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Abstract Invasive plants have the potential to affect
decomposition both directly, by introducing novel
substrates that may differ from native species in key
structural or chemical properties, and indirectly
through changes to soil properties and microbial
communities. The relative importance of these two
mechanisms is unclear, especially with regard to wood
decomposition. To explore these questions, we used a
novel method to rapidly assess the wood decay rates of
11 native and 11 invasive non-native angiosperm
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species. The study was repeated at three pairs of sites,
each consisting of an invaded and a relatively
uninvaded forest. The invaded sites had either been
colonized by a non-native grass (Microstegium
vimineum (Trin.) A. Camus), a non-native woody
shrub (Ligustrum sinense Lour.) or by multiple
invasive species. After one year in the field, mass loss
varied more than two-fold among the 22 wood species
(24.2-52.3%). Wood origin (i.e., native or non-native)
was only important at the Microstegium sites, with
non-native species decomposing marginally faster
than native species. Wood decomposed faster at both
the Ligustrum-invaded and multiply-invaded sites
than in their respective uninvaded sites but there were
no differences between sites invaded or not by
Microstegium. We detected positive relationships
overall between mass loss and pH, K, P and NO;~,
but invasion had no consistent effects on these soil
properties. The results from this study show that the
differences in wood decay rates between native and
non-native species and the effects of invasion are
highly idiosyncratic, with effects depending greatly on
species and ecological context.

Keywords Chinese privet - Exotic species -
Japanese stiltgrass - Novel ecosystems - Plant traits
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Introduction

The invasion of non-native plant species is altering the
composition and structure of forest ecosystems glob-
ally (Richardson and Rejméanek 2011; Vila et al.
2011), but it remains poorly understood how these
species will affect ecosystem processes, such as the
decomposition of organic matter. Decomposition is a
key process in carbon and nutrient cycles and is
influenced by a wide variety of interacting biotic and
abiotic factors, making it sensitive to changes in plant
community composition and local climatic conditions
(Bradford et al. 2014; Fukami et al. 2010). While
much remains unknown about the relative importance
of various factors, biotic factors, such as invasions of
non-native plants, may exert a stronger effect on decay
rates than the anticipated effects of climate change
(Ashton et al. 2005). Invasive plants may affect
decomposition through two potential mechanisms.
The first is direct, and concerns differences between
non-native and native plant species in structural or
chemical properties of the decaying tissues that may
affect decomposability. The second mechanism is
indirect, and results from changes that non-native
species exert on soil properties or taxa that modulate
decomposition. While a number of studies have tested
these mechanisms (hereafter referred to as “direct”
and “indirect” effects) as they relate to leaf litter
decomposition (Ashton et al. 2005; Jo et al. 2016), no
studies have compared the wood decay rates of non-
native versus native species nor investigated how
invasion of non-native plants affects rates of wood
decomposition. This is in part because wood decom-
poses very slowly and we lack methods to assess rates
of wood decomposition rapidly. Indeed, traditional
methods for studying wood decomposition are either
limited to the early stages of the process, use a
chronosequence approach or require a decade or more
to complete (Bultman and Southwell 1976; Freschet
et al. 2012, and references therein).

While plant traits often differ between non-native
and native species (Ordonez et al. 2010; Van Kleunen
et al. 2010) and there is a close connection between
some traits (e.g., nutrient concentrations relative to
carbon, lignin content, specific gravity, etc.) and decay
rates (Cornwell et al. 2008; Mitchell et al. 2011;
Weedon et al. 2009), there are few studies comparing
the decay rates of non-native and native species. In
some ecosystems, non-native leaf litter decomposes
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faster than native leaf litter (Ashton et al. 2005;
Ehrenfeld 2003), in part due to invasive species
investing little in durable structures relative to many
native species (Prescott and Zukswert 2016). This
generalization does not always hold true, however
(Fernandez and Aragén 2014; Jo et al. 2016). More-
over, the functional traits that predict decay rates of
leaf litter may have little bearing on how quickly other
plant parts, such as wood, decompose (Sun et al.
2018). Traits known to influence how quickly wood
decomposes include the concentrations of N and C as
well as C:N and wood density (i.e., specific gravity)
(Hérault et al. 2010; Weedon et al. 2009) and all of
these metrics have the potential to vary between native
and non-native species. Although comparisons of
nutrient concentrations between the wood of native
and non-native species are lacking, previous studies
have reported higher nutrient concentrations in the
photosynthetic tissues of non-native plants (Sardans
et al. 2017). In addition, because non-native plant
species as a group grow faster than native taxa
(Pattison et al. 1998; Van Kleunen et al. 2010) and
faster growing species tend to produce less dense
wood (Chave et al. 2009), it is plausible that non-
native plants as a group are characterized by lower
wood density and, as a consequence, promote faster
wood decay rates.

Regarding the potential indirect effects of plant
invasion on decomposition, an abundance of studies
support the notion that nonnative plants can alter soil
properties as well as microbial communities and these
changes can affect decay rates. For example, many
invasive plant species increase soil pH, water content,
N mineralization and nitrification and phosphorus
availability compared to uninvaded soil (Chapuis-
Lardy et al. 2006; Ehrenfeld 2003; Ehrenfeld et al.
2001; Hawkes et al. 2005; Heneghan et al. 2006;
McGrath and Binkley 2009; Rodgers et al. 2008;
Sardans et al. 2017). These effects have been
attributed to enhanced decay rates brought about by
the relatively nutrient-rich plant tissues of invasive
species (Rodgers et al. 2008; Sardans et al. 2017) as
well as the release of secondary plant compounds that
can have direct and indirect effects on soil chemistry.
Changes in the composition of soil microbial commu-
nities following invasion can also have important
implications for nutrient cycling and decay rates
(Hawkes et al. 2005). Microbes and other soil
organisms (e.g., mites, see McGrath and Binkley
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(2009)) respond to increased nutrient availability and
can be impacted by the secondary metabolites pro-
duced by many invasive plants (Cipollini et al. 2012).
The effects of invasive plants on soil properties and
microbial communities are known to vary greatly
among and within species depending on soil condi-
tions, interactions with other species and disturbance
history (Dassonville et al. 2008; Kuebbing et al. 2014;
Sardans et al. 2017).

In this study, we tested for both direct and indirect
effects of invasion on wood decomposition using
multiple native and invasive non-native wood (here-
after “non-native”) species occurring in the south-
eastern United States. We compared decay rates
among these species at sites with variable invasion
histories using a novel method for rapidly assessing
decay rates. The southeastern U.S. provides a good
opportunity for testing the impact of non-native
species on decay rates because it has been invaded
by numerous non-native plants including many woody
trees and shrubs as well as a variety of grasses, vines
and herbaceous plants (Miller 2003). We compared
decay rates between invaded and uninvaded sites at
three locations. The three invaded sites were (1)
dominated in the understory by a non-native grass
(Microstegium vimineum (Trin.) A. Camus), (2)
dominated in the midstory by a non-native woody
shrub (Ligustrum sinense Lour.) or (3) dominated at all
forest layers by multiple species of non-native trees,
shrubs and vines.

We hypothesized that invasive plants would accel-
erate decay rates through both direct and indirect
effects. Regarding the direct effects, we predicted that
non-native species would have lower specific gravity,
higher N and lower C than native species and these
differences would manifest in faster decay rates for
non-natives. As for indirect effects, we predicted that
invaded sites will have higher concentrations of soil
nutrients including nitrate and ammonium as well as
higher pH and these differences would correlate with
faster decay rates in invaded than in relatively
uninvaded sites.

Methods
Study sites and installation

The experiment was installed at three locations in
northeast Georgia, with two sites per location (i.e., six
sites in total), to compare rates of decomposition
among forests with different invasion histories (Fig. 1,
Online Resource 2). At each location there was a
relatively invaded site and a relatively uninvaded site,
hereafter referred to as invaded and uninvaded for
simplicity although non-native plant species were
present at all sites (Online Resource 3). At the
“Stiltgrass” location, the forest floor at the invaded
site was completely covered by the invasive annual
grass, Microstegium vimineum (Trin.) A. Camus
(Japanese stiltgrass), whereas this species was absent
from the uninvaded site. The two sites consisted of
mesic hardwood-dominated forests bordering Harris
creek on the Oconee National Forest in Greene County
and were separated by about 200 m. The “Privet”
location consisted of two neighboring sites, approxi-
mately 100 m apart, within a mesic hardwood-dom-
inated forest growing adjacent to the Oconee River in
Greene County. The midstory of the invaded site was
completely dominated by Chinese privet, Ligustrum
sinense Lour., an invasive woody shrub. The privet at
that site is well established, consisting of about 45
metric tons per ha (Hanula et al. 2011), and forms a
dense midstory canopy that prevents the establishment
of any other plants on the forest floor (Hanula et al.
2009). The uninvaded site was situated within an area
from which all Chinese privet (Ligustrum sinense) had
been removed from a ~ 4 ha area in 2005, followed
by a single dormant-season application of 2%
glyphosate in 2006. Although glyphosate can have
short term effects on microbial biomass, soil respira-
tion and other properties (Gaupp-Berghausen et al.
2015; Stratton and Stewart 1992), we do not expect
this treatment to affect our results considering the
applications took place nine years before this study
began. Some privet regeneration had occurred within
the cleared area but this consisted of small seedlings
with negligible biomass and we do not expect below-
ground roots to have remained nearly 10 years after
the plants were originally cleared. The third location
(“Multiple Species”) was in Clarke County where a
gravel road separates a mostly uninvaded mature
upland hardwood forest (> 100 years old) from a
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Fig. 1 Sites invaded (a) and uninvaded (b) by Microstegium; invaded (¢) and uninvaded (d) by Ligustrum; and invaded (e) or

uninvaded (f) by multiple invasive species

regenerating and highly invaded forest (< 40 years
old based on available aerial images), which consisted
almost entirely of non-native species (Online
Resource 3). These sites were separated by about
50 m. Whereas the paired sites at the Stiltgrass and
Privet locations were carefully selected to minimize
any differences in forest age or disturbance, an
important consideration (Sokol et al. 2017), the
Multiple Species sites differed greatly in age and
disturbance history. This was done intentionally to
determine how decomposition rates differ between
natural forests and the “invasional meltdown” sce-
nario commonly seen on highly disturbed sites. Thus,
by design, we were less able to isolate the effects of
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invasion from disturbance history at the Multiple
Species location than at the other two locations.

A 23 x 5 m rectangular grid was established at
each site, resulting in 115 grid cells. Each grid cell
received one core (see section below) from one of the
115 sampled trees (i.e., five trees from each of the 23
species), with the positions chosen randomly. The
cores were individually enclosed within nylon mesh
sleeves (0.3 mm openings) which were sewn shut
along the long edge and stapled shut at the ends. It was
necessary to use fine mesh in this study given the small
size of the tree cores, i.e., to avoid the loss of small
wood fragments. On 16—18-March-2015, one sleeved
core was placed in contact with the mineral soil at the
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center of each grid cell and secured in place with a tent
peg passing through an attached loop of fishing line.
Once in place, each core was covered in litter that had
been removed to expose mineral soil.

Tree cores

Tree cores collected from healthy trees were used to
rapidly assess decay rates in this study. Increment
borers were used to collect the cylindrical cores of
wood, 0.4 cm in diameter, from 22 (11 native, 11 non-
native, see Online Resource (1) genera of woody
angiosperms occurring widely across the southeastern
United States. We also collected cores from a native
gymnosperm, Pinus taeda L., to facilitate comparisons
with the existing decomposition literature from the
region. This species was excluded from the main
analyses, however, as gymnosperms are known to
decompose more slowly than angiosperms due to
various structural and chemical differences (Weedon
et al. 2009). All cores were collected in the fall
(September—October 2013-2014) and only plants
> 19 cm in diameter and growing in forested areas
were included in the study. Cores were collected from
five trees of each species (115 trees in total) with 7-8
cores collected from the base of each tree, in a closely-
grouped vertical row 0.5-1.5 m above ground. Imme-
diately after collection, the outer 2 cm of each core
was removed (because this area is sometimes damaged
during coring) and a 10-cm section of the remaining
piece was retained for use in the study. The volume of
each 10-cm section was determined to the nearest
0.01 ml using the volume displacement method,
followed by a determination of dry weight to the
nearest 0.01 g (dried at 60 °C until no further weight
loss was detected). These measurements were used to
calculate the specific gravity (dry mass/fresh volume)
of each core, a potentially important explanatory
variable that is positively correlated with wood
moisture (Hérault et al. 2010). Six cores from each
tree were used in the decomposition experiment while
the remaining one or two cores were dried and ground
in a Wiley mill for determination of N, C and C:N.
These samples were submitted to the Yale Analytical
and Stable Isotope Center (YASIC) where they were
analyzed using a Costech ESC 4010 Elemental
Analyzer (Costech Analytical Technologies, Valen-
cia, CA, USA) interfaced with a Delta Plus Advantage

isotope ratio mass spectrometer (Thermo, Bremen
Germany).

Data collection
Mass loss

To assess relative rates of decomposition between
native and non-native wood species and between
invaded and uninvaded sites, cores were collected
from all locations after one year in the field on 17-Mar-
2016. Both Stiltgrass sites and both Privet sites had
experienced flooding over the winter months and the
cores at these sites were buried under ~ 1-3 cm of
sediment. Upon returning to the lab, all cores were
stored in the freezer until further processing. Each core
was removed from the mesh sleeve and rinsed over a
63-micron screen. Cores were individually placed into
small paper bags and dried at 60 °C until no further
mass loss was observed. Wood mass loss was calcu-
lated for each core using the following equation:
[(initial dry mass — final dry mass)/ initial dry mass].

Soil properties

To understand how soil properties varied among the
six sites, five samples of mineral soil were collected to
adepth of 10 cm at each site in July 2015, one from the
center and four from the corners of each 23 x 5 grid.
The samples were submitted to the Agricultural and
Environmental Services Laboratories at the University
of Georgia to be analyzed for pH, mineral concentra-
tions and other properties. Minerals (P, K, Ca, Mg, Zn,
Mn) were extracted in Mehlich I solution and analyzed
using an Inductively Coupled Plasma Spectrometer.
Nitrate (NOz~) was extracted in 2 M KCIl and
analyzed using continuous-flow calorimetry (Perstorp
Analytical Enviroflow). Ammonium (NH,") was
extracted in 2 M KClI and analyzed using a photomet-
ric analyzer (LabMedics Aquakem). Finally, organic
matter was determined by the “loss on ignition”
method in which samples were heated for 3 h at
360 °C with the results reported in percent by weight.

Data analysis
To look at relationships among wood properties,

Pearson’s correlations were calculated among specific
gravity, N, C and C:N. To study the relationships
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between mass loss and each wood property, we
conducted mixed linear models using SAS 9.4 (SAS
Institute 2013) with species as a random effect and the
wood properties partitioned into between (i.e., average
values by species) and within species (i.e., deviations
from species means by tree) components. Because we
only had a single value for initial N and C from each
tree, we averaged specific gravity and mass loss data
over cores (and hence over sites) for each tree prior to
this analysis. Using these same average values,
differences in wood properties between native and
non-native species were tested using mixed models in
which origin was included as a fixed effect and species
within origin as a random effect. To help interpret our
mass loss results, we also tested these models with
species within origin treated as a fixed effect to limit
our inference to only those species included in this
study. Finally, a mixed model analysis was applied to
decay rates for individual cores for each location
separately to test for the effects of origin, invasion
(i.e., invaded or uninvaded) and the origin x invasion
interaction. Species within origin, tree within species
and the invasion X species within origin interaction
were included as random effects in this model.

Soil properties (pH, Ca, K, Mg, Mn, P, Zn, NH,",
NO;™ and organic matter) were compared among the
six sites using the GLM procedure of SAS and Tukey’s
Honest Significant Difference post-hoc test. We also
used orthogonal contrasts to specifically compare
these metrics between invaded and uninvaded sites at
each location. To examine how soil properties varied
among the six sites, we conducted nonmetric multi-
dimensional scaling using PCORD (McCune and
Mefford 2011). The data for each soil property were
relativized by maximum prior to this analysis. We then
performed PERMANOVA followed by pairwise com-
parisons to test for significant differences in soil
properties among sites. After calculating mean values
for mass loss and soil properties by site (since soil
samples were collected from just five positions within
each site), the effect of each soil property on mass loss
was assessed using separate mixed effects models in
SAS with location treated as a random effect. To
examine the relationship between the overall soil
profile and mass loss, we also included the average
values for axes 1 and 2 as predictors in the same
model. In all analyses, P-values < (.05 are considered
significant while those < 0.1 are reported here as
marginally significant.
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Results
Wood properties

Wood properties varied widely among the 115 trees
sampled (Table 1), with up to a 3.3-fold difference in
average specific gravity (range: 0.21-0.69), a 6.5-fold
difference in N (range: 0.04-0.26), a 1.1-fold differ-
ence in C (range: 40.54-46.40) and a 6.0-fold
difference in C:N ratios (range: 171.56-1021.79).
After limiting the dataset to angiosperms (i.e., Pinus
taeda excluded), there were no significant correlations
among average specific gravity, N, and C, although
there was a marginally significant negative correlation
between N and C (r = -0.17, P = 0.07). There was also
no significant correlation between specific gravity and
C:N. There were no significant differences in specific
gravity (Fy;=0.05, P=038), N (Fio =12,
P=03), C (Fi»=07 P=04) or CN
(Fi21 = 1.4, P = 0.2) between native and non-native
species in mixed linear models in which species was
included as a random effect. However, when we
limited our inference to just the species used in this
study by including species within origin as a fixed
rather than a random effect, there were significant
differences between non-native and native wood
species in N (F; 9> =27.3, P <0.0001) and C:N
(F192 =517, P <0.0001) with non-native species
being characterized by higher N and lower C:N. There
was also a marginally significant difference in C
(Fi92 = 3.6, P = 0.06), with C being higher for non-
native than native species.

Decay rates

Decay rates were compared using percent mass loss
data after one year in the field. Including P. taeda,
mass loss varied up to 4.6-fold among trees (range:
13.35-61.05%) and 2.8-fold among tree species
(range: 18.4-52.3%) (Fig. 2). Ignoring species effects,
there were significant correlations between mass loss
and specific gravity (r=— 0.32, P <0.001), N
(r=0.19, P =0.05), C (r=— 0.34, P < 0.001) and
C:N (r = — 0.22, P = 0.02) but only C was a signif-
icant predictor of mass loss based on mixed models
with species included as a random effect. More
specifically, C explained a significant amount
(24.6%) of between-species variation in mass loss
(F120=6.51, P=0.02) but was not a significant
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Table 1 Mean £ SE (n = 5) wood properties and decay rates by tree species

Species Origin C (%) N (%) C:N Specific Mass loss
gravity (%)

Acer negundo L Native 448 £ 0.3 0.145 £ 0.0114 319 £ 29 0.384 £ 0.010 28.1 £2.2

Ailanthus altissima (P. Mill.) Swingle Non- 435+ 0.3 0.107 £ 0.013 428 £ 42 0.536 £ 0.003 47.5 + 4.0
native

Albizia julibrissin Durazz Non- 438 £ 0.7 0.136 £ 0.006 325 + 18 0.478 £0.018 494 + 1.5
native

Betula nigra L Native 447 £ 0.3 0.085 £ 0.003 531 £ 17 0.500 £ 0.013 41.6 £ 1.5

Broussonetia papyrifera (L.) L’Hér. Ex Vent Non- 437 £ 0.5 0208 £ 0.020 218 £20 0.546 £ 0.014 423+ 1.9
native

Celtis laevigata Willd Native 432+ 03 0.175 £0.013 252+ 17 0.507 £ 0.017 52.3 £ 0.6

Cinnamomum camphora (L.) J. Presl Non- 444 + 0.2 0.074 £ 0.004 609 £ 31 0.455 =+ 0.010 44.5 £ 3.0
native

Firmiana simplex (L.) W. Wight Non- 440 £ 0.2 0.152 £0.014 301 £29 0.379 £ 0.031 472+ 1.0
native

Fraxinus pennsylvanica Marsh Native 442 £ 0.3 0.114 £ 0.008 397 £33 0.503 £ 0.026 39.5 + 3.0

Juglans nigra L Native 439 £ 0.2 0.089 £ 0.003 495 £ 22 0.575 £ 0.020 40.5 £ 2.5

Ligustrum sinense Lour Non- 438 £ 0.2 0.141 £0.005 311 £10 0.634 + 0.021 472 £ 2.5
native

Liquidambar styraciflua L Native 433 £ 0.3 0.060 £ 0.002 721 £29 0.528 £ 0.011 499 £+ 3.9

Liriodendron tulipifera L Native 434 £ 0.2 0.109 £ 0.003 400 £ 12 0.401 £ 0.010 51.5+3.0

Melia azedarach L Non- 445 +£ 0.1 0.077 £ 0.004 585 + 30 0.497 £ 0.009 27.1 +£2.1
native

Paulownia tomentosa (Thunb.) Sieb. & Zucc. Non-

Ex Steud native
Pinus taeda L Native
Platanus occidentalis L Native
Prunus serotina Ehrh Native
Pyrus calleryana Decne Non-

native
Quercus nigra L Native
Triadica sebifera (L.) Small Non-

native
Ulmus parvifolia Jacq Non-

native
Ulmus rubra Muhl Native

45.0 £ 0.2 0.075 &+ 0.003

45.0 £ 0.1 0.050 & 0.003
442 £ 0.3 0.083 £ 0.005
44.8 £ 0.2 0.062 &+ 0.001
454 £ 0.3 0.094 + 0.002

42.6 £ 0.6 0.097 & 0.007
43.7 £ 0.1 0.103 &+ 0.004

45.1 £ 0.2 0.086 + 0.004

439 4+ 0.3 0.087 &+ 0.007

604 21 0.240 £ 0.009 47.3 £ 3.6

903 £ 48 0.499 £ 0.014 184 £ 1.8
544 £ 35 0.495 £ 0.018 429 £ 2.1
720 £ 19 0.614 £ 0.016 30.7 £ 24
483 £ 10 0.653 = 0.011 36.9 £+ 1.8

446 £ 28 0.626 = 0.009 32.7 £ 24
427 £ 15 0472 £0.014 509 £ 24

532 £27 0.668 + 0.009 242+ 1.0

519 £ 41 0.540 £ 0.012 429 £ 3.1

predictor of within-species variation (F;g; = 0.42,
P =0.52). The only other wood property that was
marginally significant was specific gravity, which
explained a considerable amount (14.6%) of between-
species variation in mass loss (F; 5o = 3.43, P = 0.08)
but negligible within-species variation (F; g; = 0.05,
P =0.8).

We tested the effects of origin and invasion for each
location separately. At the Privet location, there was a
significant effect of invasion (Fj,; =21.8,

P < 0.0001) while origin and the origin x invasion
interaction were both nonsignificant (Fig. 3b). Simi-
larly, at the site with multiple invasive species, the
effect of invasion was also significant (F; »; = §89.0,
P < 0.0001), with greater mass loss in the invaded
site, but there was also a significant interaction
between origin and invasion (F;,; = 4.7, P = 0.04)
(Fig. 3c), where mass loss tended to be higher for
native than non-native species at the uninvaded site,
while the opposite pattern was observed at the invaded
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Fig. 2 Mean + SE (n = 29-30) percent mass loss for the 11
non-native (white bars) and 11 native tree (black bars)
angiosperm species after one year in the field. Note: results
for Pinus taeda (grey bar), a gymnosperm, are included here for
comparison but are not included in the main analysis

site (Fig. 3c). Finally, at the Stiltgrass location, origin
had a marginally significant effect (F;,; = 3.15,
P = 0.09), with mass loss being greater for non-native
than native species, whereas invasion and the
origin X invasion interaction were nonsignificant
(Fig. 3d).

Finally, we analyzed the relationship between mass
loss and soil properties, averaged by site, with location
included as a random effect. There were significant
and positive relationships between mass loss and pH
(Fi.=751, P=001), K (F;, =242, P=0.04), P
(Fi2=244, P=0.04) and NO;  (F;,=1293,
P < 0.01). There were no significant relationships
between mass loss and values for either of the NMDS
axes (results not shown).

Soil

All soil variables differed significantly among the six
sites. At the Privet location, only Mn differed between
the invaded and uninvaded sites, being significantly
higher in the latter (Table 2). All ten variables differed
significantly between the invaded and uninvaded sites
at the Multiple Species location. Values for seven of
them (pH, Ca, K, Mg, P, Zn, NO; ™) were greater in the
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Fig. 3 Percent mass loss (LS-means £+ SE) for non-native
(open bars) vs. native wood (closed bars) species placed in
uninvaded and invaded sites at three locations. The individual
locations included sites invaded by Ligustrum (a), multiple plant
species (b) or by Microstegium (c). Although all six sites were
invaded to some extent by non-native plants, they are labelled
here as uninvaded or invaded for simplicity. Asterisks next to
significant effects indicate the level of significance: P < 0.1%,
P < 0.05*%* and P < 0.01***, Invasion refers to whether the
sites were invaded or uninvaded and origin distinguishes
between non-native and native wood species

highly invaded site than the uninvaded site whereas
the opposite was true for Mn, NH,* and organic
matter (Table 2). Five of the variables differed
between the two Stiltgrass sites (Ca, Mg, Mn, NH4+
and organic matter), with values for all of them being
higher in the invaded site. NMDS yielded a two-
dimensional solution with a final stress of 8.94. It is
clear from the ordination that combined soil properties
varied greatly among locations (Fig. 4) and this is
supported by PERMANOVA which indicated all but
one of the pairwise comparisons among the six sites
were significantly different. The non-significant pair-
wise comparison in that analysis was between the two
sites at the Privet location.
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NH4

Axis 2 (32.9%)

QO stilgrass: invaded
@ stiltgrass: uninvaded
WV privet: invaded

WV privet: uninvaded

& mult. sp.: invaded
@ mult. sp.: uninvaded

Axis 1 (61.6%)

Fig. 4 Ordination from nonmetric multidimensional scaling for soil profiles as measured at five positions at each of the six sites.
Circles, triangles and diamonds represent the Stiltgrass, Privet and Multiple Species locations, respectively

Discussion

Here we assessed the direct and indirect effects of
invasive plants on wood decomposition in southeast-
ern U.S. forests. We tested direct effects by comparing
wood traits and decay rates between native and non-
native species of woody angiosperms, and we inves-
tigated indirect effects by comparing decay rates under
three different invasion histories.

Regarding direct effects, we found decay rates
varied widely among the 22 angiosperm species
included in this study (Fig. 2) and this variability
was driven in part by interspecific differences in wood
properties, most notably C. We found limited support
for our first hypothesis, that non-native wood species
would decompose faster than native species. Only at
the Stiltgrass location did we observe this pattern, and
the difference was only marginally significant (Fig. 3).
At the Multiple Species location, we observed a
significant interaction between origin and invasion,
where mass loss tended to be higher for native than
non-native species at the uninvaded site, while the
opposite pattern was observed at the invaded site.
Finally, at the Privet location, origin had no significant
effect on decay rate. These results suggest that
differences in decay rates may exist between native
and non-native wood species under some conditions,
possibly driven by differences in wood properties.

@ Springer

Nevertheless, our findings are largely consistent with
those of Jo et al. (2016) who reported no differences in
leaf and root decomposition rates between 42 native
and 36 non-native plant species. Indeed, non-native
species were among both the fastest (e.g., Triadica
sebifera (L..) Small and Albizia julibrissin) and slowest
(Ulmus parvifolia Jacq. and Melia azedarach) decom-
posing species in this study (Fig. 2).

Evidence in support of indirect effects was also
mixed. Although we found higher decay rates in the
sites invaded by privet and by multiple species than in
their respective uninvaded sites. Microstegium had no
detectable effect on wood decomposition. The differ-
ences in soil properties detected in this study cannot
fully explain these patterns. At the Privet location, for
example, wood decomposed faster in the invaded site
than in the uninvaded site even though soil profiles did
not differ between those sites. By contrast, there was
no difference in decomposition between the two sites
at the Stiltgrass location despite large differences in
soil profiles between those sites. Although invasion by
privet, stiltgrass or multiple species had no consistent
effects on soil properties that could then be used to
explain decay rates, we did detect positive relation-
ships between mass loss and pH, K, P and NO;™.
These findings are largely in line with past studies,
e.g., P is important in governing decay rates (Zech-
meister-Boltenstern et al. 2015) and pH affects
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microbial abundance and activity (Baath and Ander-
son 2003). Additions of NO3;~ have previously been
shown to stimulate wood decomposition (Allison
1965) although N is known to sometimes inhibit
microbial activity, especially in wood and other
recalcitrant substrates with high C:N ratios (Fog
1988).

Other effects of invasive plants not measured in this
study may also have affected decay rates. For exam-
ple, Chinese privet is known to produce a higher
quality litter than many native species, characterized
by less lignin, more nitrogen and lower C:N (Mitchell
et al. 2011). Moreover, Mitchell et al. (2011) showed
that as the proportion of litter consisting of privet
increases, the decay rate of litter also increases.
Although the decay rates of each species of litter
present in these mixed litter bags were not assessed, it
is known that recalcitrant litter types can decompose
faster when mixed with more labile substrates (Gart-
ner and Cardon 2004). While these studies focus on
litter rather than wood decomposition, it nevertheless
seems plausible for wood imbedded within a litter
layer including privet to similarly decompose more
quickly. The presence of privet may help explain
decomposition patterns observed at both the privet and
Multiple Species locations considering that about 75%
of the invaded site at the latter location was covered by
privet (Online Resource 3).

Similar to privet, stiltgrass is also expected to
produce high quality litter compared to native litter
sources and these inputs have been linked to increased
loss of soil organic carbon (Strickland et al. 2010).
However, unlike sites invaded by privet, we did not
observe an increase in wood decomposition at sites
invaded by stiltgrass. This seeming discrepancy may
be indicative of the variable effects observed for
stiltgrass invasion on soil organic carbon. That is,
stiltgrass invasion has both been observed to decrease
and increase soil organic carbon depending on the
specific effect the invasion has on site temperature and
active microbial biomass (Strickland et al. 2011). Our
findings suggest that for this particular site, stiltgrass
invasion did not stimulate increased wood decompo-
sition, but may at other sites. Additionally, unlike
privet, stiltgrass is an annual species, and has been
shown to increase inputs of labile carbon compounds
via root exudation (Bradford et al. 2012). This shift in
carbon inputs leads to increased rates of carbon
cycling in soils and may also shift soil microbial

communities towards copiotrophs that specialize on
labile resources (Warren et al. 2011). If this is the case,
and soil communities exhibit ‘preferential substrate
utilization’, then communities associated with our
stiltgrass plots may utilize high-quality (i.e. stiltgrass
litter and/or root exudates) carbon sources before the
utilization of low-quality (i.e. wood) carbon sources
(Fontaine and Barot 2005).

We observed the biggest difference in decay rates
between invaded and uninvaded sites at the Multiple
Species location, where a total of twelve species were
present in the invaded site. While these results may be
due in part to differences in disturbance history
between the two sites (Sokol et al. 2017), they may
also reflect the effects of multiple interacting invasive
species. The presence of multiple invaders can have
non-additive effects on soil properties key to decom-
position. Kuebbing et al. (2014), for example, found
plots containing two invasive shrubs (Lonicera
maackii and Ligustrum sinense) to have three times
higher potential f-glucosidase (a cellulose-degrading
enzyme) activity compared to uninvaded soils. Kueb-
bing and Bradford (2019) also found the addition of
litter types to have non-additive positive effects on
decomposition and this non-additivity was highest
when trait differences among the litter types were
large. Such effects may have contributed to the high
rates of decomposition observed at the site invaded by
multiple species in this study.

In addition to the effects of plant invasion on
decomposition differing among species, the effects of
individual invasive plant species often vary depending
on local soil conditions as well as the extent of
invasion (Hulme et al. 2013). In Europe, for instance,
Dassonville et al. (2008) found invasive plants to have
a positive impact on topsoil nutrient concentrations on
sites with low initial nutrient concentrations but saw
negative impacts when initial nutrient concentrations
were high. Similarly, the effects of invasive plants on
nutrient cycling can be positive or negative depending
on where a site falls along the precipitation gradient
(Ehrenfeld 2003; Scott et al. 2001). Invasion impacts
are also known to interact with anthropogenic distur-
bance. For example, Sokol et al. (2017) found logging
to amplify the effects of Microstegium vimineum on
soil microbial biomass and pH and that these effects
varied with time. Logging had dampening, negating
and reversing effects on other soil properties in the
same study. It is clear from such findings that many
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factors will need to be taken into consideration before
we can make reliable predictions about the effects of
individual invasive species on decomposition.

Conclusions

Our results indicate that wood traits and decay rates
are highly variable for both native and non-native
wood species. The effects of plant invasion on decay
rates and soil properties were similarly idiosyncratic.
Despite these inconsistencies, we observed significant
effects of invasion status and wood origin at individual
locations, underscoring the complexity of the rela-
tionships between decomposers, plant traits, soil
properties and invasion history. Because our study
was established within a small area at each site, we
caution against making broad generalizations about
the effects of Ligustrum, Microstegium or multiple
species on decay rates or soil properties. Indeed, much
more work will be needed to verify these patterns and
to understand the mechanisms behind them. Our
method of using tree cores to rapidly assess relative
decay rates was quite effective, allowing us to test
these questions after just one year in the field. While
this method may have great utility in studies focused
on microbial decomposers, it is less suitable for studies
including invertebrates as most taxa will be excluded
by the fine mesh used to enclose the cores. Future
research comparing the activities of invertebrates
among native and non-native wood species would be
of great interest given the importance of these
organisms to decomposition (Ulyshen 2016) and the
high degree of host specificity exhibited by some taxa
(Ulyshen et al. 2018). In addition, the effects of
invasion by non-native plants on detritivores and other
soil invertebrates important to decomposition (Lobe
2012; Bush et al. in press) is another important
consideration for future research.

Acknowledgements We thank Will Underwood for
facilitating a visit to Grand Bay National Estuarine Research
Reserve to obtain some of the cores used in this study, Karrie
Steele and Tianyi Zhang Ulyshen for help preparing the mesh
sleeves and Mike Hunter for permission to work on University
of Georgia property. We also thank anonymous reviewers for
comments that greatly improved the manuscript. This study was
funded by the USDA Forest Service, Southern Research Station.

@ Springer

References

Allison FE (1965) Decomposition of wood and bark sawdusts in
soil, nitrogen requirements and effects on plants. US
Department of Agriculture

Ashton IW, Hyatt LA, Howe KM, Gurevitch J, Lerdau MT
(2005) Invasive species accelerate decomposition and litter
nitrogen loss in a mixed deciduous forest. Ecol Appl
15:1263-1272

Baath E, Anderson T-H (2003) Comparison of soil fungal/bac-
terial ratios in a pH gradient using physiological and
PLFA-based techniques. Soil Biol Biochem 35:955-963

Bradford M, Strickland M, DeVore J, Maerz J (2012) Root
carbon flow from an invasive plant to belowground food-
webs. Plant Soil 359:233-244

Bradford MA, Warren RJ, Baldrian P, Crowther TW, Maynard
DS, Oldfield EE, Wieder WR, Wood SA, King JR (2014)
Climate fails to predict wood decomposition at regional
scales. Nat Clim Change 4:625-630

Bultman JD, Southwell CR (1976) Natural resistance of tropical
American woods to terrestrial wood-destroying organisms.
Biotropica 8:71-95

Bush BM, Ulyshen MD, Batzer DP (in press) Effects of Chinese
privet (Ligustrum sinense) invasion on decomposition and
litter-dwelling invertebrates in Southeastern U.S. flood-
plain forests. Biol Invasions

Chapuis-Lardy L, Vanderhoeven S, Dassonville N, Koutika
L-S, Meerts P (2006) Effect of the exotic invasive plant
Solidago gigantea on soil phosphorus status. Biol Fert
Soils 42:481-489

Chave J, Coomes D, Jansen S, Lewis SL, Swenson NG, Zanne
AE (2009) Towards a worldwide wood economics spec-
trum. Ecol Lett 12:351-366

Cipollini D, Rigsby CM, Barto EK (2012) Microbes as Targets
and Mediators of Allelopathy in Plants. J Chem Ecol
38:714-727

Cornwell WK, Cornelissen JHC, Amatangelo K, Dorrepaal E,
Eviner VT, Godoy O, Hobbie SE, Hoorens B, Kurokawa H,
Pérez-Harguindeguy N, Quested HM, Santiago LS, Wardle
DA, Wright 1J, Aerts R, Allison SD, van Bodegom PM,
Brovkin V, Chatain A, Callaghan TV, Diaz S, Garnier E,
Gurvich DE, Kazakou E, Klein JA, Read J, Reich PB,
Soudzilovskaia NA, Vaieretti MV, Westoby M (2008)
Plant species traits are the predominant control on litter
decomposition rates within biomes worldwide. Ecol Lett
11:1065-1071

Dassonville N, Vanderhoeven S, Vanparys V, Hayez M, Gruber
W, Meerts P (2008) Impacts of alien invasive plants on soil
nutrients are correlated with initial site conditions in NW
Europe. Oecologia 157:131-140

Ehrenfeld JG (2003) Effects of exotic plant invasions on soil
nutrient cycling processes. Ecosystems 6:503-523

Ehrenfeld JG, Kourtev P, Huang W (2001) Changes in soil
functions following invasions of exotic understory plants in
deciduous forests. Ecol Appl 11:1287-1300

Fernandez RD, Aragén R (2014) Descomposicion de hojarasca
de las especies lefiosas nativas y exdticas mas abundantes
del pedemonte de las Yungas, Tucuman, Argentina.
Ecologia Austral 24:286-293



Comparison of decay rates between native and non-native wood species in invaded forests of...

Fog K (1988) The effect of added nitrogen on the rate of
decomposition of organic matter. Biol Rev 63:433—462

Fontaine S, Barot S (2005) Size and functional diversity of
microbe populations control plant persistence and long-
term soil carbon accumulation. Ecol Lett 8:1075-1087

Freschet GT, Weedon JT, Aerts R, van Hal JR, Cornelissen JHC
(2012) Interspecific differences in wood decay rates:
insights from a new short-term method to study long-term
wood decomposition. J Ecol 100:161-170

Fukami T, Dickie IA, Wilkie JP, Paulus BC, Park D, Roberts A,
Buchanan PK, Allen RB (2010) Assembly history dictates
ecosystem functioning: evidence from wood decomposer
communities. Ecol Lett 13:675-684

Gartner TB, Cardon ZG (2004) Decomposition dynamics in
mixed-species leaf litter. Oikos 104:230-246

Gaupp-Berghausen M, Hofer M, Rewald B, Zaller JG (2015)
Glyphosate-based herbicides reduce the activity and
reproduction of earthworms and lead to increased soil
nutrient concentrations. Sci Rep 5:12886

Hanula JL, Horn S, Taylor JW (2009) Chinese privet (Ligustrum
sinense) removal and its effect on native plant communities
of riparian forests. Invas Plant Sci Mana 2:292-300

Hanula JL, Horn S, Ulyshen MD, Castleberry SB, Taylor JW
(2011) If you cut it, will they come? Plant and animal
community response to Chinese privet removal. Wildland
Weeds Fall 8-10:15

Hawkes CV, Wren IF, Herman DJ, Firestone MK (2005) Plant
invasion alters nitrogen cycling by modifying the soil
nitrifying community. Ecol Lett 8:976-985

Heneghan L, Fatemi F, Umek L, Grady K, Fagen K, Workman
M (2006) The invasive shrub European buckthorn
(Rhamnus cathartica, L.) alters soil properties in Mid-
western US woodlands. Appl Soil Ecol 32:142-148

Hérault B, Beauchéne J, Muller F, Wagner F, Baraloto C, Blanc
L, Martin J-M (2010) Modeling decay rates of dead wood
in a neotropical forest. Oecologia 164:243-251

Hulme PE, Pysek P, Jarosik V, Pergl J, Schaffner U, Vila M
(2013) Bias and error in understanding plant invasion
impacts. Trends Ecol Evol 28:212-218

Jo I, Fridley JD, Frank DA (2016) More of the same? In situ leaf
and root decomposition rates do not vary between 80 native
and nonnative deciduous forest species. New Phytol
209:115-122

Kuebbing SE, Bradford MA (2019) The potential for mass ratio
and trait divergence effects to explain idiosyncratic
impacts of non-native invasive plants on carbon mineral-
ization of decomposing leaf litter. Funct Ecol
33:1156-1171

Kuebbing SE, Classen AT, Simberloff D (2014) Two co-oc-
curring invasive woody shrubs alter soil properties and
promote subdominant invasive species. J Appl Ecol
51:124-133

Lobe JW (2012) Effects of the removal of the invasive shrub,
Chinese privet (Ligustrum sinense), on soil properties and
earthworm communities. Thesis, The University of
Georgia

McCune B, Mefford MJ (2011) PC-ORD. Multivariate analysis
of ecological data. Version 6. MjM Software, Gleneden
Beach, Oregon, USA

McGrath DA, Binkley MA (2009) Microstegium vimineum
invasion changes soil chemistry and microarthropod

communities in Cumberland Plateau forests. Southeast Nat
8:141-156

Miller JH (2003) Nonnative invasive plants of southern forests:
a field guild for identification and control. Gen. Tech. Rep.
SRS-62. U.S. Department of Agriculture, Forest Service,
Southern Research Station

Mitchell JD, Lockaby BG, Brantley EF (2011) Influence of
Chinese privet (Ligustrum sinense) on decomposition and
nutrient availability in riparian forests. Invas Plant Sci
Mana 4:437-447

Ordonez A, Wright 1J, OIff H (2010) Functional differences
between native and alien species: a global-scale compari-
son. Funct Ecol 24:1353-1361

Pattison RR, Goldstein G, Ares A (1998) Growth, biomass
allocation and photosynthesis of invasive and native
Hawaiian rainforest species. Oecologia 117:449-459

Prescott CE, Zukswert JM (2016) Invasive plant species and
litter decomposition: time to challenge assumptions. New
Phytol 209:5-7

Richardson DM, Rejmanek M (2011) Trees and shrubs as
invasive alien species—a global review. Divers Distrib
17:788-809

Rodgers VL, Wolfe BE, Werden LK, Finzi AC (2008) The
invasive species Alliaria petiolata (garlic mustard)
increases soil nutrient availability in northern hardwood-
conifer forests. Oecologia 157:459-471

Sardans J, Bartrons M, Margalef O, Gargallo-Garriga A, Jans-
sens IA, Ciais P, Obersteiner M, Sigurdsson BD, Chen
HYH, Pefiuelas J (2017) Plant invasion is associated with
higher plant—soil nutrient concentrations in nutrient-poor
environments. Glob Change Biol 23:1282-1291

SAS Institute (2013) SAS system for windows, version 9.4.
Cary, NC

Scott NA, Saggar S, Mclntosh PD (2001) Biogeochemical
impact of Hieracium invasion in New Zealand’s grazed
tussock grasslands: sustainability implications. Ecol Appl
11:1311-1322

Sokol NW, Kuebbing SE, Bradford MA (2017) Impacts of an
invasive plant are fundamentally altered by a co-occurring
forest disturbance. Ecology 98:2133-2144

Stratton GW, Stewart KE (1992) Glyphosate effects on micro-
bial biomass in a coniferous forest soil. Environ Toxic
Water 7:223-236

Strickland MS, Devore JL, Maerz JC, Bradford MA (2010)
Grass invasion of a hardwood forest is associated with
declines in belowground carbon pools. Glob Change Biol
16:1338-1350

Strickland MS, DeVore JL, Maerz JC, Bradford MA (2011)
Loss of faster-cycling soil carbon pools following grass
invasion across multiple forest sites. Soil Biol Biochem
43:452-454

Sun T, Hobbie SE, Berg B, Zhang H, Wang Q, Wang Z,
Hittenschwiler S (2018) Contrasting dynamics and trait
controls in first-order root compared with leaf litter
decomposition. P Natl Acad Sci 115:10392-10397

Ulyshen MD (2016) Wood decomposition as influenced by
invertebrates. Biol Rev 91:70-85

Ulyshen MD, Pawson S, Branco M, Horn S, Hoebeke ER,
Gossner MM (2018) Utilization of non-native wood by
saproxylic insects. In: Ulyshen MD (ed) Saproxylic

@ Springer



M. D. Ulyshen et al.

Insects: Diversity, Ecology and Conservation. Springer,
Berlin

Van Kleunen M, Weber E, Fischer M (2010) A meta-analysis of
trait differences between invasive and non-invasive plant
species. Ecol Lett 13:235-245

Vila M, Espinar JL, Hejda M, Hulme PE, Jarosik V, Maron JL,
Pergl J, Schaffner U, Sun Y, Pysek P (2011) Ecological
impacts of invasive alien plants: a meta-analysis of their
effects on species, communities and ecosystems. Ecol Lett
14:702-708

Warren RJ, Wright JP, Bradford MA (2011) The putative niche
requirements and landscape dynamics of Microstegium
vimineum: an invasive Asian grass. Biol Invasions
13:471-483

@ Springer

Weedon JT, Cornwell WK, Cornelissen JHC, Zanne AE, Wirth
C, Coomes DA (2009) Global meta-analysis of wood
decomposition rates: a role for trait variation among spe-
cies? Ecol Lett 12:45-56

Zechmeister-Boltenstern S, Keiblinger KM, Mooshammer M,
Pefiuelas J, Richter A, Sardans J, Wanek W (2015) The
application of ecological stoichiometry to plant-micro-
bial-soil organic matter transformations. Ecol Monogr
85:133-155

Publisher’s Note Springer Nature remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations.



	Comparison of decay rates between native and non-native wood species in invaded forests of the southeastern U.S.: a rapid assessment
	Abstract
	Introduction
	Methods
	Study sites and installation
	Tree cores
	Data collection
	Mass loss
	Soil properties
	Data analysis


	Results
	Wood properties
	Decay rates
	Soil

	Discussion
	Conclusions
	Acknowledgements
	References




