Published in: Plant & Soil (2005), vol. 275, iss. 1-2, pp. 169-179
Status: Postprint (Author’s version)

Increased topsoil mineral nutrient concentrations under exotic invasive
plants in Belgium

Sonia Vanderhoeven'?, Nicolas Dassonville'’ & Pierre Meerts'

'Laboratoire de Génétique et Ecologie végétales, Université Libre de Bruxelles, 1850, chaussée de Wavre, B-
1160 Bruxelles, Belgium. *Equally contributing authors.

Abstract

Exotic invasive plants can alter ecosystem processes. For the first time in Europe, we have analysed the impacts
of exotic invasive plants on topsoil chemical properties. At eight sites invaded by five exotic invasive species
(Fallopia japonica, Heracleum mantegazzianum, Solidago gigantea, Prunus serotina and Rosa rugosa), soil
mineral element composition was compared between invaded patches and adjacent, uninvaded vegetation. We
found increased concentrations of exchangeable essential nutrients under the canopy of exotic invasive plants,
most strikingly so for K and Mn (32% and 34% increase, respectively). This result fits in well with previous
reports of enhanced N dynamics in invaded sites, partly due to higher net primary productivity in exotic invasive
plants compared to native vegetation.

Abbreviations: CEC - Cation exchange capacity; Bs - base saturation rate.

Key words. alien species, ecosystem processes, invasive species, plant invasions, plant-soil interactions, soil
nutrients

Introduction

Invasions by exotic species represent a major challenge to biodiversity conservation (D'Antonio and Kark, 2002;
D'Antonio and Meyerson, 2002). Belgium and neighbouring countries have suffered from invasion by exotic
plants, some of which have dramatically increased their range in the last 30 years (Muller, 2000; Verloove,
2002). Much research on exotic plant invasions has focused on traits that favour invasiveness (Grotkopp et al.,
2002; Rejmanek and Richardson, 1996) and on attributes that make an ecosystem susceptible to invasion (Alpert
et al., 2000). The impacts of invasive plants on ecosystem functioning are receiving increasing attention (Levine
et al., 2003). Ehrenfeld (2003) recently reviewed the effects of invasive plants on biogeo-chemical cycling. She
concluded that invasive species often increased biomass and net primary productivity of ecosystems, increased N
availability, altered N fixation rates and produced litter with higher decomposition rates than co-occurring native
species.

The possibility that invasive species alter soil properties has not often been tested (Ehrenfeld and Scott, 2001).
Most published work has focused on the effects of a particular species at a single site and has been mainly
concerned with carbon and nitrogen. Ehrenfeld (2003) emphasized that soil pools of C, N and nutrients often
respond to invasions but the direction and magnitude of the impacts are probably determined by the composition
of the invaded community and local soil conditions. However, assuming that successful invaders share a number
of functional traits and that ecosystems susceptible to invasions also share common attributes (Alpert et al.,
2000), it might be possible to identify recurring patterns in the impacts of invasive plants on soil properties.

As proposed by Walker and Smith (1996), the most realistic way to measure the impact of an invader is to
compare invaded sites with nearby control sites with similar vegetation, soils, geology, climate and land-use
history. In this paper, we examine the impacts of invasion on topsoil chemistry in eight sites invaded by five of
the most successful invasive plant species in Belgium. We compare invaded and uninvaded plots for 17 variables
characterising chemical topsoil properties, not only C and N as is most often done. To our knowledge, this study
represents the first attempt to assess the impact of exotic invasive plants on soil in Europe.
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Materials and methods

We selected five exotic invasive species (Fallopia japonica (Houtt.) Ronse Decraene, Solidago gigantea Ait.,
Prunus serotina Ehrh., Heracleum mantegazzianum Somm. et Lev., Rosa rugosa Thunb.), the first four of which
rank amongst the most successful invaders in Belgium and neighbouring countries (Muller, 2000; Saintenoy-
Simon, 2003; Verlaque et al., 2002; Verloove, 2002). We included R. rugosa because it is a successful invader of
maritime sand dunes, a priority habitat for nature conservation in Western Europe (EU Habitats Directive, 1992).
A short description of the species is given in Table 1. All of them usually form dense monospecific stands at
invaded sites and can thus be considered as 'transformers' according to the terminology of Pys¢k et al. (2004),
that is a subset of invasive plants that change the character, condition, form or nature of ecosystems over a
substantial area. These species represent contrasting life forms, including two perennial geophytes (F. japonica,
S. gigantea), a perennial monocarpic hemicryptophyte (H. mantegazzianum), a deciduous tree (P. serotina) and a
shrub (R. rugosa). We selected eight sites that fulfilled all of the following conditions: (1) having well-
established, and still increasing populations of one of the target species, (2) having sufficiently homogeneous
soil, (3) having dense patches of the target exotic surrounded by uninvaded vegetation consisting of native
species (invaded patches ranged from 25 m’ to more than 100 m?). Thus, site selection sought to minimise the
probability of pre-existing differences prior to the invasion event. To that end, we performed comparisons of soil
profiles on three invaded and three uninvaded plots. If the profiles of invaded and control situations were similar
(same texture and same colour of the parent material), the site was selected. Moreover, we selected the
uninvaded control plots as close as possible to the front of expansion of the invader. The sample consisted of
three sites invaded by F. japonica, two by H. mantegazzianum, one by P. serotina, one by S. gigantea and one
by R. rugosa. A larger number of sites were sampled for F. japonica on account of the abundance of that species
in Belgian landscapes (Saintenoy-Simon, 2003; Verloove, 2002). We do not have precise information about the
history of the selected sites but according to local naturalists, most of them have been invaded for at least 10
years. All sites are located in the vicinity of Brussels (<10 km) except the R. rugosa site, which is located at the
coast. The localisation of the selected sites and a short description of the invaded habitats are given in Table 2. In
each site, we selected six 1-m? plots in invaded patches and six 1-m? plots in adjacent, uninvaded vegetation. In
each plot, we conducted phytosociological relevés. Ground cover of all vascular plant species was estimated
according to Braun-Blanquet's (1972) scale (5: 75-100% cover, 4: 50-75%, 3: 25-50%, 2: 5-25%, 1:1-5%,
+:<1%). The mean cover of each species was calculated for invaded and unin-vaded plots, based on the median
value of each class (i.e. 87.5%, 62.5%, 37.5%, 15%, 3%, 0.5%). Mean cover was then back-transformed into
Braun-Blanquet's coefficients.

In the same plots, soil was sampled from February to April. In each plot, we collected five soil cores (0-0.10 m
depth, litter discarded) with a soil borer (0.04 m in diameter). We collected one core at each corner of the square
and one core at the centre of the square and then homogenised them into a single bulk sample for each plot. In
the uninvaded patches, cores were not taken under any particular species. Rather, they were collected under the
multispecific vegetation. Soil samples were air-dried until constant weight, and sieved (< 0.002 m). The
following parameters were assessed for each sample: soil pH (stiff paste soil-H,O and stiff paste soil-KC1),
exchangeable acidity and exchangeable aluminium (1 M KCl extraction; derivative titration curve for H" and
AP for acidic soils), exchangeable cations and trace elements (1 M CH3COONH4 pH 4.65 extraction; ICP-AES
determination of Ca (except for carbonated soils), Mg, K, Mn, P, Cu, and Zn). Cation exchange capacity (CEC =
[Ca*] + [K'] + [Mg**] + [H'] + [AI*']) and base saturation rate (Bs) were thereafter computed (Bs = ([Ca**] +
[K']+ [Mg*1)/CEC except for carbonated soils. Total C and N were assessed using a dry combustion C/N
analyser (NC-2100, Carlo Erba Instruments, Italy). CaCO; content was assessed after calcination of organic
matter at 450 °C (dry combustion, Stréhlein dosimeter). Organic C content (C.,) Was calculated as the difference
of total C and carbonate C. Organic matter content was then calculated as 2 X Cy,.

Table 1. Characterisation of the studied species

Species Family Life form Height on the field
Solidago gigantea Asteraceae Perrenial geophyte 05-1.5m

Prunus serotina Prunaceae Deciduous tree 3-15m

Rosa rugosa Rosaceae Shrub 0.5-2 m

Fallopia japonica Polygonaceae Perrenial geophyte 1-2.5m
Heracleum Apiaceae Perrenial monocarpic Hemicryptophyte 1.5-3 m

mantegazzianum
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Table 2. Localisation and characterisation of the study sites

Site Species Locality Habitat

Sg Solidago gigantea Kraainem Oldfield/grassland

Ps Prunus serotina Uccle Old sand quarry/wasteland
Rr Rosa rugosa Nieuwpoort Coastal sand dune

Fjl Fallopia japonica Watermael-Boitsfort Beech forest

Fj2 F. japonica Haren Oldfield/Wasteland

Fj3 F. japonica Watermael Boitsfort Pond bank

Hml Heracleun mantegazzianum Ganshoren Grassland

Hm?2 H. mantegazzianum Watermael-Boitsfort Willow scrub on wet soil

At three sites (F. japonica: 2 sites, S. gigantea: 1 site), aboveground biomass was harvested in invaded and
uninvaded 1-m? plots in August. Biomass was oven-dried, weighted and ground. The samples were mineralised
in a muffle furnace. Ashes were then dissolved in 1 M HC1. Mineral element concentrations were determined by
ICP-AES. N content in the biomass was assessed using a dry combustion C/N analyser (NC-2100, Carlo Erba
instruments, Italy). For each element, aboveground nutrient stock was calculated as the product of biomass x
concentration in the biomass.

At each site, we compared mean values of all soil parameters between invaded and uninvaded plots by means of
t-tests. A Bonferroni correction was applied to the t-tests based on the number of simultaneous tests for each
variable (n = 8 sites except for Ca, CEC, Bs: 6 and H*, AI’ * : 5). Secondly, for essential nutrients only (Ca, Mg,
K, Mn, Zn, Cu, P) a ¥’ test was used to compare the proportion of cases showing increased vs. decreased
concentrations of exchangeable mineral nutrients with the expected proportion (50-50%) under the null
hypothesis of no systematic impact of invasive species. This test was performed for all sites and species pooled.
A two-way ANOVA was performed on all sites and species pooled, with 'site' and 'invasion' as main effects. In
this analysis, invasion (invaded vs. uninvaded) was considered as a fixed factor, and site was considered as a
random factor. As we wanted to highlight the general impact of invasive species on soil properties (whatever the
species and invaded site), species was not included as a factor in the ANOVA. Finally, a Discriminant Analysis
(DA) was performed using concentration of exchangeable mineral nutrients (except Ca) with invaded vs.
uninvaded plots as a priori groups. Logarithmic transformation was applied prior to ANOVA and DA for all
variables except pH. Statistical analyses were performed with Statistica 6.1 software (StatSoft Inc., 2003).

Results

Floristic data revealed differences in species composition between invaded and uninvaded plots (Table 3). The
alien species was dominant in the vegetation of all invaded plots and in five sites, it was the only species with
soil cover in excess of 10%. In six of eight sites, the total number of species was higher in the uninvaded plots
compared to the invaded plots. In the R. rugosa site, the uninvaded area consisted of large bare ground zones
with scattered patches of Carex arenaria L. In H. mantegazzianum 2, the uninvaded vegetation was composed of
only three species (Urtica dioica L., Rubus sp. and Petasites hybridus (L.) P. Gaertn., B. Mey. et Scherb.).

T-tests revealed several significant differences in soil chemical parameters between invaded and uninvaded plots
for all investigated sites and species (17 significant differences on 119 tests) (Table 4). The number of significant
differences ranged from one to four, depending on site. Significant differences were observed twice for pH, K
and P, and once for Ca, Cu, Mg, Zn, Al, CEC, Bs, OM and N (Table 5). All species showed at least one
significant difference. When Bonferroni correction was applied (based on eight simultaneous tests), three tests
remained significant (Fj1, Cu: £ =3.59%, Zn: t = 3.47*; Hm1, K: ¢ = 3.51%). In these three cases, nutrient
concentrations were higher in invaded plots. y*-tests revealed that increases in exchangeable mineral nutrient
concentrations under invasive species were significantly more frequent than decreases (39 increases of 54 cases;
¥’ =14.29, P <0.001). For Mn, all sites showed higher concentrations under the canopy of exotics. For K and
Mg, increased concentrations were found in seven of eight sites. Figure 1 shows that when all sites were pooled,
the ratio Invaded/Uninvaded (I/U) was greater than 1 (i.e. expected value under the null hypothesis that invaded
and uninvaded soils have equal values) for all variables except pH, OM content and C/N ratio. The two-way
ANOVA performed on pooled sites (Table 6) showed a significant invasion effect (P < 0.05) for K and Mn. On
average, invaded plots had 32% higher K and 34% higher Mn concentrations compared to uninvaded controls.
There was also a significant site effect for all variables except Cu. For 7 variables out of 15, there was a
significant site<invasion interaction, indicating that the impact of invasion differs according to site. The existence
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of significant differences in exchangeable mineral nutrients content between invaded and uninvaded plots was
confirmed by the DA (Wilk's lambda = 0.85, P < 0.02; 65% of soil samples correctly classified). Despite the
huge total variance of the whole data set, due to the wide range of habitats and native vegetation across sites,
15% of variance could thus be ascribed to the impact of invasion. The canonical discriminant root was mainly
correlated with K content (b = 0.89; P = 0.04).

Aboveground biomass was always significantly higher in invaded plots compared to uninvaded plots (Table 7).
S. gigantea and F. japonica were 3.5 and 4.2 times more productive than surrounding native vegetation,
respectively. Nutrient concentration in the biomass was nearly always lower in the exotic plant compared to
native vegetation (Table 7) (significant for Cu, K, P, Zn, N in Sg; Ca, Cu, P, Zn in Fj2 and Ca, Cu, K, Mg, P, N
in Fj3). Aboveground nutrient stocks were significantly higher in invaded compared to uninvaded plots for all
elements in all sites.

Discussion

Despite the increasing interest of the international scientific community for the impacts of exotic plant species on
ecosystem properties (Ehrenfeld, 2003), very few studies have been published concerning the European
subcontinent. To our knowledge, this study is the first to examine the impact of invasive species on soil in
Europe (but see Plichta et al., 1997).

The observed impacts are to some extent idiosyncratic as revealed by the significant site<invasion interaction for
7 of 15 parameters. Species-specific effects and site-specific effects may both explain this result. Contrasted
impacts of exotics depending on site were observed with

Hieracium pilosella L. for Ca, Mg and K (Scott et al., 2001), and Bromus tectorum L. for Ca, Fe, Mn and Cu
(Belnap and Philips, 2001). This suggests that environmental factors (such as climate, soil conditions and/or
topography), age of invasion and floristic composition of the invaded community may influence the response of
soil to invasions (Ehrenfeld, 2003).

Figure 1. Ratio of mean value of invaded plots on mean value of uninvaded plots (I/U ratio) for pH,
exchangeable nutrients (mg/ kg except AP * \H " : meq/100 g), cation exchange capacity (CEC: meq/100 g),
Organic matter (OM: %), N content (%) and C/N ratio (8 sites except for Ca and CEC (6 sites)). Whiskers are
95% confidence intervals. The horizontal line (I/U = 1) denotes equal value for invaded and uninvaded plots.
Stars indicate significant invasion effect in the ANOVA with site (random) and invasion (fixed) as main factors
(P < 0.05).
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Table 3. List of the most abundant species (ground cover >10%) and total number of species in the invaded and

uninvaded plots
Site Invaded area Uninvaded area
Sg Solidago gigantea (5) Agrostis stolonifera (3)

Total number of species
Ps

Total number of species
Rr
Total number of species
Fjl

Total number of species
Fj2

Total number of species

Fj3

Total number of species
Hml

Total number of species
Hm?2

Total number of species

11
Prunus serotina (4)

Arrhenatherum elatius (4)
Holcus lanatus (2)
Agrostis sp. (2)

12

Rosa rugosa (5)

12

Fallopia japonica (5)

4
Fallopia japonica (5)

1
Fallopia japonica (4)

Carex pendula (2)
6

Heracleum mantegazzianum (5)
Urtica dioica (2)

4

Heracleum mantegazzianum (5)

14

Leucanthemum vulgare (2)
Holcus lanatus (2)
Cirsium arvense (2)
Achillea millefolium (2)
Pulicaria dysenterica (2)

40
Arrhenatherum elatius (4)

Agrostis sp. (2)

17

Carex arenaria (2)

5

Rubus sp.(3)

Juncus effusus (2)
Deschampsia cespitosa (2)

11
Arrhenatherum elatius (3)
Cirsium arvense (3)
Urtica dioica (2)

Dactylis glomerata (2)

9
Petasites hybridus (5)
Chrysosplenium alternifolium (2)
10

Urtica dioica (3)
Petasites hybridus (2)

Cirsium arvense (2)
12

Urtica dioica (3) Rubus sp. (3)
Petasites hybridus (2)

7

Braun-Blanquet coefficients of abundance-dominance are given in brackets (means for six plots). Nomenclature follows Lambinon et al.

(2004).
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Table 4. Soil chemical properties in invaded (I) and uninvaded (U) plots (8 sites)

Site pHH,O pHKCI Caf Cuf  Kf Mgt Mnf Pt Znt H f AP°§ CECi Bs OM N CN  CaCO,
Sgl Mean 5.94 513 1386 024 979 1260 3077 463 483 001 0.18 840 978 3.60 015 11.80 0.0
SD 044 0.45 207 005 229 174 532 136 043 000 008 091 1.1 1.09 003 1.68  0.00
U Mean  6.48 5.65 1418 023 682 1099 2824 260  4.55 000 0.14 828 985  2.96 0.14 1101  0.00
SD 030 0.31 232 009 245 12.1 938 176 097 001 002 125 08 033 001  1.00  0.00
t-value 249%  229% 2025 025 216 1.86 058  224* 0.67 090 113 018 140 137 128 0.99
PsI Mean  5.05 4.08 840 013 1220 1271 3412 389  5.08 006 035 596 925 387 0.16  12.09  0.00
SD 029 0.39 172 003 129 28.9 3.02 076 211 005 032 072 76 048 002 062  0.00
U Mean  4.66 3.66 590 0.15 1082  97.6 3120 472 528 0.10 1.00 523 752 3.62 0.15 1221  0.00
SD 021 0.24 163 005  12.1 24.1 160 134 078 009 059 046 117 045 002 063  0.00
t-value 251% 2,07 245% 2106 1.9 1.91 209  -133 022 -1.01 -2.37% 1.95 2.97%  0.94 119  -033
Rrl Mean 7.34 7.02 nd 011 295 2425 3681 1757 7178 nd nd nd nd 0.99 004 14.14  6.00
SD  0.07 0.07 001 99 11.4 030 121 751 0.20 001 076 022
U Mean 7.42 7.06 nd 0.10  39.8 2374 3677 1758 491 nd nd nd nd 0.82 002 1746 571
SD 0.8 0.08 001 9.0 11.8 078 044 196 0.32 001 524 024
t-value -151 -0.86 115 -141 058 0.08  -0.01 0.63 0.89 2.65% <129 167
Fill  Mean 441 3.41 576 029  93.0 76.1 2481 391 892 052 173 600 61.6  9.14 022 2025  0.00
SD 022 0.19 253 013 173 202 1394 210  3.03 0.18 085 086 167 350 004 539  0.00
U Mean 4.13 3.16 317 026  62.6 374 1157 306 1083 058 181 445 466 1448 031 2415  0.00
SD 027 0.20 144 0.14 146 16.4 644 208 981 0.17 086  1.00 178 377 011 339  0.00
t-value 1.94 2.10 2.02 036 3.11*  342%% 194 067 -046  -059 -0.14 2.77% 144  -244% 184 -140
Fi2I ~ Mean 6.30 5.54 1387 020 2577 928 1024 2985 2146 001 015 852 977  8.17 028 1449  0.00
SD 0.6l 0.69 438 009 1203 138 252 2176 5.03 002 014  2.09 2.5 1.61 005 084  0.00
U Mean 6.82 6.20 1918 062 1697 769 9.0 21.83 3520 000 011 1076 989  8.66 026 1617  0.00
SD 0.8 0.22 739 055 246 16.0 232 1134 2188 000 012  3.83 13 354 008 394  0.00
t-value -1.97  -223% 151 -181 176 1.84 088 080 -150 154 052 -126  -1.07 -031 047  -1.02
Fi3]  Mean 6.94 6.32 4560 034 1701 2751 2444 1660 2421  nd 020 2392 992  11.17 034 1635  0.00
SD 051 0.52 3678 008 517 1487 1447 445 597 000 000 1812 09 233 004 212 0.00
U Mean 7.19 6.54 3973 0.3 1168 1474 1329 10.02 931 nd nd 21.60 1000 12.02 035 17.03  0.00
SD 028 0.25 3015 011 1193 1143 1108 875 865 1495 00 196 004 212 0.00
t-value -1.02 -094 026 3.60%*  1.00 1.67 150 1.64  3.47%* 0.21 -197  -068  -0.58 -0.55
HmlI1 Mean 7.46 6.77 nd 0.14 3225 1999 4021 1659 5.06 nd nd nd nd 9.98 045 1126 459
SD  0.09 0.07 002 562 315 1245 684 111 428 019 083 215
U Mean 7.35 6.65 nd 0.13 1871  181.8  28.58 1646 4.09 nd nd nd nd 1131 052 1089 497
SD 0.8 0.19 002 937 24.9 959 635 0.73 3.29 0.14 094 267
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t-value 1.52 1.61 0.85 3.51%* 1.27 2.09 0.04  2.07 -0.69 -0.86  0.84 -0.31
Hm2 I Mean 6.63 6.01 1634 0.26 109.9 144.1 1599 9.49 10.76 0.00  0.17 13.85 98.4 7.72 0.25 15.63  0.00
SD 0.20 0.23 261 0.29 14.0 28.1 4.73 276 2.80 0.00  0.02 10.62 0.7 1.79 0.04 1.24 0.00
U Mean 6.87 6.11 1685 0.16 105.9 179.3 15.59 2355 1234 0.00  0.15 9.50 98.7 7.19 0.24 15.11  0.00
SD 0.21 0.29 218 0.07 422 37.1 4.74 14.25 3.57 0.00  0.02 0.88 0.9 1.47 0.05 0.62 0.00
t-value -1.97 -0.59 -0.32 0.69  0.22 -1.80 0.14  -2.39% -0.83 1.11 0.80 -0.70  0.53 027  0.85

Means and standard deviations (SD) for invaded (I) and uninvaded (U) plots, n - 6. Means are compared by t-tests. Values are in mg/kg () except for H ", Al ** and CEC (} meq/100 g). Organic matter (OM), N and
CaCO; are in %. Sg — Solidago gigantea, Ps = Prunus serotina, Rr = Rosa rugosa, Fj = Fallopia japonica, Hm = Heracleum mantegazzianum. nd = not determined; * P < 0.05; ** P < 0.01; ***p < 0.001

Table 5. Number of observations of increases vs. decreases in soil chemical properties under the canopy of exotics compared to adjacent native vegetation
pHHO pH KCl1Ca Cu K Mg Mn P Zn H* APF" CEC Bs OM N C/N CaCO;

Number of increases 3 3 3 6 7 7 8 5 4 2 3 5 2 4 5 4 1
Number of decreases 5 5 3 2 1 1 0 3 4 2 2 1 4 4 3 4 1
Number of significant increases 1 0 1 1 2 1 0 I 1 0 0 1 1 0 1 0 0
Number of significant decreases 1 2 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0
Table 6. Two-way ANOVA performed on soil chemical parameters
pHH.O pHKC1 Ca Cu K Mg Mn P Zn CEC Bs oM N C/N CaCOs
Site 42.88 *¥** 49 54 *** 1874 ** 126  13.29 ** 8.02 ** 10.04 ** 11.24 ** 6.19 * 23.82%* 16.74 ** 16.96 *** 3955 *** [8 7] *** 6942 ***
(random factor)
Invasion 0.72 0.51 0.85 024 747* 440 582%* 044 0.73 145 1.80 1.38 0.77 2.65 0.025
(fixed factor)
Site X Invasion 3.82 ** 372 ** 216 3.24 ** 1.97 3.48 ** 1.67 2.55*  4.09* 0.82 3.12% 1.68 0.80 1.55 0.09

Invasion (i.e. invaded or uninvaded) was considered as a fixed factor, and site was considered as a random factor. F-ratio is based on Satterthwaite approximations (Sokal and Rohlf 1995). H" and AI** were not
considered here, as they did not show enough valid cases. Analyses were performed for 8 sites (except for Ca, CEC and Bs, performed for the 6 non-carbonated sites). *P < 0.05 ; **P < 0.01 ; ***P < 0.001.

Table 7. Biomass (Kg/m?), nutrient concentrations in the biomass (mg/kg) and aboveground nutrient stock (g/m’) in invaded (I) and uninvaded (U) plots (8 sites)
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Biomass Concentrations in plant tissue Nutrient stocks in standing biomass

Site Ca Cu K Mg Mn P Zn N Ca Cu K Mg Mn P Zn N

Sgl Mean 0.89 7490 4.83 12164 1452 946 13579 33.84  0.64 6680 4.36 10880 1300 84.6 1211.2 30.17 5.79
SD 0.10 768 0.75 1369 182 272 2073 7.14 0.10 1082 1.07 2029 269 26.7 2442 723 1.58

U Mean 0.25 12621 8.44 15465 1700 1022 2289.0 50.12  1.17 3226 2.29 4034 433 25.6 5748  12.37 3.13
SD 0.13 5797 1.97 1907 228 319 1927 15.14  0.26 2008 1.55 2372 215 14.4 286.7  6.00 1.41

t-value 9.61*** 215 -4.18%%  3.44%* -2.08 -0.44  -8.06%**  -2.38%  -4.50%* 3. 71%* 2.69* 5.37¥¥% 6. 1T*¥* 476%**  4.14%*%  4.64%*%* 291*

FJ21 Mean 2.39 11440 5.46 19023 1136 472 1620.1 62.89  1.11 26906  12.92 45368 2628 108.4 3901.3 14630 2641
SD 0.71 1125 0.60 736 170 17.6 1545 13.50  0.07 6774 3.72 13378 488 46.0 1312.8  38.59 7.74

u Mean 0.56 16584 7.39 19044 1234 554 23522 128.79 1.46 9925 3.93 11931 631 253 1293.8  64.83 7.37
SD 0.30 5431 1.65 6527 492 37.6  446.7 5792  0.59 7123 1.66 10583 260 14.9 719.0  27.81 2.74

t-value 5.82%%k  227%  -2.69% -0.01 -0.46 -0.5 -3 g¥* -2.71%  -1.45 4.23%% 5 41¥¥¥ 4 Q0*FEF BRAFRE  421¥*  427¥*¥  419%*F  5.68%F*

Fj31 Mean 1.65 17279 7.84 18932 2289 18.8  2476.8 41.85 143 29119  13.15 29278 3747 26.9 39982 63.07 22.89
SD 0.80 1480 1.03 3993 146 8.9 325.7 13.12 0.21 16699  7.44 9879 1768 11.3 1879.7  20.95 10.47

u Mean 0.39 22363 13.59 45681 4136 162 4912.6 2636 2.20 8984 5.25 17184 1650 6.6 1871.3 10.16 8.63
SD 0.15 3447 1.35 9723 1132 39 662.9 1.78 0.02 4295 1.73 4444 804 3.7 5263  3.10 3.22

t-value 3.78%%  _3.32%% L8 20¥¥¥ .6, 23%*¥*  3096%* (.65  -8.08%** 2.87*%  -8.82***  286*  2.53* 2.73* 2.64* 4.19%*  2.67*  6.12%*¥* 3 ]9**

Means and standard deviations (SD) for invaded (I) and uninvaded (U) plots, n = 6. Means are compared by #-ests. *P < 0.05 ; ** P < 0.01 ; ***P <0.001
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More surprisingly, however, we found a general trend of increased mineral nutrient concentrations in the topsoil
under invasive species compared to adjacent native vegetation. This is a striking result considering that the
studied species belong to different life forms and that they invade sites with contrasting vegetation cover and soil
condition. Although the experimental design did not formally exclude the possibility of pre-existing differences,
we believe that the most parsimonious explanation for the observed increase in exchangeable mineral nutrient
content lies in the contrasting plant cover between invaded and uninvaded plots. The alternative hypothesis, i.e.
pre-existing site variation in soil conditions with the exotic occupying specific microniches, seems unlikely.
Most alien species in our sample occur in a wide range of soil conditions in Belgium (pH range for F. japon-ica
= 4.4-7.3; pH range for H. mantegazzia-num = 5.7-74; pH range for S. gigantea = 5.9-7.6) (pers. obs.).
Therefore, it seems unlikely that the small variations in soil conditions observed locally between invaded and
uninvaded areas are limiting the range of the invader. Moreover, in all sites, patches of exotic species are still
extending.

Most studies examining impacts compare C and N fluxes and pools between invaded situations and native
vegetation (Ehrenfeld et al., 2001; Kourtev et al., 1999, 2003; Scott et al., 2001) but other nutrients including
phosphorus, metallic cations and trace elements have much more rarely been considered. In her recent review of
79 papers examining the effects of invasive plants on biogeochemical cycles, Ehrenfeld (2003) recorded only 11
studies examining metallic cations and phosphorus, without highlighting general patterns. Although our results
were based on a relatively limited number of sites, the finding of increased availability of metallic cations fits in
well with the enhanced availability and cycling rate of nitrogen often observed in invaded sites worldwide
(Ehrenfeld, 2003). Taken together, these results may indicate that the most successful invasive species are those
able to enhance topsoil mineral nutrient availability.

What could be the mechanisms of the observed impacts on soil? A first possibility is that alien invasive species
enhance mineral nutrient turn over rates. Higher standing crop biomass, higher net primary productivity and
faster growth rates have often been reported for invasive species compared to the native vegetation (Blank and
Young, 2002; Ehrenfeld, 2003; Ehrenfeld et al., 2001). For some species, higher mineral nutrient concentrations
in plant tissues may also explain accumulation of minerals under the canopy of exotics (Blank and Young, 2002;
Duda et al., 2003; Mcintosh et al., 1995; Plichta et al., 1997; Scott et al., 2001). We measured aboveground
primary productivity and plant mineral nutrient concentrations for two F. japonica sites and one S. gigantea site.
We found 3.5-4.2-fold increase in productivity in invaded patches compared to adjacent uninvad-ed controls. In
contrast, mineral nutrient concentrations in aboveground tissues (shoots and leaves pooled) were generally lower
in plants of invaded patches. However, increased productivity was not compensated for by decreased
concentrations in plant tissues, which resulted in much higher mineral nutrient stocks in standing biomass in
invaded patches. Thus, for these two species, higher topsoil concentrations of nutrients can probably be ascribed
to enhanced uptake rates, due to enhanced primary production in invasive species. High productivity alien
invasive species may also root deeper compared to native vegetation and may thus contribute to the uplift of soil
nutrients (Jobbagy and Jackson, 2004). Finally, other more specific processes may also be involved (Gordon,
1998), including increased organic matter mineralisation rates (Allison and Vitousek, 2004), increased
mobilisation of nutrients through rhi-zosphere processes (Kourtev et al., 2002), and alteration of soil microbial
communities (Kourtev et al., 2003).

A mechanistic explanation will definitely require a whole-site budget approach and detailed comparison of
fluxes and pools of mineral nutrients in invaded plots and adjacent control vegetation. This work is currently in
progress.
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