DOI: 10.1515/frp-2017-0019
Wersja PDF: www.lesne-prace-badawcze.pl

ORYGINALNA PRACA NAUKOWA

Le$ne Prace Badawcze / Forest Research Papers
Czerwiec / June 2017, Vol. 78 (2): 171-178

e-ISSN 2082-8926

Zwiazek wysokosci z wybranymi cechami korony czteroletniej brzozy brodawkowatej
(Betula pendula Roth)

The relationship between height and crown characteristics of four-year-old common birch
(Betula pendula Roth)

Adam Klepacki
Nadlesnictwo Etk, Mrozy Wielkie 21, 19-300 Etk
Tel. +48 87 6202513, fax +48 87 6202513 wew. 210, e-mail: adam.klepacki@bialystok.lasy.gov.pl

Abstract. This paper presents the results of an analysis on characteristics of birch crowns (Betula pendula Roth) in relation to
measures of the growth space occupied by a single tree at a young age. It also presents the relationships between the seedling height
and certain crown characteristics.

The study focused on four-year-old common birches growing in four different areas in the Elk Forest District in either fresh
mixed coniferous or broadleaved forest. The measurements conducted on the chosen trees were used to calculate their crown
characteristics such as crown diameter, length, height to the crown base, relative length and spread. They were also used to de-
termine the growth characteristics of a single tree’s growth space, such as the crown area projected onto the ground, single tree
space and the percentage use of unit area. Furthermore, fresh and dry leaf mass was determined.

The birches growing in the fresh mixed coniferous forest reached an average height of 1.30 m, whereas in the fresh mixed
broadleaved forest, the height of the trees was lower and amounted to 0.67 m. 95% of the trees had crown diameters of 0.57 m to
0.74 m in the fresh mixed coniferous forest, but only 0.19 m to 0.25 m in the fresh mixed broadleaved forest. The average lengths
of the crowns in the fresh mixed coniferous and broadleaved forests amounted to 0.97 m and 0.37 m respectively.

The author shows that there is a statistically significant correlation between the seedling height and the other examined cha-
racteristics. The best correlation was found between the height and the length of the crown (r=0.9858) for birches growing in the
fresh mixed coniferous forest and between the height and single tree space (r=0.8468) for birches growing in the fresh mixed

broadleaved forest.
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1. Wstep

Budowa i ksztalt korony drzew s3 przedmiotem zainte-
resowania m.in. dendrologii, produkcyjnosci lasu oraz ho-
dowli lasu. Wzrost i przyrost drzewa w duzej mierze zalezy
od wielkosci korony oraz zwigzanego z nig aparatu asymi-
lacyjnego, ktory wptywa na rozmiar i efektywno$¢ procesu
asymilacji. Korony drzew danego gatunku moga réznic¢ si¢
w zaleznosci od dostepnosci Swiatta i sktadnikow pokarmo-
wych, a takze od natezenia czynnikdéw stresowych. Na przy-
ktad Burger (1939), ktory zajmowat si¢ budowa, ksztattem
oraz wielkoscig koron drzew, opracowal model korony $wier-
ka pospolitego (Picea abies (L.) H. Karst). Podzielit ja na
cze$¢ zewngtrzng z aparatem asymilacyjnym oraz rdzen ko-
rony bez igliwia. Wyro6znil réwniez korong $wietlista i cieni-

sta. Assmann (1968) opisat budowe korony drzew za pomoca
m.in. takich wskaznikow, jak: stosunek dlugosci i szeroko-
$Sci korony do wysokos$ci drzewa oraz udzial korony $wietli-
stej 1 cienistej w catej koronie. Crecente-Campo i in. (2013)
opracowali model korony sosny nadmorskiej (Pinus pinaster
Aiton) oraz sosny zwyczajnej (Pinus sylvestris L.) rosngcej
w péinocno-zachodniej Hiszpanii. Lemke (1966, 1968, 1971)
badat przydatno$¢ korony jako kryterium oceny dynamiki
wzrostowej drzewostanow sosnowych. Okreslit biezacy rocz-
ny przyrost migzszosci na tong swiezego igliwia i wykazal, ze
maksimum nastgpito w wieku 20 lat, a nastepnie przyrost ten
stopniowo zmniejszat si¢. W Holandii zalezno$ciami pomig-
dzy witalno$cig korony a szerokos$cia przyrostow rocznych
daglezji zielonej (Pseudotsuga menziesii Carriere) zajmowa-
li si¢ de Kort i Baas (1997), natomiast w Szwecji dla debu
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szyputkowego 1 grabu pospolitego — Drobyshev i in. (2007).
W obu pracach zaobserwowano zaleznos$¢ pomiedzy witalno-
$cig korony a szerokoscig przyrostow rocznych. Najwigkszy
przyrost wykazaly drzewa zdrowe z prawidlowo rozbudo-
wang korona, a najmniejszy drzewa z silnie zredukowanym
aparatem asymilacyjnym. Badania nad dlugoscia korony
sosny zwyczajnej przeprowadzili m.in. Zybura (1977) oraz
Jaszczak (1998), a rozszerzeniem tych badan byto okreslenie
zalezno$ci pomigdzy dlugoscig korony a wiekiem oraz sta-
nowiskiem biosocjalnym (m.in. Zybura 1987). Wykazat on,
ze wzrost dtugosci korony sosny nastepuje wraz z wiekiem
i bonitacja drzewostanu, a jej skrocenie zwigzane jest z po-
garszaniem si¢ stanowiska biosocjalnego. Turski i in. (2012)
przeprowadzili analize¢ wielko$ci wybranych cech korony
drzew sosny zwyczajnej roznych klas wieku w klasach bioso-
cjalnych tworzacych drzewostan panujgcy oraz ich zwigzku
z pier$nicg i wysoko$cia. Uzupetnieniem badan korony sosny
zwyczajnej jest analiza wydajno$ci aparatu asymilacyjnego,
poglebiona okresleniem zalezno$ci pomiedzy jego wydaj-
nos$cig a piersnica, wysokoscia i wielkoscia drzewa (Turski
et al. 2015). Bronisz i in. (2009) poréwnali rdézne sposoby
okreslania suchej i $wiezej biomasy aparatu asymilacyjne-
go w drzewostanach sosnowych. Wyro6znili czynniki, tj. typ
siedliskowy lasu, wiek drzew oraz potozenie obiektu badan,
ktére nalezy bra¢ pod uwage w celu precyzyjnego okresle-
nia biomasy drzew i ich komponentéw za pomoca wzoré6w
empirycznych. Powigzaniem przyrostu radialnego obcych
i rodzimych gatunkéw drzew z wybranymi parametrami ko-
rony zajmowat si¢ Bijak (2013). Wykazal, ze istnieje istotna
korelacja pomigdzy przyrostem piersnicy a dlugoscia i szero-
koscig korony w przypadku jodty olbrzymiej (Abies grandis
Lindl.) czy jodly kaukaskiej (4bies nordmanniana (Steven)
Spach). Badania nad morfologia koron drzew w drzewosta-
nach wielogatunkowych w poréwnaniu z drzewostanami
jednogatunkowymi przeprowadzit Pretzsch (2014). Nato-
miast definicj¢ przestrzeni pojedynczego drzewa podali Mi$
i Sugiero (2004), a procent wykorzystania jednostkowego
pola zaproponowali Kazmierczak i Stosik (2008). Analiza
wybranych miar przestrzeni wzrostu pojedynczego drzewa
w drzewostanach sosnowych zostala przeprowadzona przez
Kazmierczak (2009, 2010, 2012), za§ w drzewostanach mod-
rzewiowych przez Kazmierczak i in. (2010). Wielkos¢ koro-
ny jako miar¢ stanowiska biosocjalnego drzew w 135-letnim
drzewostanie dgbowym zaproponowali Kazmierczak i Za-
wieja (2016). Z kolei rozwojem korony brzozy brodawkowa-
tej zajmowali si¢ Dmyterko i Bruchwald (2000, 2005), ktorzy
wyr6znili i opisali trzy okresy rozwoju korony: fazg¢ mtodo-
ciang, dojrzatosci i starcza. Scharakteryzowali ped gtoéwny
brzozy brodawkowatej, ktorego materiat empiryczny pocho-
dzit z 24 litych drzewostanow brzozowych w wieku od 32
do 60 lat. Autorzy ci na podstawie pomiaréw szescioletniej
uprawy opisali rozwdj ugalezienia w koronie brzozy brodaw-
kowatej (Dmyterko, Bruchwald 2001) oraz stworzyli model
rozwoju pedu wierzchotkowego dojrzalej brzozy omszonej
i jego ugalezienia (Dmyterko, Bruchwald 2010). Zaleznos¢
pomiedzy smuktosciag 30-letniego niepielggnowanego drze-

wostanu brzozy brodawkowatej a wybranymi cechami koron
drzew przedstawili Korzeniewicz i in. (2016).

Celem niniejszej pracy jest analiza wybranych charaktery-
styk korony i wyselekcjonowanych miar przestrzeni wzrostu
drzew brzozy brodawkowatej w mtodym wieku oraz zbadanie
korelacji miedzy wysokoS$cig drzew a analizowanymi cechami
korony. Analizg objeto 4-letnig brzoze brodawkowata rosnaca
na dwoch typach siedliskowych lasu (borze mieszanym $wie-
zym 1 lesie mieszanym $wiezym) w Nadle$nictwie Etk.

2. Metodyka

Badaniami objeto uprawy w Nadle$nictwie Etk (53°40°—
54°00°N, 22°05°-22°48’E). Wickszos$¢ nadle$nictwa potozona
jest w II krainie Mazursko-Podlaskiej w czesci Mezoregionu
Pojezierza Efckiego (11.6) (Zielony, Kliczkowska 2012). Czes¢
poludniowo-zachodnia lezy w Mezoregionie Puszcz Mazur-
skich (I11.4), a potudniowa w Mezoregionie Kotliny Biebrzan-
skiej (11.13).

Uprawy lesne zatozono wiosna 2014 roku, sadzac brzo-
z¢ brodawkowata (Brz 2/0) pochodzacg ze szkotki grunto-
wej Nadlesnictwa Etk na dwoch typach siedliskowych lasu
(BMsw i LMsw). Powierzchnie do odnowienia zostaty
uprzednio przygotowane poprzez wyoranie bruzd plugiem
leénym LPZ. Wiezba sadzenia byta jednakowa na kazdej
powierzchni i wynosita 1,4 mx1,8 m. Uprawy na siedlisku
BMsw charakteryzuja si¢ gleba rdzawa wlasciwa (Rdw) wy-
tworzong z piaskow luznych (pl), natomiast siedlisko LM$w
wytworzone zostato na glebach rdzawych brunatnych (RDbr)
wyksztatconych na piaskach stabo gliniastych, piaskach luz-
nych i utworach zwirowych (ps/pl, ps/uz) (PUL 2013). Na
czterech uprawach zatozono powierzchnie badawcze o wiel-
kosci od 243 do 280 m?, na ktorych rosto od 100 do 108
drzew brzozy brodawkowatej. Polozenie powierzchni ba-
dawczych nad poziomem morza byto zblizone i wynosito od
132 do 147 m. W lipcu 2015 roku drzewa ponumerowano, po
czym za pomocg suwmiarki elektronicznej zmierzono $redni-
ce w szyi korzeniowej (d,) w dwoch kierunkach (N-S i E-W)
z zaokragleniem do 0,001 m. Srednig arytmetyczng z do-
konanych pomiaréw przyjeto za Srednice szyi korzeniowe;j
drzewa. Nastgpnie zmierzono wysokos$¢ wszystkich drzew
(h,) z dokfadnoscia do 0,01 m. Charakterystyke statystyczng
drzew, rosnacych na powierzchniach probnych wg typow sie-
dliskowych lasu, przedstawia tabela 1.

Z kazdej powierzchni wybrano, metodg Draudta (Grochow-
ski 1973), po 15 drzew modelowych, reprezentujacych pelny
zakres zmienno$ci grubosei szyi korzeniowej z uwzglednie-
niem wysokosci drzew. Pod koniec lipca zalozono na korony
stojacych drzew modelowych azurowe siatki w celu okreslenia
momentu opadania liSci. Poczatek tego procesu byl sygnalem
do dokonania zbioru pozostatych lici ze stojacych drzew, ktory
prowadzono we wrzesniu i w pierwszych dniach pazdziernika.
Po zakonczeniu okresu wegetacyjnego zmierzono ponownie
wysokos¢ (h) z doktadnoscia do 0,01 m; wysokos¢ te przyje-
to za wysokos$¢ ostateczng do okreslenia zwigzku wysokosci
z wybranymi cechami koron. Okreslono wysokos$¢ osadzenia
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Tabela 1. Charakterystyka statystyczna wysokoSci hp oraz Sred-
nicy szyi korzeniowej (d,,) 4-letnich drzew brzozy brodawkowa-
tej na powierzchniach probnych na wybranych siedliskach
Table 1. Statistical characteristics of tree height (4 p) and tree diam-
eter of root collar of 4-year-old common birch trees in sample plots
on the selected forest habitats

Siedlisko / Habitat N BMsw LMsw
[szt. / pcs.] 203 214
dSZ dSZ
i, [m] [em] hp[m] [cm]
Srednia / Mean 1,19 1,16 0,69 0,52

Odchylenie standardowe /

0,31 0,41 0,20 0,16
Standard deviation S, ’ ’ ? ’

Wspélezynnik zmiennoSci

2 2
/ coefficient of variation V 0,26 0,36 0,30 0.3

Ufnosé / Significance -95% 1,14 1,10 0,66 0,50

Ufnos¢ / Significance +95% 1,23 1,21 0,72 0,54

Minimalna / Minimum 0,43 0,30 0,24 0,10

Maksymalna / Maximum 2,07 2,45 1,51 1,00

Skos$no$¢ / Skewness A 0,06 0,39 0,64 0,28

BMsw — fresh mixed coniferous forest, LM$w — fresh mixed deciduous forest

korony (4,,), mierzonej do pierwszej zywej galezi zwartej ko-
rony z doktadnoscia do 0,01 m oraz rzut korony, poprzez 4
rzuty poziome, zgodnie z kierunkami $§wiata. Pomiary drzew
modelowych postuzyty do obliczenia nastgpujacych cech:

d, [m] — szerokosci korony, jako $redniej arytmetycznej
z pomiardw w kierunku wschod-zachod i poéinoc-potudnie,

[, [m] — dhugosci korony, jako r6znicy pomiedzy wysoko-
$cig calego drzewa a wysoko$cig nasady korony,

@ —wzglednej dtugosci korony, jako stosunku dtugosci

h[m]
korony do wysokos$ci drzewa,
d; [m] . . , . , .
o] — stopnia roztozystosci korony (wspotczynnik wy-
m

chylenia korony), jako stosunku szerokosci korony do wyso-
kosci drzewa,
dk [m]

[, [m
kosci korony do jej dtugosci,

p,, [m?] — powierzchni rzutu korony, przyjetej za pole kota
o promieniu rownym polowie szerokosci korony,

ppd [m3] — przestrzeni pojedynczego drzewa, jako iloczy-
nu powierzchni rzutu korony i wysokosci drzewa,

pwip [%] — procentu wykorzystania jednostkowego pola,
jako pola rzutu korony wyrazonego w procentach jednost-
kowego pola, za$ jednostkowego pola drzew ustalonego na
podstawie ilorazu powierzchni badanej uprawy lesnej i licz-
by znajdujacych si¢ tam drzew,

— stopnia sptaszczenia korony, jako stosunku szero-

sml [kg] — $wiezej masy lisci, okreslonej bezposrednio po
zbiorze,

sml [kg] — suchej masy lici jako iloczynu smi,, - 10, za$
sml,, okreslono na podstawie losowo wybranych lisci, stano-
wigcych 10% $wiezej ich masy.

Wysoko$¢ drzew oraz wybrane cechy koron i miary prze-
strzeni wzrostu scharakteryzowano przy wykorzystaniu staty-
styki opisowej. Oceniono normalno$¢ rozktadu przy pomocy
testu Shapiro-Wilka (Shapiro, Wilk 1965). Test ten jest dedy-
kowany nielicznym probom i charakteryzuje si¢ stosunkowo
wysoka moca, co dowodzi braku normalno$ci rozktadu (Wigc-
kowska 2010-2016). Sita zwigzku liniowego pomiedzy wyso-
koscig a wybranymi cechami koron i miar przestrzeni wzrostu
okreslono za pomoca testu korelacji liniowej Pearsona 7.

NN [T N

\/E}Ll(xi—f)z i vi—y)?

gdzie: x;, y, — kolejne cechy Xi Y; X, y — $rednie z wartosci X
1 Y; n — liczebnos¢ proby.

Test istotnos$ci wspotczynnika korelacji Pearsona oparto
na statystyce testowej, ktora ma rozktad t-Studenta z n — 2
stopniami swobody i przyjmuje postac:

t=r/SE, gdzie SE=N1—-1*/n-2

Wyznaczona na podstawie statystyki testowej wartos¢ po-
réwnana zostata na poziomie istotnosci a = 0,05.

Do obliczen statystycznych wysokoS$ci drzew oraz wybra-
nych cech korony i miar przestrzeni wzrostu 4-letniej brzozy
brodawkowatej wykorzystano oprogramowanie statystyczne
PQStat v. 1.6.4. (Wigckowska 2010-2016).

3. Wyniki

Charakterystyke statystyczng drzew modelowych przedsta-
wiono w tabeli 2. Brzoza brodawkowata rosnaca w borze mie-
szanym $wiezym w wieku 4 lat osiggneta przecigtng wysokosé
1,30 m, a wspdtczynnik zmiennosci wyniost 29%. Rozpigtos¢
wysokosci dla drzew modelowych na siedlisku BM§w wynio-
sta 0d 0,61 m do 2,05 m, gdzie 95% drzew wykazato wysoko$¢
od 1,16 m do 1,44 m. Przecigtna dlugo$¢ korony wyniosta 0,97
m, a szeroko$¢ 0,66 m. 4-letnie brzozy brodawkowate rosng-
ce na siedlisku LM$w osiagnety przecigtng wysokos¢ 0,67 m,
gdzie 95% drzew wykazato wysokos$¢ w zakresie od 0,62 m do
0,73 m. Wspdtczynnik zmienno$ci wyniost 23%. 95% drzew
na siedlisku LM$w miato szerokos¢ korony od 0,19 do 0,25 m,
natomiast dtugos¢ korony — od 0,32 do 0,41 m. Rozktad bada-
nych cech byt zblizony do rozktadu normalnego z wyjatkiem
Swiezej masy lisci (sml), suchej masy liSci (sml) oraz prze-
strzeni pojedynczego drzewa (ppd) na siedliskach BMsw oraz
LMsw. Dodatkowo w warunkach BMs$w rozktad wysokosci
osadzenia korony (%,,) drzew modelowych roznit si¢ istotnie
od rozktadu normalnego, podobnie jak powierzchnia rzutu ko-
rony (p,) i procent wykorzystania jednostkowego pola (pwjp)
na siedlisku LM$w.
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Tabela 2. Charakterystyka statystyczna drzew modelowych 4-letniej brzozy brodawkowatej rosngacej na wybranych siedliskach oraz

testowanie hipotezy o normalnosci rozkladu analizowanych cech

Table 2. Statistical characteristics of sample trees in 4-year-old common birch growing in the selected habitat and testing of normal distribution

of analyzed traits

Miary h By d, b
Measure [m] [m] [m] [m]

b dy d Dy ppd  pwjip sml sml
h A m?  [m]  [%] [ke] [ke]

Siedlisko (szt.) / Habitat (pcs.) N

BMsw (30)

Srednia / Mean x 1,30 0,33 0,66 0,97

0,73 049 0,68 038 0,57 1550 0,68 0,26

Odchylenie standardowe /

Standard deviation S, 0,38 0,08 0,24 0,36

0,11 0,09 0,12 024 047 982 052 0,19

Wspotczynnik zmiennosci /

Coefficient of variation V' 0,29 0,25 0,36 0,37

0,15 0,19 0,18 0,63 0,83 0,63 0,77 0,74

Minimalna / Minimum 0,61 0,04 0,20 0,28

046 033 045 0,03 0,02 1,28 0,09 0,03

Maksymalna / Maximum 2,05 0,42 1,12 1,74

0,94 0,71 098 099 2,02 4054 19 0,73

Test Shapiro-Wilka p-poziom /
Shapiro-Wilk test for normality 0,88 0,00 0,33 0,78
p-value

0,06 063 083 0,18 0,01 0,18 0,01 0,01

Siedlisko (szt.) Habitat (pcs.) N

LMséw (30)

Srednia / Mean X 0,67 0,31 0,22 037

0,55 032 0,61 0,04 0,03 1,72 0,05 0,02

Odchylenie s.ta.ndardowe / 0.15 0.10 0,09 0.11
Standard deviation S,

0,11 0,10 0,22 0,03 0,03 1,23 0,04 0,02

Wspolczynnik zmiennosci /

Coefficient of variation V 0,23 0,32 0,39 0,31

0,21 030 036 0,74 095 0,71 0,75 0,75

Minimalna / Minimum 0,37 0,09 0,04 0,17

0,35 0,07 0,21 0,00 0,00 0,04 0,01 0,004

Maksymalna / Maximum 1,17 0,45 0,39 0,74

0,76 0,47 1,09 0,12 0,13 452 020 0,09

Test Shapiro-Wilka p-poziom /
Shapiro-Wilk test for normality 0,07 0,17 0,51 0,07
p-value

0,53 032 099 0,01 0,00 0,02 0,00 0,00

BMsw — fresh mixed coniferous forest, LMsw — fresh mixed deciduous forest

Korelacj¢ liniowa Pearsona pomigdzy wysokoscig a wy-
branymi cechami korony oraz miarami przestrzeni wzrostu
przedstawiono w tabeli 3. Najsilniejszy zwigzek wysoko$ci
drzew (%) z dtugo$cia korony (/,) wystapit na siedlisku BMsw,
gdzie wspotczynnik korelacji wyniost 0,9858 oraz z przestrze-
nig pojedynczego drzewa (ppd) na siedlisku LMsw, gdzie
r=0,8468. Zwigzek wysokosci (%) z m.in. takimi cechami jak
szerokos¢ korony (d;) (BMsw r = 0,8968; LM$w r = 0,7611
oraz powierzchnia rzutu korony (p,) (BMs$w r = 0,9149;
LMsw r = 0,7679) jest silny i istotny statystycznie dla drzew
rosnagcych na obydwu typach siedliskowych lasu (ryc. 1-6).

Zalezno$ci pomiedzy wysokoscia (4) a wysokosciag osa-
dzenia korony (k) (r = 0,0493), stopniem roztozystosci

koron (—k) (r=0,3533) oraz stopniem sptaszczenia koron
Yy P P y

(l_k) (r=-0,1373) w przypadku drzew brzozy brodawkowate;j
k

rosnacej na siedlisku BM$w sa nieistotne statystycznie. Nato-
miast brak istotnie statycznej zalezno$ci na siedlisku LM$w
wykazano pomiedzy wysokoscia (#) a wzgledna dlugoscia

d
korony (%‘) (r =-0,0527), stopniem roztozystosci korony (Tk)
d
(r=0,2556) oraz stopniem splaszczenia korony (l_k) (r=0,2161).
k

4. Podsumowanie i dyskusja

Znajomos$¢ wzrostu rdéznych gatunkéw drzew laso-
tworczych w fazie uprawy, nalotu i podrostu jest podstawa
w doborze sktadu gatunkowego upraw i ich zmieszania.
Wysokos¢ drzew determinuje podje¢cie decyzji o terminie
wykonania pielggnacji upraw i zabiegéw z zakresu ochrony
lasu, np. zabezpieczania drzewek przed uszkodzeniem przez
zwierzyne (Jaworski 2004). Srednia wysoko$¢ (k) brzozy



A. Klepacki / Lesne Prace Badawcze, 2017, Vol. 78 (2): 171-178 175

*

2 @
o

0,8 - L 4
RS

= (J
£ ®

— 0,6 - L g
& *

0,4 - L 4

O T T T T 1
0 0,5 1 1,5 2 2,5
h[m]

Rycina 1. Zalezno$¢ liniowa Pearsona pomiedzy wysokoscia (/)
a szerokoscia korony drzew modelowych na siedlisku BM§w
Figure 1. Pearson product-moment correlation coefficient between
height (%) and crown diameter of 4-year-old common birch sample
trees growing in BM$w habitat

1,8
1,6 -
1,4 4
1,2 4
I Im] 1 -
0,8 -
0,6 -
0,4 -
0,2 4
0 T T T T )
0 0,5 1 1,5 2 2,5

h [m]

Rycina 3. Zalezno$¢ liniowa Pearsona pomiedzy wysokoscia (/)
a dlugoscia korony (/,) drzew modelowych na siedlisku BMSw
Figure 3. Pearson product-moment correlation coefficient between
height (%) and crown length (/,) of 4-year-old common birch sample
trees growing in BM$w habitat
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Rycina 5. Zaleznos¢ liniowa Pearsona pomiedzy wysokosScia (/)
a powierzchnia rzutu korony (p,) drzew modelowych na siedlisku
BMsw

Figure 5. Pearson product-moment correlation coefficient between
height () and crown projection area (p,), of 4-year-old common
birch sample trees growing in BM$w habitat
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Rycina 2. Zalezno$¢ liniowa Pearsona pomiedzy wysokoscig (/1)
a szerokoS$cia korony drzew modelowych na siedlisku LMSw
Figure 2. Pearson product-moment correlation coefficient between
height () and crown diameter of 4-year-old common birch sample
trees growing in LM$w habitat
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Rycina 4. Zalezno$¢ liniowa Pearsona pomiedzy wysokoscia (/)
a dlugos$cia korony (/,) drzew modelowych na siedlisku LMS$w
Figure 4. Pearson product-moment correlation coefficient between
height (%) and crown length (/,) of 4-year-old common birch sample
trees growing in LMs$w habitat
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Rycina 6. Zalezno$¢ liniowa Pearsona pomiedzy wysokosci (/)
a powierzchnig rzutu korony (p,) drzew modelowych na siedlisku
LMsw

Figure 6. Pearson product-moment correlation coefficient between
height and (%) crown projection area (p,), of 4-year-old common
birch sample trees growing in LM$w habitat



176 A. Klepacki / Lesne Prace Badawcze, 2017, Vol. 78 (2): 171-178

Tabela 3. Zalezno$¢ pomiedzy wysokoscia (#) a wybranymi cechami koron oraz miarami przestrzeni wzrostu 4-letniej brzozy
brodawkowatej
Table 3. The relationship between height (%) and selected crown characteristics and measures of the growth space of 4-year-old common birch

Ufnos¢ Ufnos¢ , .
> . Lo Rownanie liniowe
r r Significance Significance P Linear equation
-95% +95% q

Wysoko$¢ osadzenia korony (%,,) / Height to the crown base (h,,)

BMs$w 0,0493 0,0024 -0,3231 0,4084 0,7996 -
LMs$w 0,6839 0,4677 0,4294 0,8377 0,0000 y=0,014+x(0,434)
Szeroko$¢ korony d, / Crown diameter d,,
BMs$w 0,8968 0,8042 0,7925 0,9501 0,0000 y=0,082+x(0,567)
LMs$w 0,7611 0,5793 0,5523 0,3801 0,0000 y=0,068+x(0,428)
Dhugos$¢ korony [, / Crown length [,
BMs$w 0,9858 0,9719 0,9697 0,9934 0,0000 y=0,326+x(0,992)
LMsw 0,7735 0,5984 0,5729 0,8867 0,0000 y=0,014+x(0,566)

J l
Wzgledna dlugos$¢ korony Tk/ Relative crown length h'k

BMsw 0,7754 0,6012 0,5712 0,8892 0,0000 y=0,432+x(0,220)
LMs$w -0,0527 0,0028 -0,4053 0,3135 0,7819 -
d dy
Stopien rozlozystosci korony 7/ Crown spread e
BMsw 0,3533 0,1248 -0,0080 0,6330 0,0555 -
LMséw 0,2556 0,0653 -0,1153 0,5640 0,1728 -

d d
Stopien splaszczenia korony l_k/ Crown flattened ——
k k

BMsw -0,1373 0,0189 -0,4741 0,2346 0,4693 -
LMsw 0,2161 0,0467 -0,1564 0,5347 0,2515 -

Powierzchnia rzutu korony p, / Crown projection area p,,

BMsw 0,9149 0,8370 0,8250 0,9596 0,0000 y=0,345+x(0,546)
LMsw 0,7679 0,5896 0,5635 0,8837 0,0000 y=0,064-+x(0,158)
Przestrzen pojedynczego drzewa ppd / Single tree space ppd
BMsw 0,9170 0,8408 0,8291 0,9606 0,0000 y=0,777+x(1,016)
LMsw 0,8468 0,7170 0,7001 0,9249 0,0000 y=0,082+x(0,169)
Procent wykorzystania jednostkowego pola pwjp / Percentage use of a unit area pwjp

BMsw 0,9146 0,8365 0,8245 0,9595 0,0000 y=-14,172+x(22,419)

LMsw 0,7685 0,5906 0,5645 0,8840 0,0000 y=-2,388+x(6,088)
Swieza masa li§ci $ml / Leaves wet biomass sm/

BMsw 0,8722 0,7607 0,7465 0,9378 0.0000 y=-89,167+x(120,467)

LMs$w 0,6752 0,4558 0,4101 0,8350 0,0001 y=-3,993+x(13,226)
Sucha masa li$ci sm/ / Leaves dry biomass sm/

BMsw 0,8805 0,7752 0,7619 0,9419 0,0000 y=-32,235+x(44,550)

LMs$w 0,6412 0,4111 0,3591 0,8160 0,0002 y=-1,515+x(5,489)

7 — wspolczynnik korelacji / correlation coefficient, 72 — wspélezynnik determinacji / coefficient of determination, p — poziom / value
BMs$w — fresh mixed coniferous forest, LM$w — fresh mixed deciduous forest



A. Klepacki / Lesne Prace Badawcze, 2017, Vol. 78 (2): 171-178 177

brodawkowatej rosngcej na uprawiec BMs$w jest blisko dwa
razy wigksza od brzozy brodawkowatej rosnacej na siedlisku
LMSsw. Przyczyn tej réznicy mozna upatrywac¢ w tym, iz na
zyzniejszym siedlisku wystepuje wigksza liczba roslin ziel-
nych, mogacych konkurowa¢ o przestrzen do wzrostu oraz
o sktadniki pokarmowe z brzoza brodawkowata, zwlaszcza
w pierwszych latach od zatozenia uprawy. Obserwacje te na-
lezatoby potwierdzi¢ dodatkowymi badaniami. W badaniach
Szymanskiego (1982) brzoza brodawkowata na siedlisku
BMs$w osiggneta w wieku 4 lat przecietng wysokos¢ 2,04 m.
Podobne wyniki przedstawit Dengler dla brzozy brodawko-
watej rosngcej w Szwajcarii oraz Pogrebnjak dla brzozy bro-
dawkowatej na Ukrainie (za Jaworskim 2004).

. : l . .
Srednia wzgledna dtlugos¢ korony (ﬁk), wyrazajaca udzial

korony w ogoblnej wysokosci brzozy brodawkowatej, rosng-
cej w warunkach LM$w, wynosi 0,55. Oznacza to, ze 55%
wysokos$ci catego drzewa stanowi korona. Taki sam wynik
wykazat Badoux (za Assmannem 1968), badajac korony buka
zwyczajnego. Najwickszy s$redni procent udziatu korony
w calej wysokosci drzewa osiagnety brzozy rosngce na sie-
dlisku BMs$w — 73%. Podobny wynik otrzymat Bijak (2013)
dla jodly kaukaskiej (Abies nordmanniana) rosnacej na tere-
nie Le$nego Zaktadu Do§wiadczalnego SGGW w Rogowie.
Badania jakie przeprowadzili na jodle pospolitej Jaworski
i in. (1995) pokazuja, ze dlugos$¢ korony istotnie wpltywa
na przyrost grubosci pnia. Cechy morfologiczne korony, jej
ksztatt i budowa mogg by¢ wskaznikiem mozliwos$ci produk-
cyjnych drzewa (Jaworski 2004). Kulminacja przyrostu pedu,
bedacego przedluzeniem osi pnia (zatem wplywajacego bez-
posrednio na wysoko$¢ drzewa), ma miejsce pomiedzy 5
a 10 rokiem zycia brzozy brodawkowatej. Ten okres rozwoju
korony nazwany jest faza mtodociang (eksploracji). W tym
okresie korona dynamicznie rozwija si¢, zajmujac coraz
wickszg powierzchni¢ (Dmyterko, Bruchwald 2000). Otrzy-
mane wyniki nalezy potraktowaé jako wyjsciowe, zatem
uzasadnione wydaje si¢ kontynuowanie badan na drzewach
probnych w przysztych latach.

Pomiar wysokosci drzew jest stosunkowo latwy, zatem
poszukiwanie zalezno$ci pomigdzy wysokoscig a innymi
trudniej mierzalnymi cechami jest zasadne. Korelacja po-
miedzy wysokoscig (/) a dtugoscig korony (/,) na siedlisku
LMs$w wyniosta 0,7735. Podobny zwigzek otrzymali Turski
i in. (2012) dla sosny zwyczajnej nalezacej do I-III Klasy
Krafta w IV klasie wieku. Natomiast na siedlisku BMsw za-
leznos¢ ta dla brzozy brodawkowatej byla silniejsza i wynio-
sta 0,9858. Oznacza to, ze dlugos¢ korony (/) zalezy w 99%
od wysokosci drzewa (h). Wspotczynnik korelacji pomiedzy
wysokoS$cig drzewa (h) a przestrzenig pojedynczego drzewa
(ppd) wynidst 0,9170 na BMsw oraz 0,8468 na LMsw. Sa
to silniejsze zaleznosci niz wykazata Kazmierczak (2010,
2012) dla 50-letniej i 35-letniej sosny zwyczajnej. Wykazano
réwniez zalezno$¢ pomigdzy wysokos$cia drzew (%) a pozo-
statymi cechami korony oraz miarami przestrzeni wzrostu.
Zalezno$¢ pomiedzy wysoko$cia (/) a stopniem roztozy-

stosci korony (Tk)’ stopniem sptaszczenia korony (l_k) (na
k

BMs$w i LMS$w), wysoko$cig osadzenia korony (%) (na
. l .
BMs$w) oraz wzgledna dlugoscia korony (Fk) (na LM$w) nie

jest istotna statystycznie.

Korelacj¢ pomigedzy smuktoscia a wysokoscig 30-letniej
niepielegnowanej brzozy brodawkowatej rosngcej w warun-
kach BMséw badali Korzeniewicziin. (2016), przy czym wspot-
czynnik korelacji liniowej nie byt istotny i wyniost -0,0946.

5. Whnioski

1. W badaniach wykazano, ze brzoza brodawkowata na
siedlisku BM$w cechuje si¢ szybszym wzrostem niz na sie-
dlisku LMsw.

2. Istnieje istotna dodatnia korelacja pomigdzy wysokoscia
drzew a szeroko$cig korony oraz jej dlugos$cia, zatem spodzie-
wac si¢ mozna, ze drzewa rosnace szybciej na wysokos$¢ osia-
gna wigksze rozmiary koron i szybciej wejda w faze mtodnika.

3. W planowaniu termindéw zabiegéw hodowlanych i ochron-
nych powinno si¢ uwzglednia¢ wysoko$¢ drzew i zwigzane z nig
istotne zaleznosci dotyczace cech morfologicznych korony.

4. Korelacje pomigdzy wysokoscia a cechami korony
moga postuzy¢ do oceny produkcyjnosci miodej brzozy
brodawkowatej.

Konflikt interesow

Autor deklaruje brak potencjalnych konfliktow.

Zrodlo finansowania

Badania sfinansowano ze $rodkéw wilasnych.

Literatura

Assmann E. 1968. Nauka o produkcyjnosci lasu. Panstwowe Wy-
dawnictwo Rolnicze i Le$ne, Warszawa, 628 s.

Bijak Sz. 2013. Powigzanie przyrostu radialnego obcych i rodzi-
mych gatunkow drzew w LZD Rogdéw z wybranymi parametra-
mi korony. Sylwan 157(4): 278-287.

Bronisz K., Bronisz A., Zasada M., Bijak Sz., Wojtan R., Tomusiak
R., Dudek A., Michalak K., Wréblewski L. 2009. Biomasa apa-
ratu asymilacyjnego w drzewostanach sosnowych zachodniej
Polski. Sylwan 153(11): 758-767.

Bruchwald A., Dmyterko E. 2001. Rozw¢j ugalt¢zienia w koronie
mlodej brzozy brodawkowatej (Betula pendula Roth.). Sylwan
145(12): 19-28.

Burger H. 1939. Kronenaufbau gleichaltriger Nadelholzbestinde
Mitteilungen der Schweizerischen Anstalt fiir das Forstliche
Versuchswesen 21: 5-58.

Crecente-Campo F., Alvarez-Gonzalez J.G., Castedo-Dorado F.,
Gomez-Garcia E., Diéguez-Aranda U. 2013. Development of
crown profile models for Pinus pinaster Ait. and Pinus sylve-
stris L. in northwestern Spain. Forestry 86(7): 481-491. DOI
10.1093/forestry/cpt019.

Dmyterko E., Bruchwald A. 2000. Rozwdj korony brzozy brodaw-
kowatej (Betula pendula Roth.). Sylwan 144(1): 11-17.



178 A. Klepacki / Lesne Prace Badawcze, 2017, Vol. 78 (2): 171-178

Dmyterko E., Bruchwald A., 2005. Charakterystyka pedu gldwnego
dojrzalej brzozy brodawkowatej (Betula pendula Roth.). Sylwan
149(8): 3-9.

Dmyterko E., Bruchwald A. 2010. Model rozwoju pedu wierzchol-
kowego i jego ugalezienia u dojrzalej brzozy omszonej (Betula
pubescens Ehrh.). Lesne Prace Badawcze 71(1): 21-28. DOI
10.2478/v10111-009-0045-7.

Drobyshev 1., Linderson H., Sonneson K. 2007. Relationship be-
tween crown condition and tree diameter growth in southern
Swedish oaks. Environmental Monitoring and Assessment 128:
61-73. DOI 10.1007/s10661-006-9415-2.

Grochowski J. 1973. Dendrometria. Pafnistwowe Wydawnictwo Rol-
nicze i Lesne, Warszawa, 594 s.

Jaszczak R. 1998. Crown length of standing trees in pine stands.
Forestry 1: 21-29.

Jaworski A. 2004. Podstawy przyrostowe i ekologiczne odnawiania
oraz pielggnacji drzewostanow. Panstwowe Wydawnictwo Rol-
nicze i Lesne, Warszawa, 375 s., ISBN 9788309017752.

Jaworski A., Karczmarski J., Pach M., Skrzyszewski J., Szar J.
1995. Ocena zywotno$ci drzewostanow jodlowych w oparciu
o cechy biomorfologiczne koron i przyrost promienia piersnicy.
Acta Agraria et Silvestria. Series Silvestris 33: 115-131.

Kazmierczak K. 2009. Wybrane miary przestrzeni wzrostu pojedyn-
czego drzewa w bliskor¢gbnym drzewostanie sosnowym. Sylwan
153(5): 298-03.

Kazmierczak K. 2010. Ksztaltowanie si¢ wybranych cech przestrze-
ni wzrostu pojedynczego drzewa w 50-letnim drzewostanie so-
snowym. Sylwan 154(4): 267-274.

Kazmierczak K. 2012. Przestrzen wzrostu sosny w 35-letnim drze-
wostanie na przykladzie wybranych miar przestrzeni wzrostu
pojedynczego drzewa. Sylwan 156(4): 280-286.

Kazmierczak K., Pazdrowski W., Nawrot M., Szymanski M. 2010.
Przestrzen pojedynczego drzewa w drzewostanie panujacym
w zaleznosci od wieku oraz typu siedliskowego lasu na przy-
ktadzie modrzewia (Larix decidua Mill.). Sylwan 154(11):
764-772.

Kazmierczak K., Stosik M. 2008. Analiza wybranych cech prze-
strzeni wzrostu pojedynczego drzewa na przykladzie 135-let-
niego drzewostanu dgbowego. Sylwan 152(2): 3-9.

Kazmierczak K., Zawieja B. 2016. Tree crown size a measure of
tree biosocial position in 135-year-old oak (Quercus L.) stand.
Folia Forestalia Polonica. Seria A 58(1): 31-42. DOI 10.1515/
ffp-2016-0004.

de Kort I., Baas P. 1997. Ring width patterns of Douglas fir in rela-
tion to crown vitality and age. IAWA Journal 18(1): 53-67.

Korzeniewicz R., Borzyszkowski W., Szmyt J., Kazmierczak K.
2016. Smuktos¢ 30-letniego niepielggnowanego drzewostanu

brzozy brodawkowatej (Betula pendula Roth.). ACTA Scientia-
rum Polonorum. Silvarum Colendarum Ratio et Industria Li-
gnaria 15(2): 79-86.

Lemke J. 1966. Korona jako kryterium oceny dynamiki wzrostowe;j
drzew w drzewostanie sosnowym. Folia Forestalia Polonica.
Seria A 12: 185-236.

Lemke J. 1968. Zwiazek pomiedzy wielkoscig korony a przyrostem
drzew w drzewostanach sosnowych. Prace Komisji Nauk Rolni-
czych i Komisji Nauk Lesnych. Poznanskie Towarzystwo Przyja-
ciot Nauk 25: 1-48.

Lemke J. 1971. Przydatno$¢ korony i wysokosci drzew do szaco-
wania ich wiasciwosci przyrostowych w drzewostanach so-
snowych II i Il klasy wieku. Prace Komisji Nauk Rolniczych
i Komisji Nauk Lesnych. Poznanskie Towarzystwo Przyjaciot
Nauk 32: 73-87.

Mis R., Sugiero D. 2004. Jednostkowe pole i przestrzen drzew mlo-
dego pokolenia w dwugeneracyjnej buczynie karpackiej. 4ACTA
Scientiarum Polonorum Silvarum Colendarum Ratio et Indu-
stria Lignaria 3(1): 25-39.

Pretzsch H. 2014. Canopy space filling and tree crown morphology
in mixed-species stands compared with monocultures. Forest
Ecology and Management 327(9): 251-264. DOI 10.1016/j.
foreco.2014.04.027.

PUL 2013. Plan urzadzenia lasu dla Nadlesnictwa Etk. RDLP,
Biatystok.

Shapiro S., Wilk M. 1965. An analysis of variance test for normality
(complete samples). Biometrika 52(3—4): 591-611.

Szymanski S. 1982. Wzrost niektorych gatunkéw drzew lesnych
w pierwszych 10 latach Zycia na siedlisku boru mieszanego
swiezego. Sylwan 126(7): 11-29.

Turski M., Beker C., Jaszczak R. 2015. Wydajno$¢ aparatu asymi-
lacyjnego sosny zwyczajnej (Pinus Sylvestris L.) ré6znych klas
wieku. Sylwan 159(1): 36-44.

Turski M., Jaszczak R., Deus R. 2012. Wybrane charakterystyki
koron drzew i ich zwigzek z pier§nicg oraz wysokoscia. Sylwan
156(5): 369-378.

Wigckowska B. 2010. Podrgcznik Uzytkowania — PQStat 2010-
2016 http://download.pgstat.pl/Dokumentacja.pdf [19.02.2017].

Zielony R., Kliczkowska A. 2012. Regionalizacja przyrodniczo-le-
$na Polski 2010. Centrum Informacyjne Laséw Pafistwowych,
Warszawa, 356 s. ISBN 978-83-61633-62-4.

Zybura H. 1977. Diugo$¢ koron drzew w drzewostanach sosno-
wych. Sylwan 121(1): 1-12.

Zybura H. 1987. Relation of the crow length of pine trees to the
age and site quality of stand and to the biosocial structure of
trees. Annals of Warsaw Agricultural University SGGW—AR 36:
61-68.


http://porownywarka.interia.pl/ceny-ekologia/produkt:isbn%209788309017752.html
https://doi.org/10.1515/ffp-2016-0004
https://doi.org/10.1515/ffp-2016-0004
https://doi.org/10.1016/j.foreco.2014.04.027
https://doi.org/10.1016/j.foreco.2014.04.027
http://download.pqstat.pl/Dokumentacja.pdf

DOI: 10.1515/frp-2017-0019
Available online: www.lesne-prace-badawcze.pl

ORIGINAL RESEARCH ARTICLE

Le$ne Prace Badawcze / Forest Research Papers
Czerwiec / June 2017, Vol. 78 (2): 171-178

e-ISSN 2082-8926

The relationship between height and crown characteristics of four-year-old
common birch (Betula pendula Roth)

Adam Klepacki
Etk Forest District, Mrozy Wielkie 21, 19-300 Etk, Poland
Tel. +48 87 6202513, fax +48 87 6202513 wew. 210, e-mail: adam.klepacki@bialystok.lasy.gov.pl

Abstract. This paper presents the results of an analysis on characteristics of birch crowns (Betula pendula Roth) in relation to
measures of the growth space occupied by a single tree at a young age. It also presents the relationships between the seedling
height and certain crown characteristics.

The study focused on four-year-old common birches growing in four different areas in the Elk Forest District in either fresh
mixed coniferous or broadleaved forest. The measurements conducted on the chosen trees were used to calculate their crown cha-
racteristics such as crown diameter, length, height to the crown base, relative length and spread. They were also used to determine
the growth characteristics of a single tree’s growth space, such as the crown area projected onto the ground, single tree space and
the percentage use of unit area. Furthermore, fresh and dry leaf mass was determined.

The birches growing in the fresh mixed coniferous forest reached an average height of 1.30 m, whereas in the fresh mixed
broadleaved forest, the height of the trees was lower and amounted to 0.67 m. 95% of the trees had crown diameters of 0.57 m to
0.74 m in the fresh mixed coniferous forest, but only 0.19 m to 0.25 m in the fresh mixed broadleaved forest. The average lengths
of the crowns in the fresh mixed coniferous and broadleaved forests amounted to 0.97 m and 0.37 m respectively.

The author shows that there is a statistically significant correlation between the seedling height and the other examined charac-
teristics. The best correlation was found between the height and the length of the crown (r = 0.9858) for birches growing in the
fresh mixed coniferous forest and between the height and single tree space (r = 0.8468) for birches growing in the fresh mixed

broadleaved forest.

Keywords: tree height, crown width, crown length, growth space, common birch, forest culture

1. Introduction

Structure and shape of the tree crown is the interest of
study fields, such as dendrology, forest productivity and
forest cultivation. Growth of the tree and its increments are
highly based on the size of crown and its assimilatory appa-
ratus, which has an effect on the scale and effectiveness of
the assimilation process. Tree crowns of the particular species
can vary in light dependency and requirement for nutrients as
well as susceptibility to stress intensity. For instance, Burger
(1939) who investigated the shape, structure and the size of
tree crowns conceived a tree crown model of the spruce tree
(Picea abies (L.) H. Karst). The model was divided into ex-
terior part with the assimilatory apparatus and the tree crown

core without leaves. Burger also distinguished two types of
canopies intertwined together into one: the tree crown that can
cope in harsh bright light conditions and the tree crown that
can manage in the poor light conditions. Another researcher,
Assmann (1968), described the tree structure based on fac-
tors such as length and girth proportions to the tree height and
the involvement of two tree crown types in the whole canopy
structure. Moreover, Crecente-Campo et al. (2013) construct-
ed a model for two pine trees (Pinus pinaster Aiton and Pinus
sylvestris L.) growing in the northwest Spain. Lemke (1966,
1968, 1971) worked on the usefulness of the tree crown as
a criterion that can determine the growth dynamics of the
pine tree stands. The author proved that the maximal size of
tree crown is reached at the age of 20 years by conceptual-
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ising the dependence of annual increment volume to the ton
of fresh coniferous leaves. The research shown that after the
age of 20 years, the increment growth is steadily declining.
The relations between tree crown health and girth of the tree
increments was analysed, on the one hand, on Douglas fir
(Pseudotsuga menziesii Carriere) in Netherlands by Kort and
Baas (1997); on the other hand, the research was conducted
on common oak and hornbeam in Sweden by Drobyshev et al.
(2007). In both the studies, the connection between tree crown
health and the growth of the year increments was observed.
The highest increment was observed in case of trees that were
healthy and had well-developed tree crown. The lowest was
present in trees with reduced assimilatory apparatus. Research
on the tree crown length of common pine (Zybura et al. 1977;
Jaszczak et al. 1998) was conducted to determine the connec-
tion between the tree crown length and tree age as well as bio-
social position (Zybura 1987). It proved that the growth of the
crown’s length occurs with the age and bonitation of the tree
stand and bonitation time reduction is intertwined with the
decline in the biosocial position. Turski and coauthors (2012)
conducted analysis of the size of particular values of the pine
tree crown of different ages in biosocial classes that establish
existing tree stand and its connection with tree diameter and
height. Additional to the pine crown research is analysis of
the assimilatory apparatus efficiency that is broadened by the
correlation between its efficiency and diameter, height and
size of the tree (Turski et al. 2015). Bronisz and coauthors
(2009) compared different types in order to define dry and
fresh biomass of the assimilatory apparatus belonging to the
pine tree stands. They distinguished three factors, which are
forest habitat type, tree age and location of the researched tree
stands. These factors have to be taken under consideration to
precisely evaluate the tree biomass and their components by
using empirical patterns. Radial increment correlation of na-
tive and alien trees of the particular crown parameters was
done by Bijak (2013). On the one hand, he proved that there is
an important correlation between the diameter increment and
the crown length and girth in case of grand fir (4bies grandis
Lindl.) or Caucasian fir (4bies normanniana (Steven) Spach).
On one hand, research on the morphology of canopies in tree
stands with multiple species in comparison with those with
single species was conducted by Pretzsch (2014). On the
other hand, the definition for the area required by single tree
was developed by Mi$ and Sugiero (2004) and the percent-
age of the unitary area usage was proposed by Kazmierczak
and Stosik (2008). Particular measures of area required for
the trees to grow were analysed and determined in the pine
tree stands by Kazmierczak (2009, 2010, 2012) and in larch
tree stands by Kazmierczak and others (2010). The size of
crown was proposed as the biosocial measurement of trees
in the 135-year-old oak tree stand by Kazmierczak and Za-
wieja (2016). In turn, the growth of common birch bark was

undertaken by Dmyterko and Bruchwald (2000, 2005), who
distinguished and described three stages of the tree crown
development: youth phase, adult phase and elderly stage.
They defined the main shoot of the common birch tree which
empirical material was taken from 24 solid birch tree stands
varying in age from 32 to 60. Moreover, they described the
development of branching in the common birch crown based
on the measurement taken from the 6-year-old cultivation
(Dmyterko, Bruchwald 2001) and created a development
model for the appendix shoot of the adult moor birch and
its branching (Dmyterko, Bruchwald 2010). Dependencies
between smoothness of the unattended 30-year-old common
birch tree stand and selected crown traits of trees growing in
such tree stand were presented by Korzeniewicz et al. (2016).

The goal of the present work is to analyse particular char-
acteristics of tree crown and to find growth measurements re-
sponsible for space requirements for common birch in youth
stage and to examine the correlation between its height and
certain qualities of the crown. Four-year-old common birch
trees growing in two different forest habitats were examined
(from fresh mixed coniferous forest and fresh mixed decid-
uous forest) in Etk Forest District.

2. Methodology

The research was conducted on the cultivation in Etk Fo-
rest District (53°40'-54°00'N, 22°05'-22°48'E). Majority of
the Forest District area is located in the II Mazury — Podlasie
Region in the part of the Mesoregion of Etk, II. 6 (Zielony,
Kliczkowska 2012). The southwestern part lies in the Meso-
region of Mazurian Forests (II. 4), and the southern part lies
in the Mesoregion of Biebrzanska Valley (II. 13).

Forest cultivations were set up during spring 2014. Com-
mon birch was planted (Brz 2/0) from the seedbed schools
belonging to the Etk Forest District of two habitat forests (co-
niferous mixed fresh forest and deciduous mixed fresh forest).
Areas for the cultivation were adequately prepared for so-
wing. The areas were ploughed and the framing on each area
was estimated on 1.4 m x 1.8 m. On the one hand, cultivation
set on the coniferous mixed fresh zone is intensely characte-
rised by the presence of the rust-coloured proper soil proces-
sed from the volatile sands. On the other hand, the deciduous
mixed fresh forest habitat had rust-brown soils derived from
the poorly clay sands, volatile sands and gravel (ps/pl, ps/uz)
(PUL 2013). Research areas of around 243-280 m? were esta-
blished on four cultivations ranging from 100 to 108 common
birch trees. The altitude for the cultivations was similar and
estimated to be about 132—-147 m. In July 2015, the trees were
numerated and, afterwards, their diameter was measured at
the root neck position using devices (dsz) in two directions
(N-S and E-W) with rounding to 0.001 m. The average from
the conducted measurements was taken for the root neck dia-



A. Klepacki / Le$ne Prace Badawcze, 2017, Vol. 78 (2): 171-178 173

Table 1. Statistical characteristics of tree height (hp) and tree diam-
eter of root collar of 4-year-old common birch trees in sample plots
on the selected forest habitats

Habitat N BMsw LMsw
[pes.] 203 214
d d

Biml e R e
Mean 1.19 1.16 0.69 0.52
Standard deviation S, 0.31 0.41 0.20 0.16
coefficient of variation V' 0.26 0.36 0.30 0.32
Significance -95% 1.14 1.10 0.66 0.50
Significance +95% 1.23 1.21 0.72 0.54
Minimum 0.43 0.30 0.24 0.10
Maximum 2.07 245 1.51 1.00
Skewness A 0.06 0.39 0.64 0.28

BMs$w — fresh mixed coniferous forest, LM$w — fresh mixed deciduous forest

meter. Subsequently, the height of all trees was measured (hp)
with precision to 0.01 m. In Table 1, the statistical characteri-
stics of the trees growing on the research areas accordingly to
the forest habitat type are given.

Fifteen model trees were chosen from each area accordin-
gly to the Draudt method (Grochowski 1973). These trees
represent the full scale of diversity of the root neck (tree he-
ight has been taken under consideration). At the end of July,
transparent nets were put on the tree canopies to determine
the date of leaves falling. The beginning of this process was
a signal for collecting leaves from the other trees that were
previously examined and measured in September and at the
start of October. When vegetation season was over, the he-
ight was measured again (h) with the accuracy to 0.001 m.
This height was estimated as the final height that will be
used in order to calculate the correlation of height with other
crown characteristics. The height embedment for the crown
(h,,), which was measured to the first living branch of the
dense crown with accuracy to 0.01 m, as well as the crown
section, which was measured by conducting four vertical
sections accordingly to the four directions (South, North,
West and East), were measured. Model trees measurements
were used to calculate the following characteristics:

d,[m] — the tree crown girth. It is the average of the mea-
surements from the West—East and North—South directions.

[, [m] — the tree crown length. It is the difference between
the tree height and the crown base height.

I, [m]

—relative length of tree crown. It is the ratio of the
h [m]
tree length to the height

d, [m]

p — the degree of the tree crown spread (rate of the
[m]
crown declination). It is the ratio of the tree girth to the height.
d, [m]

k

— the degree of the tree crown flattening. It is the
[, [m]

ratio of the tree girth to the length.

p, [m?] — the crown area projected onto the ground. It is
the surface circle area with the radius equal to half of the
crown girth.

ppd [m?] — the area of single tree growth space. It is the
product of the crown’s section area and tree height.

pwip [%] — the percentage use of the unit surface area.
This is the crown surface area projected onto the ground in
unit area percentage. It is also the unit surface area value
of the trees (the product of researched cultivation and trees
surfaces areas).

sml [kg] —the fresh leaves weight evaluated after collecting.

sml [kg] — the dry leaves weight represented as the prod-
uct of sml, % 10 (sml  is calculated based on the randomly
chosen leaves that constitute 10% of fresh leaves).

The tree height, chosen crown characteristics as well as gro-
wth space measurements were defined by using description
statistics. The distribution was assessed, thanks to the Shapiro—
Wilk experimental method (Shapiro, Wilk 1965). This experi-
mental method is dedicated to few trials and is characterised
by relatively high results what proves no normal distribution
(Wigckowska 2010-2016). The strength of a link between the
height, certain crown characteristics and growth space measure-
ments was determined using linear Pearson correlation method.

NN  HC [T N

\/E?:l(xi_i)z Z?:l(Yi_y)z

gdzie: kolejne cechy X'i Y; X, y — §rednie z wartosci X1 Y;
n — liczebno$¢ proby.
where x, y, is the following characteristic of X and Y, respec-
tively; X, y is the average values of X and Y, respectively; n
is the sample strength

The salience experimental method for the Pearson cor-
relation factor was based on the trail statistics that has the
distribution of Student’s t-test with two degrees of latitude
and has the following pattern:

t=r/SE, where SE=N1—-r*/n-2,

Defined on experimental statistics, variable p was compa-
red on the salience level.

PQStat v. 1.6.4. (Wigckowska 2010-2016) software was
used for the statistical calculations of the trees height, parti-
cular crown characteristics and growth space measurements
of the 4-year-old common birch tree.
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Table 2. Statistical characteristics of sample trees in 4-year-old common birch growing in the selected habitat and testing of normal

distribution of analyzed traits

Measure h h, d, [ i ﬂ ﬂ D, ppd  pwjp  sml sml
[m]  [m]  [m] [m] h h i [ [m]  [%]  [kg]  [kg]

Habitat (pcs.) N BMsw (30)

Mean x 130 033 066 097 0.73 049 068 038 057 1550 0.68 0.26
Standard deviation S, 038 0.08 024 036 011 009 012 024 047 982 052 0.19
Coefficient of variation V' 029 025 036 037 015 019 0.18 063 083 0.63 077 074
Minimum 0.61 004 020 028 046 033 045 0.03 0.02 128 009 0.03
Maximum 205 042 112 174 094 071 098 099 2.02 4054 196 0.73
Shapiro-Wilk test for normality p-value 0.88 0.00 0.33 0.78 0.06 0.63 0.83 0.18 0.01 0.18 0.01 0.01 Habitat (pcs.) N LMs$w (30)

Mean x 0.67 031 022 037 055 032 061 004 0.03 172 005 0.02
Standard deviation S, 0.15 0.10 0.09 0.11 0.11 010 022 003 0.03 123 004 0.02
Coefficient of variation V' 023 032 039 031 021 030 036 074 095 071 075 075
Minimum 037 0.09 0.04 0.17 035 007 021 0.00 0.00 0.04 001 0.004
Maximum 1.17 045 039 074 076 047 109 0.12 013 452 020 0.09

Shapiro-Wilk test for normality p-value 0.07 0.17 0.51 0.07 0.53 0.32 0.99 0.01 0.00 0.02 0.00 0.00 BMs$w — fresh mixed coniferous forest,

LMs$w — fresh mixed deciduous forest

3. Results

Statistical characteristics of the model trees are repre-
sented in Table 2. Common birch trees growing in the fresh
mixed coniferous forest at the age of 4 years reached the av-
erage height of 1.30 m. The variation coefficient amounted
to 29%. The height-to-span ratio for the model trees on the
fresh mixed coniferous forest varied from 0.61 to 2.05 m. It
has been found that 95% of trees ranged between 1.16 and
1.44 m in height. The average crown length amounted to
0.97 m, whilst its girth 0.66 m. Four-year-old common birch
trees growing in the fresh mixed deciduous forest reached
the average height of 0.67 m. The estimated 95% of trees
ranged between 0.62 and 0.73 m in height. The variation
coefficient amounted to 23%. The same amount of trees
(95%) in the fresh mixed deciduous forest had their crown
girth ranging from 0.19 to 0.25 m, whereas the length rang-
es from 0.32 to 0.41 m. The distribution of the examined
characteristics was very similar to the normal distribution
with only difference being present in the fresh leaves weight
($ml), dry leaves weight (sml) and the growth space of the
single tree (ppd) on the mixed fresh coniferous and decidu-
ous habitats. Moreover, in mixed fresh habitat conditions,
distribution of the height embedment of the crown (4 ) for
model trees were different significantly from the normal dis-
tribution. It was alike for the area of the crown projected

onto the ground section (p,) and percentage use of the unit
surface area (pwjp) for the mixed fresh deciduous habitat.)
Pearson linear correlations between the height and se-
lected crown characteristics as well as growth space mea-
surements are indicated in Table 3. The strongest link for
tree height () and crown length (/,) occurred at the mixed
fresh coniferous habitat and the correlation factor amounted
to 0.9858. At the mixed fresh deciduous habitat, the correla-
tion factor was r=0.8468 (with inclusion of single tree space
(ppd)). The link between 4 and characteristics such as crown
girth (d) (BMsw r=0.8968 LMs$w r=0.7611) and project-
ed crown area onto the ground (p,) (BMs$w 7=0.9149 LMsw
r=0.7679) is highly statistically important for the trees grow-
ing in both the habitat types of forest (Figures 1-6).
Relation between the height of trees (%) and the height
embedment of the crown (%) (+=0.7493), degree of the

d
crown spread (Tk) (=0.3533) and the degree of the tree crown
flattening (l_k) (r = -0.1373). There are some statistically insi-
k

gnificant numbers in case of common birch trees growing in
the mixed fresh coniferous habitat. Statistically insignificant re-
lation was found for height (%) and relative length of tree crown

l d
(ﬁk) (r=-0.0527), degree of the crown spread (Tk) (r=0.2556)
d
and the degree of the tree crown flattening (l_k) (r=0.2161) for
K

the trees growing in the mixed fresh deciduous habitat.
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Figure 1. Pearson product-moment correlation coefficient between
height (k) and crown diameter of 4-year-old common birch sample
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Figure 3. Pearson product-moment correlation coefficient between
height (%) and crown length (/,) of 4-year-old common birch sample
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Figure 2. Pearson product-moment correlation coefficient between
height (%) and crown diameter of 4-year-old common birch sample
trees growing in LM$w habitat
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Figure 4. Pearson product-moment correlation coefficient between
height (#) and crown length (/,) of 4-year-old common birch sample
trees growing in LM$w habitat
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Figure 6. Pearson product-moment correlation coefficient between
height and (%) crown projection area (p,), of 4-year-old common
birch sample trees growing in LM$w habitat
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Table 3. The relationship between height (%) and selected crown characteristics and measures of the growth space of 4-year-old common birch

r r Slgri19ﬁ5((:)znce Slg219ﬁ5<(:]2nce p Linear equation
Height to the crown base (h,,)
BMsw 0.0493 0.0024 -0.3231 0.4084 0.7996 -
LMséw 0.6839 0.4677 0.4294 0.8377 0.0000 y=0.014+x(0.434)
Crown diameter d,
BMsw 0.8968 0.8042 0.7925 0.9501 0.0000 y=0.082+x(0.567)
LMsw 0.7611 0.5793 0.5523 0.8801 0.0000 y=0.068+x(0.428)
Crown length /,
BMsw 0.9858 0.9719 0.9697 0.9934 0.0000 y=0.326+x(0.992)
LMsw 0.7735 0.5984 0.5729 0.8867 0.0000 y=0.014+x(0.566)
Relative crown length _hk
BMsw 0.7754 0.6012 0.5712 0.8892 0.0000 y=0.432+x(0.220)
LMsw -0.0527 0.0028 -0.4053 0.3135 0.7819 -
dk
Crown spread —
BMsw 0.3533 0.1248 -0.0080 0.6330 0.0555 -
LMsw 0.2556 0.0653 -0.1153 0.5640 0.1728 -
dk
Crown flattened —
k
BMsw -0.1373 0.0189 -0.4741 0.2346 0.4693 -
LMsw 0.2161 0.0467 -0.1564 0.5347 0.2515 -
Crown projection area p,
BMs$w 0.9149 0.8370 0.8250 0.9596 0.0000 y=0.345+x(0.546)
LMsw 0.7679 0.5896 0.5635 0.8837 0.0000 y=0.064+x(0.158)
Single tree space ppd
BMsw 0.9170 0.8408 0.8291 0.9606 0.0000 y=0.777+x(1.016)
LMsw 0.8468 0.7170 0.7001 0.9249 0.0000 y=0.082+x(0.169)
Percentage use of a unit area pwjp
BMs$w 0.9146 0.8365 0.8245 0.9595 0.0000 y=-14.172+x(22.419)
LMsw 0.7685 0.5906 0.5645 0.8840 0.0000 y=-2.388+x(6.088)
Leaves wet biomass sm/

BMs$w 0.8722 0.7607 0.7465 0.9378 0.0000 y=-89.167+x(120.467)
LMs$w 0.6752 0.4558 0.4101 0.8350 0.0001 =-3.993+x(13.226)
Leaves dry biomass sm/

BMsw 0.8805 0.7752 0.7619 0.9419 0.0000 y=-32.235+x(44.550)
LMsw 0.6412 04111 0.3591 0.8160 0.0002 y=-1.515+x(5.489)

r — correlation coefficient, 7* — coefficient of determination, p — value
BMs$w — fresh mixed coniferous forest, LM$w — fresh mixed deciduous forest
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4. Summary and discussion

Selection of the trees is fundamental for the forest cultiva-
tion and proper blending; therefore, it is advisable to be aware
of the given trees growth, especially in the cultivation phases.
The trees height is determined by the decision management
for the date of maintenance procedures and forest preservation
treatments, for example, protecting young trees from animals
(Jaworski 2004). The average height (%) of the common birch
tree growing in the cultivation in the mixed fresh coniferous
habitat is almost twice as big as that of the common birch tree
from the cultivation planted on mixed fresh deciduous habi-
tat. The reason for this difference can be a more fertile habi-
tat where a higher number of plants are present. Other plants
compete with the common birch trees for the growth space and
nutrients, especially in the first years since the cultivation was
set up. These kinds of observations require additional confir-
mation through research. Studies conducted by Szymanski in
1982 show that common birch tree growing on the mixed fresh
coniferous habitat reached the average height of 2.04 m at the
age of 4 years. Similar results for the common birch trees were
presented by Dengler in Switzerland as well as Pogrebnjak who
did research on common birch trees in Ukraine.

The average relative length for the common birch tree ( )

which indicates the share of tree crown in the overall helght
of a silver tree growing in the mixed fresh deciduous habitat, is
0.55. It signifies that crown constitutes 55% of the whole tree
height. The exact same results were achieved by Badoux (after
Assmann 1968) who examined the crowns of common beech.
The highest average percentage share of the tree crown in the
overall tree height was reached by the common birch trees gro-
wing on the mixed fresh coniferous habitat — 73%. Similarly,
Bijak (2003) received approximate results for the Caucasian fir
(Abies nordmanniana) growing on the Forestry Experimental
Management premise in Rogoéw, which belongs to the Univer-
sity of Life Sciences in Warsaw. Research conducted on com-
mon fir by Jaworski and others in 1995 indicates that the tree
crown length seriously affects the girth increment. Tree crown
morphological characteristics — its shape and structure — may
be a reproductive indicator for the tree (Jaworski 2004). The
final stage for the shoot increment (the extension for the trunk
pivot which influences the tree height proximity) occurs be-
tween fifth and tenth year. This period of crown development
is named as the youth phase or exploration phase. During this
time, the tree crown grows rapidly, covering the space incre-
asingly (Dmyterko, Bruchwald 2000). Received results should
be treated as an output; therefore, it seems justifiable to carry on
the research on the sample trees in the following years.

It is relatively simple to measure the trees height; thus,
finding the correlation between height and other characteri-
stics that are more difficult to obtain is understandable. Cor-
relation between the tree height (%) and the tree crown length

(/) on the mixed fresh deciduous habitat was estimated at
0.7735. Very similar correlation has been drawn by Turski
et al. (2012), on the one hand, for the pine tree belonging to
the I-III Kraft class and IV class of age. On the other hand,
this particular correlation for the common birch tree growing
on the mixed fresh coniferous habitat was more vehement
and amounted to 0.9858. It implies that the tree crown length
(Z) is reliant on the tree height () about approximately 99%
of time. The correlation factor between the tree height (%) and
the growth space of a single tree (ppd) amounted to 0.9170 for
the mixed fresh coniferous habitat and 0.8468 for the mixed
fresh deciduous habitat. These relations are stronger than rela-
tions presented by Kazmierczak (2010, 2012) for the 50- and
35-year-old common pine trees. A correlation between tree’
length () and other characteristics of tree crown as well as
space growth measurements was proved. Relat1ons between

height (#) and the degree of the crown spread (—) the degree
of the crown flattening (—) (for both types of habltat) height
to the crow base () (for the mixed fresh coniferous habitat)
and the relative tree crown length (Z) (for mixed fresh deci-

duous habitat) are not statistically essential.

Correlation between smoothness and height of the 30-year
-old unattended common birch tree growing in the mixed
fresh coniferous habitat was analysed by Korzeniewicz et
al. (2016). The linear correlation factor was estimated to be
—0.0946 and deemed not important statistically.

5. Conclusions

The study has shown that common birch grows faster in
fresh mixed coniferous than in fresh mixed deciduous forest.

There is a significant positive correlation between the he-
ight of the trees and the width of the crown and its length, so
it can be expected that trees that grow faster will have bigger
crowns and reach the youth phase of growth earlier.

The timetable for breeding and protection should include
the height of the trees and related significant morphological
features of the crown.

Correlations between tree height and crown traits can be
used to determine the productivity of the young common
birch tree.
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