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The differences inmass loss of leaf litter are primarily thought to be driven bymicrobial
activity, especially by fungi. However, the existence of such differences across large
spatial scales has not been well explored in field studies and the underlying
mechanisms of difference are still unclear, especially for the role of different fungal
guilds in driving different mass losses. We conducted a 1-year decomposition study
within eachof four coastalwetlands inChina to test thedifference inmass loss across a
large spatial scale (ranging from 26° N to 41° N in latitude). In each wetland, six sites
including three composed of P. australis and three composed of another dominant
plant species typically in coastal ecosystems were selected. We used P. australis leaf
litter as the standard decompositionmaterial, placing it into litter bags withmesh sizes
1mm and 4mm, respectively. Final litter mass loss was examined approximately after
3, 9 and 12months. The differentmass losswas quantifiedusing additionalmass loss at
P. australis sites compared to that at another species sites.We found that themass loss
of leaf litter of P. australis showed a clear difference across multiple coastal wetlands
only at later stages of decomposition, which was independent of mesofauna (mesh
size) contribution to decomposition. Furthermore, the observed difference in mass
loss was primarily attributed to the dissimilarities in initial soil fungal community,
particularly the symbiotrophic fungi, rather than the soil bacterial community. Our
results provide empirical evidence of a large-scale difference in mass loss in litter
decomposition and have linked the observed difference to different soil fungal guilds.
These results indicate that symbiotrophic fungi might play a direct or indirect role in
driving difference inmass loss, which contributes to a better understanding and invites
in-depth further investigation on the underlying microbe-driven mechanisms of the
difference.
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1 Introduction

The home-field advantage (HFA) is a well-known phenomenon
in decomposition processes, in which plant litter has the tendency to
decompose faster in its ‘home’ environment than in its ‘away’
environment even when in a similar abiotic environment (Hunt
et al., 1988; Gholz et al., 2000; Ayres et al., 2009; Zheng et al., 2023).
The phenomenon shows that the decomposition rate of litter is
significantly different under different habitat conditions. Various
studies have directly targeted the existence (or absence) of difference
in mass loss between different habitat conditions in different types of
ecosystems, such as forests, grasslands or wetlands (Gholz et al.,
2000; Palozzi and Lindo, 2018; Yeung et al., 2019; Yuan et al., 2019),
using either field or greenhouse experiments with different litter
types (Purahong et al., 2019; Veen et al., 2019; Wu et al., 2019).
However, the difference in decomposition rate is still inconsistently
supported by empirical data (Chapman and Koch, 2007;
Gießelmann et al., 2011; Freschet et al., 2012; Bachega et al.,
2016; Ma et al., 2023), and very few studies have tested
difference in mass loss between different habitat conditions
across large spatial scales in the field (but see Veen et al., 2019 in
a greenhouse experiment). It is still unknown whether difference in
mass loss between different habitat conditions in the decomposition
process of certain plant species still exists in the field across a large
spatial scale.

The existence of difference in mass loss might depend on the
dissimilarities in multiple factors between different habitat
conditions, such as climatic conditions, aboveground plant
species and belowground soil microclimatic conditions or
decomposer organisms (Zhu et al., 2024) (Figure 1). One
important hypothesis predicts that the difference may result from

the local adaptation of the soil organisms to decompose litter from
the plant species above them (Bardgett and Walker, 2004; Wardle,
2013). This adaptation might alter physiological activities, shifts in
community composition, evolution, or a combination of these
processes (Milcu and Manning, 2011). Evidence showed that all
size classes of soil fauna might contribute to difference in mass loss
(Li X et al., 2021), and large dissimilarities in soil microbial
communities between different habitat conditions might result in
stronger difference. However, for certain plant species at a large
spatial scale, whether different groups of soil fauna or microbes, as
well as other environmental factors, might affect the difference in
mass loss in decomposition has remained unknown. Especially for
soil microbes, it is virtually unknown which groups of soil microbes
really matter in driving the difference across large spatial scales.

Previous studies have shown that difference in mass loss was
mostly driven by soil microbial communities, especially by soil fungi
(Austin et al., 2014; Lin et al., 2019; Veen et al., 2019; Li et al., 2020;
Liu L. et al., 2023). More specifically, fungi might contribute to the
difference in mass loss, even though possibly only some specific
dominant fungi matter to decomposition rather than the whole
fungal community (Lin et al., 2019; Veen et al., 2019; Ma Y et al.,
2023). Fungal communities are mainly considered as primary
decomposers, because many of them can produce a wide range
of extracellular enzymes and degrade recalcitrant organic
compounds in plant litter (Boer et al., 2005; van der Wal et al.,
2012; Voriskova and Baldrian, 2013; Liu et al., 2022). However, we
still lack a deeper understanding about the functional role of fungi in
driving the difference in decomposition rate. It remains unknown
which functional groups or guilds of soil fungi really matter in
driving the difference in mass loss. Two prominent publications
could help us to further categorize the soil fungal community into

FIGURE 1
(A) Study sites of the experiment. Five species are PA: Phragmites australis; SS: Suaeda salsa; IC: Imperata cylindrica; SA: Spartina anglica; CM:
Cyperus malaccensis. Solid filled circles and squares were the sites where litter bags were lost completely when harvesting. (B) Conceptual framework of
our study, including potential factors driving difference in mass loss, i.e., additional decomposition at PA sites, of P. australis litter decomposition.
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different functional groups or guilds, i.e., Pathotrophs, Saprotrophs,
Symbiotrophs or their combinations (Nguyen et al., 2016; Põlme S
et al., 2020), and hence help to answer the above question.

In terms of testing the difference in mass loss across large spatial
scales, P. australis might be a good candidate species, because P.
australis as a cosmopolitan grass is dominant in many wetland
ecosystems and widely spread both globally and locally (Brix et al.,
2014; Hu et al., 2017; Yin et al., 2022; Liu S. et al., 2023). Moreover, P.
australis can expand or invade into new communities, with various
consequences to ecosystem functioning (Meyerson et al., 2010; Cui
et al., 2019). Such an expansion or invasion of P. australis into other
plant communities can lead to negative impacts on the local ecology,
most notably through decreased biodiversity (Wails et al., 2021) or it
can alter the decomposition of other plant species (Cui et al., 2019),
which may indirectly also affect biodiversity. This might have
important implications for the testing of difference in mass loss
in P. australis litter decomposition across large spatial scale: whether
an expansion or invasion by P. australis might have ecological
consequences via the difference in mass loss across large
spatial scales.

Here we conducted a large-scale decomposition experiment
(ranging from 26° N to 41° N in latitude) to examine the leaf
litter decomposition rates of P. australis, and tested whether it
showed difference in mass loss at sites under P. australis
communities, compared to the decomposition rates at sites under
another respective dominant plant species across Chinese coastal
regions. This experimental design ruled out the litter quality effect
on testing the difference (Milcu and Manning, 2011), and simplified
our study system to better explore the role of the dissimilarity in
belowground biota in driving the difference. Therefore, we
hypothesized that (1) the difference in mass loss should mainly
depend on the dissimilarities in microbial communities and soil
properties between different habitat conditions; (2) other factors
such as different soil fauna groups and different stages of
decomposition might also matter for the strength of the
difference in decomposition across large spatial scales. In
addition, we were able to test which taxonomic group(s) or
functional guild(s) really matter when testing the difference in a
large spatial scale along the Chinese coast. This might improve our
understanding about the underlying mechanisms that drive the
difference in mass loss and provide important implications for
linking soil microbial community to ecosystem functioning.

2 Materials and methods

2.1 Study site and species selection

We selected four national Nature Reserves along Chinese coasts
as our study sites (Figure 1): (1) Liao River Estuary National Reserve
(40°45′- 41°08′N, 121°28′- 122°00′E) in Panjin (PJ), Liaoning
Province; (2) Dafeng Elk National Nature Reserve (32°56′-
33°36′N, 120°42′- 120°51′E) in Yancheng (YC), Jiangsu Province;
(3) Hangzhou Bay Wetland Nature Reserve (30°17′- 30°23′N,
121°03′- 121°09′E) in Ningbo (NB), Zhejiang Province; (4)
Minjiang River Estuary Wetland National Nature Reserve
(26°01′- 26°03′N, 119°36′- 119°41′E) in Fuzhou (FZ), Fujian
Province. In each Natural Reserve, we selected six sites with two

different types of plant communities as two different habitat
conditions in which to conduct our litter decomposition
experiment, i.e., three with P. australis (PA) and another three
with the respective most dominant plant species whose distribution
overlapped to some extent with PA distribution. The other
dominant species were Suaeda salsa (SS) in PJ, Imperata
cylindrica (IC) in YC, Spartina anglica (SA) in NB and Cyperus
malaccensis (CM) in FZ (Figure 1). Note that, for other dominant
species sites, we only chose those without PA coexistence to
minimize its potential effects.

2.2 Experimental design

For our large-scale decomposition experiment, we selected leaf
litter of P. australis as the standard decomposition materials. Newly
senesced leaf litter of P. australis was sampled from the shoot
directly in April 2018 and air-dried at room temperature in the
lab for later use. All the litter from different sites was mixed
thoroughly to obtain one common litter pool to be used for all
litterbags. We used nylon litterbags (15 cm × 20 cm) with two
different mesh sizes: 1 mm (small mesh size, S-bag) and 4 mm
(large mesh size, L-bag); the latter was assumed to provide access for
most soil mesofauna. We weighed around 2.5 g air-dried litter for
each litter bag and in total prepared 720 litterbags (4 natural
reserves × 2 types of plant community × 3 sites × 2 mesh sizes ×
3 harvests × 5 replicates). Every eight litters bags (4 S-bags and 4 L-
bags) with a spacing distance of 50 cm were alternately attached to a
5 m nylon rope as a block and vertically inserted into the top layer
soil (0–10 cm) with a shovel. The soil was then pushed back into
place to close the opening, trying tominimize disturbance. Every five
lines (blocks) of litter bags were incubated in parallel in each site,
with distances of at least 1 m between blocks. Both ends of each rope
were secured with big stones or plastic tubes in order to document
the position of each site. Due to the large spatial distance among
different sites in different nature reserves, the starting and ending
dates for each site were not the same, and there was slightly
difference in the duration of decomposition for each site
(Supplementary Table S1).

Approximately, we harvested litter bags after 3, 9 and
12 months. For each harvest at each site, we collected one S-bag
and one L-bag from each block in order to avoid any systematic
error due to litterbag layout and sampling, so we collected 10 litter
bags from each site for each harvest. The collection of the bags was
completed by following the wire tether to the substrate surface,
cutting the wire, and carefully removing the bag from the substrate.
Because of high disturbance by human activity, we lost some of our
litter bags before harvest, for example, from one site where the
transition of land use destroyed our incubation site. We could not
find back litter bags in three sites due to the strong hydrological
dynamics of intertidal marshes. After each harvest, the litterbags
were transported back to the lab, where they were gently washed in
distilled water to remove soil and extraneous plant and animal
material while minimizing losses of soluble organic compounds. The
remaining litter samples were put into envelopes and were oven-
dried to constant weight at 80°C. The litter mass loss fraction was
calculated as (m0 - mi)/m0, where m0 is the (estimated based on
initial water content) oven-dried weight of the initial litter and mi
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refers to the oven-dried weight of the remaining litter at each harvest
i. In order to test difference in mass loss, we calculated the additional
decomposition at P. australis sites, as the mass losses in P. australis
sites in a given nature reserve minus the mass loss in the site
dominated by another dominant plant species in the same
nature reserve.

2.3 Measurements of soil property and soil
microbial community

In each site, we randomly collected three top soil samples
(0–10 cm depth) at the start of the experiment. Soil samples were
brought into the laboratory for the measurement of soil bacterial
and fungal communities as well as soil properties. The initial soil
properties included total organic carbon (TOC), total nitrogen
(TN), soil total phosphorus (TP), and pH (Supplementary Table
S1). TOC was assessed using the TOC analyzer (SSM 5000A;
Schimadzu, Japan). TN was assessed using the VarioMAX CN
element analyzer (Macro Elemental Analyzer System GmbH,
Hanau, Germany). TP was analyzed by inductively coupled
plasma emission spectroscopy (Perkin Elmer Optima
3000 ICP Spectrometer, Waltham, MA, USA. pH was
measured using a Mettler Toledo pH meter (Instrument
Teknik, Umeå, Sweden).

The initial soil microbial community, i.e., bacteria and fungi, was
measured using the second-generation next throughput sequencing
technology (MiSeq high throughput sequencing, 16Sr DNA
sequences). Microbial DNA was extracted from soil samples
using the soil DNA Kit (Omega Bio-tek, Norcross, GA, U.S.).
The bacterial 16S and fungal 18S ribosomal RNA gene were
amplified by PCR using primers 515F 5′-
GTGCCAGCMGCCGCGG-3′, 907R 5′-
CCGTCAATTCMTTTRAGTTT-3′and SSU0817F 5′-
TTAGCATGGAATAATRRAATAGGA-3′ and 1196R 5′-TCT
GGACCTGGTGAGTTTCC-3′ respectively. PCR reactions were
performed in triplicate 20 μL mixture containing 4 μL of 5 ×
FastPfu Buffer, 2 μL of 2.5 mM dNTPs, 0.8 μL of each primer
(5 μM), 0.4 μL of FastPfu Polymerase, and 10 ng of template
DNA. Amplicons were extracted from 2% agarose gels and
purified using the AxyPrep DNA Gel Extraction Kit (Axygen
Biosciences, Union City, CA, U.S.) and quantified using
QuantiFluor ™ -ST (Promega, U.S.). The total OTU number, the
microbial diversity indices, such as Chao1, Shannon diversity index,
Simpson diversity index, were quantified for further analysis. To test
the effect of different functional groups of initial soil fungi and link
their dissimilarity (home - away) to HFA, we firstly used a recently
developed open annotation tool (FunGuild; Nguyen et al., 2016) to
automatically assign some OTUs into different fungal guilds via
Phython 3.7.3 and then manually assign some other OTUs based on
the published database (Chen et al., 2019). In total, we assigned 70
high-abundance OTUs into six fungal guilds: Saprotroph,
Symbiotroph, Pathotroph, Saprotroph + Symbiotroph,
Pathotroph + Saprotroph, Pathotroph + Saprotroph +
Symbiotroph. Then we summed the relative abundances of the
OTUs that had been categorized into the same functional guild.
The dissimilarity in each fungal guild was calculated as the absolute
difference in the ‘summed’ abundances between different habitat

conditions. Raw sequencing data are deposited at The Sequence
Read Archive under accession number SRP325005 and SRP325012.

2.4 Data analysis

All data were checked for the assumptions of homogeneity of
variance with a Levene’s test and normality using a Q-Q plot
before analysis. We firstly conducted two-way ANOVAs to test
the effects of different habitat conditions, mesh sizes and their
interaction on litter mass losses of different harvests; in parallel,
we conducted similar two-way ANOVAs to test for effects of
aboveground dominant plant species, mesh sizes and their
interaction on litter mass loss of different harvests. To test the
effects of soil microbial (bacterial and fungal) community on the
difference in mass losses, we calculated the dissimilarity in soil
microbial diversity index (OTUs, Sob, Chao1, Shannon and
inversed Simpson index) as the absolute difference between
different habitat conditions, i.e., values in P. australis
sites–values in other dominant species sites. We also
calculated the dissimilarity in soil properties and soil
microbial community as the Bray-Curtis distances between
soil microbial community between different habitat
conditions; for this, we only included the OTUs whose total
number was more than 20 across all sites. The dissimilarity of soil
properties, fungal and bacterial communities between different
habitat conditions were calculated using ‘vegdist’ function in
vegan package. Dissimilarity of soil bacterial and fungal
communities were displayed using nonmetric
multidimensional scaling (NMDS) based on a Bray-Curtis
distance matrix (Supplementary Figure S1). Then we
conducted general linear models to test the effects of
dissimilarity in soil properties, soil bacterial and fungal
communities on the different in mass loss of different mesh
sizes as well as of different harvests. We also conducted general
linear models to test the effect of climate on different in mass loss,
using climatic data collected from ‘WorldClim’ (www.worldclim.
org). In addition, we tested how dissimilarity in different
functional guilds of fungi and in the relative abundance of top
five dominant fungal taxa (at class level) between different
habitat conditions affected different in mass loss of different
harvests using simple regression analysis. All analyses were
performed in R version 3.6 (RR Core Team, 2013).

3 Results

Our 24 sites ranged across 15 degrees of latitude. Soil TOC
ranged from 0.081% to 3.144%; soil TN ranged from 0.026% to
0.270%; soil TP ranged from 0.027% to 0.096; soil pH ranged from
6.16 to 8.89 (Supplementary Table S1). Soil fungal diversity ranged
from 53 to 374 in terms of Sobs diversity index, 0.230 to 4.109 in
terms of Shannon diversity index, 53.1 to 389.0 in terms of Chao
diversity index, 1.0 to 24.4 in terms of Inv-simpson diversity index
and 27823 to 65572 in terms of number of OTUs; soil bacteria
diversity ranged from 1,352 to 3,022 in terms of Sobs diversity index,
3.744 to 7.086 in terms of Shannon diversity index, 1709.6 to
4,178.1 in terms of Chao diversity index, 6.4 to 565.3 in terms of
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Inv-simpson diversity index and 20199 to 49274 in terms of number
of OTUs (Supplementary Table S2).

There were significant differences in mass loss after 9 and
12 months between between different habitat conditions (Figures
2B, C, p = 0.02 & p = 0.03), but only a trend in mass loss difference
after 3 months (Figure 2A, p = 0.09). When separating other species
sites into different aboveground plant species, there were significant
differences in the mass losses after 9 and 12 months between PA and
SS, and between PA and CM (Figures 2E, F, p < 0.01), while there
was no site effect after 3 months (Figure 2D). Mesh size had
significant effects on litter mass loss of all three harvests
(Figure 2, p < 0.01), but no significant effects on differences in
mass losses between different habitat conditions across all
three harvests.

There was an overall positive correlation between differences in
mass loss and the Bray-Curtis distances in initial soil fungal
communities between different habitat conditions (Figure 3 left
panel, p < 0.01), and this correlation remained for differences in
mass loss after 9 months (Figure 3 left panel, p < 0.01) and
differences in mass loss after 12 months (Figure 3 left panel, p <
0.01). However, there were no significant correlation between
differences in mass loss and the Bray-Curtis distances in bacterial
communities between different habitat conditions (Figure 3 right
panel, p > 0.05). In addition, there was no significant correlation
between differences in mass loss and the dissimilarities in climatic
factors or soil properties (Supplementary Table S3).

As to different functional groups of fungi, there were significant
positive correlations between differences in mass loss and the
dissimilarities in Symbiotroph composition (Figure 4, R = 0.64,
p < 0.01). There were no significant correlations between differences
in mass loss and the other two functional guilds, i.e., Pathotrophs
and Saprotrophs (Figure 4, p > 0.05). Moreover, there were
significant correlations between differences in mass loss and the
dissimilarities in the following taxonomic groups: Dothideomycetes
(Supplementary Table S4, p < 0.01), Agaricomycetes
(Supplementary Table S4, p < 0.01) and Eurotiomycetes
(Supplementary Table S4, p = 0.03).

4 Discussion

Using a litter transplantation experiment, we tested the existence
of difference in mass loss of P. australis litter decomposition across a
large spatial scale within coastal wetlands. Our results showed that
there were clear and consistent differences in mass loss and that this
difference mostly depended on the dissimilarities in initial soil
fungal communities between different habitat conditions, but not
on those in soil bacterial communities. Moreover, we found that
difference tended to be more evident at later stages of
decomposition, and could be better explained by the
dissimilarities in soil symbiotrophic fungi between different
habitat conditions, rather than by those in soil pathotrophic or

FIGURE 2
Effects of sites in terms of different habitat conditions (A–C), or in terms of aboveground species (D–F), andmesh size on litter mass loss at different
decomposition stages and on additional decomposition at PA sites (E). PA site indicates that litter was decomposed under Phragmites australis (PA)
community, while other site indicates the litter was decomposed in a site dominated by other plant species, such as Suaeda salsa (SS), Imperata cylindrica
(IC), Spartina anglica (SA), Cyperus malaccensis (CM). PA_SS, PA_IC, PA_SA and PA_CM represent the PA sites in pairs with the corresponding plant
species in other site. Values are means ± S.E. * represent the significance (p < 0.05) of the difference between PA and the other dominant plant species.
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saprotrophic fungi. Below we discuss our findings and highlight the
implications of the observed large-scale difference in coastal
wetlands as well as the possible underlying microbial-driven
mechanisms.

The widespread distribution of P. australis in coastal wetlands
has allowed us to test the generality of differences in the mass loss
across a spatial scale. Overall, we did find a difference in the
decomposition of P. australis across Chinese coastal areas and
the magnitude of difference increased with the dissimilarities in
initial soil fungal communities between different habitat conditions.
This may be due to the fact that there is a home-field advantage

(HFA) in the process of litter decomposition. These results were
consistent with multiple recent studies, indicating that soil fungi
play a vital role in driving the HFA (Miura et al., 2015; Purahong
et al., 2019; Ma et al., 2023). Moreover, our results also showed that
increasing dissimilarity in the dominant fungal taxa,
i.e., Dothideomycetes, Agaricomycetes, and Eurotiomycetes
between different habitat conditions soils corresponded with
stronger differences in mass loss. Previous studies have also
shown that the existence or absence of HFA in decomposition
might be related to some specific taxa of fungi but not all fungi
(Lin et al., 2019; Veen et al., 2019), or depended on different body

FIGURE 3
Relationships between the differences in mass losses and initial (A) soil fungal dissimilarities, and (B) soil bacterial dissimilarities, both in Bray-Curtis
distances between different habitat conditions. Mesh size and different stages were indicated by different shapes and colors respectively. Stages 1, 2,
3 correspond to the mass losses after 3, 9 and 12 months. Only significant regressions are shown, and p values and R2 of the regression lines are shown.

FIGURE 4
Relationships between the difference in mass loss and the dissimilarities (PA- Other) in composition of different functional groups of soil fungi.
Different mesh sizes are shown in different shapes, and different decomposition stages are shown in different colors. Only significant regressions are
shown, but p and R values are shown in each subplot. Stages 1, 2, 3 correspond to the mass loss after 3, 9 and 12 months.
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sizes of soil microbes (Li et al., 2020). However, no previous studies
have tried to link different functional groups of soil fungi, i.e., fungal
guilds, to the differences in mass loss. Our results have shown that
the dissimilarity in composition within the Symbiotroph group
between different habitats was positively correlated with the
observed difference in mass loss, while the differences in mass
loss was not significantly correlated with compositional
dissimilarities within either the Pathotroph or Saprotroph group
(Figure 4; Supplementary Figure S2). Symbiotrophic and
saprotrophic fungi might affect plant litter decomposition
differently, and symbiotrophic fungi might indirectly regulate
litter decomposition rates by restraining activities of more
efficient litter saprotrophs (Bödeker et al., 2016). Moreover, some
of the symbiotrophic fungi associated with plant roots, are capable of
oxidizing organic matter (Lindahl and Tunlid, 2015; Nguyen et al.,
2016; Choreño-Parra and Treseder, 2024). Therefore, we
hypothesize that symbiotrophic fungi associated with the P.
australis roots versus those of other dominants might be a
predominant driver for the observed difference in mass loss. To
take this further, in-depth study should specifically test the extent to
which differences is linked to dissimilarities in the extent and
genetic/functional composition of symbiotrophic networks in
sites dominated by P. australis versus other dominants.
Glomeromycota (Glomeromycetes), the taxon representing
symbiotrophic fungi, were not among the dominant fungi in our
experiment, but our in-depth exploration revealed that they might
still have an important role to play in differences in mass loss in our
study: the dissimilarities in composition within the Glomeromycetes
between different habitat conditions were positively correlated with
the observed difference in mass loss (Supplementary Figure S3). This
could give symbiotrophic fungi either a direct role in differences in
mass loss or an indirect role via influencing the abundance of the
saprotrophic taxa that were involved in our study (e.g.,
Agaricomycetes).

However, our results only partially supported our first
hypothesis, because we found that the magnitude of difference
did not change with the dissimilarity of soil bacterial
communities between different habitat conditions. These results
might be due to bacteria having much faster turnover in
composition as related to their short lifespans. Thus soil bacteria
at t0 may not represent the community composition well through
decomposition time, while for fungi t0 sampling may have been
more representative of the entire decomposition period. Note that
our study only focused on whether the microbial communities in the
initial soil, rather than those on the remaining litter, can explain the
observed difference. Both sources of microbial community measures
are important indicators for understanding the microbe-driven
decomposition process: the former focused on examining the role
of soil origin in driving HFA (Elias et al., 2020), while the latter
focused on quantifying the contribution of microbe colonization on
the remaining litter to HFA (Lin et al., 2019) and hence might be
more sensitive to litter qualities. Examining the dissimilarity in soil
fungal communities might provide more direct evidence to test the
soil microbial adaptation hypotheses in HFA studies (Bardgett and
Walker, 2004; Ayres et al., 2009; Wardle, 2013). Our experimental
design ruled out the effects of litter quality on the existence of
difference in mass loss; instead, it zoomed in on the belowground
soil biota or incubation environmental drivers on difference.

The existence or absence of HFA in decomposition might
depend on different stages of decomposition (Ayres et al., 2009;
Güsewell and Gessner, 2009; Purahong et al., 2019) and on the
identity of the species growing at other habitat conditions, but not
on the dissimilarity of soil properties or different soil fauna groups in
coastal habitats. As for the latter, the presence of mesofauna
appeared not to interfere with the relationship between HFA and
fungal community composition, as evidenced indirectly by a lack of
interaction with the mesh size treatment. Our results for
decomposition stage showed that there were significantly higher
differences in mass loss after 9 and 12 months of decomposition
(Figure 1), and the strength (regression coefficient) of the
relationship between difference in mass loss between different
habitat conditions and dissimilarity of initial soil fungal
communities only increased at later stages of decomposition
(Figure 3). These results might be explained by most fungi being
considered to have low nutritional needs and especially tending to
decompose recalcitrant compounds, and therefore might be better
adapted to later decomposition stages with poor-quality litter
substances. Different decomposing fungi in the soil might have
strong inertia and only attack the most recalcitrant compounds such
as lignin at later stages of decomposition (Perez et al., 2013). On the
other hand, there might be a large amount of variation in HFA
among plant species, as was shown previously through reciprocal
transplants between different plant species (Ayres et al., 2009). If we
investigate different plant species at other dominant species sites in
our study, there was only a significant HFA effect when comparing
PA sites with SS and CM sites. This might be due to the microbial
community between PA and SS or CM being more distinct than
those between PA and other dominants (Supplementary Figure S1).
More distinct decomposer communities in ‘home’ sites may
generate stronger HFA effects than when different habitat
conditions soils have a similar composition (Veen et al., 2015a).
In addition, our results showed that dissimilarities in soil properties
could not explain the difference in mass loss either, and different
groups of soil fauna (as deduced from differences in differences in
mass loss between mesh sizes) did not affect the relationship
between initial soil fungi dissimilarity and the difference in the
mass loss (Figure 3). These results re-emphasize that, among soil
biota, it is mainly soil fungi that play a predominant role in driving
the HFA in decomposition.

5 Conclusion

Our results have provided empirical evidence on the existence of
a large-scale difference in the mass loss of P. australis litter across
coastal wetlands, and has linked the difference in the mass loss with
different initial soil fungal guilds, notably symbiotrophic fungi and,
to a lesser extent, saprotrophic fungi. These results might improve
our understanding about nutrient cycling within coastal wetlands,
and provide a potential mechanism via different functional groups
of soil fungi to explain the inconsistent results about the difference in
mass loss across different types of ecosystems. To further reveal the
microbe-driven difference in mass loss, we suggest that similar large-
scale decomposition should be conducted in other types of
ecosystems. Such future studies should further investigate the
microbial community in more detail and try to quantify the
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relative contribution of different soil fungi to difference in mass loss,
with particular emphasis on the separate and interactive
contributions of symbiotrophic and saprotrophic fungi.
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