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Densities of the stands, the time and intensity of the first thinning are among the most important factors concerning stand
yield and timber quality. In the article the growth of 6 young thinned stands of pine (Pinus sylvestris L.) and spruce (Picea abies
Karst.) has been studied. The trials with plots of different thinning intensity in 1990-1993 were established and in 1995
remeasured. The early thinning in young stands leads to less random selfthinning. Diamelter increment rises by 1.4-2.4 times, while
change in the height growth in most cases is insignificant. Due to decreased selfthinning and diameter increment rise on the best
trees. intensively thinned stands accumulated additionally 5-13 % of the increment volume during observation period. The greatest
current annual increment is attained having thinned stands up to 1.2 - 2.4 thous. trees/ha, It has been found out that early thinning
at age 4-15 years leads to greater stability of stands and is a precondition of a higher yield level.
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Introduction

In Lithuania there are favourable conditions for
intensive growing of forests. During a rotation on pro-
ductive sites on average it is possible to obtain up to
600-800 m’/ha. However, the mean growing stock of
mature stands does not exceed 250 m’/ha. Such a low
growing efficiency leads to the search for more effective
ways to produce greater yield and accumulation of the
volume increment under different natural conditions
(Kuliesis, 1989, 1997 b; Kuliedis et al., 1995). Forest
regionalisation has been conducted in Lithuania to get
better use of natural conditions (Kuliesis, 1997 a).

One of the most important achievements in the forest
yield science of the 20th century are yield levels worked
out by E.Assmann, F.Franz (1963) and suggestions by
F.Franz (1967) for practical yield level determination: the
greater the average stand diameter when the average
stand height and basal area are the same, the higher stand
yield level. The effect of density in a stand on the growth,
selfthinning, timber quality and stand stability have been
studied for more than 100 years in trials of Timiryazev
Agricultural Academy (Mtoru ..., 1964), in Ukraine
(Iaspunos, 1963, Munkapeuxko u up., 1981), in Lithuania
(Kairitikstis et al., 1985). The studies have shown, that
stands thinned out early may have 2 and more times

greater average diameter than unthinned ones. Many
works were devoted to study tree growth in diameter,
height, stand stability depending on density in a stand
(Kairiakstis and Juodvalkis, 1985; Usolcev, 1985; Nielsen,
1990; Huss, 1995). The latter two authors stress the
necessity to grow forest with spacely and evenly
distributed trees and carry out intensive thinning at early
age in order to grow stable and productive stands. The
results of the trial established on different density in
spruce stands by L.Kairikstis et al. (1985) 40 years ago
have shown that such experiments are very actual. They
should be continued not only in spruce, but also in pine
stands covering different ecological conditions, geogra-
phical regions. It is especially important to extend in-
vestigations in stands where the initial density is 1000-
8000 trees/ha.

Methods and materials

The aim of investigations was to study the effect of
early thinning of different intensity done in 4-11-year old
pine and spruce stands on their growth, increment
accumulation and stability which were established on
former clear cut areas or arable lands. Early thinning are
aimed at regular distribution of trees, formation of optimal
spatial structure of stands eliminating gaps in them.
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Sites for the experiment were chosen in six places of
Lithuania favourable for growing pine and spruce stands
in natural-climatic and soil conditions. Experimental plots
were established in 1990-1992 and remeasured in 1995
(Table 1).

Table 1. Characteristics of trials.

as well as their location deviations from the row axis
measured. The diameters of all trees at 1.3 m in height
have been measured by finding the place of measure-
ment with the help a ruler. The height was measured with
aruler of 5 m long at the accuracy of 0.1 m. Higher trees

Tri- Forest enterprise, Tree Plot’s estab-  Rcmeasu- Stand age Land usc Number

alNo  district, number species lishment rement catcgory of plots
of block and and thinning  year, month estab- remea-
compartment year, month lishing suring

201 Valkininkai, Pine 1990 04 1995 05 8 13 arable land 2x5
Pirciupiai, 19-1

202 Vilnius, Spruce 1990 09 1995 05 9 13 arable land 2x5
Sudervé, 126-8

203 Pakruojis, Spruce 1991 10 1995 05 11 14 clear-cutting 2x4
Rozalimas, 36-4

204 Kretinga, Spruce 1992 05 1995 08 11 15 arable land 2x5
Mikoliskiai, 53-11

205 Plunge, Sprucc 1992 05 1995 08 9 13 arable land 1x4
Mostaidiai, 16-18;17-4;5;21

206 Jurbarkas, Pinc 1992 09 1995 08 4 7 clear-cutting 2x5

Mocigkiai, 29-2

For growing pine the most suitable site Vaccinio-
myrtillosa, for spruce — sites Oxalidosa and Carico-
mixtoherbosa were selected. For each trial (tree species,
location) on a possibly more even and regular (square,
rectangular) areas of 3-5 ha in size, 4-8-year old pine and
9-11-year old spruce plantations with well growing
evenly distributed trees and minimal admixture of
deciduous trees were chosen. It was checked if trees
had not been damaged by diseases, insects, animals.

The standard experimental scheme covers five
density variants: unthinned-control, the first time thinn-
ed out up to 3.0-4.4. 2.0-2.4. 1.0-1.2 and 0.5-0.6
thous.trees/ha (Fig. 1). In trial areas, except (203, Roza-
limas) and (205, Mostaiciai), 5 density variants with
different thinning regime were singled out. Each stand
density variant is represented by two 0.15-0.20 ha area
sections. Around the sections protective belts with the
same thinning regime were left. Strips separating
sections with the same thinning regime were 5 m wide,
while those separating different regimes and in the whole
experiment 10 m wide. The biggest initial density of
control sections in 4-§-year old pine stands was 5-8
thous.nu./ha, while in 9-11-year old spruce stands — 3-
5 thous.nu./ha. During the trial only dead trees were
removed in control sections. In trials (203, Rozalimas) and
(205, Mostaiciai) due to a small area only 4 variants
comprising 1 section each were singled out.

In all trials trees have been mapped. A plan of tree
rows has been worked out and distances between trees

have been measured by using heightmeter. All trees
before felling were measured.

While thinning the plots, branches of trees were left
to protect soil against turf forming. In many cases the
branches left acted instead of the taken off top and pine
trees thinned 2 years later had 2-4, while spruce trees —
2-6 tops. Over 4 years these tops had reached 2.0 m and
greater height, therefore, they had to be removed by
additional felling.

The data were processed by using a unified system
for dendrometric information (Kulie$is, 1993). The results

; Sm

— 40-50m — | N > A< 10m
I | i*« — 10 m
control
30-40... | e 0 | | 3,000-8300 1o .

v — V= 5m
2a 3,000-4,400 3,000-4,400 2b
3a 2.000-2,400 2,000-2,400 3b
4a 1,000-1,200 1,000-1,200 4b
Sa 500-600 500-600  Sb

Fig. 1 .Trial scheme. 1,2,3,4,5 - variants with different densities;
a, b - sections for replication
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of each density variant were evaluated according to the
average results of two replications. To describe stand
growing conditions height (H,;) and diameter growth
indices (D, ;) were applied. They have been determined
with the help of the yield model (Kulie$is A., 1993).

Spatial distribution of trees was assessed by Hop-
kins aggregation index /, (Hopkins, 1954).

N

111:

@

~i| >

where r — distance from random point to the nearest
tree; / — distance from i-th tree to the closest tree.

When /, equals 1, trees are distributed randomly in
a stand, i.e. according to Poison’s random distribution.
When [, <1, distribution is regular, when I, >1 -
clustered distribution. The type of tree distribution
when establishing a plot and during remeasurement in
1995 was defined for trial 201.

Characteristics of experimental objects. Most
studied stands (201, 202, 204, 205) have been established
on former agricultural land (Table 1). It reflects the cur-
rent situation of forest plantations — it is not easy to find
coniferous plantations of bigger density on clear cut
areas in accordance with the requirements for this
experiment. Most of them contain admixtures of natural
regeneration and irregular distribution of trees. It is even
more complicated to find young pine stands, thus, only
2 stands represent them. Experimental stands of spruce
grow on sites of different productivity, but most of them
have been planted on former arable land. Pine trials
represent only Vaccinio-myrtillosa vegetation type.

Before planting the area for trial 201, Pir¢iupiai was
ploughed in rows every 2.0 metres. Plantation was
established in 1982, by manually planting one-year old
seedlings in rows every 0.5 m (10,000 seedlings/ha). In
the eighth year after planting there were 5-6 thous. pine
trees per ha.

The area for trial 202, Suderve for planting was
ploughed in rows every 2.0 metres. The plantation was
established in 1982. Two-year old spruce seedlings were
planted in a manual way. In rows the seedlings were planted
every 1.0 m (5,000 seedlings/ha). Survival comprised — 96%
in the first and in the second year after planting. The
plantations were tended in 1985. At the onset of the trial
there were 4-4.5 thous. spruce trees per ha.

The stand for trial 203, Rozalimas was planted after
clear-cutting aspen stand of high yield. Four-year old
spruce plants were planted manually in 1980 in rows every
3.0 m at 1.0 m (3,300 plants/ha) spacing. In the second
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year it was suplemented. Survival was high. At the
moment of trial initiation 3 thous. spruce trees were found.

The area for trial 204, Mikoliskiai for intensive
growing of plantations was prepared by ploughing it
entirely. Planting was performed manually in 1981 in
strips in 5 rows. The spacing between rows was 1.7 m,
between strips — 3.0 m. In rows the seedlings were plant-
ed at 1.0 m (5,100 plants/ha) spacing. Four-year old
spruce plants were used. In 1982 the plantation was
supplemented. Survival was high. At the onset of trial
there were 4.2 thous. spruce trees per ha. Tending was
conducted in 1983, 1985. In 1984, 1985 and 1986 the
plantations were fertilised with nitrophoska (250 kg/ha)
by using tractor-driven attachable distributor.

The area for trial 205, Mostai¢iai was prepared by
making 0.4-0.7 m high furrows every 2.0 m in a mechaniz-
ed way. On these furrows in 1983 manually were planted
2-year old spruce seedlings every 0.5 m (10,000
seedlings/ha). Survival was moderate. At the beginning
of the trial there were 5-5.5 thous. spruce trees. The area
was chosen to assess the resistance of the stand against
windthrow in the future.

Stand for trial 206, Mociskiai was regenerated instead
of a clear cut pine stand. The area was ploughed in rows
every 2.0 m. In 1988 one-year-old pine seedlings were
planted manually. Within rows the seedlings were planted
at 0.7 m (7,140 seedlings/ha) spacing. Survival constituted
95% in the first and in the second year after planting. In
the second year it was suplemented by one-year old pine
seedlings (2,000 seedlings/ha). At the onset of the trial
there were 8-8.3 thous. pine trees per ha.

The area of most experimental plots was of rectang-
ular (close to a square) form and the same size. The
greatest difference in form and area of trial sections is in
plots 205, 206. The diversity of plots in trial 205 was
predetermined by the small size of plantation area. In
trial 206 the plots were singled out in a stand where after
cutting strips of residues were very wide in some places.
While establishing plots between the “rows” of resi-
dues, they have acquired the form of elongated rectan-
gular. The places of experimental objects and main data
are given in Table 1.

Results

Site productivity estimation by height growth
index H, . Most analysed stands are 13-14 years old.
Site indices according to height growth of both pine
stands differ insignificantly. Pine stand for trial 201 was

established on arable land and is characterised by H,,
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index 25.9-26.7 m while that on clear cut area (trial 206,
Mociskiai) — 27.0-27.6 m (Table 2). Variation in the index
in different variants and replications is small. It varies
within the range of 0.6-0.8 m.

Table 2. Site productivity indices at remeasurement.

Mostaiciai (205) spruce stands. They have the greatest
height growth index as well. On the whole, D, , indices are
similar in all plots with insignificant differences between
pine and spruce stands. Diameter indices in all plots have

Site indices according to height (H,;) and

Tree Trial Vegetation diameter (D,,) growth
species No type
Variant No
1 2 3 4 5
Pine 201 Vaccinio-myrtillosa 26.0 267 25.9 26.4 26.1
40.1 45.7 48.4 53.7 ST9
206 Vaccinio-myrtillosa 21.6 27:3 27.0 27.1 27.4
41.4 42.0 41.2 45.5 46.3
Spruce 202 Oxalidosa 31.4 32.1 31.0 352 36.6
42.2 45.3 45.5 58.1 64.2
203 Carico-mixtoherbosa 34.1 30.3 33.3 32.8
42.9 40.2 47.7 50.3
204 Myrtillo-oxalidosa 33.2 34.9 34.9 32.6 36.0
46.2 40.7 53:3 53.8 63.0
205 Oxalidosa 39.9 30L7 A9 36.1
51.0 60.5 63.2 61.1

Site indices H,, of spruce sites vary in a wider
range — 30-40 m. The least site index —31.0-31.4 m was
observed in Sudervé (202) spruce. Rozalimas (203) and
Mikoliskiai (204) plantations were raised on very differ-
ent sites (Carico-mixtoherbosa and Oxalidosa). The
first one was established on a clearcutted area, the latter
— on arable land, but they have similar height indices
ranging from 30 to 36 m. The growth of stands establish-
ed on arable land slows down at older age when they
have “overgrown” the fertile soil layer. Thus, in the futu-
re a decrease in height index of Sudervé, Mikoliskiai and
Mostai¢iai (203, 204, 205) spruce stand is expected. Mos-
taiéiai (205) spruce plantations established on very high
furrows have the highest index (36-40 m). Trees growing
on double arable soil layer grow more intensively in
young age. High site index (33-36 m) was observed in
Mikoliskiai (204) spruce plantation, established for in-
tensive growing and fertilized additionally in 1984-1986.

Stand stability estimation by diameter growth index
D,,. The ratio of stand diameter to height well defines the
stability of a stand. The greater the diameter of a stand,
the more stable the stand, the greater potential growth
and stand yield level possibilities. It is best revealed by
diameter growth index D, , determined as predicted
average diameter of mature stand, The greatest diameter
growth index is observed in Mikoliskiai (204) and

one general feature — they increase with decreasing stand
density. In control plots diameter growth indices in most
cases equal 40-43 cm, while in thinned up to 500-1,200, and
often up to 2,000-2,400 nu./ha they reach 46-63 cm. It
shows that thinning considerably promotes stand stability
and its potential growth possibilities.

Spatial stand structure. Pattern of trees distribu-
tion was estimated in pine stand (201) during plot
establishment and remeasurement (Table 3). In all stands
including control and the most intensively thinned out
variant trees are distributed regularly. With decreasing
stand density the tendency towards regular distribution
becomes stronger. As selfthinning of stand (201, Pir¢iu-
piai) was not intensive, changes in aggregation index
with age are also intangible. The index of control stand
increased 0.03, that of thinned out stands — 0.01 towards
random distribution type.

Selfthinning of stands. The most significant
selfthinning of trees was observed in the densest (206,
Mociskiai) pine stand established on a cutting site
(Table 3). Selfthinning was observed even in the thinnest
variant (1%). In the control variant annual selfthinning
over 3 years reached 12%. In Piréiupiai pine stand (201)
selfthinning was ten times less, although in the first year
after plot establishment the stand was severely damaged
by needle cast (Lophodermium seditiosum) (Saladis,
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1994). Besides, underbark bug (Aradus cinnamoneus
Panz.) infestation was recorded (Mokslinio ..., 1995).

Table 3. Selfthinning in stands of different initial density and trees
distribution at remeasurement.

Initial density, thous. trees/ha
Tree Trial
spe- No Sclfthinning, trces/ha per year
cies
Hopkins aggregation index
Variant No
1 2 3 4 5
Pinc 201 S ke A 3.0 2.0 1.0 0.6
133 5 4 | 0 0
0.38 0.31 0.34 0.33 0.2¢
206 8.0-8.3 44 2.4 1.2 0.6
1040 42 53 14 5
Spruce | 202 3.8-4.3 3.1-3.2 2.1, 150 0.5
6 8 4 2 0
203 3.0 2.2 1:2 0.6
8 3 0
204 | 4.1-4.2 3.0 2.0 1.2 0.6
0 0 0 0 0
205 5.3 - 23 | 12 | 06
3 0 0 (

In spruce stands selfthinning was found consider-
ably less. In the oldest (15 yr.) Mikoliskiai (204) spruce
stand not a single tree died over 4 years. In (205,
Mostaitiai) spruce stand — only 3 trees per ha died in the
control. Individual trees (0.2-0.3%) due to different
accidental causes died in (202, Sudervé) and (203,
Rozalimas) spruce stands. A conclusion may be drawn
that spruce stands at age of 9-11 years thinned out to 2.0
thous. spec./ha can grow 3-5 years without selfthinning
accumulating increment within the stand.

Stand growth in height and diameter. In analysed
stands selfthinning was absent or so intangible that the
change in the main stand parameters is close to their
increment.

The average heights in pine stands were slightly
dependent on stand density (Table 4). The height increment
of the pine stand (201, Pir¢iupiai) over 5 years after thinning
tended to decrease, while that of (206, Mociskiai) pine stand
even enlarged with decreasing stand density (Fig. 2).

The mean heights of spruce in plots of different
density are not the same. The thinnest (202, Sudervé¢)
spruce stand variants had average heights of 1.3 m and
greater, while (205, Mostai¢iai) by 0.5-0.9 m less than the
control. This has predetermined in the first case a
significant increase in the increment (39%), in the second
case its decrease (13-20%) as compared to control

Table 4. The average stand diameters and heights, their ratio at
remeasurement in stands of different initial density.

Height, m (H)
Tree Trial
spe- No Diameter, cm (D)
cics
D (cm) / H (m) ratio
Variant No
1 2 3 4 5
Pine | 201 | 4.7 4.8 4.7 | 48| 47
1.23 1.44 1.60 1.88 | 2.02
206 | 1.8 19 1.8 18] L9
18 2.0 2.0 241 2.6
1.00 1.05 1.11 1.33 | 1.37
Spruce| 202 | 4.7 4.8 a5 | 57| 60
5.0 3.7 2.7 82| 9.5
1.06 1.19 1.27 1.44 | 1.58
203 | 6.0 - 4.9 5.8 1 3.7
0.98 1.08 1.19 | 1.32
204 | 6.4 6.9 6.9 62| 1.2
7.3 8.4 9.0 2.0 | 1L.1
1.14 1.22 1.30 1451 1.54
205 | 6.1 - 6.1 56 | 3.2
6.0 7.9 831 79
0.98 1.38 1.48 1 1.52

stands (Fig. 2). In all intensively thinned spruce stands
an insignificant height increment decrease was observed
in the firct year after thinning.

150

\ -

| F ‘LJI variant |
control |
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Pine Pinc Spruce Spruce Spruce Spruce
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Trials

Fig. 2. Comparison of the height increment over 3-5 years in
stands thinned at different intensities with the control.

On the whole, the height increment dependence on
stand density is not very clear (Fig. 2). In most variants
the maximum increment is observed in control and
stands thinned up to 2-3 thous. trees per ha. An excep-
tion is (202, Sudervé) spruce plantation, where height
increment of the most intensively thinned stands was
even by 39% larger than that of the control stand. This
might be due to different site conditions.
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The height increments in pine and spruce trials are
adequate to stand increments calculated by “Lithuanian
stand increment and its utilization standards” (KulieSis
1993). The mean diameter increment in stands with
different initial density differs from height growth (Table
4, Fig. 3). The diameter increment in Pir¢iupiai (201)
stand, thinned up to 500-2,000 trees/ha, is 2-2.4 times
larger than that in the control stand. In Mocig8kiai (206)
stand the tendency remains, although differences are by
far less. It can be explained by younger age of the
stands and shorter observation period.

g = === = ks Il

ﬂj _ B 1 variant
¢ 200 =1 = s - | (R S e P control
i 02 variant
2150 A .
2 03 varian
S
B
5 100 1 |04 variant|
g
£ 50 4 ~ - - -1 -|35 variant|
a 3145 415 (12|34 5 [E213]4]5 [1{2[3]|45]
0
Pine Pine Spruce Spruce Spruce Spruce
201 206 202 203 204 205
Trials

Fig. 3. Comparison of the diameter increment over 3-5 years in
stands thinned at different intensity with the control.

In all spruce stands the diameter increment is clearly
growing with decreasing stand density. The most
significant increase (29-117%) is observed in (202,
Sudervé) and (205, Mostaiciai) spruce stands thinned to
0.6-2.3 thous. trees/ha (Fig. 3). Mikoliskiai (204) and
Rozalimas (203) spruce stands with 0.6-2.2 thous. trees/
ha have a slightly less, but an obvious increase in the
diameter increment (34-70%). However, the diameter in-
crement in spruce stands thinned to 3000 trees/ha
changes insignificantly. It means that thinning in a 9-11
year-old spruce stand up to 3000 trees/ha has no effect
on diameter increment conditions.

The ratio of stand diameter and height is considered
to be a quite reliable index of stand stability. It is said that
stand is stable if the ratio of diameter to height (D-100/H)
is greater or equals 1.25-1.4 . A similar ratio was determined
in all stands thinned up to 2,000-2,400 trees/ha and less
(Table 4). The index in unthinned spruce stands was 0.98-
[.14. D' 100/H ratio increases with decreasing stand density
and reaches 1.25 limit after thinning 2,000-2,400 trees/ha.
An exception is the (203, Rozalimas) spruce stand, having
exceeded the limiting ratio D*100/H — 1.25 only in the
thinnest variant. Looking to the future of the stands, most
density variants thinned up to 2-2.4 thous. trees/ha at
mature age will be stable. Ratio D, ,-100/H, ; of these and
thinner stands exceeds 1.25-1.40 (Table 2).

BALTIC FORESTRY
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Stand basal area and the volume increment. Stand
basal area and its increment in absolute variables
diminish with decreasing density both in pine and
spruce stands. However, it is important to pay attention
to the fact that basal area increment percentage clearly
tends to increase with decreasing initial density, as well
as stocking level in all stands observed (Fig. 4). In the
thinnest stands the percentage of the basal area
increment rises 2-5% as compared to the control.

W01 - - - - - - M-

1 variant

© 1M control

= 7 H - o o ) o 02 variant |

: i |

E .

g b = = = =[] = e = sr e = moa = e O3 variant |

=

§ 04 variant

&

5 107 : |- b \

é? 3(4(5| [H2(3{45 [E[2[3) T 123‘l“ :’M
|

Pine Pine Spruce Spruce Spruce Spruce
201 206 202 203 204 205

Trials
Fig. 4. Comparison of the basal area increment over 3-5 years in
stands thinned at different intensity .

Although the diameter increment enlarges with
increasing thinning intensity, an increase in the basal
area increment is not so regular (Fig. 4). The maximum
basal area increment in trials (206, Mociskiai) and (202,
Sudervé) was attained at density of 1.0-1.2 thous., while
these in (203, Rozalimas) and (205, Mostaiiai) — 2.0-2.4
thous. trees/ha density. In trials (201, Piréiupiai) and
(204, Mikoliskiai) the greatest basal area increment was
in the thinnest variants.

The maximum current annual volume increment in
all trials was attained in the control and in 3.0-3.4 thous.
trees/ha density variants (Table 5). The maximum volume
increment percentage is observed in thinned stands up
to 1.0-2.4 thous. trees/ha, only in trial (203, Rozalimas)
the maximum volume increment percentage is found in
the thinnest variant. Thus, it can be concluded, that
relative maximum intensity of the volume increment and
basal area in most cases is attained at density of 1.2-2.4
thous. trees/ha (Table 5). Culmination of the basal area
and current annual volume increments at mentioned
densities occurs when the average stand height is 5-7
m. [t can be said that the greatest increment at age 7-15
years is reached in stands when height multiplied by
tree number is less than 10,000.

Growing stock as well as basal area decreases with
diminish stand density (Table 5). When the number of
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trees decreases 7-10 times, the growing stock frequently
diminishes not more than 3 times. The volume increment
changes even less. Percentage of the current annual
volume increment increases with decreasing stand
density. In control and the thinnest stands the differ-
ence in volume increment percentage comprises 2-5%. It
is the result of the intensified diameter increment and
practically absent selfthinning in stands.

Table 5. Growing stock and the current annual increment in stands
of different initial density.

Growing stock, m*/ha whilc making
rcmeasurcment (M)
Tree | Trial | Index
specics| No C.A.L, m¥ha per year (Z,,) over 3-5 ycars
C.ALL, % per ycar (PZ,, ) over 3-5 years
Variant No

I 2 3 4 5

Pinc | 201 | M 40 40 26 20 12
z, 6.0 5.8 4.7 3.5 2.0

PZ,, 15 17 18 18 17

206 | M 4 4 2 2 i

Z, 1.0 1.2 0.8 0.7 0.3

PZ, 25 30 40 35 30

Spruce| 202 | M 24 24 16 20 13
Z, | 45 4.5 3.0 | 44| 29

PZ,, 19 19 19 22 22

203 | M 31 15 15 9

Z, 6.3 3.0 3.0 2.0

PZ,, 20 20 20 22

204 | M 66 66 49 28 23

Z,, 12.0 12.5 9.6 5.2 4.6

PZ,, 18 19 20 19 20

205 | M 58 39 22 9
Z, 12.3 7.8 5.0 2.0

Pz, 21 20 23 22

Discussion

Stand density has a strong effect on stand growth,
productivity and stability. Studying the growth of spruce
stands of different initial density (100,000-820 trees/ha),
L.Kairitkstis and A.Juodvalkis (1985) have found out, that
the denser the stand, the more intensive selfthinning and
differentiation of trees. With decreasing stand density, the
average diameter, height and volume of trees increase. The
least number of selfthinned and the greatest number of
potential crop trees is in spruce stands established with
a density of 800 trees/ha. The greatest mean height at age
39 years (19.1 m) is recorded in the stand with the initial
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density of 2,000 trees/ha. The average height of a stand
with 12,500 trees/ha initial density at that time reached 14.6
m. The volume and its maximum increment with age is
observed in thinner stands. The greatest current annual
increment at age 27 years was in a stand with initial
density 6,500 trees/ha (19.2 m*/ha per year), at age 32 years
~ 3,010 trees/ha (22.1 m*/ha annually), while at age 39
years — in a stand with 1,970 trees/ha initial density (18.5
m’/ha annually). Maximal volume in each density variant
is attained only once. The denser the stand, the earlier
this culmination occurs.

Nielsen C.C.N. in his works (1990} has presented the
conception of tending pure spruce stands which foresees
initial density within the range of 2,500-4,000 trees/ha. The
author has compared the growth of stands with 820-1,600
trees/ha and greater than 6,000 trees/ha initial density. The
thinnest stands were thinned early and intensively, while
the dense ones were unthinned for a long time. Stands of
both groups were of similar density (400-978 and 350-889
trees/ha). The heights in spruce stands of low initial
density differed from dense variants by -4 — +18%,
diameters by +7 — +29%. The volumes in stands of low
initial density were by 23-70% greater and in 2 stands out
of 3 comprised 840-870 m*/ha. Besides, these stands were
more stable than the dense ones.

Over recent 25 years Huss J. conducted studies on
pine stands where the initial density ranged from 18,500
to 580 trees/ha. It has been found, that the average height
of 100 biggest trees and their diameter in stands of
different initial density did not differ at the beginning of
the trial. Their diameter increment in thin stands (580-670
trees/ha) was 1.4-1.9 times larger than in dense unthinned
stands. Total productivity in a thinned 30-year old stand
made up 79%, while that of a 42-year old stand was
already equal to the productivity in unthinned stands.
More significant changes in the height increment were not
observed by the author. The thinnest stands are most
stable (by D/H ratio).

Our investigation objects were observed for a short
period — from 3 to 5 years. Such a short observation
period does not allow us to find out all advantages and
disadvantages of intensive thinning in stands. However,
according to the available data it is possible to state,
that stand thinning leads to a significant increase in the
diameter and stand stability, which enable the stand to
attain a higher yield level. It is well reflected by diameter
and diameter growth indices, basal area and the data on
the volume increment. Thinning allows to decrease
selfthinning at younger age and to form quite stable
spatial structure with evenly distributed trees. The most
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intensively thinned stands accumulate all increment and
selfthinning in such stands is random. Only in the
youngest pine stand control variant selfthinning of the
smallest trees was detected, but it was predetermined
more by individual resistance of trees than by external
factors. This confirms the idea, that while thinning
young stands a reserve should be left to compensate
such things. In all thinned stands up to 10% more trees
(in thinnest variants — 10-20%) were left.

The diameter increment of trees is very sensitive to
thinning, especially when it is carried out in well growing
8-11-year old stands (201, Pirciupiai; 204, Mikoliskiai). In
stands established on cutting sites (203, Rozalimas; 206,
Mociskiai) additional diameter increment over 3 years after
thinning is small and observed only in the thinnest variants.
The data on relative increment of basal area and volume, as
compared to diameters, are similar. In most stands studied
differences in basal area increment comprised 2-4% and in
volume increment 2-5% as compared to the control with 1.2-
2.4 thous. trees/ha and thinner stands.

This shows that intensive thinning at younger age
may provide favourable conditions for the growth of
potential crop trees and increment accumulation in the
stand. In modal Lithuanian stands intensive selfthinning
takes place at older age, therefore, rise in the increment
is insignificant, while volume loss is quite substantial. In
this case a decrease in volume increment percent has
been recorded with decreasing stocking level (Kulie§is
1989, 1993). Increasing percentage of the volume
increment under intensive thinning of young stands at
age 4-11 years i1s observed in both pine and spruce
stands on all sites, but significantly greater on sites
favourable for growth, which shows that these measures
are very important in essentially rising stand yield.

Conclusions

I. Intensive thinning in young pine and spruce
stands leads to less random selfthinning and greater
stability of stands.

2. The diameter increment in thinned pine and
spruce stands increases 1.4-2.4 times, while the height
increment in most cases is insignificant.

3. The greatest current annual increment of stand at
an early age is attained having thinned stands up to 1.2-
2.4 thous. trees/ha.

4. Due to decreased selfthinning and an increase in
the diameter increment of the best trees, intensively
thinned stands accumulated additional 5-13% volume
increment per year.

BALTIC FORESTRY
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5. Intensive thinning at younger age, leading to
relative volume increment, is the precondition of a
higher yield level.
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POCT MOJOIBIX APEBOCTOEB COCHBI H EJIN IIOCJE PYBOK YXOIA

A. Kynemmnc, . Cananuc
Pesrome

['ycroTa OpeBocToeB, BpeMsS M MHTEHCHBHOCTD MEPBBIX PYOOK yxola SBIAIOTCA OCHOBHBIMH (PaKTOpaMH MpH BbIPAILLIMBAHHH
MPONYKTUBHBIX M YCTOHYMBBIX APEBOCTOEB. B cTaThe NMpOAHATM3MPOBAHbl pe3yibTaThl HaGMIONEHHS pOCTa 6 MOMOMBIX
IPEBOCTOER COCHBI OOBIKHOBEHHOM M €M eBPONEHCKOi nocsie paHHHX pyboK yxona pasHoft mHTeHcHBHOCTH. B 1990-1993 r.
B JPEBOCTOSX 3AI0KEHO NO 1-2 MOBTOpHBIE cepUH NMpPOOHLIX [UIOwWane# (Mo 4-5 naolwagoK B KaXmoi), KOTOpbie NOBTOPHO
6pum u3Mepensl B 1995 r. B u3pexensix MpoGHBIX IUIOIANAX CHH3WICS CiydaiHblii otnag, Ha 1.4 - 2.4 pasa yBenuuuncs
IIPUPOCT CpelHEero AMaMeTpa [0 CPaBHEHHIO ¢ KOHTPONEM, B TO BPEMS KaK YBeJIMYEHHE IIPUPOCTA B BLICOTY HE3HAUUTENbHOE.
HauGonpumit Tekymmii npupoct Habmiomaercss npu rycrote 1,2-2.4 reic.aur./ra. Haxormenue npupocta B H3peXEHHLIX
OPEBOCTOSAX MO CPABHEHHIO C KOHTDONEM yBenuuuics Ha 5-13 %. Do mokassiBaeT, YTO paHHHE PyOKHM yXona criocoGCTByIOT
yBEJIHUYCHHIO CTaOUNIBHOCTH M NEpeBOIy APEBOCTOEB B fosee BLICOKMH YPOBEHb NPOU3BOAUTENBHOCTH.

Kirrouessle cioBa: pyOKH yxojia, ypoBEeHb MPOU3BOAUTEIBHOCTH, MTPOAYKTUBHOCTD, CTAOWIBHOCTD, COCHA OOBIKHOBEHHA,
eJlb eBporeiickKas.
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