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Nitrogen deposition and biological invasion are two major components of global
environmental change. Nitrogen deposition has been considered to enhance the
resource availability of recipient habitats, which influences the invasiveness of
plant invader and the invasibility of recipient native communities. Nitrogen
deposition has been shown to reduce the relative abundances of arbuscular
mycorrhizal fungi (AMF) globally. AMF have been found to mutualistically
symbiose with approximately 75% of plant species and act as a nutrient
supplier. AMF may modify the structure of native plant communities,
collaborate with alien plant invaders and thus promote their invasion. The alien
woody invader, Rhus typhina L. has been introduced into North China as a
horticultural species, invaded the native plant community and outperformed the
native competitors in growth and in photosynthetic efficiency. Nevertheless, little
is known about if nitrogen deposition and AMF inoculation synergistically alter
the invasibility of native plant community. In this study, R. typhina was subjected
to the artificial plant community assembled by four co-existing native species —
Chenopodium album L., Vitex negundo var. heterophylla (Franch.) Rehd., Rhus
chinensis Mill. and Acer truncatum Bunge in a mesocosm experiment. Nitrogen
deposition and AMF inoculation were simulated as environmental and biotic
filters respectively. Aboveground biomass and biomass proportion, reflecting
plant growth and performance, and specific leaf area and chlorophyll
concentration correlated with carbon use and photosynthetic capacity of both
the alien invader and the native plants were measured and calculated after
harvest. We found that AMF inoculation did not alter the trait variation of alien and
native species to increasing nitrogen deposition level in general, although AMF
inoculation impeded the increase of aboveground biomass for C. album, V.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1152213/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2023.1152213&domain=pdf&date_stamp=2023-07-17
mailto:ecotone@qau.edu.cn
https://doi.org/10.3389/fevo.2023.1152213
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/science#editorial-board
https://www.frontiersin.org/journals/science#editorial-board
https://doi.org/10.3389/fevo.2023.1152213
https://www.frontiersin.org/journals/science

Guo et al.

10.3389/fevo.2023.1152213

negundo and native community with increasing nitrogen deposition level. In the
scenario of nitrogen deposition and AMF inoculation, a stable status of invasion
dynamic may be maintained and needs to be checked with integration of traits at
extended temporal scale.
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global environmental change, arbuscular mycorrhizal fungi, invasibility, woody invader,
native plant community, plant—plant interactions

Introduction

As the two crucial components of global environmental change,
nitrogen (N) deposition and biological invasion have been boosted
by anthropogenic activities and have inestimable effects on recipient
ecosystems (Vitousek, 1992; Millennium Ecosystem Assessment,
2005; Borer and Stevens, 2022; Lopez et al., 2022). The global N
deposition rate has been predicted to increase 1-2 folds by the
middle of the 21 century (Jansson and Hofmockel, 2020). Multiple
ecosystems have transformed from N deficiency to N saturation
(Penuelas et al, 2020). China has become the third largest N
deposition area and annual average N deposition rate has reached
20.4 kg.hm_2 (Valliere et al.,, 2017; Yu et al,, 2019). N deposition has
caused an alteration of the global nitrogen cycle and acts as an
environmental stress in modifying the structure and function of
terrestrial ecosystems, for instance species loss, degradation of
biodiversity and homogenization of local flora (Hayes et al., 2019;
Peng et al., 2019).

Likewise, biological invasion has been shown to have
detrimental ecological effects such as the exclusion of native
species and the alteration of community structure (Zhang and
van Kleunen, 2019). Importantly, plant invasion success can be
mediated through background nitrogen deposition across a range of
different ecosystems (Valliere et al., 2017; Wang et al., 2021; Liu
et al, 2022; Wang et al,, 2022). Indeed, the resource fluctuation
hypothesis predicts that N deposition may enhance the habitat
resource availability and improve their hospitability for plant
invasion (Davis et al., 2000). In view of this prediction, many
studies have shown that N deposition promotes plant performance
through a range of metrics, including biomass accumulation and
photosynthetic efficiency for invading species (Wang et al., 2017;
Wang et al., 2022; Xing et al., 2022). In particular, specific leaf area
(SLA) and chlorophyll concentration have been commonly used to
indicate photosynthetic efficiency (Wang et al., 2023). Since the leaf
trait economic spectrum predicts a positive correlation between
SLA and leaf N concentration and N is a constituent of chlorophyll,
N deposition likely enhance SLA and chlorophyll concentration
(Wang et al., 2017; Wang et al., 2022). However, the effects of N
deposition on the invasibility of native plant communities have
been mostly tested using herbs or field trials (Maron and Marler,
2008; Liu et al., 2018; Cavieres, 2021). Successful invasions are able
to overcome the biotic barriers associated with the recipient
community, and the underlying mechanisms such as competitive
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exclusion and allelopathy are contributors (Young et al., 2022). N
deposition also influences the performance of the native plant
community, the construction of biotic resistance and thus the
invasibility of the native plant community (Li et al., 2022a).
Several studies have proposed that N deposition may have
stressful effects on the diversity and/or productivity of native
plant communities and reduce the biotic resistance of the native
plant community to invasion (Zheng et al., 2020; Gao et al., 2021).
Other studies have suggested the opposite, as N deposition
promoted the growth of native plants, enhanced the productivity
of native plant communities and benefited biotic resistance (Wang
etal, 2021; Liu et al,, 2022). Therefore, the plant-plant interactions
including alien vs. native and native vs. native both affect the
invasion dynamic.

Arbuscular mycorrhizal fungi (AMF) can symbiose with
approximately 75% of vascular plants: with aid in nutrient
assimilation, water uptake, pathogen defense and stress tolerance
(Smith and Read, 2008; Wipf et al,, 2019; Frew et al., 2020). In
exchange, AMF obtain carbon sources such as carbohydrates and
lipids from plants (Jiang et al., 2017). Despite the above benefits, the
net effects of AMF on plant performance are uncertain when
considering invasive and native plants integratively. Several studies
have shown that AMF have a higher colonization rate on invasive
plants and promote their performance (Dong et al., 2021; Lamit et al,,
2022; Sun et al, 2022). Thus, a competitive advantage of invasive
plants over native plants can be realized (Lamit et al., 2022; Sun et al,,
2022). However, a meta-analysis has reported that AMF colonization
did not differ between invasive and native plants and invasive plants
possibly do not symbiose with AMF or are poorly colonized and
benefit less from AMF than native plants (Bunn et al., 2015). Cheng
et al. (2019) have also shown that the inoculation of arbuscular
mycorrhizal fungi has the potential to help the native species Bidens
biternata (Lour.) Merr. et Sherff resist the invasion of Bidens alba. (L.)
DC. Therefore, the plant-plant interaction between alien invader and
recipient native plant community is ambiguous when facing AMF
colonization and the effects of AMF inoculation on the invasibility of
native plant community are uncertain.

The introduction of alien woody plant species appears to be
inevitable considering the improvement of aesthetic value for urban
landscapes and the economic benefits derived from forestry
production (Richardson and Rejmanek, 2011). However, the
intentional introduction of alien woody species has led to their
invasion and has caused severe ecological safety problems to both
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the artificial ecosystem and natural ecosystem such as the threat to
native biodiversity and biotic homogenization (Richardson et al.,
2014). Rhus typhina L. has been commonly used as an ornamental
tree species for urban greening and has been cultivated into the
forest plantation in North China (Wang et al., 2008). Since this
species has strong allelopathic effects and the dispersal of this
species may alter the native plant community structure, the
invasive potential of this species has been considered to be great
(Xu et al, 2023). Prior mesocosm studies have shown that R.
typhina outperforms its native counterparts (e.g. Quercus
acutissima Carr., Sapindus mukorossi Gaertn., Cotinus coggygria
Scop. and Rhus chinensis Mill.) in growth (e.g. biomass
accumulation) and traits associated with resource use (e.g. specific
leaf area and chlorophyll concentration) (Yuan et al., 2013; Wang
et al,, 2016; Guo et al, 2020; Wang et al,, 2022). Especially, N
deposition confers a competitive advantage on R. typhina (Yuan
etal, 2013; Wang et al., 2022). However, few previous studies on R.
typhina considered the invasibility of the recipient native plant
community, despite several prior studies on herbaceous plant
invasion examining the probable biotic resistance of artificial
native herb communities (Liu et al., 2018; Jin et al., 2022; Li et al,,
2022b). The present study subjected the alien woody invader, Rhus
typhina L. to the artificial plant community assembled by four co-
occurring native species — Chenopodium album L., Vitex negundo
var. heterophylla (Franch.) Rehd., Rhus chinensis Mill. and Acer
truncatum Bunge in a mesocosm experiment. By evaluating the
probable phenotypic variation of the alien invader and native plant
community in response to different treatments of nitrogen
deposition and AMF inoculation, the present study aimed to
explore the probable effects of nitrogen deposition and AMF
inoculation on shaping the invasibility of the native

plant community.

Materials and methods
Study site and plant materials

The experiment was conducted in a greenhouse of Qingdao
Agricultural University, Qingdao city, Shandong Province, China
(36° 31" N, 120° 39" E), the area has a warm temperate monsoon
climate, with an average temperature of 12.7 °C and an average
annual precipitation of 700 + 100 mm (Wang et al., 2022). The
greenhouse was covered with plastic film.

The seeds of R. typhina, V. negundo, R. chinensis and A.
truncatum were sampled from Mount Lao (36° 19" N, 120° 62’ E)
in November, 2020 and the seeds were stored at 0-4 °C during the
winter. The following actions were taken to stimulate germination
in April-May, 2021. The seeds of R. chinensis and R. typhina were
washed with 70 °C baking soda solution for 10 minutes and then
washed with tap water. The seeds of R. typhina, V. negundo, R.
chinensis and A. truncatum were soaked in tap water for 24 hours
respectively. The soaked seeds of each species were then placed on
trays to promote germination for 7-14 days. During this period, we
sprayed water into the tray every morning and noon to keep all the
seeds moist and cover the seeds with a layer of gauze to reduce water
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loss (Wang et al., 2022). After germination, healthy and strong
seedlings of each species with 4-6 leaves were selected and
transplanted into plug plates. When most seedlings of each
species in the plug plates had four fully-developed leaves, we
collected C. album seedlings with four fully-developed leaves at
the campus of Qingdao Agricultural University. Seedlings of five
species with similar size and four leaves were transplanted into
plastic pots (200 mm in diameter and 200 mm in height) for
further treatments.

Each pot was loaded with a mixture of 1:1 (v/v) of sandy air-
dried loam (collected locally) and peat (specification: 10-30 mm,
pindstrup substrate, Denmark). The total weight of the substrate
was 5.0 kg. Debris and stones were removed from the sandy loam
beforehand. Autoclaving was performed to kill all soil biota
before treatments.

Experimental design

We grew the invasive R. typhina as target species in pot-
mesocosms with a synthetic native resident community. One R.
typhina seedling was planted in the middle of the pot. The other
four native plant species (C. album, V. negundo, R. chinensis and A.
truncatum), one seedling per species, were planted around the R.
typhina seedling (see Supplementary Material 1). This planting
pattern was designed to explore the effects of native plant
interaction on the performance of exotic R. typhina. Rhus
chinensis and A. truncatum are trees, while V. negundo and C.
album are shrub and forb, respectively. All the four species, which
co-exist with R. typhina in the field, are representative native species
in the study region. Frequent inter-species interaction such as
competition between R. typhina and the four native counterparts
is expected.

A two-factor experiment was conducted with three N
deposition levels and two arbuscular mycorrhizal fungi (AMF)
inoculation levels. The three N deposition levels were 0, 6 and
12 ¢ N m %y (designated as NO, N6 and N12, respectively),
representing no deposition, deposition level already recorded in
some areas of northern and southern China (Lii and Tian, 2007;
Zhang et al., 2011) and deposition level that may be reached in the
future (Luo et al,, 2014), respectively. N loading was simulated by
adding an aqueous ammonium nitrate (NH4,NO3) solution directly
to the soil every 2 weeks. The solutions were prepared with
deionized water. The amount of NH,;NO; used was calculated
based on the above-mentioned N addition levels. Within each N
deposition level, two AMF inoculation treatments were employed:
R. typhina and the native resident community inoculated with AMF
(+ AMF) and non-inoculated controls (0 AMEF). Funneliformis
mosseae, Glomus versiforme and Rhizophagus intraradices were
selected and combined (1:1:1) as AMF inoculation treatment
since they are commonly distributed in Qingdao area in our field
survey, and all the selected plant species can be successfully
colonized by the combination of the three AMF species according
to our pre-experiment. The AMF for inoculation treatment were
provided by the Institute of Mycorrhizal Biotechnology, Qingdao
Agricultural University. Each plant received 8 g inocula
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(approximately 320 AMF spores) for the AMF inoculation
treatment. The same amount of autoclaved inocula were added to
every plant as non-inoculated controls. As such, the experiment
included 6 treatments, and 6 replicates were included at each
treatment, resulting in a total of 36 pots.

Insects and weeds were controlled manually. Insect pests were
also controlled with sticky boards. All pots received adequate
watering. The temperature and humidity were measured using
DL-TH20 digital display thermometer and hygrometer
(Hangzhou Gsome Technology Co., Hangzhou, China). The
average temperature and relative humidity in the greenhouse
during the experiment were 26.9 + 4.8 °C and 75% * 19%
respectively (n = 4091, from 18:39, July 27 1o 23:39, September
25" recorded every 30 min; typical diurnal pattern of temperature
and humidity see Supplementary Material 2). The light intensity
was measured using Quantuml/Foot Candle Meter (Spectrum
Technologies, Inc., Aurora, IL, USA). The light intensity inside
the greenhouse was 78.3% + 0.033 (n = 6) of the outdoor light
intensity. The position of the pots was re-randomized weekly. The
study was carried out from July 1*' to September 25, 2021, and it
lasted for 87 days.

Harvest and measurements

All plants survived during the experimental period and were
measured and harvested on September 25, 2021. Plant height and
crown area were measured for each plant individual in each
treatment. Plant height was gauged as the vertical distance
between base and apex. The crown area was calculated as (Wang
et al., 2022):

Crownarea=0.5xax b

a denotes the maximal horizontal length of the plant crown,
while b denotes the width of the plant crown perpendicular to a.

The average leaf area was measured with 10 fully expanded
leaves from each treatment (third or/and fourth leaves from the tip).
A scanner (Epson Perfection V700, Seiko Epson, Japan) was used to
scan the leaves, and then Image J (National Institutes of Health,
Maryland, USA) was used to calculate the leaf area. Subsequently,
the leaves were oven-dried for 0.5 h at 105 °C to inactivate enzymes,
then at 80 °C for 48 h, and leaf dry weight (LDW) was weighed
using an electronic balance (Ohaus AR1140, Ohaus Corporation,
USA). The specific leaf area (SLA) was calculated as: leaf area/leaf
dry weight.

One leaf on the third leaf node from the tip of each plant individual
was selected for the determination of chlorophyll concentration (CHL)
using the ethanol method. Approximately 0.1 g of fresh leaf tissue was
ground in 10 ml of 95% ethanol with calcium carbonate and quartz
sand until all the leaf tissue dissolved. The absorbances of the
supernatant were measured at 649 nm (Agg) and 665 nm (Ages)
using a spectrophotometer after 24 h of dark treatment. Chlorophyll a
concentration (Chl,), chlorophyll b concentration (Chl,) and CHL
were calculated separately as (Wang et al.,, 2019):

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1152213

Chl, = (13.95 X Aggs — 6.88 X Agyg) X 0.01/leaf fresh weight
Chly, = (24.96 x Agg — 7.32 X Aggs) X 0.01/leaf fresh weight

CHL = Chl, + Chl,

The aboveground part of seedlings of each species was then
harvested and divided into leaf and stem. The root of each species
was not harvested partly because their roots intertwined with each
other and is difficult to distinguish, and partly because the above-
ground competition rather than below-ground competition mainly
impacts the species dominance (Kiaer et al., 2013). The leaves and
stem were separated and dried at 105 °C for 0.5 h to inactivate
enzymes, and then dried at 80 °C for 48 h. After that, the biomass of
leaves and stem for each species and each replicate were weighed
using an electronic balance (Ohaus AR1140, Ohaus Corporation,
USA). The aboveground biomass of each species and each replicate
was calculated as the sum of leaf mass and stem mass. The
aboveground biomass of the native plant community of each
replicate was calculated as the sum of the aboveground biomass
for each native plant including C. album, V. negundo, R. chinensis
and A. truncatum. The biomass proportion of R. typhina was
calculated as: aboveground biomass of R. typhina/(aboveground
biomass of R. typhina + aboveground biomass of native plant
community) x 100%, while the biomass proportion of the native
plant community was calculated as: aboveground biomass of native
plant community/(aboveground biomass of R. typhina +
aboveground biomass of native plant community) x 100%.

The community-weighted mean (CWM) of SLA and CHL each
for the native plant community was calculated as the average trait
value in the community weighted by the important value of each
species, which evolves from the method of Garnier et al. (2004). The
calculation process of the CWM for a single trait is as follows:

Important value (IV) = (Ar + Cr + Hr)/3

The above equation is developed from the method of Curtis and
MclIntosh (1951). Ar represents the relative abundance of a single
species, which is the ratio of the abundance of a single species to the
total abundance of the species in the community, in the present
study the Ar is 1/4 for each native species. Cr represents the relative
coverage of a single species, which is the ratio of the coverage of a
single species to the total coverage of the species in the community.
Since coverage reflects the vertically projected area of the plant
canopy to a large extent, the crown area is used to represent
coverage in the present study. Hr represents the relative height of
a single species, which is the ratio of the height of a single species to
the total height of the species in the community.

CWM, e = 2 IV; X

Where the CWM,,,; represents the community-weighted mean
of a single trait (SLA or CHL for the present study), the s is the
species number of the community (s = 4 for the present study), the
IV, is the important value of the i™ species in the community and
the t; is the trait value of the i species in the community.
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The infection rate of AMF was measured following the method
by Zhao et al. (2023). The roots of each species each replicate were
fragmented into 0.5-1 cm-long slices and then the sliced were
placed into a test tube with a KOH solution with a 5%-10%
concentration Then, the test tube was water bathed for 20-
60 min at 90 °C. After water bath, the roots were soaked in the
2% concentration of HCL solution for 5 min. The roots were stained
using with a 0.01% concentration of acid fuchsin stain after the acid
was removed from the roots. Then, the stained roots were water
bathed for 20-60 min at 90 °C. Color separation was done on the
roots with lactic acid. Then, microscopic observation was used. The
AMF infection rate was calculated as follows:

AMF infection rate (%)

0 xng+10% xn; +20% Xn, +... + 100 % xn;,
ng+n;+n;+...+ng

n, represents the root slice number without AMF colonization,
n; represents the root slice number with an AMF colonization rate
of 10%, n, represents the root slice number with an AMF
colonization rate of 20%, n;, represents the root slice number
with an AMF colonization rate of 100%.

Data analysis

SLA was log(x)-transformed and the biomass proportions of R.
typhina and native plants were log(x+1)-transformed (Isles, 2020).
Thus, all trait data met the assumption of normality and
homogeneity of variance prior to analysis. A one-way analysis of
variance (ANOVA) was performed to test the effects of nitrogen
deposition on the infection rate of AMF for different species. A two-
way analysis of variance (ANOVA) was applied to test the effects of
nitrogen deposition and AMF inoculation on aboveground
biomass, biomass proportion, SLA and CHL of R. typhina the
native plant community. If a significant treatment effect was
detected, post hoc pair-wise comparisons of means were
performed to examine the differences between treatments using
Tukey’s test for multiple comparisons. The correlations between
nitrogen deposition level and plant performance including
aboveground biomass, biomass proportion, SLA and CHL for
each species and native plant community were detected using
linear regression under different conditions of AMF inoculation.
All data analyses were conducted using SPSS 25.0 (IBM Corp.,
Armonk, NY, USA).

Results

All plant species were infected by the AMF (Figure 1). The
infection rate of R. typhina decreased with increasing nitrogen
deposition (Figure 1A). Chenopodium album showed the highest
infection rate without nitrogen deposition and nitrogen deposition
decreased its infection rate (Figure 1B). Both V. negundo and R.
chinensis displayed an increase in infection rate with increasing
nitrogen deposition (Figures 1C, D). The infection rate of A.
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FIGURE 1

Variation in the arbuscular mycorrhizal fungi (AMF) infection rate of
(A) R. typhina, (B) C album, (C) V. negundo, (D) R. chinensis and

(E) A. truncatum. Means with the different letters are significantly
different at P<0.05 in different treatments.

truncatum was lowest in the treatment of N6, while a significantly
higher infection rate was shown in the treatment of
N12 (Figure 1E).

N deposition had significant effects on the aboveground
biomass of C. album, V. negundo and native community, the SLA
of C. album and A. truncatum, and the CHL of C. album, A.
truncatum and native plant community (Table 1). The effects of
AMF inoculation on all traits of both R. typhina and the native
plants were insignificant (Table 1). We found significant interactive
effects of N deposition and AMF inoculation on the CHL of R.
typhina and the SLA of A. truncatum (Table 1).

Biomass

The aboveground biomass of C. album, V. negundo and native
community significantly increased with the increase of N deposition
level without AMF inoculation, while their aboveground biomass
did not significantly vary with the increase of N deposition level
with AMF inoculation (Figures 2B, C, F). No significant variations
in aboveground biomass were detected for the other species
(Figures 2A, D, E).

The biomass proportion of A. truncatum significantly decreased
with the increase of nitrogen deposition level without AMF
inoculation, while that did not significantly vary with the increase
of nitrogen deposition level with AMF inoculation (Figure 2K). No
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TABLE 1 F-values and significances of two-way ANOVA of the effects of nitrogen deposition and arbuscular mycorrhizal fungi (AMF) inoculation on

the plant performance of R. typhina and native plant community.

Nitrogen deposition (N)

AMF inoculation (A)

R. typhina F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 0.599 0.556 0.813 0.374 1.810 0.181
Biomass proportion 0.714 0.498 0.118 0.734 0.801 0.458
SLA 0.786 0.465 3.162 0.086 0.969 0.391
CHL 0.125 0.883 1.546 0.223 3.446 0.045
C. album F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 3.494 0.043 0.445 0.510 0.507 0.608
Biomass proportion 1.460 0.248 0.232 0.634 0.558 0.578
SLA 3.696 0.037 1.173 0.287 0.043 0.958
CHL 5.588 0.009 0.011 0.916 0.196 0.823
V. negundo F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 5.529 0.009 1.906 0.178 1.683 0.203
Biomass proportion 2.355 0.112 2.035 0.164 0.757 0.478
SLA 0.466 0.632 1.167 0.289 1.690 0.202
CHL 0.996 0.381 2.765 0.107 0.803 0.457
R. chinensis F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 0.718 0.496 2.946 0.096 0.260 0.773
Biomass proportion 0.973 0.390 3.082 0.089 0.719 0.495
SLA 0.391 0.680 0.495 0.487 0.633 0.538
CHL 1.420 0.258 0.641 0.430 0.585 0.563
A. truncatum F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 0.367 0.696 1.154 0.291 1.831 0.178
Biomass proportion 3.311 0.050 1.293 0.264 0.498 0.612
SLA 4.440 0.020 1.863 0.182 3.568 0.041
CHL 3.937 0.030 3.937 0.056 1.325 0.281
Native plant community F(df=2) P F(df=1) P F(df=2) P

Aboveground biomass 3.846 0.033 0.189 0.667 0.540 0.588
Biomass proportion 0.807 0.456 0.157 0.695 1.059 0.359
SLA 2.520 0.097 3.052 0.091 0.880 0.425
CHL 6.056 0.006 0.021 0.886 0.108 0.898

significant variations in biomass proportion were shown for the
other species (Figures 2G-]J, L).

Leaf traits

The SLA of native community significantly decreased with the
increase of nitrogen deposition level without AMF inoculation,
while that did not significantly vary with the increase of nitrogen
deposition level with AMF inoculation (Figure 2R). No significant
variations in SLA were shown for the other species (Figure 2M-Q).
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The CHL of A. truncatum did not significantly vary with
the increase of nitrogen deposition level without AMF
inoculation, while that significantly increased with the
increase of nitrogen deposition level with AMF inoculation
(Figure 2W). Despite that no significant variations in CHL
were found for the other species (Figure 2T-V, X), a contrast
variation trend of CHL for R. typhina appeared to be shown: an
increase of CHL following the increase of N deposition level
without AMF inoculation (P = 0.109) however a decrease of
CHL following the increase of N deposition level with AMF
inoculation (P = 0.054) (Figure 25).
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Correlations between nitrogen deposition level and aboveground biomass, biomass proportion, SLA and CHL for R. typhina (A, G, M, S), C. album (B,
H, N, T), V. negundo (C, I, O, U), R. chinensis (D, J, P, V), A. truncatum (E, K, Q, W) and native plant community (F, L, R, X) without and with

arbuscular mycorrhizal fungi (AMF) inoculation.

Discussion

Based on the evaluation of traits including biomass, biomass
proportion, SLA and CHL, the present study showed that AMF
inoculation had weak effects on both R. typhina and native plants
under n deposition. Biomass accumulation usually represents the
assimilatory power of plants and reflects the capacity of plants to
colonize the resource niche (Yan et al., 2020). In accordance with
the above perspective, biomass accumulation has been recognized
to be positively correlated with the invasiveness of alien plants and
the biotic resistance of native plant communities to invasion (Yuan
et al., 2013; Liu et al., 2018; Guo et al., 2020; Jin et al., 2022; Li et al.,
2022a; Li et al., 2022b; Wang et al., 2022; Xing et al.,, 2022). AMF
inoculation impeded the increase of aboveground biomass for C.
album, V. negundo and native plant community, and the decrease of
biomass proportion for A. truncatum under nitrogen deposition,
while no significant effects of AMF inoculation were found under
remaining conditions. Considering invasiveness and invasibility,
AMEF inoculation did not enhance the performance of the exotic
invader, R. typhina across different deposition levels, despite that a
weakened resistance of native plant community with AMF
inoculation. The plant-plant interaction, such as competition
between the invader and native, and among the species within the
native plant community was likely stable (Ma et al, 2017). A
stability may exist for the community assembled by the alien
invader and native plants since the community could “tolerate”
the environmental perturbation from N deposition and AMF
inoculation (Ghedini and Connell, 2016). Previous studies on the
effects of environmental perturbation on the invasibility of native
plant community showed two contrast paradigms including: 1) the
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invader up and the native down, in which the invasion process
strengthens; and 2) the invader down and the native up, in which
the biotic resistance strengthens (Liu et al., 2018; Zheng et al., 2020;
Gao et al.,, 2021; Wang et al,, 2021; Jin et al.,, 2022; Li et al., 2022b;
Liu et al,, 2022). However, the present study tends to show a balance
between the alien invader and native plant community, especially
considering the phenotypic maintenance of alien invader.
Functional traits such as SLA and chlorophyll concentration are
fundamentally associated with the resource use for instance the
carbon gain and have been widely considered to be positively
correlated with the photosynthetic efficiency and plant growth
(Wang et al,, 2017). And the evidence from these two traits also
showed the balance between the alien invader and native plant
community. The trait performance in SLA and chlorophyll
concentration corresponds to biomass accumulation (a proxy for
plant growth), since under most conditions the response of these
two traits to nitrogen deposition insignificantly altered with AMF
inoculation. The constant outcome of plant-plant interaction
between the alien invader and native plant community may
implicate a stable status of invasion dynamic. Despite that, the
alien invader, R. typhina showed a disparate variation tendency for
CHL following the increase of N deposition level under different
AMF inoculation conditions, as N deposition increased the CHL
without AMF inoculation while a contrast pattern was shown.
Despite a lack of statistical significance, AMF inoculation was
probably disadvantageous for the invasion of R. typhina into
native plant community when facing nitrogen deposition, which
needs further investigation.

Counterintuitively, N deposition and AMF inoculation, which
have been certified to influence the resource availability for plants
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directly and indirectly, exerted weak impacts on the performances
of the alien invader and native plants in the present study (Smith
and Read, 2008; Wang et al., 2017; Wipf et al., 2019; Frew et al.,
2020; Wang et al, 2022; Xing et al., 2022). Two probable
explanations may be involved in this stability. The first
explanation deals with the growth habits of woody plants.
Previous studies on the invasibility of native plant communities
commonly used fast-growing herbaceous plants as experimental
materials (Liu et al., 2018; Jin et al., 2022; Li et al., 2022b). These
herbaceous plants are more sensitive to resource fluctuation than
woody plants (Rich et al., 2008). Since woody plants are slow-
growing, the response of woody plants to resource fluctuation may
be not prompt (Kozlowski et al, 1991). The second explanation
relates to the role of AMF inoculation in the promotion of plant
performance. Kiers et al. (2000) showed that the effects of AMF
inoculation on plant performance are dependent on the host
species. Hence, we speculate that the inoculation of AMF has
weak effects on promoting the nutrient acquisition of the plants
in the present study.

The present study provides a novel insight into the effects of
environmental perturbation on the invasibility of native plant
communities. In contrast to the prior studies with similar topics, we
found that a neutral effect of environmental perturbation on the
contrast between an alien woody invader and a native plant
community dominated by woody plants. In summary, a constant
pattern of invasion dynamic for the woody communities may exist
comparing to the shifting pattern in the invasion dynamic for the
herbaceous communities under environmental perturbation. We
suggest that the future study on the effects of environmental
perturbation on the invasion of woody invaders into native woody
communities should consider temporal scale as a priority because of
the slow growth of woody plants. Importantly, as alien invaders like R.
typhina have strong allelopathic effects and may induce an interfering
competitive effect on the native plants, the direct competition for
resources is not the only form of plant-plant interactions between the
alien invader and native plant community (Young et al., 2022). The
structure of these plant-plant interactions should be probed in the
mesocosm experiments of artificial plant communities. Although the
present study implicates a neutral plant-plant interaction between the
alien invader and native community, the interaction may convert
mutually among competition, neutrality and facilitation with the
change of environmental perturbation (Brooker, 2006). Further study
should explore the threshold values of key ecological factors modifying
the plant-plant interactions. By using this approach, a deeper insight
on community invasibility can be perceived by the integration of plant-
plant interactions and plant-environment interactions.
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