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Abstract

Purpose Understanding the impact of neighbor tree
diversity on soil biodiversity at the individual tree
scale and clarifying which facets of neighbor tree
diversity have a decisive impact on soil biodiversity.
Methods We collected and identified soil nema-
todes underneath 256 individual trees of 16 species
at four species-richness levels (1, 2, 4, 8 species) in
a large tree diversity experiment in southeast China.
We analyzed how the taxonomic, phylogenetic, and
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functional diversity of the nematode community were
influenced by neighbor tree diversity.

Results Our analyses showed that nematode alpha
diversity at the individual tree scale decreased with
increasing neighbor tree richness while beta diversity
increased at taxonomic, phylogenetic, and functional
levels. Nematode alpha diversity at the plot scale
increased with increasing neighbor tree richness. Sec-
ondly, we found that reducing redundant species and
increasing distinct species led to the differentiation
of nematode communities under different individual
trees in high-richness plots. Finally, our data revealed
that the functional diversity of the neighbor tree com-
munity had the largest effects on the diversity of the
local nematode community.

Conclusion Our study emphasizes that there is a
significant influence from neighboring trees, mainly
the functional traits of the trees, even though they
are spaced at distances multitudes greater than
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the distance over which soil nematodes can move.
Hence it is important to consider these broader spa-
tial aspects when examining the plant and soil biotic
interactions.

Keywords BEF-China - Alpha and beta diversity -
Soil biodiversity - Functional traits - Species
richness - Subtropical forest

Introduction

Plant diversity can affect the diversity and functioning
of soil communities via host-specific effects through
provisioning of diverse organic substrates that origi-
nate from root exudates and litter, and this can influ-
ence resource partitioning and niche differentiation of
soil organisms (Gould et al. 2016; Wardle et al. 2004;
Scherber et al. 2010; Schuldt et al. 2019). As meas-
ures of biodiversity, phylogenetic diversity (PD) and
functional diversity (FD) connect the different evo-
lutionary histories and trait-based aspects of species.
Therefore, it can point out the deeper connections
between the above- and belowground diversity, such
as the co-evolutionary relationship between plants
and soil organisms, and the relationship between
plant functional traits and soil biological functions
(Bardgett and van der Putten 2014; Flynn et al. 2011).
However, most studies focus on taxonomic diversity
(TD), while ignoring the phylogenetic diversity (PD)
and functional diversity (FD) (Gundale and Kardol
2021; Le Bagousse-Pinguet et al. 2019). Understand-
ing the relationship between the multiple facets diver-
sity of both above- and belowground communities
can better predict how the spatial distribution of trees
influences belowground biota (Cameron et al. 2019;
Korboulewsky et al. 2016; Thakur et al. 2020).
Theoretically, biological mechanisms altered by
altering plant community diversity could be mani-
fested at the individual tree scale through interac-
tions between plants (Potvin and Dutilleul 2009),
which have been demonstrated by finding that a posi-
tive correlation between tree diversity and productiv-
ity is driven by neighborhood tree diversity (Huang
et al. 2018). Such an impact of biodiversity on the
productivity of individual tree species is bound to
further affect adjacent soil biodiversity through nutri-
ent cycling processes such as litter decomposition.
Recent studies have shown that the key factors that
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drive belowground biogeographic patterns differ
with the spatial scale considered (Boraks et al. 2021;
Thompson et al. 2017). At the plot scale, it is widely
accepted that increased tree diversity can provide
more niche opportunities, allowing for a positive cor-
relation between tree diversity and species diversity of
soil organisms (Chen et al. 2019; Korboulewsky et al.
2016). But, at the scale of plant individuals, studies
have reported that the presence of neighbor plants can
greatly reduce the diversity or abundance of soil mac-
rofauna such as arthropods, and litter ants on individ-
ual plants (Kostenko et al. 2017; Skarbek et al. 2020).
Interaction between plant species, such as competition
for light or facilitation by common mycorrhizal net-
works, may directly or indirectly mediate the effect of
plants on soil organisms (Setiawan et al. 2016; Bilas
et al. 2021). Soil microfauna are also susceptible to
varying local environmental conditions and have lim-
ited range of activity (Nielsen et al. 2015), hence they
are expected to respond significantly to neighbor plant
diversity. However, whether neighbor plant diversity
exerts similar negative effects on belowground biota
associated with a focal plant has remained unresolved
so far. Revealing the differences in the impact of plant
diversity changes on soil microfauna diversity at plot
and plant individuals scale is of great significance for
an in-depth understanding of the association mecha-
nism between above- and belowground biodiversity.
Nematodes are one of the oldest group of organ-
isms in the soil, with a high taxonomic and phyloge-
netic diversity, and the number of known species has
exceeded 10,000 (van den Hoogen et al. 2019). Such
diverse nematodes also perform various functions in
the ecosystem. For example, they can be classified
into different trophic groups based on their feeding
habits, including bacterivores, fungivores, herbi-
vores, omnivores and predators (Yeates et al. 1993).
Nematodes are also widely distributed and highly
responsive to environmental conditions (Xiong et al.
2021). Therefore, they are good indicators to investi-
gate how soil biodiversity responds to tree diversity
at different scales. The response of nematodes to tree
diversity is related to the quantity and quality of soil
resources provided by trees, and therefore is affected
by neighbor trees (Cortois et al. 2017). Because of
the presence of functionally or phylogenetically
redundant species in a nematode community, the
loss or gain of a single species may have only slight
effects on PD and FD, or vice versa, specific species
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might have strong effects on PD and FD, leading
to a divergence between changes in PD or FD and
changes in TD (Baiser and Lockwood 2011; Jar-
zyna and Jetz 2017; Li et al. 2020). Evaluation of
the changes in PD and FD and their congruence with
changes in TD can therefore comprehensively point
out the influence of the diversity of neighbor trees
on the relative change of redundant species and dis-
tinct species in nematode communities (Singer et al.
2018; Wang et al. 2019). However, few studies to
date have assessed the effects of neighbor tree diver-
sity on the relative change of taxonomic, functional,
and phylogenetic diversity.

Recent studies on plant diversity have demon-
strated the importance of functional and phylo-
genetic diversity components in explaining the
causal relationships between changes in plant spe-
cies richness and biodiversity at higher trophic
levels (Whitfeld et al. 2012; Staab et al. 2016). In
addition, recent evidence indicates that plant func-
tional traits and phylogenetic diversity are relevant
drivers of the community structure of soil organ-
isms (Pellissier et al. 2013; Wang et al. 2019).
Compared with taxonomic diversity, functional
and phylogenetic diversity can more accurately
reflect specific characteristics of plant communi-
ties, which are often significantly correlated with
soil biodiversity (Barberan et al. 2015). However,
the relative importance of the effects of different
tree diversity on soil biodiversity remains unclear,
and it is uncertain whether key plant function indi-
cators are relevant. Understanding the relation-
ships between these aspects of diversity of above-
and belowground communities can improve our
understanding of the determinants of soil commu-
nity composition.

Biodiversity-ecosystem  functioning  (BEF)
experiments in forest ecosystems provide plots with
controlled levels of tree diversity, and are there-
fore an ideal platform to evaluate the effects of
tree diversity on different facets of soil biodiver-
sity (Delgado-Baquerizo et al. 2020; Jochum et al.
2020). To understand the impact of neighbor tree
diversity on soil biodiversity at different scales and
to elucidate which facets of tree diversity have a
stronger impact on soil biodiversity. We collected
soil from underneath individuals of 16 tree species
growing in plots with four different species rich-
ness levels in the BEF-China forest biodiversity

experiment (Bruelheide et al. 2014). We first exam-
ined the impact of plot tree species richness on soil
nematode diversity (TD, PD and FD) and com-
munity composition at the individual tree scale.
Subsequently, we calculated TD, PD, and FD of
the neighbor tree community to evaluate the con-
tribution of different facets of neighbor tree diver-
sity on soil nematode diversity. Specifically, we
hypothesized that soil nematode TD, PD, and FD
at the individual tree scale decrease with increasing
neighbor tree species richness (H1); and PD and FD
of the neighbor tree community are more strongly
related to soil nematode diversity than TD of the
tree community at the individual tree scale (H2).

Materials and methods
Study site and experiment design

The study site is part of the forest biodiversity-
ecosystem functioning experiment in China (BEF-
China), which was established near Xingangshan,
Dexing, in Jiangxi province (29.08°-29.11° N,
117.90°-117.93° E). The region is characterized by
a typical subtropical monsoon climate, with a mean
annual precipitation of 1964 mm and a mean tem-
perature of 15.1°C. The natural vegetation is subtrop-
ical forest with a mix of evergreen and deciduous
species. The preceding pine and Chinese fir planta-
tion were clear-cut in 2009. The total experiment
used a pool of 42 tree species and 18 shrub species,
planted in 566 plots (667 m? each), which were dis-
tributed across two sites (A and B). The plot size
is 25.8 m X 25.8 m and 400 tree individuals were
regularly planted at a distance of 1.29 m in each
plot. Species were randomly assigned to individual
positions in each plot in the different treatments. The
entire experiment consists of six tree species rich-
ness levels: 1, 2, 4, 8, 16 or 24 tree species, with
16, 8, 4, 2, 1 and 1 replicate plots for each richness
level, respectively, at each site. In this design, each
species is present in one specific community at each
richness level at each site. The plots were distributed
randomly in both sites. The soils of the region are
mainly Cambisols, Regosols, Acrisols, Gleysols and
Anthrosols (Scholten et al. 2017). A more detailed
description of BEF-China can be found in Bruel-
heide et al. (2014).
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Soil sampling

For the current study, soil sampling was conducted in
September 2015. We selected 16 target tree species to
sample soil nematodes: Castanea henryi, Nyssa sin-
ensis, Liquidambar formosana, Sapindus saponaria,
Quercus serrata, Castanopsis sclerophylla, Cho-
erospondias axillaris, Triadica sebifera, Alniphyllum
fortunei, Machilus leptophylla, Elaeocarpus chinen-
sis, Machilus thunbergii, Betula luminifera, Castano-
psis fargesii, Manglietia yuyuanensis and Quercus
phillyreoides. Eight of these species were planted at
site A, while the other eight species were planted at
site B. For each tree species, we sampled soil under
four tree individuals in plots with 1, 2, 4 and 8 species
diversity levels. In total, there were 256 soil samples
(16 tree species X 4 diversity levels X 4 tree indi-
viduals). For each soil sample, ten cores (0—-10 cm
in depth, 2.5 cm in diameter) were collected 10 cm
around the center of the selected tree (Fig. 1). The
ten cores were then pooled into one sample. Subse-
quently, the samples were taken to laboratory and
stored at 4 °C for further analysis. Each soil sample
was divided into two subsamples, one to test soil
moisture and one for nematode extraction. Nema-
todes were extracted from 100 g of fresh soil using
a cotton-wool filter method (Townshend 1963). After

counting the total nematodes of each sample, 100
individuals per sample were randomly chosen and
identified at genus level, according to nematode clas-
sification guides (Bongers 1994; Li et al. 2017).

Nematode phylogenetic tree

With the development of DNA sequencing and comput-
ing technologies, a substantial number of gene sequences
from soil-dwelling nematodes has been included in data-
bases and this has increased the accuracy of their phy-
logenetic relationships. The Open Tree of Life (OTL)
project constructs a comprehensive, dynamic and digi-
tally available tree of life by synthesizing published
phylogenetic trees along with taxonomic data (Hinchliff
et al. 2015). Here, we built a nematode phylogenetic tree
for all identified genera in this study based on phyloge-
netic and taxonomic data from the OTL database using
the “rotl” package (Michonneau et al. 2016). Polyto-
mies in the phylogenetic tree were replaced with a ran-
dom series of dichotomies with one or more branches,
using the multi2di function in the “ape” package (Para-
dis and Schliep 2019). Since the synthetic tree does not
have associated branch lengths for nematodes, we used
Grafen’s method to compute branch lengths in which
the length of each node is defined by the number of
descendant tips minus one (Grafen and Hamilton 1989).

Fig. 1 Conceptual repre- . ]
sentation of the experimen- Site Tree species

tal design. Different colored
dots represent different tree
species identities. The grey Nyssa sinensis

Castanea henryi

circles represent the target Liquidambar formosana
trees where nematodes were ) )
collected. The blue arrows Site  Sapindus saponaria
indicate the sample collec- A Quercus serrata

tion locations Castanopsis sclerophylla
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Triadica sebifera
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Nematode trait-based dendrogram

We used nematode feeding habits, colonizer-persister
values of life-course strategies (c-p value) and genus
body mass (ug) to estimate the functional characteriza-
tion of the nematodes. Feeding habits reflect the trophic
level of nematodes in the soil food web and reflect the
role of nematodes in decomposition processes and nutri-
ent cycling. Soil nematodes can be categorized into a
1-5 colonizer-persister series, ranging from extreme r-
to k-strategists (c-p value 1-5). The body mass of nema-
todes was calculated based on the general morphology
of each genus. Thus, it partly represents a measure of
nematode activity. The selected traits are critical for
nematodes to perform different functions in terres-
trial ecosystems. Since there are categorical variables
in our functional traits, we chose tree-based functional
measures. All nematode traits were obtained from the
Nemaplex database (http:/nemaplex.ucdavis.edu). We
first calculated the distance matrix (functional dissimi-
larity) between samples using Gower’s distance (1971),
and then used the unweighted pair group method with
arithmetic mean clustering (UPGMA) to transform the
matrix into a trait-based dendrogram. Cluster analysis
was performed using the “cluster” package (Maechler
etal., 2019).

Nematode taxonomic, phylogenetic, and functional
diversity

At the individual tree scale, alpha taxonomic diversity
(«TD) was expressed as the total number of genera
present in each sample. Faith’s phylogenetic diversity
was used to calculate alpha phylogenetic diversity
(o«PD) and functional diversity (aFD) based on nema-
tode phylogenetic trees and trait-based dendrogram,
respectively (Tsirogiannis and Sandel 2016). For beta
diversity, beta taxonomic diversity (BTD) was assessed
using Sgrensen’s dissimilarity between samples. Phy-
logenetic Sgrensen’s dissimilarity was used to calculate
beta phylogenetic diversity (BPD) and beta functional
diversity (BFD). Functional redundancy and phylo-
genetic redundancy were calculated as described in
Ricotta et al. (2018). Nestedness component and turno-
ver component of the nematode community were cal-
culated following the method of Baselga (2010). At the
plot scale, nematode oTD, aPD and oFD was obtained
by merging all samples in each plot and then calculated
using the same method as the individual tree scale.

Tree taxonomic, phylogenetic, and functional
diversity

We selected four functional traits related to below-
ground diversity to describe the functional diversity
of trees: (a) leaf nitrogen content per leaf dry mass;
(b) leaf carbon/nitrogen (C/N) ratio; (c) vegetative
tree height; (d) specific leaf area (SLA). The func-
tional traits of each tree species were obtained from
the TRY plant trait database (Kattge et al. 2020).
The tree alpha and beta diversities of each sam-
pling plot were calculated using the same method as
described for the nematode community.

Statistical analyses

All statistical analyses were conducted in the R statisti-
cal software version 3.6.1. (R Core Team 2021). Linear
mixed-effects model was used to test the effects of tree
species richness per plot and tree species identity and
their interaction on nematode alpha and beta diversity.
Plot identity was used as a random factor. The relation-
ships between plot tree species richness, and nematode
diversity at the individual tree scale were tested with
a Spearman correlation analysis. We assess the impact
of changes in the diversity of aboveground tree species
on the assemblage of nematode communities by evalu-
ating the relative change in nematode oTD, oFD and
oPD (e.g. relative change in o TD = [aTD in a tree spe-
cies mixture — «TD in the tree species monoculture] /
oTD in the tree species monoculture) (Jarzyna and Jetz
2017). For example, a larger decrease in aTD com-
pared to oFD or aPD would arise from species new to
the assemblage that have redundant trait characteristics
or phylogenetic positions. Similarly, the relative change
in BTD, PFD, PPD (e.g. relative change in fTD=TD
of the tree species mixture — fTD of the tree species
monoculture) can reflect changes in dissimilarity of
soil nematode community function and phylogeny
relationship between treatments (Baiser and Lock-
wood 2011). If the relative change in fTD and BFD or
PPD increase at the same time, two assemblages must
gain different functionally or phylogenetically dis-
tinct species. A Wald-test was used to test for differ-
ences among the slope of the relationship between any
changes of nematode diversity and a 1:1 line.

In order to compare the effects of different facets
tree diversity on nematode diversity, we constructed
a structural equation model (SEM). We started with a
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simple conceptual model, for which we hypothesized
that tree taxonomic, phylogenetic, and functional
diversity drive nematode taxonomic, phylogenetic,
and functional diversity. We also hypothesized a
direct effect of taxonomic diversity on functional and
phylogenetic diversity for both the tree and nematode
communities. We fitted the hypothesized model to the
data and evaluated the model based on x?* value and
p-value using the “lavaan” package (Rosseel 2012).
The relationships between tree functional traits and
alpha diversity were tested with a Spearman corre-
lation analysis. The relationships between tree func-
tional traits and beta diversity were tested with mantel
test analysis.

Results

Treatment effects on nematode alpha and beta
diversity

A total 140 genera from 256 soil samples were iden-
tified, including 39 bacterivores, 17 fungivores, 41
herbivores, and 43 omnivores and predators. Three
bacterivore genera (Alaimus, Paramphidelus, Pris-
matolaimus), one fungivore (Filenchus) and one
herbivore (Helicotylenchus) were dominant gen-
era (Table S1). At the individual tree scale, nema-
tode oTD, aPD and oFD were significantly affected
by plot tree species richness, tree identity and their

interaction (Table S2). Nematode oTD and oFD
decreased with increasing plot tree richness (Fig. 2a,
¢). Nematode BTD, PPD and BFD were significantly
affected by plot tree species richness, tree spe-
cies identity and their interaction (Table S2), and
increased with increasing plot tree richness (Fig. 2d,
e, f). At the plot scale, the nematode oTD, oPD and
oFD obtained by merging all samples in each plot
increased with increasing plot tree richness (Fig. 3).
Nematode phylogenetic redundancy decreased with
increasing plot tree richness (Fig. S1b). The diver-
sity pattern of soil nematodes was mainly explained
by the turnover component (Fig. Slc, d). Bacteriv-
ores and herbivores were the most abundant among
different trophic groups. Bacterivores and fungivores
increased with increasing plot tree richness (Fig. S2).

Changes in nematode alpha and beta diversity

A large relative change in nematode oTD was gener-
ally associated with a small relative change in both
oPD and oFD (slopes significantly smaller than
1; Fig. 4a, b). Most nematode assemblages with a
decrease in the relative change in oTD showed a
higher decrease in the relative change in «TD than
in the relative change in aPD or oFD (307 and 301,
respectively; Fig. 4a, b). We found that the relative
change in BTD of nematode assemblage between
high richness tree plots and monoculture plots exhib-
ited more increases than decreases (1057 and 649,

Fig. 2 Boxplots of nema- (a)
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(b) [ Alpha phylogenetic diversity $C7) Alpha functional diversity
° e

tode alpha and beta TD,
PD, and FD values at the
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Fig. 3 Boxplots of nematode oTD (a), aPD (b), and oFD (c) val-
ues at plot scale for the four tree species richness treatments. Cor-
relation coefficients (r) are from a Spearman correlation analysis
between nematode diversity and plot tree species richness. The

respectively; Fig. 4d, e). Among those points that
experienced increases in the relative change in fTD,
most experienced an increase in the relative change in
BPD and BFD (554 and 570, respectively; Fig. 4d, e).

Relationships between the tree communities and the
soil nematode communities

In the SEM (Fig. 5a, x*=0.71, DF=2, p=0.70),
we did not find a significant effect of the tree aTD
on nematode oTD and aFD. Instead, nematode «TD
and oPD were directly driven by the tree aFD and
oPD, respectively. Within the tree community or
nematode community, «TD had a direct effect on
oPD and oFD, and tree aFD was significantly cor-
related with tree aPD. Tree aFD was the decisive
factor affecting the alpha diversity of nematode
communities (Fig. 5b). SLA and tree height were
negatively correlated with soil nematode alpha
diversity. Leaf C/N ratio, SLA and tree height were
positively correlated with soil nematode beta diver-
sity (Fig. 6). Phylogeny and trait-based dendro-
gram of the soil nematodes and plant were shown in
Figs. S3 and S4, respectively.

Discussion
Our study provides insights into the linkages between

neighbor tree diversity at the plot scale and the mul-
tiple facets of the soil nematode diversity at the

significance of the slope of the regression is indicated by asterisks
(*p<0.01). The x-axes are log2-transformed

individual tree scale. Our study shows that increased
tree species richness at the plot level slightly
decreased alpha diversity and increased beta diver-
sity of the nematode community at the individual
tree scale. Importantly, aFD of the tree community
appeared as a decisive factor affecting the diversity
of nematode communities. Our findings are relevant
for the assessment of the impact of tree diversity
on soil biodiversity and highlight the importance of
multifaceted diversity, leading to a deeper under-
standing of the significance of plant biodiversity con-
servation (Delgado-Baquerizo et al. 2019; Schuldt
et al. 2019).

Nematode diversity and community assemblages

Consistent to our first hypothesis, nematode aTD,
oPD and oFD at the individual tree scale slightly
decreased with tree diversity at the plot level (Fig. 2).
Other studies have shown that the diversity of soil
biota is usually positively related to tree diversity in a
certain area, like a single plot, and this has often been
explained to be a result of increased resource hetero-
geneity or an increase in the number of niche oppor-
tunities (Skarbek et al. 2020; Zhang et al. 2016). Our
study showed that these contradictory results are
caused by the differences in the study scale (Reid and
Emery 2018). In our research, when all individual tree
scale samples in one plot are combined into a plot-
scale sample, soil alpha diversity was also strongly
positively correlated with plot tree richness (Fig. 3).
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Fig. 4 Relationships between relative change in nematode
TD, PD, and FD based on alpha (a, b) and beta diversity (d,
e) at the individual tree scale. The insets show the number of
points within the different quadrants with the largest value
being shown in bold for each inset. The concept diagram (c,
f) shows the potential consequences of changes in diversity for

An increase in neighbor trees diversity can lead to
positive or negative effects on individual trees by
competition for light, amelioration of abiotic stress,
or modification of soil microbes (Bilas et al. 2021).
Therefore, these neighboring trees may indirectly
affect the soil nematode community by affecting the
amount of litter and root exudates of local individual
trees. We found that tree species identity and plot tree
species richness have a strong interaction effect on
soil nematode diversity, which means that the impact
of local tree species on soil nematode diversity is
indeed regulated by neighboring species (Tedersoo
et al. 2016). Under different soil conditions driven by
tree diversity, the process of local extinction or persis-
tence of nematodes may result in a decrease in local
nematode diversity. Previous studies have found that
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Relative change in BTD

Relative change in BTD

nematode community assemblages. 4+ and - indicate gains and
losses of taxa, respectively. Blue solid lines indicate the slope
of the relationship between change in TD and change in FD or
PD. Black dashed lines indicate the 1:1 line. The quadrant with
gray background has the most points

the spatial variance of fast-growing bacterivores and
fungivores is positively correlated with soil organic
matter content (Mikola and Sulkava 2001; Quist et al.
2019), considering the increase of tree species rich-
ness can promote the accumulation of soil organic
carbon at different soil depths (Li et al. 2019a) and
positive relationship between bacterivores, fungivores
and plot tree species richness, our results suggested
that soil resources might be essential for neighbor
tree diversity affecting local soil biodiversity. This
speculation is also supported by the greater contribu-
tion of turnover components to nematode beta diver-
sity, which is driven by potential ecological processes
caused by environmental gradients, such as environ-
mental filtering or competition (Fig. Slc, d) (Leg-
endre 2014).
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Fig. 6 Relationships between tree functional traits and nema-
tode alpha and beta diversity at the individual tree scale. The
green and red lines represent positive and negative correla-

Important changes in nematode communities are not
only brought about by changes at the taxonomic level,
but also by those at the functional or phylogenetic level
(Liu et al. 2019). We found that the relative changes in
oPD and oFD of nematode communities among single
tree species and high richness tree plots are weaker than
the relative changes in oTD (Fig. 4a, b). This means that
those nematodes lost in the community were function-
ally and phylogenetically redundant (Jarzyna and Jetz

p value: mem <0.01 == 0.01-0.05

in the arrows give the standardized coefficients. Arrow width
was scaled by the standardized path coefficients. Standardized
total effects of aboveground diversity to belowground diversity
derived from the structural equation models (b)

tions, respectively. Only significant correlations are shown.
FR: Functional redundancy, PR: phylogenetic redundancy

2017). This is also supported by the results that func-
tional and phylogenetic redundancy indices were lower
in the high-richness plots (Fig. Sla, b). The high redun-
dancy in the low-richness plots indicates that the nema-
tode community coexists in a state of highly overlapping
resource requirements (Matlack 2001; Neher 2010).
At the same time, the relative change in fPD and PFD
of soil nematode communities were more often posi-
tive than negative (Fig. 4d, e), which means that with
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different tree species in the neighborhood, functional
and phylogenetic relationships of nematode communi-
ties became more differentiated (Baiser and Lockwood
2011). A decrease in redundant species or increase
in distinct species caused differentiation of nematode
community functions or phylogenetic relationships
(Fig. 4f). The functions or phylogenetic differentiation
in high-richness plots indicated that the diversification
of adjacent tree species benefits the local community to
maintain more nematodes with different functions and
phylogenetic relationships (Li et al. 2020). Conversely,
although the alpha diversity of nematodes under each
tree slightly increased when neighbor tree diversity
decreased, our results suggest that the increase was due
to functionally or phylogenetically redundant species.
More specifically, when considered at a relatively large
scale, such as the plot scale, the similarity between soil
nematode communities in different facets will increase
with neighbor tree diversity decreased because some
distinct species are lost when environmental condi-
tions are similar. Nematode diversity in different facets
at the plot scale is indeed higher in high-richness plots
(Fig. 3), highlighting the importance of maintaining
plant diversity, not only at the taxonomic level but also
in functional and phylogenetic relationships for soil
biodiversity.

Relative importance of tree multiple facets diversity

In agreement with our second hypothesis, our study
shows that oFD of neighbor trees is a better factor
explaining the alpha diversity of nematode communi-
ties among the three facets of tree diversity (Fig. 5).
Tree height and the leaf economics spectrum (e.g.,
specific leaf area and leaf nutrient content) largely
determined the quantity and quality of litter and
detritus, and both litter and detritus have been dem-
onstrated to have important effects on soil biotic com-
munities (Fu et al. 2017; Li et al. 2019b). Therefore,
functional diversity could be the most direct indica-
tor reflecting the influence of plant communities on
soil communities, rather than taxonomic diversity and
phylogenetic diversity (Mahaut et al. 2020). The neg-
ative effect of neighbor trees «FD on nematode diver-
sity of multiple facets at the individual tree scale indi-
cates that diverse tree mixtures modulate nematode
communities at the local scale, which may have far-
reaching consequences, for example by influencing
the nutrient cycling process in which soil nematodes
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participate (Bardgett and van der Putten 2014) and
may affect aboveground diversity through plant-soil
feedback effects (van der Putten et al. 2016). Further
research should verify how different combinations of
functional traits affect soil community, which have
important implications for maximizing the effects of
reforestation and plantation forestry and maintaining
biodiversity.

Previous studies have found no significant relation-
ship between plant functional traits and soil biota, and
this may be explained by the absence of key traits that
drive plant-soil organism associations (Leff et al. 2018;
Marshall et al. 2011; Meyer et al. 2018). The three func-
tional traits we selected in this study, including trophic
groups, c-p value, and body mass, can well reflect the
intensity, preference, and turnover rate of nematodes
involved in nutrient cycling. The above-ground func-
tional diversity represented by the leaf nutrient content
significantly affected the nematode functional diver-
sity, emphasized the importance of functional diversity
in connecting above- and belowground relationships,
and supported our speculation that the resource char-
acteristics affected by neighbor tree diversity drive the
assembly of soil nematode communities. Some studies
also suggested that phylogenetic diversity may be a bet-
ter predictor than functional diversity on certain condi-
tions. However, we found that tree aPD did not have a
strong impact on soil nematode diversity. First, it is pos-
sible that plant phylogenetic differences are associated
with only a subset of the belowground communities due
to coevolution with mutualists or pathogens, instead
of being associated with the entire soil community
(Anacker et al. 2014). Second, our experiment is still in
the initial stage of recovery since it was sampled only
six years after the trees had been planted, and the tree
community and specific underground organisms may
not have yet developed final co-evolutionary relation-
ships. In general, our results suggest that the neighbor
trees mainly regulate soil nematode diversity through
functional traits, such as plant height and SLA and leaf
C/N ratio (Fig. 6), but that the TD and PD also play a
role (Milcu et al. 2013).

Conclusion
In this study, we assessed how soil nematode diversity

at the individual tree scale responds to neighbor tree
diversity, considering the taxonomic, phylogenetic,
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and functional facets of alpha and beta diversities
in subtropical forest ecosystem. We found that the
increased richness of neighbor trees slightly reduced
alpha diversity of nematode community at plant scale,
but significantly increased alpha diversity of nema-
tode community at plot scale. The differential results
revealed the different responses of redundant and rare
soil nematode species to changes in aboveground plant
diversity, suggesting that higher plant diversity is ben-
eficial to the maintenance of phylogenetic relationships
with specific functions in the nematode community,
emphasizing the importance of aboveground diver-
sity in maintaining the diversity of soil organisms in
different dimensions. Furthermore, the finding that
tree aFD had the largest effects on the soil nematode
community opens new avenues of biodiversity and
ecosystem functioning research. Future research could
use controlled experiments to investigate which of the
resources provided by trees have the greatest impact on
soil communities and whether these effects are brought
about by fallen leaves or root exudates.
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