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Tltc ratc o f  tiatural rcgc~icra t io t i  o f  Norway sprucc a ~ ~ c l  b i rch on i iarro\v str ip clcar-cuts ill Nor\vay sprucc statitls agcd fro111 
25 to 30 ycars o f  agc i n  Sotit11 Swcdcn, and thc rclatiotisll ips bct\vccti IIIC ratc o f  rcgcticratioti a ~ ~ c l  cnv i ro t i t l ~c~ i ta l  cotltl it iotis l iavc 
been stut l ict l  i t i  o rdcr  to f i n d  t l ~ c  bcst ~nc t l l ods  o f  11atural r c g c ~ l c r a t i o ~ l .  ' l ' l ~c  f i rs t  ycar  rcgcncrat ion was c\ 'alualct l  h y  cout i t ing 
sccdlitlgs w i th in  c i rc lc  satnplc plots locatcd 011 scari t icd bclts w i l l i i ~ l  str ip clcar-cuts. , 

Ahout  14.5 O/o o f  total variatiotl i n  r l ~ c  ratc o f  sprucc rcgc~icrat iot i  and 12.7 % it1 thc ratc o f  bil-ell r c g c ~ ~ c r a l i o n  wcrc tluc to 
pccu l iar i t ics  o f  stands ant1 s t r ip  clcar-cuts. l ' l ~ c  rcst o f  vari : l~iot i  was aur ibutcd to w i t l ~ i ~ l  str ip clcar-cut variat iot l  o f  t ~ i i c ro -s i t c  
ecological cotitl it iotis. 

In scparatc stat~tls tl lc corrclation h c t w c c ~ ~  tltc r cgc~ i c ra t i o t~  ratc ant1 s o ~ i i c  ccologicnl factors studicd varicd duc to di f fcrci iccs 
bctwccn t l ~csc  statltls. Tl icrc was ti>untl vcry  wcak ticgativc corrclat ion bctwcctl t l ~ c  rcgc~lcrat iot i  c ~ f  sprucc ant1 w i t l t l ~  o f  strip. T l ic  
corrclat ion bctwcct i  tl ic atllount o f  h i rc l i  rcgct lc ra t io~ i  ant1 wid t l i  o f  str ip was strotig and posit ivc (r=0.40). Rcgct lc ra t io l~  o f  b i rch 
was bct lcr o i l  w idc slrips, but that o f  sprucc was bcttcr o ~ i  narrow strips. 

7'11~ ~ i i o s t  signif icat i t  co r r c la t i o~ i  was f o ~ ~ t i d  bctwccn tllc w id th  and t l c p t l ~  o f  scari f icat iot~ and tllc a~ i i oun t  o f  No rway  sprucc 
sccd l i~ igs  (14.35-0.68). Howcvcr, tl lc corrclatiotl bctwccti tl lc b i rch rcgc~lcra l io i l  and scarificatiotl qual i ty w:ts vcry  weak. T l ic  ratc 
o f  b i rch rcgcticratiotl was positively corrclatcd to soi l  tl1oistut-c aiid ricg;~ti\,cly corrclatctl to tl lc amoutit o f  slasll boll1 at plot tncail 
a ~ i t l  stand mcarl Icvcls. T'lic ratc o f  No rway  sprucc rcgcilcratioti urns tlot corrclatctl wit11 tl lc ratc o f  b i rch rcgcncrat io~ i .  Th is  also 
jntlicatcs that tllcsc tt-cc spccics d i f fc r  i n  adalitability and ccologicnl priorities and, tlicrcfi>rc, tlic di f fcrct i t  nicnils sl lould bc rlsctl to 
gct successful natural rcgctlcratiorl o f  cacti spccics. Diffcrcnccs i n  ~rcgcncmtiotl s~~cccss  o f  tlicsc spccics 011 tiiffcrcnt sites could liavc 
a s ign i l i ca l~ t  i ~ l i pac t  011 tl lc cliangcs i t 1  spccics composit ior l  a ~ i d  qua l i ty  o f  IICW sta~itls. 
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Introduction 

Due to the contiriuously rising cost of artificial 
reforestation, the use of natural regeneration becomcs 
niore important. Natural regeneration is considercd the 
main method of regeneration of gene conservation pop- 
ulations and natural stands in various categories of 
protected territories. Natural stand regeneration is a 
comprehensive, practical and cheap alternative to for- 
est planting in commercial forests as well. However, at 
least two requirenients have to be fulfilled for natural 
stand regeneration to be successful: 

1) 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 liigli 
initial density. 

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

stands. A good seed yield is one that can guarantee 
successfi~l stand regeneration after i t  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 sountl seedsiha being produced, respective- 
ly. The ~ninimum yicld necessary for stand regeneration 
should exceed 120,000 seedslha (Duryea and Dougher- 
ty 199 1, 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 mqjor methods used to harvest natural even- 
aged stands. The selective breeding harvesting meth- 
od is applied in uneven-aged stands (S~iiitli 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. Studics 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. Ilowever, on unscarified areas, tlie 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 i t  is planned, should be more inten- 
sive on areas that are fi~rtlicr fro111 the seed source, t l i ~ ~ s ,  
ensuring the homogeneity of the new stand (I'arviain- 
en 1994). The width of the wood lot sliould 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 clcar cutting are preferable in or- 
der to get good natural regeneration of forests: 

1) Stand harvesting sliould 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 tlie cones arc ripe but 
before the distribution of sced starts, thus ensuring that 
the fewest seeds possible are covered by slash. 

2) Stand harvesting after the seed geniiination 
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 sceds 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 regencration. 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 
1 ha to ensure success. Tlie basal area of selected trees 
should be between 1.4 and 2.8 ~ii*/ha. The n~uiiber 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 bcfore 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 reco~nmended to prepare the area by using 
chelnical 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 niiglit 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 m2/1ia. Such a stand thinning increases the seed yield 
already during the first year after the reproductive har- 
vesting. Tliis nieasure 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 ( ~ ~ s u a l l y  
after 3 to 5 years) when there are no lcss than 2,500 
evcnly distributed seedlings/lia. 

Tlie shelterwood nicthocl is similar to tlie seed tree 
method except 75 to 125 trecslha are left (basal area of 
5 to 7 m2/ha.). This method is applied whcn 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 local conditions. Seed trees are usually 
removed from the stand after 3 to 6 years. If after 5 years 
the number of seedlingslha exceeds 12,000, the stand 
should be thinned (Leibundgut 198 1, Schubert, Adarns 
1971). The shelterwood method is costly silvicultural 
mcthod and requires expertise, care and continuity 
(Westerberg, I-iannerz 1994). It is possible to obtain a 
higher return than in traditional stand harvesting only 
when suitable sites are chosen and appropriate tr-eat- 
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 scedlings 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. Poniinville 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 stenis in tlie 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 
tlie 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 Siiteri 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- 
ied from 16 to 60 In (Fig. 1). Belts of the remaining 
stands were 20 to 50 nl 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. Seed 
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 m2. They were located 
on scarified belts every 15 meters in the lniddle of strip 
clear-cuts (Fig. I). Every 15 plots there were located 1 
permanent salnple plot in the lniddle of the strip and 
additional 2 permanent saliiple 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 salnple plots were 

Figure I.  Schcmc of strip clear-cuts i l l  

Norway spruce stand No.137 and location 
of sample plots 

located every 15 metres. Permanent salnple plots were 
niarketl with plastic sticks and labelled. These plots will 
be used to study the survival of seedlings and addi- 
tional regeneration in colning 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 
~neasured 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 salnple plot. The scarification width was 
evaluated in dm. The scarification depth was evaluat- 
ed in points (1  pt. -1 to 5 cm, 2 pt.=5 to 10 cm, 3 pt.=lO 
to 15 cm and so onj. 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: 

whcrc: y,, = obscrvcd valuc on ikth sample plot from 
the jth strip clcar-cutlstand, /c  = ovcrall mcan, s, = cf- 
fect o f j t h  strip clear-cutlstand, e,,,, = random rcsidual 
of thc ikth observation (salnple 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 rneans of stands. The effects of 
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the separate ecological components studied (scarificn- 
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 estilnated using ~nultivariant 
stepwise regression analysis (STEPWISE procedure). 

Results ant1 discussion 

There are differcnt sources of variation i n  regen- 
eration rates. One part of tlie variation was induced by 
micro-ecological differences of sites within a stand, and 
the other one was causccl by differences between 
stands. l'hese different sources of variation \yere eval- 
uated by using both the variance and covariance nnal- 
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- 

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

Within separate s ta~ids  the correlation between the 
regeneration rate and some ecological factors studied 
were of different strength due differences between these 
stands. However, the riiain trends can be clearly identi- 
ficd. Sollie results are presented in Tables 1 and 2. There 
was very weak negative correlation (bascd on stands 
means) between the amount of spruce regeneration and 
rntidth of strip clear-cuts. IIowevcr, tlie 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 
spl-uce regeneration studies, Tenhagen and Jegluln 
(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 balsani fir stocking was 
constant, while black spruce stocking i ~ ~ c r e a s e d  (Pom- 
inville, Rue1 1995). The microclilnatc ancl site character- 
istics are different on strip clcar-cuts of different width1 

plots) and on thc bas~s of stand mcans * - tlic ~ i i o ~ t  ~ ~ g ~ i ~ f i c a ~ l t  ~orrclatioll ~ o c f f i c ~ c ~ i t s  aic ~~ l idc r l~ l l cd  
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area. The microcl i~i~ate  is Iiarsher 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 tlif- 
fer from new generation in shelterwood or on narrow 
clear-cuts and that could liave negative inlplications on 
adaptation of stand in the f i~ture.  It was conclucletl 
(Groot, Carlson 1996), that moderation of air tempera- 
ture at clear nights would be best achieved with a max-  
imum strip width of 0.6 tree heights which would rccl~~ce 
dunage to white spruce seedlings after spring frost and 
have a positive effect on natural regeneration. Micro- 
climatic conditions in narrow strip clear-cuts nre 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 species 
show differences in the ecological opt imu~n and in dis- 
persal ability of seed. This could liave an impact on the 
changes in composition of the new stands, which in 
~iiost  cases needs to be avoided. 

In  our experiment, we fount1 significant correlation 
between the quality of scarification (witlth and depth of 
scarification) and amount of spruce seedlings (r=0.35- 
0.68). Tile shape of that rclationsliip is shown in Figures 
2 and 3. 'The correlation between the bircli rcgeneration 
and scarification quality is very weak. The rate o f  birch 

0 0.5 1 1,s 2 2,s 3 3,s 4 

\\'idtl~ of scarificatinn, d n ~  

Figure 2. The effcct of scarification width on the first ycar 
Norway sprucc rcgcncration on strip clcar-cuts 

f r m  oll sa~n[)lr 

mean 

regeneration is related to soil moisture: higher moistitre Figure 3. Thc cffcct of scarification dcpth on the first year 

leads to better regeneration of  bircll (Fig. 4). l[owever, Norway SPrLIcc rcgcneration o n  strip clcar-cuts 

this relationsliip is not strong. The rate of birch regen- 
eration was positively correlated with soil moisture both , . -. . . 

Calct~lated BJ ; at plot mean and stand mcan levels. The rate of spruce 
a and birch regeneration was negatively col-related with the 

aniount of slash at both levels as well. 
120 .- ~=-206.~+180.8*~-24.0*~~ 

The curves and equations of regression of regen- 1 

eration on the separate ecological components sti~dietl 
(scarification depth, width, soil humidity, strip width 
and so on) and coefficients of deterlnination ( R 2 )  are o 

2 40 
presented in Figures 2 to 5. 

r n  ' . , m  
The combined effects of the main ecological corn- 7, . , 

ponents on the rate of first year regeneration were es- B I - - - t - - t  t~ 

1,s 1,6 1,7 1,s 1.9 2,O 2,l 2,2 2.3 2,4 2.5 2,6 
timated according to the equations: 

hloisture of site, pt 

Ys p,ucc =1.36 + 3.33*WSCA - 2.17*DSCA + 0.29*DSCA2 Figure 4. Thc influence of sitc moisture on the first year birch 
rcgeneration on strip clcar-cuts 

R2 = 0.29 

Y =2.89 + 6.56*WSTR + O.I0*WSTRz + 3.37*SLA Emphasis is placed on the fact (Boerset 1976) that 
+62.9*HUM favourable conditions for regeneration are in places 

R2= 0.09 which have a good combination of heat and moisture. 

' 2000, VOL. 6, NO. 1 lSSN 1392- 1355 = 



N A T U R A L  REGENERATION ON NARROW STRIP CLEAR-CUTS OF NORWAY SPRUCE -1A. PLI~RAETAL.= 

Figure 5. Thc influence of t l~c amount of slash on thc first 
year birch rcgcncration on strip clcar-cuts 
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These site conditions in the middle of strip clear-cuts 
studied are slightly different froni those on the sides 
(close to the remaining stand). I-Iowever, the rate of 
Norway spruce regeneration was not influenced by dis- 

- - - Ihl)le 3. 'Thc corrclalion bctwccn thc ccological factors and 
' r3 rate of rcgcncration i n  scparatc Norway spruce stands -- 

El snnlplc plot% 

. . -- Stalld mcnn 

-- 
I 
! 

Y=~R.Z~-I.ZU*X+I~.O~R'X' 1 
-- 1t'=O.02 I 

60-- 
B 

t3 

-- - .  0 

F1 -- i 
. . n  

I 

0 

tance to the remaining stand. The average nun~ber  of 
spruce seedlings per plot on tlie sides or in the middle 
of the strips was almost the same. Meanwhile, the re- 

O 5 10 IS 20 

Arcn of srarinccl zone csvcrcrl I,? sln5l1, "Yn 

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 fro111 the remaining 
stand, soil moisture close to the edges of strips was 

- the most significant correlation coefficients arc underlined 
too low for germination of birch seed. 

Ecological factors 

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 f luctu~ '1 t '   on 
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- 

Correlntioti coefficients in stands 
No. 15021 No. 1931 No20 1 

Nurnkr of seedlings 

all spccies I spruce I birch 

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 tlie 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 peculiarities 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 colnplicated biological reg- 
ularities of the species in interaction with the sites. 

Wcsl-East position of strips -0.35 -0.2 1 -0.33' 
-0.05 0.09 -0.07 
-0.35 0.13 -0.36 

Widtli of strip -0.32 -0.40 -0.26 
-0.14 -0.14 -0. 12 
0.14 0.12 0.13 

Width ofscarificatioti 0..51 0.45 
o.no O.R5 0.24 
0.38 0.bO 0.34 

I)cptli of scarification ' 0.38 0.48 0.24 
0.41 0.40 0.35 
0.17 0.30 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 covcrcd hy slash -0.22 -0.34 -0.16 
0.31 0.14 0.31 
-0.18 -0.27 -0.16 

Moislurc of silc 0.12 -0.03 0.15 

Nutiibcr ofsprucc seedlings 0.58 1.00 0.37 
0.5) 1.00 0.34 
0.25 1 .00 0.18 

Nutnbcr of bircli seedlings 0.99 O.R7 1.00 
0.98 0.34 1.00 
0.99 0. 18 1.00 
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Figure 6. The first ycar Norway sprucc rcgc~ieration o n  strip 
clcar-cuts in  tliffcrcnt st;uids 
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Figure 7. Tlic first year silvcr birch rcgcncl.ation on strip clcar- 
cuts in diffcrcnt stands 

Slantl No. 

Figrrre 8. Tlic first ycar rcgclicration of Norway sprucc and 
birch on strip clcnl--cuts 

Conclusions 

About 14.5 "/o of total variation in the rate of spruce 
regeneration were due to the peculiarities of stands and 
strip clear-cuts. Tlle rest of the variation was due to 
within strip clear-cut variation of micro-site ecological 
conditions. For birch, about 12.7 O/o of  total variation 
can be attributed to the pecitliarities of stands and ec- 
ological cotlditions in strip clear-cuts. 

In separate stands tlic correlation between the re- 
generation ratc and some ecological factors studied 
varied due to differences between these stands. I'here 
was a very weak negative correlation between the re- 
generation of spruce and width of strip. The correla- 
tion betwecn the amount of birch and width of strip was 
strong ant1 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 optilnum 
and seed dispersal ability. 

The amount of birch seedlings in each 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 needed for ger- 
mination and first year survival of seedlings. 

The most significant correlatiori was between the 
scarification cluality and amount of spruce seedlings 
(r=0.35-0.68). IIowever, the con-elation between the b~rch 
regeneration and scarification quality was very weak. 
The rate of birch regeneration was positively correlat- 
ed to soil nloisture and negatively correlated 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 - 2000, VOL 6, NO 1 ISSN 1392- 1355 - 
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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 co~nposition and qual- 
ity of new stands. 
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N A T U R A L  REGENERATION ON NARROW STRIP CLEAR-CUTS OF NORWAY SPRUCE -_ , A .  PtlURA ETAL 

ECTECTBEHHOE JIECOB030EHOBJIEHME HA Y3KMX KOPMAOPHLIX 
BLIPYFBKAX B APEBOCTOHX ETIM OELIKHOBEHHO~~ 
(PICEA ABIES (L.) KARST) 

MCCJ~~LIOBZLJIOCL eLTeCTBCllllOe JIeCOnOCCTaNOBJlellMe €!JIlI Pi 6Cpe3Ll I1a Cl I J lo l l l b lX  Y3KIIX KOpI.1JlOPIII~IX DLIP$KBX I3 25-30- 

~rcrrrux peKor-lcrpupyeMLrx CJlLrruKax IOmrloii LLIneuu~m ri n3ari~ioo~rrome111ix Memny ncconocc~;~rroru~errrrehr ri ycllonrrnhirl 

o~pymaroureii cpenr,r. ~ c c o n o c c ~ a r ~ o o n c r ~ ~ c  OucrlrrnrurocL rroncqiiT1,~oarc KoJrrl~lecrno olrrro~rc~rrrrx ccnrluen rra 11p061lhl~ 

nJ1owuwax ~ ~ O X C ~ I I I L I X  rla M I I I I ~ ~ ~ M ~ ~ ~ ~ O ~ ~ I I I I L I X  IroJlocax nrryrprl nr,rpy6~1er1trr~rx Koptmopon. 

y~~~ll0Wle~1110, ,IT0 BapMaUMR 1 l l ITe l1~MRl l~CT1l  ecTccTnelrl1orO 130306ll0I3~lC1111~ eJlk1 I3 14.5% 3aBI4CPlT OT oco6c1111o~~eii 
npenecrox M n~lpy6err. OCT~JILIIM n o i r ~ ~ r ~ i ~ r a  naprfaurlrr sanrrcr~~ OT h r n ~ p o ~ ~ o n o r - ~ q e c ~ ~ r x  ycnoorlii Ha cahroii n ~ r p y 6 ~ c .  
Bap~raur~x MllTCIlC~1nlrOCTll nccono306r1on~1e1rlrrr ~ C ~ C ~ L I  n 12.7% 3aBllCliT OT O C O ~ C I ~ ~ I O C T C ~  npeBOCTOfl 11 ~ L l p y 6 ~ 1 1 .  

Koppc~1nul.r~ MeXny li11TC11Clll3l1O~TL~ ~rccono3o6r10~1crru~ M OTnUlL1lLlX 3KO.~OnlVeCKllX @ ~ K T O ~ O ~  I3 pa3l1H~IIILlX hlCCTaX 

HccJrenonallMx IleonnliaKoBoe 113-3a pa311~ubr Y C J I O B M ~ ~  o~pymarorueii c p e f i ~ ~  n PiccJlepyehtLlx nr,rpy6~ax. ELIJIO ycrarlonnerro, 
YTO CcTecTnelllloe ~ C C O R O ~ V ~ I I O ~ J I ~ ~ I P I ~  Gepe31,r iilrrcrlcrlnlree rra L L I I I ~ O K M X  ~ b l p y G ~ a x ,  a enr l  rla oGopo~ - rla FKIIX n 1 ~ 1 p y 6 ~ a x .  

Nau6once ~ccrirur uoc-roneprlarr Kopcnnurlx ycrallonnelra hrcmy no~a3a~cnxh1u hr11rreprv1rr3aur1~ rronepxllocTM noqnL1 1.1 

KOJll1qCCTDOh.I C e R l l U e D  CJ1I.i (r=0.35-0.68), TOrAa K a K  KOppCnRUPlR h1CXJJy I1OKa3aTeJl2hlif b ~ l l ~ l e p a J l ~ 3 ~ ~ l 4 l l  17oqBLl I.1 

B0306l10~~1Clll1C~ G C ~ C ~ L I  O ~ C I I L  cna6m. Y ~ O D C I I L  no306110nnc11rix 6 c p e 3 ~  6 ~ m  n n p x ~ o l i  sanr~c~hioc~k~ OT wraxrrocTlr rloqnbl 

u n 06paTHoii 3anrrccr~oc~cr or ~ o n n s e c ~ n a  rropy60~1111,rx ocTaTKon. Y ~ O B I I M  ~oso6~1onlrer1rtx enrr  ii Gcpc31,r IIeKoppennponarru. 
 TO y~a3~rnac.r Ira pasnuq~e hremny ~ T I ~ ~ I U  nUnaM1.I 110 ~ ~ ; I I I T ~ U M M  11 ~ K O J I O ~ ~ I ~ ~ C K M ~ ~  I I ~ I I O ~ I ~ . I . ~ T ~ ~ ~ ,    TO npenoi1peueJrxe-r 
nprrbrerlcrlrie pa3Jrrlqaloquxcx ~exr~ononiii  ecTec-mcH1rol.o ~oso611onJrer111x. Pavlriqr~n B B O ~ O ~ H O J ~ J I ~ H M ~ I  ~ T I I X  nrtnon n P ~ ~ I I L I X  

3KOJTOl'll~CCKkIX YCnOBMIlX MOXCT 3llaqllTCJIbllO OTpa3llTCIf Ila CI>0pb11-1~0~~lll.111 l3MJlOROI.O COCTklBa PI KaqCCTBa IJOBLlX 

npenocroen. 


