring plant [21].

Plant height of WC was higher under monoculture because S x N gives benefit to its fast growth,
but in mixed culture, WT was taller than WC (Figure 4) due to higher phenotypic plasticity and
the negative effect under the competition interaction index (Figures 6 and 7). High nutrients and
submergence level gave the advantage to WT under competition because of higher resource acquisition
ability and increased below-ground biomass along with the allelochemicals’ effect [56]. Taller plants
and longer roots made WT more dominant under higher submergence and nutrient levels (52.N2,
52.N3) because WT creates oxygen deficiency [57]. Shorter height of WC under competition did not
allow for easily regaining contact with air. This situation caused photosynthesis limitation [48], and also
serious carbohydrate depletion [54]. The number of nodes, leaves per plant and SLA of WT under
competition were higher in high submergence and high nutrients (5S2.N2 and 52.N3) (Figure 5) because
of the high plasticity index [27]. However, faster growth rate, photosynthetic capacity, metabolism
enzyme activity, nutrients assimilation and higher phenotypic plasticity of many invasive plant species
give a benefit in nutrient-rich waters over those of native hydrophytes [53,58]. High nutrients enhance
biomass accumulation, compensatory growth, SLA [49,59] and increase total biomass, shoot length
and total number of leaves per plant that increase the intensity of interspecific competition of invasive
plants over native plants [59] that was found in this study (Figure 7).
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5. Conclusions

Our results exhibited that biomass and morphological traits of WT and WC were increased to
cope with submergence and eutrophication. Under low submergence and low nutrient levels (51.N2),
WC illustrated more growth; meanwhile, compared with high submergence and high nutrients,
the growth of WC was decreased. Furthermore, under low submergence and low nutrient conditions
(51.N1,52.N2), WT was not dominant but had more growth in high submergence and high nutrient levels
(52.N2 and S2.N3). WC has better morphological traits under monoculture compared to mixed culture,
while WT was prominently successful under high submergence and high nutrients (52.N2 and S2.N3)
due to high phenotypic plasticity and better competition intensity. It was concluded that both species
survived under submergence and eutrophication conditions. Environmental modeling suggested that
artificial disturbance and change in climate will ensure submergence and eutrophication. The findings
of this research contribute to the understanding of terrestrial plant response, when subjected to a
riparian zone, because the increased below-ground and above-ground biomass under submergence
and eutrophication helped them to capture the resources and outcompete their native competitor.
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