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Abstract The objectives of this study were to investigate
impact of stump and slash removal on growth and
mycorrhization of Picea abies seedlings outplanted on a
forest clear-cut. Four non-replicated site preparation treat-
ments included: (1) mounding (M), (2) removal of stumps
(K), (3) mounding and removal of logging slash (HM) and
(4) removal of logging slash and stumps (HK). Results
showed that height increment of the seedlings was highest
in K and lowest in M after the third growing season, and
similar pattern remained after the fourth season. Ectomy-
corrhizal (ECM) colonisation of seedling roots was highest
in M (96.6%) and lowest in K (72.3%), and even in HK
(76.0%) and HM (76.3%). Morphotyping and sequencing
of internal transcribed spacer of fungal ribosomal DNA
revealed a total of 13 ECM species. Among those,
Thelephora terrestris and Cenococcum geophilum were
the most common, found on 27.4% and 26.3% of roots,
respectively. The rest of species colonised 26.6% of roots.

Richness of ECM species was highest in M (10 species)
and lowest in K (three species). Consequently, stump and
slash removal from clear-felled sites had a positive effect on
growth of outplanted spruce seedlings, but negative effect
on their mycorrhization. This suggests that altered soil
conditions due to site disturbance by stump and slash
removal might be more favourable for tree growth than
more abundant mycorrhization of their root systems in less
disturbed soil.
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Introduction

In order to satisfy increasing demand for forest biofuel,
harvesting of tree stumps and logging slash (tree tops and
branches) from clear-felled forest sites are expected to
become common practices in northern Europe (Berglund
and Åström 2007; Egnell et al. 2007). On the other hand,
such silvicultural operations are usually associated with
certain site disturbances which may lead to alterations in
soil chemical, physical and biological properties (Hope
2007). A recent review had demonstrated, however, that in
most cases, removal of stumps and slash from forest clear-
cuts had a positive effects both on survival and growth of
outplanted seedlings and on natural forest regeneration
(Vasaitis et al. 2008, and references therein). Yet, as
apparent from the review, to date, the majority of related
investigations have been conducted in North America. In
regard to European forest stands, data on stump and slash
removal on seedling performance are available only from
several long-term trials in Sweden (Kardell 1992, 1996,
2007, 2008; Kardell and Eriksson 2008). Nevertheless,
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taking into account current and future demand for forest
biofuel, more such studies in the region would be desirable.

Even less is known about possible impacts that the
related soil disturbances might have on communities of
ectomycorrhizal (ECM) fungi, in particular on their
potential to colonise seedling roots and on structure of
their communities. From this perspective, ECM fungi are
of high importance, as a number of studies had demon-
strated that they promote establishment and growth of tree
seedlings after their outplanting in the field (Kropp and
Langlois 1990; Menkis et al. 2007; Stenström et al. 1990)
and contribute to sustainability of a new forest stand
(Pfleger and Lingerman 1994; Read et al. 1996). However,
to date, only a handful of data are available on the impact of
stump removal on mycorrhiza in subsequent seedling
regeneration. Thus, an American study has reported
negative effect of de-stumping on ectomycorrhizal number
and diversity of 1-year-old Pseudotsuga menziesii, while
Pinus monticola from this point of view was much less
sensitive (Page-Dumroese et al. 1998). The present work
has been carried out in Finland, and its objectives were to
study possible effects of stump and slash removal on
growth of outplanted Picea abies seedlings, ECM coloni-
sation of seedling roots and ECM community structure.

Materials and methods

Study site and experimental design

The study site was located at the Hyytiälä Forestry Field
Station of the University of Helsinki (N61º51′, E24º17′,
160 m a.s.l.) in central Finland. The area represented a
boreal coniferous forest dominated by P. abies and Pinus
sylvestris with admixture of Betula pendula and Betula
pubescens. It was clear-felled in November 2004. Forest
site type was partly myrtillus and partly oxalis-myrtillus
type, and the soil was middle-coarse moraine, cryaquod
spodosol (Mokma and Yli-Halla 2000). In May 2005, four
plots each 20×30 m in size were established as different
silvicultural site preparation treatments: (1) mounding (M),
(2) stump removal (K), (3) mounding and slash removal
(HM) and (4) removal of stumps and slash (HK). All those
methods are commonly used in practical forestry in Finland
(Finnish Statistical Yearbook of Forestry 2009). Stumps and
slash were removed within days after timber harvesting.
Mounding and stump removal were done with rounding
excavator, which was equipped with a tool for stump lifting
and mounding at the same time. In the mounds, 10–20 cm
surface soil layer was turned upside down on the top of
unhandled humus layer. Each treatment was separated from
each other by the 5 m buffer zone. Planting was done in late
May 2005 with 1-year-old nursery cultivated containerized

(system PL81) seedlings of P. abies at the density of 1,800
seedlings per hectare. Seedlings were produced in Saarijärvi
nursery and at the time of outplanting were 15 cm in height
(seeds originated from seed orchard SV358). Prior to
outplanting, ECM examination of seedling roots was not
carried out.

Field measurements and sampling

In each treatment, the height increment of all P. abies
seedlings (M—139; K—136; HM—140; HK—138) was
measured as the total length of shoots after three and four
growing seasons, respectively (measured in September 2007
and in May 2009). After 5 years since the plantation was
established (May 2009), also root systems were sampled
from 12 randomly selected plants (three from each treat-
ment). Sampled roots were packed into the plastic bags,
labelled, transported to the laboratory and kept at +4°C for a
maximum period of 2 weeks.

Laboratory work

Roots were gently washed in tap water, and 100 single root
tips from each plant were randomly collected from different
parts of the root systems using forceps. ECM roots were
identified by the presence of a mantle, external hyphae or
rhizomorphs and the absence of root hairs. Macroscopic
features were examined using a Carl Zeiss Stemi 2000-C
dissection microscope (Oberkochen, Germany). ECM mor-
photyping was done as described by Menkis et al. (2005).
For identification of fungal species, 1–3 randomly selected
representatives of each distinct ECM morphotype from
each root system were subjected to direct sequencing of
internal transcribed spacer of fungal ribosomal DNA (ITS
rDNA). More replicates were taken from more common
morphotypes. DNA extraction and PCR were done as in a
previous study (Menkis et al. 2005). Sequencing was
performed by Macrogen Inc., Seoul, Korea, utilising ABI
3730 XL automated sequencers (Applied Biosystems,
Foster City, CA, USA). Raw sequence data were analysed
using the SeqMan version 5.01 software from DNASTAR
package (DNASTAR, Madison, WI, USA) and BioEdit
version 7.0.5.2 (Hall 1999).

Databases at GenBank (Altschul et al. 1997) and UNITE
(Koljalg et al. 2005) were used to determine the identity of
ITS rDNA sequences.

Statistical analyses

Analysis of the data was carried out using multivariate
statistics. ECM community structure and possible treat-
ment effects on plant growth and mycorrhization were
analysed using Canonical Correspondence Analysis
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(CCA) in CANOCO 4.5 (ter Braak and Smilauer 1998).
Comparison of ECM community structure in different
treatments was assessed by calculating qualitative (SS)
Sorensen similarity indices (Magurran 1988).

Results and discussion

The results demonstrated a positive effect of stump and
slash removal on height increment of spruce regeneration
on replanted clear-cut after three and four growing seasons.
Thus, after three seasons, height increment of seedlings was
highest in K treatment (20.1 cm), lowest in M treatment
(17.1 cm) and intermediate in HM (19.1 cm) and HK
(18.8 cm) treatments. Similar pattern in height increment
was observed also after four growing seasons: highest in K
(30.2 cm), followed by HM (29.5 cm), HK (28.6 cm) and
M (26.6 cm). After three and four seasons, increment in K,
HM and HK exceeded that in M by 9–15% and by 7–12%,
respectively. In another Finnish study, shoot growth of
P. abies seedlings in M treatment did not differ from growth
in untreated control plots (Pennanen et al. 2005).

Positive effects on growth of regeneration on de-
stumped clear-cuts were reported in many previous related
studies. Thus, among 29 stump removal trials analysed
(incl. different tree species, soil conditions and geographic
localities), 13 had resulted in increased growth of subse-
quent tree regeneration, in ten low or no impact was
observed and in only in six decreased tree growth has been
reported (Vasaitis et al. 2008). For comparison, “whole-tree
harvesting” trials in Sweden, height increment of planted
P. abies and P. sylvestris after 7 years was, respectively, by
40–70% and by 15–20% higher on sites where stumps, and
stumps and slash were removed, than on control sites with
conventional stem harvesting (Kardell 1992). More recent
studies of these trials had demonstrated that positive effect
of stump removal on growth of subsequent regeneration
might persist during 24–28 years (Kardell 2008; Kardell
and Eriksson 2008). Faster height growth observed in K,
HM and HK treatments of the current work could be
probably attributed to rather extensive soil disturbance,
which lead to increase in soil aeration, temperature,
mineralisation and penetrability, reducing vegetation com-
petition and soil pathogen inoculums, as also suggested in
several other experiments where extensive soil treatments
were applied prior to establishing forest plantations (Hope
2007; Morrison et al. 1991; Simard et al. 2003).

ECM colonisation of individual plants varied between
63% and 100% of roots and was most abundant in M
treatment (290 ECM tips among 300 examined, or 96.6%).
In other three treatments, ECM colonisation of roots was
lower by 20.3–24.3%: K (217 out of 300, or 72.3%), HK
(228 of 300, or 76.0%) and HM (229 of 300, or 76.3%).

Consequently, stump and slash removal from clear-felled
sites had a positive effect on growth of outplanted spruce
seedlings but negative effect on their mycorrhization. This
suggests that despite positive effects that mycorrhiza is
expected to have on seedling viability (Kropp and Langlois
1990; Menkis et al. 2007; Stenström et al. 1990), soil
conditions altered due to site disturbance by stump and
slash removal might be more favourable for tree growth
than more abundant mycorrhization of their root systems in
less disturbed soil. Consequently, stump and slash removal
from clear-felled sites is likely to increase soil mineralization
and hence nutrient availability at the same time decreasing the
need for seedlings to support mycorrhizas for nutrient uptake
as nutrients are more readily available. Related American
study also reported adverse effect of stump removal on ECM
colonisation of replanted seedlings, but in contrast to our
results, it also reported reduced seedling growth on de-
stumped sites (Page-Dumroese et al. 1998).

Differently from the above discussed experiments, other
methods of intensive mechanised site preparation involving
removal of the forest floor (sieving, scarification, mound-
ing, scalping) were reported to have little impact on
abundance of ECM colonisation. However, those treat-
ments might have pronounced impact on ECM community
structure by facilitating species that establish on seedlings
in the nursery vs. indigenous forest ECMs which dominate
on undisturbed sites (Jones et al. 2003; Lazaruk et al. 2008;
Pennanen et al. 2005). In the present work, ECM species
richness was highest in M treatment (ten species) and
lowest in K treatment (three species). Five and four ECM
species were detected in HM and HK treatments, respec-
tively. Thus, at the least disturbed site, there was highest
richness on ECM species after 4 years. In comparison,
abundant colonisation of seedling roots by indigenous
ECMs was already observed after the first growing season
following plantation establishment on abandoned former
agricultural land (Menkis et al. 2007).

The overall ECM community identified from 1200
root tips of P. abies seedlings consisted of 13 distinct
species (Table 1). Among those Thelephora terrestris and
Cenococcum geophilum were the most common and
colonised 27.4% and 26.3% of all seedling roots,
respectively. Remaining species all together colonised
26.6% of all seedlings roots (Table 1). T. terrestris and
C. geophilum were the only species detected at different
frequencies in all four treatments (Table 1.) The CCA
showed 11.1% variation in the ECM community structure
that can be attributed to M, K, HK and HM treatments
(Fig. 1). Ordination showed that individual plants of each
treatment were in close proximity on axis 1, indicating
high intraspecific similarity in ECM community structure
within the treatments. Larger differences in ECM commu-
nity structure were notable between different treatments in
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which samples were more or less well separated from each
other (Fig. 1). The latter was also indicated by estimates of
qualitative (SS) Sorensen similarity indices which were
moderate varying 0.40–0.57 between the treatments
(Fig. 1). In the ordination, vector arrows pointed into

virtually different directions showing little or no association
between height growth and mycorrhization. As a result,
growth was mostly favoured in K, HM and HK treatment
while mycorrhization in M treatment. Furthermore, results
suggest that ECM species composition was strongly affected
by the treatments. Consequently, C. geophilum and Boletus
edulis were more frequent in K, HM and HK treatments. On
the other hand, T. terrestris, Cortinarius flexipes var.
flabellus, Elaphomyces muricatus, Tylospora asterophora,
Piloderma fallax and Cadophora finlandica were more often
found in M treatment.

In conclusion, the current work indicated positive impact
of stump and slash removal on height increment of
replanted seedlings through four subsequent growing
seasons, simultaneously revealing the adverse effects on
both frequency of ECM colonisation and ECM species
richness in seedling roots. However, due to not replicated
treatments, one must be aware of limitations of the present
study, and obtained results, therefore, should be interpreted
with caution. Yet, the work is first of the kind performed in
European forests. In order to obtain more comprehensive
picture of the processes of forest regeneration on sites
extensively disturbed due to harvesting of forest biofuel,
more related studies are needed in the region, encompassing
wide range of soil conditions and tree species.
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Fig. 1 Ordination diagram based on CCA of ectomycorrhizal
communities in roots of P. abies seedlings from different site
preparation treatments (M, K, HM and HK). The diagram shows the
part of the variation within the communities (11.1%) that can be
attributed to the treatments along CCA axes 1 and 2. Arrows indicate
the relative importance of environmental variables (plant growth and
mycorrhization). Points represent individual seedlings of the treat-
ments. Taxonomic names correspond to a position in the ordination.
Community structure is compared by calculating qualitative (SS)
Sorensen similarity indices

Table 1 Frequency of ectomycorrhizal species (percent of plants colonised/percent of mycorrhizal roots colonised) on root tips of Picea abies
seedlings under different site preparation treatments

Fungal species GenBank accession no. Treatments

M K HM HK All

Amphinema byssoides GU550106 −/− −/− −/− 33.3/4.0 8.3/1.0

Boletus edulis GU550107 −/− −/− 33.3/17.3 −/− 8.3/4.3

Cadophora finlandica GU550108 33.3/4.3 33.3/3.0 −/− −/− 16.6/1.8

Cenococcum geophilum GU550109 100/15.0 100/27.0 100/23.7 100/39.7 100/26.3

Clavulina cf. amethystina GU550110 −/− −/− −/− 33.3/3.3 8.3/0.8

Cortinarius flexipes var. flabellus GU550111 33.3/3.3 −/− −/− −/− 8.3/0.8

Elaphomyces muricatus GU550112 33.3/9.0 −/− −/− −/− 8.3/2.3

Lactarius camphoratus GU550113 33.3/2.7 −/− −/− −/− 8.3/0.7

Piloderma fallax GU550114 33.3/1.0 −/− −/− −/− 8.3/0.3

Thelephora terrestris GU550115 66.6/47.3 100/42.3 33.3/10.0 33.3/10.0 58.3/27.4

Tylospora asterophora GU550116 33.3/1.0 −/− −/− −/− 8.3/0.3

Tylospora fibrillosa GU550117 33.3/1.7 −/− −/− 66.6/19.3 25.0/5.3

Wilcoxina sp. Hy16 GU550118 33.3/11.3 −/− 66.6/25.0 −/− 25.0/9.1

M mounding; K stump removal; HM logging residues removal and mounding; HK logging residues removal and stump removal
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