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Abstract

Plant invasions are major threat to global change, which can be determined through functional, traits of invasive and native
species. Therefore, greenhouse pot experiment was conducted to test whether high water availability, nitrogen enrichment and
their interaction promote the growth and functional traits of invasive species (Wedelia trilobata, WT), when competing with
native species (Wedelia chinensis, WC) in monoculture and mixed culture. While, considering the impact of flooding (F) and
nitrogen (N) as an individual factor, plant height of WC was non-significant as compared to WT. However, in combination
of flooding × additional nitrogen (F.N, F.2N) physiological parameters of WT were encouragingly higher than those of WC,
especially in mixed culture. Variable relative competition intensity at different parameters and higher phenotypic plasticity of
WT at different physiological traits make them more dominant than WC at flooding × additional nitrogen (F.N and F.2N).
In conclusion, growth of WT increased under combination of nitrogen × flooding, because of higher plasticity and better
competition intensity that enhanced its competitiveness, playing an important role for the successful invasion of WT in flooding
and nitrogen enrichment conditions.

Introduction

Invasive species are a major threat to the ecosystems and are one of the major environmental challenges of
global change (Funk et al., 2016). Global environmental changes could create novel environments that directly
increase the availability resources for invasive plants. High resources availability facilitate the invasive plant
species to grow faster due to their higher phenotypic plasticity (Si et al., 2014) and higher competitive ability
(Dostál et al., 2013). Numerous experimental studies have described that global environmental changes
enhanced plant invasion. For instance, a recent meta-analysis comparing the growth performance of 74
invasive and 117 native plant species in response to global environmental changes i.e flooding, increase in
atmospheric CO2-concentration, nitrogen enrichment and temperature variations, noted that these changes
help invasive species to grow well (Liu et al., 2017). Functional traits play an important role in the success
of invasive plant species over native plant species under these global environmental changes (Wan et al.,
2018). However, it is very interesting to understand the role of functional traits in enhancing invasive plant
species growth under these global environmental changes. Functional traits such as growth characteristics are
key indicators of root and shoot development, and leaf functional traits are key indicators of transpiration,
evaporation, and photosynthesis (Wang et al., 2016a).

Strong functional traits, especially physiological and growth traits, show the success of invasive species in
different environmental conditions. Therefore, to determine the success of invasive species, functional traits
and resources are also considered as major factors in the native ecosystems (Jia et al., 2016). The resource
ratio hypothesis is one of the explanations for the mechanisms for success of invasive species (Harpole, 2006).
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According to the resource ratio hypothesis, plants vary in their nutrient requirements and with the increased
availability of a certain nutrient some plants may be benefited and these benefiting plants will inhibit other
plants through competitive interactions (Wan et al., 2019). Invasive plant species show better performances
under nutrient enrichment and water fluctuations because of higher phenotypic plasticity than native species,
and out compete natives species due to interspecific competition (Liu et al., 2018b). Phenotypic plasticity
and relative competition intensity are two main features that make invasive plant species to cope with
different environmental changes (Liu and van Kleunen, 2017, Van Kleunen et al., 2015), so because of higher
phenotypic plasticity and better competition intensity under nutrient enrichment and water fluctuations may
create a more suitable environment for invasive species, making them dominant over native species. Relative
competition intensity is considered an important factor in determining plant community structure and in
promoting invasive potential (Luo et al., 2014).

Mostly competitive ability of invasive and native species depends on the resources of the habitat. Invasive
species like to grow in resource-rich habitats. Thus, the competition ability of invasive species may change
with the availability of resources. There are several examples where a change in nutrient availability affects
the performance of invasive plants. For example, nitrogen (N) enrichment enhanced invasion ofBerberis
thunbergii, Robinia pseudoacacia , and competitive ability of Centaurea stoebe (He et al., 2012) and addition
of potassium made Taraxacum officinale[9]successful in grassland, because of higher phenotypic plasticity.
Several nutrients have a role in the success of invasive species but N is a major element of global change
that disturbs plant community structure, and especially it enhances the abundance of exotic species and
decreases the species richness (Duprè et al., 2010). Nitrogen enrichment plays a vital role in the spread of
invasive plants. Continued increase in nitrogen may change soil properties that help invasive plants to grow
faster in different habitats (Lu et al., 2014). Previous studies have reported that invasive species were more
successful than native species in nitrogen-enriched environments because of better competitive ability and
these were less successful compared to the native species in the nitrogen-poor habitats (James et al., 2011,
Kolb et al., 2002).

Water availability is considered as a key factor responsible for shaping plant communities (Kimball et al.,
2014, Rahlao et al., 2010). Water is a vital part of ecosystem facilities, and changes in its availability will
modify nutrient cycles resulting in decreased or increased nutrient uptake due to low or high moisture
contents in the soil (Ledger et al., 2013, Waraich et al., 2011). The water regime of a habitat can be
characterized by the depth, duration, and frequency of flood (Casanova and Brock, 2000). Flooding is the
most important factor that plays vital role for the success of invasive species because frequent flooding can
produce a more stable environment and shifts in species dominance and species composition (Van Geest et
al., 2005). Flooding created more favorable environments, which mostly inhibited the growth of emergent
macrophytes (Casanova and Brock, 2000) and preferred submersed aquatic macrophytes, such as evergreen
perennial species. Flooding can be observed as a disturbance to the plant community and these disturbances
are mostly the main mechanism that facilitates invasion through replacing the native species by the invasive
one (Capers et al., 2007). Therefore, understanding the role of nitrogen enrichment and flooding is important
to understand the success of invasive species.

Functional traits of invasive plant species play a vital part in its successful invasion in the different environ-
ments (Dai et al., 2016b). The response of functional traits of invasive plant species under flooding along
with nitrogen enrichment is not well understood. Therefore, we conducted an experiment to examine the
functional traits of the invasive speciesWedelia trilobata and its congener native Wedelia chinensis under
nitrogen enrichment, flooding, and their interaction, in different plant culture. We hypothesized that floo-
ding along with increased nitrogen concentration, promotes the success of invasive species on native plants
due to better physiological and growth responses, which confer them a higher competitive effect, because of
higher phenotypic plasticity. In this study, we addressed the following questions: (1) How functional traits
of an invasive plant and its native competitor respond to nitrogen enrichment along with flooding? (2) Do
flooding and nitrogen enrichment make invasive species more competitive than the native species?

Materials and Methods
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This study was conducted from April to July 2019 under greenhouse conditions (had a temperature of
25±5oC with 60% relative humidity) to simulate the natural condition. The greenhouse is located at Jiangsu
University, Zhenjiang, China (32.20°N, 119.45°E).Wedelia trilobata and Wedelia chinensis were chosen in this
study.Wedelia trilobata (WT) is an annual invasive plant species in China, whileWedelia chinensis(WC) is its
congener native species, belonging to theAsteraceae family. WT is a clonal evergreen creeping herb that was
also found in the southern region of China in the 1970s on a large scale (Qi et al., 2014). In China, initially,
it was introduced as a groundcover species but later it spread rapidly from gardens to roadsides, and then
to the agricultural fields, and nowadays, it is found near riverside as well (Song et al., 2010, Talukdar and
Talukdar, 2013). WC is the native congener of WT, and is mostly used as a medicinal plant. The growth rate
of WCis very slow as compared to WT(Dai et al., 2016a, Talukdar and Mukherjee, 2008). WT in China was
mostly found in the arid and semi-arid regions. Some of the population of WT was also found near the Yangzi
River in Jiangsu province of China, which probably indicates that water fluctuation and nutrient enrichment
made WT successful in these environments. It prefers growing in nutrient and moisture-rich soils (Dai et
al., 2016a). Ramets of WT and WC were collected from the same study site of Jiangsu University for the
experiment. Ramets of WT and WC were growing in the seedling tray with sand as the growth medium. These
trays were placed in a greenhouse. The ramets were irrigated with distilled water every day, while nutrition
was provided weekly through Hoagland solution. When ramets had two fully expanded leaves, these were
transferred to plastic pots (height = 10 cm, diameter = 13 cm) containing sand as a growing-medium. The
ramets in the pots were placed in the greenhouse for one week to let them adapt to the greenhouse condition.
The two plant species were left growing under two cultures, i.e. mono and mixed cultures. In monoculture,
one plant of each species grew; in mixed culture one plant of WT and WC grew together. Subsequently, the
treatments were implemented as three levels of nitrogen (control = 0.043 g, denoted as CK; additional =
0.130 g, denoted as N and double additional = 0.261 g, denoted as 2N) and two levels of water (normal water
= 0.450 L/week and flooding = 0.9 L/week) (Fig. 1). Nitrogen treatments prepared according to (Wan et
al., 2018), comprised of equal proportions of KNO3 and NH4Cl, and water treatment was made according
to (Rahlao et al., 2010). Nitrogen treatments were renewed once a week. The required water amount for
water treatments were given three times a week. Two environmental factors were subjected to all pots after
transplanting based on factorial design: water (normal or flooding), nitrogen (control, additional, or double
additional), and three cultures (two monocultures and one mixed culture), with five replicates. According
to this experimental design, there were 90 pots in total (3 nitrogen levels x 2 water levels x 3 cultures x 5
replicates).

Growth and physiological traits measurement

Two months after the treatment, i.e. in the month of July, leaf chlorophyll content (CHI) and leaf nitrogen
of both species were measured with portable chlorophyll meter, SPAD; Oakoch OK-Y104, China. Leaf area
was measured with ImageJ software every plant with five replicates. Plant height of every plant with five
replicates was measured with a measuring scale. The dry weight of above ground (leaf and stem) and below
ground (root) biomass of each individual was measured separately, after oven drying to constant weight at
72oC for 48 hours (Parepa et al., 2019).
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Figure 1. Details of experimental treatments and their combination. Nitrogen treatments were made with
equal proportion of KNO3 and NH4Cl.

The relative growth rate of total dry weight (RGRB), relative growth rate of stem length (RGRSL), stem
weight ratio (SWR), root weight ratio (RWR) and leaf specific area (SLA) were calculated using the equation
shown in Table 1.

Table 1. Equations to measure different growth traits

Traits (Abbreviation) Equation Units Note

Relative growth rate of total dry weight (RGRB) RGRB =
(lnBMf−lnBMi)

t g/day BM and Sl represent total dry weight and stem length respectively. t means total time for experiment, f and i represented final and initial values respectively.
Relative growth rate of stem length (RGRSl) RGRSl =

(lnSlf−lnSli)
t cm/day

Stem weight ratio (SWR) SWR = Total stem weight
total weight g/g

Root weight ratio (RWR) RWR = Total root weight
total weight g/g

Specific leaf area (SLA) SLA = Leaf area
Leaf dry weight mm2/mg

The relative competition intensity (RCI) of different functional traits was calculated by using following
equation (Gruntman et al., 2014, He et al., 2012) between WT and WC under different nitrogen and water
treatments.

RCI =
Amix −Amono

Amix +Amono

Where Amix is the trait value of either WT or WC in the mixed culture, while Amono is the trait value of
either WT or WC in the monoculture. RCI values range from -1 to 1. Negative values indicate competition;
positive values indicate facilitation; 0 value means neither competitive nor facilitative interactions.

The plasticity index (PI) of functional traits was calculated by using equation (Funk, 2008, Lamarque et
al., 2013) to determine the range of phenotypic plasticity of different functional traits of WT and WC under
different nitrogen and water treatments within mixed culture.

PI =
Maximum value−Minimum value

Maximum value

4
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where maximum and minimum value are the maximum and minimum value of one functional trait of WT or
WC grown in mixed culture under each treatment. The value of PIranges from 0 to 1, where one represented
the highest PI.

Statistical analysis

Assumptions of parametric statistics were tested to verify normality and homogeneity of variance using the
Shapiro-Wilk normality test and Levene’s test before further analysis. Analysis of variance were used to de-
termine the single effects of water, nitrogen and type of culture (categorical variables) and their interactions,
on each functional trait (P[?] 0.05). Differences in the value of dependent variables among treatment groups
were determined with analysis of variance followed by the Tukey test for multiple comparison. To visualize
the correlation between traits trends and plant performance Between monoculture of both species and each
treatment. We have drawn a heat map of the trait’s mechanisms with the help of Pearson Correlation be-
tween species under each treatment with reference (Hodgins et al., 2015) and (Shaar-Moshe et al., 2017) to
check the correlation between treatments and functional traits. If the pattern for a treatment and plant per-
formance pattern were parallel to each other, then there is positive correlation between change in treatment
and plant performance. If the pattern for a treatment and plant performance pattern were opposite to each
other then there is negative correlation between change in treatment and plant performance. All analysis
was conducted in SPSS:22 and graphs were made in the software Origin Pro9.

Results

Functional Traits

Effect of water (W), nitrogen (N) and culture (C) individually and their interactions (W × N × C) had affec-
ted the functional traits (P<0.01, Table 2). CHI, and SLA were non-significantly affected by the interaction
of W × N and W × C. Plant height and leaf nitrogen was not effective by C. The remaining other functional
traits were affected significantly by each of the individual factors and their interaction (P<0.01, 0.05; Table
2). Plant height of WT and WC under flooding (F), nitrogen (N) and double additional nitrogen (2N) was
non-significant under monoculture but significant under mixed culture. Flooding along with additional and
double additional nitrogen (F.N, F.2N) promoted the plant height of WT compared with the WC both in
monoculture and mixed cultures (Fig. 2a).

Table 2. Functional traits of Wedelia trilobata and Wedelia chinensis based on ANOVA

Factors Dry weight SLA Plant height Leaf nitrogen
Chlorophyll
content

Water 324.9** 29.90** 38.804** 170.63** 28.239**
Nitrogen 3486.66** 44.36* 118.291** 6.53* 110.400**
Culture 2114.12** 14.09** 2.02NS 4.07 NS 135.467**
Water ×
nitrogen

297.23** 79.53** 21.33* 2.56 NS 2.475 NS

Water ×
culture

4.147NS 3.652NS 5.82** 43.46** 3.51 NS

Nitrogen ×
culture

665.32** 8.28** 7.07** 45.07* 4.961*

Water ×
nitrogen ×
culture

324.98** 3.65** 8.51** 34.12* 11.97**

*significant at P<0.05, **significant at P<0.01

Dry weight (DW) of both the species was significantly affected in all the treatments i.e. W, N, C and their
interaction W × N × C (Table 2) expect only W × C . DW of WC was low in all the treatments under
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monoculture and mixed culture compared to the WT. The growth rate of WC was much lower than WT
under the control treatment (CK) (Fig. 2b). WT had significantly higher growth in all treatments, but higher
DW was found in flooding along with additional nitrogen treatments (F.N and F.2N) under mixed culture.
These higher DW values indicated that aboveground and belowground biomass of WTwas increased under
nutrient-rich environment and outcompeted the competitor (Fig. 2b).

Leaf nitrogen (LN) of both the species varied significantly in all the treatments, i.e. W, N, and their interaction
W × N × C (Table 2). In the mixed culture at CK, F and N treatments, LN of WC was higher than WT, but
under flooding and additional nitrogen treatments (F.N and F.2N), leaf nitrogen was higher in WT than in
WC indicated that nitrogen addition along with water make WT more dominant competitor then WC. In the
single factor analysis like flooding (F) and nitrogen (N, 2N) WC had significantly higher leaf nitrogen than
WT, but in combination of nitrogen and flooding (F.N and F.2N) WT was more successful than WC(Fig.
2c).

SLA of both the species were significantly affected by all treatment factors i.e. W, N, C and their interaction
W × N × C (Table 2). WT had higher SLA than WC in all the treatments due to higher leaf area and DW
of WT. The SLA of WT was much higher under mixed culture in flooding along with additional nitrogen
treatments (F.N and F.2N); this indicated that resource richness makes invasive species more dominant than
native (Fig.2d).

Chlorophyll contents (CHI) were significant in all treatments i.e. W, N, C and their interactions W × N ×
C, except W × N (Table 2). In monoculture under all treatments chlorophyll content of WT was lower than
WC, but in mixed culture WT had higher chlorophyll content than WC (Fig. 2e). Chlorophyll contents of
both the species under flooding along with additional nitrogen treatments (F.N and F.2N) were higher than
CK that indicated high nitrogen and water made both the species more successful under natural conditions.

Plasticity index

F, N, C and their interaction (W × N × C) had significant effect on the plasticity index of both the species
(Table 3). Dry weight, LN were non-significant under W × C, C and W × N. While F, N, C and their
interactions i.e. W × N, W × C, C × N and W × N × C had significant effect on the plasticity index of
plant height, DW, SLA, chlorophyll content and leaf nitrogen (Table 3). Out of the five traits, SLA was the
most plastic (F = 118.712, P<0.01) with a range of 0.13 to 0.325 (Fig. 3g). The plasticity index was higher
in all traits of WT as compared to WC, except LN and CHl (P<0.05, Fig.3f).

Figure 2. Plant height (a), Dry weight (b), Leaf nitrogen (c), Specific leaf area (d), Chlorophyll content (e) of
Wedelia trilobata andWedelia chinensis under different treatments, mean±SE and different letter represented

6
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significant difference under mono and mixed culture of Wedelia trilobata and Wedelia chinensis , according
to ANOVA and Tukey Test (P< 0.05). WT mono, WC mono refer to Wedelia trilobata and Wedelia chinensis
, when grown in monoculture; WT mix and WC mix refer to Wedelia trilobata and Wedelia chinensis, when
grown in mixed culture.

Figure 3. Difference in plasticity indices of physiological traits of Wedelia trilobata and Wedelia chinensis
between plant species and different treatments under mixed culture (f) and (g) representing physiological
traits under different treatment; different letters indicate a significant difference (P< 0.05) measured ANOVA
among groups followed by Tukey Test.

Table 3. ANOVA for the functional traits showing plasticity indices of Wedelia trilobata and Wedelia
chinensis

Factors SLA Plant height Dry weight
Chlorophyll
content Leaf nitrogen

Water 67.19** 147.58** 42.49** 239.56** 228.25**
Nitrogen 273.83** 201.69** 16.98** 174.04** 147.42**
Culture 95.25** 53.88** 44.51** 1130.26** 110.61 NS

Water ×
nitrogen

43.84** 192.82** 64.32** 322.92** 100.19**

Water ×
culture

2.47 NS 16.76* 5.43* 29.16** 244.38*

Nitrogen ×
culture

36.784** 33.71** 16.42** 73.07** 3.02 NS

Water ×
nitrogen ×
culture

118.712** 21.94* 10.43** 69.04** 123.18**

*significant at P<0.05, **significant at P<0.01

Relative competition intensity (RCI)

The relative competition intensity (RCI) gave us variable results for traits of both the species, some of
which were positive and others were negative (Fig. 4). Plant height of WT under CK, F and N was
affected negatively and showing strong competition, but combination of additional nitrogen and flooding
(F.N, F.2N) had a positive effect on plant height, while plant height of WC in most treatments had RCI
below zero, showing strong competition (Fig. 4). LN and CHl of WC were positive under interaction of
nitrogen and flooding (F.N and F.2N) but WT had negative values under these treatment levels, indicated

7



P
os

te
d

on
A

ut
ho

re
a

10
Fe

b
20

20
|C

C
B

Y
4.

0
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

58
13

70
30

.0
17

82
65

4
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

that WTbecame competitor and WC became facilitator.

Traits mechanisms

Traits’ mechanisms were checked for each species under each treatment and their combinations within mono-
culture, give us some variable results (Fig. 5). F and N reduced the root weight ratio (RWR) of WT (-33.91%,
-37.73%) and WC (-83.4%, -90.1%). F increased shoot weight ratio (SWR), relative growth rate of dry weight
(RGRB) and relative growth rate of shoot (RGRS) of WT (33.9%, 87.2% and 94.2%) and WC (83.4%, 29.6%,
and 10%). N reduced the RGRB, RGRS and RWR of WC(-59.9%, -18.1%, -90.2%). RGRB and RGRS in-
creased in WT (79.3%, 94.5%). The combination of flooding and additional nitrogen (F.N, F.2N) decreased
the RGRB of WC (-94.25%, -92.0%), but increased the RGRB of WT (42.0%, 33.9%) compared with CK
(Fig. 5).

Figure 4. Relative competition intensity of dry weight, plant height, specific leaf area, leaf nitrogen and
chlorophyll content ofWedelia trilobata (WT) and Wedelia chinensis (Wc) under different nitrogen and water
treatments in mixed culture.

Discussion

Functional traits under treatments

The results of this study confirmed the hypothesis that flooding along with additional nitrogen promote the
growth of invasive plant species because of higher phenotypic plasticity and better competition intensity. It
also indicates that functional traits play an important role for the success of invasive plant species under
nitrogen enrichment and flooded habitats. The results showed that WT was particularly taller than WC
regardless of the water, nitrogen and plant culture methods (monoculture and mixed culture). WT may
be more competitive in resource acquisition due to its tallness, particularly for water and nitrogen, which
maybe the most dominant ecological factors that affected plant growth and survival (Drenovsky et al., 2012,
Liu et al., 2018a). In addition, SLA of WT was larger than WC, supposedly due to larger leaf area and traits
response under resource-rich habitats (Matzek, 2012), but some studies pointed out higher growth rate; due
to more biomass of leaf rather than leaf structure per unit area (Gallagher et al., 2015, Huang et al., 2016).

8
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However, SLA of WC was significantly lower than WT in the treatment under both the cultures, except only
CK (Fig. 2d). Hence, SLA may play a role in successful invasion of WT. While many plant species enhance
their growth rate by increasing leaf area, SLA and leaf transpiration rate (LeBel et al., 2013). In this study,
higher plant height of WTserves as a strategy to enhance competition for light; however, this imposes a cost
in the form of structural support and water transport (Wang et al., 2017). Therefore, plant species can
have higher relative growth rate by increasing plant height and decreasing SLA (Fig. 2a, 2d and Fig. 5),
especially in high nitrogen and flooding conditions (F.N and F.2N) (Drenovsky et al., 2012).

Figure 5. Traits difference between different nitrogen and water treatments of Wedelia trilobata and Wedelia
chinensis based on Pearson Correlation under monoculture. For each cell green, orange and red square
respectively, indicate Positive, zero and negative percentage difference in the traits value between Wedelia
trilobata and Wedelia chinensis under each treatment. RGRB, relative growth rate of total dry weight,
RGRSl, relative growth rate of stem length, SWR, stem weight ratio, RWR, root weight ratio respectively.

WT could increase its growth and physiological performance under nitrogen and flooding treatments, par-
ticularly in the competition (Fig. 2), because Water and nitrogen are the most important factors for growth
and development (Liu et al., 2018c, Tulloss and Cadenasso, 2016). Generally, the role of nitrogen along
with water promotes plant growth with increasing plant height, DW, and RGRB(Čuda et al., 2017, Wang
et al., 2016b); that trend was also found in this study (Table 2, Fig. 2 and Fig. 5). DW of WT was higher
under mixed culture because of taller plant height and higher leaf area, that was plant strategy to cope
with flooding conditions because higher plant height makes the plant able to get connect with sun light for
photosynthesis process (Zhao et al., 2015) and reduce the effect of oxygen deficiency that was created by
flooding conditions (Strange et al., 2018). Higher leaf area enhances its photosynthesis and transpiration
capacity under flooding and nitrogen enrichment conditions (Wang et al., 2016a, Parepa et al., 2019). There-
fore, WT has higher ability for resource absorption than WC and also has higher relative growth rate along
with reduced resource investment per unit area under combination of nitrogen and flooding (Dalmolin et al.,
2012),

Role of relative competitive intensity and plasticity index

Relative competition intensity (RCI) of WT and WC indicated improved competition intensity under inter-
specific competition due to decrease in plant height, leaf nitrogen and increase in SLA and chlorophyll content
(Fig.4). Flooding and nitrogen enrichment have great impact on the interspecific competition in the water
fluctuation habitat (Zhou et al., 2017). Relative competition intensity is the trade-off among plants between
competition and facilitation, which means that under higher resource availability plant shows competition
and under stressful condition plant exhibits facilitation (Gratani, 2014). RCI of most functional traits under
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additional nitrogen and combination of flooding (2N and F.2N) were negative of WT that indicated the WT
was more competitive than WC, especially when both plants grew in mixed culture, because of its survival
and better competition ability under flooding and nitrogen enrichment conditions. WC might be repressed by
two factors; one is competition with WT and the other sensitivity to flooding with higher nutrient availabil-
ity. Mainly this type of outcome happens under these conditions because every plant species have different
tolerance ability under adverse environments (Sun et al., 2019). Here WT appears to be more dominant due
to greater tolerance of flooding and nitrogen enrichment. Furthermore, RCI under combination of flooding
and additional nitrogen (F.N and F.2N), LN and CHI of WT had negative values, but WC had positive
values for these parameters, which indicated that WT became competitor but WC behaved like facilitator.
Thus, the competition intensity of WTdecreased under combination of flooding and additional nitrogen (F.N
and F.2N), but WC increased (Fig. 4). This can be explained by the flaring of the functional divergence
between WTand WC under combination of nitrogen and flooding treatments.

Functional traits observed in this study revealed phenotypic plasticity to some extent (Fig. 3). Phenotypic
plasticity is the traits mechanism that make plant able to cope with biotic and abiotic environments (Gratani,
2014) and main factor for the success of different plant under different habitats (Legay et al., 2014). According
to the results, it was obvious that phenotypic plasticity may play a vital part to adapt to the adverse changes
in the environments. However, it was noted that the phenotypic plasticity in functional traits of WT was
higher than WC. Phenotypic plasticity and relative competitive intensity are closely related to each other
because both make invasive plant species able to alter above and below ground functional traits to cope
with a wide range of environmental changes (Lamarque et al., 2013). Conflicting to prediction, phenotypic
plasticity of LN and CHI in WT were lower than in WC. These lower ranges may indicate a fitness cost
for plastic physiological traits under complex environments. Leaf construction costs and plant growth rate
may be quiet due to lower phenotypic plasticity of LN and CHI (Drenovsky et al., 2012). WT compensated
the negative effects of these adverse environments due to the limited plasticity of functional traits (Quan et
al., 2015). Thus, this facilitates invasion and the development of populations in new habitats (Wang et al.,
2017). However, plasticity of other indices of WT was significantly different from WC (Fig. 3). Although
invasive species mostly did not show higher range of plasticity compared with the natives, here WT showed
higher plasticity than WCbecause of availability of nitrogen and water. WT and WC showed also higher
plasticity in plant growth under combination of W × N, which that enhanced their competitiveness (Čuda et
al., 2017, Wan et al., 2019). Previous studies also confirmed that invasive and native species could positive
respond under competition (Liu et al., 2018a).

Conclusions

Functional traits of WT and WC played important role for the success of their growth under nitrogen
enrichment and flooding conditions. According to the results, dry weight, and morphological traits of WT
were significantly higher than WC under combination of flooding and additional nitrogen (F.N and F.2N),
due to higher resource acquisition ability of WT over WC. LN and CHI of WT was significantly lower than
WC; this may confer higher resistance to WT under the adverse environments. Higher phenotypic plasticity
and negative effect of competition of WT over WC under combination of flooding and additional nitrogen
(F.N and F.2N), make WT more successful within these complex environments. This study helped us to
understanding the role of functional traits for the successful invasion of invasive plant species.
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