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The effects of precommercial thinning on the quantity and external quality of young
Scots pine stands were examined over two 10-year periods in an experiment comprising
five stands growing on sub-dry sites in Finnish Lapland, northern Finland. The thinning
treatments applied resulted in stand densities of 625, 1111, 1600, 2500 and 4444 stems
ha ! and a no-treatment, unthinned plot with a randomised block lay-out of two or tree
replications in each stand. The dominant height of the stands varied between 4 and 8 m
at the time of thinning.

The trees reacted only slightly to the increase in growing space during the first ten
years following precommercial thinning. During the second 10-year period, increased
growing space was reflected more clearly in diameter and volume increment. These
reactions were more evident in stands thinned at an early stage. The increment of the
thinnest 100-200 trees ha! in each treatment was poor. The results showed that when
the main principle in precommercial thinning is to achieve even spacing, the remaining
smallest trees fail to react positively to the increase in growing space. In other words, the
target of precommercial thinning should be to concentrate the increment on the tallest
trees, even though they are located in groups.

The external quality of the trees in stands where precommercial thinning was carried
out at a later stage was high, and the diameter of the thickest branch along the butt log
remained under 20 mm. Branch diameter was greater in stands thinned at an early stage.
The effect of precommercial thinning on branch diaméter when comparing the extreme
treatments averaged 5 mm.

When the aim of stand management is to combine high quality and good yield in natu-
rally regenerated Scots pine stands in northern Finland, precommercial thinning should not
be carried out before the dominant height of 7-8 m. The intensity of precommercial thin-
ning depends on the yield targets of the first commercial thinning. A spacing of 2500 stems
ha! satisfies the requirements of both high quality and adequate yield.
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1 Introduction

The forests where final cuttings are nowadays
carried out in Finland are almost without excep-
tion naturally regenerated. This is especially true
in Finnish Lapland, where artificial regeneration
did not begin on a large scale until the end of the
1940s. High-quality Scots pine (Pinus sylvestris
L.) sawtimber is thus mostly obtained from what
can be referred to as natural normal stands grown,
at least in their early stage of development, at a
very dense spacing (see Ilvessalo 1937).

The most common forest site type in Finnish
Lapland is pine-dominated, sub-dry type which
accounts for 48.6 % of the region’s mineral soil
sites (Kuusela et al. 1986). In the Perdpohjola
vegetation zone, the sub-dry forest site type is
called the Empetrum-Myrtillus type (EMT)
(Cajander 1949). When fully stocked, an EMT
stand has a high stem number at the juvenile stage,
an average of 20 000 stems ha™! at the age of 20
years, 6000 stems ha! at 30 years and 4500 stems
ha! at 40 years (Ilvessalo 1937). Sarvas (1950)
studied selection stands in Lapland and found that
EMT stands contained on average 11 000 seed-
lings ha-!. Nowadays naturally regenerated young
stands appear to be less dense. On sites with seed
trees, and comprising mainly of EMT, there were,
on the average, 4900 seedlings ha™! in southern
Lapland. In northern Lapland the corresponding
figure was 1800 seedlings ha-'4-20 years after soil
preparation (Norokorpi 1983).

According to current silvicultural guidelines
for private forestry, precommercial thinning in
naturally regenerated young stands should be
carried out to give 1800-2000 stems ha™! at a
dominant height of 4-7 m (Luonnonlidheinen
metsdanhoito 1994). In state forestry the target
spacing is 1600-2000 stems ha™' at an average
height of 3-6 m (Metsdnhoitosuositusten... 1994).
High-quality sawtimber is an important silvicul-
tural goal in the guidelines.

In naturally regenerated young Scots pine stands
precommercial thinning has no effect on height
development, but diameter increment is strongly
promoted by the thinning intensity (Mékinen 1959,
Vuokila 1972, Vestjordet 1977, Parviainen 1978,
Thernstrom 1982, Varmola 1982, Fryk 1984,
Pettersson 1993). Furthermore, the earlier a stand
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is precommercially thinned, the greater is the in-
crement reaction (Varmola 1982, 1993).

Earlier results obtained over a 10-year grow-
ing period based partly on the material of this
investigation (Varmola 1987) showed that
precommercial thinning resulting in stand densi-
ties of 625-4444 stems ha! had no effect on the
increment of the dominant trees, i.e. the thickest
500 trees ha™! or even the thickest 500-1000
trees ha-!. The only reaction to thinning was in
the branch diameter (4 mm) and crown ratio (10
% points) of the 500 thickest trees ha-! between
extreme treatments.

The density before precommercial thinning had
a clear effect on the external quality of the trees.
5-10 years after precommercial thinning in stands
with only 3000-5000 stems ha~! before thinning
the thickest branch along the butt log was, on the
average, 8 mm thicker than that in fully stocked
stands with 6000-10 000 stems ha™'. The lack of
growth reaction after thinning was attributed to
the uneven age and size structure of the naturally
regenerated stands, and the gaps in stands caused
by seed trees. Competition from dominant and
co-dominant trees with respect to trees of other
tree classes was minor because of the free grow-
ing space around the gaps (Varmola 1987).

In the future, too, naturally regenerated stands
of Scots pine on sub-dry sites will constitute the
main source of sawtimber in Finnish Lapland.
Therefore, it is important to know how precom-
mercial thinnings should be made in these for-
ests in order to ensure maximum quantity and
quality of sawtimber, or whether they should be
left unthinned. The aim of this paper is to study
the effects of precommercial thinning on the in-
crement and quality of naturally regenerated Scots
pine stands in Finnish Lapland. The study is
focused on the period from precommercial thin-
ning to the first commercial thinning, i.e. the
period covering the ages of 25 to 65 in stand
development.

2 Material and Methods

The study material consisted of data collected
from five, naturally regenerated young Scots pine
stands growing in different parts of Finnish Lap-
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land (Table 1). All the stands belonged to the
sub-dry forest site type of the Perdpohjola vege-
tation zone, Empetrum-Myrtillus type (EMT)
(Cajander 1949). The seed trees were removed
from the stands in the early 1950s. The stands
were subsequently left unthinned until the estab-
lishment of this experiment in 1972-73, when
precommercial thinning was carried out.

The mean age of the dominant trees varied from
23 to 45 years in 1972(-73) (Table 1). Stands 1
and 5 in southern Lapland were precommercially
thinned at a relatively late stage when the domi-
nant height (average height of the 100 tallest trees)
was already over 8 m. Precommercial thinning
was carried out in the poorest stands (stands 2 and
4) when the dominant height was 4 m.

The material was relatively uniform as regards
initial density, tree species composition, and site
type. The stand density prior to precommercial
thinning in all the stands averaged over 5000
stems ha!, and there was only a minor degree of
species mix, mainly consisting of downy birch
(Betula pubescens Ehrh.) (Table 1). The average

site index (H;¢p= dominant height at the age of
100 years) estimated using the function devel-
oped by Gustavsen (1980) was 16 in all the
stands; i.e. the sites represented the rich EMT
site.

The layout of the experiment, randomised
blocks, was the same in stands 1, 2, 4, and 5,
with three replications in each stand. Stand 3 had
only two replications. Each replication consisted
of six square plots 50 X 50 m in size. The thin-
nings were randomised within each replication.
The thinning treatments resulted in stand densi-
ties of 625, 1111, 1600, 2500, and 4444 stems
ha-l. The respective mean spacings were 4, 3,
2.5, 2, and 1.5 ms. One plot per replication was
left unthinned.

The main principle in precommercial thinning
was to achieve even spacing: trees from all height
classes were removed in thinning. As a result of
this, the mean stand height weighted by the basal
area did not increase after thinning and this was
seen also in height distribution after precommer-
cial thinning (Fig. 1). Stands 1 and 5 had the

Table 1. Main characteristics of the experimental stands.

Stand
1 2 3 4 5
Location
Rovaniemi Salla Kolari Inari Rovaniemi
Latitude 66°11' 66°58' (Gl el 68°53' 66°53'
Longitude 26°48' 29°02' 24°13' 28°09' 25°03'
Height above sea level, m 210 220 200 160 140
Temperature sum, d.d. 902 803 854 756 902
Site index (Gustavsen 1980), m 15.6 16.4 16.5 15.8 15.6
Number of plots (blocks) 18 (3) 18 (3) 12 (2) 18 (3) 18 (3)
Mean age of dominant trees
at thinning, a 45 29 26 24 39
Mean age of sample trees (s.d.), a 39 (6) 18 (3) 23 (4) 20 (3) 34 (5)
Dominant height at thinning
(100 tallest trees ha'), m 8.6 4.4 5.1 4.1 8.1
Stem number before thinning, st ha™!
Scots pines 7300 11 000 7300 5700 8900
All species 7600 13 100 8200 6000 10 000
Range (Scots pines) 5025-9275 3750-11 425 4325-8775 2000-7750 4550-12 025
Time when thinned spring =73  autumn -73 autumn-72 autumn-73 spring —73
Previous stand history burnt 1830 notknown removal of notknown removal of
seed tree seed trees seed trees
cutting 1931 1955 1954
removal of
seed trees
1951
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Fig. 1. Height distributions in the experimental stands after precommercial thinning 1972(-73).

broadest height distributions, with average heights
of 7-8 m. Stands 2-4 had somewhat similar
height distributions. All the plots, even those
subjected to the heaviest treatments, retained
small-diameter trees following precommercial
thinning (Fig. 1).

The stands were measured in 1972 or 1973
before and after precommercial thinning. Four
circles with a radius of 5.64 metres were marked
out systematically in each plot along the plot
diagonals. Tree species, mode of regeneration,
height (dm), and the previous year’s height in-
crement (cm) were determined on every tree with-
in the circles. Breast height diameter (DBH) was
not measured.

The 1972(-73) measurements were repeated
on the same circular subplots in 1982 and 1992.
All the trees were mapped with respect to their
orientation (1/360°) and distance (cm) from the
centre of the circle. DBH was measured at an
accuracy of 1 mm. One third of the tallied trees
located closest to the centre of the circles were
selected as sample trees. The following meas-
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urements were made: height (dm), upper diame-
ter (mm, at 3.5 or 6.0 m height), the lower limit
of the living and dead crown (dm), the diameter
of the thickest living and dead branch (mm) (in
1982 along the butt log, i.e. first 4 m, and in
1992 along the whole stem), and the elevation of
the thickest branch above the ground (dm). The
state of health, technical quality of the trees, and
tree layer (only in 1992) were estimated.

In 1992 soil samples were taken from the min-
eral soil and organic layer. A plotwise sample
consisted of 27 systematically located points per
plot. A humus sample was taken from each plot
with a cylinder 50 mm in diameter and a mineral
soil sample with a cylinder 28 mm in diameter to
a depth of 10 cm. The particle size of mineral
soil was analysed from mineral soil samples.
The ammonium acetate extraction method was
used to study the amounts of extractable concen-
trations of the various nutrients.

The soil in stands 1, 2, and 5 was sorted (Table
2). The soil in stand 2 was coarse-grained and
those in stands 1 and 5 were of fine-grained



Ruha and Varmola

Precommercial Thinning in Naturally Regenerated Scots Pine Stands ...

Table 2. Type and nutrient contents of the soils in the
experimental stands.

Stand
1 2 3 4 5
Soil type

Fine- Coarse- Sandy  Sandy Fine-
grained  grained  till till grained

N, % 072 036 081 083 0.69
K,mgkg! 500 272 714 439 517
P, mg kg™! 145 571 210 89.8 934
Ca,mgkg! 997 503 1427 1122 960
Mg, mgkg! 140 699 217 178 157
Mn, mgkg?! 106 500 267 820 129
Na,mgke! 2219 201 19.5 372" 239
Zn, mg kg!  13.1 BT R lF 51340 140

pH - H,0 3.6 3:6 3.8 3.6 37

sand. Soils in stands 3 and 4 were sand-moraine
and sorted to some degree. The extractable nutri-
ent contents in the soils of the stands were clear-
ly lower than those of sub-dry or dry sites in
southern Finland (Tamminen 1991). The pH val-
ues of the humus layer were almost identical in
all the stands, i.e. varying between 3.6 and 3.8
pH (Table 2).

DBH had to be estimated from the first meas-
urements made in 1972(=73) in order to facili-
tate the computation of stand characteristics. A
diameter-height function was fitted separately to
each stand. The measurements made on the un-
thinned plots in 1982 and 1992 were used in the
fitting. The function was obtained from a sec-
ond-degree height-diameter curve by solving for
DBH:

d=((h- a)/B)? (1)

where

d = breast height diameter, mm
h = tree height, dm

o and 3 = parameters

The parameter estimates for 1972(-73) (Table 3)
were extrapolated standwise from a linear func-
tion using the parameters obtained for 1982 and
1992 from the function (1).

The statistical significance of the differences
between the different thinning treatments was
analysed using one-way analysis of variance of

Table 3. Parameters of the diameter function (1) in
1992, 1982 and 1972(-73). The 1992 and 1982
parameters were fitted using data from the
unthinned plots. The 1972(-73) parameters were
computed as a linear function using the 1992 and
1982 parameters. 1> = coefficient of determina-
tion, n = number of observations.

Stand
1 2 3 4 5

1992

o -32.21 -14.28 -26.13 -24.14 -21.14
B 13.79 10:58 —+12:88=+11:59 12.17
12 0.892 0.829 0846 0.769  0.848
n 242 497 296 335 322,
1982

a -2845 945 -17.86 -10.30 -19.39
B 1239 8.33 9.88 8.16 11.29
£ 0.896 0.865 0.854 0.811 0.835
n 264 502 302 344 362
1972(-73)

a -24.68 -5.11 -959 2.16 -17.69
B 10.90 6.47 723 3.07 10.41

the standwise randomised blocks. The differenc-
es between the thinning treatments were ana-
lysed pairwise using Tukey’s HSD test. The dif-
ferences between the stands could not be tested
using analysis of variance because the material
consisted of two clearly different groups. Stands
1 and 5 in southern Lapland, which were grow-
ing in more favourable conditions, were thinned
at a later stage than stands 2 and 4 in northern
Lapland. Stand 3 represented intermediate con-
ditions between these two groups.

3 Results

3.1 Stand Development Following Precom-
mercial Thinning

3.1.1 Mortality
Mortality on the densest plots during the 20-year

measurement period increased with increasing
stand height at the time of the precommercial
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Table 4. The proportion of dead standing trees, fallen
trees and trees broken below the stem midpoint in
the experimental stands in 1992.

Stand
1 2 3 4 5
% of total stem number

625 158 0.0 0.0 0.0 52
1111 0.0 0.0 0.0 0.0 0.7
1600 0.5 0.5 0.0 0.4 1.0
2500 139 0.6 0.5 0.6 29
ot L1 1.6 1.0 1.0 3.0

Unthinned 13.1 4.1 1.7 3.0

thinning. The proportion of completely dead
standing trees, fallen trees, and trees broken be-
low the stem midpoint in 1992 on the unthinned
plots was 13.1 % in stand 1, 12.6 % in stand 5
but below 5 % in the other stands (Table 4).
When stand density was reduced to 2500 stems
ha-! or less, there was no notable self-thinning in
any of the stands. As there was no significant
abiotic or biotic damage in the stands, the cause
of tree mortality was mainly the competition
between the trees. In stands 2 and 4, which had a
dominant height of 9 m in 1992, self-thinning
was still very low.

3.1.2 Stand Characteristics

According to Gustavsen (1980), the EMT forest
site type corresponds to the site index H;py=15.
The development of stands dominant height
closely followed a line between the site index
curves 15 and 18 (Fig. 2). Stand 5 was character-
ised by an exceptionally slow dominant height
increment during the first ten years after precom-
mercial thinning, when it was only 14 cm a™.
During the second 10-year period, dominant
height development was normal for the stand
age. There were no significant differences in
dominant height increment resulting from the
thinning treatments.

The basal area after precommercial thinning
varied from 0.5 to 10.4 m? ha!. The current
annual basal area increment after thinning was
higher during the first 10-year period than dur-
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Fig. 2. The development of dominant height 1972(-
73)-1992 in the experimental stands, mean of all
plots. Site index curves according to Gustavsen
(1980).

ing the second, except in stand 2. The stands
were therefore close to the culmination point of
current annual basal area increment.

3.2 The Effect of Thinning Intensity on
Increment

3.2.1 Mean Height

The current annual increment of height corre-
sponding to the basal-area based median diame-
ter was 0.17-0.27 m as the mean for all treat-
ments during the first 10-year period after
precommercial thinning (Table 5). During the
second 10-year period, the corresponding incre-
ment was 0.18-0.29 m. During the first 10-year
period after thinning annual increment was not
dependent on stand density. During the second
10-year period the increase in mean height was
the greater, the more widely spaced were the
trees on the plots. The northernmost stand 4 was
an exception in this respect. In general, the treat-
ment 4444 stems ha™' or no thinning differed
significantly from the other thinning treatments
(Table 5).
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Table 5. Current annual increment of the stand characteristics during the first 1972—(73)-1982 and second 1983—
1992 10-year period following precommercial thinning. X = mean of all treatments.

2 P s
72-82 l 83-92 TRARNY 88592 72489 183202 72-82 o 83-92 72-8257 483-82

Current annual increment of height corresponding to the basal-area based median diameter, m
X 022 0.19" 0.21 0.273"% 0.27** 0.29" 0.22 51 0:22% 017 0.18*"
Unthinned  0.24*  0.16%® 0.167%. _.0.192 0.262%  0.222 0.20*  0:212 (054" (5] 54

625 0218 0258 0.242  0.30P 0.26® (.31 0.242  0.192 0.200  0.19°
i1 6 0.222  (.22¢ 0252  0.30b 0.282  0.30b 0.242 (.23 0.182 0.22°
1600 0:23%"'~'0.19% 0242 0.29b 027 0.32b 0.212  (0.24% 0.192  0.19®
2500 0.212  (.20bd 0212  0.27b 0.28>  0.30° 0228 0.24° 0.162 0.18>
4444 0.22a = (0.158 0.198  0.25¢ 0.28> 0.27% 0228 (0.232 0.16*  0.172
Current annual increment of basal-area based median diameter, cm
X B34#800.1 61 0,3 5EREG 4 0. 445903 01" H1g24™ 01330 giTee
Unthinned 0.292  0.102 (01 L ) 17 0.33%-30115% 0:328% ¥ 188 0.222  0.092

625 0.49> 0.27° 0.5185110(520 0.53> 0.49° 0.56° 0.24% 0.48> 0.26°
1111 0.41b¢  (,22¢ 0.432b  (.43¢ 0.46b  0.41b¢ 0.442  (,28b 0.39%  0.19¢
1600 0.332¢  0.164 0.44>  0.39¢ 0.48> 0.37¢ 0.36%>  0.26% 0.36% 0.16¢4
2500 0268 (.12 0.328b (.294 0.45b 0.274 0.422> (.24% 0.29% (.16
4444 (265 () 108 0.25% (.25 (.39 01O 0.359%> (.20 0.25% (.12
Current annual basal area increment, m*ha
2 0.78™". 045" 058%™ (RO 0.84™* 0.84* 0.68 0.62 0.68™* 0.45™
Unthinned  1.02¢  0.46% 0.86* 0.992 1398~ 8,022 1.06% . 0:61F 0.90° 0.51%

625 0.43®  0.37* 0:31% *“0.55P 0.31°" 7 0:57° 0:320" “0.,66° 042> 0.33¢
1111 0.64%¢ (.48 041> 0.71¢ 0.47b¢  (0.74%b 0.54%  (.432 0.54b¢ (.40
1600 0.73¢  0.46% 0.52b¢  (.82¢d 0.66¢  0.922 0.612> (.66 0.672 (0.432bc
2500 0.84% (.48b 0.67* 0.864 0.89¢ 0,912 0.73% (.69 0.80*  0.54°
4444 1.032  0.47° 0.66% (.89 13183, 0998 0.86%> (0.68* 0.792  0.53%
Current annual volume increment, m3/ha
X 4.50*** 3.84™ 1988 420 3.197%%m5 204 237 3.34 3357 1 3ul6"
Unthinned 5.992 4,082 3.018 1 4.83¢8 5432 5962 3608 3128 4282 3.492

625 2.33b ., 2.76P 1.14%.; . 2.87b 1.128 . 3.07° [.Q9w 1 2938 2.08° 2.100
1111 3.43bc 3,632 1.53bc 3,852 1.71b¢  4.202¢ 2.042 2452 2.70bc  2.92ab
1600 4.21cd 3,75 1.80bc 4,492 2.37b¢ 5392 2,185 T3, 548 3.428bc 2 g7ab
2500 5294 4742 2369 qr]Te 3.40cd  5.942b 951 s o o o 51 o Ve
4444 5.75¢  4.06° 2.12%0 4352 5.13¢d 6,770 2.898° 392» 3.69%¢  3.69*

In Tukey's HSD test, the treatments indicated by different letters differed from one another at the 5 % significance level. The stand means
denoted by asterisks indicate that the treatments differed from the standwise mean at the level of 5 % (*), 1 % (**) or 0.1 % (***).

3.2.2 Mean Diameter

The current annual increment of basal-area based
median diameter was 0.33-0.63 c¢cm a~! during
the first 10-year period (Table 5). The increment
was lower in all the stands during the second 10-
year period after thinning, 0.16-0.34 cm a’'.
There were significant differences between the
thinning treatments during both 10-year periods
after thinning. The differences were somewhat

more marked during the second 10-year period.
The weakest reaction occurred in stand 4 during
both 10-year periods. The more widely spaced
the trees grew, the higher was the current annual
increment of the mean diameter. The differences
were significant especially between the thinning
treatment 625 stems ha™! and the other treat-
ments, and between no thinning and the thinning
treatments (Table 5).
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3.2.3 Basal Area and Volume

Both basal area and volume increment were close-
ly connected to the growing stock level during the
first 10-year period after thinning. The higher the
growing stock level, the higher were the current
annual increment of basal area and volume. The
standwise means were 0.45-0.84 m? ha! a-! for
basal area and 1.98-4.50 m® ha!a~! for volume
(Table 5). The differences between the treatments
were significant, except for both basal area and
volume increment in stand 4. The differences
between the thinning treatments were the greater,
the higher the basal-area increment levels. In all
stands except stand 4 the treatment 625 stems
ha! differed significantly from no thinning and
treatments 4444 and 2500 stems ha! (Table 5).
During the second 10-year period, the differ-
ences between the thinning treatments dimin-
ished (Table 5). This was a result of the reaction
of the trees to the increased growing space. Es-
pecially in treatments 2500 and 4444 stems ha™"!
and no thinning, the current annual increment
was at a constant level. In stands 2 and 4, which
were thinned at an early stage of development,
and also partly in stand 3, the current annual
increment of both basal area and volume in-
creased during the second 10-year period after
thinning. In stands 1 and 5, the situation was the
opposite. Stands 1 and 5 had passed the culmina-
tion point of current annual basal area and vol-
ume increment. The trees were noticeably larger
in stands 1 and 5, and the competition between
the trees already stronger than that in stands 2—4.

3.2.4 Increment in Different Parts of the
DBH Distribution

The effect of thinning on stand characteristics was
examined in more detail on the basis of the DBH
distribution. According to graphical analysis, the
annual increment of stand characteristics differed
clearly from stand to stand (see also Table 5).
However, the shape of increment level as a fun-
tion of stem number in the different stands was
rather equal. Therefore the standwise data were
combined by treatments for further analysis.
The trees were arranged into groups of 100
trees starting from the top of the DBH distribu-
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tion of each treatment. There were no clear dif-
ferences between the thinning treatments as re-
gards current annual height increment during the
first 10-year period after thinning (Fig. 3a). No-
table was the equal increment of almost all tree
groups with thin trees growing as much as thick
ones. During the second 10-year period, the aver-
age height increment was slower both on the
densest plots and in the lower part of the DBH
distribution (Fig. 3b).

The current annual diameter increment dif-
fered from the mean on plots thinned to 625
stems ha! or to 4444 stems ha™! and on the
unthinned plots during the first 10-year period
after thinning (Fig. 3c). During the second 10-
year period, there were clear differences between
all the thinning alternatives; only the plots with
4444 stems ha™! and the unthinned plots were
close to each another (Fig. 3d). During both peri-
ods, diameter increment decreased as tree diam-
eter diminished along the DBH distribution. The
somewhat equal increment obtained in the dif-
ferent thinning treatments during the first 10-
year period after thinning is seen to be evidence
of a very slow reaction by trees to increased
growing space after thinning.

The shape of the graphic presentation of the
current annual volume increment along the DBH
distribution was equal to that of the diameter in-
crement (Figs. 3e and 3f). The annual volume in-
crement for a specific tree group was the greater,
the more widely spaced were the trees in the stand
during the second 10-year period after thinning.
The volume increment of the groups comprising
the 100 or 200 thinnest trees ha-! was very poor.
This indicated that the smallest trees could not
react to the increase in growing space. The dom-
inant trees (100 thickest ha!) always had a much
faster increment than the next 100 trees. The reac-
tions in volume increment were clearer in stand 2—
4, which had been thinned at an earlier stage of
development, than in stands 1 and 5.

3.3 External Quality
3.3.1 Crown Characteristics

The study material was separated into two groups
according to crown ratio (Fig. 4a) and living
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Fig. 3. The current annual increment of height, diameter and volume 1972(-73)-1982 (a, c, ) and 19831992 (b,
d, f) in tree classes from the upper side of the DBH distribution. Values counted as means for all stands.

crown limit. Twenty years after precommercial
thinning, the trees in stands 1 and 5, which had
been thinned at an older age, had 5 % to 20 %-
units smaller crown ratios than the trees in stands
2-4, which had been thinned at younger age.
The mean crown ratio of the 500 thickest trees
was clearly higher than that of all the trees twen-
ty years after the precommercial thinning. The
plots with 625 stems ha™! were exceptions in this
respect (Figs. 4a and 4b). The crown ratios of the
500 thickest trees differed significantly by thin-
ning treatment in stands 1-3 and 5, but not in
stand 4. A pairwise comparison revealed signifi-
cant differences between those thinning alterna-

tives which were not closest to one another. The
elevation of the living crown limit was the high-
er, the denser were the trees growing on the plot
(up to the spacing of 2500 stems ha™'). The liv-
ing crown limit was above 4 m only on the
densest plots in stands 1 and 5.

The differences in the elevation of the dead
crown limit (i.e. the distance from the ground to
the first, lowermost dead branch at least 10 mm
in diameter among the 500 thickest trees ha')
among the stands were small despite differences
in tree height (Fig. 4c). In stands 24, this limit
was at a height of 1.0 m and in stands 1 and 5 at
1.6-2.1 m. There were no clear differences among
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the different stand spacings. The dead crown
limit appeared to be dependent on the tree height
rather than on spacing at this stage of stand de-
velopment.

3.3.2 Thickest Branches

The mean diameters of the thickest living and
dead branches of the 500 thickest trees ha~! meas-
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ured in 1992 were used as the branch-diameter
variables. The diameter of the thickest living
branches varied considerably from tree to tree
within a plot, from 15 to 50 mm. In all the
stands, the mean diameter of the thickest living
branches in the different treatments were very
similar (Fig. 4d). Branch diameter was slightly
higher on the more widely spaced plots, the dif-
ference between stand density of 625 stems ha™!
and the unthinned plot being from 0 mm to 9
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mm. The thickest living branches were located
at a height of 4.0 to 7.5 m above the ground.

The mean diameter of the dead branches was
the greater, the denser was the stand (Fig. 4e).
This was due to differences in the living crown
limit. The mean diameter of the thickest dead
branches was, on the average, between 14 mm
and 24 mm, but in most cases below 20 mm. The
differences between the mean of the thickest
dead-branch diameters in the most widely spaced
and the most densely spaced plots varied be-
tween 0 mm and 7 mm. Stands 1 and 5 had
living crown limits at a height of over 4 m on the
densest plots, and the diameters of the thickest
dead branches already described the final level
of the thickest branches along the butt log.

4 Discussion

The results of the study can be applied on sub-
dry mineral soils in Finnish Lapland. According
to the effective temperature sum computed using
the model presented by Ojansuu and Henttonen
(1983), the location of the study stands varied
from the protection forest line in the north (750
d.d.) to the southern boundary (900 d.d.) of the
Peripohjola vegetation zone (Kalliola 1973).

The material also covered the current recom-
mendations as regards the appropriate timing of
precommercial thinning, i.e. from early (stands 2
and 4) to late (stands 1 and 5) in terms of stand
development stage. Because the stands thinned
at an early stage of development were located in
the severest conditions in terms of the tempera-
ture sum, the results obtained could not be com-
pared statistically in relation to the timing of
thinning. The intensity of thinning varied from
extremely widely spaced (625 stems ha™') to over-
dense (4444 stems ha™') and unthinned, thus cov-
ering all the possible thinning alternatives.

An obvious shortcoming in the material was
that DBH was not measured at the time of estab-
lishment of the experiment in 1972(-73). The
method used in estimating DBH is based on the
fact that the height/diameter curves for Scots
pine change with changing stand age, and that
the change is in the same direction in relation to
time. Although the change within ten years may

not be dramatic, extrapolation of the height curve
parameters was considered to be better than, for
example, direct using the parameters measured
in 1982 to obtain estimates for the 1972(-73)
diameters.

The form of function (1) was close to that by
Elfving (1982) in the HUGIN project in Sweden.
Elfving’s function was developed for estimating
tree diameters with the aid of tree height at a
mean height of 8 m. The coefficient of determi-
nation in this study varied between 0.77 and 0.90
(Table 3), indicating a rather good fit for func-
tion (1) to the height/diameter relationship. The
fit of the diameter estimates was checked by
comparing successive height curves. The domi-
nant heights computed from diameters estimated
in 1972(=73) were logical when compared to the
dominant heights obtained from values meas-
ured in 1982 and 1992 (Fig. 2), and thus rein-
forced the reliability of the diameter estimation.

Tree mortality in the experimental stands was
insignificant during the twenty-year monitoring
period. In Ilvessalo’s study (1937), mortality
amounted to 18 m3 ha™! (18 % of the total vol-
ume) at the age of 50 years on EMT sites which
is much higher than that found in this study.
During the age interval from 30 to 50 years, self-
thinning was 29 % of the stem number in Ilves-
salo’s study (1937), which was more than dou-
ble than in this study. The main reason for this
may have been the higher initial stem numbers
in the stands included in Ilvessalo’s study.

The current annual increment of the mean di-
ameter on the unthinned plots was 0.17-0.33 cm
during the first 10-year period and 0.10-0.18 cm
during the second 10-year period following
precommercial thinning (Table 5). Stand 2 was
the only stand where the annual increment re-
mained unchanged. In the other stands, the cur-
rent annual diameter increment appeared to have
already passed the culmination point. According
to Ilvessalo (1937), the current annual increment
of the basal-area-weighted mean diameter in nat-
ural normal stands on EMT sites is at its maxi-
mum not earlier than at the age of 50-60 years,
when it reaches the value of 0.2 cm. The trees in
stands 2—4 were clearly younger than this. There-
fore, diameter increment in this study may have
been slightly overestimated for the first 10-year
period.
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