FORESTRY AND WOOD PROCESSING DOI1:10.22616/RRD.29.2023.006

LONG TERM EFFECTS OF TOTAL BIOMASS HARVESTING ON
UNDERSTORY VEGETATION AND TREE STAND IN NORWAY SPRUCE
STANDS

*Roberts Cakss'?, Baiba Jansone?

"Latvian State Forest Research Institute ‘Silava’, Latvia
Latvia University of Life Science and Technologies, Latvia
*Corresponding author’s e-mail: cakss.roberts@gmail.com

Abstract

Northern Europe will be one of the locations where the renewable energy from forests could displace fossil fuels as a
result of climate change: therefore, it will become more crucial to maintain renewable materials that also collect CO,.
By taking tree biomass out of forest stands, we could create more renewable resources to use in practice, but this has
certain negative effects on the forest ecology, including nitrogen leaching and vegetation degradation. The goal of the
study is to investigate the effects of full biomass removal (FBR) in Norway spruce (Picea abies (L.) H. Karst.) forest
stands and how this forest management affects vegetation regeneration, tree stock and carbon storage overall. The
aforementioned structures were assessed at various forest ages. The central region of Latvia contains Norway spruce
stands with all of the sample sites under study situated on drained peaty mineral soils and weakly aerated gleyic soils.
As aresult of the long-term evaluation, it was determined that the forest vegetation in FBR was similar to that in the
same-age control stand (SAC) and that vegetation can successfully regenerate. The average tree height and DBH is
lower in areas where stump removal and understory biomass was not carried out. Statistically significant (p<0.05)
long-term influence of stump removal on the average height and diameter of Norway spruce can be identified in
all parameters, except, tree height in Myrtillosa mel. forest type. Total biomass removal in long term has almost no
significant effect on tree stand and vegetation regeneration.
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Introduction

Since forest ecosystem covers 65 million ha of the
region, forestry is economically significant in Northern
Europe. The two main tree species are Scots pine
(Pinus sylvestris L.) and Norway spruce (Picea abies
(L.) H. Karst.) (Thuresson, 2002). Climate change
will enhance the need for this region to guarantee a
sustainable supply of renewable materials in Europe
(Hanewinkel ef al., 2013). Northern Europe’s forestry
and forest industry are developed (Thuresson, 2002)
and capable of meeting the rising demand brought
on by the growth of the human population (Bologna
& Aquino, 2020), increasing the share of forest area
allotted for different purposes (Weiss et al., 2019),
and aiming to sequester carbon in the products to
slow down climate change (Pukkala, 2017). Climate
change mitigation goals are constantly rising (Adams
etal.,2015) and cannot be achieved alone by reducing
emissions; sequestration, which is ensured by forests
and wood products, is a crucial component to achieve
these goals (Yousefpour et al., 2018). Increasing the
use of logging residue (branches, tops, and stumps)
to replace fossil fuels is one aspect of the approach
(Ranius et al., 2018). This strategy has recently come
under fire, in part because of its unknown long-
term effects on the forest ecosystem (Walmsley &
Godbold, 2010).

In comparison to the stem, which accounts for
69% of the overall tree biomass, the spruce’s stump-
root system accounts for about 17% of the biomass
of the entire tree (Kaarakka et al., 2018). Nowadays,
Finland is one of the few nations where whole-tree

harvesting is used on a greater scale, along with
Sweden and Norway to a lesser extent (Uri et al.,
2015).

According to recent research, when compared
to conventional forest management, the chemical
composition and pH of the soil were not significantly
altered by removing all tree biomass from the forest
(Saarsalmi et al., 2010). Yet, even little changes in
chemical composition can have an impact on the
growth of ground cover since plants are typically
sensitive to even small alterations, such as nutrient
deficiencies (Haferkamp, 1988). The principal limiting
factor of vegetation in boreal forests is nitrogen (N)
(Haferkamp, 1988) which largely occurred in the soil
and litter, notably in spruce and pine forests (Meriléd
et al., 2013). However, the main sources of nitrogen
in the forest stand are theoretically gone when all
the biomass has been taken out, which may have a
negative impact on ground vegetation regrowth in
more rich forest stands (Ring et al., 2017).

The majority of recent studies (Aosaar et al.,
2020; Saarsalmi et al., 2010; Uri et al., 2015) have
concentrated on the effects of increased biomass,
mineral element composition, stump generation,
and whole-tree harvesting on the spread of root rot
(Heterobasidion sp.). It is unclear how this form of
management would influence ground cover vegetation
in the long-term, especially in drained spruce forests,
because current research does not account for the long-
term effect. One of the main obstacles in developing
forestry and doing anything new is being aware of
influence of this activity on biodiversity (Messier et
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al., 2013). Moreover, the addition of biomass from the
use of tree stumps in forest management may help to
slow the rate of deforestation.

The study’s aim is to evaluate the long-term
effects of full biomass removal and stump harvesting
on vegetation growth as well as the quantity of carbon
and nitrogen stored in drained spruce forests and
forest stocks.

We assume that ground cover vegetation can
return to previous state based on earlier findings in
Scots pine (Jansons et al., 2016), but there have been
no investigations of the same nature for Norway
spruce in various forest types.

Materials and Methods

The study site was in Norway spruce stands in
the central region of Latvia, Kalsnava (56°42°6N,
24°50°22E, 113 m above sea level). According to
National forest inventory data, 3.33% of Latvia’s
forests are Myrtillosa mel. forest type with drained
mineral soils, and 0.95% are Myrtilloso-sphagnosa
poorly aerated gleyic soil. Moderately rich soils can be
found in Myrtillosa mel. and Myrtilloso-sphagnosa.
(Liepa et al., 2014).

The national meteorological agency reported
that the mean monthly temperature between January
and July, respectively, ranged from -5 to +17.4 °C.
The average annual rainfall was about 700 mm. The
average number of days with snow cover is 112 days,
with a depth of 2642 cm, the primary wind directions
are south and west, and the predominant vegetation
period is between 190 and 192 days. Permanent frost
occurs on November 15" (Nikodemus ez al., 2018).

The study site’s sampling plots were chosen
based on information about specific management that
was documented: in 1974, following a clear-cut, all
above-ground biomass, stumps, and roots with upper
soil layer (approximately 10 cm thick) were removed
by a bulldozer, resulting in full biomass removal
(FBR). Six FBR stands with the least amount of
remaining woody biomass (roots) were created as a
consequence. Young stand (five stands), control stand
(SAC, nine stands), mature stand (six stands), and old
stand (six stands) with ages of (11 years, 50 years,
100 years, and 130 years, respectively) were chosen
as the comparative regions in the same forest types
(Table 3).

All data were gathered 43 years after FBR in
July 2017. A total of 38 transects, each measuring 50
meters, were used to evaluate the vegetation. They
were all laid out in a North-South orientation and
put within stands that were at least 15 m from the
boundaries. We established 17 sampling plots (for a
total of 646) with a two-meter spacing and a size of
1 m x 1 m on each transect to visually analyze the
ground vegetation. The relative percentage of each

plot’s ground cover species was calculated, and the
vegetation was divided into layers of moss and lichen,
vascular plants and dwarf shrubs. Moreover, bare soil
and tree seedlings were addressed.

The sample plots were divided into nine sample
plots in FBR and SAC stands with a radius of 12.62
m, and their area is 500 m? Tree data (height and
DBH) were taken on transects where vegetation data
had already been collected. The following variables
were calculated for each tree whose diameter at 1.3
m exceeded 6 cm: the distance from the plot’s center,
the species, the diameter at 1.3 m, and the height of
the tree.

Moreover, soil samples (100 cm?) were taken at
depths of 0—10 cm, 10-20 cm, 20—40 cm, and 40-80
cm, as well as one litter sample (10¥10 cm), roughly
in the midpoint of each FBR and SAC transect. These
samples were taken in order to better understand
the differences in soil composition between FBR
and SAC stands. The samples were delivered to the
laboratory at LSFRI ‘Silava’, where they underwent
analysis. We utilized the elemental analysis method
proposed by (LVS ISO 10694:2006, n.d.) to calculate
the total amount of carbon in the soil.

Each stand’s mean relative cover of each species
was computed. The Shannon-Wiener (H') index
(Shannon, 1948) was used to describe species diversity.
(Spellerberg & Fedor, 2003). With the software R
3.4.2, the Shannon-Wiener indices among a set of
stands were statistically compared using the analysis
of variance at the significance level of 0=0.05 (R Core
Team, 2020). The Analysis of Similarities (ANOSIM)
was used to statistically compare the composition of
vegetation between all stands in one forest type. The
R package ‘vegan’ (Oksanen et al., 2013) was used
for both studies. The ANOSIM analysis produced two
values: the p-value and the R-value, which ranged
from 0 to 1 (Clarke, 1993). Calculations were made
for the tree stand’s average diameter, average height,
basal area. A t-test was used to check whether stand
parameters were statistically different. Characterize
Elemental analysis is used to calculate the overall
amount of carbon in a forest stand, with conifers
and deciduous trees having average carbon values
of 50.8% and 48.8%, respectively. The formula for
Elemental analysis was from Thomas & Martin, 2012
publication.

Results and Discussion

When comparing the same forest type’s FBR and
SCA stands, there was no discernible difference in
species diversity; nevertheless, species diversity was
noticeably and significantly higher on drained soil
(Shannon-Wiener indices of 3.2 and 2.2, respectively)
than on wet soil (1.1 and 1, respectively). The young
stand had the highest index (1.5) in Mpyrtillosa-
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sphagnosa, which was significantly different from the
FBR and SAC stands. The Myrtillosa mel. stand had
the highest overall indices (Table 1). Forest stands
undergo a rapid change in growth circumstances after
clear-cutting. Clear-cutting reduces the number of
species. However, as the forest regenerates over time,

the former species reappear (Prieditis, 1999). The
presence of bare soil in the forest also promotes seed
sowing (Smythe, 1970), but as shade and moisture
levels rise, many species become unable to thrive,
lowering the Shannon-Wiener index (Ellenberg,

1988).

Table 1

Shannon-Wiener diversity indices in the study area of Myrtillosa mel. and Myrtilloso-sphagnosa
Equal letters (abcd) in one forest type means that there is no significant difference

FBR! SAC? Young stand Mature stand Old stand
3.4 3.19¢ 3.16® 3.12° 2.18¢ Myrtillosa mel.
111 1.02¢ 1.53b 1.03° 1360 Myriilloso-
sphagnosa
!. FBR - Full biomass removal stand, 2.SAC — Same age control stand.
Table 2

The ANOSIM results between FBR and control stands in both forest types

SAC? Young stand Mature Stand Old stand Forest Type

FBR! 0.03 0.07 0.15 0.38 Myrtillosa mel.
FBR! 0.11 0.56 0.35 0.47 Myriilloso-
sphagnosa

L, FBR — Full biomass removal stand, 2.SAC — Same age control stand.
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Figure 1. A mean DBH (cm) between biomass removal and conventional harvesting in both forest types. B
mean tree height (m) between biomass removal and conventional harvesting in both forest types (in both
pictures A and B error bars show standard deviation).
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The ground vegetation of FBR stands in Myrtillosa
mel. was most comparable to that of SAC and young
stands (ANOSIM, R=0.07 and R=0.03, respectively).
The same pattern was also seen in the Myrtilloso-
sphagnosa forest type, where the FBR and SAC
stand had the highest resemblance (R=0.11) (Table
2). Although FBR management and clear-cutting are
different, the difference is not substantial (Berkis ez
al., 2013; Liepa et al., 2014; Olsson & Staaf, 1995).
This resemblance between FBR and SAC stands is
mostly due to the strong shade provided by spruce
forests, which inhibits the growth of species that
cannot tolerate shade (Huston, 1994). There were
no significant differences on soil carbon (P>0.05)
between FBR and SAC stands in Myrtillosa mel.
(respectively, 90 g kg and 111 g kg!) and Myrtilloso-
sphagnosa (respectively, 95 g kg! and 86 g kg™') forest
types when the total quantity of carbon (C) in the soil
(80 cm) was examined. As there is also a significant
difference amount of C between SAC stands in the two

forest types, this type of management is likely to result
in CO, emissions that do not have a positive effect on
climate change in the current situation and should
be followed by low-emission management practices
(DeLuca & Boisvenue, 2012). Moreover, indications
for soil density also indicated a detrimental effect;
specifically, higher soil density causes lower C levels
in the soil (Lazdins, 2012). The average diameter of
the SAC stand in the Myrtillosa mel. forest type is
2.86 cm or 16%, greater than the FBR stand, which is
statistically significant (P<0.05) from each other. The
average diameter of the SAC stand in the Myrtilloso-
sphagnosa forest type is 1.77 cm or 13%, greater than
the FBR stand, which is statistically different (P<0.05)
from each other (Figure 1). According to a Swedish
study, which indicates a considerable difference in
DBH between standard clearcutting and removal of
all biomass, a stand might be significantly limited in
growth by the removal of all biomass (Egnell, 2011).

Table 3
Stand type, composition, age and number of transects in both forest types of newest information
Forest Type Type Stand compostition Age Stand Transects

FBR! 10E 49 111-14 1
FBR! 10E 49 111-15 4
FBR! 10E 35 112-10 2
SAC? 10E 41 108-13 1
SAC? 10E 52 108-19 1
SAC? 9E1B 49 112-12 1
SAC? 10E 40 113-9 1
Myrtillosa mel. SAC? 10E 34 121-9 2
SAC? 10E 33 129-20 1
Young stand 8E2P 24 156-9 1
Young stand 7E3B 25 192-6 1
Mature stand 7E2P1B 114 128-6 1
Mature stand 8EIBIP 118 153-6 1
Old stand 6E2P1A1B 144 28-35 1
Old stand 7E3P 138 282-5 1
FBR! 10E 50 66-3 1
FBR! 10E 50 66-6 1
SAC? 10E 49 61-15 1
SAC? 10E 50 93-22 1
Mpyrtilloso- Young stand TE3A 26 72-2 1
sphagnosa Young stand 9EIB 24 108-14 1
Mature stand 9E1B 105 289-10 1
Mature stand 10E 112 260-3 1
Old stand 7E2A1B 154 247-8 1
Old stand 10E 156 275-33 1

L, FBR — Full biomass removal stand, 2.SAC — Same age control stand.
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Figure 2. Mean basal area (G) between biomass
removal and conventional harvesting in both forest

types.

The SAC stand is 0.27 m or 2% lower than the
FBR stand in the Myrtillosa mel. forest type, which
is not statistically different (P>0.05) from each other.
The SAC stand is 1.37 m or 6% higher than the FBR
stand in the Myrtilloso-sphagnosa forest type, which
is statistically different (P<0.05) from each other.
According to a Finnish study, the removal of all
biomass, which is what we observed in the Myrtillosa
mel. stand in our study, may not have an impact on the
growth of trees height (Kaarakka et al., 2014), while

nutrients in the Myrtilloso-sphagnosa stand (Egnell,
2011).

The basal area of the SAC stand is 0.0079 m?
or 28% larger than the FBR stand in the Myrtillosa
mel. forest type, which is statistically significant
(P<0.05) from each other. The basal area of the SAC
stand is 1.37 m, or 6%, larger than the FBR stand
in the Myrtilloso-sphagnosa forest type, which is
statistically different from each other (P<0.05) (Figure
2). Because there are no organic materials left in the
forest stand from the previous stand after the removal
of the whole biomass, the basal area of the trees might
be reduced, which is impacted by the lack of minerals
(Egnell, 2011; Sterba, 1988).

Conclusions

1. FBR stands were the most comparable to SAC
stands among all the studied forest types in terms
of the understory flora.

2. Between FBR and SAC stands, there was no
statistically significant difference in soil carbon.

3. After all biomass is eliminated, tree stand DBH,
height, and basal area have a considerable negative
impact.

4. As a result of the long-term evaluation, it was
determined that the forest vegetation in FBR was
similar to that in the same-age control stand (SAC)
and that vegetation can successfully regenerate.

the removal of all biomass causes a greater deficit of
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