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The 19-ycar-old test plantations of Europcan larch (Larix decidua Mill.), Japancsce larch (Larix leptolepis Gord.), and
their hybrids (L. decidua x L. leptolepis) of various initial density (500, 1000, 2000, 3000, 5000. 10000 frecs ha™') that had
been established at the Dubrava Experimental Forest Enterprisc by using of the squarc design were studicd.

It was found that the quality of trec butt-logs tended to increase with increased initial density up to 3000 trees ha''. At
the mentioned density it is possible to sclect the fast growing trees that will have the butt-logs of the highest quality class in
the future. The cffeet of cultivation of larch plantations of various initial densitics was computed at the interest rates of 0-
4% and assuming that the productivity of the plantations should be moderate or closc to maximum. It was tound that the
highest cconomical cffect of cultivation of larch plantations could be achicved when the initial density was 2000-2500 trees

ha',
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Introduction

Larch is often considered as a tree of the future.
This title comes due to fast growth, high productivi-
ty, good physical-technical wood properties and wide
possibilities of wood application. Mainly, Furopean
and Japanese larch species as well as their hybrids
deserve this title. These trees exhibit fast growth not
only within their natural ranges of distribution but
outside them as well, Larch often exceeds indigenous
tree specics by productivity and technical wood prop-
erties; therefore, 1t is often used to establish the plan-
tations in “reat Britain, France, Germany and other
countries (Schober 1987, Scohy 1990, Malcolm 1997).

Larch is very productive species not only in Eu-
rope, but in North America too. For instance, in the
state of Wisconsin, the USA, the 50-year-old planta-
tions of European and Japanese larch species reached
the mean height of 30 meters and more. The mean di-
@iacier at the same plantations was 40 cm (Einspahr
ct al. 1984). Because of their beauty the Forestry Com-
mission of Great Britain called larch species “the trees
for all seasons”. The Commission also stresses their
particular role in industrial forests as these species
well contribute to the promotion of forest plantations
to the desirable multi-purpose forests of the 21-rst
century (Forestry commission 1991).

European and Japanese larch species as well as
their hybrids show fast growth and high productivity

in Lithuania as well where they exceed considerably the
indigenous conifers and even soft deciduous tree spe-
cies (Jankauskas 1954, Daraskevicius 1988). In Lithua-
nia, along with the mentioned authors, Tuminauskas and
Ramanauskas (1983), Andriuskevi¢iené and Ramanaus-
kas (1985), Malinauskas and Suchockas (1995, 1997)
have studied the growth and productivity of various
larch species, European and Japanese larch species’
brecding aspects their interspecific relationships with
the other tree species in the mixed plantations, techno-
logical subjects of seedling cultivation and establish-
ment of plantations, etc. However, too little attention
had been paid to the studies on the initial density of
the larch plantations. Such experiments had been per-
formed tn various countries and a relationship between
the initial density and wood quality was found (Pers-
son 1976, 1977, Huurl and Lihde 1985, Johanson 1992,
Rohring 1995). Nevertheless, the results of the studies
on optimization of the initial plantation density maxi-
mizes the financial rate of return show that the planta-
tions of low or moderate density are superior to dense
ones (Simo 1978, Laurt 1982, Turkevi¢ et al. 1984, Loh-
mander 1994, Gong 1998, and others). Although the
demand for wood of higher quality in the market is great-
er (Persson 1977, Niemisté 1995, Bjoérklund and Horn-
feld 1990), relatively slight differences in price for the
sortments of different quality classes do not promote
the production of the higher quality wood and, thus
establishment of the plantations of high initial density.
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The aim of these studies was to evaluate wood
volume and quality at the plantations of different in-
itial density and optimize the initial density of the larch
plantations under the assumption of their 50-year ro-
tation period maximizes the financial rate of return.

Materials and methods

The 19-year-old test plantations of European larch
(Larix decidua Mill.), Japanese larch (Larix leptolepis
Gord.), and their hybrids (L. decidua x L. leptolepis) of
various initial densities that had been established at the
VaiSvydava forest district of the Dubrava Experimental
Forest Enterprise were studied. European larch, Japanese
larch and their hybrids make up 30%, 3%, and 67% of
the total composition of species, respectively. Compar-
ing with the European larch trees, the hybrid individu-
als differed insignificantly from them by growth rate,
however, they were negligibly more crooked (5-7%).

The plantations were established by planting 2-
year-old seedlings in the formerly clear-cut area of
Norway spruce stand under Oxallidosum site condi-
tions in unprepared soil. The initial density of the
plantations was 500, 1000, 2000, 3000, 5000, and 10000
trees ha''. The plantations were established following
a square design with two replications. Each plot oc-
cupies an area of 0.20 ha with the exception of the plots
of 5000 and 10000 trees ha'' of initial density. Their
size was 0.10 ha each.

The diameter for all trees has been measured and
the height of 1-4 trees in each thickness’ class esti-
mated. The number of trees per | hectare has been
calculated as well as other dendrometric parameters
have been recorded. In each density variant 50 trees
have been selected. For them the diamcter of the
thickest branch in the length of 5.0 m. of the butt log,
has been measured stem curviness (cm m™') estimated
and potential crop trees (360 trees ha'') selected. Based
on the parameters of stem curviness and branch di-
ameter, a quality class for butt logs has been esti-
mated according to standards LST L ENU 192-2-2001,
IST 9325773-5: 2001 and ST 93 25 773-8:2001.

Selection of the potential crop trees that will reach
an age of 50 years and evaluation of their quality was
performed at their age of 19 years. As the candidates
to reach an age of 50 years, the straightest trees grow-
ing fastest and having the thinnest branches, i.e. pre-
vailing trees in the stand or moderate ones were se-
lected. It has been recorded that prevailing trees of
class “A” shift their ranking imperceptibly (Kairiaks-
tis 1969, Antanaitis et al. 1986). Trees-leaders distin-
guish in the stands early and might be well identified
at the age of free growth, i.e. at the age of 8-15 years
(Maslakov 1984, 1998, Maslakov et al. 2001).

A growth prognosis (mean diameter, height and
volume) of larch plantations of various initial density
until age of 50 years was calculated according to the
data on the growth of such larch plantations (Su-
chockas and Malinauskas 1997). The number of trees
to be harvested during thinnings was calculated based
on number of trees to be existing in the plantations
aged 5-50 years when they have a maximum volume
increment (Malinauskas 1994) as well as based on the
dynamics of natural change in tree number in the larch
plantations (Suchockas and Malinauskas 1997). The
dynamics of a change in tree number at the plantations
of various initial densities is presented in Figure 1. The
mean diameter and heights of the trees to be harvest-
ed during thinnings were evaluated based on the ta-
bles “The dynamics of a change in the major dendro-
metric parameters of the stand, Scots pine” (Kuliesis
1993). By using of the tables of the structure of tree
volume (Kuliesis et al. 1997), the structure of wood to
be harvested during thinnings was determined. Based
on these data as well as on the requirements by the
standards (LST L ENV 1927-2-2001; 1ST 9325 773-
5:2001; IST 9325773-8:2001), sortment structure of the
wood to be harvested was determined too.
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Figure 1. Maintaining the number of trecs Ly thinings in
larch plantations of various density

Technological costs of plantation establishment
has been calculated according to the methods that are
used for such purposes (Mizaras and Danuseviéiené
1999).

Economical effect of stand cultivation has been
calculated according to equation 1 (Wenger 1984):

S (R+-C
PNW = ):j (1:_5,-[1 (1)
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where: PNW - present net worth; R - revenue; C - cost;
1 - interest rate; n - investment period; t - annual cost
incurred or revenue received.

When calculating the revenue for wood, mean
prices of Scots pine sortments in January 2002 (I-rst
group for fuel wood, MEC News 2002) and mean cost
of forest harvesting and transportation to the road in
the period of January - September were used (MEC
News 2001).

Economical effect of cultivation of plantations of
various initial densities was calculated for the planta-
tions that reach close to maximum productivity and
mean productivity. The data on the dynamics of the
growth of larch plantations by Suchockas and Malin-
auskas (1997) were obtained when measuring the plots
where tree growth was fastest and that were most
homogeneous. Therefore, the forecasted parameters of
larch plantations of various initial densities at the age
of 50 years are close to the maximum ones. The mean
productivity of larch plantations was considered to be
equal to that of Scots pine plantations in Lithuania,
L.e. 70% of the maximum one.

Costs of establishment of forest plantations do not
confine to costs of establishment, care and protection
during the first several years. Annual costs for planta-
tion care include fire protection, sanitary protection,
establishment and maintenance of the road nct, protec-
tion against arbitrary use and additional cost. The lat-
ter ones were calculated according to the generally used
methods (Mizaras and Danuseviciené 1999). On the
other hand, indirect costs of plantation establishment
and care are only slightly influenced by plantation in-
itial densities, therefore, economical effect of cultiva-
tion of larch plantations of various densities was cal-
culated both including and excluding these costs.

Results

It was found that the mean diameter decreased,
mean height initially tended to increase but later de-
creased too and stem volume increased at the un-
thinned 19-year-old larch plantations (Table 1).

A forecasted dendrometric characteristics of the
plantations at the age of 50 years after, if necessary,
maintaining the number of trees (ef. Figure. 1) by thin-
nings, 1s presented in Table 2. When forecasting the
mean stand diameters, tree heights and volumes at the
age of 50 years for the plantations of 5000 and 10000
trees ha™! of initial density, the possibilities provided
by the plantations of higher initial densities to select
the trees of faster growth during the thinnings had not
been considered because both published data and
these being at our disposal were not satisfactory to
cvaluate such possibilities in this study.

Table 1. Dendrometric characteristic of larch plantation of
different initial density at age 19 years

Imitial density, | The number | DBH, em | Height, m Stem
trees ha'! | of trees, volume,
frees ha' | | 1_n_3h_;_1_"____
500 460 185 12.0 99
1000 [ 930 | 175 12.8 183
2000 1025 16,7 15.9 199
1

3000 1400 15.7 17.0 258

5000 1580 | 14.6 16.8 | 269
10000 1700 | 132 (5.9 278

Table 2. Forecasted dendrometric characteristics of the plan-
tations of different initial densitics at the age of 50 years

F lTnlm[ Mean ”I)l_lil;cm Volume, Harvesting
. ha! +] |
i dumly.,I | Asighitn m ha part of l.t_u
trees ha . stand during
| the thinnings, |
I o m 'ha”
500 31.1 352 594 27
1000 324 33.0 636 128
2000 33.9 324 685 227
3000 339 324 685 | 247
5000 33.9 324 685 | 262
|' 10000 339 324 | 685 | 278

The plantation establishment and care costs tend-
ed to increase for the plantations of higher initial den-
sities {Table 3). The establishment costs for planta-
tions of 500 trees ha' of initial density (816 Lt. ha™)
were 2.4 and 9.5 times lower than those for the plan-
tations where the initial density was 2000 and 10000
trees ha', respectively. Comparing the total stand pro-
ductivity at the age of 50 years in the plantations
of the above-mentioned densities, it increased only in
47 and 59%, respectively. At the plantations of low

Table 3. Cost of establishment and care of the plaatations
Lt ha"

| Imitial ~ Soil Plantingand | Careof | Totally
density, trecs | preparation additional plantation
ha'' __| e planting |
500 | 384 331 lor | 8o
1000 384 | 663 152 | 1199
2000 | 384 | 1325 241 1950
3000 | 384 | 1985 320 | 2689 |
3000 | 384 3313 434 4131
| SR — R s e —— — |
10000 384 6626 745 7755
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initial densities, the highest part of the costs were
made by those for site preparation and seedlings while
seedling costs made the highest part of costs at the

Table 5. Economical cffect of growing Larch plantations of
varions denstties (Lt ha') of different interest ratcs.

plantations of high densities. Due to the fast growth Initial | Interestrate, %
of the larch trees, the care costs were slight and ap- dcmllty_,ltrees 6 : * 4
- N - -1 = e 0 a F bl g na —
p|0x1ml‘m1y\madln, up just 12% of the total costs of Potentially produktvity
plantation establishment. A Fixeluding indirsct cost |
Based on the evaluation at the age of 19 years, 500 | 50238 48638 | 47040 | 44485 [
the distribution of the butt logs of the potential crop | ! _ : 3 f
trees by quality classes is given in Table 4. At the | 1000 67311 66913 | 65798 | 63609
plantations of 500 trees ha'! of initial density the butt 2000 | 77878 | 782064 | 77288 | 74%69
logs belonged to the quality classes of "B, “C”, “D”, : = f) “ -
and “fuel wood”, whilst at the plantations of 3000 trees 3000 78851 __7800“ 75909 | 71342 |
ha' and higher initial density they belonged excep- 5000 77330 74000 : 69138 | 60698 |
tionally to the class “B”. Moreover, the trees having — o
high quality butt logs showed faster growth at the 12900 | 13630 i | R i a4l
plantations of higher initial densities than at those of Including indirect cost
lower densities. 500 40520 36999 33794 | 28855
Table 4. Distri- Initial Quality classes 1000 49538 52288 48991 43544
A density, A | B ) ( D | Fuel e O e e |
pution  of butt =, i i 2000 55774 | 60000 | 55570 | 48060
logs by the quali- wood N
ty classes. S0 520030 1B S 3000 56292 58355 51983 | 41102
B GO 5000 53777 | 51754 | 41480 | 24325
2000 9 |10 - 2 e e
3000 (00 o | 10000 47961 36232 16478 | -16085
, - | - I I\'icanll‘n'oductivily i
g _ {3 | Excluding indirect cost -
500 34862 33247 31641 | 29077
The economical effect of cultivation of larch plan- [ 1000 46698 | 45731 | 44268 | 41648 |
tations of various densities was ev;nl.uated at the.m- 2000 53870 | 53070 51320 | 47920
terest rates of 0%, 2%, 3%, and 4%. One economical | i
effect was calculated including only technological 3000 | 64329 52332 49386 | 43884
costs of plant~ation establishment and cultivaliop while 5000 50772 | 48204 | 42707 | 33122
another one included all costs. Also, economical ef- S
fect was calculated for the plantations, the productivity 10000 | 49042 38176 20338 0712
of which was close to maximum and moderate (Table —_Including indirect cost
5). At the interest rates of 2 - 4%, the highest eco- 500 27517 24036 20843 | 15910 [
nomical effect, both including and excluding indirect =T ,
costs from their computations, was obtained for the 1000 __3??638 24275 il | 2A0H |
plantations of 2000 trees ha' of initial density. At the 2000 37636 38762 | 33849 | 25727 |
O%‘ o'f.llnt?res\t. rate, the pla.ntatxlons of 30(‘)0' tree‘%;. ha” 3000 SR T T
of initial density had the highest economical cffect. B
5000 35216 30170 | 19431 | 1782 \
Discussion and conclusions 10000 34034 14717 5513 -."18526}

It was found that the costs of establishment and
care of forest plantations depended on the initial den-
sity. The cultivation costs increased for the plantations
of increased initial density (Lohmander 1994, Gong
1998, Zhou 1999). Increasing initial density of the [arch
plantations influenced higher costs basically due to
secedling costs while costs of the plantations of high
initial density as well as those for pre-commercial har-

vestings arose due to thinning of too dense planta-
tions. The calculated costs for establishment and care
of the larch plantations of 2000 and 3000 trees ha™' of
initial densities were estimated at 1960 and 2689 Lt
ha, respectively and were close to the mean costs of
plantation establishment in Lithuania that are estimated
at 2300 Lt. ha?' (General Forest Enterprise 2000).
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By increasing the initial density of the larch plan-
tations up to 3000 trees ha', the quality of buit log
was higher too. Many publications exist about the
influence of the initial density on wood quality and
they report similar results (Person 1976, Vyskot 1978,
Johansson 1992, 1993, Lindstrom 1996, Simpson and
Denne 1997 and many others). At the larch plantations,
stem curviness rather than branch thickness had
stronger influence on wood quality. At the initial
density of 3000 trees ha' it is possible to select the
potential crop trees having the butt logs of exception-
ally “B” quality class. The only reason for consider-
ing the butt logs of quality class “B” was the fact that
they still had some branches at the age of 50 years.
According to the other parameters they suit quality
“A”, therefore, the butt logs of the potential crop
trees would have higher quality if they were pruned
at the age of 20-30 years.

The economical effect of cultivation of larch plan-
tations at the 0-4% interest rate was positive and high.
The only exception was observed for the plantations
of 10000 trees ha' of initial density when indirect costs
were included into calculations. In this study calcu-
lated economical effect considerably exceeded the
values computed by Mizaras (2000) for other tree spe-
cies and those by Malinauskas (2001) for the Scots
pine plantations of various initial densities. This re-
sulted from high productivity and short rotation peri-
od of larch plantations as compared to other conifer-
ous and deciduous tree species. Larch also differed
from the soft deciduous tree species by higher wood
price.

For the plantations of 10000 trees ha' of initial
density, the calculated economical effect was negafive
cven at their maximum productivity and interest rate
of 4%. 1t was also ncgative when the productivity was
moderate and interest rate was 3%. In both cases, all
costs were included into calculations.

In the future, interest rate of 2-3% and moderate
or shightly higher plantation productivity, especially
in the abundant agricultural areas, are most presuma-
ble. At the given interest rate and plantation produc-
tivity as well as assuming that difference in econom-
ical effect between the plantations of 1000 and 2000
trees ha™' of initial density and those of 2000 and 3000
trees ha' makes up 9 - 37% and 1 - 12%, respectively,
the optimum initial density of the larch plantations is
2000 - 2500 trees ha''. The plantations of European
larch due to straighter stems of this species (Malin-
auskas and Suchockas 1997) should be established at
the density of 2000 trees ha' while the density of
hybrid larch plantations should be 2000 trees ha'.
These initial densities of the larch plantations corre-
spond to or are higher than those recommended in

class

Great Britain (approximately 900-2500 trees ha'') and
France (1111-2500 trees ha'') but are lower than those
recommended in Germany 2500-3300 trees ha'
(Frimsdorf and Magnussen 1980, Benson 1981, Petri
1987, Scoby 1990, Forestry Commission 1991).

As it has been pointed out, the larch butt logs of
quality class “B” cannot be assigned to quality class
“A” due to branchiness. Currently, the difference in
price for sawn logs of quality classes “A” and “B” is
estimated at up to 35-40 Lt. m™ (MEC News, 2002). The
costs for pruning of butt logs of the potential crop
trees should not exceed 2-3 Lt. m™. Including interest
rate for the period of 20-30 years, these costs still
should not exceed 4-5 Lt. m. Thus, pruning of the
potential crop trees might increase the effect of culti-
vation of larch plantations considerably.
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HKOHOMHUYECKAA OINEHKA JUCTBEHHUYHBLIX KVILTYP PA3IUYHOU
HAYAJILHOU T'YCTOTBI

A. Manunayckac
FPesone

Mzyuwanues 19-nernue KyjapTypbl pazmaunoit rycrotsl (500, 1000, 2000, 3000, 5000 10000 wr ra - mucTBeHHIIL!
epponeiickoil (Larix decidua MillL), anounckuit (Larix leptolepis Gord.) v rubpuanoit (L.decidua x L.leptolepis) niponipac-
Tawoume o n}ﬁpilBCKOM '_)KCIIC]}II_\!CHTQU[hITO-y‘IL‘GHO.\l JIECHOM IIPCHHPH‘A'I'HH. PZIS\ICLUCH!’I\;' TIHOCAOMHBIX MECT KBUIPATHOE, THH
Neca KMCHMYITBIN,

YCTaHORICHOMTO fIPH YBEIHUEHHH HAJATbHOH IycToTel KYIsTYp 10 3000 wr ra’! kauecTBo tepphuiblx Opescinb IepPeBhen
Oyuyuero ynydqwaercs. TIpy yKa3auHOM HAUWILIOH [YCTOTE KYMABTYP BOIMOXeH OTOPOp jepesbes OyUyiuera HuMeioux
rnepBeiytipic OpeBHa Haupplcilero Kadectsa. [lpu cpemHeii min GaHIKoNH K MAKCHMATBHOM IIPOIYKTUBHOCTH W MPOLECHTHBIX
nener 2-3% onTHMaTbHAS HAYAIBHAS TYCTOTE JIMCTBCHHHYHBIX KYABTYD Haxomntes B tpenenax or 2000 no 25000 wr ra ',

KimoueBbie cioBa: JTACTBCHHHUA, HaYvUIbHAA TYCTOTA KYILTYD, Ka4CCTBO APEBECHITBI, DKOHOMHYCCKAT OLCHKA,
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