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ARTICLE INFO ABSTRACT

Keywords: The ‘home-field advantage’ (HFA) hypothesis predicts that litter decomposition is accelerated in its home
Decomposition environment (i.e. in conspecific soil). Soil organisms play a key role in driving such HFA effects. Soil biota have a
?omé-ﬁek’i advantage large range of body sizes, referred to as size fractions, which may influence their roles in the decomposition
rflmo,nano,n . process and in the generation of HFA effects. However, how HFA effects depend on the different size fractions of
Soil microbial community P s . L. . .
Specialization the soil biotic community is unknown. We conducted a microcosm decomposition experiment to examine how

size fractions of the soil biotic community affected litter decomposition and HFA effects. In a semi-natural
grassland in the Netherlands, we collected leaf litter and soil from two abundant forbs: Tanacetum vulgare and
Jacobaea vulgaris. Watery extracts of the soils were sieved through differently-meshed sieves (ranging from 850
pm to 6 pm) to obtain soil communities of different size fractions. Microcosms were inoculated with these
different size fractions of the soil biotic community and we examined their effects on microbial composition,
litter mass loss and HFA effects. Three months after inoculation, the diversity of the fungal community in the
inoculated pots decreased with decreasing size fractions of the soil biotic community. Similarly, litter mass loss
also decreased with decreasing soil biotic community size. In contrast, the HFA effect increased with decreasing
size fractions of the soil biotic community, but these differences disappeared after six months of decomposition.
Our results indicate that soil microorganisms, mainly the smallest size fractions, are specialized to decompose
specific resources and thus promote HFA effects, but that their effect is only apparent during specific stages of
litter decomposition.

Plant-soil interactions

1. Introduction

Litter decomposition is a fundamental ecosystem process that drives
nutrient and carbon cycling worldwide (Cadisch and Giller, 1997;
Bradford et al., 2017). It is increasingly acknowledged that litter
decomposition accelerates in the habitat where the litter originates from
compared to other habitats, and this has been referred to as the
home-field advantage (HFA) effect (Hunt et al., 1988; Gholz et al., 2000;
Ayres et al., 2009). There is increasing recognition that HFA is the result
of specific decomposer communities that are specialized to break down
the litter from the plant species they are associated with, compared to
litter from other plant species (Austin et al., 2014; Palozzi and Lindo,
2018). However, which parts of the soil community contribute to
driving HFA is not fully understood.
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In the soil, decomposition is carried out by a complex biotic com-
munity consisting of organisms that differ in size and function, including
fungi, bacteria, and micro- and mesofauna (Cadisch and Giller, 1997).
Different decomposer taxa and size groups in a community complement
each other in facilitating the process of decomposition. Larger-sized soil
fauna feed on litter and break it down into smaller pieces, whereas
microorganisms are responsible for the mineralization of organic resi-
dues, for example via the production of extra-cellular enzymes. The
impact of different size fractions of macrofauna on decomposition was
typically studied by varying the mesh size of litter bags (Perez et al.,
2013; Wang et al., 2013). The role of smaller soil organisms, such as
mesofauna and microorganisms, can be disentangled via filtration of soil
solutions (e.g., Wagg et al., 2014). These approaches have shown that
exclusion of soil mesofauna decreases decomposition rates (Wall et al.,
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2008). Interestingly, body size of the soil biota might cascade to HFA
effects (Milcu and Manning, 2011). However, how the direction and
magnitude of HFA effects depend on the presence of different size
fractions of the biotic community, has rarely been studied.

Most studies showing positive HFA effects typically encompass
reciprocal litter transplants from plant functional types that differ
greatly (such as grasses versus trees) (Di Lonardo et al., 2018; Veen
et al., 2015, 2018). However, HFA effects may also occur within mixed
plant communities, because individual plants can create species-specific
soil communities, including decomposer organisms (Bezemer et al.,
2010; Kos et al., 2015). This local affinity between plants and decom-
poser organisms could result in HFA effects occurring at the scale of
individual plants (Li et al., 2017). However, there are few studies using
plant species that coexist in the same community to examine whether
plant-specific decomposer communities decompose litter from the plant
they are associated with faster than litter of other species that coexist in
the same community (Fanin et al., 2016; Barbe et al., 2017). It is relevant
to understand to what extent individual plants in mixed communities
develop HFA effects, because the intensity of the HFA effect of different
plants will affect the efficiency of nutrient cycling, ultimately affecting
small-scale ecosystem processes such as interspecific competition and
community succession (Freschet et al., 2012).

Here, we study how inoculation of different size fractions of the soil
biotic community alters the composition of soil microbial communities
and how this affects decomposition and HFA effects for two plant species
that co-occur in mixed grassland communities. We carried out of a full-
factorial reciprocal litter transplant experiment in microcosms in a
climate chamber and inoculated sterilized soil with size fractionated soil
communities. Five size fractions of soil extractions were prepared: a
watery soil solution sieved through (1) 850 pm, (2) 45 pm, (3) 20 pm, (4)
11 pm, and (5) 6 pm. Soil macrofauna, such as macroarthopods and
earthworms, were removed by sieving at 850 pm. Mesofauna, such as
Acaridae and Collembola, were removed at 45 pm. Microfauna, such as
nematodes, were removed at 20 pm. We assumed that most soil fungi
were excluded at 6 pm which should contain predominantly microbiota
such as bacteria (Wagg et al., 2014; Wang et al., 2019). We tested the
hypotheses that: (1) Inoculation of soil communities that consist of small
body size will decrease the abundance and composition of established
bacterial and fungal communities in the soil, and consequently decrease
litter decomposition. (2) HFA effects will be higher in soils inoculated
with microorganisms and micro- and mesofauna than in soils inoculated
with microorganisms alone, because specialization by decomposer
communities towards litter types may occur across all size classes of
organisms.

2. Methods
2.1. Litter and soil collection

Litter and soil samples were collected from a long-term grassland
experiment located within a restored species-rich grassland at the
Veluwe area, De Mossel, Ede, The Netherlands. The area (180 ha) was
used to cultivate maize until 1996. The experimental site (50 m x 100
m) was fenced in 1996 to avoid grazing by large vertebrate herbivores
such as horses and cattle that roam freely in the area and consists of 20
experimental plots. The long-term experiment was initiated immedi-
ately upon abandonment of agricultural practices. After establishment
in 1996, the plots have been mown once a year at the end of the season
after which the aboveground biomass was removed from all plots (van
der Putten et al., 2000; Bezemer et al., 2010). During the fall of 2015,
recently senesced litter from Tanacetum vulgare and Jacobaea vulgaris
was collected from all plots. We chose these species because they
co-occur in all plots and have distinctly different chemical composition
(Kos et al., 2015). For T. vulgare the litter consisted of dead leaves, while
for J. vulgaris the litter consisted of dead leaf and stem material. Litter for
each plant species within a plot was kept separately throughout the
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experiment. Litter was air-dried and cut into pieces of approximately 1
cm.

For this study, seven plots from the field experiment with largest
litter weight were selected as replicates. From each of these seven plots,
litter from T. vulgare and J. vulgaris was sterilized using gamma irradi-
ation (>25 KGray, isotron, Ede, The Netherlands) to eliminate the effect
of phyllosphere microbiome in testing the local adaption of the soil
community. In May 2016, in each of the seven replicate plots, we
selected three large rosettes of T. vulgare and J. vulgaris. We collected a
soil block (10 x 10 x 10 cm) from the center of the focal rosette. In the
laboratory, the roots were removed, and the samples from the three
rosettes per plot for each species were homogenized so that there were
14 soil samples (7 replicate plots x 2 species). The soil was sieved
through a 1 cm mesh to remove stones and kept at 4 °C.

2.2. Microcosm decomposition experiment

To determine the impact of different size fractions of the soil biotic
community on decomposition, for each of the 14 soil samples, five
community size fractions of soil extractions were prepared:

1) 850 pm: 150 ml phosphate buffer (1 g KHy,PO4 added to 1 L demi-
water, after which the pH was adjusted to 6.5 with NaOH) was
added to 150 g soil (water: soil = 1:1, w/w) in a 1-L beaker. After
firmly stirring for 30 s followed by 30 s resting, the soil solution was
sieved through an 850 pm sieve and stored in a glass container with a
lid. Between each sample, the sieve was thoroughly rinsed with tap
water.

2) 45 pm. The procedure described for (step 1) was followed. After
sieving through the 850 pum sieve, the soil solution was sieved
through a 225 pm, a 75 pm and then through a 45 pm sieve.

3) 20 pm. The procedure described for (step 2) was followed. Except
that 180 ml phosphate buffer was added to 150 g soil to replenish the
solution lost during the additional filtration step. After sieving
through the 45 pm sieve, the soil solution was filtered through 20-25
pm filter paper (Whatman Grade 41; diameter 90 mm) using a
Buchner funnel. Since the mesh size of filter paper was not exactly
20 pm, we subsequently filtered the solution through a 20 pm sieve.

4) 11 pm. The procedure described for (step 3) was followed. After
sieving through the 20 pm sieve, the soil solution was filtered
through 11 pm filter paper (Whatman Grade 1; diameter 85 mm)
using a Buchner funnel.

5) 6 pm. The procedure described for (step 4) was followed. After
sieving through the 11 pm sieve, the soil solution was filtered
through 6 pm filter paper (Whatman Grade 3; diameter 90 mm) using
a Buchner funnel.

With this design we assumed that solutions sieved through 6 pm
should contain predominantly small microbiota such as bacteria and
viruses (Wang et al., 2019). We further expected for the smallest sieving
fractions: 20 pm, 11 pm, and 6 pm that the diversity of bacteria and fungi
would also be reduced with declining pore size (Wagg et al., 2014).

We used a reciprocal litter transplant design where T. vulgare litter
and J. vulgaris litter were decomposed in both T. vulgare soil and
J. vulgaris soil across all size fractions of the soil biotic community.
Litters were decomposed in the soils from the same field plot as where
the litter was collected from and reciprocal transplants were carried out
between T. vulgare and J. vulgaris soils originating from the same plot.
Plastic containers (10 cm x 10 cm x 5 cm) were filled with 450 g
gamma-sterilized soil collected from the field site where the litter and
soil community also originated from. Each container then received 100
ml solution of a soil extraction. Containers were placed in a dark climate
with a day-night temperature rhythm; 16 h at 20 °C and 8 h at 14 °C.
Relative humidity was 70%. Seven days later, one litter bag (mesh size 1
mm) filled with 2 g sterilized litter was put on top of the soil in each pot.
Pots were weighed three times per week and water was added so that the
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soil moisture in each pot was kept at 20%. Containers were harvested
after 3 months and after 6 months, respectively. In total there were 280
containers (2 litter species x 2 soil identities x 5 community size frac-
tions x 7 replicate soils x 2 harvest times). At each harvest, litter bags
were removed from the containers and litter was gently washed over a
0.4 mm sieve, dried at 60 °C, and weighed. During the first harvest (after
3 months of decomposition), from each container a soil core was taken
using a soil drill (1 cm diameter). A homogenized subsample of this soil
was collected in an Eppendorf and stored at - 80 °C to be used for mo-
lecular analysis of the bacterial and fungal communities.

2.3. Molecular analysis of the soil microbial community

To examine whether the inoculations after sieving at different size
fractions, led to different microbial communities three months after
inoculation, we determined the composition of the soil bacterial and
fungal community using next generation sequencing. DNA was extracted
from 0.50 g soil (for 4 replicates) using the PowerSoil DNA Isolation Kit
(Mo Bio Laboratories, Carlsbad, CA, USA) following the manufacturer’s
protocol. The DNA quantity was measured using a Nanodrop spectro-
photometer (Thermo Scientific, Hudson, NH, USA). Approximately 10
ng of DNA was used for a PCR. We used primers ITS4 and ITS9 targeting
the ITS2 region of fungal genes (Ihrmark et al., 2012) and the primers
515F and 806R (tagged for individual samples) (Bates et al., 2011)
targeting the V4 region of the 16Sr RNA gene in bacteria. The primers
ITS9 and 806R were tagged with barcodes so that we could pool indi-
vidual samples. Presence of PCR product was checked using agarose gel
electrophoresis. The PCR products were purified using Agencourt
AMPure XP magnetic beads (Beckman Coulter) with a PCR pro-
duct/AMPure bead ratio of 1:0,7 and checked using agarose gel elec-
trophoresis. Purified products were quantified with a Fragment Analyzer
(Agilent) before equimolar pooling. Amplicons were sequenced using
the Illumina MiSeq platform for 300bp paired-end reads. Bacterial se-
quences and fungal sequences were analyzed using PIPITS pipeline and
Hydra pipeline, respectively (Gweon et al., 2015; de Hollander, 2017).
In short, sequences were paired using VSEARCH and quality was filtered
using standard parameters. For fungi, the ITS2 region was extracted
using ITSx (Nilsson et al., 2015). Short reads were removed, and se-
quences were clustered based on a 97% similarity threshold using
VSEARCH and chimeric sequences were removed by comparing with
uchime database. The representative sequences of fungi were identified
using the RDP classifier against the UNITE database (Koljalg et al., 2013)
and SINA classification with SILVA was used for bacteria.

Real-time PCR to quantify fungal and bacterial copy numbers was
performed using sterile water and a mix from the Rotor-Gene SYBR
Green PCR Kit (Qiagen) and primers ITS4ngs and ITS3mix (Tedersoo
et al., 2014) for fungi and primers eub338 and eub518 (Fierer et al.,
2005) for bacteria. T4 Gene 32 protein (Roche) was used to enhance the
reaction and ensure similar amplification from all soils. The samples
were analyzed on a Rotor-Gene 3000 machine (Gorbett Research, Syd-
ney, Australia). The reaction mixtures were done using a pipeting robot
(Gorbett Research, Sydney, Australia) in 20 pl volume and contained
0.3 pM of each primer, 0.25 pl T4 and 1.0-10.0 ng template DNA. The
cycling conditions for fungi were: 40 s at 95 °C, 1 min at 55 °C and 1 min
at 72 °C and for bacteria 40 s at 95 °C, 1 min at 53 °C and 1 min at 72 °C.
Plasmids extracted from a pure fungal culture (Hypholoma vesicular) and
a pure bacterial culture (Collimonas fungivorans), were serial diluted and
used as a reference to calculate the copy numbers.

2.4. Chemical analyses of litter

A subsample of litter from each species in each plot was analyzed to
determine the chemical properties of the litters. The litters were ground
and carbon (C) and nitrogen (N) content were determined using an
Element Analyzer (Flash 2000, Thermo Fisher Scientific, Bremen, Ger-
many). Phosphate (P), potassium (K) and trace elements (Ca, Mg, S, Fe,

Soil Biology and Biochemistry 144 (2020) 107783

Mn, Cu and Zn) were determined using inductively coupled plasma-
optical emission spectrophotometry (ICP-OES) (iCAP 6500 DUO,
Thermo Scientific, Cambridge, UK) after closed digestion using a mi-
crowave oven (Hansen et al., 2013). Lignin and cellulose content were
determined after methanol-chloroform extractions and hydrolysis
(Rowland and Roberts, 1994).

2.5. Data analysis

Mass loss in the microcosm experiment was analyzed using a general
linear mixed model (GLMM) with harvest time (three months and six
months), litter species (T. vulgare/J. vulgaris litter), soil identity
(T. vulgare/J. vulgaris soil), community size fractions (6, 11, 20, 45, 850
pm) as fixed factors and all possible interactions among those factors.
Field plot identity was used as a random factor. Since the GLMM
revealed a significant interaction between litter species and harvest time
on mass loss (see results), we also used GLMMs to test how soil identity,
community size fractions and their interaction affected litter mass loss
for each litter species and at both harvest times.

We computed the home-field advantage index (HFA index) for mass
loss data based on Ayres et al. (2009) using the following functions:

A
“— % 100 (€8]

p P—
ML A, + B,

Where, Aa and Ba represents the mass loss of litter A and B at soil a,
respectively. The same uppercase and lowercase letters indicate that
litter decomposed at the home soil (i.e. that litter and soil were from the
same plant species). Agma represents the relative mass loss of litter A at
soil a.

The HFA index was then calculated as:

HFA index(%) = KARMLu erBRML,,> / (ARML,, JZrBRMM)] x 100 — 100 (2)

The HFA index represents the percentage higher mass loss of litter
when it decomposes at home versus away for both species (A and B).
Linear regression analysis was used to examine the relationship between
the HFA index and community size fractions at two harvest time. Plot
identification was used as a random factor. We used a one-sample t-test
to test for significant deviations from zero.

Analyses of the bacterial and fungal sequence data: Sequencing of
several samples failed due to extremely low sequences reads (total reads
less than 100), and these were excluded from analysis. There were 78
sequenced samples for bacteria and 80 sequenced samples for fungi that
were induced in the analysis. To account for differences in sequencing
depth, relative abundances of sequences were calculated. Relative data
were analyzed and the range of number of reads per sample was
14652-97481 for bacteria and 1434 to 46115 for fungi. OTUs with a
read frequency of less than 0.02%. for bacteria and 0.1%. for fungi were
removed to normalize the data (due to a positive effect of number of
sequence reads per sample and OTU richness in the data). Bacterial and
fungal richness (number of OTUs) and abundance (16S and ITS copies,
Real-time PCR results) were analyzed using GLMMs with litter species,
soil identity and community size fractions and their interactions as fixed
factors. Plot identity was used as a random factor. Bacterial and fungal
community composition was visualized by principal component analysis
(PCA) based on OTU composition in CANOCO Version 5.0 (Plant
Research International, Wageningen, The Netherlands). PERMANOVA
analysis was used to determine whether bacterial and fungal community
composition were significantly influenced by litter species, soil identity
and size of the soil community using Bray-Curtis distance with package
vegan in R. To test how our treatments affected the relative abundance
of each bacterial and fungal classification level (phylum, class, order,
family, genus and species), we used GLMMs with their relative abun-
dance as a response variable, litter species, soil identity, community size
fractions and their interactions as fixed factors, and field plot identity as
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a random factor. FunGuild was used to assign potential functions of
fungal OTUs and the output of this file was compared (curated) against
an inhouse database on fungal functions (Nguyen et al., 2016; Hannula
et al.,, 2017). The significance of the relationship between litter mass
loss, HFA effect and microbial indicators for each harvest time was
analyzed using a Pearson correlation. For general linear mixed models,
we tested the homogeneity of the variances using a Fligner-Killeen test
and the residuals for normality with a Shapiro-Wilk normality test.
Fungal abundance data were In-transformed to improve normality.
Spearman correlations were used for correlation analysis of data that
does not conform to normality and a Bonferroni correction was applied
for multiple comparison tests. All statistical analyses were performed in
R version 3.5.1 (R Core Team, 2018).

3. Results
3.1. Effects on soil bacterial and fungal communities

After three months of decomposition, bacterial abundance and
fungal richness in the soil was significantly affected by the size of the soil
community (Fig. 1). Richness of both groups of soil organisms decreased
significantly with decreasing size fractions, but the decline was much
stronger for fungi (Fig. 1, Table S1). Bacterial abundance increased
slightly with decreasing size fractions while fungal abundance did not
differ across the different size fractions (Fig. 1). Bacterial and fungal
community composition were significantly influenced by soil identity
and size fractions of the soil biotic community, but not by litter species
(Table 1 and Fig. 2). Across all the treatments, the dominant bacterial
classes (the ten with the highest relative abundance) were: Alphapro-
teobacteria, Gammaproteobacteria, Actinobacteria, Sphingobacteriia,
Ktedonobacteria, Bacteroidia, Gemmatimonadetes, Bacilli, Deltapro-
teobacteria, and a group of Unclassified bacteria (Fig. 3). The dominant
fungal families (ten with the highest relative abundance) were:
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Tremellomycetes, Sordariomycetes, Eurotiomycetes, Dothideomycetes,
Mortierellomycotina, Leotiomycetes, Agaricomycetes, Orbiliomycetes,
Spizellomycetes, and a group of Unclassified fungi (Fig. 3). More in-
formation about the litter quality relative abundance of bacterial and
fungal groups can be found in the supplementary information (Fig. S1,
Tables S2, S3, S4).

3.2. Effects on litter decomposition

Litter mass loss was significantly affected by harvest time, litter
species, size fractions of the soil biotic community, the interaction be-
tween harvest time and litter species and the interaction between litter
species and soil identity (Table 2). T. vulgare litter decomposed faster
than J. vulgaris litter. Decomposition rates declined over time, and litter
mass loss during the first three months (20.2%) was much larger than
during the next three months (5.4%, Fig. 4). T. vulgare litter decomposed
faster in T. vulgare soil after 3 months (Fig. 4). J. vulgaris and T. vulgare
litter decomposed faster in big size fractions of the soil biotic community
in the 3 months and 6 months, respectively (Fig. 4).

3.3. Effects on HFA

After three months of decomposition, the HFA index was positive in
the pots inoculated with the smallest size fractions of the soil biotic
community. Moreover, the HFA index increased with decreasing size
fractions of the soil biotic community (Fig. 5). After six months there
were no positive HFA effects and there was no relationship between the
inoculated size fractions and the HFA index (Fig. 5). The dissimilarity in
bacterial communities between home and away soils was positively
related to the HFA index at three months (Fig. 6). The fungal community
dissimilarity between home and away soils was positively related to the
HFA index at six months (Fig. 6).
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Fig. 1. Effects of litter species (T. vulgare/J. vulgaris litter), soil identity (T. vulgare/J. vulgaris soil) and community size fractions (6, 11, 20, 45, 850 pm) on bacterial
and fungal richness (number of OTUs per sample), and bacterial and fungal abundance (number of copies g’l soil). F-values form a general linear mixed model
(GLMM) on the effects of litter species (‘L’), soil identity (‘S’) and community size fractions (‘C’) are also presented. The interactions are not significant and are not

shown. *P < 0.05; **P < 0.01; ***P < 0.001.
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Table 1
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The effect of litter species (T. vulgare/J. vulgaris litter), soil identity (T. vulgare/J. vulgaris soil), community size fractions (6, 11, 20, 45, 850 pm) and their interactions
on bacterial and fungal community composition tested using PERMANOVA. Significant effects are presented in bold. F = F-value, d.f. = degrees of freedom, P = P-

value, % = percentage explained variation.

Bacterial community

Fungal community

F d.f. P % F d.f. P %
Litter species 0.719 1,70 0.866 0.9 0.692 1,72 0.836 0.8
Soil identity 2.220 1,70 0.020 2.8 3.000 1,72 0.005 3.4
Community size fraction 3.223 1,70 0.005 4.1 6.724 1,72 0.005 7.8
Litter species x Soil identity 0.753 1,70 0.830 1.0 0.723 1,72 0.771 0.8
Litter species x Community size fraction 0.601 1,70 0.945 0.8 0.858 1,72 0.612 1.0
Soil identity x Community size fraction 0.854 1,70 0.672 1.1 1.135 1,72 0.264 1.3
3-way interaction 0.852 1,70 0.647 1.1 0.827 1,72 0.637 1.0
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Fig. 2. Principal component analysis (PCA) of the bacterial and fungal community composition based on the relative abundance of each OTU three months after

inoculation of different size fractions of the soil biotic community extracted
was decomposed.

4. Discussion

4.1. Effects of size fractions on soil bacterial and fungal communities and
litter decomposition

Consistent with our first hypothesis, inoculation with different size
fractions of the soil biotic community resulted in shifts in the composi-
tion and diversity of the soil microbial community three months after
inoculation, and changes in the soil biotic composition altered the
decomposition of plant litters. This is in line with previous findings
showing that the body size of soil organisms provides a good functional
classification of these organisms because it correlates with metabolic

from J. vulgaris and T. vulgare soils. In each soil J. vulgaris and T. vulgare litter

rate, generation time, population density, and food size (Bradford et al.,
2002). Also, in line with previous findings (Wagg et al., 2014), we found
that the bacterial and fungal richness decreased with decreasing size
fractions of the soil biotic community. Changes in soil biodiversity and
soil community composition are known to impact decomposition pro-
cesses (Bardgett and van der Putten, 2014). Our results show that litter
mass loss decreased slightly with decreasing size fractions used for the
inoculum. These results indicate that a loss of diversity of soil micro-
organisms can result in a loss of functioning and a greater diversity of
soil microorganisms enhances litter breakdown (Hattenschwiler et al.,
2011; Wagg et al., 2014).

Addition of entire soil communities (i.e. whole soil inoculum added
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Fig. 3. Relative abundance of most abundant bacterial and fungal classes across different community size fractions. Different panels represent different litter and soil
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to sterile soil), potentially with mesofauna such as collembola and
enchytraeids to sterilized soil, resulted in higher decomposition rates
than the average values we obtained for addition of watery and filtered
extracts (Fig. S2). Although we did not quantify the abundance and
composition of micro- and mesofauna in the soil in the present study, our
results confirm that soil fauna contribute to litter mass loss which is not
surprising as they play a key role in fragmenting and ingesting litter
(Wall et al., 2008; Zhang et al., 2015; Lin et al., 2019a).

4.2. Effects of size fractions on home-field advantage

In contrast to our second hypothesis, we found that the HFA effect
was positive and higher with decreasing size fractions of the soil biotic
community at the first harvest, which suggests that soil microorganisms
may be more specialized to specific resources than larger soil organisms.
Soil microorganisms act on a very local scale and respond to available
substrates quickly via adaptation or changes in community composition

(Strickland et al., 2009; van der Wal et al., 2013; Li et al., 2019). As a
result, specialized microbial decomposer communities that accelerate
the breakdown of local litter can develop if the same litter type is
consistently present (Keiser et al, 2011). In our experiment, we
observed that the increasing abundance of some specific bacteria and
fungi may have promoted the generation of home-field advantage ef-
fects, as the relative abundance increases of specific bacteria and fungi,
such as Xanthomonadales and Cutaneotrichosporon (Fig. S3, Tables S3
and S4), increased with decreasing size fractions. The relative abun-
dance of the Cutaneotrichosporon, was also significantly different be-
tween the two soils (Table S4). The finding that bacterial- and
fungal-mediated HFA effects may be driven by some specific taxa, rather
than by whole microbial communities is in line with recent work that
showed that the magnitude of HFA effects was only explained by
particular groups of fungi (Lin et al., 2019b; Veen et al., 2019). Predators
can contribute to rarity of bacterial taxa in the field, and can alter the
functioning of soil microbiomes (Wardle et al., 1995; John et al., 2000;
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Table 2

Results from a general linear mixed model testing the influence of harvest time,
litter species (T. vulgare/J. vulgaris litter), soil identity (T. vulgare/J. vulgaris soil)
and community size fractions (6, 11, 20, 45, 850 pm) and their interactions on
litter mass loss in the microcosm experiment. F = F-value, d.f. = degrees of
freedom, P = P-value. Values in bold are significant at P < 0.05.

F d.f. P
Harvest time 90.46 1,254 <0.001
Litter species 353.41 1,254 <0.001
Soil identity 3.95 1,254 0.048
Community size fraction 8.15 1,254 0.005
Harvest time X litter species 11.76 1,254 <0.001
Harvest time x Soil identity 0.01 1,254  0.938
Harvest time x Community size fractions 1.02 1,254 0.314
Litter species x Soil identity 1.07 1,254  0.301
Litter species x Community size fractions 0.13 1,254  0.718
Soil identity x Community size fractions 2.45 1,254  0.119
Harvest time x Litter species x Soil identity 0.13 1,254 0.716
Harvest time x Litter species x Community size 1.32 1,254 0.251
fractions
Harvest time x Soil identity x Community size 0.52 1,254  0.471
fractions
Litter species x Soil identity x Community size 0.20 1,254  0.656
fractions
4-way interaction 2.57 1,254 0.110
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Fig. 4. Mass remaining (%) of T. vulgare and J. vulgaris litter in the microcosm
experiment. Presented are means + SE for each community size fractions (6, 11,
20, 45, 850 pm) at two harvest times (three months and six months).

Thakur and Geisen, 2019). This may explain why the HFA effect
increased after we removed larger sized soil organisms because in the
absence of e.g. larger sized predators, the abundance of some specialized
microbes may increase and these may then play an important role in the
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decomposition process. Further studies should examine the importance
of HFA effects when such predators are present.

Litters with very distinct decomposer communities in their home
soil, may generate stronger HFA effects than when home and away soils
have a similar composition (Veen et al., 2015). We found that the
magnitude of HFA effects relates to the dissimilarity of bacterial com-
munities in home and away soils. This was not the case for fungal
communities after three months of decomposition, but increasing
dissimilarity in the fungal community (measured at three months) be-
tween home and away soils related to stronger HFA effects (measured as
litter decomposition after six months). This finding suggests that both
bacterial and fungal communities play a role in HFA effects, but that
their specific roles may be visible during different stages of litter
decomposition (Giisewell and Gessner, 2009; Purahong et al., 2019).
Bacteria and fungi differ greatly in growth strategies and resources
competitiveness and this may explain these results (Kaiser et al., 2014).
During the early stages of litter decomposition, an increase in the quality
of resources could increase the growth and composition of (fast
growing) bacteria. In contrast, most fungi have low nutritional needs
and special functions such as decompose recalcitrant matter, and may
thus be better adapted to later decomposition stages with poor-quality
substrates. In our experiment, we only measured bacterial and fungal
communities after three months of litter decomposition. It is important
to note that bacterial and fungal composition and the degree of
specialized effects may vary during the process of litter decomposition
(Aneja et al., 2006; van der Wal et al., 2015; Purahong et al., 2016).
Future work should examine in more detail how bacterial and fungal
communities change over time to better understand the roles of mi-
crobes in driving HFA effects at different stages of the most litter mass
breakdown (Fanin et al., 2016). In addition, recent work had indicated
that resident communities on litters (e.g., originating from phyllosphere
communites) may play a key role in driving HFA (Veen et al., 2019). We
used sterilized litter because the elimination of these resident litter
communities allows for testing local adaptation of the soil community.
However, to fully understand how decomposers drive HFA, it will be
essential that future work untangles how resident litter communities
affect decomposition and HFA (Austin et al., 2014; Veen et al., 2019).

Our findings are in contrast with previous studies which showed that
HFA effects were similar for all size classes of decomposers (e.g. Milcu
and Manning, 2011; St John et al., 2011). Those studies typically tested
HFA effects under field conditions using litter bags with different mesh
sizes, and included larger soil fauna such as earthworms, which
appeared to play an important role in HFA effects (Milcu and Manning,
2011). In contrast, we used size fractionation of the soil biotic com-
munity, excluded larger fauna, performed the experiment in the labo-
ratory and focused on the micro/meso scale. These experimental
differences may explain the contrasting findings, but also many other
factors, for example, abiotic environmental conditions may affect soil
microbes, fauna and decomposition rates (Vivanco and Austin, 2008),
thereby leading to different results.

5. Conclusions

Our study shows that with decreasing size fractions of the soil biotic
community, microbial richness decreases, while the microbial abun-
dance increases. Litter mass loss decreased slightly with decreasing soil
decomposer community size, whereas HFA effects increased at the first
harvest and were negatively related to the microbial richness. Our re-
sults, therefore, suggest that soil microorganisms can be specialized to
decompose specific resources, thus promoting HFA effects, but that their
specific roles may be visible during different stages of litter
decomposition.
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