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Scots  pinc plantations of various initial dcnsity that wcrc cstablislicd undcr E~ccirlio.sr~rii arid O.rtrlitios~~rii sitc 
conditions wcrc studicd. Wood quality was cvaluatcd, growth forccast until thc agc of tiinturity was pcrfortiicd ant1 cconimcal 
cfficicncy of thcir growing computcd. Tlic initial dcnsity of tlic plantations cstablislicd undcr I/clc~cirliosrr~rl sitc conditions 
was 500, 2000, 3000, 4440, 5000, 5670, and 8000 trccs Iia.l, agc was 25 ycars. Undcr O.rulido.srr~~i sitc conditions, thc 
initial dcnsity was 3330, 5000, 6670, and 8000 trccs Iia-' and agc was 38 ycars. Tlic cconomical cfficicncy of t l ~ c  
planting dcnsity for Scots pinc was cxamincd at thrcc lcvcls of intcrcst ratc (0%. 2% and 3%). Undcr tlic conditions of 
intcrcst ratc rcaching 2-3% and tlic stand productivity ranging from intcrnicdiatc to tlic maxiriium, tlic initial dcnsity of 
Scots pinc plantations on Vuccir~iusrrri~ sitcs (H,,,, = 27) and Ox~~lirlos~rrri sitcs (HI,,,, = 33) should bc within tlic rangc of 
2-3 thousand trccs ha-' and 3-5 thousand trccs ha- ' ,  rcspcctivcly. 
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Introduction 

Currently, the Scots pine plantations, depending 
on site fertility, are established at the initial densities 
of 5 - 9 ( I  1) thousand trees ha-'. On less fertile sites, 
the initial density is increased. In  different countries 
of Europe, the Scots pine plantations are established 
at different density. Recommendations on initial den- 
sity of Scots pine plantations have been prepared by 
a number of authors from various countries and it 
varies from 1300 to 25000 trees ha-' (Dittn~ar 1975, Flohr 
1975, Thomasius 1975, Mr5Eek 1983, Huuri & Lahde 
1985, etc). The Scots pine p!antations of the lowest 
density are established in the Scandinavian countries. 
For instance, according to the Forestry Act (1994), the 
initial density of Scots pine plantations in Sweden on 
the sites where tree height at the age of 100 years is 
20 metres (H,,, = 20) and 24 metres (HI,, = 24), should 
be at least 1300 trees ha-' and 1600 trees ha-I, respec- 
tively. In practice, the initial density of Scots pine 
plantations in Sweden is 2000-2500 trees ha-' (Freij & 
Tosterud 1989, Lohmander 1994). The Scots pine plan- 
tations of low initial density are established in Fin- 
land and in Norway as well (Uusvaara 1985, Strand et 
al. 1997). 

The activities in optimising initial plantation den- 
sity and simultaneously maximising obtained profit 
have indicated that the sparse plantations are superi- 

or to the dense ones (Turkevi?. et al. 1974, Valsta Lau- 
ri 1982, Lohmander 1994 ir kt.). In North Sweden on 
sites HI,, = 20 and HI,,, = 24, the optimuni initial den- 
sity of Scots pine plantations is 670 and 945 trees ha- 
I, respectively (Gong 1995, 1998). On the other hand, 
higher initial density ensures higher quality of wood 
(Persson 1976, 1977, Johansson 1992, Niemistii 1995, 
Bjorklund Rr. Hornfeldt 1996 ir kt.). There is always 
higher demand for the wood of higher quality in the 
market which leads to the higher price. In 2000, the 
mean price for Scots pine logs of the I-st sort in Lithua- 
nia was higher by 47% than the price for the logs of 
the 11-nd sort (MEC News 2001). 

The aim of this study is evaluate the relationships 
between the initial density of plantations and wood 
quality and to compute economical efficiency of grow- 
ing Scots pine plantations of various initial density 
established under Vaccir1ioszirii and Oxalidosrr~r~ site 
conditions. 

Materials and methods 

Scots pine plantations of various density were 
evaluated in Dubrava experimental forest enterprise. 
Age of the stand on Vaccirtioszrrn and Oxaiidosunz 
sites was 25 years and 38 years, respectively. The initial 
density of the plantations established under Vaccini- 
os~rrn site conditions was 500, 2000, 3000, 4440, 5000, 
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6670, and 8000 trees ha-'.  Under Osnlicl'ost~nl site con- 
ditions, the initial density was 3330, 5000, 6670, and 
8000 trees ha-'. 

The diameter of all trees and heights of 1-4 trees 
per each category of thickness were measured as well 
as the nuniber of trees in 1 ha was recorded and otlier 
major dendrometric characters were evaluated. Within 
each category of the initial density, the diameter of the 
thickest branches between 0 and 5,5 In hciglit, stern 
crookedness (cm m I), the number of branches hav- 
ing acute angle recalculated and stem diameter at tlie 
height of 5 ,s  metres was measured for 100 randomly 
selected trees. Based on these parameters, a quality 
class for the butt logs was determined. 

A growth forecast for plantations of different 
densities (mean diameter, height, volume and harvested 
part of the stand during the thinnings) was perforlned 
according to the lnodels of the dynamics of the major 
stand dendrometric characters (KulieSis 1993) and pro- 
grammes for thinnings (Juodvalkis et al. 1986). Be- 
sides, it was corrected following tlie results on pro- 
ductivity of Scots pine plantations of various density 
at the maturity age by Elfving (1981) and Agestam et 
al. (1998). 

In Lithuania, mean site index of pine woods is II,3 
and mean volu~iie of tlie matured pine stands reaches 
288 m3 ha-' (Statistics of the Lithuanian forests, 1998). 
The lnaximuln productivity of the matured Scots pine 
stands of the mentioned site index is 423 mQa-' (Kul- 
ieSis 1993). Thus,  tlie pine woods of Lithuania on 
average reach 68% of their potential productivity. 

The technological cost of establishment of plan- 
tations was calculated by equation 1: 

s = s L (1, *dj) ( 1  + p,) I * ( 1  + p2) + S (mii * k,)  + S (nCi * z<),( l )  

S - cost of establishment of  plantations; 
j - works of  establishment; 
i - assortment of the materials used; 
tj - expenditures of the working time to do job j ;  
d. - cost of time unit (hour) to do job j, Lt; 
p ,  - additional salary (holidays, etc. 12%); 
p,- social insurance of tlie elnployees (30%); 
mi, - expenditures of niaterial i to do job j ;  
ki - market price of  unit of the material i; 
ncj - time expenditures of lnechanisln e to do job 

j(hours); 
ze - cost of 1 hour work exploitation of mecha- 

nism e. 

Expenditures of  working time of the mechanism or 
human for forest regene'ration purposes were calcu- 
lated according to tlie t ime standards used at the for- 
est enterprises and based on tlie practical experience 

while running these works. 
The cost of 1 -hour-exploitation of mechanisms or 

other long-term-use agricultural i~nplements were com- 
puted by using equation 2: 

Ze - cost of I-hour-exploitation of mechanism e;  
Vc - purchase price of mechanism e;  
V ,  - scrap value of the mechanizm, up to 10% of 

the initial value; 
E - foreseen pcriod of exploitation of the mecha- 

nism which is determined by the normatives of use of 
the long-term property that had been approved by the 
Governliient of the Republic of Lithuania; 

R - exploitation cost for the current maintenance 
and repair that are determined in O/o of the initial price 
for the entire exploitation period; 

Dc,  - expenditure for fuel and lubricants d for 
mechanism e per working hour; 

k, - price for unit of d fuel and lubricants, Lt; 
1 - various other expenses (exploitation of garages 

or  parking areas, delivery of materials, small stock, 
etc.), 10% of the exploitation (maintenance, fuel and 
lubricants) expenses. 

The economical effect of growing up of stands 
was calculated by using equation 3: 

E - annual economical effect, Lt ha-'; 
P, - income from the thinning of 1 ha mature stand 

of density j; 
Sj - cost of establishment and care until the age 

of  maturity of 1 ha stand of density j; 
R - interest rate; 
n- period (years) from making expenditures until 

harvesting of the stand; 
a - rotation age. 

Results 

It was found that in the unthinned 25-year-old 
Scots pine plantations of higher initial density, the 
rnean stem diameter decreased while the height initially 
increased but later decreased too. The  volunie also 
increased until plantation density reached 4440 trees 
ha-' while at higher densities it remained stable (Ta- 
ble 1). In older (38 years old) Scots pine plantations, 
tilean diamater, height and volume are similar in all 
combinations of the initial density. 

A foreseen dendrometric characteristics of the plan- 
tations at the age of 100 years is given in Table 2. The 
foreseen rnean diameters, heights and volumes of the 
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Table 1 .  Dendrometric charactcristics of the plantations 

Initial 
plantation 
density, 
trees ha-' 

Piizetunz 
500 

2000 
3000 

Table 2. Forecasted dendrometric characteristics of the plan- 
tations at the age of I00 ycars 

Piizetzrrlz oxalidos~lr~z stand. Age 38 ycars. 

Initial I yr :eat1 Stem Harvested 
plantation diameter, height, volume, part of the 
density, n1' ha-' stand during 
trees ha-' the thinnings, 

m3 ha-' 

Thc 
numbcr of 
trees ha-' 

3330 
5000 
6670 

stands well reflect the influence of the plantation ini- 
tial density, i.e.The possibilities to select the individu- 
als of more rapid growth. Moreover, when forecasting 
dendrometric characters at the age of  100 years,the 
influence of  fluctuations in soil fertility among differ- 
ent densities is eliminated. 

The influence of  the initial density of the planta- 
tions on the quality of  but logs was evident (Table 
3). In the plantations with the initial density of 500 
trees ha-I, which had been established under Vacciiri- 
oszlrn site conditions, the butt logs of the I-st, II-nd, 

Table 3. Distribu- 
tion of but logs by Qualiry classcs 
thc quality classes, Mean 

diameter, 
cm 

1432 
1743 
1785 

I trees Iia-' I 

vaccinios~rnz stand. Agc 25 ycars. 

Pi~ietrlrii i~trcciriiosr~r~i stand 
500 1 3.8 1 77.5 1 17.7 

Mean 
hcight, 
111 

456 
1255 
1897 

18.1 
16.8 
16.4 

Pi~ic~rtrii o.vc11idosr11ir stand 
3330 1 12.5 1 80.5 1 7.0 

Stcm 
volume, 
II? ha-' 

and 111-rd categories made up 3.8%, 77.5%, and 17.7%, 
respectively. The initial density of 8000 trees ha-' cre- 
ated good conditions to cultivate the butt logs of  the 
I-st category only if the trees to be harvested during 
the thinnings were selected skilfully. 

In comparison to Vnccii~iosztr~l site, the quality of 
the butt logs in the stands established under Oxal- 
idoslrriz site was lower. For instance, in the plantations 
at the initial density of 5000 trees ha-' on Vaccinio- 
sun? site the butt logs of the I-st catgegory made up 
48.6% and at the initial density of 8000 trees ha-' even 
100%. Under 0,validosunz site in the plantations of the 
same densities the butt logs of the I-st category com- 
prised 38.4% and 64.0%, respectively (Table 3). 

Cost of growing up of  plantations are made of the 
cost for their establishment, tending, thinnings, for- 
est fire protection, amelioration net, etc. With increased 
intial density, the expenses for establishment and pro- 
tection of plantation increase as well (Table 4). The 

16.8 
12.4 
10.6 

18.5 
18.6 
17.8 

Table 4. Cost of establishment and care of the plantations, 
Lt ha-' 

380 
380 
3 64 

9.9 
9.3 
10.1 

5 8 
84 
104 

Plantation 
carc and 
protcction 

Planting and 
additional 
planting 

Initial 
plantatioll 
dcnsity, 
trcc lia" 

Totally Soil 
prcpal.ation 
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expenses for establishment and care of  the plantation 
with the density of 3000 trees ha-' are 2.2 times lower 
when coniparing with the plantation the density of 
which is 8000 trees lia-'. Under Voccii~iosr~riz site con- 
ditions, the expenses of establishment and care of the 
plantations are lower than those under Oxalidosum 
site conditions. 

The economical gain of growing up Scots pine 
plantations of various densities was calculated under 
the interest rate of 0%, 2% and 3% (Table 5). Moreo- 
ver, the calculations were done under the assumption 
of maximum productivity of Scots pine plantations or 
close to that and of mean productivity of Scots pine 
stands in Lithuania. Under the 2% interest rate and 

Table 5. Economical cffcct of growing Scots pine plantations 
of  various densities (Lt  ha-') at  diffcrcnt interest rates 

The nican plantation 
initial 

Pi~ietr~riz o.rcrlidostrnr stand 

5000 543 

the maxiniuni productivity of the plantations, optimum 
initial density of  the plantations under I/occiniosutit 
and 0.ualidosrinz site conditions is 3000 trees ha-' and 
5000 trees ha-', respectively. Under the assun~ption that 
the plantation productivity will reach the mean value 
of Lithuanian pine woods only, optimuni initial densi- 
ty under Vacciriios~inl and 0xalido.sitrlz site conditions 
would be 2000 trees ha-' and 5000 trees ha-'.  Under 
the assu~iiptions of 3% interest rate and that planta- 
tion productivity should reach both maximum and mean 
productivity values of  the country, the optimum ini- 
tial density of  the plantations established under Vat- 
cinios~rnt and 0,raIi~iosunz site conditions should be 
2000 trees ha-' and 3330 trees ha-' or lower, respec- 
tively. 

Discussion and conclusions 

Under the interest rate of  2-3% and plantation 
productivity varying from tlie mean value to maximum, 
the initial density of the plantations established un- 
der J4~ccii1iositril (HI,, =27 metres) and Oxalido.riti11 site 
conditions (HI,, ,  = 33 metres) should be 2-3 thousand 
trees ha-' and 3-5 thousand trees ha- ' ,  respectively. 

The dendronietric characters and wood quality 
parameters were evaluated in the Scots pine plantations 
of  different density that had been established under 
Vaccinios~tr~z and Osolidosnii~ site conditions and their 
age was 25 and 38 years, respectively. Based on these 
data the mean diameter, height, volume, quality of the 
butt logs at the age of niaturity and harvested volume 
of wood during the thinnings (commercial harvestings) 
were determined. For the forecasting of  dendrolnetric 
characters, the "Models of dynamics of the major stand 
dendrolnetric characters" (KulieSis 1993), that current- 
ly are most precise in Lithuania, were used despite Gri- 
galifinas (1998) indicates tlie necessity of further im- 
provenlent of these models. Correction of these mod- 
els, depending on the plantation density (Elfving 1981, 
Agestaln et al. 1998), was applied when the plantation 
densities reached 6670 and 8000 trees ha-l only. These 
corrections had 110 influence on optimisation of the 
initial plantation density as the optitnuln densities were 
lower the mentioned ones. 

It has been well documented that the origin of the 
stand influences their  growth and productivity 
(Kisieliov 1962, Gradeckas 1987, MikSys 1998 and 
many others). Gradeckas (1987) has analysed the pro- 
ductivity of the Scots pine stands of natural and arti- 
ficial origin and has found that the pine stands of 
artificial origin were taller and produce more timber than 
the natural ones. The differences in volulne between 
these stands attain even up to 40%. 

After evaluation of  the productivity all of  the 
Lithuanian Scots pine stands growing under 0.ralido- 
sun1 and Oxaiido-rizyr.tilloslrr~~ site conditions it was 
found that at the age of maturity, the productivity of 
artificially established stands had exceeded that of the 
stands of natural origin by 17%. In order to expand a 
scale of evaluation depending on the productivity of  
the Scots pine stands and reduce or avoid the influ- 
ence of possible errors occuring in evaluating stand 
dendrometric characters on the differences in the pro- 
ductivity of the naturally and artificially established 
stands, the origin (artificial or  natural) of the stand, 
had not been allowed for. Therefore, the defined opti- 
mum initial densities of the plantations embrace slight- 
ly broader range of  productivity. 

When evaluating gain of growing up of the stands, 
a very great role was played by the income obtained 
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during the final harvesting at the age of  tree maturity. 
Selection of  trees to  be harvested during the final 
harvesting and evaluation of  their quality were per- 
formed in the plantation aged 25 and 38 years. The 
predominating trees were selected as the trees to be 
harvested by the final harvesting at their maturity age. 
It is known that the predominating trees rarely shift 
their rank (KairiukStis 1969, Antanaitis et al. 1986 and 
many others). Trees - the leaders can be distinguished 
early in the stands and could be selected reliably al- 
ready at the age of 8-12 years (Maslakov 1984, 1992, 
Maslakov & Pankejeva 1986). 

The quality of butt logs was evaluated by branch 
thickness and stem straightness. With exception of the 
plantation of  the initial density of 500 tree ha-', the 
branches were dead during the evaluation. When eval- 
uating s tem straightness,  at tention had not been 
payed at the minor (up to 1.5 cnl-I) curvatures in short 
distances (up to 1 meter)  of  the stem as,  after  
Timofeyev (1977), they become overgrown when the 
tree is growing. 

In 1999, the real expenses of  establishment, care 
and protection of the plantations until they get includ- 
ed into forest area in Lithuania varied within 1400-4900 
Lt ha-' and the mean expenses reached 2300 Lt ha-I. 
Our calculated expenses of  establishlnent of the Scots 
pine plantations of mean density slightly differ from 
the mean ones of  the country. 

The determined initial densities of the plantations 
are based on changes in wood quality and stand pro- 
ductivity depending on initial plantation density and 
current prices of plantation establishment and grow- 
ing up as well as these of  realization of the produc- 
tion. In colnparison to other European countries, in 
Lithuania the expenses for plantation establishn~ent 
and growing up are lower as well as the prices for the 
production. Therefore, the increase in them is possi- 
bly inevitable which can make corrections in here rec- 
ommended optimum intial plantation densities if an 
increase in expenses and in income is uneven. 
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3KOHOMkIYECKAII OJJEHKA BbIPALlJkIBAHMII COCHOBbIX KYJIbTYP 
P A ~ J I ~ I Y H O ~ ~  IYCTOT~I 

nponenelr atlarrus KYJILTYP B 6pyc11uq110ii C C ~ I I I I  T m o B  neca rrcp~o~aqarr~r108 ~ C T O T L I  500, 2000, 3000, 4440, 5000, 

6670, 8000 LLIT. n - I ,  B nospame 25 neT, a TaKxe B ~ u c n e ~ r t o i i  ceperr mnoB ncca nepnor~aqan~t~oir IYCTOT~I 3330, 5000, 6670 
A 8000 WT. n - I ,  B BO3paCTe 38 neT. flatla OUellKa KaVeCTBa npCBCCMIlL1, a TaKXe paCCqUTdI1a 3KOAOMAYeCKiLII ~@@~~TMBHOCTL 

nbrpaukrnalrun K Y ~ L T Y P  C O C I I ~ I  pa3~1u~110ii I~CTOTLI, C O ~ ~ ~ ~ I I F I ~ I X  n 6pyc~uq110ii M K C I C J I M ~ I I O ~ ~  cepkIxx TunoB neca. 
~ K O H O M M ' I ~ C K ~ R  ~ @ @ C ! K T U B I ~ O C T ~  BLlpaLUUBa~lklR 6b1na OnpCnCnClIa IlpM AMCKOHTOU IIOphte 0%, 2%, M 3%, M IlpM 

M ~ K c M M ~ J I L ~ I o ~ ~  w cpenrreii no n u ~ n e  nponyKTuollocTM cocflneon. n p u  2-3% n n c ~ o ~ r o i i  1ropMe M OT cpenrleii no 
M ~ K C M M ~ J L I I O ~  IlpOnyKTMBHOCTH KYnbTYp COCHb1, B ~ P Y C H U ~ I I O ~ ~  CepUM TMnOB JIeCa (HI, = 27 M) OIlTAMaJLlla~ VCTOTa 

nocwrtu HaxonuTcn B npenenax OT 2 no 3 TLIC. UIT. rd-', a B ~ucnuqr~oii cepun TMnon neca (H,,, = 33 M) - OT 3 no 5 TLIC. 

UIT. ra-I. 


