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Abstract

Conifer tree stumps are a prospective source of bioenergy, but there are considerable uncertainties and risks associated with
this forestry practice, and environmental consequences of stump harvesting are little studied in the Baltic countries. One of
the major concerns is related to the risk of nutrient leaching that may cause pollution of watercourses and decline of tree
growth in the next forest generation. The main aim of the present study was to estimate the effect of stump harvesting on
general soil and soil solution parameters in three clear-cut areas located in Hylocomiosa site type (dominant tree species
prior to clearfelling — Picea abies L. (Karst.)) over a period of 6 years after the stump removal. Two types of treatments were
compared: whole-tree harvesting with only above-ground biomass removed (WTH) and whole-tree harvesting combined
with the stump removal (WTH+SB). We found no acidification effect of soil and soil solution. Soil C and N stocks six
years after harvesting were similar in the plots with and without stump removal, and demonstrated similar pattern of change
in both studied treatments (WTH and WTH-+SB). Nutrient content and patterns of change varied with the site and year,

suggesting that the effects are rather site- than treatment-specific.
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Introduction

Interest in forest bioenergy is growing rapidly on
a global and regional scale, and stump harvesting is
one of the alternatives to contribute to the transition
from a fossil- to a bio-based economy (Berg, 2014).
In addition to the production of woodfuel and creating
additional revenue for the forest owners, stump
extraction improves site preparation conditions and
may potentially reduce infection with Heterobasidion
(Walmsley & Godbold, 2010). Although in forest land
in boreal and hemiboreal regions a significant amount
of carbon is accumulated in the tree root biomass,
only a few studies have been done in Latvia on this
topic so far (Daugaviete et al., 2008; Bardulis ef al.,
2017; Liepins, Lazdins, & Liepins, 2018). There
are, however, certain challenges associated with
this forestry practice. These include both technical
limitations related to large dimensions of stumps or
insufficient area for the storage during field drying,
as well as climatic and environmental considerations.
Warm winters hamper the forwarding of stumps in
wet sites, soil organic matter may be removed in the
process, and several studies report negative impacts
on forest soil carbon stores and greenhouse gas
emissions. Increased soil erosion and compaction
have been recorded after stump harvesting, as well
as depletion of soil nutrient stocks and changes in
nutrient cycling. The impacts on future productivity
are uncertain, and there is a concern related to the
loss of valuable habitat for fungi, mosses, bryophytes
and insects. Moreover, uncharacteristic vegetation
for forest may develop after the stump harvesting
(Berg, 2014; Lazdin§ & von Hofsten, 2009; Walmsley
& Godbold, 2010). The previous findings on the
effects of stump lifting are rather controversial; and
the impact on environment and biodiversity seems

to be largely site- and scale- dependent. It has been
found that after stump harvesting nutrient leaching
may increase (e.g., Palviainen ef al., 2010, Walmsley
and Godbold, 2010), but this is not necessarily true in
all types of soils (Becker et al., 2016). While several
studies conclude that stump harvest negatively affects
species richness of understorey plants and reduces
moss cover (e.g., Andersson, 2012; Kataja-aho, Fritze,
& Haimi, 2011), Rudolphi & Strengbom (2016) report
no significant long-term effect of this forestry practice
on understorey and bryophytes. In Latvia, several
studies have been conducted highlighting possible
indirect long-term impact of stump harvest (Jansons
et al., 2016; Cakss et al., 2018). The aim of this study
was to analyse the changes of general soil parameters
six years after stump extraction in three mesotrophic
sites in Latvia, comparing two types of treatments
— whole-tree harvesting with only above-ground
biomass removed and whole-tree harvesting with both
above- and below-ground biomass removed.

Materials and Methods
Description of the study sites

Medium-term changes of general soil and soil
solution parameters after biomass and stump harvest
in hemiboreal conditions were evaluated in three
research sites located in Hylocomiosa site type
(dominant tree species before felling — Picea abies L.
(Karst.)) in Latvia (Figure 1). Two sampling subplots
were established at each research site: control subplot
representing whole-tree  harvesting, with slash
removed (WTH); and treated subplot representing
whole-tree harvesting, with both slash and stumps
removed (WTH+SB). Between WTH and WTH+SB
sampling subplots a buffer zone was established (10 m
wide zone where stump and root biomass was removed
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Figure 1. Location of the study sites.
Table 1
Description of the study sites at the moment of harvesting
Average annual Mean annual
Site Location Soil type (WRB) Soil texture (FAO) precipitation air temperature
(2011-2018) (2011-2018)
. . . sand at 0-30 cm; sandy
Rembate Mlg;]r)easltl;gava F;lz;;lllbzc loam at 30-45 cm; sand at 661.6 mm 7.5°C
Y 0az01s 45-80 cm depth
Northern Kurzeme | Orsteinic Albic o
Dursupe Forestry Folic Podzols sand 562.7 mm 7.3°C
Nitaure Western Vidzeme Folic Arenosols sand 753 mm 7.0 °C
Forestry

and 10 m wide zone where stump and root biomass
was left). Harvesting was performed in winter 2012
using two types of machinery: CBI stump extraction
scoop mounted on a tracked excavator Komatsu
PC210LC, and stump extraction scoop MCR-500
prototype constructed in Latvia mounted on a New
Holland E215B excavator. In 2013 (3-6 months after
harvesting), the harvested stump and root biomass was
forwarded to the roadside for storage. After that soil
preparation using active disc plough was performed
and spruce container seedlings as well as black alder
and spruce bare root saplings with improved root
system were planted. Description of the study sites is
summarized in Table 1.
Soil and soil solution sampling and analyses

In 2011 (one year before the stump harvesting) and
in 2018 (six years after the stump harvesting) the soil
was sampled in each sample plot at 0 — 10 cm, 10 —
20 cm, 20 — 40 cm and 40 — 80 cm depth in two sets:
for bulk density and soil texture determination (with
undisturbed soil sample probes - steel cylinder with a
100 cm? volume); and for soil chemical analysis (with
Dutch soil sampler probe). Soil samples were prepared
and analyzed in the Forest environment laboratory of the
Latvian State Forest Research Institute ‘Silava’ (LSFRI
Silava) according to the standard methods approved by
the ICP forest monitoring programme. Samples were

prepared for analysis according to the LVS ISO 11464
(2005) standard. Fine earth fraction of soil (D <2 mm)
was used for soil chemical analysis and following
parameters were determined: bulk density according to
LVSISO 11272:2017; total C content using elementary
analysis according to LVS ISO 10694:2006; carbonate
content using Eijkelkamp calcimeter according to LVS
ISO 10693:2014, total nitrogen content using modified
Kjeldahl method according to LVS ISO 11261:2002
L; soil pH in 0.01 M CaCl, solution according to LVS
ISO 10390:2006; phosphorus and potassium content
in soil was determined in concentrated HNO, extract
according to LVS EN 14672:2006 and LVS ISO 9964-
3:2000, respectively.

In all research sites, soil solution was sampled with
suction tube lysimeters (Eijkelkamp), with soil solution
sampler cups, made of porous ceramic (92% pure
AlO,), and a body of trace metal-free PVC installed
vertically into the soil. Five pairs of suction tube
lysimeters at 2 depths (30 and 60 cm) per sample plot
(both in the control subplot and treated subplot) were
installed in spring 2014. Soil solution was collected
twice per month during the vegetation season in 2014
and 2015 and once per month in 2016, 2017 and 2018.
The soil solution samples were analyzed in the Forest
Environment Laboratory of LSFRI Silava. Nitrate
nitrogen (NO,-N) concentration in water samples was
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determined using FORMACSHT TOC/TN Analyzer
(ND25 nitrogen detector), phosphate-phosphorus
(PO,*-P) was determined using an ammonium
molybdate spectrometric method according to ISO
6878, potassium was determined using a flame emission
spectrometric method according to ISO 9964-3:2000,
pH was determined according to LVS ISO 10523:2012
and conductivity was determined according to LVS
EN 27888:1993. Before chemical analysis, the water
samples were filtered using borosilicate glass fiber
filters without a binder.
Statistical analyses

Data processing and all statistical analyses were
performed in R (R Core Team 2017). For all research
sites, the data of soil and soil solution general
parameters in treated plots (WTH+SB) were compared
to the control plots of the sites (WTH). Statistical
differences between the harvested and control plots
were analyzed with the Wilcoxon rank sum test with
continuity corrections.

Results and Discussion
Soil condition

Soil compaction, which is one of the possible
consequences of stump lifting and may further negatively
influence water infiltration and nutrient availability,
generally was not observed in our study sites. Stump
removal increased soil bulk density over pre-harvest
measurements only at the 0-10 cm depth in Rembate,
but in Dursupe and Nitaure, in the surface soil (0 — 10
cm), stump removal decreased the bulk density due to
soil mixing that takes place during stump extraction
(Table 2). According to previous studies, stump removal
may increase soil bulk density, but in general, these
effects appear to be short-term and are less severe as
the impacts of repeated passes of forwarders during
harvesting (Walmsley & Godbold, 2010). In British
Columbia, Hope (2007) found that in the first year after
harvesting, mineral soil bulk density was greater in all

stump-removal treatments compared to the control, but
10 years after the treatment, bulk densities had decreased
and no treatment effects were displayed.

Despite the lack of specific research of how stump
harvesting influences soil acidification, some previous
studies suggest that intensive stump removal should
be avoided in sites sensitive to acidification and may
intensify the acidification process also in other areas
(Walmsley & Godbold, 2010). Our study did not reveal
any soil acidification effects of stump harvesting after
six years (Figure 2). Similar results were obtained by
Hope (2007) who recorded no pH changes in either the
forest floor or mineral soil horizon 10 years after the
stump harvesting. Staaf & Olsson (1994) concluded that
acidification effects in a Norway spruce (Picea abies
(L) Karst) forest in southwest Sweden are the greatest
over the short term, with soil solution pH returning to
pre-treatment levels after 5 years. In contrast, Hyvonen
et al. (2016) found slightly higher soil pH after the stump
harvesting in Norway spruce stands in Central Finland.

Several studies have expressed concern that enhanced
mineralization rates following the soil disturbance during
stump harvesting may deplete the pool of nutrients in the
soil and cause soil carbon losses (e.g., Reynolds, 2007,
Staaf' & Olsson, 1994). The effect of stump harvest on
soil C and N pools is caused by the direct loss of C and
N with harvested stump biomass, the altered soil organic
matter decomposition rate due to soil disturbance and
decreased litter production of the new stand (Jurevics
et al., 2016). The results obtained in our study show
similar trends both in all treated plots (WTH+SB) and
in all control plots (WTH). The total organic C stock in
soil (0 — 80 cm depth) in 2018 was lower, but the total
N stock in soil (0-80 cm depth) was higher, if compared
with respective values prior to harvesting in 2011. Thus,
no significant effect of stump harvesting treatment
on the total organic C or N stock in soil was detected,
if compared to the whole-tree harvesting practice.
Hyvonen et al. (2016) reported similar results describing

Table 2
Summary of impact of stump removal on soil bulk density (kg m3) in soil upper layers
Study site Treatment Soil layer
0-10cm 10 -20 cm 20 -40 cm
one year before treatment (WTH, 2011) 800.5 1354.5 1603.6
Rembate six years after treatment (WTH+SB, 2018) 1224.3 1020.1 1443.1
control (WTH, 2018) 847.9 1394.5 1298.5
one year before treatment (WTH, 2011) 1578.4 1676.0 1625.1
Dursupe six years after treatment (WTH+SB, 2018) 1352.6 1517.3 1511.0
control (WTH, 2018) 1510.4 1473.7 1588.5
one year before treatment (WTH, 2011) 1567.0 1626.9 1665.5
Nitaure six years after treatment (WTH+SB, 2018) 1312.2 1540.4 1545.8
control (WTH, 2018) 1572.3 1505.4 1563.0
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Figure 2. Impact of stump removal on soil pH .
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Figure 3. Impact of stump removal on carbon and nitrogen stock in soil (0 — 80 cm depth).

no significant treatment effect on the soil C and N pools
after stump harvesting. Stromgren et al. (2012) also
report small or absent effect of stump harvesting on CO,
flux or soil decomposition processes during the first years
after the stump harvesting compared to site preparation
such as mounding. Karlsson & Tamminen (2013) found
that C and N concentrations in the soil tended to be lower
after stump harvesting, whereas the total C and N pools
were not affected. Several studies suggest that the effect
of stump removal on soil C and N pools is low, compared
to the effect of slash removal (Egnell, 2016; Jurevics et
al., 2016), as nutrient concentrations in slash are higher
than in stumps and coarse roots (Iwald ef al., 2013).

The buffering capacity of the soil is directly linked
to the nutrient availability, and removal of base cations
through harvesting therefore reduces the soil buffering
capacity that may result in an increased acidification
of soil and water. Second to N, P is the most important
nutrient for the next forest generation. Results of our
study do not reveal any decrease in P or base cation
concentrations in the soil after stump harvesting; on
the contrary, we observed a slight increase of P and K
content in the soil (Figure 4), possibly related to the
mineralization of fine slash and lower consumption of
nutrients by the new forest generation, as the need for
nutrients in conifers is relatively low during the first
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Figure 4. Impact of stump removal on phosphorus and potassium content in soil.
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decades after stand establishment (Helmisaari et al.,
2002). According to Hellsten et al. (2013), pine and
spruce stumps have very low nutrient concentrations
if compared, for example, with foliage or branches, as
previously reported by Palviainen et al. (2004). The
review performed by Ranius ef al. (2018) highlights a
more pronounced negative effect of stump harvesting
on base cations than on phosphorus or nitrogen.
Soil solution

Some authors have recorded an increased nutrient,
especially phosphorus (P), leaching following the

stump harvesting (Palviainen et al., 2010; Walmsley
& Godbold, 2010), which can be considered a serious
environmental risk (Becker et al., 2016). In contrast
to the expected acidification, we found no effect at
all (Nitaure, Rembate) or detected even significantly
(p<0.05) higher pH wvalues in the treated plot
(WTH+SB) compared to the control plot (WTH) in
2014-2016 in Dursupe (Figure 5).

Other parameters, however, showed a different
pattern. Conductivity is directly related to the
concentration of ions (dissolved salts) in the water.
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Figure 5. Impact of stump removal on general soil solution parameters and nutrient content.
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Compared to the control plots (WTH), a significantly
(p<0.05) higher soil solution conductivity in the
treated plot (WTH+SB) was found in 2014-2016 in
Dursupe and in 2015-2016 in Rembate, indicating a
potentially increased leaching of salts in the treated
plots. A similar effect was not observed in Nitaure.
Nutrient content in soil solution for the different
harvest treatments showed an irregular pattern.
NO,-N concentration in soil solution significantly
peaked only in the treated plot (WTH+SB) in
Nitaure in 2017, while PO *-P concentration in soil
solution significantly peaked only in the treated plot
(WTH+SB) in Dursupe in 2015-2016. In contrast,
K concentration in soil solution significantly peaked
only in the control plot (WTH) in all study sites - in
Dursupe in 2014-2016, in Nitaure in 2015-2016, but in
Rembate in 2014. Other studies indicate that the forest
site type, i.e. the soil, has a more pronounced effect
on the annual nutrient leaching than soil disturbance
caused by stump harvesting (Becker et al., 2016).

Conclusions

1. The results of the study of nutrient content in
the soil in three mesotrophic sites, where stump
harvesting was performed in 2012, revealed no
acidification effect of soil and soil solution.

2. Soil C and N stocks six years after harvesting
were similar in the plots with and without stump
removal, and demonstrated a similar pattern of
change in both studied treatments (WTH and
WTH+SB).

3. Nutrient content and patterns of its change varied
with the site and year, suggesting that the effects
are rather site- than treatment-specific.
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