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Introduction

Due to environmental, economic and social sig-
nificance, pedunculate oak is one of the most impor-
tant trees in Lithuanian forestry. Despite this, the area
of oak stands in 2006 occupied only 40,1 thou. ha or
2% from the total forest area (Lithuanian Forest Sta-
tistics 2006). Oak stands of high commercial value in
the European Union comprise about 5% of the forest
area (ONF 1994).

After initiation by M.Lukinas restoration of
Lithuanian oak stands in the 1960s and the beginning
of the 1970s, when 20 thou. ha of oak plantations were
established, annual planting volumes in the subse-
quent 3 decades comprised only several or several
tens of hectares (Lithuanian Forest Yearbook 2003).
Since 1997, the volumes of oak planting started to
increase and at present about  200-300 ha are affor-
ested annually. Due to afforestation program of the
former farmland, where oak plantations are established
rather often, because oak is a valuable and desired
species both from social and environmental point of
view, as well as owing to the accepted Regeneration
Program of Oak Stands, the area of oak plantations
should increase.

There are no works published in Lithuania on the
initial density of oak plantations, while those published
abroad are scarce as well. In the Nizhnenovgorod re-
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gion, sown and planted 29-54 year-old plantations of
pedunculate oak have been studied. Based on the data
of survival and growth, plantations established with
the initial density of 8.000-10,000 trees ha-1 are rec-
ommended  (Kuprijanov et al. 1991). With increasing
initial density of oak plantations, the dimensions and
especially mass of oak seedlings significantly decreas-
es. Aiming at stand longevity, it is suggested to es-
tablish more sparse plantations (Gorshenin and Gazat-
ulin 1975). In the Voronezh region, the 13-41 year-old
oak plantations were studied. The increase in the in-
itial density from 6-14 to 15-21 thou. trees ha-1 in the
15-23 year-old plantations reduce by 34.6% mean di-
ameter, while by 16.2% - mean height.  Optimal densi-
ty of 13-15 year-old oak plantations is 7-9, at the age
of 17 yr. - 6-7, 21-23 yr. � 3-4 and 39-41 yr. � 1.5-2.0
thou. trees ha-1 (Kovaliov 1982). In plantations estab-
lished in Scotland in 1936, the effect of planting de-
sign (from 0.6x0.9 m to 2.30 x 2.0 m) on the growth of
pedunculate oak and stem form was studied. Periodi-
cally carried out estimations showed better stem form
and higher productivity in denser plantations. If the
goal is to produce high quality timber, initial density
should exceed 2.500 trees ha-1 (Riley and Nixon 1993).

Based on the growth data of plantations of dif-
ferent density, A.Lisenkov (1968) suggests to estab-
lish oak plantations with 3,1-3,5 thou. trees ha-1 at
initial density, while A. Savina and M.Zhuravliova
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(1978) � 20 thou.trees ha-1. The latter authors admit
that in sparse plantations (1.0 x 1.5 m) oak trees are
more abundantly damaged by late spring frosts than
in dense (0.5 x 0.5 m. or 1.0 x 0.5 m) ones, due to which
their survival and growth decrease. The increase in the
initial density from 6-14 to 15-21 thou. trees ha-1 at the
age of 13-17 yr. has increased the survival by almost
1.7 times. The survival of plantations reliably corre-
lates with their initial density (Kovaliov 1982). Polish
foresters suggest to mix oak with birch in order to
reduce the negative impact of frosts on oak, while
M.Lukinas (1967) suggested to establish oak planta-
tions with grey alder.

To produce high quality timber, planting density
of oak plantations should be 8,000 trees ha-1 or higher
(Röhring and Bartsch 1992). Planting design experiments
show that seeking to ensure stem straightness, self-
cleaning from branches and high timber quality, grow-
ing space of oak trees should not reach 1.5 m2, (Gaul
and Stüber 1996, Matic et al. 2000). Despite this, to
reduce planting costs, planting density in oak planta-
tions is being reduced, i.e. distances between and within
rows are increased (Rock et al. 2004). In Great Britain
it is recommended to establish oak plantations, as well
as those of other trees, with not lower than 2,500 trees
ha-1 at initial density (Forestry Commision 1991). The
experience of Danish foresters shows that seeking to
produce high quality timber, the initial density of oak
plantations should be not lower than 4,000 trees ha-1.

The aim of this work is to study the quality of butt
logs in oak plantations with different initial density.

Objects and methods

Studies were conducted in the 46 year-old oak
plantations of Vaiðvydava and Ðilënai forest districts
of Dubrava Experimental - Training Forest Enterprise,
established with different initial density (3,570, 7,140,
12,300 and 20,000 trees ha-1), without replication. The
plantations were established on former farmland, sit-
uated along the shores of the artificial lake �Kauno
Marios� in southern Lithuania (540451 - 540531 N1
240041 � 240091 E). The soils on these sites have de-
veloped on limnoglacial deposits with soil types in-
termediate between Eutric Cambisols and Dystric or
Eutric Planosoils (ISSS-ISRIC-FAO 1998). At present
Oxalidosa oak stands are being formed. During cut-
tings performed 2-3 years ago, trees lagging behind
in growth and having poor stem quality were removed,
although the prevailing trees in the stand were left
untouched. The number of trees remaining after fell-
ing was ascertained taking into account the standards
of maximally productive oak stand formation (Kairiûkð-
tis et al. 1980).

During the studies, the diameters of all trees were
measured, as well as the heights of 1-4 trees  within
each thickness group. Stem crookedness was meas-
ured at the height of 0.1-5.1 m from the ground sur-
face. Determining stem crookedness, the ends of a stem
segment were connected with a straight line and the
distance between the line and the stem was measured.
The diameters of the thickest branches were measured
in the segment of indicated length.

The diameters were measured perpendicularly to
the axis line of branches at 3 cm distance from the stem.
Based on the requirements of the LST EN 1316-1 stand-
ard, estimation of stem segments at the height of 0.1-
5.1 m was done, forecasting their correspondence to
the quality classes of sawn logs at the age of maturi-
ty. During the estimation, crookedness, branchiness
and diameter were taken into consideration.

To ascertain the number and volume of trees har-
vested during thinnings, the diameter of stems was
measured. Based on stem diameter at stump level and
correlation at the height of 1.3 m, the diameter of har-
vested trees at the height of 1.3 m was calculated
(Butënas et al. 1983).

The belonging of secondary oak logs (at 5.1-10.1
m height from the ground surface) to sawn logs qual-
ity classes was determined visible, taking into consid-
eration the same indices as for butt logs (sweep, thick-
ness of branches, stem diameter, bifurcation or multi-
ple tops).

Results

Dendrometric characteristics of oak plantations
reflects the influence of the initial density and thin-
ning (Tables 1 and 2). The highest mean diameter,
height and stem volume are found in plantations of
Table 1. Dendrometric characteristics of oak plantations

Initial 

density, 

trees ha
-1

 

Number 

of 

harvested 

trees, 

trees. ha
-1

 
 

Mean 

diameter 

of the 

harvested 

trees, cm 

Volume of the 

harvested trees, 

m
3
ha

-1
 

3,570 172 13.4 23 
7,140 713 10.9 81 

12,300 467 9.0 25 

20,000 452 8.6 24 

 

Table 2. Dendrometric characteristic of harvested part of the
stand
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Initial density, 
trees ha-1 

Planting 
design, m 

Number of 
trees, trees 
ha-1 

D B H,cm Mean 
height, m 

Volume, 
m3ha-1 

3,570 4.0 x 0.7 560 25.5 24.0 326 
7,140 2.0 x 0.7 953 16.9 19.3 222 
12,300 1.16 x 0.7 954 18.2 20.2 262 
20,000 1.0 x 0.5 682 19.5 20.6 216 
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the least initial density, the lowest growing stock vol-
ume - in plantations of the highest initial density.

Prior to thinning, with increasing initial density,
the growing stock volume gradually decreases. Before
thinning, the highest mean stem diameter was found
in plantation with the lowest initial density, the low-
est - in plantations with 7,140 trees ha-1 initial densi-
ty, where the number of trees was the largest (1,666
trees ha-1). The least diameter in these plantations
remained after cuttings as well.

At the level of but logs (at 0.1 � 5.1 m height),
the straightest stems were in plantations with 7,140
trees ha-1 at initial density (1.48 cm m-1), the most
crooked � 12,300 trees ha-1 (1.82 cm m-1 , Table 3). Stem
crookedness depends on the relative tree diameter.
With increasing relative tree diameter (i.e. relative di-
ameter � distributions of trees under diameter, ex-
pressed in parts from the mean stand diameter), stem
crookedness decreases (Figure 1). This dependance is
distinct and manifested itself in plantations of all den-

sities. Determination coefficients of the equations 0.42
� 0.61. The difference of stem crookedness between
the thickest and the thinnest trees comprises about 2
times.

The mean diameter of the thickest branches de-
creases with increasing initial density of plantations.
The number of trees with branches decreases as well
with increasing initial density, while in plantations of
20 thou. trees ha-1 at initial density trees with branch-
es at the height of 0.1 � 5.1 m were absent.

Forecast of the distribution of oak stem segments
at the height of 0.1-5.1 m by quality classes accord-
ing to their correspondence to sawn logs when stands
approach maturity has shown that with increasing
initial density, the number of potential stems of the
highest quality class initially increases, while later it
decreases (Table 4). Relative distribution of oak butt
logs by quality classes is similar in the plantations of
all initial densities and on an average class A trees
comprise about 29%, class B - 41%, C - 27% and D -
3% (Figure 2). With increasing initial density, the
number of potentially best quality logs, expressed in
percent from the number of planting places, constantly
decreases. In plantations with 3,570 trees ha-1 at ini-

Initial 

density, 

trees ha-1  

Crookedness 

of the stem 

cm m-1  

 

Mean 

diameter 

of the 

thickest 

branches, 

cm 

Number of trees 

with branches at 

the stem height 

0.1 – 5.1 m, % 

3,570 1.76 ± 0.13 3.6 40 

7,140 1.48 ± 0.10 3.4 10 

12,300 1.82 ± 0.14 3.0 22 

20,000 1.67 ± 0.12 - 0 

 

Table 3. Crookedness of the stem at the height 0.1 � 5.1 m,
mean diameter of the thickest branches and number of trees
with branches in oak plantations of various initial density
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Figure 2. Distribution of butt logs by quality classesFigure. 1. Dependance of stem crookedness on the relative
tree diameter

Quality classes 
 

Initial 
density, 
trees ha

-1
 A B C D 

3,570 168 241 140 11 

7,140 215 389 309 40 
12,300 298 343 253 60 
20,000 214 292 166 10 

 

Table 4. Forecast of oak stems distribution at the height of
0.1-5.1 m by quality classes according to their correspond-
ence to sawn logs at the age of stand maturity (trees ha-1)
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tial density the number of such stems  comprises 4.7%,
with 7,140 trees ha-1 � 3.0%, 12,300 trees ha-1 � 2.4%,
while with 20,000 trees ha-1 � only 1.1%.

Quality class of the second logs, in comparison
with butt logs, most often changes in the direction of
worsening (Table 5 ). Secondary logs, when but logs
are of class A, remain of the same class in 16% of trees,
when butt logs are of classes B and C � 25%. Quality
class most often changes over 1 class. Changes over
2 or 3 classes on average comprise only about 14%.
Quality class changes in the direction of improvement
are very rare and make up only about 1%.

found in plantations with 7,140 trees ha-1 at initial den-
sity. Studies of pine and spruce plantations by O.
Huuri E. Lahde (1985), F. Prescher and E. Stähl (1986)
and E. Agestam et al. (1998) have shown that with
increasing initial density, stem straightness increas-
es. With increasing initial density of spruce plantations
up to 12,500 trees ha-1, stem straightness increased,
while later, with increasing initial density, it started to
decrease (Kairiûkðtis and Malinauskas 2001). In hy-
brid aspen (Populus tremula x Populus tremuloides)
plantations the straightest stems were in plantations
of the lowest (500 trees ha-1) initial density (Malinaus-
kas and Urbaitis 2006). Stem crookedness of trees in
the plantations of average and high initial density was
increased by their bending in the direction of better
light conditions.

The straightest stems in coniferous plantations
are those of average and close to their dimensions trees
(Kairiûkðtis and Malinauskas 2001, Malinauskas 1999,
2003). With increasing diameter of trees, the crooked-
ness of oak stems decreases. If competing with an
individual oak trees surround it, while competition is
similar in all directions, then the tree has no other
choice how to grow in height, however, if the com-
petitors are only on one side, the oak reacts to this
by retreating the stem and crown, due to what chang-
es its stem form, and it greatly affects the quality of
wood (Rock et al. 2004). In the plantations of hybrid
aspen, the straightest were the thickest trees (Malin-
auskas and Urbaitis 2006). Thus, the stems of oaks as
well as those of hybrid aspens are considerably af-
fected by light conditions. While growing, they bend
in the direction of better light conditions.

Relative distribution of butt logs by quality class-
es in the plantations of different densities is similar.
This might have been determined by a low diversity
of the initial density of the studied plantations and
genetic properties of oak. With increasing initial den-
sity up to 12,300 trees ha-1, the number of trees with
potential butt logs of the highest quality was increas-
ing per area unit, while in plantations with 20,000 trees
ha-1 at initial density it again became lower. On the oth-
er hand, with increasing initial density, the number of
stems with potentially best quality butt logs, expressed
in percent from planting places, was gradually decreas-
ing. This distribution of butt logs by quality classes
was determined by the genetic properties of oak and
the absence of thinning (too late thinning).

Taking into account the growth of plantations and
the quality of timber, minimal initial density of oak plan-
tations should be not less than 3,500 trees ha-1. Seek-
ing to produce higher amount of the highest quality
timber, the initial density of plantations should be in-
creased up to 8,000 thous. trees ha-1, however, such an

Survival in the same quality class, 

% 

Initial 

density, 

trees ha
-1 

A B C 

3,570 21 9 25 

7,140 10 35 40 

12,300 10 17 24 

20,000 23 40 12 

 

Table 5. Forecast of the survival of secondary logs in the
same quality class, compared with butt logs

Discussion

The highest mean diameter of plantations was
found in the plantations with less initial density. The
same dependance was ascertained by S. Hannelius
(1978), J.Adegbeihn (1982), T.Classon (1994). The high-
est mean height and growing stock volume were found
in plantations of the lowest initial density as well. The
mean height and growing stock volume of plantations
is the function of the initial density and age. At the
juvenile stage higher and more productive are dense
plantations, later gradually the superiority of less
density stands is revealed (Merzlenko 1981; Kairiûkð-
tis and Juodvalkis 1985; Orliè Steno 1987; Juodvalkis
and Jonikas 1988; Kenk 1988; Classon 1994).

The thickness of branches, especially for broad-
leaved hardwoods, is one of the main indices of wood
value (Röhring and Gussone 1990, Nutto 1999). In
plantations with 20 thou. trees ha-1 planting density,
branches at the height of 0.1-5.1 m were absent. With
decreasing initial density, the number of branches and
their thickness were increasing, which completely cor-
responds to the regularities ascertained in most other
works. Another important factor of logs quality is stem
form. The most desirable stems are straight and verti-
cal ones (Rock et al. 2004). Deviations from this form
affect stem straightness and are determined by genetic
factors (crown type, Gockel 1994), damages of apical
shoot ( Leder 1992), or stem sweep. The straightest
stems at the height of 0.1-5.1 m from the ground were
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increase in the initial density would significantly in-
crease the costs of plantation establishment. To reduce
the costs, it is suggested to establish plantations in
clusters (Gockel 1994). The first oak plantations in clus-
ters were established in Lithuania in the sixth decade
of  the XX century. The density of oaks in the clusters
should be rather high (tree nutrition area is about 1 m2)
to ensure strong intraspecific competition in young
stands. Each cluster should contain one vigorous oak
tree of high wood quality. Thus, the size of cluster would
depend on the genetic quality of seedlings. Study re-
sults show that in each cluster should be planted about
20-40 oak trees. Improving the genetic quality of seed-
lings, this number could decrease. The number of clus-
ters per area unit depends on the final crop trees den-
sity. Aftercare of plantations would be carried out only
in the clusters, which would reduce stand establishment
costs (Gockel et al. 2001). Establishment of oak planta-
tions in clusters would also increase biodiversity, in
comparison to forest establishment on the whole area,
because the area between clusters would be left for
natural regeneration (Rock et al. 2003). Fast growing
softwood broadleaves could reduce the danger of dam-
ages of late frosts on oak plantations.

Conclusions

1. The growth of oak plantations (the mean diam-
eter and height as well as growing stock volume),
depending on the initial density, conform to the same
regularities, determined studying other tree species.

2. The straightness of oak stems obviously de-
pends on tree diameter. With increasing tree diameter,
the straightness of oak stems increases as well. The
straightest stems are in plantations with 7,140 trees
ha-1 at initial density.

3. Relative distribution of butt logs by quality
classes within the range of studied densities (3,570-
20,000 trees ha-1) is similar, however, with increasing
initial density, the number of potential crop trees, ex-
pressed in percent from planting places, gradually
decreases. Second logs, in comparison with butt logs,
most often are of worse quality. When butt logs are
of the highest quality, only 15% of second logs re-
main of the same class. Taking into account the
growth of plantations and the quality of timber, the
initial density of oak plantations should be between
3,500 � 7,140 trees ha-1.

References

Adegbeihn, J. O. 1982. Preliminary results of the effects of
spacing on the growth and yield of Tectona grandis Linn.F.
Indian Forest 108(6): 423-430.

Agestam, E., Ekö P.-M. and Johannson, U.  1998. Timber
quality and volume growth in naturally regenerated and
planted Scots pine stands in S.W. Sweden. Studia Fore-
stalia Suecica 204: 17 p.

Butënas, J., Narbutas, K. and Jankauskas, M.  1983. Stie-
bo skersmens kelme (d o) ir 1,3 m aukðtyje nuo ðaknies
kaklelio (d 1,3) tarpusavio ryðys [Correlation of stem dia-
meter at stump ( do ) and  at 1,3 m height from the  root
collar (d1,3)]. Miðko taksuotojo þinynas. Vilnius, Mokslas,
p. 163.

EUROFOR coordonné par l�Office national des foréts (France)
pour le parlament européen [Europe and its forests. Study
for the European Parliament conducted by EUROFOR,
coordinated by the National Office of forests (France)].
http://www.onf.fr.

Forestry commision. 1991. Larch a tree for all seasons. Edin-
burg, 13 p.

Gockel, H.A. 1994. Soziale und qualitative Entwicklungen sow-
ie Z-Baumhäufigkeiten in EicbenJungbeständen. � die En-
twicklung eines neuen Pflanzschemas �die Trupppflan-
zung� [Social and qualitative developments and frequency
of elite trees in young oak stands  � the development of
a new planting scheme �planting in clusters�]. Disserta-
tion, University of Göttingen.

Gockel, H.A., Rock, J. and Schulte, A. 2001. Aufforesten
mid Eichen-Trupppflanzungen [Afforestation with oaks
planted in clusters]. Allgemeine Forst-Zeitschrift/Der Wald
5: 223-226.

Hannelius, S. 1978. Intutuskuusikon tiheys-tuotoksen ja edul-
lisuuden tarkastelua [Initial spacing of Norway spruce and
estimation of the growing stock volume and economic
effect of its plantations]. Folia forest. 359: 51 p.

Huuri, O. and Lähde, E.  1985. Effect of planting density
on the yield quality and quantity of Scots pine planta-
tions. Proceedings of an international conference: Crop
Physiology of Forest Trees held in Finland, July 23-28.
1984 (Eds. Tigerstedt P., Puttonen P., Koski V.) Univer-
sity of Helsinki, p. 295-304.

ISSS � ISRIC � FAO, 1998. World reference base for soil re-
sources. World Soil Resources Report 84. FAO, Rome.

Kairiûkðtis, L. and Juodvalkis, A.  1985. Etaloniniai me-
dynai ir jø formavimas [Standard stands and their tend-
ing]. Vilnius, Mokslas, 244 p.

Kairiûkðtis, L., Juodvalkis, A., Jonikas and J., Barkaus-
kas, A.  1980. Maksimaliai produktyviø medynø formavi-
mas [Tending of maximally productive stands]. Vilnius,
40 p.

Kairiûkðtis, L. and Malinauskas, A.  2001. The influence
of the initial density on spruce (Picea abies Karsten.)
wood quality. Baltic Forestry 7(2): 44-49.

Lietuvos miðkø metraðtis XX a. [The chronicle of Lithuanian
forests XX century]. 2003. Lietuvos Respublikos aplinkos
ministerija miðkø departamentas (sudarytojai V. Verbyla.,
A.Brukas, L.Kairiûkðtis), vyriausias redaktorius
L.Kairiûkðtis. Kaunas: Naujasis lankas � Vilnius: UAB
Petro ofsetas, 632 p.

Lietuvos miðkø statistika [Lithuanian statistical yearbook of
forestry]. 2006. Kaunas, 144 p.

Malinauskas, A.  1999. The influence of the initial density
and site conditions on Scots pine growth and wood qual-
ity. Baltic Forestry 2: 8-19.

Malinauskas, A. 2003. Influence of Initial Density and Plant-
ing Design on the Quality of Butt logs in Scots Pine (Pi-
nus sylvestris L.) Plantations. Baltic Forestry 9(2): 10-
1 5 .

Matic, S., Orsanic, M. and Anic, I.  2000. The number of
plants and site as important factors in the growth of

A. MALINAUSKAS
BALTIC FORESTRY

INFLUENCE OF INITIAL DENSITY OF OAK /.../ PLANTATIONS TO STEM QUALITY



ISSN 1392-13552007, Vol. 13, No. 1 (24)

ÂËÈßÍÈÅ ÍÀ×ÀËÜÍÎÉ ÃÓÑÒÎÒÛ ÊÓËÜÒÓÐ ÄÓÁÀ (QUERCUS ROBUR L.)  ÍÀ
ÊÀ×ÅÑÒÂÎ ÑÒÂÎËÎÂÎÉ ÄÐÅÂÅÑÈÍÛ
A. Ìàëèíàóñêàñ
Ðåçþìå

Ïðîâåäåíû èññëåäîâàíèÿ íàñàæäåíèé äóáà îáûêíîâåííîãî ðàçëè÷íîé íà÷àëüíîé ãóñòîòû (3,570, 7,140, 12,300,
20,000 øò. ãà -1) 46�ëåòíåãî âîçðàñòà. Óñòàíîâëåíî, ÷òî êðèâèçíà ñòâîëîâ äóáà íà âûñîòå 0.1-5.1 ì îò ïîâåðõíîñòè
ïî÷âû çíà÷èòåëüíî çàâèñèò îò äèàìåòðà äåðåâüåâ. Ïðè óâåëè÷åíèè äèàìåòðà äåðåâüåâ êðèâèçíà ñòâîëîâ óìåíüøàåòñÿ.
Êðèâèçíà ñòâîëîâ ñàìûõ òîíêèõ äåðåâüåâ ïî÷òè â 2 ðàçà áîëüøå (ñì ì-1), ïî ñðàâíåíèþ ñ íàèáîëåå òîëñòûìè
äåðåâüÿìè. Íàèáîëüøå ïðÿìîëèíåéíûõ ñòâîëîâ óñòàíîâëåíî ïðè íà÷àëüíîé ãóñòîòå 7,140 øò. ãà-1. Ïðè óâåëè÷åíèè
íà÷àëüíîé ãóñòîòû êîëè÷åñòâî è äèàìåòåð ñó÷üåâ íà âûñîòå ñòâîëîâ 0.1-5.1 ì óìåíüøàåòñÿ. Â ïðåäåëàõ èçó÷àåìûõ
ãóñòîò îòíîñèòåëüíîå ðàñïðåäåëåíèå ïåðâè÷íûõ áðåâåí ïî êëàññàì êà÷åñòâà ÿâëÿåòñÿ áëèçêèì, íî ïðè óâåëè÷åíèè
íà÷àëüíîé ãóñòîòû ïðîöåíò êîëè÷åñòâà ïåðâè÷íûõ áðåâåí íàèâûñøåãî êëàññà êà÷åñòâà, âûðàæåííûé îò ÷èñëà
ïîñàäî÷íûõ ìåñò, ïîñòîÿííî óìåíüøàåòñÿ. Âòîðè÷íûå áðåâíà, ïî ñðàâíåíèþ ñ ïåðâè÷íûìè, â áîëüøèíñòâå ñëó÷àåâ
áûâàþò õóäøåãî êà÷åñòâà è òîëüêî â èñêëþ÷èòåëüíûõ ñëó÷àÿõ � ëó÷øåãî. Òîëüêî 15% âòîðè÷íûõ áðåâåí îñòàþòñÿ â
òîé æå ñàìîé êëàññå êà÷åñòâà, åñëè ïåðâè÷íûå áðåâíà - íàèâûñøåãî êëàññà êà÷åñòâà. Ïðè ó÷åòå ðîñòà êóëüòóð è
êà÷åñòâà âûðàùèâàåìîé äðåâåñèíû ãóñòîòà ïîñàäêè äóáà äîëæíà áûòü íå ìåíüøå ÷åì 3,500 øò. ãà-1.

Êëþ÷åâûå ñëîâà: äóá îáûêíîâåííûé, êà÷åñòâî, íà÷àëüíàÿ ãóñòîòà, ïåðâè÷íûå áðåâíà
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