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Zwiazki miedzy wybranymi cechami drzewa a niektorymi wlasciwosciami drewna
mlodocianego sosny zwyczajnej (Pinus sylvestris L.)
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Abstract. The aim of this study was to determine relationships between selected properties of juvenile wood and
characteristics of the stem and crown of Scots pine. Analyses were conducted in northern Poland in eight mature pine
monocultures. Nine trees were selected in each experimental site and their stems were divided into five sections. The
centers of the sections were established at a height of 1.3 m from the tree base and at points corresponding to 20, 40, 60
and 80% tree height. Samples were taken from these locations, and these samples were prepared for analyses of basic
density, compressive strength along the grain and static bending, as well as the modulus of elasticity during bending.
The mean height of the investigated group of trees was 26.0 m with an average diameter breast high of 33.6 cm.
The mean crown depth was 7.8 m and crown diameter was 3.6 m, and the mean basic density (Qu) of juvenile pine
wood was 416 kg/m’. The average compressive strength along the grain (CS) was determined to be 22.3 MPa, while
static bending strength (BS) was 45.8 MPa. The recorded modulus of elasticity (MOE) was 4726 MPa.

Both in general terms and when dividing stems into sections, the wood properties correlated with tree
characteristics to various degrees. All indexes were negative indicating that trees of greater dimensions produce
juvenile wood of inferior quality. Properties of juvenile wood formed during various periods of tree life were mostly
related to diameter breast high and crown depth. They were also correlated with tree height, but only to a limited extent.
In contrast, properties of wood from the middle stem sections were significantly correlated with crown diameter.

Key words: basic density, strength perpendicular to grain, bending strength, modulus of elasticity, breast height
diameter, tree height, crown length, crown diameter

1. Wstep

Wiasciwosci drewna sg pochodng przede wszystkim
jego struktury (Verkasalo 1992; Hanrup et al. 2001).
Struktura drewna, z pomini¢gciem cech uwarunkowa-
nych genetycznie, to z kolei wypadkowa warunkow
wzrostu i rozwoju drzewa, w tym miedzy innymi siedlis-
kowego typu lasu i postgpowania gospodarczego (Paz-
drowski et Sptawa-Neyman 1997). W tym szczegdlnym
uktadzie interakcji cechy (wymiary) pnia i korony
zajmuja miejsce posrednie miedzy warunkami wzrostu

i rozwoju drzewa a struktura i wlasciwosciami drewna.
Wedtug Jelonka (2013) migdzy gestoscia drewna a ce-
chami pnia i korony sosny zwyczajnej nie ma zwiazku.
Relacje z cechami pnia i korony autor ten stwierdza
natomiast w przypadku wytrzymatosci na S$ciskanie
wzdhuz widkien i na zginanie statyczne, przy czym w
stosunku do piersnicy i dhugosci korony sg to zaleznosci
odwrotnie, a w stosunku do wysokosci drzewa i szero-
kosci korony — wprost proporcjonalne. Wasik (2000),
analizujac zwiazki migdzy wybranymi parametrami
korony a cechami makrostruktury drewna daglezji zie-
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lonej, stwierdzit, ze drzewa o koronie dtuzszej i szerszej
mialy istotnie szersze przyrosty roczne niz przyrosty
drzew o koronach krétszych i wezszych. U iglastych
wigksza szerokos¢ przyrostu rocznego grubosci oznacza
mniejszy udzial drewna pdznego i gorsze parametry
techniczne drewna (Fabisiak 2005). Mniejsza korona to
réwniez mniejszy cigzar spoczywajacy na pniu. Przekroj
poprzeczny pnia moze mie¢ wigc odpowiednio mniejsza
powierzchnig niz u drzew o koronie duzej i cigzkiej. Jest
to efekt procesu polegajacego na wyksztatceniu maksy-
malnie wytrzymatej struktury przy jak najmniejszym
wktadzie energii/materii (Zajaczkowska 2006).
Wedhug wielu badaczy wptyw korony drzewa na
ksztattowanie si¢ struktury i wlasciwosci drewna jest
szczegblnie wyrazny w drewnie mtodocianym (Paz-
drowski et Jakubowski 2000; Amarasekara et Denne
2002; Jakubowski 2004; Mansfield et al. 2007). Drewno
mtodociane to tkanka drzewna potozona w centralnej
czescei przekroju poprzecznego pnia, w granicach do
kilkunastu przyrostdw rocznych grubosci (Mutz et al.
2004; Fries et Ericsson 2009). Drewno mtodociane cha-
rakteryzuje si¢ mniejszym udzialem celulozy, wigkszym
katem nachylenia fibryl w $cianach komorkowych,
mniejszym udziatem drewna poznego. Wszystkie te ce-
chy wplywaja na wilasciwosci mechaniczne, dlatego
drewno mlodociane jest pod wzgledem mechanicznym
stabsze niz drewno dojrzate (Zobel et Sprague 1998;
Pazdrowski 2004). W przypadku sosny réznica gestosci
umownej drewna mtodocianego i drewna dojrzalego
wynosi okoto 25 kg/m’, wytrzymatosé na $ciskanie
wzdhuz widkien drewna mtodocianego jest mniejsza o
okoto 3 MPa, a wytrzymalos¢ na zginanie statyczne
mniejsza o okoto 7 MPa (Tomczak et Jelonek 2012).
Drewno mtodociane na przekroju podluznym pnia wy-
stepuje na calej jego dtugosci, dlatego czes¢ wierzchot-
kowa drzewa moze by¢ zbudowana wylacznie z tego
typu tkanki. Drewno dojrzale, ktére otacza mtodociane
pierscieniem, pojawia si¢ u podstawy pnia. Z wiekiem
jego zasigg rosnie i u drzew dojrzalych wynosi okoto
85% wysokosci drzewa (Tomczak et al. 2007a). Z ce-
chami pnia — piersnica, wysokos$cig i migzszoscia, silnie
koreluje udziat drewna mlodocianego oraz udzial
drewna dojrzatego (Tomczak et al. 2005; Tomczak et al.
2006). O szczegodlnym wplywie korony na tworzenie si¢
tkanki drzewnej moze §wiadczy¢ tez fakt, ze w przy-
padku jej czegSciowej redukcji (podkrzesaniu) udziat
drewna juwenilnego w pniu drzewa byl nizszy niz u
drzew kontrolnych, u ktérych nie zredukowano aparatu
asymilacyjnego (Pazdrowski et al. 2007). Jak twierdzi
Hejnowicz (2002), drewno mtodociane powstaje w
poblizu lisci. Okres jego tworzenia w pniu zalezy od
tego, jak nisko zbiega korona drzewa. Podobnie twierdzi
Kucera (1994), ktory wiaze fakt formowania si¢ drewna

mtodocianego z dynamika rocznego przyrostu drzewa
na wysokos¢.

Migdzy drewnem miodocianym z czes$ci odziom-
kowej i1 z czgéci wierzchotkowej pnia wystgpuja wy-
razne réznice w budowie makrostrukturalnej (Tomczak
et al. 2007b). Sa one prawdopodobnie zwigzane ze
zmianami, jakie zachodza w uktadzie biomechanicznym
drzewa w trakcie jego wzrostu i rozwoju oraz tendencja
do wyksztalcenia maksymalnie wytrzymalej struktury
(zwiazanej z rozmiarami drzewa, w szczegdlnosci z roz-
miarami w wieku dojrzatym) przy jak najmniejszym
koszcie energetycznym. Majac na uwadze powyzsze
przypuszczenie w pracy zalozono, ze wybrane
wlasciwosci drewna mtodocianego oraz niektore cechy
pnia i korony sa ze soba skorelowane.

2. Metodyka badan
Wybér oraz pomiary na powierzchniach prébnych

Badania przeprowadzono w poéinocnej czgsci Polski
(RDLP Szczecinek), w 8 dojrzatych monokulturach sos-
nowych. Drzewostany wybrane do badan wyrosty w
warunkach boru mieszanego Swiezego i charakteryzo-
waly si¢ I bonitacja oraz zwarciem przerywanym, za-
drzewieniem od 0,7 do 1,1. Ich wiek miescit si¢ migdzy
82 a 89 lat, przecigtna piersnica zawierata si¢ migdzy
31 a 37 cm, a wysoko$¢ migdzy 24 a 27 m.

W kazdym drzewostanie zatozono powierzchnie
probne, na ktérych pomierzono cechy wszystkich drzew
rosnacych, tj. wysokos$é (m), piers$nice w dwoch prze-
ciwlegtych kierunkach (cm), wysokos¢ osadzenia
pierwszej zywej galezi (m) oraz srednice koron w dwoch
przeciwlegtych kierunkach (m). Pomiary wysokosci
oraz osadzenia pierwszej zywej galezi wykonano za
pomocg wysokosciomierza Nikon Forestry z zaokrag-
leniem do 0,1 m. Pier$nicg¢ w korze (d;;) zmierzono
$rednicomierzem, z zaokragleniem do 0,5 cm dwukrot-
nie, a wynik usredniono. Srednice korony (d) okreslono
na podstawie dwoch usrednionych pomiaréow, wyko-
nanych dalmierzem z doktadnos$cia do 0,1 m. Po uzys-
kaniu danych z pomiaru wysokosci oraz osadzenia zy-
wej korony obliczono dtugos¢ zywej korony (/y), odej-
mujac od wysokosci drzewa (%) wysoko$¢ osadzenia
pierwszej zywej gatezi zwartej korony.

Wybér drzew modelowych oraz materialu do badan
laboratoryjnych

Na podstawie charakterystyki drzew rosnacych na
powierzchniach prébnych metoda dendrometryczng
Uricha [ wybrano drzewa modelowe. Ze wzgledu na
zréznicowanie drzew pod wzgledem wysokosci,
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grubosci i wielkosci korony przy wyborze drzew mode-
lowych positkowano si¢ klasyfikacja Krafta (1884). Do
badan wybrano drzewa bez wyraznych anomalii w
ksztalcie pnia oraz z symetrycznie rozwinigta korona.
Na kazdej powierzchni wyselekcjonowano po 9 drzew,
tacznie badaniem objeto 72 drzewa modelowe.

Po Scigciu drzew pnie drzew modelowych zostaty
podzielone na pie¢ sekcji. Srodek pierwszej sekcji wy-
znaczono w odleglosci 1,3 m od podstawy pnia, a ko-
lejnych w punktach odpowiadajacych 20, 40, 60, 80%
dtugosci strzaly. Z tych miejsc pobrano materiat, z kto-
rego wykonano proby do badan wybranych wtasciwosci
drewna. Proby obejmowaty czg$¢ pnia lezaca migdzy
rdzeniem a obwodem, na dwoch przeciwleglych pro-
mieniach zorientowanych wzgledem stron §wiata w kie-
runku wschdd — zachdd. Pierwsza probka oddalona byta
od rdzenia o 1 cm. Pobrane probki zostaty kolejno ponu-
merowane. W dalszych etapach uwzgledniono tylko
dwie proby potozone najblizej rdzenia, ze srodkami pro-
bek w odleglosci 2 1 4 cm od rdzenia. Takie postgpo-
wanie umozliwilo przeprowadzenie badan na materiale
pochodzacym wytacznie z mtodocianej czesci przekroju
poprzecznego pnia.

Badania laboratoryjne

Zbadano cztery wlasciwosci drewna: ggsto$¢ umow-
ng (Qu), wytrzymato$¢ na $ciskanie wzdtuz widkien
(CS), wytrzymato$¢ na zginanie statyczne (BS), modut
elastycznosci przy zginaniu (MOE). Gestos¢ umowna
(kg/m’) okreslono na probkach o wymiarach 20x20x30
mm, jako stosunek masy w stanie absolutnie suchym do
objetosci w stanie maksymalnego specznienia (w>30%).
Maksymalne specznienie bton (wilgotnos¢ drewna po-
nad 30%) uzyskano poprzez zanurzenie probek w wo-
dzie, az do momentu osiagnigcia przez nie stabilnosci
wymiarowej, tj. do czasu, gdy przyrost poszczegdlnych
wymiardw probki mierzony w odstgpie 72 godzin byt
rowny lub mniejszy niz 0,2 mm. Masg probek okreslono
przy uzyciu wagi laboratoryjnej, z doktadnoscia 0,001 g.
Do okreslenia wymiaréw liniowych probek wyko-
rzystano suwmiarke, wyniki zaokraglajac do 0,1 mm
(PN-77/D-04101).

Wiasciwosci mechaniczne okreslono na podstawie
prob wytrzymalosciowych. Aby uzyskane wyniki byty
zblizone do wlasciwosci drewna, jakimi charakteryzuja
si¢ pnie drzew rosnacych, analizy wykonane zostaty
przy wilgotnosci wyzszej niz 30% — powyzej punktu
nasycenia widkien. Wytrzymalos¢ na $ciskanie wzdhuz
wiokien (MPa) okreslono na prébkach o znormalizo-
wanych wymiarach 20x20x30 mm, natomiast wytrzy-
malos¢ na zginanie statyczne (MPa) i modut elastycz-
nosci przy zginaniu (MPa) na prébkach o wymiarach
20x20%300 mm wedtug procedur zawartych w normach:

PN-63/D-04117; PN-77/D-04103; PN-79/D-04102, z
opisang powyzej modyfikacja dotyczaca wilgotnosci
drewna.

Analizy statystyczne

Kazda z whasciwos$ci drewna oraz cech drzewa scha-
rakteryzowano podstawowymi miarami polozenia i roz-
proszenia: s$rednia mediana, kwartylami, warto$ciami
minimalng i maksymalna, odchyleniem standardowym
oraz wspotczynnikiem zmiennosci. Analizie poddano
facznie 1320 prob do ustalenia wartosci Qu 1 CS oraz
1278 préb do ustalenia wartosci BS 1 MOE. Kazdy z tych
zbioréw zostal dodatkowo podzielony na pigé
podzbioréw, reprezentujacych poszczegoélne strefy pnia
i odpowiednio scharakteryzowany statystycznie.
Zwiazki migdzy cechami drzewa a wilasciwosciami
drewna okreslone zostaly za pomoca wspotczynnikdéw
korelacji. Przyjeto, ze wartos¢ wspotczynnika od 0,0 do
0,2 to korelacja bardzo staba, 0,2—0,4 to korelacja staba,
0,4-0,6 korelacja umiarkowana, 0,6-0,8 silna i od 0,8 do
1,0 bardzo silna. Obliczenia wykonano za pomoca
pakietu statystycznego Statistica (Statsoft, Inc.)

3. Wyniki badan

Charakterystyka cech drzew i wlasciwosci drewna
mlodocianego

Srednia wysokos¢ drzew badanej grupy wynosita
26,0 m (mediana 25,8 m). Przecigtna piersnica réwnala
si¢ 33,6 cm (mediana 33,5 cm). Dhlugos¢ korony
wynosita 7,8 m, a szerokos¢ 3,6 m, wartosci mediany dla
tych cech to odpowiednio 8,1 m i 3,8 m. Najmniejsza
zmiennoscig cechowata si¢ wysoko$¢, a najwickszg —
szeroko$¢ korony. Cechy korony charakteryzowaty sig¢
wigksza zmiennoscig niz cechy pnia (tab. 1).

Srednia gestos¢ umowna (Qu) drewna mtodocianego
sosny wynosita 416 kg/m’. Przecigtna wytrzymato$é na
Sciskanie wzdluz wiokien (CS) okreslona zostala na
poziomie 22,3 MPa, wytrzymato$¢ na zginanie statyczne
(BS) — 45,8 MPa. Wartos¢ modutu elastycznosci (MOE)
wyniosta 4726 MPa. Wartosci mediany wszystkich cech
byty bardzo zblizone do wartosci $rednich. Najmniejszy
wspotczynnik zmiennosci odnotowano w odniesieniu do
Qu, najwiekszy w przypadku MOEF (tab. 2).

Na przekroju podluznym pnia $rednia wartosc
gestosci umownej wahata si¢ od 385 do 473 kg/m’
(réznica 88 kg/m3 — 18,6%), przy czym najwyzsza
wartos¢ stwierdzono na poziomie piersnicy, najnizsza na
poziomie odpowiadajacym 60% wysokosci drzewa. Me-
diana opisujaca Qu miala wartos¢ zblizona do $redniej,
wspotczynnik zmienno$ci wahat si¢ od okoto 7 do okoto
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Tabela 1. Charakterystyka statystyczna cech drzew
Table 1. Statistical characteristics of the trees features

75 (3): 237244

secha - Sreda Mediana  Min Maks Qs Qs SD VC (%)
ha(m) 26,0 2538 18,5 3338 238 28,3 28 10,85
dh3 (cm) 33,6 33,5 21,0 450 29,5 40,0 6.9 20,67
I (m) 78 8.1 2.9 142 6,0 96 23 30,10
dy (m) 38 36 16 7.9 26 50 1.6 40,65

hs—wysoko$¢ drzewa; d; 3 — piersnica; /i, — dlugo$¢ korony; dj; — szerokos$¢ korony; Q,s — dolny kwartyl; Qs — gérny kwartyl;
SD — odchylenie standardowe; VC — wspolczynnik zmiennosci
hy— tree height; d, 5 — d.b.h.; [, — crown length; dj — crown diameter; SD — standard deviation; Q,s — lower quartile; Q75 — upper quartile;

VC — variability coefficient

Tabela 2. Charakterystyka statystyczna wlasciwos$ci drewna
Table 2. Statistical characteristics of the wood features

lge Z:ll;:; S;;g:r:a Mediana Min Maks Qas Qs SD VC
Ou (kg/m’) 416 415 356 501 397 432 29 7,00
CS (MPa) 22,3 22,4 16,5 27,9 20,9 23,8 2.4 10,59
BS (MPa) 45,8 46,4 33,0 60,5 41,6 49,6 6,0 13,17
MOE (MPa) 4726 4667 3089 6567 4260 5288 732 15,49

Qu — gestos¢ umowna; CS — wytrzymalo§¢ na Sciskanie wzdluz wiékien; BS — wytrzymalo$¢ na zginanie statyczne; MOE — modul
elastycznos$ci; Q.5 — dolny kwartyl; Q;s — gérny kwartyl; SD — odchylenie standardowe; VC — wspélczynnik zmiennoSci

Qu — basic density; CS — strength perpendicular to grain; BS — bending strength; MOE — modulus of elasticity; SD — standard deviation;

Q,5— lower quartile; Q75 — upper quartile; VC — variability coefficient

Tabela 3. Charakterystyka wlasciwos$ci drewna mlodocianego wzdluz pnia
Table 3. Statistical characteristics of features of the juvenile wood from different height levels of stem

Wiasciwosé  LOA%M & odnia . .
Height Mediana Min Maks Q>s Qs SD VC
Feature level* Mean
Qu (kg/m®) dis 473 475 358 613 446 504 51 10,72
20% 423 421 333 619 389 447 44 10,38
40% 399 398 335 499 380 420 33 8,37
60% 385 385 339 454 364 403 28 7,34
80% 396 392 325 564 366 415 42 10,68
CS (MPa) dis 24,79 24,65 14,82 35,50 21,96 27,70 4,08 16,47
20% 23,19 23,17 16,31 30,34 21,47 25,34 2,89 12,45
40% 22,16 22,12 16,21 31,50 20,64 23,61 2,88 12,99
60% 20,66 20,47 15,90 28,84 18,63 21,93 2,67 12,90
80% 20,17 20,07 14,81 29,16 17,97 21,67 2,86 14,16
BS (MPa) dis 53,51 53,57 34,54 73,76 47,34 58,33 8,64 16,15
20% 48,57 48,53 31,32 64,09 44,77 54,64 7,66 15,76
40% 46,00 45,85 29,43 67,13 40,35 50,28 7,44 16,18
60% 41,70 40,95 30,23 62,16 37,23 45,12 6,43 15,42
80% 39,52 38,36 26,23 56,37 35,16 44,30 6,32 16,00
MOE (MPa) dis 5556 5688 3196 7924 5043 6110 1041 18,74
20% 5086 5143 2846 7523 4560 5744 934 18,37
40% 4755 4734 2921 8734 4106 5181 972 20,43
60% 4290 4292 2931 6959 3801 4628 745 17,36
80% 3872 3859 2357 5409 3477 4394 671 17,32

*  odleglos¢ pobrania probki drewna od podstawy pnia: d; 3 — 1,3 m; 20%, 40%, 60%, 80% — odpowiedniej dlugosci strzaly

the distance of wood sample of the base of the stem: d; 5 — of 1.3 m, 20%, 40%, 60%, 80% — of the length of stem

Oznaczenia jak w tab. 2 / Symbols as in the Table 2
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Tabela 4. Wspoélczynniki korelacji miedzy cechami drzew i wlasciwo$ciami drewna mlodocianego (w zestawieniu
zaprezentowano wspolczynniki statystycznie istotne przy p<0,05)
Table 4. Correlation between the trees features and the juvenile wood features (coeffitients only statistically significant at p<0.05

are listed)

. Wilasciwosci drewna Cechy drzew / Features of trees
Pozwm mlodocianego
Height level Features of juvenil wood ha dis L i
Srednia Ou -0,4366 -0,3408
dla calego pnia CS -0,3133 -0,5895 -0,4592 -0,2396
Average for BS -0,5064 -0,4048
all stem MOE -0,2341 -0,5922 -0,4655 0,275
dis QOu
CS -0,2369 -0,4343 -0,3275
BS -0,2906
MOE -0,4422 -0,3257
20% Qu -0,2606 -0,4968 -0,3017
CS -0,2495 -0,5494 -0,3394
BS -0,4362 -0,327 -0,2893
MOE -0,5447 -0,4165 -0,2817
40% Qu -0,3952 -0,2891 -0,2839
CS -0,3173 -0,4125 -0,3537 -0,2252
BS -0,3943 -0,307 -0,2652
MOE -0,4496 -0,3453 -0,302
60% Qu -0,3109 -0,3044 -0,2591
CS -0,2393 -0,4282 -0,3519 -0,2913
BS -0,4117 -0,2922 -0,2574
MOE -0,382 -0,2767 -0,3787
80% Qu
CS
BS
MOE -0,2466

h, - wysoKko$¢ drzewa, d, 3 — pier$nica w Korze, /; - dlugos$¢ zywej korony, d; - Srednica korony. Pozostale oznaczenia jak w tab. 3
h,— tree height, d, ; — DBH inside bark, /, — lenght of alive crown, dj — crown diameter. Other symbols as in the Table 3.

11%. Wartos¢ CS miescita si¢ w granicach 20,2-24,8
MPa (réznica 4,6 MPa — 18,6%), BS migdzy 39,5 a 53,5
MPa (réznica 14,0 MPa — 26,1%), MOE miedzy 3872 a
5556 MPa (réznica 1684 MPa — 30,3%). Wartosci
wlasciwosci mechanicznych drewna, w odroznieniu od
warto$ci Qu, malaly systematycznie wraz ze wzrostem
odleglosci miejsca pomiaru od podstawy pnia. Wartosci
mediany byly rowniez bardzo zblizone do $rednich.
Wynikow nie zaktocaty wige proby o wartosciach odsta-
jacych. Wérod wiasciwosci mechanicznych najwigksza
zmiennoscig charakteryzowatl si¢ MOE, najmniejszg —
CS (tab. 3).

Zwiazki miedzy cechami drzew i wlasciwosciami
drewna mlodocianego

Analizujac zwigzki miedzy cechami drzew a wiasci-
wosciami drewna okreslonymi jako wartos$ci przecigtne
dla catego pnia, stwierdzono, ze wiasciwosciami, ktore
zwiazane byly istotnie z wszystkimi branymi pod uwage

cechami drzew byly CS i MOE. Obie wlasciwosci naj-
silniej korelowaly z d, ;. Qu korelowala umiarkowanie z
d, ; 1 stabo z [;, natomiast BS umiarkowanie korelowalta
zardwno z d; ; jak i1 [, Cechami drzewa, ktdre istotnie
(p<0,05) korelowaly z wszystkimi wiasciwosciami
drewna, byly piersnica i dlugos¢ korony (tab. 4).

Badajac zwiazki migdzy cechami drzew a wiasci-
wosciami drewna w roznych czgsciach strzat, stwierdzo-
no, ze na poziomie piersnicy najsilniejszy zwiazek, istot-
ny statystycznie (p<0,05), byt miedzy d;; 1 MOE
(korelacja umiarkowana). W tej czesci strzaly Qu nie
korelowata z Zzadna cecha drzewa, CS bylo stabo
skorelowane z h;, umiarkowanie z d; ; i stabo z [;. BS
bylo stabo skorelowane z d; ;, MOE umiarkowanie z d ;
istabo z /; (tab. 4). W czgsci strzaly odpowiadajacej 20%
wysokos$ci drzewa z pier$nicg najsilniej zwigzana byla
CS, a z dlugoscia korony MOE. Od wysokosci drzewa
istotnie wspodtzalezaty Qu i CS, a od szerokosci korony
BS i MOE (p<0,05) (tab. 4).
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W punkcie odpowiadajacym 40% wysokosci drzewa
d;; 1 I statystycznie istotnie (p<0,05) korelowaly z
wszystkimi analizowanymi wlasciwosciami drewna.
Staby zwiazek korelacyjny byt miedzy %, 1 CS oraz
miedzy dia Qu, BS1 MOE (tab. 4). W punkcie wyzszym
(60% wysokosci drzewa) d; ; oraz [, i dj istotnie (p<0,05)
korelowaly z wszystkimi wlasciwosciami. Z d,; naj-
silniej zwiazane bylo CS (najwyzsza wartos¢
wspotczynnika korelacji przy p<0,05) i nieco stabiej BS
(mniejsza wartos¢ wspodtczynnika). Z szerokoscia ko-
rony najsilniej byt skorelowany MOE, a najstabiej Qu
(tab. 4).

W najwyzej potozonej czgsci strzaly (80% wyso-
kosci drzewa) wilasciwosci drewna w najmniejszym
stopniu korelowaty z analizowanymi cechami drzew.
Istotny wspotczynnik korelacji (p<0,05) stwierdzono je-
dynie migedzy d, ;1 MOE (tab. 4).

4. Dyskusja

W celu sprawdzenia przypuszczenia, ze niektore
cechy pnia i korony sosny zwyczajnej sa skorelowane
z wlasciwosciami drewna mtodocianego, przeanalizo-
wano mi¢dzy innymi gestos¢ umowna, wytrzymatosé na
$ciskanie wzdluz wtokien, na zginanie statyczne oraz
warto$§¢ modutu elastycznosci przy zginaniu. Z cech
drzew wybrano: pier$nice, wysokos$é drzewa, dlugosc
i szeroko$¢ korony. W przypadku gestosci umownej
jej 0golng warto$é okreslono na poziomie 416 kg/m’,
czyli poréwnywalnym do wynikow, jakie uzyskali
Tomczak et al. (2010) i Gryc et al. (2011). Przecigtna
wytrzymato$é drewna mtodocianego sosny zwyczajnej
na Sciskanie wzdhiz widkien wyniosta 22,3 MPa,
wytrzymato§¢ na zginanie statyczne — 45,8 MPa,
warto$¢ modutu elastycznosci — 4726 MPa. Zblizone
warto$ci wytrzymatosci drewna mtodocianego uzyskali
migdzy innymi Pikk i Kask (2004) oraz Tomczak i
Jelonek (2012). Badane drzewa charakteryzowaly sig¢
piersnica rzedu 34 cm, wysokosciag wynoszaca 26 m,
korong dtuga na 7,8 m, srednicg korony wynoszaca 3,8
m. Sa to wymiary pnia i korony typowe dla sosny w tym
wieku (Kazmierczak 2009; Turski et al. 2012).

Analizowane wlasciwosci drewna, zardwno w ujeciu
ogolnym, jak i przy podziale pnia na czg¢sci, w réznym
stopniu korelowaly z cechami drzew. Wszystkie
wspolczynniki miaty warto$¢ ujemna, co oznacza, ze
wraz ze wzrostem wymiarow drzew wlasciwosci drewna
mlodocianego ulegaja pogorszeniu. Zréznicowanie wla-
sciwosci drewna mtodocianego wynika ze zréznicowa-
nia dynamiki przyrostu drzew na grubos$é. Zazwyczaj
drzewa grubsze, wyzsze, o wigkszych koronach, zaj-
mujace w drzewostanie korzystniejsza pozycj¢ bioso-

cjalna, przyrastaja szybciej niz drzewa ciensze, nizsze i
o mniejszych koronach (Lemke 1966, 1968).

Jednym z zalozen przeprowadzonej analizy bylo
skorelowanie wlasciwosci drewna mtodocianego z roz-
nych czeéci pnia, czyli wyksztalconego w réznych
okresach zycia drzewa, z jego wymiarami w wieku doj-
rzatym. Pomimo pozornego braku zwiazku okazato sie,
ze wlasciwosci drewna miodocianego wyksztalconego
w roznych okresach zycia drzewa koreluja z cechami
biometrycznymi drzewa w wieku dojrzatym, a w szcze-
gblnosci z piersnica oraz dlugoscig korony. Piersnica
jest pochodng przyrostu drzewa na grubos¢. Od dyna-
miki tego procesu bedq w znacznej mierze zaleze¢ war-
tosci parametréw technicznych. Diugosé korony to w
przypadku sosny cecha, uwazana za jeden z istot-
niejszych wskaznikdw stabilnosci drzewa (Jelonek et al.
2013). Z uwagi na fakt, ze elementami ukladu bio-
mechanicznego drzewa sg zardwno cechy biometryczne
drzew, jak 1 wlasciwosci drewna, stwierdzone korelacje
wydaja si¢ by¢ efektem naturalnych, genetycznie uwa-
runkowanych schematéw rozwojowych. Roznicowanie
si¢ drzew pod wzgledem cech biometrycznych (bioso-
cjalnym) rozpoczyna si¢ juz w bardzo wezesnym okresie
rozwoju drzewostanu. Ewentualny spadek lub awans
pozycji biosocjalnej dotyczy okoto 40% drzew (Beker
2008). Mozna wigc zatozy¢, ze u wigkszosci drzew w
drzewostanie, juz od wezesnych faz rozwojowych wy-
ksztatcana jest tkanka drzewna o strukturze i parame-
trach odpowiednich dla rozmiaréw drzewa dojrzatego.

Drewno miodociane czgsto nazywane jest drewnem
formowanym w tej czegsci pnia, ktoéra obejmuje zywa
czes$¢ korony (crown-formed wood; Paul 1957). Tom-
czak iin. (2007), analizujac zasigg drewna dojrzatego na
przekroju podtuznym pnia sosny zwyczajnej, doszli do
wniosku, ze do szacowania zasiggu drewna dojrzalego
mozna wykorzysta¢ srednicg korony, a dlugos$é korony
jest w tym wypadku nieprzydatna. W przypadku
wiasciwosci drewna predykcje mozna oprze¢ zar6wno
na $rednicy jak i dhugosci korony.

Rozwdj drzewa to staly wzrost jego wymiardw i
masy. Pod wplywem masy, szczegdlnie korony, pien
poddawany jest silnym naprezeniom statycznym i dyna-
micznym. Naprezenia wywolujg reakcj¢ kambium, ktora
prowadzi¢ moze do zamian w strukturze i wlasciwos-
ciach drewna, a takze zmian w ksztalcie pnia (Telewski
1995; Robertson 1991; Tomczak et al. 2012), obejmu-
jacych przede wszystkim jego dolna czesé. W czesci
wierzchotkowej napr¢zenia statyczne i dynamiczne sa
mniejsze. Majac na uwadze zasade tworzenia maksy-
malnie wytrzymalej struktury przy jak najmniejszym
wydatku energetycznym, wytlumaczy¢ mozna, miedzy
innymi, osiowa zmiennos$¢ wtasciwosci drewna miodo-
cianego. Wartosci wszystkich parametréw technicznych
generalnie malaly wraz ze wzrostem odlegtosci od
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podstawy pnia, co jest rowniez swoista cecha ogdlnej
zmiennosci drewna w pniu sosny zwyczajnej (Helinska-
Raczkowska et Fabisiak 1994; Repola 2006; Ikonen et
al. 2008; Witkowska et Lachowicz 2013).

Jak wskazuja uzyskane wyniki, pomigdzy cechami
drzew a wlasciwosciami tkanki drzewnej wystepuje
wiele zaleznosci. Wilasciwosci drewna mtodocianego
sosny koreluja gléwnie z piersnica i dlugoscia korony, a
w czg$ci srodkowej pnia takze ze $rednica korony, ktore
dos¢ istotnie wptywajq na stabilnos¢ drzew. Z powyz-
szych relacji wynika¢ wigc moze fakt, ze drewno
mtodociane jest istotnym elementem uktadu biomecha-
nicznego drzewa. Jest jedna z licznych modyfikacji
drewna, czy tez proceséw optymalizujacych budowe
organu, ktérego gtownym zadaniem jest przenoszenie
obcigzen statycznych i dynamicznych oraz transport
wody. W tym sensie pieni drzewa przypomina belke
ztozona, ktora zbudowana jest z tkanki o ré6znych wiasei-
wosciach, zaleznych od etapu rozwoju (rozmiarow)
drzewa, w ktorym si¢ formowata.

5. WhniosKki

Wtasciwosci drewna, analizowane zarowno w ujeciu
ogblnym, jak i przy podziale pnia na czgsci, w réznym
stopniu korelowaty z cechami drzew. Wszystkie wspot-
czynniki miaty warto$¢ ujemna, co oznacza, ze drzewa o
wigkszych wymiarach wyksztatcaja drewno mtodociane
o gorszych wlasciwosciach.

Wiasciwosci drewna mtodocianego wyksztatconego
w réznych okresach zycia drzewa zwigzane byly szcze-
goblnie z piersnicg oraz dtugoscia korony. W niewielkim
stopniu korelowaty z wysokoscia drzewa. Natomiast ze
$rednica korony istotnie korelowaty wtasciwosci drew-
na ze $rodkowej czgsci pnia.
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Abstract. The aim of this study was to determine relationships between selected properties of juvenile wood and
characteristics of the stem and crown of Scots pine. Analyses were conducted in northern Poland on eight mature pine
monocultures. Nine trees were selected in each experimental site and their stems were divided into five sections. The
centers of the sections were established at a height of 1.3 m from the tree base and at points corresponding to 20, 40, 60
and 80% tree height. Samples were taken from these locations, and these samples were prepared for analyses of basic
density, compressive strength along the grain and static bending, as well as the modulus of elasticity during bending. The
mean height of the investigated group of trees was 26.0 m with an average diameter breast high of 33.6 cm. The mean
crown depth was 7.8 m and crown diameter was 3.6 m, and the mean basic density (Qu) of juvenile pine wood was 416
kg/m?®. The average compressive strength along the grain (CS) was determined to be 22.3 MPa, while static bending
strength (BS) was 45.8 MPa. The recorded modulus of elasticity (MOFE) was 4726 MPa.

Both in general terms and when dividing stems into sections, the wood properties correlated with tree characteris-
tics to various degrees. All indexes were negative indicating that trees of greater dimensions produce juvenile wood of
inferior quality. Properties of juvenile wood formed during various periods of tree life were mostly related to diameter
breast high and crown depth. They were also correlated with tree height, but only to a limited extent. In contrast, prop-
erties of wood from the middle stem sections were significantly correlated with crown diameter.

Key words: basic density, strength perpendicular to grain, bending strength, modulus of elasticity, breast height diameter,
tree height, crown length, crown diameter

1. Introduction

Properties of wood result first of all from its structure
(Verkasalo 1992; Hanrup et al. 2001). Structure of wood,
without features conditioned genetically, is on the other
hand a result of growth conditions and tree development
including inter alia site type and treatments breeding
(Pazdrowski and Sptawa-Neyman 1997). In this special
system of interactions, features (dimensions) of a stem and
crown occupy a place between conditions of growth and
tree’s development and structure and features of wood. Ac-
cording to Jelonek (2013), there is no relationship between

Received 06 February 2014, accepted after revision 14 March 2014.
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wood density and Scots pine stem and crown features. The
author states, however, the relationship of stem and crown
features in case of compressive strength along fibres and
static bending strength. In relation to diameter breast height
(dbh) and crown length, relations mentioned above are re-
verse and in relation to tree’s height and crown’s width,
they are directly proportional. Wasik (2000), after analys-
ing relations between chosen parameters of crown and fea-
tures of Coast Douglas-fir wood macrostructure, stated that
trees with longer and wider crown had significantly wider
annual increments than increments of trees with shorter
and narrower crowns. At coniferous, bigger width of annu-
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al increment in thickness means smaller share of latewood
and worse technical parameters of wood (Fabisiak 2005).
Smaller crown means also smaller weight resting on stem.
Stem’s cross-section may have consequently smaller area
than in case of trees with big and heavy crowns. It is an
effect of a process depending on forming maximally du-
rable structure with the lowest possible energy investment
(Zajaczkowska 2006).

According to many researches, the influence of
tree’s crown on structure forming and wood proper-
ties is particularly vivid in juvenile wood (Pazdrowski
and Jakubowski 2000; Amarasekara and Denne 2002;
Jakubowski 2004; Mansfield et al. 2007). Juvenile wood
is a wood tissue placed in central part of stem’s cross-sec-
tion, within a dozen or so annual increments to thickness
(Mutz et al. 2004; Fries and Ericsson 2009). Juvenile
wood is characterised with smaller share of cellulose,
bigger inclination angle of fibrils in cell walls and smaller
share of latewood. All those features have influence on
mechanical properties. That is why juvenile wood is me-
chanically weaker than mature wood (Zobel and Sprague
1998; Pazdrowski 2004). In case of pine, a difference be-
tween juvenile and mature wood default density amounts
around 25 kg/m®. Compressive strength along fibres of
juvenile wood is smaller by around 3 MPa, and static
bending strength smaller by around 7 MPa (Tomczak
and Jelonek 2012). Juvenile wood on stem’s longitudinal
section occurs on its whole length, that is why the top
part of tree may be built exclusively from this type of tis-
sue. Mature wood, which surrounds juvenile wood with a
ring, occurs in stem’s base. With age, its range increases
and with mature trees, it amounts around 85% of tree’s
height (Tomczak et al. 2007a). The tree’s features such
as dbh, height and volume strongly correlate with juve-
nile wood share and mature wood share (Tomczak et al.
2005; Tomczak et al. 2006). A special influence of crown
on forming of tree’s tissue may constitute the fact that
in case of its partial reduction (artificial pruning) share
of juvenile wood in trees stem was lower than in control
trees in which assimilation apparatus was not reduced
(Pazdrowski et al. 2007). As Hejnowicz (2002) states, ju-
venile wood is produced under strong influence of leaves
closeness. Time of its formation in stem depends on how
low tree’s crown reaches. Similarly states Kucera (1994),
who links the fact of juvenile wood forming with dynam-
ics of trees annual increment to height.

Between juvenile wood from butt end part and from
top part of stem occur vivid differences in macro-struc-
tural construction (Tomczak et al. 2007b). They are
probably connected with changes occurring in tree’s bi-

omechanical system during its growth and development
and with effect of tendency for forming maximally du-
rable structure (connected with tree’s dimensions, espe-
cially with dimensions in mature age) with the smallest
energetic cost. Having in mind above supposition, it was
assumed in study that chosen properties of juvenile wood
and some features of stem and crown are correlated.

2. Research methodology
Choice and measurements on experimental plots

Research was conducted in the northern part of Po-
land (Szczecinek Regional Directorate of State Forests)
in eight mature pine’s monocultures. Forest stands cho-
sen for research grew in conditions of fresh mixed conif-
erous forest and were characterised with I site index and
broken-crown closure stocking from 0.7 to 1.1. Their
age ranged from 82 and 89 years, average dbh ranged
from 31 and 37 cm, and height between 24 and 27 m.

In each forest stand, sample plots were set, on which
the features of all growing trees, i.e. height (m), dbh in two
opposite directions (cm), height of first living branch seat-
ing (m) and crown’s diameter in two opposite directions
(m), were measured. Measurements of height and seating
of first living branch were made with the use of Nikon For-
estry hypsometer with rounding to 0.1 m. Dbh in bark (d, ,)
was measured twice with caliper, with rounding to 0.5 cm,
and then the result was averaged. Crown’s diameter (d)
was defined on the basis of two averaged measurements,
performed with rangefinder with accuracy to 0.1 m. After
obtaining data, i.c. height measurement and seating of liv-
ing crown, living crown length (/) was calculated by sub-
tracting the height of the first living branch seating of a
compact crown from the tree’s height (%2,).

Choice of model trees and materials for
laboratory research

On the basis of characteristics of trees growing on
sample plots, chosen were model trees using Urich I
dendrometric method. Due to trees diversity to weight,
thickness and size of crown for model trees selection,
Kraft’s classification (1884) was used. For research,
chosen were trees without any vivid anomalies in stem’s
shape and with symmetrically developed crown were
chosen. On each plot selected were nine trees. Jointly,
the research covered 72 model trees.

After cutting the trees, the stems of model trees were
divided to five sections. The centre of the first section
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was marked on 1.3 m from stem’s base, and next in
points corresponding to 20%, 40%, 60% and 80% of
stem length. From those places, a material was col-
lected on which tests were performed for studying the
chosen wood properties. Test included part of stem be-
tween core and circuit, on two opposite radius-oriented
east—west to world directions. First sample was set 1 cm
from the core. Collected samples were numbered in se-
quence. In next stages, only two samples placed closest
to the core, with sample centres placed 2 and 4 cm from
the core, were included. Such a proceeding allowed
conducting research on materials only from the juvenile
part of cross-section of the stem.

Laboratory research

Four wood properties were examined: basic density
(Qu), compressive strength perpendicular to grain (CS),
static bending strength (BS) and modulus of elasticity in
bending (MOE). Basic density (kg/m®) was defined on
samples of dimensions 20 mm % 20 mm x 30 mm, as a
relation of mass in state of absolute dry to volume in state
of maximum swell (w > 30%). Maximum swell of pelli-
cles (wood humidity over 30%) was obtained by submer-
gence of samples in water, until the moment of reaching
dimensional stability, i.e. until the increments of particu-
lar samples’ dimensions measured in 72-h gap were equal
or smaller than 0.2 mm. The mass of samples was defined
with the use of laboratory scale with accuracy to 0.001 g.
For defying linear dimensions of samples, a slide caliper
was used, rounding results to 0.01 mm (PN-77/D-04101).

Mechanical properties were defined on the basis of
endurance tests. For obtained results to be close to wood
properties by which growing trees stems are characterised,
analysis were made at humidity higher than 30% — above
fibre saturation point. Compressive strength along fibres
(MPa) was defined on samples with standardised dimen-
sions 20 mm x 20 mm x 30 mm, whereas static bending
strength (MPa) and modulus of elasticity in bending (MPa)
on samples of dimensions 20 mm X% 20 mm % 300 mm ac-
cording to procedure’s included in norms: PN-63/D-04117;
PN-77/D-04103; PN-79/D-04102, with the above-de-
scribed modification concerning wood humidity.

Statistical analysis

Each of wood properties and trees features was charac-
terised with basic position and dispersion measures: mean,
quartiles, minimum and maximum value, standard devia-
tion and variation coefficient. Analysed were jointly 1320

samples for Qu and CS establishment and 1278 samples
for BS and MOE values establishment. Each of those sets
was additionally divided to five subsets, representing indi-
vidual zones of stem and was, respectively, characterised
statistically. Relations between trees features and wood
properties defined were with the use of correlation coeffi-
cients. Adopted was that coefficient value from 0.0 to 0.2 is
a very weak correlation, 0.2—0.4 weak correlation, 0.4-0.6
moderate correlation, 0.6-0.8 strong and from 0.8 to 1.0
very strong. Calculations were made with the use of statis-
tical package Statistica (Statasoft, Inc.)

3. Research results

Trees’ features characteristic and juvenile wood
properties

The average height of trees of examined group was
26.0 m (median 25.8 m). Average dbh equalled 33.6
cm (median 33.5 cm). Length of crown was 7.8 m and
width 3.6 m, median values for those features were, re-
spectively, 8.1 and 3.8 m. The smallest variability was
in case of height, and the biggest was in crown width.
Crown’s features were characterised with greater varia-
bility than stem’s features (Table 1).

Average basic density (Qu) of pine’s juvenile wood
was 416 kg/m®. Average compressive strength along
fibres (CS) was defined on 22.3 MPa level, and static
bending strength (BS) was 45.8 MPa. The value of elas-
ticity modulus (MOE) was 4726 MPa. Median value of
all features was very close to average values. The small-
est variability coefficient was stated with Qu, and the
biggest in case of MOE (Table 2).

On longitudinal section of stem, the average value of
basic density ranged from 385 to 473 kg/m* (difference
88 kg/m* — 18.6%). The highest value was stated on dbh
level and the smallest on level corresponding to 60% of
tree’s height. Median describing Qu had a value close
to average, variability coefficient ranged from around 7
to around 11%. CS value ranged from 20.2 to 24.8 MPa
(difference 4.6 MPa — 18.6%), BS between 39.5 and 53.5
MPa (difference 14.0 MPa — 26.1%) and MOE between
3872 and 5556 MPa (difference 1684 MPa — 30.3%).
Values of wood mechanical properties, unlike Qu value,
decreased systematically with an increase of place of
measurement distance from stem’s base. Median values
were also very close to averages. Results were not inter-
rupted, therefore, by samples with outlier values. As for
mechanical properties, with the biggest variability was
characterised MOE, with the smallest — CS (Table 3).
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Table 1. Statistical characteristics of the tree features

Feature Mean Median Min Max Q,; Q. SD VC (%)
h,(m) 26.0 25.8 18.5 338 23.8 28.3 2.8 10.85
d, ,(cm) 33.6 33.5 21.0 45.0 29.5 40.0 6.9 20.67
[, (m) 7.8 8.1 2.9 14.2 6.0 9.6 2.3 30.10
d, (m) 3.8 3.6 1.6 7.9 2.6 5.0 1.6 40.65

h,— tree height; d, , — dbh; /, — crown length; d, — crown diameter; SD — standard deviation; Q,; — lower quartile; Q,; — upper quar-
tile; VC — variability coefficient

Table 2. Statistical characteristics of the wood features

Feature Mean Median Min Max Q,; Q. SD vC
Qu (kg/m?) 416 415 356 501 397 432 29 7.00
CS (MPa) 223 22.4 16.5 27.9 20.9 23.8 2.4 10.59
BS (MPa) 45.8 46.4 33.0 60.5 41.6 49.6 6.0 13.17
MOE (MPa) 4726 4667 3089 6567 4260 5288 732 15.49

Qu — basic density; CS — strength perpendicular to grain; BS — bending strength; MOE — modulus of elasticity; SD — standard devi-
ation; Q,, — lower quartile; Q. — upper quartile; VC — variability coefficient

Table 3. Statistical characteristics of features of the juvenile wood from different height levels of stem

Feature Il{eevlfl}’]“t Mean Median Min Max Q,; Q. SD vC
d, 473 475 358 613 446 504 51 10.72
20% 423 421 333 619 389 447 44 10.38
Qu (kg/m?) 40% 399 398 335 499 380 420 33 8.37
60% 385 385 339 454 364 403 28 7.34
80% 396 392 325 564 366 415 42 10.68
d, 24.79 24.65 14.82 35.50 21.96 27.70 4.08 16.47
20% 23.19 23.17 16.31 30.34 21.47 25.34 2.89 12.45
CS (MPa) 40% 22.16 22.12 16.21 31.50 20.64 23.61 2.88 12.99
60% 20.66 20.47 15.90 28.84 18.63 21.93 2.67 12.90
80% 20.17 20.07 14.81 29.16 17.97 21.67 2.86 14.16
dL3 53.51 53.57 34.54 73.76 47.34 58.33 8.64 16.15
20% 48.57 48.53 31.32 64.09 44.77 54.64 7.66 15.76
BS (MPa) 40% 46.00 45.85 29.43 67.13 40.35 50.28 7.44 16.18
60% 41.70 40.95 30.23 62.16 37.23 45.12 6.43 15.42
80% 39.52 38.36 26.23 56.37 35.16 44.30 6.32 16.00
d, 5556 5688 3196 7924 5043 6110 1041 18.74
20% 5086 5143 2846 7523 4560 5744 934 18.37
MOE (MPa) 40% 4755 4734 2921 8734 4106 5181 972 20.43
60% 4290 4292 2931 6959 3801 4628 745 17.36
80% 3872 3859 2357 5409 3477 4394 671 17.32

* - the distance of wood sample of the base of the stem: d, , — of 1.3 m, 20%, 40%, 60%, 80% — of the length of stem.
Symbols as in the Table 2
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Table 4. Correlation between the trees features and the juvenile wood features (coefficients only statistically significant at p < 0.05

are listed)

Height level Features of Features of trees
juvenile wood h, d,, l, d,
Average for all Qu -0.4366 -0.3408
stem cS -0.3133 -0.5895 -0.4592 -0.2396
BS -0.5064 -0.4048
MOE -0.2341 -0.5922 -0.4655 -0.275
d1.3 Qu
cS -0.2369 -0.4343 -0.3275
BS -0.2906
MOE -0.4422 -0.3257
20% Qu -0.2606 -0.4968 -0.3017
cS -0.2495 -0.5494 -0.3394
BS -0.4362 -0.327 -0.2893
MOE -0.5447 -0.4165 -0.2817
40% Qu -0.3952 -0.2891 -0.2839
cs -0.3173 -0.4125 -0.3537 -0.2252
BS -0.3943 -0.307 -0.2652
MOE -0.4496 -0.3453 -0.302
60% Qu -0.3109 -0.3044 -0.2591
cs -0.2393 -0.4282 -0.3519 -0.2913
BS -0.4117 -0.2922 -0.2574
MOE -0.382 -0.2767 -0.3787
80% Ou
cs
BS
MOE -0.2466

h,— tree height, d, ;, — DBH inside bark, /, — length of alive crown, d, — crown diameter. Other symbols as in the Table 3.

>3

Relations between trees’ features and juvenile
wood properties

On the basis of analysis of relations between
trees’ features and wood properties defined as average
values for whole stem stated was that properties that
were relevantly connected with considered trees fea-
tures were CS and MOE. Both properties correlated
strongly with d, ., O, correlated moderately with d, ;and
weakly with /, whereas BS moderately correlated both
with d, ;and /,. Tree’s features that relevantly (p > 0.05)
correlated with all properties of wood were dbh and
length of crown (Table 4).

Stated was, by examining relations between tree’s fea-
tures and wood properties in different shaft’s parts, that on
dbh level the strongest relation, statistically significant
(p < 0.05), was between d, , and MOE (moderate corre-
lation). In this part of shaft, Qu did not correlate with any
tree’s features, CS was weakly correlated with /2, moder-
ately with d, , and weakly with / (Table 4). In part of shaft
corresponding to 20% of tree’s height, with dbh the strong-
est connected was CS, and with crown length — MOE. The
tree’s height significantly co-depended Qu and CS, and on
crown’s width BS and MOE (p < 0.05; Table 4).

At point corresponding to 40% of tree’s height, d, ,
and /_ statistically significantly (p <0.05) correlated with
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all analysed wood properties. Weak correlation connec-
tion was between 4, and CS and between d, and Qu, and
BS and MOE (Table 4). At higher point (60% of tree’s
height), d, ., /, and d, significantly (p < 0.05) correlat-
ed with all properties. With d, ,, the strongest correlated
was CS (the highest value of correlation coefficient at
p < 0.05) and slightly weaker BS (smaller coefficient
value). With crown width, the strongest correlated was
MOE, and the weakest Qu (Table 4).

In highest part of shaft (80% of tree’s height), wood
properties in the smallest degree correlated with ana-
lysed trees features. Significant correlation coefficient
(p <0.05) was only between d, ;and MOE (Table 4).

Discussion

The aim of this study was to define the relations that
occur between juvenile wood properties and chosen fea-
tures of stem and crown of Scots pine. Analysed was
inter alia basic density, compressive strength along fi-
bres, static bending strength and modulus of elasticity
in bending. From tree’s features chosen were: dbh, trees
height, length and width of crown. In case of basic den-
sity, its general value was defined on 416 kg/m? level,
which is a comparable result to the result obtained by
Tomczak et al. (2010) and Gryc et al. (2011). Average
compressive strength along fibres of Scots pine juvenile
wood amounts to 22.3 MPa. Static compressive strength
was 45.8 MPa and modulus of elasticity was 4726 MPa.
Similar values of juvenile wood strength obtained inter
alia Pikk and Kask (2004) and Tomczak and Jelonek
(2012). Examined trees were characterised with dbh of
around 34 cm, height of 26 m, crown 7.8-m long and
crown’s diameter 3.8 m. These dimensions of stem and
crown are typical for pine in this age (Kazmierczak
2009, Turski et al. 2012).

Analysed wood properties, both in general approach
and with stem’s division to parts in different degrees,
correlated with tree’s features. All coefficients had neg-
ative value, which means that with the increment of
tree’s dimensions, the properties of juvenile wood wors-
en. Diversity of juvenile wood properties results from
diversity of trees increment in thickness dynamics. Usu-
ally, trees thicker, higher, with larger crowns, occupy-
ing in forest stands more favourable biosocial position
increase faster than thinner, smaller trees with smaller
crowns (Lemke 1966, 1968).

One of the assumptions of conducted analysis was cor-
relating properties of juvenile wood from different parts
of stem, i.e. produced in different tree’s life periods, with

its dimensions in mature age. Despite apparent lack of
relation, it turned out that properties of juvenile wood
produced in different tree’s life periods correlate with
trees’ biometric features in mature age (in particular with
dbh and crown’s length). dbh is a consequence of tree’s
growth in thickness. The dynamics of this process will
depend notably on the technical parameter values. Length
of crown is, in case of pine, a feature considered to be
one of the most important coefficients of tree’s stabili-
ty (Jelonek et al. 2013). Due to the fact that elements of
tree’s biomechanical system are both tree’s biometric fea-
tures and wood properties, stated correlations seems to be
an effect of natural genetically conditioned development
schemes. Trees differentiation in terms of biometric fea-
tures (biosocial) starts in very early stage of forest stand’s
development. Possible drop of advancement of biosocial
position concerns around 40% of trees (Beker 2008). It
can be assumed that with the majority of trees in forest
stands, starting from early development stages, produced
is wood tissue with structure and parameters adequate for
mature tree’s dimensions.

Juvenile wood is often called a wood formed in this part
of stem, which is the living part of crown (crown-formed
wood; Paul 1957). Tomczak et al. (2007) analysed the
scope of mature wood on longitudinal section of Scots pine
stem and stated that for estimation of mature wood range,
crown’s diameter can be used and crown’s length in this
case is useless. In case of wood properties, prediction can
be based also on crown’s diameter and length.

Tree’s development is a constant increase of its di-
mensions and mass. Under mass influence, especially
crown’s mass, the stem undergoes strong static and dy-
namic tensions. Those tensions cause cambium reaction,
which can lead to changes in structure and wood proper-
ties and also to changes in stem’s shape (Telewski 1995;
Robertson 1991; Tomczak et al. 2012), including most of
all its lower part. In top part, static and dynamic tensions
are smaller. Knowing the rule about creating maximal-
ly durable structure with the smallest energetic expanse
possible, explained can be inter alia axial variability of
juvenile wood properties. Values of all technical parame-
ters generally decreased with an increase in distance from
stem’s base, which is also a specific feature of general
wood variability in Scots pine stem (Helinska-Raczkows-
ka and Fabisiak 1994; Repola 2006; Tkonen et al. 2008;
Witkowska and Lachowicz 2013).

As obtained results indicate, many relations occur be-
tween tree’s features and properties of tissues. Properties
of pine’s juvenile wood correlate mainly with dbh and
crown’s length and in the central part of stem also with
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crown’s diameter, which quite significantly influences
on tree’s stability. From the relations mentioned above
it may result that juvenile wood is a significant element
of a tree’s biomechanical system. It is one of the numer-
ous wood modifications or processes optimising organ’s
structure, whose main task is to transfer statistic and dy-
namic loads and also transport water. In this sense, tree’s
stem is like a complex beam, which is built-up of tissue
of different properties, depending on tree’s development
stage (dimensions) in which it was formed.

Results

Wood properties analysed both in general approach
and with stem’s division into parts in different degrees
correlated with tree’s features. All coefficients had neg-
ative values, which means that the trees of bigger di-
mensions form juvenile wood with worse properties.

Properties of juvenile wood formed in different peri-
ods of tree’s life connected were in particular with dbh
and crown’s length. In small degree, they correlated
with tree’s height. With crown’s diameter, it significant-
ly correlated with the properties of wood from the mid-
dle part of the stem.
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