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result of Norway spruce regeneration chain. Silva Fennica 44(3): 511-524.

Economic result of forest regeneration chains, based either on spot mounding or on disc
trenching and planting of Norway spruce (Picea abies [L.] Karst.) seedlings, were clarified
and compared to each other. First, effects of soil preparation method on early development
of Norway spruce stands were measured from field experiments. Second, the effects of soil
preparation method on stand level management programs were modelled. The modelling
was based on growth simulation and investment calculations. The soil preparation methods
substantially affected early development of a stand. The density of the removed trees in early
cleaning was 56% higher on the disc-trenched area compared to the spot-mounded area. The
difference was especially high (120%), close by (<25 cm) the remained spruce seedlings.
There was also a difference between the methods in the growth of crop spruces; at biological
age of 8 years, the mean height of spruce was 110 cm on the spot-mounded area and 68 cm
on the disc-trenched area. The differences led to divergent management programs between
the areas. The disc-trenched area needed three young stand management operations whereas
two was enough at the spot-mounded area. Although disc trenching is a less expensive method
than spot mounding, the total management costs were higher in disc trenching than in spot
mounding. Furthermore, incomes from the first commercial thinning were higher when regen-
eration based on spot mounding. At the interest rate of 3%, the investment in spot mounding
had 329 € ha^1 higher net present value than the investment in disc trenching.
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1 Introduction

In general, investments in forest regeneration are
economically rational if they are paid back as
increased incomes or shortened rotation period
(Hyytiainen et al. 2006). Between a clear-cut and
a first commercial thinning, forest management
consists of several interrelated silvicultural opera-
tions, which compose a regeneration chain.

After clear-cutting, the first silvicultural treat-
ment for the next tree generation is usually soil
preparation. Soil preparation is an investment that
increases survival and growth of the planted seed-
lings in Nordic boreal forests (Nordborg 2001).
Unfortunately, soil preparation has also negative
effects in terms of enhancing the development of
unwanted tree species (Saksa et al. 1990). The
unwanted trees are mostly hardwoods that disturb
development of the coniferous crop trees. Hard-
woods are unwanted especially at Norway spruce
(Picea abies [L.] Karst.) sites, because they do
not improve the quality of crop trees contrary to
Scotch pine (Pinus sylvestris L.) sites (Nilsson
and Gemmel 1993, Huuskonen 2008). However,
effects of soil preparation on stand development
vary a lot between different methods.

Disc trenching is a relatively light soil prepa-
ration method. The main idea in disc trenching
is to expose mineral soil and to reduce competi-
tion between the crop trees and other vegetation
(Nordborg 2001, Saksa et al. 2005). Mounding
is a more intensive method and it has become
more common especially in connection with
spruce planting (Saksa et al. 2005). In addition
to reduction of competition, intensive prepara-
tion accelerates nutrient release and enhances
soil temperature more than disc trenching does
(Orlander et al. 1990, Sutton 1993, Nordborg et al.
2006). On spot-mounded sites, a share of exposed
mineral soil of the total area is 19%, when the
corresponding share after disc trenching is 27%
(Luoranen et al. 2007).

In Nordic growing conditions, effects of soil
preparation on success of spruce seedlings are
rather well known (Orlander et al. 1990, 1998,
2002, Hansson and Karlman 1997, Makitalo
1999, Nordborg 2001, Hallsby and Orlander 2004,
Saksa et al. 2005). Survival of spruce is better and
growth faster after an intensive soil preparation,
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such as spot mounding, compared with the lighter
methods, such as disc trenching (Nordborg 2001,
Orlander et al. 2002, Saksa et al. 2005, Nordborg
et al. 2006). In addition to the observations made
in the experimental studies above, Saksa and
Kankaanhuhta (2007) reported similar results
based on a large inventory data collected from
young spruce plantations in Finland.

According to Saksa et al. (1990), mineral soil
revealing increases establishment of unwanted
birch seedlings (Betula sp.). High density of hard-
woods, such as birch, decrease growth of conif-
erous crop trees (Folkesson and Barring 1982,
Pettersson 1992, Andersson 1993, Gobakken and
Naesset 2002, Dehlin et al. 2004) by affecting
water (Nilsson and Orlander 1995), nutrient (Jobi-
don 2000), and light (Jobidon 2000, Dehlin et al.
2004) conditions of growing site. In addition, risk
of mechanical damages in crop trees increases as
a function of density and size of unwanted trees
(Walfridsson 1976, Laaksonen 2008). Because
of the competition from hardwoods, spruce also
develops thinner stem, which sensitizes it to wind,
snow and ice damages (Jobidon 2000). Disad-
vantage caused by competition depends on the
distance and height difference between the crop
tree and the disturbing tree (Andersson 1993,
Laaksonen 2008). Therefore, a properly timed
pre-commercial thinning accelerates or at least
sustains growth of crop trees (Folkesson and
Barring 1982, Pothier 2002, Fleming et al. 2005,
Huuskonen and Hynynen 2006, Pitt and Lan-
teigne 2008).

However, optimal timing of young stand man-
agement operations is a multi-dimensional prob-
lem (Kaila et al. 2006, Kiljunen 2006). Costs
of cleanings and pre-commercial thinning arise
when density and stump diameter of the removed
trees increase (Kaila et al. 2006, Metsaalan tyoe-
htosopimus 2008). On the other hand, the later a
cleaning or a pre-commercial thinning is done, the
taller the crop trees, and the weaker the develop-
ment of new sprouts, will be (Johansson 1987,
Dehlin et al. 2004). Sprouting can also create
costs that come out as a need for pre-cleaning,
a cleaning operation before the first commercial
thinning (Ka'rha et al. 2006).

Although the biological effects of different soil
preparation methods on the development of a
planted spruce stand are rather well known, there
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Table 1. The main characteristics of the treatment areas and the silvicultural management history of the site.

Nearest town &
Treatment

Suonenjoki
Spot-mounded

Suonenjoki
Disc-trenched

Location (WGS84)
N E

62°33 27° 15

62°33 27° 15

Clearcutting

Site type

Myrtillus

Myrtillus

Soil texture Particles < 0.06 mm, Thickness of
% humus layer, cm

Medium-coarse
Sandy till

Medium-coarse
Sandy till

Soil preparation Planting

2.6 ± 0.54

3.9 ±1.62

Early cleaning

4.6 ± 1.9

5.1 ± 1.7

Area,
ha

0.42

0.53

Measurements

Management history, year 1999 2000 2000 2005 2007

is a lack of information about their effects on the
whole regeneration chain in economic terms. The
aim of the study was to find out and to compare
the effects of spot mounding and disc trenching
on early development of planted Norway spruce
stands, and on stand level management programs,
silvicultural costs, and incomes from the first
commercial thinning.

2 Materials and Methods

Initial data was measured from an experimen-
tal site located in Suonenjoki in central Finland
(Table 1). The site represented a typical Norway
spruce planting site (Luoranen and Kiljunen
2006). The experiment site was initially estab-
lished in 2000 to study effects of planting time
on success of spruce seedlings. The experimental
design is described in more detail in Luoranen et
al. (2006) and the soil preparation methods, spot
mounding and disc trenching, are described in
Luoranen et al. (2007). This time, the site was
measured just before the growth period of 2007,
in April and May.

Effects of spot mounding and disc trenching
on early development of planted spruce seedlings
and naturally regenerated seedlings were meas-
ured seven growth periods after soil preparations
when the biological age of the planted seedlings
was 8 years. The treatment areas were cleaned
a growth period before the measurements. Two
kinds of circular sample plots were established
to collect the data. Grid plots (r = 100 cm) were
located systematically in lines at intervals of four
metres. The distance between the lines was four
metres as well. Every second line started four

metres and the rest two metres from the border
of a treatment area. A spruce plot (r = 100 cm)
was connected to each grid plot so that the centre
of the spruce plot was the nearest planted spruce
from the centre of the grid plot. Both plot types
were measured 255 and 246 times from the spot-
mounded and disc-trenched treatment areas,
respectively. Thickness of the humus layer was
determined according to the previous measure-
ments (Luoranen et al. 2006).

In each grid and spruce plot, stumps of the
hardwoods (0>0.49 cm) removed in early clean-
ing and the hardwoods that presumably disturbed
growth of crop trees at the time of early clean-
ing (but were not removed for some reason)
were counted and classified into three diameter
classes ((1) 0.50-0.99 cm; (2) 1.00-1.99 cm; (3)
>1.99 cm) according to the stump diameter at
the height of 10 cm. In addition, coniferous trees
closer than 0.30 metres to the nearest crop spruce
were counted and classified, because they were
expected to cause costs in further silvicultural
treatments. From every second grid plot, stump
diameter and height of the nearest hardwood
(culled or living) from the centre of the plot was
measured.

In the spruce plots, stumps and trees were allo-
cated into three rings according to their distance
((1)0-25 cm; (2) 26-50 cm; (3) 51-100 cm) from
the centre spruce. In data analyses, all stumps and
trees (0>0.49 cm) inside the ring 1 were treated
as disturbing trees, whereas inside the ring 2
trees and stumps from diameter classes 2 and 3,
and inside the ring 3 only trees and stumps from
diameter class 3 were treated as disturbing trees.
If there was a disturbing tree inside any ring,
a need for early cleaning was considered at that
plot. Height of the spruce in the centre of each
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spruce plot was measured.
Descriptive statistics were calculated for heights

of crop spruces, and for density in total and in
different diameter classes of removed trees. Dif-
ferences between the soil preparation methods
(treatments) in total density and density in dif-
ferent diameter classes of removed trees (meas-
ured from grid plots) were tested by analysis
of covariance (ANCOVA). The corresponding
comparison was done for the total numbers and
numbers in different diameter classes of removed
trees located inside the rings (1-3) in the spruce
plots. In ANCOVAs, the thickness of humus layer
was used as a covariate. Although the densities
of the trees between the plots were not normally
distributed, ANCOVA was considered an appli-
cable method because of the large sample size.
Difference in the heights of crop spruces between
the treatments was tested by t-test.

Stand development was simulated forward from
early cleaning up to the first commercial thin-
ning. The input data on height of spruces, and on
removed and disturbing trees was based on results
from the field experiments, whereas the input
data on crop trees was taken from earlier studies.
Planting density was assumed as 1800 seedlings
per hectare. Mortality of planted trees before
early cleaning was assumed as 13.3% in the spot-
mounded area and 26.0% in the disc-trenched area
(Kuitunen 2001, Luoranen and Kiljunen 2006 and
Saksa and Kankaanhuhta 2007).

Density of complementary coniferous crop
trees was assumed as 300 and 330 ha"1 on the
spot-mounded and disc-trenched areas, respec-
tively (Saksa and Kankaanhuhta 2007). Density
of crop trees was assumed to remain constant after
early cleaning. Thus, the estimated densities of
coniferous crop trees were 1860 ha~' on the spot-
mounded area and 1662 ha"1 on the disc-trenched
area at the stage of the first commercial thinning.
Original dominant height was mean height of the
100 tallest crop spruces per hectare based on the
densities above.

The developments of dominant heights of crop
spruce on spot-mounded and disc-trenched areas
were based on the models presented by Kaila et
al. (2006) and Valkonen (1997), respectively. A
typing error of the model presented by Kaila et
al. (2006) was corrected, and the model was used
in the form as it is presented in Eq. 1.
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where IHjom(a(ij) is adjusted dominant height
growth based on the unadjusted dominant height
growth IHdom(imadi) that is estimated with the
single tree model of Valkonen (1997), T\s stand
age at beginning of growth period.

Ahead from the height of eight metres, domi-
nant height of crop spruces were assumed to
develop according to Valkonen (1997) in both
spot-mounded and disc-trenched areas to get
the soil preparation methods in equal position,
and thus comparable to each other. Estimation
of the mean height of crop spruce was based
on the single tree model presented by Valkonen
(1997) on both areas. Height development of
birch sprouts was based on the models presented
by Bjorkdahl (1983) and Jokinen (1973); the
same models were used with both soil prepara-
tion methods.

Sprouting intensity of hardwoods was deter-
mined according to Johansson (1992a) and Hak-
kila (1985); the number of sprouts per primary
stump was assumed to be 3.5. In later treatments,
a cluster of secondary sprouts was handled as a
stump. Share of sprouting stumps depended on
size of the removed trees and canopy coverage
of the growing trees. Development of spruce
canopy coverage was modelled based on branch
length that was estimated according to Kantola
and Makela (2004). The estimated branch was
assumed to grow at the distance of 90% of the tree
height from the top of the tree. Self-thinning of
hardwood sprouts was modelled based on Johans-
son (1992a). Density of hardwoods at the time of
t was modelled according to Eq. 2

C, = Co x Sp x A x Sn x t -0.4128 (2)

where CQ is density of hardwoods at the time of
cleaning, Sp is proportion of sprouting stumps
(Eq. 3), A is proportion of area free from spruce
canopy competition, Sn is number of sprouts per
sprouting stump and t is time from the previous
cleaning treatment (growth periods). Proportion
of sprouting stumps was modelled separately
(Eq. 3) based on the surveys of Hakkila (1985)
and Johansson (1992a):

S =0.025-4-0.595 (3)
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where S,, is proportion of sprouting stumps, h is
height of hardwood (cm) and x is a parameter
(89.61) for height to stump diameter ratio based
on the field measurements. In connection with
early cleaning, stump diameter based on the meas-
ured values instead of the height to diameter
ratio.

In simulations, timing of cleaning and pre-com-
mercial thinning operations were based on two
criteria: 1) the mean height of birch overgrew the
dominant height of spruce, or 2) after the opera-
tion, at least one metre height difference between
the mean birch sprout and the mean crop spruce
remains up to the first commercial thinning. The
criteria were based on ideas of avoiding not only
growth deceleration of crop spruces but also pre-
cleaning before the first commercial thinning.
On the other hand, the operations were done as
immediately as it was possible without breaking
the criteria. Incomes from the first commercial
thinning were estimated with MOTTI-simulator
software (Metla Metinfo... 2009). The assumed
prices of spruce and birch pulpwood were 23 €/m3

and 16 €/m3, respectively. The first commercial
thinning was done when the dominant height of
crop spruce reached 14 metres.

Finally, the regeneration chains based on spot
mounding and disc trenching were compared to
each other by carrying out an investment anal-
ysis based on growth and stand management
simulations. Sensitivity of obtained main results
were analysed by varying sprouting intensity,
price of birch pulpwood, and density of the crop
spruces.

In the investment analysis, costs of different
silvicultural operations were determined based
on statistics and earlier studies. Soil preparation
costs were 270 € ha"1 and 152 € ha~', respec-
tively on the disc-trenched and the spot-mounded
area (Juntunen and Herrala-Ylinen 2007). Direct
costs of planting were calculated according to
Metsaalan tyoehtosopimus (2008) and the cost
difference caused by soil preparation method was
estimated according to Saksa et al. (2002). Direct
planting cost per seedling was 6.98 cents and
7.63 cents, respectively on the spot-mounded
and disc-trenched areas. Price per seedling was
assumed to be 19 cents, delivered to the site.
Direct costs of cleanings and pre-commercial
thinnings depended on density and diameter of

removed trees and were calculated according to
Metsaalan tyoehtosopimus (2008). Direct costs
of plantings and young stand management opera-
tions were increased by 39.9% to cover pension
and insurance costs, and social security tax, and
costs of paid day offs (StatFin - Online... 2007,
Tyonantajan elakemaksut... 2007). In addition,
supervision and other costs were assumed to
increase direct costs of planting and young stand
management operations by 15%. Finally, travel
expenses of 44 cents per kilometre (Taxpayers
Association of Finland 2008) were added to plant-
ing and young stand management costs according
to work productivity. Distance to the working site
was 14 km (Rantala 2003).

3 Results

3.1 Field Experiments

Density of the trees removed in early cleaning
was 56% higher in the disc-trenched area (22 570
ha"1) compared to that of the spot-mounded area
(14490 ha"1). The share of coniferous trees of the
removed trees was 7% in the disc-trenched area
and 3% in the spot-mounded area. Soil prepara-
tion method also affected diameter of the removed
trees significantly. There was 134% more removed
trees with stump diameter greater than 0.99 cm
in the disc-trenched area compared to the spot-
mounded area (Table 2).

Spatial allocation of removed trees in relation
to crop spruces differed between the treatments
(Table 3). On the average, there was 25% more
removed trees near (<100 cm) crop spruces in the
disc-trenched area (23 507 ha~') compared to the
spot-mounded area (18758 ha"1). The difference
was the greatest (121%) very close by (< 26 cm)
crop spruces and became smaller when examined
farther (26-100 cm) the crop spruces. The dif-
ference was especially high in bigger diameter
classes. Disc trenching doubled the trees classi-
fied as disturbing ones compared to spot mound-
ing (Table 3).

On the average, there were 5.9 removed trees
(from which 1.4 were disturbing ones) per crop
spruce in the spot-mounded area (Fig. 1). The
corresponding figures on the disc-trenched area
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Table 2. Densities of the trees removed in early cleaning on the spot-mounded and disc-trenched areas. In the cor-
rected values, thickness of humus layer is standardized in order to eliminate the initial differences between
the treatment areas.

Measured (mean ± SD)
Hardwoods
Coniferous
Total

Removed
ha-1

13 806 ±
474 +

14280 ±

Spot-mounded
trees Proportion

%

11682
1389
11812

97
3

100

Disc-trenched
Removed trees Proportion

ha-1 %

21622
1617

23239

± 19457
±3291
± 19022

93
7

100

Difference to
spot-mounded
% p- value

57
241

63 0.001

Corrected (mean ± SEM)
Diameter class 1 (0.50-0.99 cm)
Diameter class 2 ( 1 .00- 1 .99 cm)
Diameter class 3 (> 2.00 cm)
Total

8 550 ±504
4701 ±517
1 241 ± 259

14490 ± 979

59
32
9

100

8696 + 513
9 645 ±528
4 230 ±265

22570 ± 1001

39
43
19

100

2
105
241
56

0.837
0.001
0.001
0.001

Table 3. Densities and spatial allocation of the removed trees nearby crop spruces in the spot-mounded and disc-
trenched areas. Gray background indicates disturbing trees.

Ring 1
0-25 cm

Ring 2
26-50 cm

Ring 3
51-100 cm

Total
0-100 cm

Removed trees
Diameter class 1 (0.50-0.99 cm)
Spot-mounded, trees ha~'
Disc-trenched, trees ha~'
Difference, %
p-value

Diameter class 2 (1.00-1.99 cm)
Spot-mounded, trees ha~'
Disc-trenched, trees ha~'
Difference, %
p-value

Diameter class 3 (> 2.00 cm)
Spot-mounded, trees ha~'
Disc-trenched, trees ha~'
Difference, %
p-value

Total removed trees
Spot-mounded, trees ha~'
Disc-trenched, trees ha~'
Difference, %
p-value

Total disturbing trees
Spot-mounded, trees ha~'
Disc-trenched, trees ha'1
Difference, %
p-value

12953
11323
-13
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Distance to crop spruce, cm

2 -

B)

O Disc-trenched

• Spot-mounded

9 10 11 12 13 14 15 16 17 18 19 20
Time since soil preparation, years

Height, dm

0-25 26-50 51-100
Distance to crop spruce, cm

Fig. 1. Number of removed (A) and disturbing (B) trees
per crop spruce in the spot-mounded and the disc-
trenched area.

• Spot-mounded

D Disc-trenched

10 30 50 70 90 110 130 150 170 190 210 230
Spruce height, cm

Fig. 2. Height distributions of crop spruces on the spot-
mounded and the disc-trenched area.

were 7.4 (2.9). At least one disturbing tree per
crop spruce indicated a need for early cleaning.
The shares of the crop trees needing early clean-
ing were 64% and 84% on the spot-mounded and
disc-trenched areas, respectively.

Soil preparation method affected height devel-
opment of crop spruce seedlings (p < 0.001). At
the biological age of 8 years (7 growth periods
after the soil preparation), the average crop spruce
was 42 cm taller on the spot-mounded area (mean
110 cm; SD 36 cm) than on the disc-trenched
area (mean 68 cm; SD 25 cm). For the purpose
of further simulations, dominant heights of the

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time since soil preparation, years

-Spruce, Hdom
(Valkonen 1997)

-Spruce
(Valkonen 1997)

Silver birch
(Bjorkdahl 1983)

Pubescent birch
(Bjorkdahl 1983)

Fig. 3. Simulated growth of the stands on the disc-
trenched (A) and the spot-mounded (B) area after
early cleaning.

stands were estimated based on the densities of
crop spruces. At the time of early cleaning, the
estimated densities of the crop spruces were 1860
ha^1 and 1662 ha~' in the spot-mounded and
disc-trenched areas, respectively. Based on these
densities, the estimated dominant heights of the
stands were 172 cm and 117 cm, respectively
(Fig. 2).

3.2 Growth Simulations

In the spot-mounded area, the simulated average
height of birch did not exceed the dominant height
of crop spruce after early cleaning carried out six
years after the soil preparation (Fig. 3). However,
the height difference between birch sprouts and
the mean crop spruce became less than 1 metre
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Table 4. Costs of the regeneration chains and incomes from the first commercial thinnings in the spot-mounded
and disc-trenched areas.

Discount rate
3% 5%

Time,
years

SPOT-MOUNDED
Costs, € ha'1

Soil preparation
Planting
Early cleaning
2. Cleaning / pre commercial thinning
3. Cleaning / pre commercial thinning

Incomes, € ha~'
First commercial thinning

Net present value € ha^1

DISC-TRENCHED
Costs, € ha-'

Soil preparation
Planting
Early cleaning
2. Cleaning / pre commercial thinning
3. Cleaning / pre commercial thinning

Incomes, € ha~'
First commercial thinning

Net present value € ha"1

1278
270
549
158
301

1304

26

1625
152
588
230
352
303

1198

2̂7

1 175
270
549
132
224

605

-571

1423
152
588
193
278
213

524

-899

I 122
270
549
118
185

367

-755

1319
152
588
172
238
169

306

-1013

0
0
6

10

26

0
0
6
8

12

28

4 years after the early cleaning, and the stand
was pre-commercially thinned 11 growth periods
after the soil preparation (Criterion 2). In the
disc-trenched area, the simulated average height
of birch overtook the dominant height of the crop
spruce two growth periods after the early clean-
ing and caused second cleaning (Criterion 1).
The third treatment, pre-commercial thinning, of
the disc-trenched area was 12 years after the soil
preparation (Criterion 2).

Crop spruces reached the dominant height of
14 metres after 26 and 28 growth periods in the
spot-mounded and disc-trenched areas, respec-
tively. Thus, the incomes from the first commer-
cial thinning were received two growth periods
earlier from the spot-mounded area compared to
the disc-trenched area. The exact stand charac-
teristics, simulated by MOTTI, at the time of the
first commercial thinning were: density 1859 trees
ha~', stand dominant height 14.03 m, diameter at
breast height 14.71 cm and quantity of pulpwood
harvested 56.7 m3 ha~!. All of the wood har-
vested from the spot-mounded area was spruce,
whereas 26.8% of the wood harvested from the

disc-trenched area was birch. Complementary
trees and mortality of the crop spruces were the
reasons for the yield difference.

3.3 Investment Analysis

Although the cost of spot mounding was substan-
tially higher than the cost of disc trenching, the
total costs of the regeneration chain based on spot
mounding were lower than those of the regenera-
tion chain based on disc trenching. The differ-
ence was mainly caused by the disparity in the
costs of young stand management operations; the
total costs of cleanings and pre-commercial thin-
nings were over 90% higher with disc trenching
compared to those with spot mounding. In addi-
tion to the smaller total costs, incomes from the
first commercial thinning were higher with spot
mounding than with disc trenching (Table 4).

Spot mounding investment had higher net
present value (NPV) than disc trenching invest-
ment. Cash flow, including the first commer-
cial thinning, was 26 € ha~' positive in the case
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Fig. 5. Sensitivity analysis of the difference in NPV,
between the investments in spot mounding and disc
trenching, under variation of sprouting intensity

(sprouts per stump).

of investment in spot mounding. In the case of
disc trenching, corresponding cash flow was 421
€ ha~' negative. The difference in profitability
between the investments in the different soil prep-
aration methods became smaller when discount
rate increased; when the discount rate of 5% was
applied, for instance, the difference in net present
value (NPV) was 258 € ha~' (Fig. 4). Investment
analysis did not include incomes from later cut-
tings nor value of the growing stock.

The difference in NPV decreased when the dif-
ference between the methods in stand crop spruce
density were either reduced or removed. This
effect was smaller with higher interest rates (Fig.
4). Effect of sprouting intensity on the difference
in NPV between the investments in spot mound-
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Fig. 6. Sensitivity analysis of the NPV difference, the
investment in spot mounding compared to the
investment in disc trenching, under variation of
birch pulpwood price.

ing and disc trenching was obvious; the higher the
intensity, the bigger the difference (Fig. 5). Price
of birch pulpwood had opposite effect; the higher
the price the smaller the difference (Fig. 6). How-
ever, the investment in spot mounding produced
substantially higher NPV than the investment in
disc trenching in all calculations.

4 Discussion

This study addressed the effects of soil prepa-
ration methods on the development of young
Norway spruce stands, and profitability of the
investments in spot mounding and disc trenching
over the whole regeneration chain. The experi-
mental data was collected from the single site that
was located in central Finland. Although the site
represented a typical Finnish regeneration site for
Norway spruce well, the lack of statistically valid
blocks and geographical limitations must be taken
into account when generalizing the results.

Total costs of the whole regeneration chain
and especially the costs of silvicultural opera-
tions after soil preparation were lower when spot
mounding was applied instead of disc trenching.
Furthermore, investing in spot mounding was
more profitable than investing in disc trenching.
Reasons for better profitability of spot mound-
ing were better survival and faster growth of the
crop trees, and lower density and weaker growth
of the competing hardwoods. Effects of faster
growth and better survival of the crop trees to the
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incomes from the first commercial thinning based
on simulations and preset criteria; optimization of
maximum net present value or land value was not
included in this study. However, it seems that the
difference between the soil preparation methods
would stay and even increase if the economic
result of wood production was examined over the
whole rotation period.

Biological impacts of soil preparation on the
development of a stand, similar to the results of
this study, have been widely described in earlier
studies. According to Saksa et al. (1990), Ages-
tarn et al. (2003) and Lorenzetti et al. (2008), for
instance, revealing mineral soil increases estab-
lishment of hardwoods. However, revealing min-
eral soil is not that important for growth of planted
spruce seedlings. Actually, spruce seedlings grow
better on a seedbed that contains humus (Hallsby
1994). Mounds contain plenty of humus, and
according to Nordborg (2001), Orlander et al.
(2002) and Saksa et al. (2005), planted trees
seem to grow better on mounds than on bare
mineral soil.

The difference in the density of hardwoods
between the spot-mounded and disc-trenched
areas was especially high nearby crop trees and
in the biggest diameter class (0>1.99 cm). For
the difference in the nearby trees, a possible
explanation is better moisture conditions for seed
germination after disc trenching than spot mound-
ing (Latva-Karjanmaa et al. 2003). Especially
good germination right after disc trenching might
also explain the difference in the biggest diam-
eter class. Disc trenching produces seedbed tex-
ture, which according to Lorenzetti et al. (2008),
is especially good for early establishment and
growth of birch (Betula alleghaniensis). However,
emerging of birch stabilizes in few years to the
level of unprepared soil (Lorenzetti et al. 2008).

Economic profitability of investments on silvi-
cultural operations depends much on completion
of interrelated operations. However, the interac-
tions between the different silvicultural operations
are difficult to take into account in economic
analyses reaching over rotation periods. Thus,
costs of pre-commercial thinnings, for instance,
are often simplified and included in an analysis
as independent variables that are not affected by
other operations such as soil preparation (Vet-
tenranta and Miina 1999, Hyytiainen et al. 2005,

Hyytiainen et al. 2006). This study indicates that
the interactions between a soil preparation method
and later silvicultural operations are significant
from the standpoint of economic profitability of
the regeneration chain.

There were some factors causing uncertainty in
accuracy of the simulation models. First, although
competition for water, nutrient and light decrease
growth of both coniferous crop trees and hard-
wood sprouts (Oker-Blom and Kellomaki 1982,
Johansson 1987, Nilsson and Orlander 1995 and
Jobidon 2000), it was not taken into account in
height development models. Therefore, growth
of the trees in understory position was possi-
bly overestimated that again caused uncertainty
and restricted the evaluation of alternative young
stand management programs. However, it unlikely
affects the differences between the methods,
because the effects would be similar with both
methods. Nevertheless, timing of operations could
be closer to optimal, and thus achieving higher
NPV might be possible.

Delaying the first pre-commercial thinning after
early cleaning in terms to avoid the second pre-
commercial thinning, for instance, could be a
reasonable option in disc-trenched sites. However,
delaying a young stand management operation
increases an impending consumption of working
time (Kaila et al. 2006) and decreases diameter
growth of crop trees (Pothier 2002, Fleming et al.
2005, Pitt and Lanteigne 2008) and is in generally
reasonable only if it enables to avoid some of later
management operations. Anyhow, similar proce-
dure could also be performed in spot-mounded
site by delaying early cleaning.

Secondly, model predicting density develop-
ment of coppice could be improved; it is rather
well known that amount of sprouts after early
cleaning depends on stump diameter, but variation
in proportion of sprouting stumps and sprouts per
stump is high (Hakkila 1985, Johansson 1987,
1992a, 1992c and Rossi and Rikala 1992). In
addition, growing conditions and density of the
stand affects to self-thinning and growth of the
sprouts (Hakkila 1985, Johansson 1987, 1992a
and 1992b and Dehlin et al. 2004). In this study,
sprout density simulations were based on average
values that were calculated on the basis of several
independent studies. Thus, accuracy of the simu-
lations could be improved by constructing more
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exact models for different conditions. The sprout
development models created in this study (Eqs.
2 and 3) have been specified to the conditions of
the study site, and therefore, should not be widely
generalized.

In conclusion, there are strong economic inter-
relations between soil preparation and later young
stand management operations in boreal Norway
spruce stands. Depending on discount rate and a
soil preparation method used, costs of the other
operations in a regeneration chain might be 4-10
times higher than the soil preparation cost. There-
fore, it is important to place extra attention to
the costs of the whole regeneration chain when
selecting a soil preparation method.
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