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Abstract — The objective of this study was to compare the impact of six tree species on vegetation and soil. Eighty stands growing side by side,
and of different dominant species, were selected in 26 locations. Within each location the stands had the same soil condition, landscape position
and previous land-use history. Ground vegetation and soil were sampled in each stand. The tree species were: Norway spruce (Picea abies
Karsten.), Scots pine (Pinus sylvestris L.), Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco), silver fir (Abies alba Miller), European beech
(Fagus sylvatica L.) and oaks (Quercus robur L., Quercus petraea (Matt.) Liebl.). The geographic and geological characteristics of sites
influenced the vegetation and the soil chemistry more than the tree species did. Forest management influenced the ground flora more than the
tree species did. Number of species and equitability differed little with tree species. The ground flora under Norway spruce included more
mosses than under the other trees species except silver fir. The ground flora under Norway spruce was more typical of oligotrophic and acidic
conditions than the flora under European beech. Soils under coniferous species, especially Norway spruce, were more acidic and had higher
concentrations of aluminium than soils under hardwoods. The effect of tree species on soils was greatest in the topsoil (0-10 cm).

acidification / biodiversity / understory / plantation / tree species

Résumé — Effet des essences sur la flore et la composition du sol en forét tempérée. L’objectif de cette étude était de comparer I’effet sur
la végétation et le sol de six essences forestieres. Quatre-vingts peuplements répartis sur 26 sites ont été sélectionnés. Sur chacun des sites, les
peuplements étaient d’essence différente mais comparables en termes de sol, de topographie et de passé cultural. Dans chaque peuplement, le
sol a été échantillonné et la végétation a été déterminée. Les essences étaient : I’épicéa commun (Picea abies Karsten.), le pin sylvestre (Pinus
sylvestris L.), le sapin Douglas (Pseudotsuga menziesii (Mirb.) Franco), le sapin pectiné (Abies alba Miller), le hétre (Fagus sylvatica L.) et le
chéne (Quercus robur L., Quercus petraea (Matt.) Liebl.). Les caractéristiques géographiques et géologiques des sites ont plus influencé la
végétation et la chimie des sols que les essences. La gestion sylvicole a plus d’impact sur la flore accompagnatrice que les essences. La richesse
spécifique et 1’équitabilité végétales different peu selon les essences. La strate muscinale des pessieres est plus abondante que sous les autres
essences, sauf le sapin pectiné. La végétation sous I’épicéa est plus typique de conditions oligotrophes et acides que celle sous le hétre. Les sols
sous les coniféres, notamment 1’épicéa commun, étaient plus acides et riches en aluminium que les sols sous les feuillus. L’effet des essences
sur les sols était essentiellement significatif dans les dix centimetres les plus superficiels.

acidification / biodiversité / végétation / plantation / essence

1. INTRODUCTION

The development of human societies often has caused an
overexploitation of forests and a decrease in their area. In
France, the minimum of forest cover coincided with the
increase of industrial activities during the 19th century [15].
Threatened by wood shortages, some countries tried to increase
their wood production by planting unforested areas and also by
transforming some native forests to plantations. In most cases,
these plantations were composed of exotic productive tree spe-
cies. The abundance of native tree species decreased, in abso-
lute and relative terms, from this period to the present. This

* Corresponding author: laugusto@bordeaux.inra.fr

trend was very pronounced in several countries of western
Europe, such as Scotland [51]. Exotic tree species have an
undeniable economic value for wood production, thus the area
covered by these species reached a high level in countries like
France [43] and is still increasing. However, in order to ensure
sustainable management, it is necessary to know the effects of
these tree species substitutions. Several studies have already
been carried out on the impact of tree species on litter (e.g. [47]),
atmospheric deposition (e.g. [8]), bulk precipitation intercep-
tion (e.g. [5, 26]), soil solutions (e.g. [25]), surface waters (e.g.
[1, 22]) and soil (e.g. [46]). Nevertheless, few studies have
examined the impact of tree species on the composition of
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understory vegetation. The work which has been done is not
easily generalised as it involved very few sites (e.g. [39]),
mixed-species stands [7, 16], young stands [48] or a vegetation
specific to a region. It is important to study the effect of over-
story species on understory species because ground flora, when
it is significantly present, plays a role in the functioning of for-
est ecosystems. The understory can contain a significant part
of the nutrient content of the forest (e.g. [49]), especially in the
younger stages of stand development [56]. It may also influence
the nutrient fluxes in the ecosystem during throughfalls [35],
mineralisation [40], nitrification (e.g. [65]) and after clear-fell-
ing [18]. Moreover, vegetation can influence the microflora
[41] and enhance the weathering of soil minerals (e.g. [32]). It
is also notable that the understory can be an obstacle to planting
operations, as well as a competitor with trees for light, water
and nutrients [64] which can cause a decrease in tree growth
[27, 63]. The understory is part of the biodiversity of stands and,
as such, interacts with animal communities. Finally, a natural
and diverse understory vegetation may be very important to
societies beyond any effect on growth or nutrients.

The objectives of this study were to (i) compare understory
vegetation under different tree species, and (ii) determine the
differences in environmental conditions which could explain
the possible changes of vegetation. To guarantee some homo-
geneity among the set of studied sites, only one main type of
soil was considered: non-hydromorphic acidic soil. This study
was based on vegetation surveys, dendrometric measurements,
light transmittance estimations, and soil chemical analysis.

2. MATERIALS AND METHODS

2.1. Material

A total of 80 stands were selected from 26 forests with acidic soils
(soil pH < 5). The sites were located in the northern half of France. At
each site, two to five stands, growing side by side and of different
dominant species, were selected (Tab. I). The tree species studied
were: sessile and pedunculate oak (Quercus robur L., Quercus
petraea (Matt.) Liebl.), European beech (Fagus sylvatica L.), Nor-
way spruce (Picea abies Karsten.), silver fir (Abies alba Miller),
Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) and Scots pine
(Pinus sylvestris L.). Douglas-fir is native to north western America.
The other tree species are European, but some of them (Norway
spruce and Scots pine) have spread widely outside their natural area
through the action of forest managers. The two species of oak were
considered here as a single species as there were few pedunculate oak
stands (Quercus robur). Soil conditions, previous land use and eco-
logical conditions (slope, exposition, landscape position) of the dif-
ferent stands within a site were identical. In most cases, stands within
the same site were side by side, or separated by less than 100 meters.
All stands were even-aged except six hardwood stands (Haye and
Monthermé: coppice with standards; Coat-an-Noz, Moux, Paimpont
and Soulles: uneven-aged high forest). It was not possible to find sites
with stands of the same age.

2.2. Methods

2.2.1. Understory

In the centre of each stand of each site, a sample plot with a surface
area of 400 m? was laid out in a homogenous area. A few stands were
not used in the vegetation surveys because of heterogeneities caused

by recent silvicultural activities. However, these stands were used for
soil analysis purposes (see Sect. 2.2.2.). For each sample plot, the
vegetation surveys were done in two seasons in 1998: spring
(22 March to 10 April) and summer (21 June to 9 July). The names of
vascular species follow the Flora europaea [60]. The percent cover
of each vegetation layer (trees, shrubs, herbs, mosses) was visually esti-
mated. An abundance-dominance coefficient using the Braun-Blanquet
scale (‘+’ to ‘5’ equivalent to mean percentage cover class for data
analysis: 1, 3, 15, 38, 63 and 88% respectively) was assigned to each
species in each vegetation layer [11]. Species which were absent from
the sample plot but nearby (distance < 1 m) were indexed separately.
The same was true for species present in small heterogeneous areas
(e.g. a micro-depression) of the sample plot. Species which could not
be identified in the field were brought to the laboratory for definitive
identification. All vegetation surveys were done by the same pair of
observers working together.

Shannon density index (H = —Z(pi)(In pi), where pi = relative
cover value) and equitability (H’/H’max; H’ 'max = In(n), where n =
number of species) were calculated. Average Ellenberg indicator val-
ues [23] were used to indirectly characterize the environmental fac-
tors: light (L), temperature (T), moisture (F), pH (R) and nitrogen
availability (N). These indicator values vary from 1 to 9 (or 12 for F).
The value ‘1’ corresponds to the lowest levels of the factor whereas
the value ‘9’ (or 12’ for F) corresponds to the highest levels. The cal-
culation of the average Ellenberg values for a plot was done over all
species present in the plot. Results for ground vegetation and average
Ellenberg values, based on presence/absence data were very similar
to those based on cover data. Therefore, only results of presence/
absence data are presented.

2.2.2. Environmental conditions

Soils were described based on three soil pits in each stand. Five
soil samples were taken with a cylinder (@ = 8 cm) for each horizon
and composed for analysis. Soils were analysed down to 40 cm depth.
The variables were: apparent soil density (cylinder method), particle
size distribution (five main phases using the Robinson method),
C content (oxydation by KpCrpO7 in HpSO4 [3]), N content (Kjeldahl
method [12]), pH (soil:water ratio = 1.25), cationic saturation and
Cationic Exchange Capacity [52], ‘available’ phosphorus (extracted
by H2SO4 0.004 M and NaOH 0.1 M [20]), free iron and aluminium
[59]. Litter was described and the thickness of its layer was measured.

The height of the three largest trees were measured with a Blume-
Leiss dendrometer. Basal surface area was measured with a Bitterlich’s
relascope. Stand age was estimated by coring the base of a tree with
an increment borer. Health of stands (indications of decline) and sil-
vicultural management (uneven-aged stand or recent thinnings) were
recorded based on visual inspection.

In each stand, mean transmittance of radiation by the canopy was
estimated in the global solar irradiance (0.3-3.0 nm) with two sola-
rimeter tubes (TLS-970, Delta-T devices Ltd., Cambridge, UK). One
device measured the irradiance (I) in the stand (12 measurements
divided into two parallel transects of 15 m long) while the second
device simultaneously measured the irradiance in the nearest open
area (Io). For each measurement, the radiation transmittance was cal-
culated as I/Io.

2.2.3. Data analysis

As all tree species were not present on all sites and as the distribu-
tion of tree species in the sites was not random (e.g., the frequency of
Scots pine stands was low in the less acidic sites), it was not possible
to directly compare tree species means without introducing a substan-
tial error linked to site differences. Indeed, the effect of the “site” fac-
tor was much greater than the effect of the “tree species” factor.
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Table L. Site characteristics.
T R Altitude Soil Bedrock pH CEC Oak Beech Spruce Fir Douglas Pine
Site (°C) (mm) (m) (FA.O.) (generic terms) # ® L., (@ge) « = < m s o e e oo
Aubure NE 55 1500 1000 dystric cambisol granite 3.7 9.6 110 90 90
Bisshoffsheim NE 9 950 500 dystric cambisol sandstone 4.0 4.7 80 70(§) 90
Breuil CF 9 1000 550 dystric cambisol granite 4.3 13.3 20 20 20 20
Coat-an-Noz ~NW 11 950 160 haplic luvisol silt 4.0 7.6 119 34 32 35
La Courtine CF 7.5 1250 820 dystric cambisol granite 4.5 142 90 (§) 48 47 45 (§) 41
Couturas CF 10 1400 650 dystric cambisol granite 4.7 8.2 110 55
Epinal NE 9 1000 390 dystric cambisol sandstone 4.7 6.5 48 35 35
Eu NwW 10 780 200 dystric cambisol silt 4.7 65 65() 95 60(8) 60 (§)
Haye NE 95 760 370 haplic luvisol silt 4.8 6.7 76 65 65 65
Hochkopf NE 9 800 370 cambic podzol sandstone 3.6 3.7 78 75 75
Lucenay CF 9 1000 540 dystric cambisol rhyolithe 43 6.9 66 41
Monthermé NE 1100 390 dystric cambisol silt 34 14.1 140 58
Mouterhouse ~ NE 820 345 cambic podzol sandstone 4.2 33 120 114 46
Moux CF 9 1000 560 dystric cambisol granite 4.5 104 83 64 65 (§)
Oberbronn NE 95 870 410 dystric cambisol sandstone 3.9 4.1 91 87 85
Orléans CF 10 600 130 haplic luvisol sand 44 11.3 45 47
Paimpont NW 11 870 250 dystric cambisol silt 3.7 74 47 33
Peyrat CF 85 1400 450 dystric cambisol granite 44 87 65() 35
®
Pilon CF 8 1100 700 dystric cambisol silt 3.9 11.8 143 46 46
La Petite-Pierre NE 9 790 380 haplic luvisol sandstone 3.7 8.1 78 57 35 43
Rambouillet NwW 10 630 150 haplic podzol sand 39 4.7 92 44
Remiremont NE 8 1470 610 dystric cambisol silt 4.1 9.2 190 35 35 35
Rosheim NE 9 1000 650 dystric cambisol granite 4.5 8.0 70 65 110
Royat CF 85 890 750 dystric cambisol granite 4.6 10.3 48 64 62
Soulles NwW 11 1100 150 gleyic luvisol silt 3.8 70  57() 34 38
®
Thann NE 85 1000 850 dystric cambisol granite 4.6 8.7 76 70(§8) 68 58

NW = northwestern France; CF = center of France; NE = northeastern France. T = temperature (annual mean); R = rainfall (annual mean); # = mean soil pH at
0-5 cm depth; * = mean soil CEC at 0-5 cm depth (cmol c-kg~1); (§) = only soil analysis. Oak = Quercus petraea (Matt.) Liebl. or (r.) Quecus robur L.; Beech =
Fagus sylvatica L.; Spruce = Picea abies Karsten; Fir = Abies alba Miller; Douglas = Pseudotsuga menziesii (Mirb.) Franco; Pine = Pinus sylvestris L.

Therefore, relative values were calculated for each pairwise combina-
tion of tree species present in the same site. A positive relative value
indicates that the first tree species has a higher value than the second
tree species (see Tab. II for an example). This calculation made it
possible to compare two tree species located in the same sites while
partly discarding site effects. The “division” relative values were pre-
ferred to “subtraction” relative values when differences between tree
species increased with the site mean value. The “division” relative
values do not match discontinuous variables (percentage of cover, lit-
ter thickness and Ellenberg indicator values) or relatives variables

(axis scores for correspondence analysis). Ellenberg indicator values
[23] were used to characterize the environment. All the results which
showed a significant effect of the tree species were based on relative
values (except Fig. 1). Data were analysed with SAS [54] using anal-
ysis of variance (one-way ANOVA; factor = tree species), corre-
spondence analysis and Bonferroni #-tests. The number of sites was
not sufficient to test the effect of the interaction between sites and tree
species. Significance of statistic tests were noted as follow: *** =P <
0.001; ** = P <0.01; * = P <0.05; (*) =P <0.1; ns. =P>0.1.
When P < 0.1, we assumed that a weak relationship existed.
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Table II. Calculation of relative values, an example: soil pH at 5-cm
depth (Pilon site).

Value Comparison Calculation Final Value
Douglas fir . 3.90
Original value Norway spruce . 3.82
Sessil oak . 4.13
Absolute S(douglas-spruce) 3.90-3.82 +0.08
difference S(douglas-oak) 3.90-4.13 -0.23
(substraction) S(spruce-oak) 3.82-4.13 -0.31
Relative D(douglas/spruce)  (3.90/3.82) -1 +0.02
difference D(douglas/oak) (3.90/4.13)-1 -0.06
(division) D(spruce/oak) (3.82/4.13)-1 -0.08

Due to the nature of the survey, some tree species comparisons
were not repeated enough to be analysed statistically. Such was the
case for comparisons (oak / silver fir) and (European beech / Scots
pine). The comparisons (Douglas-fir / silver fir), (Douglas-fir / Scots
pine) and (silver fir / Scots pine) were studied only in terms of soil
characteristics. A ‘hardwood’ category was created by taking the val-
ues of the oak stand or, when none was present, of the beech stand in
each site. Data from the coniferous stands were systematically com-
pared to this hardwood reference.

3. RESULTS
3.1. Ground vegetation

3.1.1. Cover of vegetation layers

The cover of trees was higher for oak and silver fir stands
than for Scots pine stands (Tab. III). The cover of shrubs was
higher under hardwood and Scots pine canopies than under
Douglas-fir and Norway spruce canopies. The cover of herbs
in summer was higher under oak than under Douglas-fir. The
cover of mosses was higher under Norway spruce than under
hardwoods, Douglas-fir and Scots pine.

3.1.2. Species richness and diversity

For the entire dataset, there were few significant differences
between tree species for species richness, i.e. the number of
species (Tab. III). Only unthinned stands of Norway spruce,
silver fir and Douglas-fir had very low species richness (rich-
ness < 5; data not presented). For stands thinned a few years
before the present study, species richness was significantly
higher (P < 0.05) under Norway spruce, silver fir and Douglas-
fir than under hardwoods (data not presented). In these cases,
there were several ruderal forest species under the coniferous
canopies.

There were few significant differences between tree species
in terms of Shannon’s index (Tab. III). Equitability under
Douglas-fir was higher than under hardwoods and Norway
spruce. Equitability under Norway spruce was higher than

(plots linked by arrows represent stands at the same site)
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Figure 1. Correspondence analysis of vegetation.

under Scots pine. There were not enough pairs (Douglas-fir;
Scots pine) to demonstrate a gradient for equitability as fol-
lows: Douglas-fir > Norway spruce > Scots pine.

A correspondence analysis of the entire dataset was per-
formed. The cumulated principal inertia of the five first-axes
was 20%. Analysis of variance revealed highly significant dif-
ferences (P < 0.001) between sites on these axes. This is what
we called the “site factor”. First-axis scores were correlated
with Ellenberg indicator values for pH (r =-0.91*%**), Ellenberg
indicator values for nitrogen availability (r = —0.89%*%), spe-
cies richness (r = —0.86***), Shannon’s index (r = —0.79%*%*),
saturation index of soils for exchangeable earth-alkaline cations
(r=-0.60***), C/Nratio (r = +0.59***) and soil pH (r=—0.54%*%).
These statistics clearly showed that the main factors accounting
for variation in ground vegetation were soil acidity, nitrogen
content and base saturation of the sites. They also showed that
Ellenberg indicator values (pH, nitrogen availability) were well
correlated with soil characteristics (pH, C/N ratio). Second-axis
scores were correlated to longitudinal position of stands (r =
+0.72***), There were significant differences between tree
species in their relative values for the first-axis scores (Fig. 1
and Tab. III), with Norway spruce > silver fir > European
beech, indicating an increasingly rich and nitrogen-requiring
vegetation. Species richness was correlated primarily to Ellen-
berg indicator values for pH (r = +0.79%*%*) and nitrogen avail-
ability (r = +0.70%%*),

Based on field observations, it seemed that some understory
species were specific to a particular tree species (e.g. some
mosses observed only under Norway spruce). However, the
number of sites was insufficient to statistically test this obser-
vation.

Taking into account the understory species which were
absent from the sample plot but close to it, and species present
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Table III. Mean effects of tree species on vegetation (as relative

values).
Category Variable Tree species effect Relative value
Trees S (oak-pine) +12.1 *
S (fir-pine) +13.3 *
S (hardwood-douglas) +27.6 **
Shrubs S (hardwood-spruce)  +29.2 **
Cover of S (pine-douglas) +60.3 **
vegetation S (pine-spruce) +39.0 (*)
layers Herbs S (oak-douglas) +44.7 *
(%) (summer period) S (hardwood-spruce)  +20.6 (*)
S (hardwood-spruce)  —-34.3 **
Mosses S (douglas-spruce) -29.6 *
S (pine-spruce) -52.8 (%)
Richness D (beech/fir) -0.13 **
Shannon D (beech/fir) -0.04 #*
Biodiversity indices D (douglas/beech) +0.15 *
D (douglas/hardwood) +0.19 *
Equitability D (douglas/spruce) +0.07 *
D (spruce/pine) +0.02 *
Correspondence S (spruce-fir) +0.16 *
analysis of First-axis scores S (fir-beech) +0.14 *
understory S (spruce-beech) +0.34  **

Note: only significant comparisons (P <0.1) are listed.

in small heterogeneous areas of the sample plot, did not signif-
icantly modify the results for ground vegetation analyses.

3.2. Environmental conditions

3.2.1. Direct measurements and analysis

The hardwoods in this study were older than Douglas-fir,
Norway spruce and Scots pine, and smaller than Douglas-fir
and Norway spruce (Tab. IV). Except for European beech and
Douglas-fir, there was no radiation transmittance difference
among tree species.

The “tree species” factor obtained from the correspondence
analysis had less significant effects on soils (data not presented)
in deep horizons (> 10 cm) compared to the top soil (< 10 cm).
However, some soil variables were dependent on tree species
down to 40-cm depth. Between 30 and 40-cm depth, soils
under Norway spruce had more exchangeable Al than under
hardwood and silver fir. At the same depth, soils under Nor-
way spruce and Scots pine had more H* than under hardwood.
It also appeared that soil pH was lower under Norway spruce
and Douglas-fir than under hardwood.

Results for the top soil volume:

Norway spruce and Scots pine litter layers were thicker
than the hardwood litter layer. C/N ratio differed among all the
tree species of this study: Scots pine and Norway spruce had

higher C/N ratios than hardwood, whereas silver fir and Douglas-
fir were intermediate.

Soil pH was significantly lower under Scots pine and Nor-
way spruce than under hardwoods (mean difference + standard
error: —0.18 £ 0.08 and —-0.31 £ 0.09 pH unit, respectively).
The saturation index of soils for exchangeable earth-alkaline
cations were higher under hardwoods and Douglas-fir than
under Norway spruce. Norway spruce and especially silver fir
had the highest soil Na content. The variable which correlated
most strongly with soil Na content was the longitudinal local-
isation of stands (r = —0.57*%*%). Results for exchangeable Al
and free Al showed that these contents were higher under Norway
spruce, silver fir and Scots pine than under hardwoods (P <0.1).

There were no difference among tree species for the follow-
ing soil variables: density, particle size distribution, Cationic
Exchange Capacity, free iron content, P content. The slopes of
stands were not different among tree species of the same site.

3.2.2. Ellenberg indicator values

Ground vegetation under Scots pine had higher indicator
values for light and moisture than under oak (Tab. V). Norway
spruce stands had the lowest indicator values for temperature.
European beech stands had higher indicator values for pH,
nitrogen and temperature than silver fir stands.

3.3. Relationship between vegetation and direct
measurements

There were no significant differences among tree species
for mean radiation transmittance. Mean radiation transmittance
was negatively correlated to canopy cover (r = —0.57***) and
basal surface area (r = —0.36**). The latter two variables were
not significantly correlated. Covers of field layer vegetation
(spring and summer) were positively correlated to mean radi-
ation transmittance of stands (r = +0.26* and +0.32**). Covers
of herbs or mosses were negatively correlated to canopy cover
(r=-0.29% and -0.24%*). Species richness was not signifi-
cantly correlated to mean radiation transmittance. Cover of
herbs in spring was negatively correlated to litter thickness
(r=-0.40%**). Species richness was also negatively corre-
lated to litter thickness (r = —0.44%%%),

3.4. Effect of stand age

There was no significant effect of the “age” factor, or inter-
action between the stand age and tree species.

4. DISCUSSION

4.1. Validity of the tree species comparison

There was no difference among tree species for variables
such as land-use history, slope, soil particle size distribution or
for most characteristics of deep soil horizons. This is a strong
indication of that there was no significant differences between
stands within sites before planting. The tree species in the
present study were of similar height and age except for the
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Table IV. Mean effects of tree species on environmental conditions and soil (relative values).

Category Variable Tree species effect Relative value
D (hardwood/douglas) +0.72 FFE
Age (years) D (hardwood/spruce) +0.55 F**
Stand D (hardwood/pine) +0.40 *
characteristics D (hardwood/douglas) -0.27 *
Height (m) D (hardwood/spruce) -0.12 *
D (douglas/spruce) +0.20 ***
S (pine-hardwood) +1.95 *
S (pine-spruce) +1.92 (*)
Litter Litter depth (cm) S (spruce-hardwood) +1.85 **
S (spruce-fir) +2.90 *
S (spruce-douglas) +1.88 (*)
D (spruce/hardwood) +(.22 HE
D (spruce/pine) +0.12 *
C/N ratio D (spruce/douglas) +0.13 *%*
D (pine/hardwood) +0.19 *
D (spruce/fir) +0.07 *
D (douglas/hardwood) +0.08 (*)
D (fir/hardwood) +0.21 (%)
D (spruce/hardwood) -0.07 **
pH D (pine/hardwood) -0.05 *
D (pine/fir) +0.04 *
D (spruce/hardwood) +0.84 (*)
Al (cmol ¢ kg™1) D (spruce/pine) -0.36 (%)
Soil D (pine/hardwood) +0.34 (*)
(0-10 cm) D (fir/hardwood) +0.71 (*)
Saturation D (spruce/hardwood) -0.25 *
index (%) D (spruce/douglas) -0.48 *
Ca (cmol ¢ kg™1) D (douglas/spruce) +2.13 *
Mg (cmol c kg™1) D (oak/pine) +0.72 *
D (douglas/spruce) +0.19 *
K (cmol ¢ kg™ D (douglas/oak) 031 *
D (spruce/hardwood) +1.15 *
Na (cmol c kg™1) D (fir/hardwood) +1.58 **
D (fir/pine) +1.02 *
D (fir/douglas) +0.90 *
D (spruce/hardwood) +0.26 (*)
Al (oxides) D (fir/hardwood) +0.31 (*)
(mg kg‘]) D (pine/hardwood) +0.21 (%)

Note: only significant comparisons (P < 0.1) are listed.

hardwoods which were usually older and smaller than conifer-
ous species. This could introduce a bias when comparing the
tree species effects. However, note that hardwoods generally
have longer cutting cycles and lower biomass increments than

coniferous tree species; that is, at the same stage of maturity,
hardwood stands tend to be older than coniferous stands. In
most cases, stands within sites were at similar stages of matu-
rity (the stage of maturity was considered as the ratio {current



Effects of tree species on vegetation and soil 829

Table V. Mean effects of tree species on Ellenberg indicator values
(relative values).

Category Variable Tree species effect Relative value
Light (L) S (pine-oak) +0.39 **
S(pine-spruce) +0.27 **
S (spruce-douglas) -0.43 *
S (spruce-hardwood) -0.23 *
Ellenberg Temperature (T) S (spruce-fir) -0.22 *
indicator S (spruce-pine) -0.17 (%)
values S (beech-fir) +0.31 *
Moisture (F) S (pine-oak) +0.14 *
S (spruce-douglas) -0.26 *
pH (R) S (spruce-beech) -0.38 (*)
S (fir-beech) -0.35 *
S (douglas-beech) +0.27 *
Nitrogen (N)
S (fir-beech) —0.26 **

Note: only significant comparisons (P <0.1) are listed.

age/approximate age of maximum current increment}). Very
few sites had stands at different stages of maturity and the
results were not significantly modified when these sites were
dropped from the analysis. Thus, we assumed that stands
within sites were in nearly the same condition and we inter-
preted differences among stands as effects of tree species.

As shown by the correspondence analysis, site characteris-
tics (like bedrock or mean soil characteristics) were the most
significant factors explaining the overall soil and vegetation
variability, much more important than tree species. Indeed,
because sites were located in various regions, the bioclimatic
and geologic characteristics explained most of the variability
in soil and vegetation results. Differences among sites were
much higher than among tree species.

4.2. Effect of tree species on soil

The tree species effect was mostly significant in the upper
10 cm of soil, as observed by others [4, 9]. Scots pine and Nor-
way spruce had thicker litter with higher C/N ratios than oak
and European beech [19, 28]. These results were probably
linked because the mineralisation rate of litter is influenced by
its characteristics (such as hardness, shape, lignin/N ratio or
leaf longevity), which in turn are tree species dependant [29].
Moreover, topsoil pH and saturation index for exchangeable
earth-alkaline cations were lower under Scots pine and Nor-
way spruce than under hardwood. Litter and soil under silver
fir and Douglas-fir were intermediate. Soil Na content was
mostly affected by the distance from the Atlantic Ocean to the
site [62], as shown by the correlation between this variable and
longitudinal localisation of the stands. It is probable that Na
content was proportional to the ability of tree species to inter-
cept atmospheric depositions. As soils under silver fir and
Norway spruce had higher Na content than soils under hard-
woods, it suggested that atmospheric deposition was enhanced

under these species in comparison with hardwood. Elsewhere,
it has been established that atmospheric depositions are higher
under coniferous stands than under hardwoods [6, 13]. Nor-
way spruce promoted an increase of soil aluminium content
compared to hardwoods. It seemed that this was also the case
for Scots pine and silver fir. In the deeper soil horizons, the
tree species effect was primarily a more or less marked acidi-
fication of soils.

4.3. Light and Ellenberg indicator values

There was no significant difference among tree species for
mean radiation transmittance. In similar conditions, radiation
transmittance is tree species dependant [10] and, within a tree
species, radiation transmittance depends on stand density [17,
55]. Cutini [17] showed that thinning could double the radia-
tion transmittance of the global solar irradiance (0.3-3.0 nm)
and increase five-fold the photosynthetically active radiation
(0.4-0.7 nm). It seemed therefore that, in a forest managed for
timber production, silvicultural management could have a
greater influence on the quantity of light reaching the soil than
tree species. Finally, we conclude that semi-quantitative and
punctual measurements of global solar irradiance were probably
inadequate to study the modifications of light caused by tree
species. Ellenberg indicator values for light were not consistent
with radiation transmittance. Indeed, if there was no signifi-
cant difference in radiation transmittance among tree species,
it appeared that the Scots pine understory had the highest light
indicator value (L).

To the contrary, results for Ellenberg indicator values were
consistent with soil analyses. They showed that understories
of Norway spruce and silver fir were typical of more acidic
conditions compared to understories of the other tree species.
The results for temperature indicator values suggested the
Norway spruce microclimate was colder than the others.

4.4. Factors controlling understory cover
and composition

Silvicultural management, via thinning intensity, influ-
enced canopy cover and subsequently cover of ground vegeta-
tion. Tree species also influenced shrub, herb and moss cover
(see also [38]). This was especially the case for Norway
spruce, compared to hardwoods, which promoted cover of
mosses and reduced cover of herbs. Hill and Jones [31],
Mikola [42] and Saetre et al. [S3] have noted this effect of Nor-
way spruce. The dominance of the moss layer under Norway
spruce suggested that the microclimate under this species was
cooler and moister. Nihlgard [45] showed that the atmosphere
under Norway spruce was cooler and moister than under Euro-
pean beech. He also remarked that the microclimate under
spruce seemed to enhance the moss Lophocolea heterophylla.
The results of another study suggest that the greater cover of
mosses under Norway spruce compared to hardwoods could
be due also to the more acidic soil of the coniferous stand [21].
Canopy cover of Scots pine was less dense than others and
promoted a greater cover of all understory layers.

The site characteristics, and therefore the soil characteris-
tics, were the factors which best explained the ground flora
composition. More precisely, the acidity, the nitrogen availability
[44] and the C/N ratio of the soil best explained the vegetation
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composition [36]. Some tree species were also discriminated
along this gradient: ground vegetation under Norway spruce
was typical of more acidic and oligotrophic conditions than
ground vegetation under European beech. silver fir was inter-
mediate. The tree species effect on species richness and vege-
tation diversity was not clearly apparent. Other studies carried
out on numerous sites have shown that the tree species effect
on vegetation diversity was low [34, 66]. On the other hand,
Kirby [37], Amezaga and Onaindia [2], and Fahy and Gormally
[24] concluded that planting coniferous tree species, rather
than native hardwoods, reduced species richness. The authors
explained these differences as the result of thicker litter layers
and shadier conditions more often encountered under conifer-
ous stands. Certainly, it is established that some herbs are sen-
sitive to thick litter layers [33, 57, 58]. Moreover, dense stands
reduce ground vegetation cover, especially spring species [48,
50]. However, silvicultural management greatly modifies
ground vegetation, even under the same tree species [14, 30,
37, 61]. Tree species with dense canopies (e.g. Norway spruce,
silver fir and Douglas-fir) do not reduce spring vegetation if
they are thinned [31]. Ovington [48] observed that, on the
same site, species richness under a dense Norway spruce stand
was less than half that of a more open Norway spruce stand of
the same age. It is therefore possible that the variation in silvi-
cultural management in the present study obscured somewhat
the tree species effect on vegetation richness and diversity.
Nevertheless, there were some differences in ground vegeta-
tion composition dependent on tree species. The clearest dif-
ference was the dominance of mosses under Norway spruce
and vascular plants under hardwoods.

5. CONCLUSION

It appears that tree species notably modified the soil chemistry,
through the acidity level and the dynamic of biogeochemical
cycles. These modifications were related to the variable ability
of different tree species to enhance atmospheric deposition, to
the characteristics of their litters, and perhaps to the microcli-
mate and light transmitted through their canopy. The modifi-
cation of these environmental conditions by the trees lead to a
modification of the ground vegetation. However, the influence
of tree species on ground vegetation was low when shade tree
species such as Norway spruce, silver fir and Douglas-fir were
heavily thinned.

The choice of tree species in forest management has eco-
nomical, biogeochemical and ecological consequences over
the long term. In terms of soil acidity, the effect of tree species
was: (European beech; oaks) < (Douglas-fir; silver fir) <
(Scots pine; Norway spruce). These modifications, along with
differing microclimates, lead to notable modifications in
ground vegetation.

However, differences among sites were generally much
greater than among the tree species of the same site. Moreover,
the tree species effect on the ground vegetation also was con-
trolled largely by silvicultural management.
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