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Tllc articlc analyscs tllc protluclivity, growtll and yicld o f  thc Kuril larch coniparcd will1 ollicr larcli spccics  at  
Jarvsclja Training and Expcrin~cntal  I:orcst District in East Estonia. I;ivc stands 011 Mj~r.ril1~r.r sitc wcrc cxaniincd. Hcight, 
diamctcr, dcnsity, basal arca and volunic of tllcsc s t a ~ ~ d s  havc bccn rccordcd at diffcrcnt agcs. A fcw trccs wcrc fcllcd for 
stcm analysis by Hollcnadl mctllod. I t  was rcvcalcd llint t l ~ c  Kuril larch in Estonia is hardy, rcsistnnt to larch canccr, and 
fast growing. It givcs sccds abundantly and at tllc carly stagc. 111 comparison to. thc Russian and Europcan Iarcllcs, tllc 
nccds o f  thc Kuril larch in habitat fertility arc Icss. Tllc Kuril larch on A!j~rlillrrs s i t c  is supcrior  to thc Russian larcli 
according lo all c s t i n ~ a t c d  indiccs. Up to tllc agc  o f  70, tllc growth o f  thc Kuril larch on Afj~r-rillr~s s i t c  docs not lag 
bchind Europcan and Russian larchcs. Tllc diffcrcncc cquation mctllod was uscd to approximatc thc Ilciglit, diamctcr and 
volumc data scrics. tlowcvcr, tllc f i~ tu rc  growth of  t l ~ c  Kuril l a rc l~  is u r lcc r la i~~  bccausc tllcrc arc  no oldcr culturcs of  tllc 
spccics  i n  Estonia. 
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Introduction 

Up to now the European larch (Larix decidlrn) and 
the Russian larch (L. t.irssica) have been the most 
widely cultivated larch species in Estonia. The Kuril 
larch is relatively less cultivatetl. At the same time it 
has several advantages over the other larches as tol- 
erance to a habitat, fast growth at the early stage, 
greater shade tolerance, etc. It can grow in a rather 
poor habitat as in M~yrtillus site type where Russian 
and European larches would grow worse. 

In the present article the productivity, growth and 
yield of the Kuril larch are analysed in comparison with 
other larch species at  Jgrvselja Training and Experi- 
mental Forest District. The forest district is located in 
East Estonia on a comparatively even plain reaching 
30-40 metres above the sea level. The depth of  the 
ground water in A4jlrtillirs site type is approximately 
1.1 - 1.3 m. 

The long-term mean temperature by Jarvselja 
Observatory data is 5.7"C (1960-1998). The absolute 
minimum of  the last dccades has been -38.7"C, the 
absolute ~naximum +34.8"C. Although in spring night 
frosts are usually over by 15 May, and in autumn they 
do not start before the end of September, there have 
been some late frosts even at the beginning of  June 
and early frosts in the first half of  Septetnber. The 
frost-free period, on average, lasts for 136 days. The 

average precipitation in recent years has been 650 tnm. 
Due to a large bog area and Lake Peipsi in the vicin- 
ity, the rclative at~nospheric moisture is 80% through- 
out the year. The vegetation period lasts for 175 days. 
The winds are mostly westerly o r  south-westerly. 

Tlre Kuril larch artd i ts  distributinrr 
The Kuril larch grows in wild on the South-Kuril 

islands, Sakhalin, in the central part of Ka~nchatka and 
on the coast of the Okhota Sea. Its habitats are main- 
ly low plains, sea and river terraces and low hills ris- 
ing up to 350 m above the sea level. It is widely spread 
on boggy soils and peat moors. It can also grow on 
sandy and volcanic soils. It fornls pure stands but can 
grow in mixed stands with Picea glehrrii, I? jezoensis, 
Abies sacl~alinensis,  Betuln ei.nlnriii. If the soil is fer- 
tile with good drainage, it grows fast, forming stands 
of high productivity (quality class 1-11), but on boggy 
soils the stands are poor (quality class IV-V) ( Dylis, 
1961). In  1890 H. Mayr described the Kuril larch as a 
separate species - Lnt.i.y kzrt~iletlsis Mayr. He proved 
it was identical to L. r/ahirr.ica var. j n ~ ~ o r l i c a  on Jezo 
island identified by C. Maximowitz. In Latin the Kuril 
larch also has been called L. karirtschotica (Rupr.) Carr. 
C. Ostenfeld and C. Larsen (1930) found that consid- 
ering the Kuril larch as a separate species was not 
motivated. V. Komarov considered the Kuril larch a 
geographical variety of the Dauria larch (Kapper, 1954). 



Recently tlle Latin name for the Kitril larcli has been 
Ln1.i.r g~nel in i i  var. jnpor~icn (Regel) Pilger. 

N. Dylis (1961) has divided the Kuril larch into 
two races: the southern race (ssp. kirr~ilensis) and tlie 
northern race (ssp. g1nD1.n). The soutliern race is char- 
acterized by short needles (about 1 cm), small cones 
(1-1.5 cm) and young downy shoots.  It grows in 
Soutli-Saklialin and South-Kuril islands. The northern 
races have longer needles (1.5-2.5 cm), bigger cones 
(1.5-2 cm) ant1 its young s l~oo t s  are nearly naked. It 
grows in the central part of  Kamchatka, on the north- 
ern tip of Saklialin and the northern part of the Okho- 
ta Sea coast. 

The data on tlie maximum liciglit of the Kuril larch 
vary. A. ToImatcliev (1956) and N. Usenko (1984) have 
stated it can reach tlie height of 20 m. By C. Schenk 
(1939) the tallest one has been 25 m, by D. Vorobjov 
(1968) 20-25 m, rarely 30 In. After M. Eiselt (1960) and 
J. Morgenthal (1964) the tallest tree has been 30 tile- 
tres high. By "Derevja i kustarniki" (1949) the Kuril 
larcli can grow up to 30-35 111, but N. Dylis (1961) has 
doubted it. The sarile autliors have given the ~naximum 
breast height diameter as 70-80 cm, sotnetilnes 100 cm. 
Althougli the Kuril larch was introduced in Europe as 
early as in 1888, it has seldom bcen cultivated. 11. Mayr 
(1901) and L. Beisner (1909) stated that in Gcrmany 
the Kuril larcli grew faster than other larcli species. 
By H. Schilclier (1917), however, in Upper Bavaria the 
species grew more slowly than the Japanese larch. 

Materials and nietliods 

The Kuril larch cultures at Jarvselja were planted 
in the 1930s on an area of 0.79 ha, mainly on 1l4jji.til- 

cient care, especially at the initial stage. I n  a s n ~ a l l  
group in section 275, the maximum Iieight of  70-year 
old Kuril larches is 34 111 and the breast hciglit dianle- 
ter 48  cm. The side twigs and tops damaged by wild 
animals were cut back as the larch bears i t  well. 

I n  section 261 2-year-old seedlings with a spac- 
ing of  2 x 2 m were planted in the spring of 1957. Due 
to great damage by wild animals tlie culture was ru- 
ined. A few Iarclies have remained, the tallest ones with 
a height of 29 111 and with a breast height diameter of  
32 cm. 

In Agali Arboretuln (section 337) [lie Kuril larch 
was planted on a former field in 1969. 4-year-old trans- 
plants with a spacing of 2 x 3 In were cultivated. I n  
the first years aftcr planting row spaces were harrowetl 
by a cultivator. The transplants had been grown fro111 
the seeds of local origin. The two growing mother trees 
at Jiirvselja have a different shape of the crown, one 
with straight, the other with a curved top. The arbore- 
tum has successors of  both mother trees. 

Table 1 presents the current data on Kuril larch 
stand variables (age, mean height, breast height d i a ~ n -  
etcr, number of trees per hectare, basal area and grow- 
ing stock) of all five stands at Jiirvselja. These stands 
have been measured 3-7 timcs. As an example o f  re- 
nleasured data, Table 2 presents thc measurement 
recortls of  these variables from different years in sec- 
tion 286. A few trees selectcd by Hohenadl method 
(Krigul, 1959) were also felled for stem analysis. Ac- 
cording to this  neth hod, the breast height diameter of  
an analysis tree is the tnean of  the stand plus stand- 
ard deviation. In section 273 a Europcan larch having 
the same diameter was chosen for stem analysis, in 

[us site. There were lilainly 5-year-old transplants with 
the spacing of  2.5 x 2.5 m. The seeds were obtained Table 1. Mcan starid cllaractcristics of thc Kuril larch in MJT- 

t i l l ~ r s  sitc type in JHrvsclja 
from Mustila arboretuni (Finland) and Rafn Seedsliop 
(Denmark). The mother-tree seeds of Mustila had come 
from Iturup island in South-Kuril. On a neighbouring 
growing plot Russian and European larches were plant- 
ed for comparison. For protection against wildlife most 
cultures were surrounded by pole fences. All broad- 
leaved species were cut down while cleaning the cul- - 
tures. By now, five Kuril larch stands have remained. 
In section 273 the European larch stand next to Kuril 
larches has practically perished. There are only a few 
larches in the naturally permeated pine stand. In  sec- 
tion 286 both European and Russian larches have died, 
only sotne single trecs have remained. In sections 263 
and 308 the European larcli culture planted next to tlie 
Kuril larch has perished as well. In sections 103, 136, 
275 and 284, fountled in the 1930s, only some Kuril- 
larch groups have remained. The damages have been 
caused by wildlife and to a certain extent by insuffi- 
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scction 286 a Ri~ssiali larch was choscn for tlic satlie Results  
purpose. 

For modelling of larcli stancl height (II), dialnetcr Kuril stands height, dialncter and volutne mcas- 
(D) and volu~iie (M) one of the oldest growth functions urcment data arranged by tneasurement periods wcrc 
% Hossfeld function (Pescliel, 1938) was selected: s~nootlied by the differcncc methotl and by the tradi- 

tional guide curvc method. Parallletel- estimates, their 
standard errors and root mean square crrors (RMSE) 
of tlie ~iiodels are prcsentecl in Table 3. Tlie differerlcc 

I \  - 
nioclel of Estonian pine stand height, diameter ancl 

where A - stand age; b,, b , ,  b, - para~iieters. volume adapted for h4j1~. l i l /r~s site type (Kiviste, 1997) 
., . & 

Traditionally, in the casc of limited amount o f  was used for comparison. 
measure~nent clata, tlie guictc curve method is used for 
smoothing variable-age data. Tlie guide curve  neth hod 
generates a set of anamorpliic (proportional) growth 
curves. Dy function ( I ) ,  knowing height I I 1  at age A I, 
height I12 at agc A2 can be calculatecl as 

Cieszewski and Della (1989) transformed function 
( I )  to tlie differctice equation 

I'al)lc 3. Pnranictcr cstinintcs, tlicir stnnclarcl crrors atit! root 
Incan sqnnrc crrors (RMSE) of rnodcls 

Statistic [ Iieight m I Diameter cm I Volume d / h a  
The difference model (2) 

I I I 
RMSE 1 .4 7 1 A 3  

Parameter Asi 
Parameter 1: 
Parameter bz 

I I I 

- - - . . 

The guide curve (1) 
Parameter bo 1 42, (8.7) 1 166 (713) 1 755 (391) 

RMSE 

10 
903 (208) 
1.38 (0.15) 

where 111 - knowti stand height at any age A ] ,  I12 - 
stand height prediction for desired age A2, The difference   nod el (2) had the smallest resiclu- 

1.3 

Parameter b, 

Parameter b2 

RMSE 

- 

d = fl.ASi-"2, r = ~ ( I I ~ - ~ ) ~ + J ~ ~ : ~ I I I . A I - " ~  , Asi, P, bZ - fittic- 
tion parametcrs. 

The difference equation (2) has been applied for 
n~odelling of site indexes of pine (Elfving and Kiviste 
1997) and birch stands (Eriksson c! a / .  1997) in Swe- 
den and for modelling of  Estonian stancls height, di- 
ameter and volume (Kiviste 1997). 

For parameter estimating, stand measuseinent data 
were rearranged by measurement periods so that each 
data vector consisted of a start-situation ( A l ,  I 1  I ,  D l ,  
M l )  and an end-situation (A2, H2, D2, M2). Altogetli- 
er, 19 data vectors were formed. Fit of constsuctcd 
curves was evaluated with tlie root mean square crror 

10 
0 1 1 (227) 
1.00 (0.18) 

The Estonian pine stand model (2) for Myrlillus site type 

a1 variation. Using tlie non-linear regression proccdure 
NLIN in the SAS program package (SAS Institute Inc. 
1989), instability of estimating paranicters of the ~nodcl 
(2) appeared because of the strong rel:itionsliip be- 
tween paratneters ancl liliiited number of observations. 
To cope with tlie problem, different values of pnram- 
eter Asi were triecl and the other two parameters were 
estimated using the NLIN procedure. Asi value 10 was 
found to be most appropriate. 

Tlie parameter estimation of guide curve (1) con- 
verged well. Cotnparison of estimates of parameter b2 
calculatecl by different methods (Table 3)  revealed no 
significant differences. The guide curve atid the aver- 
age curve by the clifference equation were very close 

10 
157000 (1 16000) 

2.38 (0.39) 

1.9 

180 (86) 

1.33 (0.22) 

1 .8 

together and it is difficult to clistinguish tlietu in Fig- 
~ ( 1 1 2 ~  - ~ ( A ~ ~ , A I ~ , H I , ) ~  /r, ures (see Fig. 1-3). However, Figure 4 shows an evi- 

RMSE = 
n - k  (3) dent difference between those ~node l s  at lower and 

higher sitc indexes. The diameter and volume rnodcls 
where f(A2, A1, H I )  - the difference equation (2), n - have a silnilar pattern. The difference equation metli- 
number of periods, k - number o f  estimated parame- od gcnerates a set of polymorphic growth curves, 
ters. which should be preferred to the guide curve method, 

The non-linear regressiotl procedure NLIN of tlie which generates a set of proportional growth curves. 
SAS program package (SAS lnstitutc Inc. 1989) was F i g ~ ~ r e s  1, 2 and 3 present larch stand height, di- 
used for estimation of model parameters. ameter and volume growth by measuremenl ctata arid 

50 

Parameter Asi I 50 50 
5317 
1.33 

Parameter 1') 

205 (758) 

0.87 (0.31) 

2.4 

50 
250223 

1.93 
7137 

2293 (4239) 

1.90 (0.70) 

72 

Parameter b2 I 1.58 



Age, year Age, year 

- 0 - Plots - Difference model 

- - - - Pine model -Guide curve 
- 0 - Plots - Difference model 

- - - - Pine model - Guide curve 

Figure 1. The Kuril larch stantl hcight growth by perrna- Figure 3. Thc Kuril larch stand volr~rnc growth by p e r m -  
ncnt plot data and t l ~ c  avcragc growth curve by thrcc diffcr- ncnt plot data and tlic avcragc growth curvc by thrcc diffcr- 
ent rnodcls cnt modcls 

Figrrre 2. Thc Kuril larch stand dia~nctcr growth by pcrlna- Figure 4. Thc height growth by the diffcrcncc equation and 
ncnt plot data ant1 thc average growth curvc by thrcc differ- the guide curvc for thrcc diffcrcnt site indices (H50 = 10, 20 
cnt modcls and 30 m) 

0 20 40 60 80 100 0 1 I 

Age, year 0 20 40 60 80 100 

Age, year 

by all the three ~nodels .  Figures 1 and 2 show no dif- Discussion 
ference in height and diameter growth curves between 
larch and pine modcls, but Figure 3 reveals an evident After Clutter et al. (1983), most techniques for 
difference in the growth pattern of  larch and pine stalld growtll curve construction call be viewed as spe- 
volu~ne models. cia1 cases with three general ~nethods:  (1)  the guide 

- Q - Plots -Difference model 
- - - - Pine model - Guide curve -Difference equation -Guide curve 



curve method, (2) the parameter prediction mctllod, (3) 
the difference metliod. 

The gi~it le curve method is simple atitl has often 
been used for data from tcmporary plots. To get unbi- 
ased growth curves, stands data must be well repre- 
sented in all age classes. Tlie tilain drawback of tlie 
guide curve method is proportionality of the generat- 
ed set of  growtli curves while the real stand growth 
series do not follow that pattern. 

The paranietcr prediction method gcncratcs a sct 
of polymorphic growtli curves, which is mi1c11 Inore 
characteristic of real growtli of stands. The metllotl has 
been mostly used witli long heiglltlage series from the 
sectioning of  felled trees, long-terln observations of 
perliianent plots or  grouping of  te~iiporary plots. By 
that metliod parameters of  different data series are 
estimated separately and then smoothed as functions 
of the site index or other site variable. According to 
our experience, in the case of limited ~neasurement data, 
paralneter estimates includetl considerable errors and 
the smoothing procedure revealed no relationsllips 
between the parameters. 

The difference equation ~netliotl makes direct use 
of the fact that observations on a given plot should 
belong to the same growth curve. Tlie general form of 
tlie difference futlction is: H2 = f(A2, 11 I ,  A I), where 
H2 is stand variable prediction for dcsired age A2, and 
I1 1 is known stand variable at any agc A I. The expres- 
sion is obtained through substitution of  one parame- 
ter in the growth function. There are tens of different 
growth functions and several options for choosing a 
substituting parameter for each growtli functiotl. Sub- 
stiti~tiotl of the asymptote parameter produces propor- 
tional curves. Substitution of  any otlier parameter 
produces polymorphic curves with common asymptote 
in most cases. The special solution of the difference 
equation (2) presented by Ciescewski and Della (1989) 
creates a polymorphic set of growth curves witli dif- 
ferent asymptotes and has been provcd to be the most 
efficient way to model a limited nu~iiber of short data 
series. 

Table 3 reveals considerable residual standard 
errors of model parameters (presented in parentheses). 
They are caused by limited measurement number and 
the strong relationsliip between model parameters. To 
predict Kuril larch height and diameter growtli both 
the Estonia11 pine stand model and the new, difference, 
model car1 be applied. The difference in larch volume 
growth pattern as compared with the pine is caused 
by the higher density of the Kuril larch stands. 

Table 1 presents the estimated stand data on the 
Kuril larch at Jr'irvselja. As seen from tlie Table, tlie 
stand in section 286 has the biggest growing stock, 
which results, first of all, from the high density of the 

statid. I'he Incan lieigllt of older stands is relatively 
similar, being considerably smaller orily in section 305. 
Tlie grcatest breast height d i a~ne te r  can be found in 
section 45,  which is causecl by tlie sparsity of tlie 
stand.  

Tlie Kuril larch grows rather well after planting. 
After R. Riisbcrg (1 933), from among the larch specics 
cultivated at JSrvselja, tlie Kuril and Russian larclics 
grow better, whereas tlic European larcli lias a curved 
trunk, is sensitive to weatlicr contlitions and neetls fcr- 
tile soil. 

Being not f:istitlious and growing fast, tlie Kuril 
larch lias scveral advantages over tlie otlier larch spe- 
cies. By E. Laas (1 959) the lieiglit incrclncut of the Kuril 
Iarcli in liilrsery was 273% as colnpared with tlic Rus- 
sian larch ( 100f)/o). 

Figure 5 presents the growtli curve of  Kuril and 
European larches volume calculated by stem analysis 
in section 273. As seen from the Figure, the volume 
of tlie Kuril larch exccecls that of the European larch 
mainly due to thc intensive growth of  diariieter. 'The 
Kuril Iarcli tapers considerably less than the Europe- 
an larcli, their fonn factors (f, ,) being 0.52 1 anti 0.452, 
respectively. 

0 20 40 60 80 

Age, year 

I -o- Larix kurilensis t Larix decidua I 

Figure 5. Thc volumc growth of thc Kuril and  Buropcan 
Iarclics by slcm analysis i l l  scction 273. 

Figure 6 presents thc Iicight growth of  tlie Kuril 
and Russian larches by stet11 analysis. Throughoi~t tlie 
growth period, the height of the Kuril larch exceeds 
that of the Russian larcli. The fonii factor of  tlie Kuril 
larch is liigher than that of  the Russian larch, 0.528 
and 0.4 19, respectively. 

The height and diameter increment of thc Kuril 
larch culminates at about 15 years on Mj~r.tillrts site, 
but on Oxrrlis site it happens somewhat earlier. Fig- 
ure 7 presents the height increment of  the Kuril larcli 
by stcm analysis on Mj~rtillrrs site in scction 263; Fig- 
ure S shows the volulne incrcri~ent in the same sec- 
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35 1 0,040 

Age, year 

I - Larix kurilensis + Larix mssica I 

Figure  6. Tlic licigllt growth of thc Kuril a n d  Russian larch- 
cs by stc~n analysis in scction 286. 

. . - . . -  . 
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Age, year 

I + Current increment -Mean increment 1 

Figure  7. Thc hciglit incrc~ncnt of Kuril larch by stc~n anal-  
ysis i n  scctioll 263. 

tion. Tlie current increments of both heiglit and vol- 
ume drop corisitlerably from the age of 65. 

In section 17 on Osalis  site 50-year-oltl Lar.i.v 
eurolepis and L. knc~iipjer,i exceed the Kuril larch by 
height and dia~neter.  

According to the literature the Kuril larch may 
have thick bark. For example, N .  Kabanov (1969) has 
mentioned tliat in Kamcliatka the bark of  sotile trees 
is 20-25 cm thick at breast height. The bark thickness 
of 60-70-year-old analysis trees measured at Jarvselja 
at breast height was not liiore than 1.6 cm. Bark vol- 
ume formed 15-19% of  tile total trunk volume. Tlie 
R~tssiat i  Iarclies of  the satlie age  had considerably 
higher bark percentage. 

The Kuril larch is considered a straight-trunked 
species witli small tapering. On Sakhalin the mean for111 

Age, year 

I - c ~ u r r e n l  increment 4 Mean increment I 

Figrrre 8. Tlic volume incrcmcnt of Kuril larcli by sterri anal- 
ysis i n  scction 263. 

quotient (q2) of the Kuril larcli is 0.698 (Dylis, 1981). 
At JBrvselja the average form quotient of  twenty-two 
60-70-ycar-old lnotlel trees was 0.707. 

Tlie Kuril larcl~ suffers little fro111 insect pests and 
is nearly immune to larcli cancer (Dasyscyphrr 
I l ~ i l l l c o ~ ~ ~ n ~ i i  Ilart.). By L. Muiste's (1957) research Eu- 
ropean and Russian larclies suffered mucli from larcli 
cancer, but the Kuril larcli remained nearly untouched. 
A. Oppeniiann (1928) from Denmark has mentioned the 
greater resistance of Kuril larch to larcli cancer com- 
p;~red with the European and Siberian larches. 

Tlie Kuril larcli grows cones from the early stage, 
and at the age of 10-1 2 seeds can germinate. By E. Laas 
(1984) the ~naximum technical germination percentage 
of the Kuril larch can be as mucli as 33, the average 
is mucli lower. The absolute germination percentage 
is niostly over 80. The percentage of  pure seed out- 
put is high, reaching 16. Tlie seeds ripen and fall usu- 
ally in September. The weiglit of 1000 seeds is 2-3 g 
(Laas, 1987). By J. Rafn (1914) tlie weiglit of 1000 seeds 
of the Kuril larch was 3.0-3.8 g. 

The Kuril larch is very decorative witli its long 
horizontally directed branches and a wide conical 
crown. It begins flowering in spring nearly one week 
carlier than other larch species. A. Tigerstedt (1926) 
has empliasiscd the beauty of the Kuril larcli with is 
emerald green needles, cartiline blossolns and cedar- 
like form. By P. Tigerstedt (1986) tlie Kuril larcli in 
Mustila Arboretit~n (Finland) at the age of 66 had con- 
siderably higher total yield and dominant heiglit than 
the Scots pilie 011 similar sites. 

It has been supposed (Mathiesen, 1938; Ostrat, 
1944) tliat, altliougli the Kuril larch grows fast and 
gives seeds at the early stage, it lnay lag behind in its 
growth later in conlparison with Iiussian and Europc- 
an Iarclies. Judging by the Kuril larcli cultures at  
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cies in Estonia. 

Conclusions 

1.  The Kuril larcli in Estonia is hardy and fast 
growing at  the early stage. 

2. In  comparison to tlie Russian arid European 
larches, the needs of tlie Kuril larcli in habitat fertility 
are less. 

3. The Kuril larch gives seeds abundantly and at 
an early stage. 

4. The KuriI larch has relatively sliade-bearing 
foliage, therefore, it can form a dense stand. 

5. By stem analysis tlie Kuril larch on Myt.rillus 
site is superior to the Russian larcli in all estimated 
indices. 

6. The Kuril larcli is resistant to larcli cancer, with 
a straight trunk and a small taper. 

7. The Kuril larch is a particularly decorative spe- 
cies with hor i zo~~ta l  branches. In spring it b loo~ns  enr- 
lier than other Iarcli species. 

8. Up to the age of 70 the growtli of the Kusil 
larch on 1\4,vi.!illris site does not lag behind tlie I l ~ ~ r o -  
pean and Russian larclies. 

9. The difference equation method is appropriate 
for modelling Kuril larcli height, diameter and volu~ne 
growth. 

10. The future growtli of the Kuril larcli is uncer- 
tain as there are no older cultures of tlic species in 
Estonia. 

1 1 .  As the Kuril Iarcli thrives on less fertile soils, 
it can be used in forest cultivation. 
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X. Kacecany, A. K1.1nr.rc~e 

n p 0 u y ~ ~ l l B l l O ~ ~ b  I1 X O n  pOCTa K Y ~ I I ! ~ ~ C K O ~ ~  JlIICTBCIIIIIIUbl 61~1~111 113Y~ICIlbI D ~ ~ ~ ~ C C J I ~ R C K O ~ ~  y~1e611o-o~l1~l~1roh1 
IICClIll'lCCTDe, KOTOPOe IIilXOfllITCR BO D O C T O ~ I I I O ~ ~  qilCTII ~ C T O I I I I I I .  XOfl pOCTa KYPIIJII,CKOI"~ JIIICTBCIIIIIII[l~I CpanllllRilCTCH C 

.lIpY171MH BllUahlll JIIICTRCIIIIII~I~I. 61~1~111 klllUIII3IIpO~~llLI 5 1 l a ~ a ~ f l ~ l l l i ~  B ~ICpIIII'IIIOhI TlillC hlCCTOII~OI13piICTallIIR. TaKcaUllR 
npcoocrocn 6 ~ m a  rrponencrra rro 06ulerrp1irr~roii hrc-ronrrrcc, OcpcnLn arrarr13a Gr,r!rrr B L I G ~ ~ I I L I  rro hle-rouy X o x c r r a ~ ~ ~ r n .  6 1 m o  
yCTallOB!lClIO, <IT0 KYplI!ILCK;UI JlIICT8C111111Ua ~ C T O I I I I I I  ~ I I ~ I O C T O ~ ~ K ~ ,  Y C T O ~ ~ ~ ~ I D ~  IlpOTllD paKa I1 B hIOJIOI~Oh1 BO3PilCTC IlhlCCT 

G L I C T ~ L I ~ ~  ~ O C T .  OII;I I I J I O ~ ~ O I I O C I I T  palro r r  OGIIJILTIO. n o  cpanrrcrrrrlo c coporrci ic~oii  r r  p y c c ~ o i i  JlrrcTncrlrrrrqahrIr KyprrJrLcKan 
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IIOKXElTWIRhl. 
&IR ~ l l 1 I ~ O K C l l h l ; l U I I l l  XOUB pOCTa nl,ICOTl>I, ullahICTp2 I t  3allaCa npCROCTOCR K Y ~ I I ! I I ~ C K O ~ ~  JIlICTRCllllllUhl IIPllhlCIIRJl~CL 
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