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Litter quality, decomposition rates and saprotrophic mycoflora in
Fallopia japonica (Houtt.) Ronse Decraene and in adjacent native
grassland vegetation

T.Mincheva, E. Barni, G.C. Varese, G. Brusa, B. Cerabolini, C. Siniscalco
Abstract

Fallopia japonica succeeds in invading different ecosystems likely because of its huge biomass
production. This biomass is characterized by low nutritional quality and low decomposition rates
but knowledge on whether these features are correlated to microbial decomposers is still lacking.
The aims of this work were: i) to determine litter decomposition rates of native grassland vegetation
and F. japonica under different conditions in a year-round experiment; ii) to evaluate litter quality
and/or site effect on the decomposition of the invader and native vegetation and iii) to characterize
mycoflora isolated from F. japonica and native vegetation litter. The results showed that F. japonica
litter decomposes 3—4 times slower than that of native grassland, mainly due to its low N content
and consequently high C/N ratio both in leaves and stems. As decomposition proceeds C/N in F.
japonica litter decreases to values approaching those of the grassland litter. Site had no effect on
the decomposition rates of F. japonica and grassland litter. Total fungal load and composition
differed between F. japonica and native litter, and also varied across sites. These results indicate
that the successful invasive plant F. japonica affects the structure and functions of the invaded
ecosystem through a huge production of low quality, slow-decomposing litter that selects
saprotrophic fungi.
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1. Introduction

The arrival of an alien plant species influences the composition of plant and soil communities and
ecosystem processes (Wolfe and Klironomos, 2005). Changes in species composition and decreased
biodiversity in the invaded community have been widely documented (Manchester and Bullock,
2000; Hejda et al., 2009 and references therein), but knowledge of impacts on soil fungi or fauna
and ecosystem processes is still limited (Levine et al., 2003; Ehrenfeld, 2003).

Changes in biomass production and litter quality due to plant invasion have been shown to create
feedbacks that either accelerate or slow nutrient cycling (Allison and Vitousek, 2004; Vanderhoeven
et al., 2005; Angeloni et al., 2006). Functional leaf traits, carbon, nitrogen, and lignin content as well
as soil characteristics and communities control the litter decomposition rates. At the same time
litter decomposition influences soil nutrient availability and is therefore of primary importance for
ecosystem functioning. Species that produce a large amount of biomass and form monospecific
stands are expected to have a major impact on ecosystem functioning by altering litter production
and quality.



Fallopia japonica is considered one of the most aggressive invaders in Europe, the United States and
Canada, where it causes severe impacts on biodiversity ( Beerling et al., 1994; Muller, 2004), and is
one of the 100 worst invasive alien species in the world (Lowe et al., 2000). F. japonica is a
herbaceous rhizomatous clonal geophyte that produces a huge amount of biomass (1.6—4.5 kg/m2
dry biomass during the growing season, i.e. 1.8-5.7 times the biomass production of non invaded
habitats (Beerling et al., 1994; Dassonville, 2008). High biomass production likely allows F. japonica
to outcompete native resident species during the invasion process and is presumably fueled by large
amounts of reserves stored in extensive rhizomes (15-20 m long and penetrating 2—3 m into the
soil). Furthermore, a very wide and effective photosynthetic leaf system makes the plant extremely
competitive with regard to the native herbaceous species. Because of these traits, this species forms
very dense and almost monospecific stands after a few years from its arrival (Beerling et al., 1994;
Aguilera et al., 2010) and even under harsh climates (Siniscalco et al., 2011). The latter is
accompanied by noticeable litter accumulation at the soil surface.

The impacts of F. japonica on other plant species during the growing season have been largely
studied. On the contrary its impacts on soil biota and processes are less known. F. japonica generally
produces low-quality litter with a higher C/N ratio than the litter from native herbaceous species
occurring in the invaded habitats (Maerz et al., 2005). In a 6-month experiment (Dassonville, 2008)
high litter C/N ratio was considered the main reason of its very slow decomposition rate; F. japonica
decomposed slower than native litter and its C/N ratio decreased during decomposition.
Furthermore, Fallopia litter decomposition rates were found to be comparable to those of some
native trees and shrubs (Braatne et al., 2007; Lecerf et al., 2007). Slow decomposition rates result
in the accumulation of large, rough litter fragments and an increase in litter layer thickness (Maurel
et al., 2010).

Another hypothesized reason for the slow decomposition rate in F. japonica is that it produces
allelochemicals (Moravcova et al., 2011) as well as antimicrobial and antifungal molecules (Lecerf et
al., 2007) that can negatively affect fungi. However, no data are available to our best knowledge on
the fungi decomposing F. japonica litter. In this study we investigate i) the litter decomposition rates
of F. japonica and native grassland species in a year-round experiment (i.e. a longer period than in
previous studies); ii) the effects of litter type and site on decomposition rates; iii) the differences
between mycoflora isolated from native vegetation and F. japonica litter.

2. Material and methods
2.1. Study site

The study site is situated near Meugliano, in the Piedmont Region, Northern Italy (45°28'52" N,
7°46'52" E), at 680 m a.s.l. The climate is temperate. Mean annual temperatures during the study
period were 9.2 °Cin 2010 and 10.9 °Cin 2011. The total precipitations were 1847 mm in 2010 and
1511 mm in 2011, with peaks in spring and in autumn (ARPA Piemonte). The experiment site was
located in an extensive plain where a grassland has partially been displaced by F. japonica over the
last 30 years (personal communication from the landowner). The uninvaded grassland is mown
twice yearly and is undisturbed by livestock. Two clearly recognizable adjacent plant communities
were chosen for the experiment: i) a typical low-land grassland (Arrhenatherion elatioris) dominated
by D. glomerata, Festuca arundinacea, T. pratense, Taraxacum officinale and Achillea millefolium (G
stand); ii) a dense, nearly monospecific stand of F. japonica (F stand). Mean above-ground biomass



was 525 g/m2 in the G stand and 3434 g/m2 in the F stand, where F. japonica cover was above 98%
(unpublished data collected by the authors at the beginning of the experiment).

Ten plots (0.5 x 0.5 m) were randomly placed: five in the G stand and five in the F stand. They were
positioned at a minimum distance of 6-10 m from the border between stands in order to avoid any
shading or underground effects of F. japonica on the native grassland (Aguilera et al., 2010). The
two stands had similar topography and water availability and, presumably, similar soil conditions
before the arrival of the invader. At the beginning of the experiment analyses were performed on
soil samples collected at each stand (unpublished data). Some differences were observed in sand
and silt content (76% and 22% in G, 89% and 10% in F respectively) as well as in total N content and
C/N ratio (0.32% and 11.8 in G, 0.16% and 18.7 in F respectively).

Given the similarities in topography and the other soil characteristics for the two adjacent stands, it
seems likely that the differences in soil properties are an effect of invasion rather than a cause, as
shown by Barney et al. (2006). Therefore, we considered the plots located in the G and F stands as
true replicates.

2.2. Litter sampling and analysis

Litter decomposition was evaluated through the litterbag method (Crossley and Hoglund, 1962).
Litterbags of each litter type were placed under their own canopy and below the canopy of the other
stand. Four litter types were collected in the study site in October 2010: 1) leaves (FL) and 2) pieces
of stem (FS) of F. japonica from 10 stems in each plot of the F stand; 3) stems and leaves of native
grassland species randomly mixed (GM) and 4) D. glomerata and T. pratense stems and leaves (DT)
from the G stand. D. glomerata and T. pratense were selected as they were among the dominant
species in the G stand, and because they were representative of the dominant functional types in
the grassland (grasses and legumes). Senescent leaves and stems were collected just prior to
abscission, but not from the ground, to avoid pre-existing infection by soil fungi. All the litter types
were transported to the laboratory, oven-dried at 60 °C to constant weight and cut into
approximately 5 cm? pieces. A subsample of each litter type was taken for chemical analyses. Total
C and N contents were analysed through flash combustion using a CHN analyzer (NA-2000NProtein,
Fisons Instruments S.p.A., Rodano, Italy).

The litterbags were prepared by placing 4 g of litter into 15 x 15 cm nylon bags (2 mm mesh). The
bottom side was made of a double mesh layer to avoid material losses and the upper side of a single
mesh layer to permit the access of soil mesofauna. A total of 240 bags were prepared, 60 bags for
each litter type. Five plots were selected in each stand, six litterbags of each type were placed in
each plot. All the litter lying on the soil surface in the selected plots was removed, the litterbags
were placed at a depth of 5 cm and covered with soil. A year-round experiment was carried out
beginning in December 2010. Samples were taken 2, 4, 6, 9, 10 and 12 months from the beginning
of the experiment. One litterbag of each type was collected from each plot at each sampling date
(total of 40 bags) and transported to the laboratory. The litter remaining in the bag was carefully
brushed to remove soil particles, oven-dried at 60 °C, weighed and ground to a fine powder. C and
N contents were analysed as explained above.

2.3. Fungi isolation and identification

Fungi were isolated from the litter remaining in the bags collected in April 2011. A modified washing
method (Osono et al., 2004) was used to isolate the fungi from the decomposing litter. The litterbags



were collected, placed in sterile Ziplocked bags and transported to the laboratory. Soil particles were
carefully removed from the litter under a sterile hood. A subsample of 1 g of fresh litter was used
to isolate the fungi and another equivalent subsample was oven-dried to estimate the moisture
content. The litter pieces were washed in a 0.02% Tween 80 solution, placed in a sterile tube and
vortexed for 2 min, rinsed five times with sterile water and dried on sterile filter paper. The litter
was then ground into a homogeneous mass with 1 ml of sterile water. The suspension was then
serially diluted to 1:10000 and 1 ml of the final dilution was plated into 15 cm Petri dishes containing
moulted LCA (Miura and Kudo, 1970). The dishes were not sealed to allow respiration. The plates
were incubated at 25 °C in the dark and monitored daily for 30 days to allow the development of
slow-growing colonies. The number of colony forming units (CFU) per g of dry weight of litter (CFU/g
dwt) was estimated for both the total mycoflora and for each taxon or morphotype; the average
and the standard deviation of the load values were calculated. For each fungal morphotype several
strains were isolated in pure culture for taxonomic identification. The fungi were identified
conventionally according to their macroscopic and microscopic features, at the genus level.

2.4. Statistical analyses

All statistical analyses were computed using R an open source version of S—Plus (R Development
Core Team, 2011).

2.4.1. Litter decomposition

Mean remaining litter mass of the four litter types (DT, GM, FL and FS) at each decomposition stand
(G and F) and sampling date was calculated. Decomposition curves were drawn and the k coefficient
of decomposition was calculated on the log-transformed data using the model

— -k
Mt—Moe t,

where My is the initial mass of litter in the litterbag (in g), M is the remaining mass at time t, and t
is the time in years ( Dassonville, 2008). Eight decomposition curves, one for each combination of
litter type and decomposition stand, were subsequently derived from models calculated by means
of linear regression. The eight model coefficients (k = decomposition rate) were then simultaneously
compared following the method proposed by Gujarati (1970). This method consists in t-testing the
interaction factors between time and, respectively, decomposition stand (G or F) and litter type
(native, i.e. DT and GM, and F. japonica, i.e. FL and FS) in a linear model in which the stand and litter
type are transformed into dummy variables and the log-transformed litter mass is the dependent
variable.

A backward stepwise regression was also calculated to evaluate whether litter type, decomposition
stand and time explain variation in log-transformed litter mass. Akaike's information criterion was
used as the stopping rule (Sakamoto et al., 1986).

2.4.2. Litter quality

Differences in N percentages (arcsin transformed), ii) C percentages, and iii) C/N between litter types
(DT, GM, FL and FS) before the beginning of the experiment were evaluated. Repeated-measures
ANOVA was applied to test for differences in the above independent variables during the
decomposition experiment (from the 2nd to the 9th month), considering the litter type and stand
as fixed factors and time as covariate. Finally, differences in litter quality (i.e. same variables as



above) of F. japonica litter types (stems or leaves) and stand types at the end of the experiment
were evaluated by means of two-way ANOVA. Differences in quality with native litter types were
not evaluated at the end of the experiment because all litter from native grassland (i.e., DT and GM
litter) was decomposed by that time.

2.4.3. Fungi

Only taxa with a percentage of occurrence higher than 10% in the 72 plates were considered in the
analysis (Cladosporium sp., Mucor sp., Phoma sp., Epicoccum sp. and Alternaria sp.). Colony count
data (CFU: colony forming units) were transformed by log transformation, NCFU = In (CFU + 1). Two-
way MANOVA was used to evaluate differences in fungal communities litter and stand types (see
Hand and Taylor, 1987). Pillai—Bartlett statistics were used to test for statistical significance.
Simpson's index was used as a measure of fungal diversity. Two-way ANOVA was used to test
differences in the diversity index between litter type and stand.

3. Results
3.1. Litter decomposition rates

Stepwise regression illustrated that litter type significantly contributed to variation in the
decomposition rates (F3232=113.2; p < 0.001). Stand type had no significant effect (i.e. the factor
was dropped in the stepwise regression). Time (F1,232 = 854.0; p < 0.001) and litter x time (F3232 =
56.1; p < 0.001) were also included in the final model (r? = 0.861; F7,232= 194.5; p < 0.001).

Litter type was the main factor that controlled the decomposition rates (k). This was confirmed by
the significance of the time x litter type coefficients (r1,234 = 154.2; p < 0.001) in the model where
the stand and litter type were transformed into dummy variables. No effect of decomposition stand
(G, F) was detectable as the time x stand coefficients were not significant (F1,232=1.3; p = 0.261).

The native plant litter decomposed faster than that of F. japonica ( Table 1). Four months after the
beginning of the experiment the remaining native plant litter was 26% (DT) and 39% (GM)
respectively while the remaining litter from F. japonica leaves and stems was 76% and 77%,
respectively ( Fig. 1a, b). The remaining mass of both native litter types (DT and GM) was less than
13% at the ninth month and zero at the tenth month while about 40% of the initial mass of F.
japonica leaves and stems was still present. Projections based on the k coefficient indicate that
leaves and stems of F. japonica need approximately four years to decompose to 5% of their initial
mass.

Table 1.

Decomposition rates (k) of the four litter types at each stand type in the litter bags and statistical
significance for each combination of litter and stand: FL/F = Fallopia leaves in F (Fallopia stand); FL/G
= Fallopia leaves in G (grassland stand); FS/F = Fallopia stems in F; FS/G = Fallopia stems in G; GM/F
= grassland species mixture in F; GM/G = grassland species mixture in G; DT/F = Dactylis and
Trifolium in F; DT/G = Dactylis and Trifolium in G. df num. = numerator degrees of freedom; df den.
= denominator degrees of freedom.



Remaining mass (g)

(]

0

Litter type k (year') S.E. F df den, df num. p

GM/F 1.947 0.101371.31, 28 <0.001
GM/G 1.960 0.130221.7 1, 28 <0.001
DT/F 2.014 0.068 854.4 1, 28 <0.001
DT/G 1.945 0.086 508.1 1, 28 <0.001
FL/F 0.959 0.11075.6 1,33 <0.001
FL/G 1.102 0.17938.0 1,33 <0.001
FS/F 1.144 0.14066.4 1,33 <0.001
FS/G 1.196 0.13578.4 1,33 <0.001
ADT/F
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Fig. 1.

Remaining litter mass of (a) the grassland litters (GM = grassland species mixture, DT =
Dactylis and Trifolium mixture) decomposing in two stands (F = Fallopia invaded stand; G =
non invaded grassland stand (Continuous black line = DT/F; dotted black line = DT/G;
continuous grey line = GM/F; dotted grey line = GM/G) and of (b) F. japonica litter types (FL
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= Fallopia leaves, FS = Fallopia stems) decomposing in F and in G stands (Continuous black
line = FL/F; dotted black line = FL/G; continuous grey line = FS/F; dotted grey line = FS/G).

3.2. Litter quality
Litter quality differed during the different phases of the experiment.

At the beginning of the experiment litter types differed in C content (F316 = 46.0; p < 0.001), N
content (F3,16= 358.1; p < 0.001) and C/N ratio (F316 = 297.8; p < 0.001). The N content in the native
plant litters was 2.61% (GM) and 2.98% (DT) (Fig. 2a) leading to C/N ratios of 16.3 (GM) and 14.7
(DT) (Fig. 3a). F. japonica stems and leaves had lower N content (0.71% and 1.23% respectively, Fig.
2b) and, thus, a higher C/N ratio (64.8 and 38.9 respectively, Fig. 3b) than the native plant litter.

a 3s
--GM/F
~0=GM /G
—A=DT/F
-=DT /G
z
1.0
0.5
0.0
0 1 2 3 4 5 6 7 3 9 10 11 12
Months
o
30
25
2.0

N(%)

0.0 +

Months

Fig. 2.

Dynamics of N (% mean % standard deviation) during decomposition of (a) grassland litters
(GM = grassland species mixture, DT = Dactylis and Trifolium mixture) decomposing in two
stands (F = Fallopia invaded stand; G = non invaded grassland stand) and of (b) F. japonica
litter types (FL = Fallopia leaves, FS = Fallopia stems) decomposing in F and in G stands.
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Fig. 3.

Dynamics of C/N (mean * standard deviation) during decomposition of (a) grassland litters
(GM = grassland species mixture, DT = Dactylis and Trifolium mixture) decomposing in two
stands (F = Fallopia invaded stand; G = non invaded grassland stand) and of (b) F. japonica
litter types (FL = Fallopia leaves, FS = Fallopia stems) decomposing in F and in G stands.

The dynamics of the C content, N content and C/N ratio during the decomposition process differed
between the litter types (Table 2). No significant effect of the decomposition stand nor interactive
effects were detected except for the litter x time interaction in the case of the C/N ratio. N content
in the native plant litter did not follow a constant trend (Fig. 2a) and ranged from 1.5% (GM in the
G stand, after two months) to 2.7% (DT in the F stand, after four months). A rapid initial decrease
was observed followed by a comparable increase and a subsequent decreasing trend. Conversely,
the C/N ratio remained constant within the 10-20 range as decomposition progressed (Fig. 3a).

Table 2.
Repeated measures ANOVA evaluating the effects of litter type, stand type and time on litter

C (%), arcsin-transformed N content (%) and C/N during the decomposition experiment (2nd
to 9th month).



. C content N content C/N ratio
Dependent variables /

Factors df F p df F p df F p

Litter 3 40.48 <0.001 3 150.54 <0.001 3 422.82 <0.001
Stand 1 9.37 0.003 1 5.13 0.025 1 0.03 0.866
Time 3 19.39<0.001 3 16.42 <0.0013 134.12<0.001
Litter x Stand 3 044 0.726 3 238 0.072 3 0.70 0.554
Litter x Time 9 2.82 0.042 9 3.06 0.030 9 42.30 <0.001
Stand x Time 3 092 0.894 3 2.23 0.134 3 422 0.042
Litter x Stand x Time 9 2.18 0.435 9 0.94 0.426 9 2.66 0.051

N content in F. japonica litters slightly decreased initially but then underwent a general increase
until the end of the experiment (Fig. 2b). The highest values were measured twelve months after
the start of the experiment (1.3% in the leaves and 1.1% in the stems). On the other hand, the C/N
ratio showed a general decrease after an initial stationary stage. C/N ratios in litter from F. japonica
stems (FS) decreased continuously during the experiment while the C/N ratio of the leaf litter (FL)
asymptotically approached the value of 20 (Fig. 3b). The quality of F. japonica litter did not differ
between stand types at the end of the experiment (i.e. when litter from native plants was totally
decomposed). In F. japonica, however, the litter from leaves and stems significantly differed in N
content (F1,13=12.9; p = 0.003) and C/N ratio (F1,13=43.5; p < 0.001).

3.3. Saprotrophic fungi and their occurrence in decomposing litter
The total load (Fig. 4) and taxa distribution (Table 3) of the isolated fungi differed between the four

litter types. Moreover, a stand effect was also observed on the load and distribution of the fungal
taxa (Table 4).

CFU/gdwt
g

SRR NN

GM/F GM/G DT/F DT/G FL/F FL/G FS/F FS/G

Litter types

Fig. 4.

A total CFU/g dwt (mean + standard deviation) detected in grassland litters (GM = grassland
species mixture, DT = Dactylis and Trifolium mixture) and in the F. japonica litters (FL =
Fallopia leaves, FS = Fallopia stems) collected in grassland (G) and F. japonica (F) stands at
the 4th month of decomposition experiment.

Table 3.



Fungal taxa isolated from the four litter types (FL = Fallopia leaves, FS = Fallopia stems, GM
= grassland species mixture, DT = Dactylis and Trifolium mixture) decomposing in the two
stands (F = Fallopia invaded stand; G = non invaded grassland stand). The load of each taxon
is expressed as percentage of the total fungal load (CFU/g dwt). In brackets: number of
exclusive fungal taxa. Standard errors for the Simpson's index ranged between 0.06 and 0.08.

Litter types
Taxa (%) Invaded stand Non-invaded stand

GM/F DT/F FL/F FS/F GM/G DT/G FL/G FS/G
Alternaria - 1462 1.00 - 16.29  3.15 0.91 -
Cladosporium 35.54 45.13  6.29 17.80 67.64 5749 884 4.27
Epicoccum 45.09 2140 0.37 2.34 0.44 3336 - -

Mucor 1675 17.16 097 100 957 346 - 0.94
Phoma _ - 91.08 6313 - - 89.96 88.15
Othertaxa  2.62 172 028 1573 607 363 029  6.60
Simpson's g e 551 079 056 062 068 082  0.80
index

Totaln®taxa 7(2)  6(0)  7(0)  13(3) 9(0)  10(4) 5(0)  7(2)
Total CFU 6.6 x 105 7.5 x 105 1.4 x 105 1.6 x 105 8.6 x 105 7.2 x 105 1.3 x 106 2.8 x 10°
Table 4.

Two-way MANOVA evaluating the effect of litter and stand type on the abundance of the
fungal taxa with percentage of occurrence higher than 10% (Cladosporium sp., Mucor sp.,
Phoma sp., Epicoccum sp. and Alternaria sp.) in the four litter types. df num. = numerator
degrees of freedom. df den. = denominator degrees of freedom.

df num. df den. F p
Litter 15 186  12.09 <0.001
Stand 5 60 6.04 <0.001

Litter x Stand 15 186 3.21 <0.001

The total fungal load was high in all the litter types decomposing in either stand and ranged from
1.6 x 105 CFU/g dwt for the FS litter in the F stand to 1.4 x 106 CFU/g dwt for the FL litter in the F
stand (Table 3). The total load for GM and FS was higher in the G stand than in the F stand, while it
was higher in the F stand for the litter types DT and FL (Table 3). Two exclusive fungal taxa (included
in “Other taxa” in Table 3) were identified for the GM litter in the F stand (Microdochium sp. and
Trichoderma sp.), 4 for the DT litter in the G stand (Aspergillus sp., Myrothecium sp., Phaesosphaeria
sp., Paecyllomyces sp.), 1 for the FS litter in the G stand (Absidia sp.) and 2 for the FS litter in the F
stand (Mortierella sp., Rhizopus sp.). Paraconiothyrium sp. was exclusively isolated from F. japonica
stems decomposing under the G and F stands.

Cladosporium sp. was isolated from all the litter types but was more abundant in the litter types
decomposing under the F stand. A specific association with certain litter types was observed for the
other taxa. Phoma sp. was isolated in great abundance from F. japonica leaves (90% of the total CFU
in FL/G and 91% in FL/F) and stems (78% of the total CFU in FS/G and 63% in FS/F) but was absent



in the native litter in both the F and G stands. Mucor sp. was one of the dominating taxa in the native
litter types in both decomposition stands but was almost or completely absent in FL/G and occurred
in very low percentages in FL/F, FS/G and FS/F. Epicoccum sp. was isolated from all the litter types
in the G and F stands, except FL/G and FS/G. The same trend was observed for Alternaria sp., with
the exception of GM/F, FS/G and FS/F.

Fungal diversity measured by means of the Simpson's index was affected by litter and stand but
their interaction was not statistically significant (Table 5). The invaded stands showed a lower
Simpson's index (0.61 on average) than the non-invaded stands (0.73), and, conversely, the F.
japonica litters (0.74), and especially the F. japonica leaves (0.80), showed a higher index than the
native litters (0.59) ( Table 3).

Table 5.
Two-way ANOVA evaluating the effect of stand and litter type on the fungal diversity
(Simpson's index).

dfnum.dfden.F p

Litter 3 64 4.64 0.005
Stand 1 64 7.28 0.009
Litter x stand 3 64 1.17 0.327

4. Discussion and conclusions

Litter quality, decomposition rates, and dominant saprophytic mycoflora differed between F.
japonicaand the native grassland plants. The dominance of F. japonicathus alters the amount and
dynamics of the organic matter in the invaded area and therefore affects the ecosystem functions.
Since only one study site was considered, the experimental design could be criticized because of
pseudoreplication ( Hurlbert, 2004). However, efforts were deliberately concentrated on one study
site in order to combine a litter decomposition experiment and microbiological analyses, the latter
being laborious and time consuming (Barni and Siniscalco, 2000; Kourtev et al., 2002).

The modifications induced by F. japonicain the invaded ecosystems are mainly caused by its high
biomass production, a trait that allows us to consider that this invasive plant is one of those that
visually, structurally, and chemically transform ecosystems while reducing native plant biodiversity
( Gerber et al., 2008; Aguilera et al., 2010). High above-ground biomass in F. japonica(6 times higher
than that of the adjacent native vegetation at our study site) translates into high light interception.
A high biomass production also leads to a high litter supply to the soil. A thick litter layer generally
accumulates under F. japonicastands which suggests its low decomposability. Decomposition rates
depend on litter quality and the decomposer community ( Dassonville, 2008). In the present
experiment the initial litter C and N contents and the C/N ratio differed remarkably between F.
japonicaand native species mixtures, and this resulted in different decomposition rates and litter
quality dynamics. The litter from native species exhibited a relatively high N content and a C/N ratio
similar to that of the soil of the study site (i.e. 10-20). C/N ratios lower than 20 generally lead to
rapid decomposition ( Lambers et al., 2008). On the contrary, the initial C/N ratio in F. japonicalitter
(either leaves or stems) was much higher than 20. Leaf litter decreased during the experiment
approaching 20 by the end of the experiment. Differences in the C/N soil ratio between the G and
the F stands can therefore be explained by the different litter qualities. The decomposition process
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was slower in the F. japonicalitter and almost one fourth of the initial mass remained at the end of
the experiment. F. japonicadecomposition accelerated right after an initial increase in the litter N
concentration and a concomitant decrease in C/N ratio. Increases in N concentrations were
observed in both F. japonicalitter types during the first months of the experiment. These increases
are likely a consequence of the microbial immobilization that occurs before the net mineralization.
In fact, when the decomposing material is low in some nutrients microorganisms meet their
nutritional demand by absorbing nutrients from the soil solution (i.e. immobilization; Lambers et al.,
2008). As a consequence the C/N ratio of litter declines as microorganisms decompose the organic
matter and net mineralization occurs when the litter C/N ratio approaches that of the decomposers
(ca. 20, see Gallardo and Merino, 1992).

Litter type likely affects the mycoflora that occurs at a site, both in the soil and on senescent leaves
and stems. Little attention has been paid to the occurrence, colonization and succession of fungi on
the litter of invasive plants. The present study, to our knowledge, is the first study to isolate
saprotrophic fungi from F. japonicalitter in terrestrial ecosystems. Our results have shown that the
total load of saprotrophic fungi isolated from litter depends more on the litter type than on the
stand where the litter decomposes. Both native litter types, regardless of the decomposition stand,
had a similar total fungal load. F. japonicaleaves, either decomposing at the invaded or non-invaded
stand, had significantly higher total loads than the native litter types. On the contrary, F.
japonicastems showed the lowest total loads of the four litter types.

As far as fungal diversity is concerned, the high percentages of Phoma sp. in the Fallopia litter and
a mix of other taxa in the grassland litter suggest that the F. japonicalitter (and/or its living leaves
and stems) are more selective for fungi than the grassland litter, as confirmed by Simpson's indices.
In addition, it was found that both native and F. japonicalitters were associated with a higher
number of fungal taxa when they decomposed in their own decomposition stand. This finding
suggests that Epicoccum species, for instance, were present in the soil of both decomposition
stands, or were already present in the leaves as endophytes or epiphytes which are specifically
associated with native species. Phoma sp., which was only isolated from F. japonicalitter types
irrespective of the decomposition stand, was probably associated with the litter of the invasive plant
and was not able to associate with the native litter types. Phoma sp. has been detected on
decomposing Phragmites australis ( Van Ryckegem and Verbeken, 2005) and rice (Pandey and Sinha,
2008), both characterized by high C/N ratio litters, and as epiphyte and endophyte in the freshly
fallen leaves of Fagus crenata ( Osono, 2002). This suggests that Phoma sp. also occurs in standing
but senescent shoots as well as in early decomposing leaves and stems. Phoma sp. is probably able
to colonize and decompose low quality litters during the early decompositional stages while
mycoflora occurring at later stages will be elucidated only with further studies in order to
understand the role of the different fungal taxa.

Differences in the diversity of saprotrophic mycoflora that depend on the litter and on the stand
type indicate that only a restricted group of fungi are able to decompose F. japonica, possibly
because of its high C/N ratio and other chemical properties. Secondary metabolites, some of which
have been listed in a recent work by Fan etal. (2010), may be involved in delayed litter
decomposition because of their toxic effects on microorganisms and resistance to breakdown
(Lambers et al., 2008). Studies on the allelopathy of F. japonicaon other plant species have revealed
a high capacity to depress seed germination and growth ( Csiszar, 2009), but to our knowledge, no
studies exist on the allelopathic effect of the invader on fungal spore germination and growth.
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The time F. japonicalitter needed to decompose was longer than that of grassland plants. The
decomposition rate of F. japonicawas rather similar to that of riparian shrubs and trees that produce
slowly decomposing leaf litter. The similarity of F. japonicalitter quality and decomposition
dynamics to some shrubs and trees rather than to forbs and grasses could be one of the reasons for
the invasion success and notorious impacts of this species in grassland and other herbaceous
communities. Soil legacies left by F. japonicavia increased inputs of low quality litter and changes in
saprotrophic mycoflora should be taken into account when assessing costs and benefits of
eradication and environmental restoration.
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4. Discussion and conclusions

Litter quality, decomposition rates, and dominant saprophytic mycoflora differed between F.
japonica and the native grassland plants. The dominance of F. japonica thus alters the amount and
dynamics of the organic matter in the invaded area and therefore affects the ecosystem functions.
Since only one study site was considered, the experimental design could be criticized because of
pseudoreplication (Hurlbert, 2004). However, efforts were deliberately concentrated on one study
site in order to combine a litter decomposition experiment and microbiological analyses, the latter
being laborious and time consuming (Barni and Siniscalco, 2000; Kourtev et al., 2002).

The modifications induced by F. japonica in the invaded ecosystems are mainly caused by its high
biomass production, a trait that allows us to consider that this invasive plant is one of those that
visually, structurally, and chemically transform ecosystems while reducing native plant biodiversity
(Gerber et al., 2008; Aguilera et al., 2010). High above-ground biomass in F. japonica (6 times higher
than that of the adjacent native vegetation at our study site) translates into high light interception.
A high biomass production also leads to a high litter supply to the soil. A thick litter layer generally
accumulates under F. japonica stands which suggests its low decomposability. Decomposition rates
depend on litter quality and the decomposer community (Dassonville, 2008). In the present
experiment the initial litter C and N contents and the C/N ratio differed remarkably between F.
japonica and native species mixtures, and this resulted in different decomposition rates and litter
quality dynamics. The litter from native species exhibited a relatively high N content and a C/N ratio
similar to that of the soil of the study site (i.e. 10-20). C/N ratios lower than 20 generally lead to
rapid decomposition (Lambers et al., 2008). On the contrary, the initial C/N ratio in F. japonica litter
(either leaves or stems) was much higher than 20. Leaf litter decreased during the experiment
approaching 20 by the end of the experiment. Differences in the C/N soil ratio between the G and
the F stands can therefore be explained by the different litter qualities. The decomposition process
was slower in the F. japonica litter and almost one fourth of the initial mass remained at the end of
the experiment. F. japonica decomposition accelerated right after an initial increase in the litter N
concentration and a concomitant decrease in C/N ratio. Increases in N concentrations were
observed in both F. japonica litter types during the first months of the experiment. These increases
are likely a consequence of the microbial immobilization that occurs before the net mineralization.
In fact, when the decomposing material is low in some nutrients microorganisms meet their



nutritional demand by absorbing nutrients from the soil solution (i.e. immobilization; Lambers et
al., 2008). As a consequence the C/N ratio of litter declines as microorganisms decompose the
organic matter and net mineralization occurs when the litter C/N ratio approaches that of the
decomposers (ca. 20, see Gallardo and Merino, 1992).

Litter type likely affects the mycoflora that occurs at a site, both in the soil and on senescent leaves
and stems. Little attention has been paid to the occurrence, colonization and succession of fungi on
the litter of invasive plants. The present study, to our knowledge, is the first study to isolate
saprotrophic fungi from F. japonica litter in terrestrial ecosystems. Our results have shown that the
total load of saprotrophic fungi isolated from litter depends more on the litter type than on the
stand where the litter decomposes. Both native litter types, regardless of the decomposition stand,
had a similar total fungal load. F. japonica leaves, either decomposing at the invaded or non-invaded
stand, had significantly higher total loads than the native litter types. On the contrary, F. japonica
stems showed the lowest total loads of the four litter types.

As far as fungal diversity is concerned, the high percentages of Phoma sp. in the Fallopia litter and
a mix of other taxa in the grassland litter suggest that the F. japonica litter (and/or its living leaves
and stems) are more selective for fungi than the grassland litter, as confirmed by Simpson's indices.
In addition, it was found that both native and F. japonica litters were associated with a higher
number of fungal taxa when they decomposed in their own decomposition stand. This finding
suggests that Epicoccum species, for instance, were present in the soil of both decomposition
stands, or were already present in the leaves as endophytes or epiphytes which are specifically
associated with native species. Phoma sp., which was only isolated from F. japonica litter types
irrespective of the decomposition stand, was probably associated with the litter of the invasive plant
and was not able to associate with the native litter types. Phoma sp. has been detected on
decomposing Phragmites australis (Van Ryckegem and Verbeken, 2005) and rice (Pandey and Sinha,
2008), both characterized by high C/N ratio litters, and as epiphyte and endophyte in the freshly
fallen leaves of Fagus crenata (Osono, 2002). This suggests that Phoma sp. also occurs in standing
but senescent shoots as well as in early decomposing leaves and stems. Phoma sp. is probably able
to colonize and decompose low quality litters during the early decompositional stages while
mycoflora occurring at later stages will be elucidated only with further studies in order to
understand the role of the different fungal taxa.

Differences in the diversity of saprotrophic mycoflora that depend on the litter and on the stand
type indicate that only a restricted group of fungi are able to decompose F. japonica, possibly
because of its high C/N ratio and other chemical properties. Secondary metabolites, some of which
have been listed in a recent work by Fan et al. (2010), may be involved in delayed litter
decomposition because of their toxic effects on microorganisms and resistance to breakdown
(Lambers et al., 2008). Studies on the allelopathy of F. japonica on other plant species have revealed
a high capacity to depress seed germination and growth ( Csiszar, 2009), but to our knowledge, no
studies exist on the allelopathic effect of the invader on fungal spore germination and growth.

The time F. japonica litter needed to decompose was longer than that of grassland plants. The
decomposition rate of F. japonica was rather similar to that of riparian shrubs and trees that produce
slowly decomposing leaf litter. The similarity of F. japonica litter quality and decomposition
dynamics to some shrubs and trees rather than to forbs and grasses could be one of the reasons for
the invasion success and notorious impacts of this species in grassland and other herbaceous
communities. Soil legacies left by F. japonica via increased inputs of low quality litter and changes



in saprotrophic mycoflora should be taken into account when assessing costs and benefits of
eradication and environmental restoration.
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