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* A soil moisture map could be used to support the choice of planting position for different
soil moisture conditions.

*  Mounds reduced mortality rates for conifers when conditions were wet, but at drier conditions
differences between planting positions were small.

»  Contradictory, silver birch had higher survival in lower planting positions compared with
mounds.

»  Height and diameter were higher in mounds for conifers, but only small differences occurred
between planting positions for silver birch.

Abstract

Adapting to site conditions is a central part of forest regeneration and can be done through selec-
tion of different planting positions. Requirements are tree species specific, and the use of soil
moisture maps could be a way to support decision making in forest regeneration planning. At
two experimental sites with varying soil moisture conditions in southern Sweden Norway spruce
(Picea abies (L.) Karst.), Scots pine (Pinus sylvestris L.), and silver birch (Betula pendula Roth)
seedlings were planted in four different planting positions following mounding site preparation;
Depression, Hinge, Mound and Unscarified. Soil moisture estimates were obtained from a high-
resolution depth-to-water raster for each planting spot. The effect of soil moisture, planting position
and their interactions on mortality, height and diameter was evaluated for each tree species. In
wet conditions mounds proved to be the best option to minimize seedling mortality for conifers,
but with decreasing soil moisture, differences between the planting positions decreased. Birch on
the other hand had the greatest survival in the hinge. The coniferous species displayed increased
height and diameter when planted in mounds independent of the soil moisture conditions, whereas
silver birch was less dependent on a specific planting position. Results from this study shows that
a soil moisture map can explain mortality, height and diameter and thus can be a useful tool when
choosing planting position in different soil moisture conditions.
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1 Introduction

Adaptation to a site is often discussed as crucial to succeed with regeneration and to fulfill the full
growth potential (Albrektsson et al. 2012). Choosing tree species and selecting suitable manage-
ment options is a way to adapt to site conditions. Tree species respond differently to various stress
factors, making them favorable in certain environmental conditions, and various management
options are more or less appliable to ameliorate site conditions (Nilsson et al. 2010; Wiensczyk
etal. 2011; Lof et al. 2012; Aleksandrowicz-Trzcinska et al. 2017; European and Joint Research
2022). Adaptations to site conditions are often done on a site level, even though most sites show
variation on a microsite level regarding soil type, soil moisture and other important factors. This
has raised the awareness of microsite adaptation to reach higher precision in silvicultural practice
(Holopainen et al. 2014; Fardusi et al. 2017; Saksa et al. 2021; Persson et al. 2022).

The choice of planting spot can be seen as site adaptation on a microsite level where dif-
ferent local site properties can be suitable for the planted seedlings to a varying degree (Luoranen
et al. 2018; Haggstrom et al. 2021; Nordin et al. 2022). The environment on a clear-cut leads to
significant seedling stress (Margolis and Brand 1990) emphasizing the need to choose a suitable
planting spot aiming at fast seedling establishment (Orlander et al. 1990; Thiffault and Jobidon
2006; Marquis et al. 2021). Following mechanical site preparation, several planting spots with
diverse microsite conditions are created (Lof et al. 2012; Wallertz et al. 2018; Sikstrom et al. 2020a).
On elevated planting spots, soil temperature and hydrological conditions are different from lower
spots (Sutton 1993). In berms and capped mounds, the porous structure with humus underneath
a mineral soil cap could increase the risk of drying when precipitation is low, thus limiting water
availability (Luoranen et al. 2018; Héaggstrom et al. 2021). In contrast, lower planting positions
in humid environments could increase the risk of oxygen deficiency, due to the accumulation of
water, but be more favorable in dry environments (Orlander et al. 1990; Hansson et al. 2018).
Nutrient availability is also important to consider since mounds and planting spots on top of humus
has shown to promote mineralization (Schmidt et al. 1996; Smolander and Heiskanen 2007), and
planting spots where humus has been removed can lead to nutrient deficiency (Nohrstedt 2000;
Simard et al. 2003). This can have a significant impact on Norway spruce (Picea abies (L.) Karst.)
seedlings that have shown to be more sensitive to removal of nutrients compared to Scots pine
(Pinus sylvestris L.) (Nilsson et al. 2019). Also, planting spots with certain characteristics may
reduce abiotic and biotic risks such as frost or pine weevil (Hylobius abietis L.) (Langvall et al.
2001; Nordlander et al. 2011; Heiskanen et al. 2013; Luoranen et al. 2017).

Recommendations regarding the selection of planting spots seldom differ between tree species
in Sweden (Albrektsson et al. 2012). However, Scots pine and Norway spruce have been shown to
respond differently to site preparation (Nilsson et al. 2019). Also, there is limited knowledge about
planting of birch (Betula L. spp.) on forest land since general practice and research has focused
on natural regeneration (Peréld and Alm 1990; Karlsson and Nilsson 2005; Hynynen et al. 2010;
Holmstrém et al. 2017; Saursaunet et al. 2018) or planting of silver birch (Betula pendula Roth) on
former agriculture land (Karlsson 2002; Daugaviete et al. 2003; Hytonen and Jylhd 2005; Rytter
and Lutter 2020). Only a few studies have examined the effects of different planting spots on forest
land (Luoranen et al. 2003; Pikkarainen et al. 2021). Present knowledge has led to recommenda-
tions for planting of silver birch on forest land that are often similar to those for conifers (Rytter
et al. 2014; Fahlvik et al. 2021), but with an emphasis on the need of vegetation control (Karlsson
2002; Hytonen and Jylhd 2013).

Within-site variation of soil moisture can lead to differing results in growth and mortality
of seedlings and motivate a variation in management (Skovsgaard and Vanclay 2013; Holmstrom
et al. 2019). Through advancements in remote sensing, digital soil moisture maps of high resolu-
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tion are available, making it easier to detect within-site variation and assist in decision making
(Murphy et al. 2008; Agren et al. 2014; Nijland et al. 2015). Soil moisture maps have provided
support in practical forest management planning to avoid rutting damage made by forest machinery
(Mohtashami et al. 2017), to protect forest streams and plan buffer zones (Kuglerova et al. 2014;
Agren et al. 2015), or as source of recommendations regarding site preparation (Ring et al. 2020).
There is also potential to use these maps for regeneration planning to reduce seedling mortality
(Holmstrom et al. 2019). Further development of these maps, combined with site knowledge,
could enable splitting of clear-cuts into smaller homogenous areas for potential uses including tree
species selection (Saksa et al. 2021). The evolution of digital tools could therefore be a stepping
stone towards precision forestry with more detailed information available for decision making.

The purpose of this study was to study the effect of soil moisture, planting position and
their interaction on mortality, height and diameter of Norway spruce, Scots pine and silver birch
seedlings. Two sites with great within-site variation in soil moisture were used, which enabled
comparisons between different soil moisture conditions under the same climatic conditions. For
evaluation of soil moisture, a high-resolution soil moisture map was used to enable evaluation
on a microsite level. We therefore also evaluate if a soil moisture map could be used for decision
making regarding which planting position to choose in different conditions. We hypothesize that:

1) On wet sites, elevated planting positions (mounds) increase seedling survival

2) On drier sites, planting positions will be of less importance for survival

3) Seedling height and diameter will be highest in elevated mounds

2 Material and method
2.1 Experimental design

Two sites in southern Sweden, Isberga (Isb) in the province of Sméland and Holkaberga (Holk)
in the province of Skane, were selected for establishment of the experiment (Fig. 1). They were
selected due to their within-site variation in soil moisture, which was essential for the purpose of
exploring the use of soil moisture maps for regeneration planning. The sites were clear-felled in
2014 (Isb) and 2018 (Holk) with subsequent site preparation using an excavator in 2019 (Isb) and
2020 (Holk) resulting in mounds. Additionally, a ditch cleaning was carried out in the spring prior
to establishment in Holk. The sites differed in site characteristics such as clear-cut ages, site index
and climatic conditions (Table 1). Soil texture at both sites were predominantly sandy till soil but
differed with soil moisture conditions. In Isb the wetter parts were dominated by peat, with a thick
humus layer. Historical maps (Lantmaéteriet 2022) indicated that the wetter parts of Holk, with more
organic material mixed in the soil, were possibly pasture or farmland in the past.

To ensure that the sites included a wide range of soil moisture conditions, a depth-to-water
(DTW)-raster (Agren et al. 2014; Murphy et al. 2008) was used when establishing the experiment.
For each site, 25 blocks were established evenly distributed across four different soil moisture
conditions, wet, moist, mesic and dry (Fig. 2). In each block, 12 mounds were created with an
excavator. Because of the within-site variation, the mounds differed in size, resulting in differences
in the depth and height of the planting positions. Seedlings of the same species were planted in
four different planting positions in the same mound: (1) depression, (2) hinge, (3) mound, and (4)
unscarified control (Fig. 3). The height below and above ground of each planting position was
measured in the autumn after planting. On average, seedlings were planted 22 cm below ground
surface in depression, 11 cm below ground in hinge and 12 cm above ground in mound. The surface
of the planting spots (i.e. mineral soil) was around 30 cm in diameter.
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Fig. 1. Map displaying the location of the two experimental sites Isberga (filled
triangle) in the province of Smaland and Holkaberga (filled dot) in the province
of Skane where this study was conducted.

Table 1. Site characteristics of the two experimental sites in southern Sweden used to study the effect of planting posi-
tion and soil moisture conditions on the three species Norway spruce, Scots pine and silver birch.

Site Isberga Holkaberga
Year of clear felling 2014 2018
Year of establishment? 2019 2020
Site index® G24 G34
Coordinates (WGS84) 57°13'N, 13°25'E 56°01'N, 13°50'E
Elevation (m a.s.l.) 163 115
Precipitation (mm)©
1991-2020 983 (587) 843 (486)
Study period 1020 (567) 844 (463)
Temperature (°C)4
1991-2020 6.6 (11.4) 8.1(12.7)
Study period 7.7 (12.0) 9(13.3)

Norway spruce®
Scots pine®
Silver birch®

SP75 / Lilla Istad FP — 502
SA90 / Lilla Istad FP — 604A
BP36 / Ekebo 5 FP — 809

SA115 / Ekebo FT — 907
SP75 / Gotthardsberg FP — 606B
Plantek36 / Ekebo 5 FP — 809

2 Planting was done in the same year as the experimental establishment.

b Site index derived from site properties as the height of the dominant trees after 100 years for Norway Spruce (G).

¢ Average annual precipitation, derived from the nearest weather station (SMHI 2022) for the latest climate period (1991-2020) and
the study period (20192021 Isberga and 2020-2022 Holkaberga). The value within the brackets represents the average precipitation
during the growing season (April-October). Weather stations; Isberga — Skeppshult D (73070) (57°12'N, 13°40°E) and Holkaberga
— Knopparp D (53570) (55°93°N, 13°85'E).

d Average mean air temperature derived from the nearest weather station (SMHI 2022) for the latest climate period (1991-2020) and the
study period (2019-2021 Isberga and 2020-2022 Holkaberga). Values within the brackets represent the average mean air temperature
during the growing season (April-October). Weather stations: Isberga — Hagshult (74180) (57°29'N, 14°14’E) and Holkaberga —
Horby A (53530) (55°86'N, 13°67°E).

¢ Information about the seedling type, i.e. container type (e.g. SP75) and provenance of the seed source (e.g. Lilla Istad FP — 502).
Container type and provenance of the seed source are separated with a dash.
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Fig. 2. Distribution of the planting spots in the different
soil moisture conditions according to the soil moisture
map (Depth-to-water-raster) at the experimental site Is-
berga in the province of Smaland. Blue color = wet soil
(superficial DTW, 0-0.5 m), green = moist (intermedi-
ate, 0.51-1 m), yellow = mesic (deep DTW, 1.01-2 m)
and pink = dry (very deep DTW, 2.01 m-infinity). The
DTW-raster was downloaded from the Swedish Forest
Agency (SFA).

Each block was planted with 48 seedlings, 16 seedlings per species adding up to a total of
1200 seedlings per site. Containerized improved seedling material of Norway spruce, Scots pine
and silver birch provided by Svenska Skogsplantor was used (Table 1). The seedling material, i.e.
provenances, was selected to fit the climatic conditions of the two sites. All seedlings were planted
at a conventional planting depth, i.e. where the peat plug was buried a couple of centimeters below

Fig. 3. [llustration of the different planting positions within a planting spot (mound) used in this study to check
the effects on seedlings of Norway spruce, Scots pine and silver birch in different soil moisture conditions.
From the left; Mound, Hinge, Depression, and Unscarified.
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the soil surface. Silver birch seedlings were generally larger than both the Norway spruce and Scots
pine seedlings. The silver birch seedlings were thus planted using a planting auger, while the Norway
spruce and Scots pine seedlings were planted with a planting tube. If standing water was present
in the depression, the seedling was planted as low as possible without being submerged. Norway
spruce and Scots pine seedlings were treated with a Conniflex coating (Svenska Skogsplantor), a
composition of sand and glue applied onto the stem of the seedlings in the nursery before delivery,
to protect against pine weevil damage. To handle potential browsing, all seedlings were treated
with Trico (Organox AB), an emulsion of fatty acids from sheep that is sprayed on the leading
shoot, in the autumn after the first and second growing seasons.

2.2 Field measurements

Seedling height (in mm) above soil surface and diameter at ground level (in mm) was measured after
each one of the first three growing seasons. Also, the damage level of the seedlings was assessed at
the same time using a 7-level scale: 0 = No damage, 1 = Negligible damage, 2 = Slightly damaged
(reduced growth but not smaller than previous year), 3 = Severe damage (smaller than previous
year), 4 = Lethal damage (expected to die the following year), 5 = Dead, and 6 = Missing. The
major cause of damage was also registered, such as browsing, damage by insects (mostly pine
weevil), water logging or fungi-related damage. When the cause of damage could not be deter-
mined, it was registered as unknown. Only the major cause of damage was registered per seedling
at each inventory occasion.

Soil moisture content was measured using a TDR (Time-domain reflectometer, FieldScout
TDR 350 Soil Moisture Meter) at a depth of 0.2 m. Measurements were taken in all planting
positions in one random mound per block and site once a month from May to October during the
two first growing seasons in Isb and the first and third growing season in Holk. The average soil
moisture content was then calculated for each site to represent the actual soil moisture condition
during the growing season.

2.3 Digital data

To spatially identify each individual planting spot, they were positioned using the Avenza maps
application for smartphones (Avenza Maps™). The built-in smart phone GNSS (Global Naviga-
tion Satellite Systems) had an accuracy of £2 m. Soil moisture values for each planting spot were
extracted from a national DTW-raster (2 x 2 m resolution) available at the Swedish Forest Agency
(SFA 2022) using ArcGIS Pro (Esri, West Redlands, CA). A DTW-raster displays the estimated
depth to groundwater as calculated based on the topographical variation and proximity of water
sources with a predetermined stream initiation threshold (Murphy et al. 2008; Agren et al. 2014).
Values of the DTW-raster can range between 0 m to 1000 m, where values closer to 0 indicate
wetter conditions. The distribution of the DTW-values in relation to soil moisture was not linear,
meaning that differences in soil moisture for values between 0—1 m are greater than values from
1 m and upwards. Therefore, a classification of the values was needed before analysis, a procedure
also made in previous studies using DTW (Agren et al. 2015; Mohtashami et al. 2022). The values
were classified into four classes: Superficial DTW, 0-0.5 m, Intermediate DTW, 0.51-1 m, Deep
DTW, 1.01-2 m, Very deep DTW, 2.01 m—infinity. In practice, these are mainly referred to as wet,
moist, mesic and dry, respectively.
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2.4 Data analysis

Mortality was determined as the amount of seedlings within vitality class 5 and 6 after three grow-
ing seasons. To analyze the effect of DTW and planting position on mortality, a mixed generalized
linear model with a binomial distribution was constructed using Proc Glimmix in SAS 9.4 (SAS
Institute, Cary, NC, USA). The following model was fitted:

Yju = g+ +bj + vk +(a7/)jk +8 +(ad), +(18),, +(a7/6)jkl + & 1))

where 4 is the overall mean, «; the fixed effect of DTW class (i=1-4), b;; is the random effect of
DTW class within site, y; is the fixed effect of planting position (k=1-4), (o) is the interaction
between the fixed effects DTW class and planting position, J; is the fixed effect of tree species
(I=1-3), (ad);; is the interaction of the fixed effects DTW class and tree species, (yd)y; is the interac-
tion between the fixed effects planting position and tree species, (ayd); is the three-way interaction
between the fixed effects DTW class, planting position and, tree species and ¢ is the experimental
error. If significance was detected, a Tukey adjusted pairwise comparison was conducted to dif-
ferentiate between Ismeans of DTW-class, planting position and species.

A linear mixed effect model was used to analyze height and diameter after three growing
seasons. Since growth patterns naturally differ between species and therefore might be difficult
to compare in an analysis, height and diameter were analyzed separately for each species. Both
height and diameter followed a normal distribution, and the following model was fitted with Proc
Mixed in SAS 9.4 (SAS Institute, Cary, NC, USA):

Y = puoi + by +yi +(or) , +&ijic 2

where 4 is the overall mean, «; the fixed effect of DTW class (i=1-4), b;; is the random effect of
DTW class within site, yy is the fixed effect of planting position (k=1-4), (ay); is the interaction
between the fixed effects DTW class and planting position and & is the experimental error. The
denominator degrees of freedom were calculated using the Satterthwaite method. A Tukey adjusted
pairwise comparison between Ismeans was conducted when variables were significant, and the
significance level was set to 0.05.
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3 Results
3.1 Soil moisture

For both sites, measured soil moisture content and DTW correlated in the unscarified control
planting position (Fig. 4). When DTW increased, the soil moisture content decreased, indicating
that DTW sufficiently captured the differences in soil moisture at both sites. As expected, depres-
sion and hinge had the highest soil moisture content and the mound the lowest with superficial
and intermediate DTW (Fig. 5). However, when DTW increased (deep and very deep) and
indicated drier conditions, the soil moisture content in the hinge and depression decreased and
became similar to mound and unscarified. Notably, soil moisture content was generally lower in
Holk compared to Isb.
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Fig. 4. The relation between depth-to-water (DTW), in cm, and soil moisture content (%) measured with Time domain
reflectometer (TDR) in the unscarified control once a month between May and October for two years at the experimen-
tal site in Holkaberga (gray dots) and Isberga (black dots) in southern Sweden. Only measurements in the unscarified
control are shown in this graph to represent the conditions when soil conditions have been unaltered.
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Fig. 5. Soil moisture content measured using a Time domain reflectometer (TDR), during two growing seasons in May
to October in relation to soil moisture derived from the depth-to-water (DTW)-map in the four planting positions for the
two experimental sites Isberga (I) and Holkaberga (II). Superf. = Superficial DTW (0-0.5 m depth); Inter. = Intermedi-
ate DTW (0.51-1 m depth); Deep = Deep DTW (1.01-2 m depth); V. deep = Very deep DTW (2.01 m — infinity depth).
UnSc = Unscarified (white); Depression (light gray); Hinge (gray); Mound (black).

3.2 Mortality

There was a significant interaction between DTW class, planting position and species for mortal-
ity (Table 2). The greatest effect was found for Norway spruce, where planting in depression in
wet soil conditions (superficial DTW) generated the highest mortality with 96% dead seedlings,
in contrast to the mound which achieved the lowest value with 4% (Fig. 6). As soil moisture con-
ditions became drier (increasing DTW depth), the planting positions became less important, but
mortality in depression tended to be higher. In very deep DTW, mortality was similar in all planting
spots, around 15%. Instead, here the unscarified position generated the highest mortality of 47%.
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Table 2. Results of the analysis of variance (p-values) for the fixed
effects and their interaction after the first three growing seasons
on mortality for the species Norway spruce, Scots pine and silver
birch. Statistically significant effect (<0.05) is highlighted in bold.
DTW = depth-to-water, Plantpos = planting position.

p-value
Effect Mortality
DTW class 0.3590
Plantpos <0.0001
DTW class x Plantpos <0.0001
Species 0.1152
DTW class x Species 0.4700
Plantpos x Species <0.0001
DTW class x Plantpos x Species 0.0144

For Scots pine, the effect of DTW class and planting spot was not as pronounced as for
Norway spruce (Fig. 6). Still, in superficial DTW, the differences were large with 84% mortality
in depression compared with 9% in the mound. In the other DTW-classes, there were no differ-
ences between the planting positions, and the mortality varied around 20%. Here, the unscarified
position in general generated the highest mortality between 30-50%.

No significant differences for DTW class and planting position were found for silver birch
(Fig. 6). Although not significant, the highest mortality was found in the depression in superficial
DTW with 61%. In contrast to Norway spruce and Scots pine, more seedlings tended to die in the
mound and unscarified position in intermediate, deep and very deep DTW, 35-50%, compared to
12-20% in depression and hinge.

As a summary, the overall best planting position for Norway spruce was the mound (8%
mortality) and the worst was depression (54% mortality). For Scots pine, mound was most preferred
(19% mortality) and depression least preferred (39% mortality). Birch performed best in hinge
(20% mortality) and worst in mound (42% mortality).

The major cause of mortality differed between planting spots and species (Table 3). The
main factor resulting in mortality for seedlings planted in depression and hinge was water logging
which could have caused oxygen deficiency. For Norway spruce, insect damage, primarily pine
weevils, was the dominant factor causing mortality. For Scots pine, browsing and insect damage
dominated, while for silver birch fungi (stem spot lesion) and browsing were the major reasons.

10
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Fig. 6. Seedling mortality for the respective species, Norway spruce, Scots pine and silver birch planted
in the four planting positions in each Depth-to-water (DTW) class. DTW classes are Superficial DTW
(0-0.5 m depth), Intermediate DTW (0.51-1 m depth), Deep DTW (1.01-2 m depth), and Very deep
DTW (2.01 m — infinity depth). Superf. = Superficial DTW; Inter = Intermediate DTW; Deep = Deep
DTW; V. deep = Very deep DTW. Columns with different letters are significantly different. Since sig-
nificant interactions occurred, comparisons are made between both DTW class and planting positions.
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Table 3. Major cause of damage for each species and planting spot treatment in percent of total damage for
all seedlings used in the study. The percentage represents the combined results from both experimental sites
Isberga and Holkaberga. The major causes of damage are represented by drought, water logging, fungal dam-
age, browsing damage, insect damage, and unknown cause of damage.

Drought Water ? Fungi Browsing Insects Unknown
Spruce Unscarified 2 8 39 51
Depression 4 70 1 12 13
Hinge 2 62 13 23
Mound 21 63 16
Pine Unscarified 7 1 15 28 49
Depression 59 4 11 26
Hinge 2 26 8 25 39
Mound 27 16 57
Birch Unscarified 43 40 4 13
Depression 36 29 12 23
Hinge 10 44 26 20
Mound 36 38 1 25

2 Water = Water logging.

3.3 Height

Significant interactions between DTW class and planting position occurred for all three tree species
regarding height after three growing seasons (Table 4). For Norway spruce, this interaction showed
that the greatest difference in height between planting positions was found in superficial DTW
(Fig. 7). Seedlings grown in mounds achieved the highest height, 765 mm, and this was signifi-
cantly higher than seedlings grown in depression, 445 mm. In the other DTW classes, no significant
differences were found between planting spots. A similar pattern was found for Scots pine, where
the height in mounds in superficial DTW were significantly higher than in the depression, 765 mm
versus 448 mm (Fig. 7). For Scots pine, seedlings planted in the unscarified treatment were also
significantly higher, 756 mm, compared with the depression. No other differences were found, but

Table 4. Results of the analysis of variance (p-values) for the fixed effects and
their interaction after three growing seasons on height and diameter for Norway
spruce, Scots pine, and silver birch. Each species was analyzed separately. Statisti-
cally significant effect (<0.05) is highlighted in bold. DTW = depth-to-water and
Plantpos = planting position.

p-value
Species Effect Height Diameter
Norway spruce DTW class 0.4819 0.3997
Plantpos 0.0003 <0.001
DTW class x Plantpos 0.0026 <0.001
Scots pine DTW class 0.8093 0.7383
Plantpos 0.0140 <0.001
DTW class x Plantpos <0.001 0.0015
Silver birch DTW class 0.8267 0.7915
Plantpos <0.0001 0.0513
DTW class x Plantpos 0.0106 0.0003
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Fig. 7. Seedling height (mm) for the respective species, Norway spruce, Scots pine and silver birch
planted in the four planning positions in each Depth-to-water (DTW) class. DTW classes are Superfi-
cial DTW (0-0.5 m depth), Intermediate DTW (0.51—1 m depth), Deep DTW (1.01-2 m depth), and
Very deep DTW (2.01 m — infinity depth). Superf. = Superficial DTW; Inter = Intermediate DTW;
Deep = Deep DTW; V. deep = Very deep DTW. Columns with different letters are significantly differ-
ent within each DTW class. Columns without letters are not significantly different. Notice the different
scale on the Y-axis for silver birch compared to Norway spruce and Scots pine.
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the unscarified treatment tended to have seedlings with lower height in intermediate, deep and very
deep DTW. For silver birch, the only differences found between planting spots were in deep DTW
(Fig. 7). Here, height for seedlings in mound were significantly lower than for seedlings planted
in hinge or depression, 799 mm compared with 1117 mm and 1138 mm, respectively. The same
pattern was found for intermediate and very deep DTW, but not significant.

3.4 Diameter

As for height, significant interactions between DTW class and planting position occurred for all
three tree species after three growing seasons (Table 4). For Norway spruce, seedling diameter was
significantly highest in mounds in superficial, intermediate and deep DTW (Fig. 8). The difference
was greatest in superficial DTW with a diameter of 17 mm in the mounds compared with around
9—11 mm in unscarified, depression and hinge. The differences declined with increasing DTW class
and were not significant in very deep DTW. For Scots pine, seedlings planted in mounds also had
the highest diameter in general (Fig. 8). As for Norway spruce, the difference between planting
positions was most pronounced in superficial DTW where the diameter in mounds was 21 mm
while it was only 8 mm in the depression. In intermediate, deep and very deep DTW, diameter in
depression was similar to unscarified and hinge. Less variation in diameter was found for silver
birch (Fig 8). No significant differences were found between DTW class and planting position
except for in superficial DTW where seedling in unscarifed positions had a significantly higher
diameter than in depression, 18.5 mm versus 14 mm.
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Fig. 8. Seedling diameter (mm) for the respective species, Norway spruce, Scots pine and silver birch
planted in the four planning positions in each Depth-to-water class. DTW classes are Superficial DTW
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4 Discussion
4.1 Mortality

This study showed that soil moisture derived from a DTW-map and planting position after mounding
significantly explained the mortality rate of Norway spruce, Scots pine and silver birch, to varying
degrees, on two forest sites in southern Sweden. As could be expected, the variation in mortality
within areas of different soil moisture conditions varied largely depending on the planting posi-
tion. Notably, it was the wettest soil moisture class that displayed the largest variation between
planting positions regarding mortality for the conifers. When conditions were wetter, a lot of the
mortality was due to seedlings planted in the depression. High mortality rates in the depression
were not a surprise, as waterlogging is a known issue when regenerating in areas with high soil
moisture content (Pearson et al. 2011). Seedlings planted below the soil surface in environments
with high soil moisture suffer from waterlogging and will either develop poorly or die (Orlander
et al. 1990; Grossnickle 2016; Henneb et al. 2019). Hence, in such areas the recommendation is to
search for elevated planting spots (Orlander et al. 1990; Sutton 1993), which was also true in this
study. Our results support the hypothesis that mounds are suitable options to decrease the mortal-
ity rate, particularly for the conifers. When soil moisture conditions become drier, depression and
hinge positions prove to be as good options as mounds to reduce the mortality rate. In areas or
occasions with low precipitation, low planting positions can even be preferred to avoid mortality
due to drought when mounds run the risk of drying out (Orlander et al. 1990; Luoranen et al. 2018;
Héaggstrom et al. 2021; Nordin et al. 2022).

Contradictory, silver birch seedlings planted in the elevated mounds had a rather high mor-
tality rate, although not statistically different, it was always higher than in the hinge. Mounding is
known to be a viable planting position option in wet areas for both Norway spruce and Scots pine
to reduce the mortality rate (Nilsson and Orlander 1995; Johansson et al. 2007; Pearson et al. 2011;
Heiskanen et al. 2013). For silver birch, mounding is also a viable option but has been studied
to a lesser degree in comparative studies (Pikkarainen et al. 2021). However, other broadleaved
tree species, like poplars (Populus spp.) and hybrid aspen (Populus tremula L. x P. tremuloides
Michx.), have been shown to respond well to planting in mounds (Mc Carthy et al. 2017; Hjelm
and Rytter 2018; Thiffault et al. 2020). Our study showed that the mound might not be the best
option regarding survival for birch seedlings. One explanation could be that silver birch is a spe-
cies that requires a lot of water and that the elevated position in the mound became drier than the
hinge and depression. Birch often regenerates naturally on moist to wet parts on a clear-cut area
and thrives in moist conditions (Lidman et al. 2023).

This study did not clearly show that unscarified planting positions should be avoided to
decrease mortality, although it is a common conclusion from previous studies (Sikstrom et al.
2020a). Probably, the differences in clear-cut age between the sites most likely played into this,
since pine weevil damage was not a factor in the five-year-old clear-cut in Isb. Four years after
clear-felling a large amount of the pine weevil population has left the clear-cut and the feeding
pressure drops significantly (Orlander et al. 1997; von Sydow 1997). In Holk on the other hand,
where the clear-cut was one year old, there was an abundance of pine weevil damage, which is
also more likely to be severe in unscarified positions (Petersson et al. 2005; Nordlander et al.
2011). Here, the unscarified positions had higher mortality rates, and it was most obvious when
conditions were drier.

It is evident that the different species are exposed to various causes of damage. Water log-
ging was the most important factor causing mortality in Norway spruce and Scots pine in depres-
sion and hinge, while it was of less importance for birch. Insect damage, mainly by pine weevil,
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was the reason behind a large part of the mortality in the unscarified and mound position. In silver
birch, stem spot lesion explained around 30—40% of the seedling mortality. Browsing or damage
made by herbivores hardly caused any damage in Norway spruce, but was a major factor for both
Scots pine and silver birch. These two species are highly attractive by browsers (Bergstrom and
Bergqvist 1997; Mansson et al. 2007), which can be problematic in the regeneration phase if no
measures are taken to reduce damage. In conclusion, the species are exposed to different threats,
which needs to be considered when choosing site and planting spot since additional measures to
prevent damage might be needed, for example pine weevil protection, browsing repellants, fenc-
ing, and by also considering stock type and genetic material that are more resistant to a specific
damage agent.

4.2 Height and diameter

Depending on planting position, seedlings responded differently to the soil moisture conditions in
terms of height and diameter three years after planting. Clear effects of the excessive amount of
water could be seen for Norway spruce and Scots pine planted in depression where both height
and diameter were reduced. Lack of oxygen due to the wet conditions can hinder the growth
since root growth and functioning is inhibited (Orlander et al. 1990; Grossnickle 2000; Gross-
nickle 2012; Grossnickle and Macdonald 2018). This growth reduction in the wettest conditions
for the coniferous species was especially evident when comparing the mound position to lower
positions. The coniferous species had overall a superior growth in the mounds, but the same
pattern could not be found for silver birch, not even in the wettest parts of the sites. In terms of
height, the browsing level on the silver birch could partly explain the lack of differences between
treatments.

Norway spruce seedlings in this study consistently showed a greater height in the mound
position, indicating that mounding creates favorable conditions no matter the soil moisture condi-
tions. This is even more prevalent when looking at the diameter of Norway spruce and Scots pine
seedlings where planting in the mound was the best option, displaying superior diameter in com-
parison to the other planting positions, no matter the soil moisture conditions. Increased diameter
is generally an indication of root development (Grossnickle 2012; Grossnickle and Macdonald
2018), which further confirms that mounding creates favorable conditions for establishment (Hallsby
and Orlander 2004). When mounding, the loosening of soil improves nutrient availability and
increases soil temperature (Orlander et al. 1990; Sutton 1993; Smolander and Heiskanen 2007).
Also, the consistent higher height in the mound position for the two conifers could be an effect of
the removal of competing vegetation (Nilsson and Orlander 1999; Thiffaul et al. 2010). Below-
ground competition for water and nutrients have previously been shown to be an important factor
in establishment (Munson et al. 1993; Nilsson et al. 1996), though in this study competition for
water was most likely not the issue except for the driest areas of the sites.

In terms of height and diameter development, a recommended planting position for silver
birch is hard to distinguish from our results since seedlings planted in the unscarified position
consistently grew as good as the other planting positions. In fact, contrary to the conifers, the
mound position seemed to generate the lowest height and diameter compared to the other treat-
ments, although not always statistically significant. One recurring theme in previous studies on
silver birch regeneration research is the need to manage the competing vegetation (Karlsson 2002;
Hytonen and Jylha 2005). Most of the studies have focused on planting on former agricultural land
where serious damage by voles and a dense vegetation cover is to be expected (Karlsson 2002;
Daugaviete et al. 2003; Hytonen and Jylhd 2005). In this study, forest land was planted, and no
such damage was recorded at either site but damage by ungulates seriously hindered the height
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growth, which may be a common issue when planting birch (Hynynen et al. 2010). The potential
lack of enough soil water could be another aspect in the mounding positions. In capped mounds,
drought could occasionally be a problem (Haggstrom et al. 2021).

4.3 Soil moisture

Since the soil moisture derived from the DTW-map showed such an important effect in the analy-
sis, it suggests that there is a use for soil moisture maps in regeneration planning to some extent.
Being able to differentiate between areas where elevated planting positions should be recommended
is one application. This has previously been suggested as a utilization of soil moisture maps in
Swedish forestry, or at least using them to identify areas where mounding is a suitable site prepara-
tion method (Ring et al. 2020). The complexity of modelling soil moisture became evident from
these two experiments. Local conditions at Isb and Holk played a role in how soil moisture varied
locally, which is not always captured by national soil moisture maps like the DTW-map used in
this study. Previous validations of different types of soil moisture maps firmly confirms that for
the most accurate result, tuning of resolution and threshold values should be done for the area of
interest (Larson et al. 2022). However, as a planning tool, the national maps are viable in terms of
dividing and identifying different areas where special management is needed, which has a great
value in forest regeneration planning (Holmstrom et al. 2019).

4.4 Conclusion

Our results show that mortality, height and diameter of Norway spruce, Scots pine and silver
birch could be improved by using a soil moisture map to select a planting position suitable for a
given condition. It was clear that the effects were most obvious in the wet parts, hinting that a soil
moisture map does a good job differentiating between wet and dry conditions. As hypothesized,
elevated planting positions increased seedling survival on wet sites and with decreasing soil mois-
ture content the position became less important, at least for the conifer seedlings. Obviously, low
planting positions, like depressions, should be avoided in wet conditions, but with decreasing soil
moisture, more flexibility can be applied when planting. In addition, the conifers responded best
to the mound position regarding height and diameter. On the contrary, for silver birch it seems
like rather the opposite was the key, i.e. avoiding dry positions since mounding did not have a
positive effect on neither mortality, height or diameter. Thus, there is a need for more research to
understand the effects of site preparation methods on silver birch. The functional ecology of each
species has to be considered when developing best practice.
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