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Tr ia ls  cstabl is l icd to tcst various i n i t i a l  t l c ~ i s i t y  o f  Scots p ine u ~ l t l c r  l irccirriusrr, l~icccirrio-n~~~r~/iIIo.~r~ ant1 0.rrrlirlo.rtr s i lc  
condi t io~ is  wcrc stutlicd. 

I t  was fo111id Il lat tl lc ini t ial  stand tlcnsity in f luc~ icc t l  stcnl slraigl~tncss, brnncli t l l ick~lcss anti bra~rc l i  numhcr i n  a wl ior l  as wc l l  
as rcsistancc to discascs and cl imatic factc~rs. I iowcvcr ,  tl lc in i t ia l  density l iad no i n f l uc~ i cc  on basic wood tlcnsily and carly-llatc- 
wood ratio. A t  tl lc tcst trials o f  tl ic samc ini t ial  dcnsily that wcrc csrcihlisllcd lc~it lcr fcrti lc sitc co~ldi t ions. t11c pincs had nlorc curvy 
stccns, t l l ickcr hrancllcs a ~ i t l  tr1ol.c brancllcs ill a w l ~ o r l .  L)cspitc basic wood dctlsity ant1 cnrly-/laic-wood rat io wcrc not dcpcritlcnt 
o n  t l ic i n i t i a l  stand d c ~ ~ s i t y .  thcsc traits wcrc i n l l ucnccd  b y  si tc co~ l t l i t i ons  and trcc posir ion i n  tl ic stand. T l l c  lowcst  arid t l lc 
l i i g l ~ c s t  basic w o o d  t l c ~ i s i t y  was obscrvct l  to r  t l lc trccs I i nv ing  lowcst  g row th  ratc and I i nv ing  r c la l i vc  d i a ~ n c t c r  o f  1 .I - 1.4. 
rcspcctivcly. Protluctivc and sus~ainablc Scots pint stands arc c~isr~l.ctl \vlicn p l n n l i ~ l g  3 - 8 tl io~c. sccdlings/l~a. AII cxact ini t ial  stand 
dc~ i s i t y  w i th in  Il lcsc l ini i ts sl lould bc clioscri accorditig to tl ic wood qual i ly  dcsircd and c c o ~ i o ~ n i c a l  contlit ions. V a r i a t i o ~ ~  ill stcnl 
straigfltrlcss, hranch tliickncss, branch ~ l u m b c r  i n  a wl ior l  n~ l t f  wood hasic density anlong indivi t lual lrccs was Il igli, tllcrcforc, for a 
scck o f  i tnprovcd wood qr~al i ty,  trcc sc l cc~ ion  i n  IIIC s ta~ id  011g11t to bc pcrfhrnlcd b y  q ~ ~ a l i t y  traits. T l lc  scctll ings l iavi t ig dcsirablc 
gcnctic fcaturcs sl lould bc uscd for rcforcstal ion p l rposcs roo. 

Kcy n.ords: Scots pint Pest trials. in i t ia l  stculd t lc~lsi ty,  growtli, wootl  qual i ty 

Jntroduction 

After the Lithuanian forest enterprises started in- 
ternational trade, the timber quality received a major 
importance. There arc publications intlicating that woocl 
quality to some extent is influenced by initial stand 
density. Jiang Hong (1990) stressed that the initial stand 
density was one of the major factors influencing the 
parameters of the future stands. I-iowever, tlie climatic 
conditions should be considered too. 

Forest plantations besides performing other duties, 
are established for wood purjmses. Ifotvcver, the wood 
of some certain techliical properties is required but not 
generally wood. The grading of logs and boards (I'ers- 
son, 1977) alitl the structural performance of wood (Dan- 
berg.1994) are inlluenced by wood density, annual ring 
width and the number and diameter of branches. Wood 
technical properties in some extent n~ight  be influenced 
by sylvicul t~~ral  methods bccause these properties are 
in relation with growth rate and competition among the 
trees. It has been found tliat the diameter of the thick- 
est living branch correlated closely with the stem di- 
ameter near this branch, tlie diametcr of the thickest 

living branches decreases Srorn crown base ant1 LIP- 

wards (I'etcrsson, 1098), tlie height to first living brancli- 
es  diminisll with increasing spacing, the stems select- 
ed in close spacing are straighter than these tioln wide 
spacings, the influence of spacing on the number of 
branches per whorl does not seem to be strong (Pers- 
son, 1977). the distance between the whorls and number 
of knots per whorl both increased witli increasing site 
index (13jorklund, 1997), the diameter of tlie thickest liv- 
ing branch of a tree \v:is linearly clependcnt on tlie dbh 
(Salminen and Varmola, 1993), tlie dianieter of tlie thick- 
est branclics tentled to increase more rapidly than the 
mean branch dialiicter when tlie tree clialneter increased 
(Kellomaki arld Vnisanen, 1986). Besides the lnentioned 
rcsults, many other trentls were foutid too. I-Iowever, tlie 
influence of tlie initial trial delisity on Scots pirlc wood 
quality had not been stutlietl in Lithuania yet. Such 
studies performed in abroad suggest that there were 
lelationships among initial density ant1 stem straiglit- 
ness, branch thickness, branch number in a whorl, ba- 
sic wood density, etc. I lorvever, the exact figures for the 
Lithuanian conditions rcniaincd unknown. The aim of 
this investigation was to study Scots pine growth and 
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wood quality in the test trials of various initial density 
that were established under Vacciniosa, Vaccinio-myr- 
tillosa and 0.ualidosa site conditions. 

Materials and methods 

The Scots pine test trials of  various density in 
question were established in the forestry districts Eie- 
relis and VaiSvydava of the Dubrava experimental-train- 
ing forest enterprise (ETFE) and Tiltai forest district of 
the Valkininkai forest enterprise ('Table 1). The trials 
were established in entirely prepared soil by planting 
one year old seedlings that were grown up from the 

Table 1. Cliaractcristics of thc trials wit11 various 
densitv of trccs. 

Place 

Dubrava EfFE 
Eterclis forest district 

I ~ i l t n i  forest district I 1 I 13.300 1 

Vnlkininkai rorest 
enlerprise 

local seeds. In Eierelis, VaiSvydava and Tiltai forest 
districts established blocks were as large as 0.20, 0.10 
and 0.80 - 1.20 ha, respectively. No thinnings except 
these eliminating naturally regenerating birch and pine 
seedlings were perfor~ned. Tree height and breast height 
diameter (DBH) were assessed as well as technical stem 
quality was evaluated and branch thickness was nieas- 
ured. Stem straightness was scored from 1 to 5 with 
straight stems assigning a score of 1 and with unsuit- 
able stems (according to the technical requirements I'S 
- 2006102 - 1 - 93) assigning a score of 5. 

Besides, the numbcr of stem bows was calculated 
and tlie presence or absence of double top was deter- 
mined as well. Within each block of different density, 
50 trees were selected randomly to whom branch thick- 
ness was evaluated in a tree height between 1 and 2 
metres. Branch diameter was measured perpendicularly 
to the branch axis at the distance of 30 rnm from the 

Site 

I'~~lccirrioso. 11 ,,,,-27.0 

stem. The height to the first green branch and crown 
length were assessed too. 

I n  each block of various density, 20 trees were 
selected systematically-randomly according to their dis- 
tribution by diameter. They were used for wood saln- 
pling Presler's drill. Later, the width of  early- and late- 
wood rings and basic wood density were evaluated. 

Ibccirtio-r111~r7iIlo.~<i, 
tlln,-29.0 

Wood volulne was computed after measuring length 
(precision of measurements 0.1 mm) and diameter (pre- 
cision 0.00 1 mm)  of wood sample that was previously 
soaked in ethyl alcohol. The possible maxi~nuni devia- 
tion when coinputing wood volulne should not exceed 
4%. Wood sanlples were weighed after drying at 105' C 
(precision 0.0001 g.). 

The trials of various density were established at 
both forest enterprises using tlie seed of local, thus, 
differing origin. Therefore, the variation in stem qitali- 
ty traits was evaluated at the trials that were established 
by Dr. V.Ramanauskas and that consisted of trees of 
both origins. The latter two trials were established un- 
der considerably differing Vaccirliosn and Oxalidosa 
site conditions. Stem quality traits (Table 2) in these 
trials were evaluated for the families Dubrava (family 
No. 401), Labanoras (No. 503) atid Lateieris (No. 522) 
which is sititated closely to Valkininkai. Labanoras or- 
igin was evaluated for a seek of comparison with the 
other origins. The trials were established in five repli- 
cations. The data presented in Table 2 were taken into 
consideration when analysing stem quality traits eval- 
uated at the trials of various density that were estab- 
lished in Dubrava and Valkininkai forest enterprises. 

A c ~ .  
yen13 

20 

Table 2. Ste~rl cluality tlnla 

111itial 
de~lsifv 

500 
3.000 
4.440 
X.000 

15.000 
25,000 
50.000 

32 
200.000 

6.700 
9.800 

* - diffcrcnccs bctwcccc clotics arc sigc~ificacct at P<0.05 Icvcl. 

I ' rnit  

V(rcc.irriocn site O.ro/i(/o.~u site 

Falllily NO. Falllily No. 
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Results 

Trial character-istics 
Survival 
Mean s~lrvival  at 3-year-old trials that were cstab- 

lished under Vaccirliosa and Occalitfosa site conditions 
reached 99-92% and 96-8G%, respectively (Table 3). In 
accordance with the data by Dingelis (1975), the sur- 
vival at the trial which was established under Vaccirl- 
io-myr.tillosa site conditions colnprised 87-72%. During 
the first several years after establishing, the s u r v i ~ ~ a l  
at the trials was not influenced by the initial density at 
any of the sites. 

Table 3. Course of self-thinning (percentage of dcad trccs over 
the age period) of trees. 

O v ~ r l i d r r . ~ ~ ~  site 

Initial 

density, 

Irees~ha 

As seen from tlie presented data, the highest and 
the lowest survival was observed under Vnccir~ioso and 
Vaccinia-n~~)rtillosa site conditions, respectively. In 
accordance with the forest inventory data in Lithuania 
in 1996-98, the 3-year-old pine's survival under Vnccirti- 
osa, Vaccir~io-nzj~rtillosa and Occalidosa site conditions 
constituted 78.3, 83.8 and 76. I%, respectively. 

In the trials established under Vaccirliosn site con- 
ditions in 1979 and 1980, pines were injured by Lophods- 
unizrnl pir7astr.i. In 1980, the intensity of pine damage was 
evaluated. It was found to be strongly influenced by tlie 

initial density (Table 4). An increase in the initial densi- 
ty from 4,440 treeslha to 100,000 treeslha resulted in in- 
creased danlage by Lapodernlilrnr pirrastri too. The dif- 
ferences in damage intensity among the blocks of vari- 
ous initial density were statistically significant at W0.01 
level. The mean damage point at the trials of lower initial 
density (500, 1,000, 2,000 treeslha) was close to one at 
the trial of 3,000 treeslha. The damage point at the trials 
of 100,000 and 200,000 treeslha density was almost equal 
(2.50 and 2.49, respectively). 

Age pcriud, year< 

I ' ~ I C C ~ I I ~ O . Y ~ I  site 

Table 4. Lapodet~r~~irrr~l pir~ostr.i damagc intensity at 5-year- 
old trials of various initial density. 

0-3 

*, * *  - dit'f'crcnccs arc s igni f icant  at Pc0.05 alid P<0.01 Icvcl, 

Survival 

urlrees 

aged I5 

years 

10.14 

r c s p c c t i v c l y .  

Survival or  

trces at the 

li~iic or  

evaluation 

3-6 

Due to the damage by Lnpodernlillrlz pirtnsf~.i, sur- 
vival at the trials of high initial density decreased con- 
siderably (Table 3). At the trial age of 6 years, the high- 
est and the lowest survival was observed at the 1110st 
sparse (99%) and the most dense (1 7%) trials, respec- 
tively. Further self-thinning took place due to too high 
trial density as well as because of random reasons. At 
the trial age of 20 years, survival varied fro111 99% 
(planting density was 500 treeslha) to G%o (planting 
density was 200,000 treeslha). 

Self-thinning at the trials of high density was not 
even, i.e. the periods of low self-thinning intensity were 
followed by the periods of high self-thinning intensity. 
The first period of high self-thinning intensity took 
place in all the trials of each initial density (with excep- 
tion of the trials of 500 trees/ha) at the age of 4 - 6 years. 
This period was influenced by the damage of  Lapodei.- 
rnirrrn p i r ~ ~ ~ s f r i .  The second period of high self-thinning 
intensity occurred at 10 - 14 year old trials of 15,000 
treesiha density and at G - 10 and 14 - 17-year-old-tri- 
als of 25,000 treeslha and higher density. 

Self-thinning due to too high density of the trial 
established under Oxalidosa site conditions started at 

6-10 14-17 
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age of 6 - 10 years and gradually increased until the Table 5. Growth characteristics a t  thc trials 
trial reached the age of 15 years. The survival at the 
15-year-old trial established under 0.ralidosa site con- 
ditions was 8-27% higher than the survival at the trial 
of the same initial density that was established under 
Vacciiliosa site conditions. The I 8-year-old trials of 
13,300 treeslha and higher density that were established 
under Oxalidosa site conditions were destroyed by 
snow-breaks. The trial of 10,000 treeslha density that 
was established under the same site conditions was 
considerably damaged by snow-breaks too while tlie 
trials of 8,000 treeslha and lower density showed al- 
most no damage due to snow-breaks. 

However, the trials of 10,000 treeslha and higher 
density that were established under Vnccirliosa and 
0-ralidosa site conditions, were damaged by pine root 
fungus Fomifopsis annosa. Most of tlie trials where 
this damage was observed were 10 years of age. How- 
ever, at the trials of very high initial density (50,000 
treeslha and more) this damage had already occurred 
at the age of 7 - 8 years. The trials of 9,800 treesllia 
and higher density that were established under 14rcciii- 
io-nzyr-tillosa site conditions were damaged by Foini- 
topsis aiirlosa as well. 

were established under Vaccirliosa site conditions, the 
Gr.o\vtlr chrrr.actei-isfics 

mean diameter of 500 thickest trees increased when the 
The initial trial density had also influence on the initial density was increasing from 500 to 8,000 treeslha. 

mean dianieter and height at the trials established un- At even higher initial density, the mean diameter of 500 
der all site conditions (Table 5). The mean diameter of 
the stand gradually decreased when the initial density 
increased. Comparing the 20-year-old trials of 25,000 
and 500 treeslha density that were established under 
Vaccirliosa site conditions, it was found that the mean 
diameter was 2.4 times larger at the trial of lower initial 
density. At the older trials that were established under 
more fertile site conditions these differences are small- 
er. The initial density had much lower influence to the 
mean height rather than to the mean diameter. Height 
differences between the trials established under both 
lfaccinio-ii~j~rtillo.~a and 0.ralidosrr site conditions 
were statistically non-significant. The initial trial den- 
sity of 500 - 8,000 treeslha at the trials that were estab- 
lished under Vacciiiiosa site conditions had non-sig- 
nificant (P>0.05) influence on height as well. Similarly 

thickest trees started to diminishing. The same trend was 
observed at the trials that were established under Vac- 
cirlio-n~j~r~tillosn and Oxalidosa site conditions as well. 
At the trials established under Vacciiiiosa site conditions, 
the s~nallest (7.2 meters) and tlie largest (8.7 metres) mean 
height of 500 thickest trees was observed at the trials of 
500 treeslha and 4,440 treesllia density, respectively. 
Further increasing initial density resulted in gradually 
decreasing mean height of 500 thickest trees. The mean 
heights of 500 thickest trees at the trials that were estab- 
lished under lfoccirrio-ri1j)r-tillosa and 0.rnliclosa site con- 
ditions differed insignificantly from each other. 

When the initial trial density was increasing, the 
diameterlheight (D/H) ratio decreased at the trials es- 
tablished under all site conditions. The DIH ratio of 500 
thickest trees was considerably higher than that of in- 

to the mean diameter, tlie mean height of the stand termediate trees. By comparing two trials of the s a n e  
decreased when the initial density increased. initial density and height it was observed that the DIH 

The initial density had much sliialler influence on ratio was considerably lower at tlie trial that was estab- 
diameter and height of 500 thickest trees rather than on lished under Vaccirliosa rather than under 0.ralidosa 
these traits of all the estimated trees. At tlie trials that site conditions (Fig. I). 
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Table 6. Stem quality at the trials of various density. 

1 Initial I Forked I Number of bows I Stem straightness I 

Vuccirriosu site 

trial 

dcnsity 

Trial dcnsity * - diffcrcnccs arc sigi~ificant at 1'4) 05 lcvcl 

Figure 1. The influence of Scots pine trial density untlcr 
V'cci~~iosn and Oxalido.~n site conditions on tree dialncterl and higher density that were established under Vacci- 
hcight ratio. r~iosa site conditions were statistically significant 

Ifoccir7io-rii!alilk,sn site 

(W0.005). Comparing the trials that were established At the trials that were established under Vaccini- 
under 0,ualidosa site conditions, the differences in stem osa, Vacci~zio-myr-tillosa and Oxalidosa site conditions, 
straightness were statistically significant only among the highest sum of  basal area and the highest stem 

volume were recorded at the trials of 15,000, 9,800 and the blocks of 3,330, 6,670 and 10,000 treeslha density. 

8,000 trees/ha initial density, respectively. The lowest number of stem bows and the straightest 
stems were observed at the trials of 15,000 and 10,000 

st en^ arld wood quality 
Stenz qzrality 

M M 

6,700 

9,800 

treesiha density that were established under Ihccilrio- 
. ~ a  and 0,rtrlidosa site conditions, respectively. At the 

+ ~ n  M +m 

1.88 

1.86 

trial which was established under Vacci~i io-n~~~~. t i l losa  
Both initial trial density and site conditions had in- 

site conditions, the number of stem bows and stem 
fluence on stem and wood quality. Stern quality was 

straightness were influenced much more considerably 
determined by evaluation of double top, i.e, top exchange 

by frequently repeating toy exchanges. 
in a tree height between 1 and 2 metres, number of stem 

- +m 

0.1 1 

0.14 

0.20 

0.34 

bows and stem straightness were examined. It was found 
Bi.aiich 11urlzDer. and thiclc~~css 

that presence of double top was influenced neither by 
initial trial density nor by soil fertility (Table 6). Most of 
the double tops were observed in the trials of Valkininkai 
forest enterprise and probably they were stimulated by 
shoot moth damage. When increasing initial density or 
decreasing soil fertility, the number of stem bows decreas- 
es and, thus, stern straightness increases. 

Differences in the number of stem bows or stem 
straightness among the trials of 500 and 4,400 trees/ha 

0.06 

0.07 

Branch number in a whorl depends both on the 
initial density and site conditions although influence by 
site conditions is much larger than that by initial den- 
sity (Table 7). Branch number in a whorl decreased grad- 
ually when the initial density was increasing. Compar- 
ing the trials that were established under Vacciniosa 
site conditions, the differences in branch number in a 
whorl were statistically significant (Pc0.05) when com- 

1 .I6 

0.90 

0.15 

0.12 
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Table 7. Mcan stand branch numbcr in a stcm u n i t  of 1 inctcr 
Icngth and in a whorl. 

I Trial initial I Branch numbcr in I Brancli number in a 1 
( dcnsity, I a trcc hcight 1 whorl I 
1 trccsiha I bctwccn 1 and 2 1 I 

I ~ a c c i n i o - ~ ~ z ~ ~ r ~ i I I o . ~ ~ ~  site I 

Oxnliilosa sitc 

3,330 

5,000 

6,670 0.24 

mctrcs 

* - d i f f c r c t ~ c c s  a r c  s i g t i i f i c a t~ l  a (  P<0 .05  Icvcl .  

paring the trials o f  500 and 3,000 treeslha density otl 
one  side wit11 the trials o f  15,000 treesllia and liiglicr 
density on the other  side. At the trials that were estab- 
lished under I'nccinio-rtlyrtillosa site conditions, sta- 
tistically significant differences in branch number in a 
wliorl were found when comparing the trials o f  13,300 
treeslha and higher de~ i s i t y  with the trial of 6,670 trees1 
ha density. ?'he same trend was observed when com- 
paring the trials o f  8,000 trecslha and higher density 
with the trial o f  3,330 treesiha density that were estnb- 
lished under O.ralic/osa site conditions. The  differenc- 
e s  in branch n u ~ n b e r  in a whorl were also statistically 
significant ( K 0 . 0 5 )  when comparing the trials cstab- 
lished under Vncciriiosn and &lccinio-~~zyi.tillostr si te  
conditions on  one  side and under Osalidosa site con- 
ditions on  tlic other  sitlc. There werc Inore branchcs in 

I'ncciniosa site 

M M 

a whorl  observed at tlie trials that were  establ ished 
untler more fertile site conditions ratlicr than at the tri- 
a ls  established under poor site conditions. 

Despite branch number in a whorl was higher at the 
trials that were established under fertile site conditions, 
the total bra~icli number in a sten1 unit o f  1 meter length 
was  higlier a t  the trials establ ished u ~ l d e r  poor site 
conditions. By co~npa r ing  tlie trials o f  tlie same densi- 
ty that were established i ~ n d c r  different site conditions, 
it was observed that the total branch n u ~ n b e r  in a s tem 
unit of 1 tneter length was higher in 3 - 4 units in the 
trial which was established under Vnccirriosa site con- 
ditions than in that established ulldcr Osnlidosa site 
conditions (Table 7) .  

The  difference ill total branch number in a steni unit 
o f  1 meter Icngth among the trials that were established 
under the above mentioned site conditions was statis- 
tically significant at P<0.01 level. However, the total 
branch number in a s tem unit o f  1 meter  length was not 
influenced by the initial trial tlensity. 

At  the trials o f  500  treesiha initial density, both 
dead and green branclics were measured wlleri evalu- 
ating branch thickness while only dead branches were 
assessed at the trials o f  liiglicr initial density. 111 a s tem 
unit o f  1 tneter length estimated mean branch d i a~ne t e r  
and diameter o f  the thickest branches were influenced 
by both initial density a11d site conditions (Table 8). The  

-hn - +m 

tliickest bl-n~~clmcc. 111111 

Irecsihn 

I ' ~ r t ~ ~ ~ r ~ ~ i ~ ~ - r r r ~ ~ r l i l l u . ~ ~ ~  sitc 

'Table 8. In a 
slcm unit of 1 
rnetcr lcngtli 
estilnated meill1 
branch dia~ne- 
tcr ( D  mean) 
and diamctcr 
of thc thickest 
branchcs. 

6.670 

9.800 

11.300 

20.000 

* n11t1 * *  - s ign i f i c a~ i t  at P<0.05 nnt l  P<0.01 Icvcl,  rcspcctivcly.  
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13.4 

13.0 

I I .  

11.0" 

0.25 

0.26 

(1.21 

0.IX 

0 . r ~ i l i b a r  sitc 

3.330 27.0 

24.4 

23.7 

205*  

3 

0.60 

0.XO 

1.06 

0.66 

0.75 

5,000 I 14.9' 1 0.30 

15.8 

27.U 1 0.59 

0.30 
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branches in a stem unit were thinner at the trials of 
higher density or under less fertile site conditions. Both 
trial initial density and soil fertility influenced in a stc~ii  
unit estimated the mean diameter of the thickest brancli- 
es more than the lilean branch diameter. By co~nparing 
the trials of the sal-rie initial density that were estab- 
lished under Vnccirriosn and O.rnlidosa site conditions, 
it was found tliat tlie differences in a stem unit estimat- 
ed meall branch diameter and mean dianietcr of the 
thickest branches were statistically different between 
these trials at P<0.05 and P<0.01 level, respcctively. By 
comparing the trials of the same initial density it was 
found that the mean diatneter of tlie thickest branclies 
in a stem unit was lower in 2 - 5 mm at the trial that was I 

I 
I I - 

established under Vaccir~iosrr site conciitions than at the I 

trial established under O.ualidosa site conditions. As- 
suming that the course of self-thinning at different tri- I b 

als was the same, the indicated dirferences in branch 
thickness in a stem unit might be even more consider- l 4  

able as self-thinning process at young age was more 
intensive at the trials that were established under Vac- ,, 
cirliosa site conditions than at tlie trial established 
under Oxnlidosa site conditions. 

In a stem unit estimated the meat1 branch diameter 
as well as the mean diameter of the thickest branches 
was influenced by tree diameter. These traits of the 
thicker trees were larger than the traits of thinner trecs 
(Fig. 2). Moreover, in a stem unit estimated the mean 
branch diameter increased more rapidly when the tree 
diameter increased than the mean brancli diameter did. 

In a stem unit of 1 meter length estimated the Incan 
branch diameter and mean diameter of the tliickcst 
branches were evaluated for 500 thickest trecs as well 
as stand mean was calculated. It was found tliat these 
traits that were estimated for 500 thickest trees exceed- 
ed one computed on the basis of stand (Table 9). The 
mean branch diameter of the thickest trees exceeded tlle 
branch diameter of the stand in 0.3 - 3.0 mln. Similarly, 
the mean diameter of the thickest branches was higher 
than mean diameter of the thickest branclies from 0.3 - 
6.8 mm. Significant differences in branch diameter wcre 
observed at the trials of  lower initial density. 

By comparing the trials of low or intermediate ini- 
tial density that were established under Vtrccirliosa site 
conditions, it was found that the branch number in a 
whorl estimated for 500 thickest trees and branch 
number in a stem unit of 1 meter length were larger in 
0.6 - 1.2 unit and 1.2 - 1.6 unit, respectively, when com- 

i * ~  I 
111 

02 0.4 0 6 II  R I 1.2 1 .f 1.3 

Rclativc lrcc d i a ~ u c t c r  

Figure 2. Tllc rclationship of rclativc trcc diarncter with 
branch diainctcr anti tlia~nctcr of thc thickest branclics at Scots 
pinc trials. 

paring with the mean value of the stand (compare Ta- 
* n ~ i d  * *  - sig~iificaril  at  1'10.05 a n d  

ble 7 and Table 10). However, at the trials of higl~cr p lo ,o l  l c v c 1 ,  r c s p c c ~ , v c l y .  

Table 9. For 500 
thickcst trccs csti- 
lnatcd incan brancli 
diarncter ( D  ~ncan) 
and dianictcr of thc 
thickcst branches. 
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initial density. branch rii~mber i n  a sten1 unit was equal es up to 30 mnl of diameter were found when the initial 
or even slightly lower when comparing with the mcan density was up to 8,000 trccslha, 20,000 and 10,000 
value of the stand (compare Table 7 and Table 10). treesiha, respectively. I lowever, o c c i ~ r e n c e  of 30 mm 

and larger branches at tlie trial of 3,000 treeslha densi- 

~ ~ 1 , l ~  10. 5tiO ty \\~Iiich was established under I'ncciniosrr site condi- 
tliickcst trccs csti- tions was accidental and should be attribt~tetl to ab- 
matc(l  \,ranch sence of the neigltbouring trees or exchange of tlie top 
~lurril-tcr i n  n n.l~o~-I (Fig. 3). Occurrence of 30 mm and larger branclies at the 
ant1 In a stetn i l l l i t  

o f  , Inctcr Icngt,l, trials that were established uncler I/nccii~io-iilj~~.tillosa 
and 0.rnIirfos~r site co~iditions \\!as accidental when the 
initial density was 13,300 and 5,000 treesllia, respective- 
ly. Occurrence of 30 mm and larger branches at the tri- 
als of high initial density that were established under 
I4rcciniosa site conditions \\/:is tletel.n~ined by frequent 
top exchange and seedling origin. A wliorl was formed 
01'3 - 4 tliick anti several thin branches when the trials 
were establisliecl by use of Valkininkai and Lateteris 
origins (Table 2) while tlie pines o f  Dubrava origin were 
characteristic at the wltorl formed of branches that were 
of inure equal diameter. 

- - 
At the trials of 3,330 and 5,000 treesll~a dens~ ty  2 

that were established ~ i~ i t l e r  Osrrlirlosa site conditions, z 3 branch number in a whorl as well as branch nu~nher  in  
C 

a stem unit of 1 meter length estimated for 500 thickest 
trees were higher when comparing with tlic mean of the  '" 

s stand. At the trials of higller density untler the same 
site conditions, an opposite trend was observed, i.e. the 1 
mentioned traits were lower when comparing with the ! 

I 

mean value of the stantl. It was also found that at tlic 
, . . . . . . 

trials that were establishctl under I/nccii~io-riiyi~tillo.~~ 
site conditions, both branch number in a wllorl and 
branch number in a s t a n  unit estimated for 500 tliick- 
est trees wcre close to the mean value of the stanti I{' -11 ,7G. l l  - - 

- - - - A  
(compare Table 7 and Table 10). ! 

In  accordance wit11 the technical requirements TS I :IIXI IIXKII 1 5 1 1 0  Z~IXXI I ~ I X K I  NIYII 

- 2006102 - I - 93, the largest branch di;~meter (with cs-  
ception of rotten knots) which is still nlloweci for s a v -  l ~ i i t i a l  trial dctlsity. trccsilia 

logs and veneer-logs of tlie first sot-t is 30 m m .  At the 
Figure 3. Tlic rclationsliip of initial trial dcnsity with number 

trials that were established under ~+rcc~ir~iosa, I4rcci11- of brarlcllcs of  30 mm diamctcr and t l l ickcr i n  a u n i t  of  
io-ri~!~i~~illosn and Oralitloso site conditions. tllc brancll- I ~nctcr IcngtI1. 
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Correlatioli coefficients of the rclationships be- 
tween various qllality traits are given in Table l l .  The 
correlatiolis between tree height and height to green 
branch as well as between branch number in a whorl 
and stem diameter were weak. However, the con-elations 
between stem diameter on one side and height to green 
branch, branch nurnber in a whorl, diameter of the thick- 
est branches and initial density are strong and statisti- 
cally significant (PiO.01 - P<0.001). 

Table 11. Correlation cocfficicnts bctwccn diffcrcnt quality 
traits and initial spacing. 

* *  and  * * *  - difScrc~tccs arc  statistically sigt~ificalit  a t  P<0.01 
and  P<0.001 Icvcl, rcspcctivcly. 

Ilcigl~t l o  grccn 
h r a ~ ~ c l ~  
nrn~icli nu~n lx r  
ill a whorl 
I)ia~l~elcr or  
Iliickcst branch 
Rcl:~tive bra~lch 
diameter 
l l~ i l i n l  spacing 

Basic wood density was not influenced by the in- 
itial density of trees in the trial or this relationship was 
weak. The reason for this rniglit be insufficiently pre- 

I)in~ncter 

R-0,413 

-0. I Sh 

0.764*** 

-0.944*** 

-0.79 I** '  

cise rnethods that were used to estimate basic wood 

Ilcigl~tto 
grccll 
b r a ~ i c l ~  

0.1SX 

-0.134 

-0.405 

0.83" 

density and that did not allow us to cotnpute the rela- 
tionships (Table 12). 

Thc higliest, slightly lower and the lowest basic 
wood density was found at the trials that were estab- 
lished under Vtrcciilio-~i~!~r~tiIlo.~c~, Oxtllidosn and Vnc- 
cirliosa site conditions, respectively. The lowest wood 
basic density was determined in the central part of the 
stem (close to the pith). I t  increased gradually in pith - 
bark direction. 

Wood basic density was influenced by tree posi- 
tion in the stand (Fig. 4). The trces of both superior ant1 
worst growth had lower basic wood density. The high- 
est basic wood density was reached by the trees hav- 
ing a relative diarnetcr of 1.1 - 1.4. Ilowever, there wcrc 
the trees of both superior and worst growth that had 
high basic wood density as well. This trait showed high 
variation at individual tree level. 

Late-/early-wood ratio was not dependent on ini- 
tial trial density but was infli~enced by site conditions 
(Table 13). 

The ratio was also higher at the trials that were 
established uncler Inore fertile site conditions. Firstly, 

3'al)le 12. Wood basic density. 

Il~itial ( l'criucl in ycn1.s w l i c ~ ~  tlie trces rcnclicd n llcigl~t of 1 .3 Inctrcs 

395 426 

V~r~~citrio-ny~r.rillosn sitc 

11-in1 

dcllsity 

I ~nr~ i~~uscr  sitc I 

0.6 0.7-1.0 1.1-1.4 1.5 

I(clntivc trcc dinlnclcr 

l'1rccirtio.w site 

-5  

h.1 1 3 1 1  

Figure 4. Basic wood tlcnsity dcl~cnds on rclativc trcc 
diamctcr. 

the late-/early-wood ratio increased gradually in pith - 
bark direction but later it remained characteristic of the 
site conditions and varied according to the climatic con- 
ditions. 7'he lowest ratio was observed for the trees of 
worst growth and tlic highest ratio was reached by the 
trees having a relative diameter of 1. I - 1.4 (Fig. 5 ) .  
IIowever, the trees of superior growth (ones having 

6 -  I5 

M 1 i l l 1  
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Table 13. Latc-Icarly-wootl ratio. Survival up to formation of cenosis was influenced by 
site conditions but not by the initial density. This re- 
sult about limited influence of the initial density on 
survival at the initial growth stage agrees with the find- 
ings by Melzer et al. (1 992), Sal~ninen and Var~nola (1993) 
and others. The highest Scots pine survival was ob- 
served at the trials that were established under Vnccin- 
io-myrtillosa site conditions and i t  was slightly lower 
under 0.unlidosa site conditions. When the cenosis has 
formed, the intensity and character of self-thinning de- 
pends on the initial density of pines. At the trials where 
the initial density of trees is high (15,000 treesiha and 
higher), self-thinning begins earlier and proceeds une- 
venly, i.e. the periods of low self-thinning intensity were 
followed by the periods of high self-thinning intensity. 

In case the initial density is high(10,OOO treeslha 
and higher) trees are insufficiently sustainable. They are 
damaged by Lopkoder.nziunz pirlnstri Inore intensively, 
niore frequently by pine root fungus For~zitopsis arzrlo- 

relative diameter of 1.5 and higher) had a late-/early- 
wood ratio lower than the trees of 1.1 - 1.4 relative di- 
ameter. 

0,6 0.7-1.0 1,l-1.4 1.5 

Rclativc trcc d ia~nc tc r  

Figure 5. Ratio Intc-and carly- wood depends on rclativc trce 
diatncter. 

Discussion 

The influence of the initial density and site fertili- 

so and are insufficiently resistant to cl i~natic factors. In 
accordance with the ratio of the tree diameter to l~e ig l~ t ,  
the sustainability of non-thinned 20-year-old stands of 
relatively low initial density (4,440 treeslha) is decreased 
considerably (Table 5). 

Decreased resistance of trees high or intermediate 
initial density to pests or diseases is i~~dicated  in the pub- 
lications ofother authors as well. Nikolin (1972) had found 
that in the Arkhangelsk region, the dense Scots pine 
stands were damaged by Loplroder~nzirirn pir~nslr.i ~nuch  
more intensively than sparse stands were. Vuokila (1972) 
studied Norway spruce stands of various density (1.25 x 
1.4; 1.85 x 1.4; 2.0 x 2.0; 2.0 x 2.0; 3.0 x 3.0; 3.0 x 3.5) and 
found that the number of trees that were damaged by rot 
decreased when the initial density diminished too (1 28; 80; 
30; 10; 0 and 0, respectively). The butt logs that were da- 
maged by rot made up 60% and 3 1% at the trials of 10,000 
and 1,600 treeslha initial dcnsity, respectively (Johansson 
and I'etterson, 1997). There are also many publications 
indicating that the trials of low initial density were abso- 
lutely or al~nost  absolutely resistant to snow-breaks (Ca- 
B ~ I  et al., 1978; I-Iuuri, 1987; Braadstad, 1979, elc.). 

At higher initial density or decreased site fertility, 
ty on stand parameters, i.e. the mean diameter, tree the number of stem bows is less lower as well as stems 
height and stem volume, is well described in the publi- are straighter. The least number of stem bows and the 
cations. In this work the obtained results correspond straightest s t e m  were observed at the trials of 15,000 and 
to known trends well. As seen from trial volume as well 10,000 treeslha initial density that were established un- 
as mean diameter and height of 500 thickest trees, the der Vaccirliosn and 0.validosa site conditions, respective- 
initial density of 3,000 - 4,000 treeslha ensures sntisfac- ly. The differences in sten1 straightness among the trials 
tory selection of the trees having superior growth and of the same initial density that were established under 
productivity close to the highest stand productivity. various site conditions, were statistically non-significant. 
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Branch nulnber in a whorl was influenced by both 
initial density and site conditions, the latter having larg- 
er impact than the initial density. There was no statisti- 
cally significant influence of low and intermediate densi- 
ty on branch number in a whorl while less branch number 
in a whorl was noticed at the trials of high density. Sta- 
tistically significant differences (P<0.05) in branch number 
in a whorl were found when comparing the trials of 15,000, 
13,300 and 8,000 treestha density that were established 
under Vacciniosa, Vaccinio-ii~j~i.tillosa and O.~alidosa site 
conditions, respectively with at the trials with lower den- 
sity oftrees. Nylinder (1959), Moltensen et al. (1985) and 
Handler and Jakobsen (1986) had also indicated that there 
was limited or no influence of density on branch number 
in a whorl. After Nylinder (1959), branch nulnber in a 
whorl was influenced by genetic factors and the impact 
of environment had no considerable effect. Jokinen and 
Kellonjaki (1982) had determined a decrease in branch 
nuniber in a whorl as well as decrease of the total branch 
number when the initial Scots pine density is high. Jo- 
hansson (1992) found a relationship of 10 lnln and thick- 
er branch nu~nber  in a whorl in the Norway spruce of low 
initial density (1,600 - 4,444 treeslha). Branch diameter as 
well as the diameter of the thickest branches di~llinished 
at increased density or decreased site fertility. When the 
initial density augmented from 3,000 treeslha to 8,000 
treeslha, the mean branch diarneter decreased 1.0 mm and 
3.0 mm at the trial that was established under Vrzccinio- 
sa and Oxalidosa site conditions, rcspcctivcly. The di- 
ameter of tlie thickest branches decreased 1.5 nini and 3.2 
mln, respectively. The corresponding influence of trial 
density on branch thickness was found by Moltesen et 
al. (1985), Schluaitz (l991), Spellmaun and Nagel (1992) 
and others. By comparing the trials of the same initial 
density that were established under Vnccirliosa and O.ua- 
lidosa site conditions, it was found that the mean branch 
dianleter and the diameter of the thickest branches un- 
der first site conditions were lower in 0.3 - 2.4 mln and 
2.0 - 5.0 mln, respectively. The differences in diameter of 
the thickest branches were statistically significant when 
comparing the trials of the satlie density that were estab- 
lished under Vacciniosa and 0.ralidosa site conditions. 
Branches were thicker at the trials established under more 
fertile site conditions (Uusvara, 1975), despite their die- 
back starts earlier at the trials of the same density (Latn- 
sa et al., 1990). 

The thickest trees had the highest iiiean branch 
diameter and the highest mean diameter of the thickest 
branches as well. Moreover, the diameter of the thick- 
est branches tended to enlarge Inore rapidly than the 

mean branch diameter when the tree diameter increased. 
It agrees well with the previously published results 
(Uusvara, 1975; Kellolnaki and Vaisanen, 1986; others). 

Basic wood density and late-/early-wood ratio were 
not affected by the initial density of trees, however, it 
was influenced by site conditions and tree position in the 
stand. Pines growing under Vacciriio-rllyrtillosa, Oxal- 
idosa and Vocciniosa site conditions had the highest, 
slightly lower and the lowest basic wood density, respec- 
tively. Also, the lowest basic wood density was observed 
for the trees of worst growth while the trees of 1.1 - 1.4 
relative diameter had the highest basic wood density. 
Maeglin (1967) had found that initial stand density had 
no statistically significant influence 011 basic wood den- 
sity for Piillrs bariksia~ia Lamb. and Pirrzls resirlosa Ait. 
The same results for'Pinus sylvestris L. were reported by 
Martynov (1978). 

Absence of strong relationship between the initial 
density and basic wood density implies that manage- 
ment of wood quality might be based on tree niorpho- 
logical traits, stand stability and productivity. If wood 
quality were defined by stem straightness, branch thick- 
ness in a tree height between 1 and 2 metres and branch 
nulnber in a whorl, it would imply that a decrease in  
growth space might increase wood quality. Thus, the 
strategy of growing Iiigh-quality-tiniber is high initial 
stand density and suppression of individual growth at 
young age. Ifowever, strong suppression of individual 
growth at young age reduces stand stability whcn the 
stand becornes sensitive to diseases, climatic factors 
and intensive self-thinning starts. Therefore, utilisation 
of suppression of individual growth at young age is lim- 
ited. Anlong-individual variation in stem straightness, 
branch thickness and number in a whorl and basic wood 
density is rather high, therefore, for a seek of improved 
wood quality, tree selection in tlie stand ought to be 
performed by quality traits. The seedlings having de- 
sirable genetic features should be used for reforestation 
purposes too. For a seek of growing up the timber of 
equal quality, thc initial stand density on poor sites 
]night be lower. Productive and sustainable Scots pine 
stands are ensured when planting 3 - 8 thou. seedlings1 
ha. Exact initial stand density within these limits should 
be chosen according to the wood quality desired, site 
conditions, seedling genetic value and survival. 
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