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The rate of natural regencration of Norway sprucc and birch on narrow strip clear-cuts in Norway spruce stands aged from
25 to 30 ycars of age in South Sweden, and the relationships between the rate of regencration and cnvironmental conditions have
been studicd in order to find the best methods of natural regencration. The first year regeneration was cvaluated by counting
scedlings within circle sample plots located on scariticd belts within strip clear-cuts.

About 14.5 % of total variation in the rate of spruce regeneration and 12.7 % in the rate of birch regencration were due to
peculiaritics of stands and strip clear-cuts. The rest of variation was attributed to within strip clear-cut variation of micro-site
ccological conditions.

In scparate stands the correlation between the regencration rate and some ccological factors studied varied duc to differences
between these stands. There was found very weak negative correlation between the regencration of spruce and width of strip, The
corrclation between the amount of birch regencration and width of strip was strong and positive (r=0.40). Regencration of birch
was betler on wide strips, but that of spruce was better on narrow strips.

The most significant correlation was found between the width and depth of scarification and the amount of Norway sprucc
scedlings (r=0.35-0.68). However, the correlation between the birch regeneration and scarification quality was very weak. The rate
of birch regencration was positively correlated to soil moisture and negatively correlated to the amount of slash both at plot mcan
and stand mean levels. The rate of Norway spruce regencration was not correlated with the rate of birch regencration. This also
indicates that these tree specics differ in adaptability and ccological prioritics and, therefore, the different means should be used to
get successtul natural regencration of cach species. Differences in regeneration success of these species on different sites could have

a significant impact on the changes in specics composition and quality of new stands.
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Introduction

Duec to the continuously rising cost of artificial
reforestation, the use of natural regeneration becomes
more important. Natural regeneration is considered the
main method of regeneration of gene conservation pop-
ulations and natural stands in various categories of
protected territories. Natural stand regencration is a
comprehensive, practical and cheap alternative to for-
est planting in commercial forests as well. However, at
least two requirements have to be fulfilled for natural
stand regeneration to be successful:

I) suitable seed sources should be available; and

2) the rate of first year regeneration and survival
should be sufficient to get a young stand with high
initial density.

A satisfactory seed source of high technical qual-
ity seed and of suitable provenance is necessary for
successful natural stand regeneration. Stands are nat-
urally regenerated by using seed sources that are found
on the area to be regenerated or in the neighbouring

stands. A good seed yield is one that can guarantee
successful stand regencration after it has been harvest-
ed under moderate growth conditions. Seed yield is
considered good, intermediate, or poor if it results in
more than 200,000, between 75,000 and 200,000, or less
than 75,000 sound seeds/ha being produced, respective-
ly. The minimum yield necessary for stand regeneration
should exceed 120,000 seeds/ha (Duryea and Dougher-
ty 1991, Backer, Janas 1982). Natural regeneration also
can be combined with planting seedlings of suitable
provenance to increase the initial density.

Clear cuts, seed tree, and shelterwood harvests are
the thrce major methods used to harvest natural even-
aged stands. The selective breeding harvesting meth-
od is applied in uneven-aged stands (Smith 1986). Clear
cuts might be used for natural stand regeneration when
regenerating small areas if a satisfactory seed source
is available in the neighbouring stands. Studies in Can-
ada (Fraser et all, 1976, Pominville and Ruel 1995) show
that strip cutting led to higher coniferous regeneration,
stocking, and a lower percent of failures than clear-
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cutting. However, on unscarified areas, the gain attrib-
utable to strip cutting was not significant. Strip cut-
ting is an interesting option on sites with good regen-
eration before cutting. Scarification improved natural
regeneration of black spruce by seeding (Prevost 1996).
Site preparation, if it is planned, should be more inten-
sive on arcas that are further from the seed source, thus,
ensuring the homogeneity of the new stand (Parviain-
en 1994). The width of the wood lot should not exceed
50 metres (Finland), 90 metres (USA), and 122 metres
(Australia) or should not be larger than 2.5 to 4.0 ha.
The longitudinal axis of the clear-cut area should be
perpendicular to the direction of the prevailing winds
during the period of seed distribution.

Two periods of clear cutting are preferable in or-
der to get good natural regeneration of forests:

1) Stand harvesting should be done during the pe-
riod of seed distribution. It must be done in late autumn
or winter (November to March) after the cones are ripe or
the seed is distributed but before seed germination takes
place. The optimal situation is after the cones are ripe but
before the distribution of seed starts, thus ensuring that
the fewest sceds possible are covered by slash.

2) Stand harvesting after the seed germination
starts. It should be done at the end of the summer of a
year with high seed yield (mast year).

A good yield of sound seeds is vital for both cas-
es. This method is risky because it makes the period
of stand regeneration shorter.

The seed tree method may be successfully applied
for the Scots pine regeneration. A minimum of between
10 and 15 evenly distributed trees of high quality, which
have high seed yield, should be selected on an area of
I ha to ensure success. The basal area of selected trees
should be between 1.4 and 2.8 m%ha. The number of trees
that remains on the harvested area should depend on
site conditions and tree size. For black spruce, in order
to improve regeneration on strip clear-cuts it is recom-
mended to leave the seed trees for 8 years before they
are felled (Tenhagen and Jeglum 1997). However, appli-
cation of seed tree method for improving regeneration
of Norway spruce is very limited due to windfalls.

Before the reproductive stand harvesting takes
place, it is recommended to prepare the area by using
chemical measures (e.g., spraying herbal vegetation and
sprouts of the undesired species) or by using fire
{Brown and Davis 1973). To ensure a satisfactory
amount of seeds, 3 to 5 vegetation seasons before the
reproductive harvesting the seed trees might be re-
leased by removing all trees in a distance of 5 to 10

metres, or by thinning the stand to a basal area of 14 to
16 m¥/ha. Such a stand thinning increases the seed yield
already during the first year after the reproductive har-
vesting. This measure is particularly necessary if the
crowns of the seed trees are small. The seed trees should
be removed from the area as soon as possible (usually
after 3 to 5 years) when there are no less than 2,500
evenly distributed seedlings/ha.

The shelterwood method is similar to the seed tree
method except 75 to 125 trees/ha are left (basal area of
5 to 7 m¥ha.). This method is applied when harvesting
even-aged stands that consist of no clearly evident
trees of class A. Similar to the seed tree method the
number of selected trees also depends on tree size as
well as site and loca] conditions. Seed trees are usually
removed from the stand after 3 to 6 years. If after 5 years
the number of seedlings/ha exceeds 12,000, the stand
should be thinned (Leibundgut 1981, Schubert, Adams
1971). The shelterwood method is costly silvicultural
method and requires expertise, care and continuity
(Westerberg, Hannerz 1994). It is possible to obtain a
higher return than in traditional stand harvesting only
when suitable sites are chosen and appropriate treat-
ment programmes used.

In South Sweden, many stands of Norway spruce
between 25 and 30 years old are of bad quality. This is
due to the low density of stands (because of low number
of seedlings planted and/or survived), and because the
origin of planting matcrial used (Byelorussian continen-
tal provenances) was not suitable for eco-climatic con-
ditions in South Sweden. Pominville P. and Ruel J.C.
(1995) concluded that strip cutting could be a good
option on sites with insufficient advanced growth. Nat-
ural regeneration of these stands is one of the main
methods because artificial reforestation is too costly.
However, in order to have sufficient advanced growth
and good quality stems in the new stands a high initial
density of seedlings and young stands should be guar-
anteed. Therefore, it is very important to get good first
year regeneration and good survival of seedlings.

Our studies aimed to evaluate the possibilities of
natural regeneration of spruce and birch on narrow strip
clear-cuts in Norway spruce stands of poor quality, and
to define the relationships between the rate of regener-
ation and environmental conditions in order to find out
the best methods of natural regeneration. Eco-climatic
conditions in South Sweden are rather similar to those
in Lithuania and, therefore, these studies might be of
the same importance for improving regeneration of
Lithuanian forests.
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Methods and materials

The studies were conducted in August 1994 on
narrow strip clear-cuts in Norway spruce forests of the
forest company “Gustafsborgs Siteri AB” in South
Sweden. Strips were clear-cut in 1992-1993 in bad qual-
ity stands between 25 and 30 years of age in order to
evaluate the possibility of stands’ reconstruction by
natural regeneration. The width of strip clear-cuts var-
ted from 16 to 60 m (Fig. 1). Belts of the remaining
stands were 20 to 50 m wide. Timber and slash were
removed from the strips before soil scarification. The
scarification was done to support natural regeneration
of spruce and birch. The removing of the grass layer
and soil scarification are done using site preparation
machines with slow spinning disk {(disc trenching ma-
chines). The width of scarified belts varied from 0.1 to
0.7 m, the mean distance the between belts was 2.5 m.
Seed was wind-sown from the remaining belts of pre-
mature stands and neighbouring mature stands. Sced
yield was above average both in 1993 and 1994,

Studies of regeneration were conducted in 2 to 7
strips in each of 17 stands. The length of strips varied
from 70 to 800 m. Measurements of natural regeneration
and site conditions were made on permanent and tem-
poral circle sample plots of 0.8 m?. They were located
on scarified belts every 15 meters in the middle of strip
clear-cuts (Fig. 1). Every 15 plots there were located 1
permanent sample plot in the middle of the strip and
additional 2 permanent sample plots close to the sides
of strips in order to evaluate the influence of distance
to stand on regeneration. In stands No.182, No.185, and
No.201 the groups of 3 permanent sample plots were

Figure 1. Scheme of strip clear-cuts in
Norway sprucc stand No.137 and location
of sample plots
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located every 15 metres. Permanent sample plots were
marked with plastic sticks and labelled. These plots will
be used to study the survival of seedlings and addi-
tional regeneration in coming years. A total of 305 sam-
ple plots were sct. In order to evaluate the impact of
clear-cut on the growth of the remaining stands aside
the strip clear-cuts, the diameters at breast height of 5
to 25 trees, and the height of one average tree, were
measured to the left and right of every group of perma-
nent sample plots in the belt of 2 metres wide.

The regeneration was evaluated by separately
counting spruce, pine, larch, and birch seedlings with-
in the circle sample plot. The scarification width was
cvaluated in dm. The scarification depth was evaluat-
ed in points (1 pt. =1 to S cm, 2 pt.=5 to [0 cm, 3 pt.=10
to 15 em and so on). The area of sample plot covered
by grass and slash was assessed in per cent. Soil mois-
ture was evaluated in points (dry soil - 1 pt., normal - 2
pt., moist - 3 pt., and wet - 4 pt.). The strip clear-cut
width was measured at location of every sample plot.

Variance components for the rate of first year re-
generation were evaluated by variance analysis accord-
ing to the following model:

Y, =f+ 5 +ie

k(i)

where: y, = observed valuc on ikth sample plot from
the ith strip clear-cut/stand, g = ovcrall mean, s, = cf-
fect of_ith strip clear-cut/stand, ¢, , = random residual
of the ikth obscrvation (sample plot), assumed normal
distribution. The ANOVA and VARCOMP procedures
were used to perform the analysis of variance.

The correlation was evaluated at two levels: sam-
ple plots means and means of stands. The effects of

e 3
@) Remalning stand
~ ] Clear-cut strip

Scarified belt

Sample plot

1660 m——» 4 20.50 m—»
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the separate ecological components studied (scarifica-
tion depth, width, soil moisture, strip width, etc.) on
regeneration were evaluated by using square regression
analysis (RSQUARE and REG procedures). Regression
analysis was conducted on sample plots means. The
combined effects of some ecological components on the
rate of regeneration were estimated using multivariant
stepwise regression analysis (STEPWISE procedure).

Results and discussion

There are differcnt sources of variation in regen-
eration rates. One part of the variation was induced by
micro-ecological differences of sites within a stand, and
the other one was causcd by differences between
stands. These different sources of variation were eval-
uated by using both the variance and covariance anal-
ysis. About 14.5 % of the total variation in the rate of
spruce regeneration were caused by the peculiarities of
stands and strip clear-cuts. The rest of the variation was
due to within strip clear-cut variation in micro-site eco-
logical conditions. For birch, about 12.7 % of total var-

plots) and on the basis of stand means

iation can be attributed to the peculiarities of stands
and strip clear-cuts.

Within separate stands the correlation between the
regeneration rate and some ecological factors studied
were of different strength due differences between these
stands. However, the main trends can be clearly identi-
fied. Some results are presented in Tables 1 and 2. There
was very weak negative correlation (based on stands
means) between the amount of spruce regeneration and
width of strip clear-cuts. However, the correlation be-
tween the amount of birch regeneration and width of
strip clear-cuts is strong and positive (r=0.40). So, birch
regeneration is better on wide strips, but spruce regen-
eration is slightly better on narrow strips. In black
spruce regeneration studies, Tenhagen and Jeglum
(1997) found that decreased strip width resulted in in-
creased stocking and density in 18-year-old strip clear-
cuts. On the strip clear-cuts, the balsam fir stocking was
constant, while black spruce stocking increased (Pom-
inville, Rucl 1995). The microclimate and site character-
1stics are different on strip clear-cuts of different width/

* - the most significant corrclation cocfficients arce underlined

2000, VOL 6, NO. T I e (sshN 1392-1355

62



BALTIC FORESTRY

IR N ATURAL REGENERATION ON NARROW STRIP CLEAR-CUTS OF NORWAY SPRUCE NN ~. U1 URA £T AL TR

area. The microclimate is harsher on large clear-cut ar-
eas than in shelterwood or narrow strip clear-cuts and
that increases selection pressure. It could reduce ge-
netic diversity of new generation. The genetic compo-
sition of generation on large clear-cut areas could dif-
fer from new generation in shelterwood or on narrow
clear-cuts and that could have negative implications on
adaptation of stand in the future. It was concluded
(Groot, Carlson 1996), that moderation of air tempera-
ture at clear nights would be best achicved with a max-
imum strip width of 0.6 tree heights which would reduce
damage to white spruce seedlings after spring frost and
have a positive effect on natural regeneration. Micro-
climatic conditions in narrow strip clear-cuts are close
to that in shelterwood and could be more favourable
both for improving regeneration, type of adaptation, and
for increasing genetic diversity of new stands.

The differences in regeneration of different specics
show differences in the ecological optimum and in dis-
persal ability of seed. This could have an impact on the
changes in composition of the new stands, which in
most cases needs to be avoided.

In our experiment, we found significant correlation
between the quality of scarification (width and depth of
scarification) and amount of spruce seedlings (r=0.35-
0.68). The shape of that relationship is shown in Figures
2 and 3. The correlation between the birch regeneration
and scarification quality is very weak. The rate of birch
regencration is related to soil moisture: higher moisture
leads to better regeneration of birch (Fig. 4). However,
this relationship s not strong. The rate of birch regen-
eration was positively correlated with soil moisture both
at plot mean and stand mean levels. The rate of spruce
and birch regeneration was negatively corrclated with the
amount of slash at both levels as well.

The curves and equations of regression of regen-
eration on the separate ecological components studicd
(scarification depth, width, soil humidity, strip width
and so on) and coefficients of determination (R?) are
presented in Figures 2 to 5.

The combined effects of the main ecological com-
ponents on the rate of first year regeneration were es-
timated according to the equations:

Y= 1-36 3.33*WSCA - 2.17*DSCA + 0.29*DSCA?
R?=0.29

Y., =2.89 + 6.56*WSTR + 0.10*WSTR? + 3.37*SLA

+62.9*HUM
R?= 0.09

- Y=0.282+3.253*X+0.177*X’
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Figure 2. The effect of scarification width on the first ycar
Norway spruce rcgeneration on strip clear-cuts
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Figure 3. The effect of scarification depth on the first year
Norway spruce regeneration on strip clear-cuts
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Figure 4. The influence of sitc moisture on the first year birch
regeneration on strip clear-cuts

Emphasis is placed on the fact (Boerset 1976) that
favourable conditions for regeneration are in places
which have a good combination of heat and moisture.
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Figure 5. The influence of the amount of slash on the first
year birch regencration on strip clear-cuts

These site conditions in the middle of strip clear-cuts
studied are slightly different from those on the sides
(close to the remaining stand). However, the rate of
Norway spruce regeneration was not influenced by dis-
tance to the remaining stand. The average number of
spruce seedlings per plot on the sides or in the middle
of the strips was almost the same. Meanwhile, the re-
generation of birch was 2 to 3 times better in the mid-
dle of the strips than that on the sides of the strips. It
could be attributed to differences in soil moisture: due
to transpiration and evaporation from the remaining
stand, soil moisture close to the edges of strips was
too low for germination of birch seed.

The average characteristics of the environment in
strip clear-cuts and regeneration rate in different stands
are presented in Table 3 and Figures 6, 7 and 8.

The amount of birch seedlings in each sample plot
has more variation than that of spruce seedlings. This
indicates the existence of more significant fluctuation
of the amount of birch seed being spread by the wind
within the strip clear-cut and higher sensitivity of birch
seeds to environmental conditions needed for germina-
tion and first year survival of seedlings. The rate of
spruce regeneration was not correlated with the rate of
birch regeneration. This also indicates that these spe-
cies differ in adaptability and ecological priorities. So,
the different means should be used to get successful
natural regeneration of each species.

Ecological conditions in South Sweden are very
similar to those in Lithuania Therefore, all these regu-

Table 3. The corrclation between the ccological factors and
rate of regeneration in scparate Norway spruce stands

Correlation coefficients in stands
No.1502/ No.193/ No201
Ecological factors Number of seedlings

all species | spruce | birch
West-East position of strips -0.35 -0.21 -0.33*
-0.05 0.09 -0.07

-0.35 0.13 -0.36

Width of strip -0.32 -0.40 -0.26
-0.14 -0.14 -0.12

0.14 0.12 0.13

Width of scarification 0.53 0.51 0.45
.30 0.35 .24

.38 0.63 .34

Depth of scarification : 0.33 0.48 .24
.41 0.40 0.35

0.1 0.36 0.15

Area covered by grass -0.08 -0.06 -0.08
-0.21 -0.25 -0.17

-0.17 -0.35 -0.14

Area covered by slash -0.22 -0.34 -0.16
031 0.14 0.31

-0.18 -0.27 -0.16

Moisture of site 0.12 -0.03 0.15
Number of spruce scedlings 0.58 1.00 0.37
0.53 1.00 0.34

0.25 1.00 0.18

Number of birch seedlings 0.99 0.37 1.00
0.98 0.34 1.00

0.99 0.18 1.00

e - the most significant correlation coefficients arc underlined

larities found could be valid for Lithuanian forests.
However, these regularities can be attributed to prelim-
inary because the experiment was set on clear-cut are-
as not specially assigned for the scientific experiment
and the design was not suitable enough to define clear
relationships between the rate of regeneration and en-
vironmental conditions. It enabled us to evaluate the
success of regeneration in narrow strip clear-cuts and
get general understanding on species peculiaritics and
on the general relations between the ecological condi-
tions and regeneration. However, controlled experi-
ments and more sophisticated study methods are nec-
essary in order to determine complicated biological reg-
ularities of the species in interaction with the sites.

2000, VOL. 6, NO. 1 I (3SN 13%2-1355

64



I NATURAL REGENERATION ON NARROW . STRIP CLEAR-CUTS OF NORWAY SPRUCE

Number of seedlings, thous./ha

Number of seedlings, thous./h:

Figure 6. The first ycar Norway sprucc regeneration

N~
23

20 +

N

wn

25

20

10

W

A —&— Width of scari

b

| vz Spruce regeneration
ation

| o Depth of scarification

o

EZ2Z2Z2 Spruce regeneration

==+ Soll moisture

~-~@~—\Yidth of strip clear<ut

R SN SN

1302
182

4 i
| o % &
52 “,’ ' R L/\é-ffz
A A7 e B -o 7 4‘
> 299777
2099979757 7
999 007 77
SN A RARARRANRR
™~ 20 = I~ 1N AN~ — e oy o Yt vt
Stand No,

clear-cuts in different stands

Number of seedlings, thous./ha

Number of seedlings, thous./ha

Figure 7. The first year silver birch regencration on strip clear-

[ a | EZZZARirch regencration 1~
160 L € —e— Width of scarification A
| ’\ ! — A — Depth of scarification ‘¢/ \
140 !!‘ 7 ;
/
120 ! p ATER 755,
| 1 Ly ;o
100 4 o\ A \ /
‘ T W A
80 | i o X
60 AN T il N\
; VAN & %%
w0l A\ =\ ‘wa?’?’g
0,‘ \/"UIHZA:{Al'%‘%{%‘%‘/z}v//:,%Q%;%‘
S W = P~ NS N W o= T o 00
FEREBERRRBRERSER
180 T l)
160 | - - —
| Birch regeneration }
140 ‘ ‘ ek S{?.” nmi\lurvf |
120 ‘ | —©— Width of strip clear-cut
100 4
5 ‘
N Sa) )
] o ANgd, B3>
60 ‘L LA . Ra ;‘;//15,;1 ;/2
40 o m G G Y
1 unl 070
2 9999700
BN A AAARRA AN
[T T S S B S B B . S S
SEESRARREOBEIRE

1

cuts in different stands

182 &m\\‘&\\\\\\\\\\\\\\\\&*m

~

185 STy

5

N

182
185

NN
259 ST

rs

4

3

2

{l

]

Stand No.

7

6

9 914
1
1
2 7

9 Gr3
N
n
1
7
1

A% ,
x &

7

198 T

g

57 MHIEEERSSGS

Stand No.

NN

%

198

Stand No.

-

-_ ~ - & h D
Site conditions

Site conditions

on strip

Site conditions

BALTIC FORESTRY
M A PLIORAET AL T

1
=

s./ha

160

gs, thou

4140

120

edlin

¢

00
80

60

Number of s

40

20

0

Stand No,

Figure 8. The first year regeneration of Norway spruce and
birch on strip clear-cuts

Conclusions

About 14.5 % of total variation in the rate of spruce
regencration were due to the peculiarities of stands and
strip clear-cuts. The rest of the variation was due to
within strip clear-cut variation of micro-site ecological
conditions. For birch, about 12.7 % of total variation
can be attributed to the peculiarities of stands and ec-
ological conditions in strip clear-cuts.

In separate stands the correlation between the re-
generation rate and some ecological factors studied
varied due to differences between these stands. There
was a very weak negative correlation between the re-
gencration of spruce and width of strip. The correla-
tion between the amount of birch and width of strip was
strong and positive (r=0.40). Regeneration of birch was
better on wide strips, whilst that of spruce was better
on narrow strips. This could be influenced by differ-
ences between the species in the ecological optimum
and seed dispersal ability.

The amount of birch seedlings in cach sample plot
has more variation than the number of spruce seedlings.
This indicates the existence of more significant fluctu-
ation in the amount of birch seed being spread by the
wind within the strip clear-cut and higher sensitivity of
birch seeds to environmental conditions necded for ger-
mination and first year survival of seedlings.

The most significant correlation was between the
scarification quality and amount of spruce seedlings
(r=0.35-0.68). However, the corrclation between the birch
regeneration and scarification quality was very weak.
The rate of birch regeneration was positively correlat-
ed to soil moisture and negatively corrclated to the
amount of slash both at plot mean and stand mean lev-
els. The rate of spruce regeneration was not correlated
with the rate of birch regeneration. It also indicates that
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these tree species differ in adaptability and ecological
priorities and, therefore, the different means should be
used to get successful natural regeneration of each
species. Differences in regeneration success of these
species on different sites could have a significant im-
pact on the changes in species composition and qual-
ity of new stands.

Acknowledgements

We gratefully acknowledge support received from
the company “Gustafsborgs Sdteri AB”, Perstorp, Swe-
den, and Pete Gomben for revision of the English text.

References

Boerset O. 1976. Problems of natural rcgencration in Scan-
dinavian forests.  Schwecizerische-Zcitschrift fur Forst-
wesen, 127: 165-181.

Brown A. A. and Davis K. P. 1973, Forest firc control and
usc. Mc graw-Hill Book Co., New York. 686 p.

Clarke G. C. 1992, Thc natural regencration of spruce. Scot-
tish Forestry, 46: 107-129.

Duryea M. L. and Dougherty P.
ation Manual. Kluwer
Boston-London.433p.

Fraser J. W., Haavisto V. F., Jeglum J. K., Dai T. S..
Smith D. W. 1976. Black Sprucc rcgeneration on strip
cuts and clearcuts in the Nipigon and Cochranc arcas of
Ontario. Great Lakes Forest Rescarch Centre, Canada.,
Report No. OX 246, 33 p.

M. 199]. Forest Regener-
Academic Publishers. Dordrecht-

I 2000, VOL. 6, NO. 1
66

Groot A,, Carlson D. W. 1996, Influencc of shelter on night
tcmperatures, frost damage, and bud break of white spruce
scedlings. Canadian Journal of Forest Research, 26: 1531-
1538.

Leibundgut H. {981. Dic naturlichc Waldverjungung. Verlag
Paul Haupt Bern und Stuttgart. 108s.

Parviainen J. 1994. Finish silviculturc: managing for timber
production and conscrvation. Journal of Forestry, Scptem-
ber 1994 :33-306.

Prevost M. 1996. Effccts of scarification on soil propertics
and sced rcgencration in a black spruce stand in the bo-
rcal forest of Qucbec. Canadian Journal of Forest Re-
scarch, 26: 72-86.

Pominville P, Ruel J. C. 1995, Lffccts of clecar-cutting and
strip cutting on black sprucc regencration after 5 years
in Qucbee. Canadian Journal of Forcst Rescarch, 25: 329-
342.

Schubert G. H., and Adams R. S. [971. Reforestation prac-
tices for conifers in California  California Dep. of Con-
scrvation, Division of Forcstry, Sacramcnto. 359p.

Symposium stand cstablishment. 1974, [UFRO joint meccting.
Wageningen - the Netherlands, 440p.

Tenhagen M .D. Jeglum J. K. [997. Dccreased strip width
and incrcascd sceding period result in incrcased black
sprucc stocking and density in 18-ycar-old strip clcar-cuts.
Frontline, Tcchnical notc, Great Lakes ForestryCentre,
Canadian Forest Scrvice, No. 89, 4 p.

Westerberg D., Hannerz M. 1994, Natural regencration of

sprucc (Picea abies) undcr shelterwood. Resultat, Skog-
Forsk (Forestry Rescarch Institute of Sweden), Uppsala;
Sweden. No. 17, 4 p.
Wiersum K. F, (Editor) 1984, Strategics and design for af-
forcstation, rcforestation and trce planting. Pudoc, Wage-
432p.

ningen,

Received 20 September 1999

B 1SSN . 1392-1355



BALTIC FORESTRY

ECTECTBEHHOE JIECOBO3OGHOBJIEHHUE HA Y3KHX KOPHAOPHLIX
BBIPYBKAX B JPEBOCTOSAX EJIH OGLIKHOBEHHOM
(PICEA ABIES (L.) KARST)

A. ILmopa, B. Kynaporac, B. Cyxoukac
Peziome

HcenenoBaioch ecTecTBEHIOE JIECOBOCCTAHOBIENHE €JIH 1 GCpe3bl A CIIOWHEBIX Y3KHX KOPHIOPHLIX BhIpyOKax B 25-30-
JICTIHX PeKOHCTpUpyeMuiX enbiikax I0xuoi LIsenimy u B3aMOOTHOLICHHS MCXAY JICCOBOCCTANORBIGHHEM H YCIOBHIMH
okpykaroweii cpeapl. JIccOBOCCTAHOBNENME OLCHUBANIOCH IONCYHUTHIBAS KOJHMUECTBO ONHONCTHHX CCAHUCR Ha MPOOIHIX
NIOILANKAX 3AUTOXKCHIIBIX Ha MHHEPATHIHPOBAHNLIX 11OIOCAX BHYTPH BLIPYOJISITHLIX KOPHIOPOB.

YeTanonnenno, uTo Bapuauus HOTEIICHBIIOCTH ecTecTsenioro sozobionenns enu B 14,5% 3aBHcHT oT ocobeniocTeit
npepecTost ¥ BLIpYORH. OcCTanbilad BEJHYMIIA BAPHAUMM 3aBHCHT OT MMKPOIKOJIOFMYECKHX YCNOBUHI Ha camoil BeIpyOxc.
Bapnauus uiTeHCHBIIOCTH JiccoBo3obopieivs Gepessl B 12,7% 3aBHCHT 0T 0CO0CHHOCTEH APEBOCTOS H BLIPYOKI.

Koppenauns Mexay HHTCIICHBIIOCTBIO JICCOBO30OHOBICIINA ¥ OTACILHLIX 3KONOIMYeckHX (hakTOPOB B Pa3nHUULIX MECTaxX
HCCHENOBAIINS NEOANHAKOBOE H3-32 PA3HHLBI YCHOBHIT OKpyXKaloweH cpelhl B MccliellyeMbIX BhipyOKkax. Buuto yeranonneno,
4TO CCTECTBEINIOE JCcOoBO30GIIORIeHHe Gepe3bl HITCHCHBICE 12 LIHPOKHX BBIPYOKax, a end Ha o0opoT — 11a y3KHX BeIpYOKax.

HanGonce Tecnas A0CTOREpHAs KOPEIALMS YCTAHOBICHA MCXKIY MOKA3aTeHAMM MHIICPAUTHIAUMH TTOBEPXHOCTH TTOYBLI H
KonndecTBoM cesanues enu (r=0.35-0.68), Toraa xak KOppeasums MCXKUY IMOKa3aTeNsMH MIHepaIn3aunil HOuBL H
Bozobuosicrinem Hepesnt ouers cnadas. Yposens sozolionnenus Gepesst ObUT B NPsMOI 3aBHCUMOCTH OT BJIAXHOCTH [1OUBDI
W B 00paTHOIl 3aBUCHMOCTH OT KONHYecTBa HOPYOOULIX OCTATKOB. YPOBIiH BO30OHOBNENHS e/l 1 Oepednl HeKOPPennpoBaH,
DTO yKa3LIBACT A PAIMYME MEXAY STHMH BHIAMH 110 aNauTalMy H 3KOJIOTHUECKMM UPHOPHTCTaM, UTO Tpenolpelenser
NpUMeHieHie PaiHYAIOIMXCS TEXHOMOTHIT eCTECTBCHIIONO Bo3oGHORIeys. Pazinuus B BO30GHOBNCHHH 3THX BHIOB B pa3Hbix
DKOJIOIHUYECKUX YCMOBHAX MOXET 31a4HUTCHBHO OTPasuTcs Ha (POPMHPOBAHMH BMIOBOIO COCTaBa H KauccTBa IIOBLIX
IPEBOCTOEB.

Knwouesnle ¢j10Ba: ccTecTBENHOE ,IICC()B()'S()GII(,)BJIG[IHC, CCHITULI, €Nb, ()L‘[)C'}‘d. KOpHIOpHLIE HI)[P)"(’)KH‘ MHHEpaJIM3alnst
HOBEPXHOCTH TTOUBDLI.
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