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Abstract. Artificial pruning of trees can improve wood quality as well as enhance timber value. Currently, pruning is quite common
when veneer timber or plywood, is in demand. Cutting off branches, however, creates open wounds in the form of knots, which
are exposed to infections. While the pruning of coniferous trees is well-studied, less research has been carried out on broadleaved
trees. The objective of this work was to determine 1) if the artificial pruning of oak can lead to decaying knots, 2) if so, how big
the decaying zone around the unsound knot is, and 3) how much time is needed for knot occlusion after artificial pruning. 13- and
16-year-old oak trees located in Northern Poland (Lidzbark Forest District) were used in this study and ten years after pruning,
sample trees were selected in order to determine if the knots were sound and how many years it had taken for each knot to be
overgrown. The results were compared with those of knots on trees caused by natural pruning. In total, 419 and 104 knots resulting
from artificial and natural pruning, respectively, were analysed. It was found that 95% of the artificially pruned knots had very
little decay showing an average of 1.13 cm of unsound knot zone. On the naturally pruned control trees, 98% of the knots were
unsound with nearly double the amount of knot decay zone. Additionally, the artificially pruned knots needed less than five years
to overgrow, while it took over eleven years to occlude the naturally pruned knots. Therefore, the artificial pruning of oak trees is
recommended, even though a very small decay zone may appear on the knots, because it takes half the time for these artificial knots

to be overgrown in comparison with unpruned trees.
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1. Wstep

Zabieg podkrzesywania stosowano juz na przetomie XVI
i XVII wieku w Japonii, a pierwszym krajem europejskim,
w ktorym pojawity si¢ wzmianki na ten temat bylo Krole-
stwo Anglii (Evelyn 1670). Od tamtego czasu ukazato si¢
wiele opracowan, instrukcji i zasad zmieniajacych si¢ i czg-
sto prezentujacych skrajnie rézne poglady (Giefing 1999).
W pewnych okresach zabieg ten cieszyt si¢ duzym zaintere-
sowaniem, badz przeciwnie, uwazano go za mato efektywny
(Leibundgut 1966; Pazdrowski 1992).

Pierwsze nienaukowe prace niemieckie o podkrzesywaniu
pochodza z roku 1713 (Carlovitz 1713), a pierwsza publika-
cj¢ o charakterze naukowym wydano w roku 1764 (Duhamel
du Monceau 1764). Dotyczyta ona wplywu podkrzesywania
drzew z zywych galezi na ich przyrost. Niemieccy lesnicy
publikowali swoje pierwsze wyniki badan nad podkrzesywa-

niem w formie prac naukowych dopiero okoto stu lat p6znie;.
Wykazywali w nich skutki przyrostowe podkrzesywania.
Na przyktad Heyer (1872) stwierdzil podwojny przyrost
swierkOw na poczatku okresu wegetacyjnego po wykonaniu
zabiegu.

Sugestie wielu praktykéw dotyczace rzekomo niekorzyst-
nego wpltywu podkrzesywania na drzewa sktonily Loreya
(1907), Lakariego (1920), Hilfa (1933) i Koehlera (1934) do
podjecia badan w celu zweryfikowania wygtaszanych pogla-
dow. Badania tych autorow wykazaty, iz moga powstawac
przebarwienia lub nawet zgnilizna drewna, rozchodzace si¢
od s¢kow pozostatych po usunietych zywych gateziach. Wy-
niki te przyczynily si¢ do zaniechania podkrzesywania drzew
z zywych galezi w wielu krajach, miedzy innymi w Polsce.
Jednak w kolejnych latach praca Mayer-Wegelin (1936) rzu-
cita nowe $wiatlo na zagadnienie wpltywu usuwania zywych
galezi na stan zdrowotny drzew. Po ponownym przebadaniu

Wplyneto: 14.02.2019 r., zrecenzowano: 21.02.2019 r., zaakceptowano: 13.03.2019 .

© 2019 P.S. Mederski et al.


https://orcid.org/0000-0003-3060-4422

6 P.S. Mederski et al. / Lesne Prace Badawcze, 2019, Vol. 80 (1): 5-11

$wierka, Paterson (1938) nie stwierdzit wyzej wspomnianych
wad wyniklych z podkrzesywania zywych gatezi. Podobnie
Romell (1940) uwazal, Ze nie ma potrzeby stosowania zakazu
usuwania zywych czesci koron drzew. W pdzniejszym okre-
sie podobne stwierdzenia wyrazali Krigul (1961) oraz Liicke
(1968), ktorzy uwazali, iz rany po okrzesaniu zywych galezi
sa zalewane zywica hamujacg infekcj¢ grzybow, a co za tym
idzie — rozwdj zgnilizny. Rowniez inni autorzy potwierdzali
spostrzezenia, iz po usunieciu gatezi infekcje nie wystepo-
waly lub pojawialy si¢ sporadycznie (Kramer 1962; Henman
1963; Pazdrowski 1985).

Istotny wplyw wieku podkrzesywanych drzew oraz jakosci
podkrzesywania zauwazyt ABman (1961). Stwierdzit on, iz
niebezpieczenstwo infekcji wzrasta w drzewostanach $rednich
1 starszych klas wieku, a takze gdy rany sa duze i zanieczysz-
czone. Niebezpieczenstwo infekcji okreslono jako szczegodlnie
duze w przypadku usuwania grubych, zywych galezi, w kto-
rych z duzym prawdopodobienstwem mozna oczekiwacé wy-
ksztatconej juz twardzieli (Giefing 1987). Z tego tez wzgledu
zalecano wykonanie zabiegu podkrzesania przed osiagnigciem
wieku kulminacji przyrostu drzew (Giefing 1999).

Najkorzystniejsze wydaje si¢ podkrzesywanie przed
osiaggnigciem przez drzewo 20 lat. Podobne stanowisko zajat
w 1930 roku Dudik (1930, za Giefingiem 1999), piszac, iz za-
bieg powinien by¢ wykonany w drzewostanach mtodszych,
w wieku nie wyzszym niz 25-30 lat. Z uwagi na kosztochton-
nos$¢ zabiegu oraz mozliwos$¢ obnizenia si¢ przyrostu, a tym
samym wydluzenie czasu zarastania, podkrzesywaniem
powinno si¢ obja¢ drzewostany na najlepszych siedliskach
(Zumer 1966; Giefing 1987). Nie jest ekonomicznie uzasad-
nione podkrzesywanie wszystkich drzew w drzewostanie. Do
wykonania zabiegu powinno si¢ przeznaczy¢ drzewa najlep-
sze, tzw. elit¢ drzewostanu (Szymanski 1991), a wigc 11 11
klas¢ Krafta. Podkrzesanie tych drzew, charakteryzujacych
si¢ z natury duza dynamika wzrostu, umozliwi z jednej stro-
ny szybki przyrost migzszosci strefy bezsecznej, z drugiej zas
uzyskanie najkrotszego, mozliwego do osiagnigcia w danym
drzewostanie czasu zarastania sekow.

Dla uzyskania dobrej zdrowotnosci drzew po zabiegu
waznym zagadnieniem sg jego aspekty techniczne, to znaczy
rodzaj uzytych narzedzi i wybor metody podkrzesywania.
Mimo iz podkrzesywanie uwaza si¢ za jeden z najstarszych
zabiegdw hodowlanych stosowanych w le$nictwie, to dopie-
ro okoto stu lat temu ukazaty si¢ pierwsze publikacje trak-
tujagce o wplywie narzedzi i metod na jako$¢ zabiegu (May
1889, 1890, 1891; Guillebaud 1933; Laar 1966).

W $lad za badaniami zmienialo si¢ podejScie prakty-
kéw do tego zabiegu. Poczatkowo stosowano najrozniejsze
narzedzia, co sprzyjato powstawaniu uszkodzen (Giefing
1993). Nastepnie wyeliminowano narzedzia udarowe: sie-
kiery, tasaki i korowniki, a zalecano pity reczne (Lelbach
1859). Badania nad stosowaniem nozyc i sekatoréw wyka-
zaly, iz podczas $cinania powstawaly mikropgknigcia, ktore
w potaczeniu z niewielkimi tylcami sprzyjaty powstawaniu
infekcji (Mayer-Wegelin 1952; Aboney 1981). Ostatecznie
za najlepsze narzg¢dzia do podkrzesywania uznano pity recz-

ne, dajace rowna i gtadka powierzchni¢ cigcia, umozliwia-
jace obcinanie galezi rdowno z pobocznica pnia i nieranigce
przy tym samego drzewa. Poglad taki, juz w roku 1930,
publikowat m.in. Dudik (za Giefingiem 1999).

Glowng zaleta podkrzesywania jest uzyskanie szerszej
strefy drewna bezsgcznego, charakteryzujacego si¢ znaczna
homogeniczno$cia oraz poprawa takich cech jak gestosé, wy-
trzymato$¢ na $ciskanie wzdhuz wtokien a takze kurczliwosé
(Pazdrowski 1984) i twardos¢ (Pazdrowski, Cybulko 1988).

Uzyskanie wigkszej strefy drewna bezsgcznego jest jed-
nym z czynnikow uzasadniajacych podkrzesywanie. Zabieg
ten jednak otwiera tkanke drzewna na dziatanie czynnikow
zewnetrznych. O ile gatunki iglaste sg dobrze poznane pod
wzgledem reakcji na zabieg podkrzesywania, co jest zapewne
spowodowane ich udziatem procentowym w sktadzie drze-
wostanow i ich duzym znaczeniem gospodarczym, to badan
na temat gatunkow liSciastych jest znacznie mniej. Wzrasta-
jacy udzial tych gatunkdéw zwigzany z przebudows drzewo-
stanow wskazuje na potrzebe analizy gatunkow liSciastych.

Jednym z istotnych gospodarczo gatunkow jest dab, ktory
jest przedmiotem badan w niniejszej pracy. Drewno dgbowe
wysokiej jakosci, bezsgczne, osiaga wysokie ceny. Jest zwy-
kle sprzedawane w ramach aukcji lub submisji i osigga szcze-
goblnie wysokie ceny ze wzgledu na bezsgczno$é i inne cechy
pozwalajace na uzyskanie materiatu okleinowego (Paschalis-
-Jakubowicz et al. 2015). Majac na uwadze wysokie wyma-
gania wobec drewna d¢bowego okleinowego, za cel pracy
przyjeto okreslenie zdrowotnosci sekow debu oraz tempa ich
zarastania po zabiegu podkrzesywania.

2. Material i metody

Materiat badawczy pobrano z Nadlesnictwa Lidzbark
w Regionalnej Dyrekcji Lasow Panstwowych w Olsztynie.
Na potrzeby podkrzesywania wyznaczono tacznie pie¢ po-
wierzchni prébnych, po jednej w pododdziatach 63d, 72b,
82a, oraz dwie w pododdziale 82d (tab. 1), wszystkie na sied-
lisku lasu mieszanego $§wiezego (LM$w).

Wiosna 1995 roku podkrzesano d¢by na gniazdach zato-
zonych w ramach rebni gniazdowej zupetnej (IITA). Zabieg
zostat wykonany metoda selekcyjna (klasyczna) przy uzyciu
pitek recznych do podkrzesywania. Do podkrzesania wy-
brano drzewa z najwyzszych grup biosocjalnych, o dobrze
rozwinigtej koronie: goérujace i panujace, czyli z I i II klasy
Krafta (Giefing 1999). Drzewa takie charakteryzuja si¢ du-
zymi przyrostami i malym ryzykiem pogorszenia pozycji
biosocjalnej w przysztosci, a wigc charakteryzuja si¢ duza
zywotnoscig. Zakladano, ze drzewa o wiekszej zywotno$ci
beda przyrasta¢ na grubo$¢ intensywniej (Szewczyk, Guz
2012), dzieki czemu w krétszym czasie nastapi zaro$nigcie
s¢ka 1 zmniejszenie ryzyka infekcji.

Z zalozenia usuwano gale¢zie rowno z pobocznicg pnia,
tak aby nie pozostawia¢ tylcow. Kazde gniazdo stanowito
odrebng powierzchni¢ badawczg. Wiek drzew w momencie
podkrzesania na jednej powierzchni wynosit 13 lat, na pozo-
statych 16 lat.
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Tabela 1. Charakterystyka powierzchni probnych i wybranych drzew debowych

Table 1. Characteristics of sample plots and selected oak trees

Cecha
Feature

Podkrzesane Niepodkrzesane

Pruned Unpruned

Pododdzial

Subcompartment 63d

72b

82a 82d 82d 165¢

Udzial debu w skladzie gatunkowym [%]

. . .. 20
Share of oak in species composition [%]

10

10 20 20 30

Bonitacja
Bonitation (soil productivity)

Wiek drzew w roku podkrzesania [lata]
Age of trees at the age of pruning [years]

16

16 16 16 26

Wiek $cietych drzew [lata] 2
Age of felled trees [years]

26

26 26 26 36

Liczba drzew [n]
Number of trees [n]

W roku 2005 na kazdym gniezdzie pomierzono pier$nice
wszystkich drzew podkrzesanych i po kilka wysokosci w kaz-
dym z dwucentymetrowych stopni grubosci. Stosujac metode
Uricha II, wyliczono wymiary trzech drzew modelowych na kaz-
dym gniezdzie. Nastepnie wybrano na powierzchniach po trzy
drzewa probne o wymiarach najbardziej zblizonych do drzew
modelowych; facznie 15 drzew. Drzewa $cigto pilarka i z kaz-
dego pozyskano waitki dtugosci ok. 2 m ze strefy podkrzesane;.
Nastepnie podkrzesane walki pocigto na okoto 30-centymetro-
wej dhugosci odcinki z zaro$nietymi sgkami, stanowigce probki
do dalszych badan. Pozyskane walki oraz otrzymane krotkie od-
cinki opisywano w taki sposob, aby moc ustali¢ potozenie sgka
wzgledem podstawy pnia. Dokonano rowniez pomiaru $rednicy
pnia w miejscu wystepowania kazdego seka.

Za pomocg sickiery oraz klindbw i mtota tupano odcinki
pnia w taki sposob aby odstoni¢ przebieg seka w ptaszczyz-
nie promieniowej. Okolice wystgpowania sgka okres§lano na
podstawie rysunku kory po zaro$nigtym seku.

Na odkrytych sekach mierzono ich cechy z doktadnoscia
do 1 mm: a) maksymalng grubo$¢ sgka, b) szerokosc¢ strefy
scka zdrowego, c) szerokos¢ strefy sgka zepsutego oraz d)
szerokos¢ strefy bezsgeznej, w ktorej ustalono liczbe lat nie-
zbedna do petnego zaro$nigcia seka (ryc. 1).

W grudniu 2010 roku pozyskano trzy drzewa probne kon-
trolne, niepodkrzesane (naturalnie oczyszczajace si¢), w pod-
oddziale 165¢c, w drzewostanie na siedlisku LM$w (tab. 1).
Wyboru drzew dokonano wg tych samych metod jak w przy-
padku drzew podkrzesanych, podobnie postgpowano w przy-
padku wycigcia watkow oraz w przygotowaniu odcinkow do
analizy procesu zarastania sgkow po naturalnym oczyszczaniu
si¢ drzew. Wiek drzew w momencie pozyskania wynosit 36
lat. Do poréwnania wybrano drzewostan o 10 lat starszy od
drzew podkrzesanych. Zatozono, iz proces oczyszczania si¢
drzew w drzewostanie o ok. 10 lat starszym bedzie przebiegat
na wysokosci zblizonej do wysokos$ci podkrzesania, tj. ok. 4 m.

a

d |

| b

C

Rycina 1. Elementy pomiaru s¢ka oraz przyleglych stref: a)
grubos¢ seka, b) szeroko$é strefy seka zdrowego, c) szerokosé
strefy s¢ka zepsutego, d) szerokos¢ strefy bezsecznej

Figure 1. Parameters of knot and surrounding areas: a) knot thick-
ness, b) width of sound knot zone, c¢) width of unsound knot zone, d)
width of wood zone without knot

Parametry s¢kow i stref przylegtych z drzew podkrze-
sanych porownywano z odpowiednimi elementami sekow
z drzew niepodkrzesanych. W tym celu obliczono statysty-
ki pozycyjne oraz porownano dane obu grup (podkrzesane
i niepodkrzesane) za pomocg testu U Manna-Whitneya przy
0=0,05. Wybrano test nieparametryczny ze wzglgdu na brak
rozktadéw normalnych (sprawdzanych testem W Shapiro-
-Wilka) oraz réznorodno$¢ liczby danych (s¢kow) z drzew
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podkrzesanych i niepodkrzesanych. W przypadku korelacji
zastosowano test Spearmana. Testy przeprowadzono za po-
mocg programu Statistica 13.3 (StatSoft 2018), statystyki po-
zycyjne obliczono w programie Excel.

3. Wyniki

Z podkrzesanych drzew uzyskano 419 s¢kow do dalszych
analiz oraz 104 seki z drzew naturalnie si¢ oczyszczajacych
(tab. 2). Srednie $rednice pni w miejscu wystepowania sekow
na drzewach podkrzesanych byly nieco wigksze niz na nie-
podkrzesanych i roéznity si¢ statystycznie (p-value=0,0004;
tab. 2). W analizowanych pniach s¢ki byly potozone na
podobnej, $redniej wysokosci (143 1 140 cm, odpowiednio
u drzew podkrzesanych i naturalnie oczyszczonych), przy
czym najwyzej potozony sek na drzewach niepodkrzesanych
byl na wysoko$ci 325 cm, o 60 cm nizej niz najwyzej potozo-
ny sek na drzewach podkrzesanych.

Przecigtna grubo$¢ seka na drzewach naturalnie oczysz-
czonych byta o 22% wigksza niz na drzewach podkrzesanych,
przy czym roznice te nie byly istotne statystycznie (tab. 2).
Strefa sgka zdrowego byta wigksza o 13% u drzew podkrzesa-
nych i roznice te byly istotne statystycznie (p-value=0,0449).

U drzew podkrzesanych nie wystapilo réwniez pogor-
szenie zdrowotnosci przyleglej tkanki drzewnej slojow
rocznych, w zadnym przypadku nie stwierdzono zgnilizny
i zabarwien o charakterze patogenicznym w otaczajagcym seki
drewnie (ryc. 2).

Wyjatkowo powstawal zakorek (ryc. 3 i 4), ktory wystapit
przy 2 sekach na przebadanych 419, co stanowito mniej niz
0,5% badanych przypadkow.

Strefa s¢ka zepsutego byta znacznie mniejsza u drzew
podkrzesanych, 37% mniejsza niz u drzew naturalnie si¢
oczyszczajacych (tab. 2); roznica ta byta istotna statystycznie
(p-value=0,0000). Réwniez czas zarastania s¢kow byt krotszy
na drzewach podkrzesanych. Drzewa oczyszczajace si¢ natural-

Tabela 2. Charakterystyka pni i sekow drzew debowych podkrzesanych i niepodkrzesanych
Table 2. Characteristics of stems and knots of pruned and unpruned oak trees

Cecha Drzewo Srednia Minimum  Maksimum SD N
Feature Tree Mean Minimum Maximum SD N
Srednica pnia w miejscu osadzenia seka ~ Podkrzesane 13.70 2 7.00 28.00 3.68 419
przy rdzeniu [cm] Pruned
Stem diameter at height of knot position Niepodkrzesane
. b
near pith [em] Unpruned 11,23 6,00 20,00 4,13 104
Wysoko$¢ osadzenia s¢ka przy rdzeniu Podkrzesane 143.252 5.00 385.00 86.18 419
do podstawy pnia [cm] Pruned
Height of knot position near pith to bottom Niepodkrzesane
of stem [cm] Unpruned 140,75 8,00 325,00 90,05 104
Maksymalna gruboéc’ SQka, prostopadle Podkrzesane 1.112 0.10 8.00 1.10 419
do osi seka [cm] Pruned
Maximal knot thickness, perpendicular to Niepodk
Kot axi lepocikrzesane 1,350 0,20 12,00 1,45 104
ot axis [cm] Unpruned
Podk
ocirzesane 2.85° 0,00 9,50 1,53 419
Szeroko$¢ strefy seka zdrowego [cm] Pruned
Zone width of sound knot [cm] Niepodk
lepocirzesane 2,530 0,00 8.20 145 104
Unpruned
Podk
oceraesane 1,13 0,00 8,00 1,24 419
Szeroko$¢ strefy seka zepsutego [cm] Pruned
Zone width of unsound knot [cm] Ni K
iepodkrzesane 2,07" 0,00 6,10 1,06 104
Unpruned
Podk
ocrrzesane 4,994 1,00 19,00 2,66 419
Czas zarastania s¢ka [lata] Pruned
Occlusion time [years] Niepodk
fepociizesane 11.21° 0,00 22,00 4,62 104
Unpruned

SD — odchylenie standardowe; rozne litery przy wartosciach srednich oznaczaja réznice istotne statystycznie / standard deviation; different letters next to

mean values show statistically significant differences, 0=0,05
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nie potrzebowaly ponad dwa razy wiecej czasu (ponad 11 lat,
tab. 2) na zaros$niecie segkow w badanej strefie pnia do 3,25 m
(przypadki zarastania sekow dtuzsze niz 10 lat oznaczaja, iz
cz¢$¢ galezi zostata usunigta przez inne czynniki niz zaplanowa-
ne podkrzesanie). Wykazane réznice w czasie zarastania sgkow
byly bardzo wyrazne i istotne statystycznie (p-value=0,0000).

Szczegdtowa analiza danych pozwolita rOwniez na usta-
lenie, iz 10 lat po podkrzesywaniu byto ok. 5% s¢kow bez
oznak wystepowania zepsucia. Na drzewach niepodkrzesa-
nych tylko na dwoch sgkach nie obserwowano sladow zepsu-
cia, co stanowilo ok. 2% badanej liczby sgkow.

Dodatkowa analiza korelacji Spearmana wykazata zalez-
no$¢ pomiedzy gruboscia sgka zepsutego 1 szerokoscia strefy
sgka zepsutego 14=0,36, z zalezno$cia istotng statystycznie
p<0,05 .

4. Dyskusja

Seki sg naturalnym elementem drzewa, cho¢ zakres ich
wystgpowania mozna ograniczy¢ w procesie podkrzesywania.

Rycina 2. Przyklad seka po galezi obcietej réwno z pobocznica.
Sek zdrowy, calkowicie zaro$niety, tkanka drzewna w okolicach
seka calkowicie zdrowa.

Figure 2. Example of knot after artificial pruning of branch along
with stem surface. Sound knot fully occluded with sound wood
tissue around knot.

Rycina 3. Sek po odcietej galezi, zaro$niety z niewielkim zakor-
kiem, calkowicie zdrowy. Tkanka drzewna w okolicach s¢ka zu-
pelnie zdrowa.

Figure 3. Sound knot after artificial pruning, fully occluded with
small bark pocket. Sound wood tissue around knot.

W ciagu ponad czterech wiekéw podkrzesywania zmieniaty
si¢ poglady dotyczace tego zabiegu (Giefing 1994). W pew-
nych okresach zabieg ten cieszyl si¢ duzym zainteresowaniem,
ale bywalo tez, ze uwazano go za mato efektywny i odradzano
jego stosowanie (Leibundgut 1966; Korpel’ 1977). Dzisiejsza
wiedza dotyczaca podkrzesywania gatunkow iglastych, przede
wszystkim sosny, jest bardzo dobrze podbudowana szerokimi
badaniami naukowymi i ugruntowana. Majac na uwadze wska-
zane informacje trzeba stwierdzi¢, iz mozna podkrzesywac
drzewa, usuwajac galezie zarowno martwe, jak i zywe, bez
pozostawiania tylcow, rownym, gltadkim cigciem wzdtuz po-
bocznicy pnia. Zabieg powinien by¢ przeprowadzony w wieku
przed wyksztatceniem si¢ twardzieli w galeziach, aby zmniej-
szy¢ ryzyko infekcji wewnatrz pnia (Giefing 1999). Wskazane
jest aby zabieg wykonywac¢ na dobrych siedliskach, pierwszej
lub ewentualnie drugiej bonitacji, stosujac metody selekcyjne.
Podkrzesywanie gatunkéw liSciastych jest wciaz dyskusyjne,
a z uwagi na ich znaczenie i zwigzang z tym matg dostepnosé¢
materialow badawczych, mniej poznane.

Uzyskane wyniki pozwalaja stwierdzi¢, iz dab dobrze
znosi podkrzesywanie zarowno martwych, jak i zywych gate-
zi, reagujac zwickszeniem udziatu strefy bezsgcznej i zmniej-
szeniem rozmiaru strefy drewna z zalegajacymi sgkami.

Zgnilizny wystepowaly w sekach w niewielkich rozmia-
rach. Obliczona korelacja wskazuje, iz na wigkszych sgkach
moze rozwijac si¢ wicksza zgnilizna. Wskazuje to na zasad-
no$¢ podkrzesywania na mozliwie wczesnym etapie, gdy
srednice gatezi sg stosunkowo niewielkich rozmiarow.

Przedstawione badania potwierdzaja rzadkie powstawanie
zakorka. Giefing i in. (2011) rowniez stwierdzili raczej wy-
jatkowe wystepowanie tej wady w towarzystwie sgkow, tj.
w jednym przypadku na 59.

Z wcezesniejszych badan podkrzesywania dgbu wynika, iz
nie wystgpowaty przypadki zgnilizny lub zabarwien w drew-
nie otaczajagcym seki (Szczawinski, Zawislak 1997). Nale-
zy zaznaczy¢, iz Pikulik (2007) stwierdzita przebarwienia
w strefie zalegania sgkow zarowno w drewnie dgbow pod-

Rycina 4. Sek z zakorkiem, elementami infekcji oraz zdrowa
tkanka drzewna w okolicach s¢ka. S¢k po galezi odcigtej ukosnie.
Figure 4. Knot with bark pocket and signs of infection, but with
sound wood tissue around knot. Branch cut off at an angle.
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krzesanych z pozostawieniem tylcow, jak i w drewnie dgbow
podkrzesanych bez pozostawiania tylcow. Autorka prowadzi-
fa badania podkrzesywania na drzewach w wieku 27 lat, co
mozna przyjac za zbyt pozny wiek (Giefing 1999).

ABmann (1961) zauwazyt istotny wplyw wieku podkrze-
sywanych drzew oraz jakos$ci podkrzesywania na jako$¢
i zdrowotno$¢ drewna. Stwierdzil, iz niebezpieczenstwo
infekcji wzrasta w drzewostanach srednich i starszych klas
wieku, a takze gdy rany sg duze i zanieczyszczone. Z tego
wzgledu zaleca si¢ wykonanie zabiegu podkrzesania przed
osiggni¢gciem wieku kulminacji przyrostu drzew. Na tej
podstawie mozna wnioskowaé, iz najkorzystniejszym mo-
mentem jest podkrzesywanie przed osiagnigciem przez
drzewo 20 lat, czyli przed wyro$nigciem zbyt grubych gale-
zi (Giefng 1999).

Podstawowym celem podkrzesywania jest jednak przede
wszystkim zwigkszenie udzialu drewna bezsgcznego, bez
zwigkszania ryzyka infekcji i wystgpowania w jej nastep-
stwie przebarwien o charakterze patogenicznym czy zgnilizn
drewna. W niniejszej pracy wykazano, iz zabieg podkrze-
sywania wpltywa na zwigkszenie udziatu strefy bezsecznej.
Wplyw ten byt istotny statystycznie.

W grupie s¢kow po podkrzesaniu brak strefy bezsecznej
wystapit u ok. 1% przypadkéw. Nalezy dodac, iz najprawdo-
podobniej wynikato to z bledéw w technice podkrzesywania,
gdzie mimo zatozenia o usuwaniu gatezi réwno z pobocznica
pnia pozostawiono niewielkie tylce, ktore do czasu pozyska-
nia probek nie zarosty.

Pozytywnym efektem podkrzesywania jest skrocenie
czasu zarastania sekow (Giefing 1999). Z przeprowadzonych
badan wynika, iz §redni czas zarastania s¢kow po podkrze-
sywaniu wyniost niecate 5 lat i byt ponad dwukrotnie mniej-
szy niz dla sekéw u drzew niepodkrzesanych. Zarastanie
s¢ka podkrzesanego trwalo najkrocej jeden rok, tacznie 25%
sckow zarosto w ciagu trzech lat, a 75% s¢kow z catej proby
zarastalo w czasie szesciu lat lub krétszym. Dla poréwnania,
wsrod sekow u drzew niepodkrzesanych w czasie do 8 lat
zarosto tylko 25% wszystkich sekow.

Majac na uwadze powyzsze charakterystyki, nalezy za-
znaczy¢, iz podkrzesywanie dgbu bylo udane. Czg$¢ sgkow
wykazywala oznaki zepsucia, przy czym tkanka przyseczna
byta zawsze zdrowa. Dzigki zabiegowi uzyskano wigksza
strefe seka zdrowego i krotszy czas zarastania sgkow.

5. Whnioski

Przeprowadzone badania zdrowotnoéci sekow dgbowych po
podkrzesywaniu wskazuja, iz w procesie ich zarastania moze
pojawiac si¢ niewielka, zajmujgca $rednio ok. 1 cm, zgnilizna
stanowigca stref¢ seka zepsutego. Zarastanie sekow o §redniej
$rednicy nieco ponad 1 cm zajmowato $rednio ok. 5 lat (przy
czym najgrubsze s¢ki miaty 8 cm). W tym czasie otwarty sgk
byt narazony na rozwdj niewielkiej infekcji. W badaniach
wykazano réwniez wystepowanie sekow bez zgnilizny, przy
czym stanowity one ok. 5% calkowitej liczby. Na drzewach
pozostawionych do naturalnego oczyszczania si¢ drzew zara-

stanie sckow trwalo znacznie dtuzej, tj. ok. 11 lat w strefie ba-
danej wysokosci pnia, tj. do 3,25 m. W badanej populacji sgki
te mialy znacznie wigksza strefe seka zepsutego.

W $wietle przeprowadzonych badan podkrzesywanie debu
nalezy uznaé za bezpieczne z punktu widzenia zdrowotno$ci
pnia i powstalych sekéw. Podkrzesywanie przyspieszylo za-
rastanie sekow i zmniejszyto strefe seka zepsutego.
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Abstract. Artificial pruning of trees can improve wood quality as well as enhance timber value. Currently, pruning is quite
common when veneer timber or plywood is in demand. Cutting off branches, however, creates open wounds in the form of
knots, which are exposed to infections. While the pruning of coniferous trees is well-studied, less research has been conducted on
broadleaved trees. The objective of this study was to determine 1) if the artificial pruning of oak can lead to decaying knots, 2) if
so, how big is the decaying zone around the unsound knot, and 3) how much time is needed for full knot occlusion after artificial
pruning. 13- and 16-year-old oak trees located in northern Poland (Lidzbark Forest District) were choosen for this study. Ten
years after pruning, sample trees were selected in order to determine if the knots were sound and how many years it had taken
for each knot to occlude. The results were compared with those of knots on trees caused by natural pruning. In total, 419 and 104
knots resulting from artificial and natural pruning, respectively, were analysed. It was found that 95% of the artificially pruned
knots had very little decay, showing an average of 1.13 cm of unsound knot zone. On the naturally pruned control trees, 98% of
the knots were unsound with nearly double the amount of knot decay zone. Additionally, the artificially pruned knots needed less
than five years to overgrow, while it took over eleven years for the naturally pruned knots to occlude. Therefore, pruning oak trees
is recommended, even though a very small decay zone may appear on the knots, because it takes half the time for these artificial
knots to occlude in comparison to unpruned trees.

Keywords: sound knot, decayed knot, natural pruning, broadleaved trees

1. Introduction

The procedure of pruning was already being used at
the turn of the 16" and 17" centuries in Japan, and the first
European country in which this topic was mentioned was
the Kingdom of England (Evelyn 1670). Since then, many
changing studies, instructions and guidelines have been pu-
blished, which often present extremely different views (Gie-
fing 1999). In certain periods, there was great interest in this
procedure or, on the contrary, it was considered fairly inef-
fective (Leibundgut 1966, Pazdrowski 1992).

The first non-scientific German publication on pruning is
from 1713 (Carlovitz 1713), and the first scientific publica-
tion on this topic was published in 1764 (Duhamel du Mon-
ceau 1764). It presented the effects of pruning live branches
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of trees on their growth. German foresters published their
first results of studies on pruning in the form of scientific
studies only about one hundred years later. These works
showed the growth effects of pruning. For example, Heyer
(1872) found double the growth of spruce at the beginning
of the growing season after performing the treatment.

The suggestions of many practitioners regarding the alle-
gedly unfavorable impact of pruning trees led Lorey (1907),
Lakari (1920), Hilf (1933) and Koehler (1934) to undertake
research to verify the expressed opinions. The research of
these authors showed that discoloration may occur, or even
wood decay, from the knots left after removing live bran-
ches. These results caused the pruning of live branches of
trees to be discontinued in many countries, including Po-
land. However, subsequent years of the work of Mayer-We-
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gelin (1936) shed new light on the issue of the impact of
removing live branches on the health status of trees. After
re-testing spruce, Paterson (1938) did not find the above-
mentioned disadvantages resulting from pruning live bran-
ches. Similarly, Romell (1940) believed that there was no
need to ban the removal of live parts of tree crowns. In later
periods, similar statements were expressed by Krigul (1961)
and Lucke (1968), who believed that the pruning wounds of
live branches are flooded with resin, which inhibits fungal
infection, and therefore — the development of decay. Other
authors also confirmed the observation that infections did
not occur or appeared sporadically after branches were re-
moved (Kramer 1962, Henman 1963, Pazdrowski 1985).

ABman (1961) noted the significant impact of the age
of the tree being pruned and the quality of the pruning. He
stated that the danger of infection increases in medium and
older age classes, and also when the wounds are large and
dirty. The threat of infection was determined to be particu-
larly high when thick, live branches were removed, in which
one could expect that heartwood had already developed
(Giefing 1987). For this reason, it is recommended that pru-
ning treatments should be performed before the age of the
culmination of tree growth (Giefing 1999).

The most beneficial seems to be pruning before the tree re-
aches 20 years of age. Dudik (1930, after Giefing 1999), took
a similar position in 1930, writing that the procedure should be
performed in younger stands, aged no more than 25-30 years.
Due to the cost-effectiveness of the treatment and the possibili-
ty of decreased growth, and thus the prolongation of occlusion
time, pruning should be done to tree stands in the best habitats
(Zumer 1966, Giefing 1987). It is not economically justified to
prune all trees in the stand. The best trees should be used for the
treatment, the so-called “elite” of the stand (Szymanski 1991),
and thus trees from the I and II Kraft classes. Pruning these
trees, characterized by inherently high growth dynamics, will
allow, on the one hand, a rapid increase in the volume of the
knotless zone, on the other hand, the shortest possible time of
achieving knot occlusion in the given tree stand.

In order to achieve good tree health after the treatment,
the technical aspects are important, that is, the type of tools
used and the choice of pruning methods. Although pruning
is considered one of the oldest breeding treatments used in
forestry, it was only about one hundred years ago that the
first publications appeared about the impact of the tools and
methods used on the quality of the treatment (May 1889,
1890, 1891, Guillebaud 1933, Laar 1966).

Following the research, the approach of practitioners to
this procedure changed. Initially, various tools were used,
which resulted in damage to the tree (Giefing 1993). Then,
starting with Germany, impact tools were eliminated: axes,
cleavers and barking irons, with hand saws being recom-

mended (Lelbach 1859). Studies on the use of shears and
secateurs showed that micro-cracks were formed during
cutting, which in combination with small snags, promoted
infection (Mayer-Wegelin 1952, Aboney 1981). In the end,
hand saws were considered to be the best tools for pruning,
making an even and smooth cut surface, enabling branches
to be cut evenly with the side of the trunk, and not harming
the tree itself. Such a view was already published in 1930 by,
among others, Dudik (after Giefing 1999).

The main advantage of pruning is to obtain a wider zone
of knotless wood, characterized by significant homogeneity,
and also to improve such features as density, compressive
strength along the fibers as well as shrinkage (Pazdrowski
1984) and hardness (Pazdrowski, Cybulko 1988).

Obtaining a larger zone of knotless wood is one of the
factors that justifies pruning. However, this treatment expo-
ses wood tissue to being impacted by external factors. While
coniferous species are well known in terms of their respon-
se to pruning, which is probably caused by their percentage
share in the composition of stands and their great economic
importance, there are significantly fewer studies on deci-
duous species. The increasing share of these species associa-
ted with the reconstruction of tree stands indicates the need
to analyze the deciduous species.

One economically important species is oak, which is the
subject of the study presented in this paper. High quality and
knotless oak wood achieves high prices. It is usually sold
in auctions or submissions and achieves particularly high
prices due to its lack of knots and other features enabling
it to be used for veneer (Paschalis-Jakubowicz et al. 2015).
Bearing in mind the high requirements expected of veneer
oak wood, the aim of this study is to determine the health of
oak knots and the rate of their time occlusion after pruning.

2. Materials and methods

The research material was taken from the Lidzbark Forest
District of the Regional Directorate of State Forests in Olsz-
tyn. A total of five sample plots were designated for pruning,
one each in subcompartment 63d, 72b, 82a, and two in sub-
compartment 82d (Table 1), all in a mixed forest on site with
average moisture.

In the spring of 1995, oaks were pruned on plots of 50-
are area. The treatment was performed by the selection me-
thod (classical) using handsaws for pruning. The trees from
the highest biosocial groups, with a well-developed crown:
towering and prevailing, that is, from Kraft class I and 11
(Giefing 1999), were selected for pruning. Such trees have
high growth increments and a low risk of a reduction in their
biosocial position in the future, and thus are characterized by
a very long life. It was assumed that trees with a longer life-



P.S. Mederski et al. / Le$ne Prace Badawcze, 2019, Vol. 80 (1): 5-11 7

Table 1. Characteristics of sample plots and selected oak trees

Feature

Pruned Unpruned

Subcompartment 63d

72b 82a 82d 82d 165¢

Share of oak in species composition [%] 20

10 10 20 20 30

Site index 2

2 2 2 2 2

Age of trees at the age of pruning [years] 13

16 16 16 16 26

Age of felled trees [years] 23

26 26 26 26 36

Number of trees [n] 3

span will grow to a greater thickness more intensely (Szew-
czyk, Guz 2012), resulting in the knot becoming occluded in
a shorter time and decreasing the risk of infection.

As a rule, branches were removed evenly from the side
of the trunk so as not to leave snags. Each plot constituted a
separate study area. The age of trees at the time of pruning
in one sample plot (63d) was 13 years, in the remaining ones
— 16 years.

In 2005, at each plot, the diameters (DBH) were measu-
red of all pruned trees, and several of them had their heights
measured at each two-centimeter degree of thickness. Using
the Urich II method, the dimensions of three model trees
in each plot were calculated. Then, three sample trees with
dimensions closest to the model trees were selected in the
plots, for a total of 15 trees. The trees were cut with a cha-
insaw and two ca. 2 m logs from the pruned areas were ob-
tained from each. The pruned logs were then cut into 30-cm
long sections with the occluded knots, which were taken as
samples for further study. The obtained logs and short sec-
tions were described in such a way as to be able to determine
the position of the knot with respect to the base of the stem.

With the aid of an ax (or hummer) and wedges, trunk sec-
tions were split in such a way as to reveal the course of the
knot formation in a radial plane. The area around the occur-
rence of knots was determined on the basis of a drawing of
the bark on the occluded knot.

The features of the exposed knots were measured with an
accuracy of 1 mm: a) maximum knot width, b) width of the
sound knot zone, ¢) width of the unsound knot zone, and d)
width of the wood zone without the knot, in which the num-
ber of years required for the full occlusion of the knot was
established (Fig. 1).

In December 2010, three unpruned (naturally pruned)
trees from the control sample in subcompartment 165¢ (of
the same site conditions) were tested (Tablel). The selec-
tion of trees was made according to the same methods as in
the case of the artificially pruned trees, logs were cut and
sections prepared for analysis of the knot occlusion process

i b

C d I

Figure 1. Parameters of knot and surrounding areas: a) knot thick-
ness, b) width of sound knot zone, ¢) width of unsound knot zone,
d) width of wood zone without knot

in the unpruned trees, as was done with the artificially pru-
ned trees. The age of the trees at the time of felling was 36
years. Additionally, a tree stand 10 years older than the pru-
ned trees was selected for the comparison. It was assumed
that the process of knot occlusion in trees of a stand about
10 years older will occur at heights similar to those of the
pruned trees, i.e. at approx. 4 m.

The parameters of the knots and adjacent zones from pru-
ned trees were compared with the corresponding elements of
the knots from the unpruned trees. For this purpose, position
statistics were calculated and the data of both groups were
compared (pruned and unpruned) using the U Mann-Whit-
ney test at a=0.05. The non-parametric test was chosen due
to the lack of normal distributions (verified with the Shapi-
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ro-Wilk test) and the diversity of the number of data (knots)
from the pruned and unpruned trees. The Spearman test was
used in the case of correlation. The tests were performed
using the Statistica 13.3 program, positional statistics were
calculated in Excel.

3. Results

In total 419 knots from artificially pruned trees and 104
knots from the unpruned trees were obtained for further
analysis (Table 2). The average diameters of the stem,
where the knots were located in the pruned trees, were
slightly higher than in the unpruned ones and statistically
differed (p-value = 0.0004; Table.2). Knots were located at
a similar, average height (143 and 140 cm, respectively, in
the artificially pruned and unpruned trees) in the analyzed
stems, the highest knot of the unpruned trees was located
at a height of 325 cm, 60 cm lower than the highest knot of
the pruned trees.

Average knot thickness on the unpruned trees was 22%
greater than on the artificially pruned trees, but this differen-
ce was not statistically significant (Table 2). The sound knot
zone was greater by 13% in pruned trees and this difference
was statistically significant (p-value = 0.0449).

The wood tissue of the annual rings adjacent to the knots
in the artificially pruned trees was also sound, no case of any

decay or discoloration of a pathogenic nature was found in
the wood surrounding the knots (Fig. 2).

Exceptionally, a bark pocket was created (Fig. 3 and 4),
which occurred in two knots of the examined 419, constitu-
ting less than 0.5% of the studied cases.

The unsound knot zone was much smaller in artificial-
ly pruned trees, 37% lower than in unpruned trees (Table
2); this difference was statistically significant (p-value =
0.0000). Also, the time of knot occlusion was shorter for
the pruned trees. Unpruned trees needed more than twice
as much time (over 11 years, Table 2) for their knots to
occlude in the examined stem zone of up to 3.25 m (cases
of knots occluding for over 10 years means that some of
the branches were removed as a result of factors other than
planned pruning). The differences observed for the dura-
tion of knot occlusion were very distinct and statistically
significant (p-value = 0.0000).

A detailed analysis of the data also allowed that about 5%
of the knots had no signs of decay 10 years after pruning.
The unpruned trees had only two knots with no observable
signs of decay, constituting approx. 2% of the number of
knots studied.

An additional analysis using Spearman’s correlation sho-
wed a relationship between the thickness of an unsound knot
and the width of the unsound knot zone r;=0.36, with a sta-
tistically significant relationship of p<0.05.

Table 2. Characteristics of stems and knots of pruned and unpruned oak trees

Feature Tree Mean Minimum Maximum SD N

Stem diameter at height of knot position Pruned 13.70° 7.00 28.00 3.68 419
near pith [em] Unpruned 11.23 6.00 20.00 413 104
Height of knot position near pith to bottom Pruned 143.25¢ 5.00 385.00 86.18 419
of stem [em] Unpruned 140.75¢ 8.00 325.00 90.05 104
Maximal knot thickness, perpendicular to ~ Fruned L11* 0.10 8.00 1.10 419
knot axis [cm] Unpruned 135¢ 0.20 12.00 145 104

Pruned 2.85% 0.00 9.50 1.53 419
Zone width of sound knot [cm]

Unpruned 2.53% 0.00 8.20 1.45 104

Pruned 1.132 0.00 8.00 1.24 419
Zone width of unsound knot [cm]

Unpruned 2.07° 0.00 6.10 1.06 104

Pruned 4992 1.00 19.00 2.66 419
Occlusion time [years]

Unpruned 11.21° 0.00 22.00 4.62 104

SD — standard deviation; different letters next to mean values show statistically significant differences, 0=0,05
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4. Discussion

Knots are a natural element of wood, although their occu-
rrence can be limited in the process of pruning. Over a period
of more than four centuries of pruning, views about this pro-
cedure have changed (Giefing 1994). In some periods, pru-
ning was very popular, but there were also times when it was
considered ineffective and its use was discouraged (Leibund-
gut 1966, Korpel 1977). Today’s knowledge on the pruning
of conifer species, especially pine, is very well supported by
broad scientific research and is well-established. Bearing in
mind this information, it must be stated that trees can be pru-
ned, removing both dead and live branches, without leaving
snags, with even and smooth cuts along the side of the stem.
The treatment should be performed before the heartwood de-
velops in the branches to reduce the risk of infection inside the
stem (Giefing 1999). It is advisable to perform this procedure
on reach forest sites, of the site index 1 or 2, using selection
methods. Pruning deciduous species is still debatable, and
due to their importance and the related low availability of
study results, less well-known.

Figure 2. Example of knot after artificial pruning of branch along
with stem surface. Sound knot fully occluded with sound wood
tissue around knot.

Figure 3. Sound knot after artificial pruning, fully occluded with
small bark pocket. Sound wood tissue around knot.

The obtained results allow to conclude that oak tolerates
the pruning of both dead and live branches well, reacting by
increasing the share of the knotless zone and reducing the
size of the wood zone adjacent to the knots.

Infections and decay occurred, but were very small. The
calculated correlation indicates that a larger area of decay
may develop on larger knots. This indicates the importance
of pruning at the earliest possible stage, when branch diame-
ters are relatively small.

The presented study confirms the rare occurrence of bark
pockets. Giefing et al. (2011) also found rather exceptional
occurrences of this defect with knots, i.e. one case in 59.

Previous studies of oak pruning show that there were no
cases of decay or discoloration in the wood surrounding the
knots (Szczawinski, Zawislak 1997). It should be noted that
Pikulik (2007) found discolorations in the area adjacent to
the knots of both the wood of pruned oaks that left snags as
well as in the wood of pruned oaks without leaving snags.
The author studied the pruning of trees which were 27 years
old, which can be considered too late of an age for this treat-
ment (Giefing 1999).

ABman (1961) noted the significant effect of the age of
trees being pruned and the quality of the pruning on the qu-
ality and health of the wood. He stated that the danger of
infection increases in medium and older age classes, and
also when the wounds are large and contaminated. For this
reason, pruning is recommended before trees reach the age
of the culmination of their growth. On this basis, it can be
concluded that the most favorable moment to prune is before
the tree reaches 20 years of age, that is, before the branches
have become too thick (Giefing 1999).

The main purpose of pruning, however, is primarily to
increase the share of knotless wood, without increasing the

Figure 4. Knot with bark pocket and signs of infection, but with
sound wood tissue around knot. Branch cut off at an angle.
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risk of infection and subsequent discolorations of a pathoge-
nic nature or wood decay. In this study it was shown that
pruning results in an increase in the share of the knotless
zone and this effect was statistically significant.

In the group of knots after pruning, the lack of a kno-
tless zone occurred in about 1% of cases. It should be
added that this was most probably due to errors in the
pruning technique, where, despite the assumption of re-
moving branches flush with the stem side, small snags
were left, which had not occluded before the study sam-
ples were collected.

A positive effect of pruning is shortening the time of
knot occlusion (Giefing 1999). The research showed that
the average time of knot occlusion after pruning was less
than 5 years, more than two-times smaller than for the knots
of unpruned trees. The shortest duration of knot occlusion
of the pruned branches was one year, a total of 25% of the
knots occluded in three years, and 75% of the knots from the
entire sample occluded in six years or less. By comparison,
in 8 years, only 25% of all the knots in the unpruned trees
had occluded.

Bearing in mind the above characteristics, it should be
noted that pruning the oaks was successful. Some of the
knots showed signs of decay, but the tissue next to the knot
was always healthy. The treatment allowed us to obtain a
larger sound knot zone and a shorter time of knot occlusion.

5. Conclusions

The carried out study of the health of oak knots after pru-
ning indicated that in the process of their occlusion, a small,
on average about 1 cm of decay occurs in knots to form an
unsound zone. The occlusion of knots with an average dia-
meter of a little over 1 ¢cm took about five years (with the
thickest knots having a diameter of 8 cm). At that time, the
open knot was exposed to the development of a small infec-
tion. The study also showed the occurrence of knots without
decay, accounting for about 5% of the total number. Unpru-
ned trees were found to have knots that took significantly
longer to occlude, i.e. about 11 years in the examined stem
height zone of up to 3.25 m. In the studied population, these
knots had a much larger unsound knot zone.

In light of the presented research, pruning oaks should
be considered safe from the point of view of the health of
the stem and the resulting knots. Pruning accelerated knot
occlusion and reduced the unsound knot zone.
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