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EUROPEAN SILVER FIR (ABIES ALBA MILL.)
GROWING IN CONDITIONS OF CLEAR CUTTING

AS WELL AS SHELTER W OOD AND GROUP CUTTING
AFTER CLEANING CUTTING OF HORNBEAM-OAK
OLD FOREST

Roman Jaszczak, Konrad Magnuski, Lechostaw Matys
Pozna University of Life Sciences

Abstract. The paper presents the analysis of the breast thdigmeter, height and bioso-
cial structure of 39-year old European silver fitroduced artificially and growing, until
winter 1991/92, in different conditions created thyee different fellings carried out in
hornbeam-oak old forest growing on a fresh mixe@dbsite type. Following the removal
of the old forest in winter 1986/87 on the plotiwihe group clear cutting and in winter
1991/92 on the plot with the shelter wood cuttitng, fir is growing in all three variants in
open area. The inventory carried out in 2005 reck#hat, in each case, the best experi-
mental results were obtained by the stand on thfaci with the group clear cutting
(3-Rg). The stands from surfaces with the clearrmtfl-Rz) and shelter wood cutting
(2-Rcz) show worse results which also differ fronsteather. From the point of view of
mean breast height diameter and height, a bettetisin was observed on the 1-Rz, while
from the point of view of the number of trees, m&aaft class and productivity — on sur-
face 2-Rcz.

Key words: European silver fir, clear cutting, shelter woadtiog, group clear cutting,
breast height diameter structure, height structhiesocial structure, number of trees,
productivity

INTRODUCTION

In winter 1966, three experimental surfaces wermbdished simultaneously in
a hornbeam-oak stand (six oak — 110 years old,Hotmbeam — 81 years old) employ-
ing three different types of cuttings (clear, skdelt and group cuttings) and artificial
introduction of different tree species. One of thems European silver firApies alba
Mill.). The described experiment was one of mangdieted from early 1950s within
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the framework of scientific research of the Depantinof Forest Management initiated
by Professor Magnuski dealing with stand reconsitsacin the Laski Experimental
Forest District (at present — Siemianice) [Jaszaak Magnuski 2005, Jaszczak et al.
2008]. In the discussed case, the aim of the ifgatsins was to obtain information
about which of the applied methods of cutting @dahe most favourable conditions
for the growth and development of fir introducetif@ially in specific site and stand
conditions on the basis of consecutive periodica¢ntories so far carried out in years:
1967, 1973, 1991 and 2005. The first three invéedonad already been the subject of
separate publications [Magnuski 1975, Magnuskil.e1293] which also described the
way of establishment of the experiment. The preskpaper discusses the results of
measurements and observations of the last inventory

METHODOLOGY

The field works were carried out in the autumn 602. On randomly selected 10
are plots from each experimental cutting, breaggHialiameters of all trees were meas-
ured with 1 mm accuracy and for each of them itsatial position was determined in
accordance with Kraft's classification. In additidor every fourth tree selected ran-
domly, its height with 0.5 m accuracy was measured.

The results of measurements were collated in degregloying 1 cm range for the
thickness and 1 m — for the height. Mean valuethefbreast height diameter, height
and biosocial class as well as standard deviatmaisvariability coefficients were cal-
culated. Differences of means of the above-mentidhece traits were compared with
the assistance of the standard error of the diffe¥eof two means. The number of trees
within consecutive Kraft classes as well as inldyer of the main and secondary stands
was determined for each of the experimental susfaEe productivity was determined
for each experimental treatment on the basis fscsections of breast height diameter.

Individual experimental surfaces were designatefbémws: 1-Rz — area after clear
cutting, 2-Rcz — area after shelter wood cutting @Rg — area after group clear cut-
ting.

RESULTS

Table 1 presents data concerning tree wastagealividoal experimental treatments
during the period of 14 years. It is evident frdmstTable that the greatest number of
trees (619) disappeared from surface 2-Rcz andrttadlest (513) — from surface 1-Rz.
Nevertheless, percentagewise, the highest treedloasrred in surface 1-Rz (62.3%),
while the smallest (54.2%) — in variant 1-Rcz whictlicates clearly in which treatment
fir had the least favourable conditions for life.

The basic characteristics of the fir associatedh lie examined structures can be
found in Table 2. It shows that the fir in varidrRg was characterised by the highest
mean breast height diameter and height (11.5 cmlarsb m, respectively), while in
treatment 1-Rcz — these parameters were the lof8ebtcm and 9.35 m). Calculated
values of the standard deviation and variabilitgfficient show that the variability
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Table 1. Number of trees and their loss duringpieod of 14 years in individual experimental

treatments

Tabela 1. Liczba drzew i ich ubytek w okresie Itdnwgoszczegdinych wariantachssdadczenia

Experimental variant

Item Wariant déwiadczenia
Wyszczeg6lnienie

1-Rz 2-Rcz 3-Rg
Number of trees in 1991, pcs. 823 1142 996
Liczba drzew w 1991 roku, sztuki
Number of trees in 2005, pcs. 310 523 396
Liczba drzew w 2005 roku, sztuki
Number of trees that dropped out during the period 513 619 600
of 14 years, pcs.
Liczba drzew wydzielonych w okresie 14 lat, sztuki
Index of tree loss, % 62.3 54.2 60.2

Wskaznik ubytku drzew, %

Table 2. Taxation characteristics of stands inviitldial experimental treatments in 2005
Tabela 2. Cechy taksacyjne drzewostanéw w poszazggidlwariantach dwviadczenia w 2005

roku

Experimental variant — Wariant ¢l@iadczenia

Item

Wyszczeg6lnienie 1-Rz 2-Rcz 3-Rg
Mean breast height diameter, cm 9.4 8.9 115
Przecgtna piegnica, cm
Standard deviation, cm 5.33 3.16 4.62
Odchylenie standardowe, cm
Variability coefficient, % 56.9 35.4 40.0
Wspétczynnik zmienngei,%
Mean height, m 10.23 9.35 12.55
Przecitna wysokéc, m
Standard deviation, m 5.28 2.56 3.74
Odchylenie standardowe, m
Variability coefficient, % 51.6 27.4 29.8
Wspétczynnik zmienngi, %
Mean Kraft class 3.73 2.98 2.78
Przecitna klasa Krafta
Standard deviation 1.39 1.26 1.35
Odchylenie standardowe
Variability coefficient, % 37.3 42.3 48.6

Wspétczynnik zmienngi, %
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of these traits was smallest in variant 2-Rcz dred Highest — in variant 1-Rz. In the
case of the tree biosocial position, the best m&arft class was exhibited by trees in
variant 3-Rg (2.78) and the worst — in variant 1{BZ3). The variability of this trait
was the lowest in variant 1-Rz (variability coeifist — 37.3%) and the highest — in
variant 3-Rg (variability coefficient — 48.6%).

Table 3 presents fir thickness structure in indigidexperimental variants. It is evi-
dent from this Table that in the case of variaht®z and 1-Rg, thickness degree inter-
vals were identical — from 1 to 27 cm but in theeaf variant 1-Rz, it is the distribu-
tion with the majority of trees in the thinnest desgs (from 3 to 13 cm — their total pro-
portion is 80.8%) which indicates left-sided asynmpe.e. positively skewed, whereas
in the 1-Rg variant, the tree thickness distributigpproaches normal one because trees
in central degrees of thickness are dominant Heoen(7 to 17 cm — their total propor-
tion is 83.4%). On the other hand, in variant 1-Rbe stand thickness structure is char-
acterized by the smallest interval span (from R1ocm) with the greatest number of
trees being in the interval from 5 to 13 cm (thetal proportion is 89.2%) which makes
also this distribution similar to normal.

Table 3. Number of trees in degrees of breast damtieickness
Tabela 3. Liczba drzew w stopniach grétigiersnicowej

Experimental variant — Wariant dleiadczenia

Thickness degree

Stopieh grubdici 1-Rz 2-Rcz 3-Rg
o pcs. — sztuki % pcs. — sztuki % pcs. — sztuki %
1 3 1.0 1 0.2 1 0.2
3 37 11.9 17 3.3 11 2.8
5 58 18.7 77 14.7 21 5.3
7 51 16.4 124 23.7 63 15.9
9 51 16.4 126 24.1 74 18.7
11 28 9.0 88 16.8 59 14.9
13 26 8.4 52 9.9 55 13.9
15 19 6.1 27 5.2 43 10.9
17 14 4.5 7 1.3 36 9.1
19 8 2.6 2 0.4 15 3.8
21 7 2.3 2 0.4 11 2.8
23 2 0.7 2 0.5
25 3 1.0 2 0.5
27 3 1.0 3 0.7
Total 310 100.0 523 100.0 396 100.0
Razem
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The comparison of differences of mean breast halgimeters with the assistance
of the standard error of the difference of two nee@h= 0.95) reveals that in the case of
variants:

1-Rz and 2-Rcz #9.36-8.91 = 0.45 < 0.66 — the differencensn-significant,

1-Rz and 3-Rg #9.36-11.54= 2.18 > 0.76 — the differencesgnificant,

2-Rcz and 3-Rg #¥8.91-11.54= 2.63 > 0.54 — the differencedggnificant.

Consequently, it follows that in the case of theaméreast height diameter, there is
no statistically significant differences betweer #xperimental variant with clear cut-
ting (1-Rz) and shelter wood cutting (2-Rcz). Oa tther hand, such comparison be-
tween group clear cutting (3-Rg) and the remairiwwg kinds of cutting (1-Rz and
2-Rcz) showed statistical significance of differesof mean breast height diameters.

Fir height structure in individual experimentalatments is presented in Table 4.
It is evident from it that the stand from the expwmtal surface 1-Rz is characterized

Table 4. Number of trees in degrees of height
Tabela 4. Liczba drzew w stopniach wysftio

Experimental variant — Wariant él@iadczenia

Height degree
Stopier wysokaci 1-Rz 2-Rcz 3-Rg
m pcs. — sztuki % pcs. — sztuki % pcs. — sztuki %
do1l 2 2.5
1-2 6 7.8
2-3 6 7.8 1 0.8 4 4.0
34 4 5.2 1 0.8 1 1.0
4-5 3 3.9 8 6.2
5-6 3 3.9 5 3.8 2 2.0
6-7 5 6.5 10 7.7 2 2.0
7-8 6 7.8 13 10.0 2 2.0
8-9 2 2.6 21 16.2 7 7.1
9-10 5 6.5 21 16.2 5 5.0
10-11 4 5.2 20 15.4 4 4.0
11-12 6 7.8 8 6.1 6 6.1
12-13 6 7.8 12 9.2 17 17.2
13-14 1 1.3 7 5.3 16 16.2
14-15 5 6.5 3 23 9 9.1
15-16 5 6.5 6 6.1
16-17 3 3.9 9 9.1
17-18 3 3.9 8 8.1
18-19 1 1.3 1 1.0
19-20 1 1.3
Total 77 100.0 130 100.0 99 100.0
Razem
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by the highest height range — from 1 to 20 m, wihikt from variant 2-Rcz is character-
ized by the smallest range — from 2 to 15 m. No idamt degrees of height could be
distinguished in variant 1-Rz. On the other handhie case of variant 2-Rcz, the high-
est amount of trees occurs in the interval frono @3 m (total proportion — 80.8%),
while in the case of variant 3-Rg — in the interfraim 11 to 18 m (total proportion —
71.9%). Therefore, it can be said that variant 2-Balosest to the normal distribution,
while variant 3-Rg shows right-handed asymmetey,riegatively skewed distribution.

The comparison of differences of mean heights with assistance of the standard
error of the difference of two means (P = 0.95ksdy that in the case of variants:

1-Rz and 2-Rcz #10.23-9.35= 0.88 < 1.28 — the differencernsn-significant,

1-Rz and 3-Rg #10.23-12.55= 2.32 > 1.42 — the differencedgynificant,

2-Rcz and 3-Rg #9.35-12.55= 3.20 > 0.88 — the differencedgnificant.

Consequently, it follows that in the case of theambeight, there is no statistically
significant differences between the experimentaiava with clear cutting (1-Rz) and
shelter wood cutting (2-Rcz). On the other hanghstomparison between group clear
cutting (3-Rg) and the remaining two kinds of auit{1-Rz and 2-Rcz) revealed statis-
tical significance of differences of mean heights.

The proportion of different biosocial classes idiidual experimental variants is
shown in Table 5. It is evident from it that thersd from the variant with the clear
cutting (1-Rz) shows the least favourable biologgtaucture — only 40.6% of trees
were allocated to the main stand, while 46.8% wetassified as dying or dead trees. On
the other hand, the discussed structure in theingémgatwo experimental treatments is
similar, although it is slightly better in variai#Rg in which the proportion of the main
stand (69.7%) is by 3.0% higher than in variantz-F66.7%).

Table 5. Number of trees in degrees of biologitadses
Tabela 5. Liczba drzew w klasach biologicznych

Experimental variant variant — Wariantsdeadczenia

Biological class

Klasa biologiczna 1Rz 2-Rez 3-Rg
pcs. — sztuki % pcs. — sztuki % pcs. — sztuki %
1 21 6.8 50 9.6 71 17.9
2 60 19.3 177 33.8 134 33.9
3 45 145 122 233 71 17.9
Total 1-3 126 40.6 349 66.7 276 69.7
Razem 1-3
4 39 12.6 82 15.7 52 131
5 145 46.8 92 17.6 68 17.2
Total 4-5 184 59.4 174 33.3 120 30.3
Razem 4-5
Total 310 100.0 523 100.0 396 100.0
Razem
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Table 6. Fir productivity in individual experimehteeatments
Tabela 6. Produkcyjré jodly w poszczegoéinych wariantachssdadczenia

Experimental variant — Wariant d@iadczenia

ltem

Wyszczegblnienie 1-Rz 2.Rcz 3-Rg
Productivity in 1991, rh 15.54 10.88 21.83
Produkcyjnéé w 1991 roku, rh
Productivity in 2005, i 28.19 36.70 47.99
Produkcyjnéé w 2005 roku, rh
Change in productivity in years 1991-200%, m +12.65 +25.88 +26.16
Zmiana produkeyjnéci w latach 1991-2005,
Productivity increment index, % 81.4 237.3 119.8

Wskaznik wzrostu produkcyjnei, %

The comparison of differences of mean Kraft clasgi#ls the assistance of the stan-
dard error of the difference of two means (P = Pr@beals that in the case of variants:

1-Rz and 2-Rcz 3.73-2.98= 0.75 > 0.20 — the differencesmgnificant,

1-Rz and 3-Rg $3.73-2.78= 0.95 > 0.20 — the differencesmgnificant,

2-Rcz and 3-Rg #2.98-2.78 = 0.20 > 0.18 — the differencesgnificant.

Consequently it follows that in all cases the digance of differences between
mean Kraft classes was confirmed statistically.

Data concerning fir productivity in individual expmental treatments are shown
in Table 6. It is clear from it that the varianttvthe group clear cutting (1-Rg) is char-
acterized with the highest productivity (47.98)nwhile the variant with the clear cut-
ting (1-Rg) — with the lowest productivity (28.19)mThe productivity of the stand
from the 3-Rg surface is by over 25% higher in carigon with surface 2-Rcz and by
over 41% higher in comparison with the stand franface 1-Rz. However, during the
period of 14 years, the greatest change of prodtictook place in the case of variant
2-Rcz — the breast height diameter cross sectiangdd by 237.3%, while the smallest
—in variant 1-Rz — by 81.4%.

RECAPITULATION

During the discussed period of time, in all expenmal treatments, the young fir
generation was growing after cleaning cuttingshiem $shelter wood cutting (2-Rcz) and
group clear cutting (3-Rg) without any shelter velogtver. The structure analysis of
selected traits (breast height diameters, heigidskaaft classes) revealed that in each
case, the best experimental results were obtagistlarly as in the year 1991, by the
stand on the 3-Rg surface. Stands from 1-Rz and 2tRfaces obtained worse and
simultaneously differing results. From the pointvegw of mean breast height diameter
and height, it can be said that the situation itebeon surface 1-Rz, while from the
point of view of the number of trees, mean Kratisd and productivity — on surface
2-Rcz. The observed facts are in keeping with &selts of the previous inventory from
1991 [Magnuski et al. 1993]. However, the demomstrdack of statistically significant
differences of the breast height diameter and hdhl-Rz and 2-Rcz variants is the
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result of a 14-year long period of the lack of &ddest shelter for the young fir genera-
tion for variant 2-Rcz which proves that growth aselvelopment conditions of fir
in both variants are identical at present.
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JODLA POSPOLITA (ABIESALBA MILL.) ROSN ACA W WARUNKACH
REBNI ZUPEELNEJ ORAZ CZ ESCIOWEJ | GNIAZDOWEJ
PO CIECIACH UPRZ ATAJACYCH STARODRZEW GRABOWO-D EBOWY

Streszczenie Praca przedstawia anaistruktury piegnic, wysokdci i biosocjalnej 39-
-letniej jodly pospolitej, wprowadzonej sztuczniaverastajcej do zimy 1991/92 roku
w odmiennych warunkach stworzonych przez trzznedebnie wykonane w starodrzewiu
grabowo-@bowym, rosacym na siedlisku lasu mieszanegmiezego. Po usuRciu sta-
rodrzewu, zim 1986/87 roku na dziatce zlmia zupetra gniazdow i zima 1991/92 roku
na dziatce zegbnia czesciows, jodta wzrasta we wszystkich trzech wariantaclotveartej
przestrzeni. Inwentaryzacja z 2005 roku wykaza@,w kadym przypadku najlepsze
wyniki doswiadczenia uzyskat drzewostan na powierzchngbmin gniazdow zupetr
(3-Rg). Drzewostany z powierzchni gbnia zupetry (1-Rz) oraz cgciowa (2-Rcz) mag
wyniki gorsze, a jednocgeie r&ne midzy sol. Z punktu widzenia przeginej piegnicy

i wysokasci lepsza jest sytuacja na powierzchni 1-Rz, a aglesim na liczlg drzew, prze-
cigtna klas; Krafta i produkcyjné¢ — na powierzchni 2-Rcz.

Stowa kluczowe:jodta pospolita, gbnia zupetna,ebnia czséciowa, ebnia gniazdowa zupet-
na, struktura piénic, struktura wysoldei, struktura biosocjalna, liczba drzew, produkoggn
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