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Abstract. The aim of this research was to characterise the influence of plant spacing on the survival and growth of pines
in dry and fresh coniferous forest habitats after almost 40 years since stand establishment.

In this study, we compared seven types of spacing, including square, rectangular and triangular configurations, with
initial densities ranging from 6944 units/ha to 15 625 units/ha. The research covered two sites where no tending
interventions of selective character were performed throughout the growth period.

We found that habitat conditions had an influence on tree survival as well as growth in thickness and height in the
pine forest stands. In the less fertile habitat, where competition between trees was less intense, about 1,5 to 2 times more
trees survived than in the more fertile habitat. Pines growing in the fresh coniferous forest were taller and had
substantially larger diameter breast heights (dbh) in comparison to pines of the dry coniferous forest. Additionally,
habitat conditions had an influence on the spacing effect correctness of the analysed features. In the poorer habitat this
influence was stronger, which showed in a greater differentiation of the analysed parameters as compared to the more
fertile habitat. Average dbh values of all trees on the P³ock surface increased with decreasing initial density and ranged
from 8,24 cm in variant A (15 625 units/ha) to 9,79 cm in variant C (6944 units/ha). On the £¹ck surface, trees growing
at a lower density (variants C and E) were significantly thicker than trees growing at densities between10 000 units/ha
and 15 625 units/ha (spacing variants A, B, F, G). Furthermore, our results showed a significant influence of habitat
conditions and plant spacing on the thickness of pines belonging to the 1st biosocial class.

Moreover, we found a positive influence of triangular-shaped spacing on the trees' thickness increment in the fresh
coniferous forest, which confirms reports from other authors. Hence, we can deduce that triangular spacing enables
trees to make better use of their surrounding space which positively impacts on their growth parameters.

Based on these results, we can conclude that, in pine forests, there is a significant influence of habitat conditions
on tree survival and growth in thickness and height. This study also showed significant differences between the types
of plant spacing and their effect on pine shafts in the II age class. However, a relationship between height growth rate
and initial density was not observed. In both of the investigated habitats, the highest trees were observed at densities
around 11 500 units/ha with triangular spacing enhancing this effect.
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1. Wstêp

Wiêkszoœæ dotychczasowych polskich eksperymen-
tów nad wp³ywem wiêŸby sadzenia na wzrost i rozwój
drzewostanów sosnowych dotyczy m³odszych faz roz-
wojowych drzewostanów (Burzyñski, Zaj¹czkowski
1975; Ceitel 1989; Zaj¹czkowski, Kopryk 1990), bra-
kuje natomiast doniesieñ o ró¿nicowaniu siê parametrów
biometrycznych sosen posadzonych w ró¿nej wiêŸbie,
bêd¹cych w starszym wieku. G³ównym powodem jest
brak odpowiedniego materia³u empirycznego. W Zak³a-
dzie Hodowli Lasu IBL badania nad wiêŸb¹ prowadzono
od lat 60. ubieg³ego wieku. W ich ramach za³o¿ono sta³e
powierzchnie doœwiadczalne w uk³adzie bloków loso-
wych na ró¿nych siedliskach, pozwalaj¹ce porównywaæ
przebieg rozwoju sosny i œledziæ naturalne procesy
ró¿nicowania siê struktury drzewostanu i kszta³towania
siê cech biometrycznych drzew rosn¹cych w ró¿nym
zagêszczeniu, w kolejnych latach wzrostu. Niektóre
z nich istniej¹ do dziœ, a ich wartoœæ naukow¹ podnosi
fakt, ¿e nie by³y na nich wykonywane zabiegi pielêg-
nacyjne o charakterze selekcyjnym, a ukszta³towana
obecnie struktura przestrzenna jest wynikiem natural-
nych procesów ró¿nicowania siê drzew w drzewostanie.

Celem obecnych badañ by³o okreœlenie wp³ywu
wiêŸby sadzenia na ró¿nicowanie siê prze¿ywalnoœci i
parametrów wzrostowych drzew w okresie pierwszych
ok. 40 lat ¿ycia niepielêgnowanego drzewostanu sosno-
wego rosn¹cego na siedliskach boru suchego i boru
œwie¿ego.

2. Metodyka i obiekty badañ

Obiektem badañ by³y dwie powierzchnie doœwiad-
czalne:

1. Powierzchnia w Nadleœnictwie P³ock, Leœn.
Sierpc, oddz. 117 i 122, za³o¿ona w roku 1965, na
siedlisku boru suchego. Gleba na powierzchni doœwiad-
czalnej by³a przygotowana pe³n¹ ork¹. Materia³em sa-
dzeniowym by³a jednoroczna sosna zwyczajna. Ostatni
pomiar, bêd¹cy przedmiotem niniejszej analizy, wyko-
nano w roku 2002, kiedy sosna osi¹gnê³a wiek 38 lat.
Wielkoœæ jednej dzia³ki pomiarowej (powtórzenia)
wynosi³a 5 arów. W latach osiemdziesi¹tych ubieg³ego
wieku w drzewostanie wykonano jedno ciêcie sanitarne,
usuwaj¹c drzewa zamieraj¹ce i zamar³e.

2. Powierzchnia doœwiadczalna w Nadleœnictwie
£¹ck, Leœn. Korzeñ, oddz. 290c, 290h, 286c. Powierz-
chniê za³o¿ono w roku 1965 na siedlisku boru œwie¿ego.
Gleba na powierzchni doœwiadczalnej by³a przygoto-
wana pe³n¹ ork¹. Materia³em sadzeniowym by³a jedno-
roczna sosna zwyczajna. Ostatni pomiar, którego wy-
niki s¹ przedmiotem tej analizy, wykonano tak¿e w roku

2002, kiedy sosna osi¹gnê³a wiek 38 lat. Wielkoœæ jednej
dzia³ki pomiarowej wynosi³a 16 arów, przy czym
pomiarami objêto tylko czêœæ powierzchni dzia³ki – 7 ar.
Na powierzchni równie¿ wykonano w tym samym
okresie ciêcie sanitarne, usuwaj¹c drzewa zamieraj¹ce
i zamar³e.

Obiekty, w których prowadzono badania, zlokali-
zowane s¹ w prowincji Nizin Œrodkowopolskich. Okres
wegetacyjny trwa 200–210 dni. Œrednia roczna suma
opadów atmosferycznych wynosi w granicach 450–700
mm, œrednia temperatura roku wynosi 7–9°C.

W niniejszej pracy analizowano siedem wariantów
wiêŸby (A–G). Ka¿dy wariant mierzony by³ w trzech
powtórzeniach.

– wiêŸby kwadratowe:
A – 0,8×0,8 m – zagêszczenie pocz¹tkowe 15 625 szt./ha,
B – 1,0×1,0 m – 10 000 szt./ha,
C – 1,2×1,2 m – 6944 szt./ha;

– wiêŸby trójk¹tne:
D – 1,0×1,0×1,0 m – 11 547 szt./ha,
E – 1,2×1,2×1,2 m – 8019 szt./ha;

– wiêŸby prostok¹tne:
F – 0,55×1,2 m – 15 152 szt./ha,
G – 0,8×1,2 m – 10 417 szt./ha.

Na ka¿dej dzia³ce wykonano:
– pomiar pierœnic (D1,3) [cm] i wysokoœci (H) [m]

wszystkich drzew,
– klasyfikacjê biosocjaln¹ drzew.
Pierœnicê drzew mierzono œrednicomierzem z do-

k³adnoœci¹ do 1 mm. Pomiary wykonywano w dwóch
prostopad³ych kierunkach (wzd³u¿ i w poprzek rzêdu
sadzenia). Pomiary wysokoœci drzew wykonano wyso-
koœciomierzem elektronicznym Vertex z dok³adnoœci¹
do 0,1 m.

Prze¿ywalnoœæ drzew wyra¿ono procentowym sto-
sunkiem drzew rosn¹cych na powierzchni w roku
pomiaru do liczby wyjœciowej.

Pozycjê biosocjaln¹ okreœlano wed³ug skali: 1 – drze-
wa panuj¹ce, 2 – drzewa wspó³panuj¹ce, 3 – drzewa
opanowane, 4 – drzewa przyg³uszone i zamieraj¹ce.

Drzewa klasy 1 nale¿y traktowaæ jako drzewa 1 i 2 kl.
wg klasyfikacji biologicznej Krafta, drzewa klasy 2 –
jako drzewa 3 kl. Krafta, drzewa klasy 3 – jako drzewa
4 kl. Krafta, a drzewa klasy 4 – jako drzewa 5 kl. Krafta.

Zakres pomiarów na opisanych w artykule powierz-
chniach doœwiadczalnych by³ znacznie wiêkszy. W ni-
niejszej publikacji przedstawiono wyniki dotycz¹ce
wp³ywu wiêŸby sadzenia i ¿yznoœci siedliska na prze-
¿ywalnoœæ drzew, ich wzrost na gruboœæ i wysokoœæ.

Analizê statystyczn¹ wyników pomiarów drzewo-
stanu prowadzono dla ca³ego drzewostanu i dla drzew
z 1 klasy biosocjalnej. Mia³o to na celu ocenê mo-
¿liwoœci selekcji po ok. 40 latach wzrostu drzewostanów
za³o¿onych w ró¿nej wiêŸbie i na ró¿nych siedliskach.
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W zakresie statystyki opisowej wykorzystano œredni¹,
odchylenie standardowe i wspó³czynnik zmiennoœci.

W celu okreœlenia zale¿noœci pomiêdzy cechami
(stwierdzenia istotnoœci ró¿nic pomiêdzy œrednimi) wy-
korzystywano analizê wariancji wieloczynnikowej
ANOVA przy poziomie istotnoœci p=0,05 oraz test wie-
lokrotnego porównania (tzw. post-hoc) Tukeya. Do wy-
konania obliczeñ u¿yto programu Statistica 10 (2011).

3. Wyniki badañ

Zmiana liczby drzew w zale¿noœci od wiêŸby
pocz¹tkowej

Prze¿ywalnoœæ drzew po 38 latach wzrostu w
zale¿noœci od wiêŸby pocz¹tkowej na powierzchniach 1
(powierzchnia P³ock) i 2 (powierzchnia £¹ck) przed-
stawia rycina.

Najmniejsz¹ prze¿ywalnoœæ drzew na powierzchni w

P³ocku stwierdzono w najgêstszych wariantach wiêŸby –
F (25,8%) i A (26,8%), a najwiêksz¹ w wariancie E,
odpowiadaj¹cym zagêszczeniu pocz¹tkowemu 8019
szt./ha. Generalnie prze¿ywalnoœæ wzrasta³a wraz z roz-
luŸnianiem wiêŸby sadzenia, przy czym w najmniej-
szych z analizowanych zagêszczeñ pocz¹tkowych
(warianty E i C) da³ siê zauwa¿yæ wp³yw kszta³tu
wiêŸby na prze¿ywalnoœæ drzew – w wiêŸbie trójk¹tnej
przy zagêszczeniu pocz¹tkowym 8019 szt./ha prze¿y³o
nieco wiêcej drzew ni¿ w przypadku wiêŸby kwadra-
towej przy zagêszczeniu pocz¹tkowym 6944 szt./ha.
Podobny trend obserwowano na powierzchni w £¹cku,
gdzie najmniejsz¹ prze¿ywalnoœæ po 38 latach odnoto-

wano w wariancie F (15 152 szt./ha) – 14,7%, a
najwiêksz¹ w wariancie E – 25,6%. Równie¿ i na tej
powierzchni, w wariancie luŸnej wiêŸbie trójk¹tnej (E),
prze¿y³o nieco wiêcej drzew ni¿ w wariancie najluŸ-
niejszej wiêŸby o kszta³cie kwadratowym – C.

Po 38 latach na ubo¿szym siedlisku prze¿ywa³o ok.
1,5 do 2 razy wiêcej drzew ni¿ na siedlisku ¿yŸniejszym.
Poniewa¿ na obu powierzchniach wykonano jedno ciê-
cie sanitarne, osi¹gniêty rezultat by³ efektem wolniej-
szego wzrostu drzew na siedlisku boru suchego i
mniejszego tempa procesów konkurencyjnych, a co za
tym idzie – wydzielania siê drzew.

Wp³yw wiêŸby pocz¹tkowej na pierœnicê drzew

Œredni¹ pierœnicê drzew w wariantach wiêŸby,
obliczon¹ na podstawie wszystkich drzew i na podstawie
drzew reprezentuj¹cych 1 klasê biosocjaln¹, przedsta-
wiaj¹ tabele 1 (P³ock) i 2 (£¹ck). W tabelach zawarto
równie¿ informacje o rzeczywistej liczbie drzew, od-
chyleniu standardowym i wspó³czynniku zmiennoœci
mierzonych parametrów.

Badania wykaza³y istotny wp³yw warunków siedlis-
kowych i wiêŸby sadzenia na kszta³towanie siê gruboœci
sosen po 38 latach wzrostu (p=0,00002). Wieloczyn-
nikowa analiza wariancji wykonana dla œredniej pierœ-
nicy wszystkich drzew w poszczególnych wariantach
wyró¿ni³a szeœæ grup jednorodnych, przy czym drzewa
rosn¹ce na siedlisku boru suchego (P³ock), mia³y, jak
mo¿na by³o oczekiwaæ, istotnie mniejsz¹ pierœnicê ni¿
drzewa rosn¹ce na siedlisku boru œwie¿ego (£¹ck).

Œrednia wartoœæ pierœnicy wszystkich drzew na po-
wierzchni w P³ocku zwiêksza³a siê wraz ze wzrostem
powierzchni ¿yciowej drzew (zmniejszaniem zagêsz-
czenia pocz¹tkowego) i wynosi³a od 8,24 cm w wa-
riancie A (15 625 szt./ha) do 9,79 cm w wariancie C
(6944 szt./ha). Gruboœæ drzew posadzonych w wiêŸbie
najluŸniejszej – wariant C o zagêszczeniu pocz¹tkowym
6944 sz./ha i wariant E o zagêszczeniu 8019 szt./ha, by³a
istotnie wiêksza od gruboœci drzew w pozosta³ych
wariantach wiêŸby (ryc. 2).

Podobn¹ tendencjê obserwowano na powierzchni
badawczej w £¹cku. Œrednia wartoœæ pierœnicy wszys-
tkich drzew wynosi³a od 11,37 cm w wariancie F (15 125
szt./ha) do 12,76 cm w wariancie D (11 547 szt./ha).
Drzewa rosn¹ce w zagêszczeniu ma³ym (warianty C i E)
by³y istotnie grubsze od drzew rosn¹cych w zagêsz-
czeniu od 10000 szt./ha do 15625 szt./ha (warianty
wiêŸby A, B, F, G), z wyj¹tkiem wariantu wiêŸby
trójk¹tnej D, który tworzy³ grupê jednorodn¹ razem z
wariantami C i E (ryc. 2).

Na obu powierzchniach wp³yw wiêŸby na gruboœæ
drzew kszta³towa³ siê w zbli¿ony sposób, poza przy-
padkiem wiêŸby trójk¹tnej D (11 547 sz./ha). W tym
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Rycina 1. Prze¿ywalnoœæ drzew po 38 latach wzrostu w
zale¿noœci od wariantu wiêŸby na powierzchniach
badawczych P³ock (P) i £¹ck (L).
Figure 1. Survival of trees after 38 years of growth
depending on spacing variant on experimental plots P³ock
(P) and £¹ck (L): variants as in Table 1.
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Tabela 1. Charakterystyka drzew (wszystkich oraz z 1 klasy biosocjalnej) w zale¿noœci od wiêŸby pocz¹tkowej na
powierzchni w P³ocku
Table 1. Trees characteristics (all and from 1st biosocial class) depending on initial spacing on P³ock plot

Cecha
Features

Wariant / Variants*

A B C D E F G

wszystkie drzewa / all trees

Liczba drzew (na 1 ha)
Trees per 1 ha

4114 4001 2546 3763 3406 3915 3294

Pierœnica
DBH
D1.3

œrednia / average [cm] 8,24 8,66 9,79 8,58 9,36 8,31 8,59

odch. stand. / std. dev. [cm] 2,39 2,60 2,76 2,61 2,82 2,62 2,81

wsp. zmien. / variability [%] 28,97 30,02 28,19 30,42 30,13 31,53 32,64

Wysokoœæ
Height
H

œrednia [m] 9,48 9,47 9,53 9,75 9,93 9,34 9,47

odch. stand. / std. dev. [cm] 1,58 1,73 1,81 2,11 1,50 1,85 4,06

wsp. zmien. / variability [%] 16,67 18,27 18,99 21,64 15,11 19,81 42,78

1 klasa biosocjalna / 1st biosocial class

Liczba drzew (na 1 ha)
Trees per 1 ha

1892 1931 1343 1832 1673 1607 1435

Pierœnica
DBH
D1.3

œrednia / average [cm] 9,98 10,52 11,41 10,48 11,22 10,53 10,77

odch. stand. / std. dev. [cm] 1,99 2,19 2,44 2,11 2,48 2,27 2,36

wsp. zmiennoœci [%] 19,94 20,82 21,38 20,13 22,10 21,56 21,91

Wysokoœæ
Height
H

œrednia / average [cm] 10,46 10,53 10,42 11,14 10,93 10,76 10,76

odch. stand. / std. dev. [cm] 1,16 1,36 1,56 1,48 1,05 1,28 1,40

wsp. zmien. / variability [%] 11,09 12,92 14,97 13,29 9,61 11,90 13,01
* Initial spacing: square : A – 0,8×0,8 m (15 625 trees ha-1), B – 1,0×1,0 m (10 000 trees ha-1), C – 1,2×1,2 m (6944 trees ha-1); triangular :

D – 1,0×1,0×1,0 m (11 547 trees ha-1), E – 1,2×1,2×1,2 m (8019 trees ha-1); rectangular : F – 0,55×1,2 m (15 152 trees ha-1), G – 0,8×1,2 m
(10 417 trees ha-1).

Tabela 2. Charakterystyka drzew (wszystkich oraz z 1 klasy biosocjalnej) w zale¿noœci od wiêŸby pocz¹tkowej na
powierzchni w £¹cku
Table 2. Characteristic of trees (all and from 1st biosocial class) depending on initial spacing on £¹ck surface

Cecha
Features

Wariant / Variants*

A B C D E F G

wszystkie drzewa / all trees

Liczba drzew (na 1 ha)
Trees per 1 ha

2508 2050 1642 1896 2050 2225 2271

Pierœnica
DBH
D1.3

œrednia / average [cm] 11,56 11,80 12,47 12,76 12,21 11,37 11,85

odch. stand. / std. dev. [cm] 2,44 2,77 2,9 2,65 2,52 2,6 2,79

wsp. zmien. / variability [%] 21,29 23,26 23,89 21,29 21,16 23,07 23,68

Wysokoœæ
Height
H

œrednia / average [cm] 13,13 13,45 13,70 14,00 13,35 13,18 13,76

odch. stand. / std. dev. [cm] 1,30 1,31 1,17 1,14 1,13 1,26 1,21

wsp. zmien. / variability [%] 9,90 9,73 8,54 8,14 8,46 9,56 8,79

1 klasa biosocjalna / 1st biosocial class

Liczba drzew (na 1 ha)
Trees per 1 ha

1825 1500 1158 1417 1571 1529 1679

Pierœnica
DBH
D1.3

œrednia / average [cm] 12,43 12,71 13,54 13,67 12,84 12,44 12,97

odch. stand. / std. dev. [cm] 2,17 2,53 2,51 2,38 2,32 2,24 2,37

wsp. zmien. / variability [%] 17,60 19,70 18,83 17,88 18,33 18,01 18,47

Wysokoœæ
Height
H

œrednia / average [cm] 13,61 13,80 14,15 14,36 13,59 13,69 14,25

odch. stand. / std. dev. [cm] 1,09 1,16 0,89 0,97 1,03 0,94 0,82

wsp. zmien. / variability [%] 8,01 8,41 6,29 6,75 7,58 6,87 5,75

* As in Table 1



wariancie na siedlisku ¿yŸniejszym drzewa by³y
grubsze, ni¿ w pozosta³ych wariantach, natomiast na
borze suchym œrednia pierœnica by³a mniejsza ni¿ pierœ-
nica drzew rosn¹cych w najmniejszym zagêszczeniu
pocz¹tkowym.

Wspó³czynnik zmiennoœci pierœnic wszystkich
drzew na powierzchni w P³ocku kszta³towa³ siê w gra-
nicach 28,19% (C) – 32,64% (G) (tab. 1). W £¹cku,
gdzie prze¿ywalnoœæ drzew by³a mniejsza ni¿ na po-
wierzchni w P³ocku, zmiennoœæ analizowanej cechy
by³a wyraŸnie mniejsza. Wspó³czynnik zmiennoœci
pierœnic w przypadku wszystkich drzew kszta³towa³ siê
w granicach 21,16% (E) – 23,89% (C) (tab. 2).

Wp³yw wiêŸby pocz¹tkowej na pierœnicê drzew
z 1 klasy biosocjalnej

Badania wykaza³y istotny wp³yw warunków sied-
liskowych i wiêŸby sadzenia na kszta³towanie siê gru-
boœci sosen nale¿¹cych do 1 klasy biosocjalnej
(p=0,00005). Analiza wariancji wykonana dla œredniej
pierœnicy wszystkich drzew na powierzchniach wyró¿-
ni³a siedem grup jednorodnych. Drzewa rosn¹ce na sie-
dlisku boru suchego (P³ock), zarówno wszystkie, jak i
z 1 klasy biosocjalnej, mia³y istotnie mniejsz¹ pierœnicê
w porównaniu z sosnami rosn¹cymi na siedlisku boru
œwie¿ego (ryc. 3).

Œrednia pierœnica drzew w 1 klasie biosocjalnej na
powierzchni P³ock by³a, w zale¿noœci od wariantu wiêŸ-
by, o ok. 17–27% wy¿sza ni¿ œrednia wszystkich drzew
w drzewostanie. Najmniejsz¹ pierœnicê w tej klasie
drzew, podobnie jak w przypadku wszystkich drzew,
stwierdzono w wariancie A (9,98 cm), najwiêksz¹ – w

wariancie C (11,41 cm). W wariantach najluŸniejszej
wiêŸby – C i E, drzewa z 1 klasy biosocjalnej, podobnie
jak wszystkie drzewa, mia³y pierœnicê istotnie wiêksz¹
od drzew z wiêkszoœci pozosta³ych wariantów (oprócz
wariantu G, 10417 szt./ha).

Na powierzchni £¹ck œrednia pierœnica drzew w 1
klasie biosocjalnej by³a o 5–9% wiêksza ni¿ œrednia
pierœnica wszystkich drzew w drzewostanie. Najmniej-
sz¹ pierœnicê stwierdzono w wariancie A (12,43 cm),
a najwiêksz¹ – w wariantach C i D (13,54 i 13,67 cm).
Wartoœci te by³y istotnie wy¿sze od wartoœci pierœnic
drzew rosn¹cych w wariantach A, F, B, natomiast nie
ró¿ni³y siê istotnie od wartoœci œrednich pierœnic drzew
1 klasy biosocjalnej w wariantach wiêŸby E i G (por.
ryc. 5).

W wariancie D (wiêŸba trójk¹tna) pierœnica drzew
zarówno panuj¹cych, jak i wszystkich, nale¿a³a do naj-
wiêkszych na ¿yŸniejszym siedlisku, podczas gdy na
siedlisku ubogim – do przeciêtnych.

Wspó³czynnik zmiennoœci pierœnic drzew nale-
¿¹cych do 1 klasy biosocjalnej na powierzchni P³ock
waha³ siê od 19,94% (A) do 22,10% (E), czyli zró¿ni-
cowanie drzew potencjalnie dorodnych pod wzglêdem
pierœnicy by³o mniejsze ni¿ zró¿nicowanie wszystkich
drzew. Na powierzchni w £¹cku wartoœæ wspó³czynnika
zmiennoœci pierœnic tej grupy drzew by³a nieznacznie
ni¿sza ni¿ w P³ocku i waha³a siê od 17,60% (A) do
19,70% (B), a zró¿nicowanie drzew potencjalnie
dorodnych pod wzglêdem pierœnicy by³o równie¿ mniej-
sze ni¿ zró¿nicowanie wszystkich drzew.
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Rycina 2. Pierœnica sosen w wariantach wiêŸby i w zró¿-
nicowanych warunkach siedliskowych (P – P³ock, bór
suchy, L – £¹ck, bór œwie¿y). Œrednie wartoœci cechy oz-
naczone t¹ sam¹ liter¹ nie ró¿ni¹ siê istotnie przy p=0,05.
Figure 2. DBH of pines in spacing variants and in varied
habitat conditions (P – P³ock, dry coniferous forest, L –
£¹ck, fresh coniferous forest). Average values of feature
marked with the same letter do not differ significantly with
p=0.05. Variants as in Table 1.

a ab
cd

abc bcd

e ef
fg g

efg e efg

0

2

4

6

8

10

12

14

16

A B C D E F G

P

L

ab
d

P
ie

rœ
n

ic
a

/
D

B
H

[c
m

]

Rycina 3. Pierœnica sosen z 1 klasy biosocjalnej w
wariantach wiêŸby i w zró¿nicowanych warunkach
siedliskowych (P – P³ock, bór suchy, L – £¹ck, bór
œwie¿y). Œrednie wartoœci cechy oznaczone t¹ sam¹ liter¹
nie ró¿ni¹ siê istotnie przy p= 0,05.
Figure 3. DBH of pines from 1st biosocial class in spacing
variants and in varied habitat conditions (P-P³ock, dry
coniferous forest, L-£¹ck, fresh coniferous forest). Average
values of feature marked with the same letter don't differ
significantly with p=0.05. Variants as in Table 1.



Wp³yw wiêŸby pocz¹tkowej na wysokoœæ drzew

Warunki siedliskowe i wiêŸba sadzenia mia³y istotny
wp³yw na kszta³towanie siê wysokoœci sosen
(p=0,00005). Analiza wariancji wykonana dla œredniej
wysokoœci wszystkich drzew na powierzchniach wy-
ró¿ni³a szeœæ grup jednorodnych. Drzewa rosn¹ce na
siedlisku boru suchego (P³ock) mia³y, niezale¿nie od
przynale¿noœci do grupy, istotnie mniejsz¹ wysokoœæ
ni¿ sosny rosn¹ce na siedlisku boru œwie¿ego (ryc. 4).

Œrednia wysokoœæ wszystkich drzew na powierzchni
P³ock wynosi³a od 9,34 m w wariancie F (15152 szt./ha)
do 9,93 m w wariancie E (8019 szt./ha). Wp³yw
zagêszczenia pocz¹tkowego na wysokoœæ by³ nieistotny,
natomiast wa¿nym czynnikiem okaza³ siê kszta³t
wiêŸby, zw³aszcza w wariancie E, gdzie drzewa rosn¹ce
w zagêszczeniu 8019 szt./ha by³y istotnie wy¿sze od
drzew rosn¹cych w wiêŸbach: A, B, F, G (ryc. 4).

Œrednia wysokoœæ wszystkich drzew na powierzchni
£¹ck kszta³towa³a siê w zbli¿ony sposób jak na
powierzchni P³ock i wynosi³a od 13,13 m w najgêstszym
wariancie A (15625 szt./ha) do 14,00 m w wariancie D
(11547 szt./ha). Drzewa posadzone w wariancie D i w
wariancie G by³y istotnie wy¿sze od drzew rosn¹cych w
wiêŸbach najgêstszych – A i F, nie ró¿ni³y siê natomiast
istotnie wysokoœci¹ od drzew z wariantów C i B.

Wspó³czynnik zmiennoœci wysokoœci wszystkich
drzew na powierzchni P³ock by³ w wiêkszoœci przy-
padków mniejszy od wspó³czynnika zmiennoœci pierœ-
nicy drzew i wynosi³ od 15,11% (E) do 42,78% (G).
Zaskakuj¹cy w tym wypadku jest du¿y wspó³czynnik
zmiennoœci wysokoœci drzew w wariancie G (10 417
szt./ha). Jest on ponad 2 razy wiêkszy ni¿ w wariancie B
o podobnym zagêszczeniu pocz¹tkowym, co wskazuje

na wiêkszy udzia³ niskich drzew dolnych warstw bio-
socjalnych w wariancie G. Na powierzchni w £¹cku
wspó³czynnik zmiennoœci wysokoœci wynosi³ od 8,14%
(D) do 9,9% (A) i by³ zdecydowanie mniejszy ni¿ na
powierzchni P³ock zlokalizowanej na ubo¿szym
siedlisku.

Wp³yw wiêŸby pocz¹tkowej na wysokoœæ drzew
z 1 klasy biosocjalnej

WiêŸba sadzenia, podobnie jak warunki siedlisko-
we, mia³a istotny wp³yw na kszta³towanie siê wysokoœci
sosen zarówno w przypadku wszystkich drzew, jak i
w przypadku nale¿¹cych do 1 klasy biosocjalnej
(p=0,00000). Analiza wariancji wykonana dla œredniej
wysokoœci drzew tej klasy na obu powierzchniach wy-
ró¿ni³a szeœæ grup jednorodnych, przy czym drzewa
panuj¹ce rosn¹ce na siedlisku boru suchego (P³ock),
mia³y istotnie mniejsz¹ wysokoœæ ni¿ sosny panuj¹ce
rosn¹ce na siedlisku boru œwie¿ego (ryc. 5).

Na powierzchni P³ock œrednia wysokoœæ drzew nale-
¿¹cych do 1 klasy biosocjalnej by³a wy¿sze od wartoœci
œredniej wysokoœci dla wszystkich drzew o 9–15%. Naj-
mniejsz¹ œredni¹ wysokoœæ mia³y drzewa dominuj¹ce w
wariancie C (10,42 m), a najwiêksz¹ – w wariancie D
(11,40 m). Wp³yw wiêŸby na wysokoœæ drzew by³
podobny zarówno w przypadku 1 klasy biosocjalnej, jak
i wszystkich drzew. Drzewa 1 klasy biosocjalnej posa-
dzone w trójk¹tnej wiêŸbie (D, E) by³y istotnie wy¿sze
od drzew z wariantów A, B, C, F (ryc. 5).

Œrednia wysokoœæ drzew nale¿¹cych do 1 klasy bio-
socjalnej na powierzchni £¹ck równie¿ by³a wyrównana
i wy¿sza od œredniej wysokoœci wszystkich drzew
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Rycina 4. Wysokoœæ sosen w wariantach wiêŸby i w zró¿-
nicowanych warunkach siedliskowych (P – P³ock, bór
suchy, L – £¹ck, bór œwie¿y). Œrednie wartoœci cechy
oznaczone t¹ sam¹ liter¹ nie ró¿ni¹ siê istotnie przy
p=0,05.
Figure 4. Height of pines in spacing variants and in varied
habitat conditions (P – P³ock, dry coniferous forest, L –
£¹ck, fresh coniferous forest). Average values of feature
marked with the same letter do not differ significantly with
p=0.05. Variants as in Table 1.
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Rycina 5. Wysokoœæ sosen z 1 klasy biosocjalnej w wa-
riantach wiêŸby i w zró¿nicowanych warunkach siedlis-
kowych (P – P³ock, bór suchy, L – £¹ck, bór œwie¿y).
Œrednie wartoœci cechy oznaczone t¹ sam¹ liter¹ nie
ró¿ni¹ siê istotnie przy p= 0,05.
Figure 5. Height of pines from the 1st biosocial class in
spacing variants and in varied habitat conditions (P-P³ock,
dry coniferous forest, L-£¹ck, fresh coniferous forest).
Average values of feature marked with the same letter do not
differ significantly with p=0.05. Variants as in Table 1.



jedynie o 2–4%. Najwiêksz¹ œredni¹ mia³y drzewa z
wariantu D (14,36 m), a najmniejsz¹ – z wariantu E
(13,59 m). Œrednia wysokoœæ drzew z pierwszej klasy
biosocjalnej w poszczególnych wariantach by³a istotnie
ró¿na (p=0,00000). Analiza wariancji podzieli³a drzewa
tej klasy na dwie grupy jednorodne. Drzewa z wariantów
G i D by³y istotnie wy¿sze od drzew z pozosta³ych
wariantów wiêŸby, poza wariantem C (ryc. 5).

Wspó³czynnik zmiennoœci badanej cechy na po-
wierzchni P³ock wynosi³ od 9,61% (E) do 14,97% (C),
natomiast na powierzchni £¹ck wartoœci te waha³y siê
od 5,75% (G) do 8,41% (B) (tab. 2).

4. Dyskusja wyników

W badaniach wykazano wp³yw zagêszczenia pocz¹t-
kowego i siedliska na prze¿ywalnoœæ drzew. Po 38
latach wzrostu wiêcej drzew prze¿ywa³o w wiêŸbach
szerszych (w mniejszym zagêszczeniu pocz¹tkowym)
i na siedlisku ubo¿szym, gdzie tempo wzrostu drzew,
a wiêc i ich wydzielania siê z drzewostanu by³o mniej-
sze. Mniejsza prze¿ywalnoœæ mia³a z kolei wp³yw na
mniejsze zró¿nicowanie rozmiarów drzew na siedlisku
¿yŸniejszym.

Podobne wyniki dotycz¹ce wp³ywu wiêŸby sadzenia
i ¿yznoœci siedliska na proces wydzielania otrzymali
równie¿ Kramer (1988), Rjabokin' (1991), Spellmann i
Nagel (1992), Zaj¹czkowski i Kopryk (1990). Liczne
wypady w gêstszych wiêŸbach s¹ g³ównym argumentem
zwolenników luŸnych wiêŸb, uwa¿aj¹cych, ¿e nie ma
potrzeby ponosiæ nak³adów na kosztowny materia³ sa-
dzeniowy (Kramer 1988). Analizowanie jednak samej
prze¿ywalnoœci, w oderwaniu od pozosta³ych cech cha-
rakteryzuj¹cych wzrost i jakoœæ drzewostanu, nie s³u¿y
poprawnoœci wnioskowania.

WiêŸba sadzenia i typ siedliska wywiera³y wp³yw na
gruboœæ zarówno wszystkich drzew w drzewostanie, jak
i drzew z 1 klasy biosocjalnej. Drzewa na ¿yŸniejszym
siedlisku by³y istotnie grubsze od drzew na siedlisku
ubo¿szym. Po 38 latach wzrostu pierœnica wszystkich
drzew by³a istotnie wiêksza w wariantach z mniejszym
zagêszczeniem pocz¹tkowym (6944 szt./ha i 8019
szt./ha), niezale¿nie od warunków siedliskowych.
Podobn¹ tendencjê obserwowano w przypadku drzew z
1 klasy biosocjalnej, przy czym na siedlisku ubo¿szym
ró¿nica pomiêdzy pierœnic¹ drzew panuj¹cych a pierœ-
nic¹ wszystkich drzew by³a zdecydowanie wiêksza ni¿
na siedlisku ¿yŸniejszym. Wp³yw na to mia³a mniejsza
prze¿ywalnoœæ drzew na siedlisku ¿yŸniejszym.

Zastanawiaj¹cy jest przypadek wariantu D – wiêŸba
trójk¹tna, 11547 szt./ha, w którym na siedlisku ¿yŸ-
niejszym pierœnica drzew – wszystkich i panuj¹cych
mia³a najwiêksz¹ wartoœæ, podczas gdy na siedlisku

ubo¿szym pierœnica nie odbiega³a od przeciêtnej dla
ca³ego drzewostanu. Na wynik ten mia³a wp³yw za-
pewne doœæ niska prze¿ywalnoœæ drzew w tym typie
wiêŸby na siedlisku boru œwie¿ego. Nale¿y jednak
zauwa¿yæ, ¿e drzewa rosn¹ce w innym wariancie wiêŸby
trójk¹tnej – E, o mniejszym zagêszczeniu, na obu po-
wierzchniach (P³ock i £¹ck) równie¿ nale¿a³y do naj-
grubszych. Byæ mo¿e, na siedlisku ¿yŸniejszym ne-
gatywny efekt du¿ego zagêszczenia drzew jest nieco
niwelowany poprzez pozytywne cechy kszta³tu wiêŸby.
By³oby to zgodne ze stwierdzeniem Assmanna (1968),
¿e przy wiêŸbie trójk¹tnej drzewa lepiej wykorzystuj¹
przestrzeñ, co korzystnie odbija siê na ich wzroœcie.
Zale¿noœæ tak¹ obserwowano w niniejszych badaniach
tak¿e pod wzglêdem wp³ywu kszta³tu wiêŸby na wy-
sokoœæ drzew. Równie¿ Šutov (1984) uwa¿a za naj-
lepsz¹ pod wzglêdem hodowlanym wiêŸbê trójk¹tn¹, ale
wiêŸba ta powoduje znaczne utrudnienia w mechanizacji
prac.

Hamilton i Christie (1971) w najm³odszych fazach
rozwojowych (uprawa, m³odnik) sosny zwyczajnej
stwierdzili wzrost tempa przyrostu pierœnicy wszystkich
drzew i drzew panuj¹cych (w mniejszym stopniu) wraz
ze zmniejszeniem zagêszczenia pocz¹tkowego. Siln¹
wprost proporcjonaln¹ zale¿noœæ pierœnicy sosen w m³o-
dym wieku (11 lat) od wiêŸby sadzenia potwierdzi³ w
swoich badaniach Ceitel (1989). Wyniki niniejszej pracy
potwierdzaj¹ tak¿e wyniki badañ innych autorów
(Kramer 1988; Dittmar 1992; Kenk 1998; Lockow 1998;
Buzykin, Pšeniènikova 1999; Huss 1999 a, b;).

Z prezentowanych badañ wynika, ¿e na siedliskach
ubogich po ok. 40 latach wzrostu pierœnica drzew ros-
n¹cych w ró¿nym zagêszczeniu wci¹¿ siê ró¿ni, jest
wiêksza w przypadku drzew rosn¹cych w luŸniejszej
wiêŸbie. Ró¿nica miêdzy œredni¹ pierœnic¹ drzew sa-
dzonych w ró¿nej wiêŸbie powstaje we wczesnych eta-
pach rozwoju drzewostanu i utrzymuje siê w nastêpnych
latach. Jest to prawid³owoœæ charakterystyczna dla ga-
tunków iglastych (Braathe 1952; Sjolte-Jørgensen 1967;
Zaj¹czkowski, Kopryk 1981).

Po 38 latach wzrostu drzewa rosn¹ce na siedlisku
boru œwie¿ego by³y istotnie wy¿sze (wszystkie i panu-
j¹ce) od drzew rosn¹cych na borze suchym. Zagêsz-
czenie pocz¹tkowe mia³o mniejszy wp³yw na wysokoœæ
ni¿ na pierœnicê drzew. Co prawda na siedlisku ¿yŸniej-
szym najni¿sze drzewa obserwowano w wariantach
o wiêkszym zagêszczeniu pocz¹tkowym – powy¿ej 15
tysiêcy sztuk na 1 ha, ale zale¿noœci te nie by³y istotne.
Z kolei najwy¿sze drzewa – zarówno wszystkie, jak i
1 klasy biosocjalnej, by³y w wariantach o zagêszczeniu
10,5–11,5 tys. szt./ha.

W przypadku s³abszego siedliska obserwowano po-
zytywny wp³yw kszta³tu wiêŸby trójk¹tnej (warianty D,
E) na wysokoœæ drzew wszystkich i nale¿¹cych do 1
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klasy biosocjalnej. Drzewa tej grupy posadzone w za-
gêszczeniu 11 547 sz./ha (wariant D) by³y, podobnie jak
na siedlisku boru œwie¿ego, najwy¿sze.

W wielu innych badaniach w drzewostanach iglas-
tych œrednia wysokoœæ drzewostanu wzrasta³a wraz ze
zmniejszeniem gêstoœci sadzenia (Evert 1971; Kramer
1988; Ceitel 1989; Moberg 1999). Badania Elfvinga
(1975) w niepielêgnowanych 22-letnich drzewostanach
sosnowych w Szwecji potwierdzaj¹ ten wniosek w
odniesieniu do œredniej wysokoœci drzewostanu, ale nie
w odniesieniu do drzew dominuj¹cych: œrednia
wysokoœæ stu najgrubszych drzew wzrasta³a wraz ze
zwiêkszeniem pocz¹tkowej gêstoœci.

5. Wnioski

Na podstawie wyników badañ mo¿na sformu³owaæ
nastêpuj¹ce wnioski:

1. Warunki siedliskowe maj¹ wp³yw na prze¿ywal-
noœæ drzew w drzewostanach sosnowych oraz na ich
wzrost na gruboœæ i wysokoœæ. Na mniej ¿yznym sie-
dlisku wystêpuje mniejsza konkurencja miêdzy
drzewami, zw³aszcza w m³odszym wieku, co skutkuje
wiêksz¹ prze¿ywalnoœci¹ drzew. Na siedlisku boru
œwie¿ego sosny maj¹ natomiast istotnie wiêksz¹ pierœ-
nicê i wysokoœæ ni¿ na siedlisku boru suchego. Jedno-
czeœnie warunki siedliskowe warunkuj¹ si³ê oddzia³y-
wania wiêŸby na analizowane cechy. Na siedlisku ubo¿-
szym oddzia³ywanie to jest silniejsze, co wyra¿one jest
wiêkszym zró¿nicowaniem analizowanych parametrów,
ni¿ na siedlisku ¿yŸniejszym.

2. Badania wykaza³y istotny wp³yw wiêŸby sadzenia
na pierœnicê strza³ sosen w pod koniec II klasy wieku.
Pierœnica drzew wzrasta³a wraz z rozluŸnieniem wiêŸby
sadzenia. Zale¿noœæ ta dotyczy³a zarówno wszystkich
drzew, jak i drzew z 1 klasy biosocjalnej. Stwierdzono
tak¿e pozytywny wp³yw trójk¹tnego kszta³tu wiêŸby na
tê cechê, ale tylko na siedlisku boru œwie¿ego.

3. Nie stwierdzono wzrostu wysokoœci drzew wraz
ze zmniejszeniem zagêszczenia pocz¹tkowego. Na obu
rozpatrywanych siedliskach najwy¿sze by³y drzewa po-
sadzone w zagêszczeniu ok. 11,5 tysi¹ca drzew na 1 ha.
Trójk¹tny kszta³t wiêŸby sadzenia mia³ równie¿ korzyst-
ny wp³yw na tê cechê.

Podziêkowania

Badania zosta³y wykonane w ramach projektu sfi-
nansowanego ze œrodków Narodowego Centrum Nauki
(N N309 110 840), w latach 2011–2013.
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Abstract. The aim of the research was to determine the effect of initial spacing on the survival and growth of pine trees 
in dry coniferous and fresh coniferous forest habitats after nearly 40 years from the establishment of plantation. 

The study presents an analysis of seven spacing variants in square, rectangular and triangular spacing patterns with the 
initial density ranging from 6 944 seedlings/ha to 15 625 seedlings/ha. The studies were conducted on two study sites. No 
tending treatments (selective thinning) were performed in the examined stands throughout the growing season. 

It was shown that habitat conditions had a significant effect on the survival, diameter and height growth of trees 
in pine stands. In the less productive forest habitat, where the competition of trees is smaller, the survival was 1.5 
to 2-fold higher compared to the more productive habitat. Pine trees growing in the fresh coniferous forest had sub-
stantially larger diameters at breast height (dbh) compared to the dry coniferous forest. The spacing effect depended 
on the habitat conditions. This influence was stronger in the less productive habitat compared to the more productive 
forest habitat which was reflected in the greater differences in the discussed parameters. The average dbh value of all 
trees on the Płock site increased with the increase of tree growing space (i.e. lower initial planting density) and ranged 
from 8.24 cm in variant A (15 625 seedlings/ha) to 9.79 cm in variant C (6 944 seedlings/ha). On the Łąck site, the 
trees growing at a low density (variants C and E) had significantly larger diameters compared to the trees growing at a 
density from 10 000 plants/ha to 15 625 plants/ha (spacing variants A, B, F, G). The studies also showed a significant 
effect of the habitat conditions and initial spacing on the diameter of pine trees in biosocial class I. 

Triangular spacing in the fresh coniferous forest was found to have more positive effect on tree diameter growth. It 
is consistent with the findings of other authors that trees planted in triangular spacing make better use of space which 
is positively reflected in their growth. The results obtained from the research allow to formulate the conclusion that 
habitat conditions have a significant effect on the survival, diameter and height growth of trees in pine stands. The re-
search also showed a significant effect of initial spacing on the diameter at breast height of pines at the end of age class 
II. No dependence was found of the initial planting density on the height growth rate of trees. In both forest habitats
under consideration, trees planted at a density of approximately 11.5 thousand plants per hectare were the highest. The 
triangular initial spacing pattern had a positive effect on this characteristic. 

Key words: Scots pine, initial spacing, initial density, survival of trees, trees’ growth, habitat conditions
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1. Introduction

The majority of previous polish experiments on the
influence of initial spacing on growth and development 
of pines forest stands deal with earlier growth phases 
of forest stand (Ceitel 1989; Burzyński, Zajączkowski 
1975; Zajączkowski, Kopryk 1990). There are no re-
ports however about biometric parameter differentiation 
of pines of older age planted in various spacings. The 
main reason is the lack of proper empirical material. In 
the Department of Silviculture of Forest Research In-
stitute, research on spacing has been conducted from 
1960s. Within this research, permanent experimental 
plots were established in a system of random blocks on 
various habitats, allowing for pine development course 
comparison. It also allowed following of the natural 
processes of forest stand’s structure differentiation and 
formation of biometric features in the growth of trees 
that grow in various densities. Some of them exist until 
today, and their scientific value is underlined by the fact 
that no tending interventions of selective character were 
performed on them, and the currently shaped spatial 
structure is a result of natural processes of tree differen-
tiation in forest stands.

The aim of the current research was to determine the 
influence of initial spacing on survival differentiation and 
tree growth parameters in a period of the first 40 years 
of life of a not-nursed pine forest stand growing on dry 
coniferous forest and fresh coniferous forest habitats.

2. Methodology and research object

The objects of research involve two experimental areas:
1. Surface in Płock Forest Inspectorate, Forest Dis-

trict Sierpc, Comp. 117 and 122, established in 1965 
on a dry coniferous forest habitat. Soil on experimental 
area was prepared by full cultivation. Planting material 
was 1-year-old Scots pine. The last measurement, which 
is a factor of the following analysis, was taken in 2002, 
when the pine reached 38 years. The size of one meas-
urement plot (repetition) was 5 acres. In the 1980s, in 
the forest stand one sanitation cutting was performed in 
order to remove declining and dead trees.

2. Experimental area in Łąck Forest Inspectorate, Ko-
rzeń Forest District, Comp. 290c, 290h and 286c. The 
surface was established in 1965 on a habitat of fresh co-
niferous forest. Soil on the experimental area was pre-
pared by full cultivation. Planting material was 1-year-old 
Scots pine. The last measurement, results of which are the 
subject of this analysis, was also taken in 2002 when the 

pine reached 38 years. The size of one measurement plot 
was 16 acres, whereas only a part of the plot’s surface 
was covered with measurement – 7 acres. On the surface, 
at one time sanitation cutting was also performed that re-
moved trees declining and dead.

Objects, in which the research was conducted, were 
located in Middle-Poland Lowlands. Growing seasons 
lasts 200–210 days. Average annual rainfall is around 
450–700 mm, and average annual temperature 7–9°C.

In the following thesis, seven spacing variants (A–G) 
were analysed. Each variant was measured in three 
repetitions.

• square spacing:
A – 0.80×0.80 m – initial density 15 625 seedlings/ha 
B – 1.00×1.00 m – 10 000 seedlings/ha 
C – 1.20×1.20 m – 6 944 seedlings/ha

• triangular spacing:
D – 1.00×1.00×1.00 m – 11 547 seedlings/ha 
E – 1.20×1.20×1.20 m – 8 019 seedlings/ha

• rectangular spacing:
F – 0.55×1.20 m – 15 152 seedlings/ha 
G – 0.80×1.20 m – 10 417 seedlings/ha.

On each measurement plot, the following were 
performed: 

• measurement of the diameter breast height (dbh)
(D1.3) [cm] and height (H) [m] of all trees 

• biosocial classification of trees.
The dbh of trees was measured by calliper with an ac-

curacy of up to 1 mm. Measurements were taken in two 
perpendicular directions (alongside and crosswise of plant-
ing row). Measurement of tree heights was taken by Vertex 
electronic hypsometer with an accuracy of up to 0.1 m.

Survival of trees was expressed in percentage rela-
tion of trees growing on surface to the initial number of 
trees in the year of measurement. 

Biosocial position was defined by the scale: 1 – dom-
inant trees, 2 – co-dominant trees, 3 – lower trees (un-
dercrop) and 4 – suppressed and declining trees.

The trees of 1st class should be treated as trees of 1st 
and 2nd class of Kraft’s biological classification, trees of 
2nd class as 3rd Kraft’s class, trees of 3rd class as 4th Kraft’s 
class, and trees of 4th class as trees of 5th Kraft’s class.

The range of measurements in experimental areas 
was much larger. In following publication are results 
presented concerning the influence of initial spacing 
and habitat fertility on tree survival, and their growth in 
thickness and in height.

Statistical analysis of forest stand measurement re-
sults conducted was for whole forest stand and for trees 
from 1st biosocial class. The aim was to assess the pos-
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sibility of selection after about 40 years of forest stand’s 
growth in various spacings and on various habitats. The 
descriptive statistics used were average, standard devia-
tion and variation ratio.

For new calculations, Statistica 10 (2011) program 
was used. To define relations between features (stating 
the significance of differences between averages), mul-
ti-factor ANOVA variance analysis was used with sig-
nificance level p=0.05 and Tukey’s multiple comparison 
test (the so-called post-hoc).

3. Research results

3.1. Trees number change depending on initial 
spacing

Tree survival after 38 years of growth is shown in 
Table 1 (Płock area) and 2 (Łąck area). To better illus-
trate the influence of spacing on tree survival, this de-
pendence was also shown in a graph (Fig. 1).

Figure 1. Survival of trees after 38 years of growth depending 
on spacing variant on experimental plots Płock (P) and Łąck (L).

The smallest survival of trees on Płock surface was 
stated in the densest spacing variants – F (25.8%) and A 
(26.8%), and the biggest in variant E corresponding to 
initial density – 8 019 seedlings/ha. Generally, survival 
increased with initial spacing loosening, whereas in the 
smallest of analysed initial densities (variants E and C), an 
influence of spacing shape on tree survival was observed: 
in triangular spacing at initial density 8 019 seedlings/ha, 
few more trees survived than in case of square spacing 
at initial density 6 944 seedlings/ha. A similar trend was 
observed on an area in Łąck where the smallest survival 

after 38 years noted was in variant F (15 152 seedlings/
ha) – 14.7%, and the biggest in variant E – 25.6%. Also 
on this surface, in case of trees planted in loose triangular 
spacing (E) few more trees survived than in variant of 
loosest square-shaped spacing – C.

After 38 years on poorer habitat, around 1.5–2 times 
more trees survived than on more fertile habitat. Be-
cause of this fact that on both surfaces one sanitation 
cutting was performed, the result achieved was an effect 
of trees’ slower growth on dry coniferous forest habitat 
and smaller competition processes pace, and then con-
sequently tree secretion.

3.2. Influence of initial spacing on trees dbh

Average dbh of trees in spacing variants, calculated 
on the base of all trees and on the base of trees rep-
resenting 1st biosocial class, is presented in Tables 1 
(Płock) and 2 (Łąck). In tables, information is also in-
cluded about actual tree number, standard deviation and 
variability ratio of measured parameters.

The research showed a relevant influence of habitat 
conditions and initial spacing on pine’s thickness forma-
tion after 38 years of growth (p=0.00002). Multifactor 
variance analysis performed for average dbh of all trees 
in particular variants distinguished six homogenous 
groups, whereas trees growing on habitat of dry conif-
erous forest (Płock) had, as could be expected, substan-
tially smaller dbh than trees growing on habitat of fresh 
coniferous forest (Łąck).

Average value of all trees dbh on Płock surface in-
creased with expansion of tree living space (decrease of 
initial density) and ranged from 8.24 cm in variant A (15 
625 seedlings/ha) to 9.79 cm in C (6 944 seedlings/ha). 
Thickness of trees planted in loosest spacing – variant C 
with initial density 6 944 seedlings/ha and E with density 
8 019 seedlings/ha – was significantly greater than thick-
ness of trees in the remaining spacing variants (Fig. 2).

A similar tendency was observed on experimental 
surface in Łąck. Average value of all trees ranged from 
11.37 cm in variant F (15 125 seedlings/ha) to 12.76 cm 
in D (11 547 seedlings/ha). Trees growing in small den-
sity (variants C and E) were significantly thicker from 
trees growing in density from 10 000 seedlings/ha to 15 
625 seedlings/ha (spacing variants A, B, F and G) with 
the exception of variant D triangular spacing, which cre-
ated a homogenous group with variants C and E (Fig. 2).

On both surfaces, the influence of spacing on trees 
thickness developed in a similar way, except for triangular 
spacing D (11 547 seedlings/ha). In this variant, on a more 
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Table 1. Trees characteristics (all and from 1st biosocial class) depending on initial spacing on Płock surface

Features
Variants*

A B C D E F G
all trees

Trees per 1 ha 4114 4001 2546 3763 3406 3915 3294

DBH 
D1.3

average [cm] 8.24 8.66 9.79 8.58 9.36 8.31 8.59
std. dev. [cm] 2.39 2.60 2.76 2.61 2.82 2.62 2.81
variability [%] 28.97 30.02 28.19 30.42 30.13 31.53 32.64

Height
H

average [m] 9.48 9.47 9.53 9.75 9.93 9.34 9.47
std. dev. [m] 1.58 1.73 1.81 2.11 1.50 1.85 4.06
variability [%] 16.67 18.27 18.99 21.64 15.11 19.81 42.78

1st biosocial class
Trees per 1 ha 1892 1931 1343 1832 1673 1607 1435

DBH 
D1.3

average [cm] 9.98 10.52 11.41 10.48 11.22 10.53 10.77
std. dev. [cm] 1.99 2.19 2.44 2.11 2.48 2.27 2.36
variability [%] 19.94 20.82 21.38 20.13 22.10 21.56 21.91

Height
H

average [m] 10.46 10.53 10.42 11.14 10.93 10.76 10.76
std. dev. [m] 1.16 1.36 1.56 1.48 1.05 1.28 1.40
variability [%] 11.09 12.92 14.97 13.29 9.61 11.90 13.01

* Initial spacing square: A – 0.8 × 0.8 m (15 625 trees ha-1), B – 1.0 × 1.0 m (10 000 trees ha-1), C – 1.2 × 1.2 m (6944 trees 
ha-1); triangular: D – 1.0 × 1.0 × 1.0 m (11 547 trees ha-1), E – 1.2 × 1.2 × 1.2 m (8019 trees ha-1); rectangular: F – 0.55 ×
1.2 m (15 152 trees ha-1), G – 0.8 × 1.2 m (10 417 trees ha-1)

Table 2. Characteristic of trees (all and from 1st biosocial class) depending on initial spacing on Łąck surface

Features
Variants*

A B C D E F G
all trees

Trees per 1 ha 2508 2050 1642 1896 2050 2225 2271
DBH 
D1.3

average [cm] 11.56 11.80 12.47 12.76 12.21 11.37 11.85
std. dev. [cm] 2.44 2.77 2.9 2.65 2.52 2.6 2.79
variability [%] 21.29 23.26 23.89 21.29 21.16 23.07 23.68

Height
H

average [m] 13.13 13.45 13.70 14.00 13.35 13.18 13.76
std. dev. [m] 1.30 1.31 1.17 1.14 1.13 1.26 1.21
variability [%] 9.90 9.73 8.54 8.14 8.46 9.56 8.79

1st biosocial class
Trees per 1 ha 1825 1500 1158 1417 1571 1529 1679
DBH 
D1.3

average [cm] 12.43 12.71 13.54 13.67 12.84 12.44 12.97
std. dev. [cm] 2.17 2.53 2.51 2.38 2.32 2.24 2.37
variability [%] 17.60 19.70 18.83 17.88 18.33 18.01 18.47

Height
H

average [m] 13.61 13.80 14.15 14.36 13.59 13.69 14.25
std. dev. [m] 1.09 1.16 0.89 0.97 1.03 0.94 0.82
variability [%] 8.01 8.41 6.29 6.75 7.58 6.87 5.75

*As in Table 1



121W. Gil / Leśne Prace Badawcze, 2014, Vol. 75 (2): 117–125.

fertile habitat, trees were thicker than in remaining variants 
while on dry coniferous forest average dbh was smaller 
than dbh of trees growing in the smallest initial density.

Variability ratio of all trees’ dbh on Płock area devel-
oped from 28.19% (C) to 32.64% (G) (Table 1). In Łąck, 
where survival of trees was smaller than on an area in 
Płock, changeability of the feature analysed was vividly 
smaller. Variability ratio of dbh in case of all trees devel-
oped from 21.16% (E) to 23.89% (C) (Table 2).

3.3. The influence of initial spacing on dbh of 
trees from 1st biosocial class 

Research showed a relevant influence of habitat con-
ditions and initial spacing on forming the thickness of 
pines belonging to 1st biosocial class (p=0.00005). Var-
iance analysis performed for average dbh of all trees on 
surfaces distinguished seven homogenous groups. Trees 
growing on a habitat of dry coniferous forest (Płock), 
both all and from 1st biosocial class, had significantly 
lower dbh in comparison with pines growing on a fresh 
coniferous forest habitat (Fig. 3).

Average dbh of trees in 1st biosocial class on Płock 
area was, depending on the spacing variant, around 17–
27% higher than average of all trees in forest stand. The 
smallest dbh in this class of trees, as in the case of all 
trees, was stated in variant A (9.98 cm), and the biggest 
in C (11.41 cm). In variants of loosest spacing – C and 
E – trees from 1st biosocial class, as in the case of all 
trees, had significantly bigger dbh than trees from the 
majority of remaining variants (except variant G, 10 417 
seedlings/ha).

On Łąck surface, average dbh of trees in 1st biosocial 
class was 5–9% more than average dbh of all trees in 
forest stand. The smallest dbh was stated in variant A 
(12.43 cm), and the biggest in C and D (13.54 and 13.67 
cm). These values were significantly higher from dbh 
values of trees growing in variants A, F and B; however, 
they did not differ significantly from the average dbh 
values of trees from 1st biosocial class in spacing vari-
ants E and G (Fig. 5).

In variant D (triangular spacing), both dbh of domi-
nant trees and dbh of all trees belonged to the biggest on 
more fertile habitat, while on poor habitat to average.

Dbh variability ratio of trees belonging to 1st bio-
social class on Płock surface ranged from 19.94% (A) 
to 22.10% (E), which means that diversity of potential 
crop trees in terms of dbh was smaller than diversity of 
all trees. On Łąck surface, the value of dbh variability 
ratio of this group of trees was slightly lower than in 
Płock and ranged from 17.60% (A) to 19.70% (B). Di-
versity of potential crop trees in terms of dbh was also 
smaller than diversity of all trees.

3.4. Influence of initial spacing on trees height

Habitat conditions and initial spacing had a signif-
icant influence on pine’s height forming (p=0.00005). 
Analysis of variance performed for average height of all 
trees on surface distinguished six homogenous groups. 
Trees growing on dry coniferous forest habitat (Płock) 
had, regardless of group affiliation, significantly lower 
value than pines growing on fresh coniferous forest hab-
itat (Fig. 4).

Figure 2. DBH of pines in spacing variants and in varied 
habitat conditions (P – Płock, dry coniferous forest, L – Łąck, 
fresh coniferous forest). Average values of feature marked 
with the same letter do not differ significantly with p=0.05. 
Variants as in Table 1.

Figure 3. DBH of pines from 1st biosocial class in spacing 
variants and in varied habitat conditions (P – Płock, dry 
coniferous forest, L – Łąck, fresh coniferous forest). Average 
values of feature marked with the same letter don’t differ 
significantly with p=0.05. Variants as in Table 1.
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Average height of all trees on Płock surface ranged 
from 9.34 m in variant F (15 152 seedlings/ha) to 9.93 
m in E (8 019 seedlings/ha). The influence of initial den-
sity on height was irrelevant; however, spacing shape 
turned out to be an important factor, especially in vari-
ant E, where trees growing in density 8 019 seedlings/
ha were relevantly higher than trees growing in spacing: 
A, B, F and G (Fig. 4).

Average height of all trees on Łąck surface developed 
in a similar way as on Płock surface and ranged from 
13.13 m in densest variant A (15 625 seedlings/ha) to 
14.00 m in D (11 547 seedlings/ha). Trees planted in var-
iants D and G were relevantly higher than trees growing 
in densest spacing – A and F; however, they did not differ 
significantly in height from trees in variants C and B.

Variability ratio of height of all trees on Płock surface 
was in most cases lower than variability ratio of trees dbh 
and ranged from 15.11% (E) to 42.78% (G). The high 
variability ratio of tree height in variant G (10 417 seed-
lings/ha) is surprising in this case. It is over two times 
higher than in variant B with similar initial density, which 
indicates greater share of low trees in lower biosocial lay-
ers in variant G. On surface in Łąck, height variability 
ratio ranged from 8.14% (D) to 9.9% (A) and was much 
smaller than on Płock surface located on a poorer habitat.

3.5. Influence of initial spacing on height of trees 
from 1st biosocial class

Initial spacing, similar to habitat conditions, had 
a significant influence on formation of pines height, 

both in case of all trees and in case of trees belong-
ing to 1st social class (p=0.00000). Variance analysis 
performed for this average height of this class trees 
growing on both surfaces distinguished six homoge-
nous groups, wherein dominant trees growing on dry 
coniferous forest (Płock) had a significantly lower 
height than dominant pines growing on fresh conifer-
ous forest habitat (Fig. 5).

On Płock surface, average height of trees belonging 
to 1st biosocial class was higher than values of average 
height for all trees by 9–15%. The smallest average 
height had dominant trees in variant C (10.42 m), and 
the biggest in D (11.40 m). Influence of spacing on tree 
height was similar both in case of 1st biosocial class and 
all trees. Trees of 1st biosocial class planted in triangu-
lar spacing (variants D and E) were significantly higher 
than trees from variants A, B, C and F (Fig. 5).

Average height of trees from 1st biosocial class on 
Łąck surface was also equalised and higher from aver-
age height of all trees only by 2–4%. The highest aver-
age had trees from variant D (14.36 m) and the smallest 
from E (13.59 m). Average height of trees from 1st bio-
social class in particular variants was significantly dif-
ferent (p=0.00000). Variance analysis divided trees of 
this class into two homogenous groups. Trees from var-
iants G and D were significantly higher than trees from 
remaining spacing variants, except for C (Fig. 5).

Variability ratio of examined feature on Płock surface 
ranged from 9.61% (E) to 14.97% (C), whereas on Łąck 
surface these values ranged from 5.75% (G) to 8.41% 
(B) (Table 2).

Figure 4. Height of spacing variants and in varied habitat 
conditions (P – Płock, dry coniferous forest, L – Łąck, fresh 
coniferous forest). Average values of feature marked with the 
same letter do not differ significantly with p=0.05. Variants as 
in Table 1.

Figure 5. Height of pines from 1st biosocial class in spacing 
variants and in varied habitat conditions (P – Płock, dry 
coniferous forest, L – Łąck, fresh coniferous forest). Average 
values of feature marked with the same letter do not differ 
significantly with p=0.05. Variants as in Table 1.
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4. Results discussion

In this research, seven initial spacing variants were 
analysed: square-, rectangular- and triangular-shaped, 
with initial density from 6 944 seedlings/ha to 15 625 
seedlings/ha. Experimental plots were established in 
1965. In both objects, after around 20 years of growth, 
dead and declining trees (once) were removed. 

In this research, the influence of initial density and 
habitat on tree survival was shown. After 38 years of 
growth, more trees survived in wider spacing (with 
lower initial density) and on poorer habitat where the 
pace of tree growth and therefore the secretion was 
smaller. Smaller survival had an influence on smaller 
diversity of tree size on a more fertile habitat.

Similar results concerning initial spacing influence 
and habitat fertility on secretion process were also seen 
in the studies by Kramer (1988), Rjabokin’ (1991), 
Spellmann and Nagel (1992), and Zajączkowski and 
Kopryk (1990). Significant loss in denser spacing is a 
main argument of loose spacing supporters who believe 
that there is no need to invest in expensive planting ma-
terial (Kramer 1988). Yet, analysis in isolation of only 
survival from the remaining features that characterise 
height and quality of forest stand does not support the 
correctness of inference.

Initial spacing and habitat type influenced thickness 
of all trees in forest stand, and thickness of trees from 1st 
biosocial class. Trees on more fertile habitat were sig-
nificantly thicker than trees on a poorer habitat. After 
38 years of growth, dbh of all trees was significantly 
bigger in variants of lower initial density (6 944 seed-
lings/ha and 8 019 seedlings/ha), irrespective of habitat 
conditions. A similar tendency was observed in case of 
trees from 1st biosocial class, whereas on a poorer hab-
itat the difference between dominant trees dbh and dbh 
of all trees was far bigger than on a more fertile habitat. 
Smaller tree survival on a more fertile habitat had an 
influence on such a state.

The variant D case is interesting: triangular spacing, 
11 547 seedlings/ha, in which on a more fertile habi-
tat, dbh – of all and dominant trees – had the highest 
value, while on a poorer habitat dbh did not differ much 
from average for whole forest stand. For such a result, 
the quite low survival of trees in this type of spacing 
on fresh coniferous forest habitat had an influence. It 
should be noticed, however, that trees growing in a dif-
ferent variant of triangular spacing – E, of lower density, 
on both surfaces (Płock and Łąck) – also belonged to 
the thickest. It is possible that on a more fertile habitat, 

negative effect of trees high density is slightly eliminat-
ed by positive characteristics of spacing shape. It would 
be consistent with the statement of Assmann (1968) that 
with triangular spacing, trees make better use of the 
space, which is positively reflected in their growth. This 
relation was observed in the following research also in 
terms of influence of spacing shape on tree height. Šutov 
(1984) also considers, in terms of breeding, triangular 
spacing the best, but this spacing causes considerable 
difficulties in work mechanisation.

Hamilton and Christie (1971) in youngest Scots pine 
development phases (cultivation, thicket) stated the in-
crease of dbh growth pace of all and dominant trees (in 
smaller degree) along with decrease of initial density. 
Strong, directly proportional dependence of pines dbh in 
young age (11 years) on the spacing planting was con-
firmed by Ceitel (1989) in his research. The results of the 
following study also confirm the research results of other 
authors (Kramer 1988; Dittmar 1992; Kenk 1998; Lock-
ow 1998; Buzykin, Pšeničnikova 1999; Huss 1999 a, b). 

The presented research shows that on a poor habitat 
after around 40 years of growth, dbh of trees growing 
in various densities still differs, and is bigger in case 
of trees growing in looser spacing. Difference between 
average dbh of trees planted in different spacings oc-
curs in early stages of forest stand’s development and 
is maintained in the following years. This regularity 
is characteristic of coniferous species (Braathe 1952; 
Sjolte-Jørgensen 1967; Zajączkowski, Kopryk 1981). 

After 38 years of growth, trees growing on a fresh co-
niferous forest habitat were significantly higher (all and 
dominant) than trees growing on a dry coniferous forest. 
Initial density had smaller influence on height than on 
dbh of trees. Even though on a more fertile habitat the 
lowest trees were observed in variants of greater initial 
density over 15 thousands seedlings per 1 hectare, these 
relations were not significant. By contrast, the highest 
trees – both all and from 1st biosocial class – were in 
variants with density 10.5–11.5 thousands seedlings/ha.

In case of a poorer habitat, a positive influence of tri-
angular-shaped spacing (variants D and E) on the height 
of all trees and trees of 1st biosocial class was observed. 
Trees of this group planted in density 11 547 seedlings/
ha (variant D) were, as on a fresh coniferous forest hab-
itat, the highest.

In other research on coniferous forest stands, average 
forest stand height increased with planting density in-
crease (Evert 1971; Kramer 1988; Ceitel 1989; Moberg 
1999). The research by Elfving (1975) in not-nursed 
22-year-old pine forest stands in Sweden confirms this 



124 W. Gil / Leśne Prace Badawcze, 2014, Vol. 75 (1): 117–125.

conclusion with reference to average forest stand height, 
but not to dominant trees: average height of a hundred 
thicker trees increased with initial density increase. 

5. Conclusions

On the basis of this research, the following results 
may be formulated:

1. Habitat conditions have an influence on tree surviv-
al in pine forest stands and on their growth in thickness 
and height. On a less fertile habitat, lesser competition 
between trees occurs, especially in younger age, which 
results in increased survival of trees. On a fresh conif-
erous forest habitat, however, pines have significantly 
bigger dbh and height than on a dry coniferous forest 
habitat. At the same time, habitat conditions affect the 
strength of spacing impact on analysed features. On 
a poorer habitat, this impact is stronger, which is ex-
pressed by greater differentiation of analysed parame-
ters, than on a more fertile habitat.

2. The research showed a significant influence of ini-
tial spacing on pine dbh at the end of 2nd age class. Tree 
dbh increased with initial spacing loosening. This rela-
tion regarded all trees and trees from 1st biosocial class. 
A positive influence of triangular-shaped spacing on this 
feature was also stated, but only on a fresh coniferous 
forest habitat.

3. No height increase of trees was stated with de-
crease of initial density. On both examined habitats, the 
highest were trees planted in a density of around 11.5 
thousands per hectare. Triangular initial spacing shape 
had also a positive influence on this feature.
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