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Summary

Tree bark may be considered as a natural protectiae Its thickness depends on the tree
species, while in trees of the same species - enBayk thickness changes also along the stem. It
is a highly variable characteristic. The best knganameter is bark thickness at a height of 1.3 m.
The aim of the study was to:

— determine the value and variation of double hhitkness at breast height based on ana-
lyzed pines, larches and oaks,

— determine the power of relationships of doubleklthickness at breast height with se-
lected biometric characteristics of analyzed trees,

— develop linear regression equations to estinegevalue of double bark thickness at breast
height depending on age and breast height diarfietanalyzed tree species.

Experimental material includes results of measurgsifor selected biometric traits of mean
sample trees of three species, i.e. 40 pines @olarches (Md) and 33 oaks (Db). Based on the
collected material basic statistical charactestiere determined for each species. The goodness
of fit of double bark thickness with normal distitibpn was verified in the analyzed tree species.
The power of the relationship of double bark thiess at breast height with selected mensuration
traits was determined in this study.
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1. Introduction, aim and scope of study

Tree bark may be considered a natural protectiva. dts thickness de-
pends on the tree species, while in trees of tihheesspecies - on age. Bark
thickness changes also along the stem. It is alyhigdgriable characteristic.
Knowledge on thickness of tree bark is of significaconomic importance. In
the 2" century bark was considered as a waste produatoofiworking. At
present not only foresters, but also gardenerdaatiengineers consider poten-
tial utilization of bark. Bark of some tree specigsused by industry (e.g.
spruce, oak). When determining tree volume on stgniees a certain percent-
age is deducted for bark in order to determine wwaldme inside bark, wood
being a desirable and valuable raw material fousty. The determination of
bark thickness at breast height is of significamp@rtance for the improvement
of methods to determine stand volume and volumeement. The accuracy of
determination in case of stand volume and volunseeiment is determined by
the accuracy of the determined proportion of thedsnin diameter outside bark
measured at a height of 1.30 m.

Bark thickness may be determined as the differdmdeeen the diameter
of a tree outside bark and diameter inside barkubh a case we obtain double
bark thickness. Usually diameters (inside and detbiark) are measured in two
perpendicular directions and the mean differena@sgimed to be double bark
thickness. Bark thickness may also be measured) asivark gauge; however,
we need to consider high variation of this chandstie at the circumference.

The best known parameter is bark thickness atghhef 1.3 m. It depends
on breast height diameter of a tree, i.e. the diarmaeasured at a height of 1.3
m. Studies conducted to date on bark thicknesstanélationships with other
characteristics concern primarily the most impdr&gonomic species, i.e. pine.

The aim of the study was to:

— Determine the value and variation of double bidnkkness at breast
height based on analyzed pines, larches and oaks,
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— Determine the power of relationships of doubleklihickness at breast
height with selected biometric characteristicsrdlgzed trees,

— Develop linear regression equations to estinfaevalue of double bark
thickness at breast height depending on age argtineight diameter for ana-
lyzed tree species.

2. Experimental material and methodology

Experimental material includes results of measurgsmér selected bio-
metric traits of mean sample trees of three spec&es40 pines (So), 24 larches
(Md) and 33 oaks (Db). Pines were selected at manffom 8 stands in the
Zielonka Experimental Forest Division (5 from eathnds). Oaks were se-
lected from 11 stands in the topuchdéwko Forest $davi following the princi-
ples of variant | of the Urich method (with 3 samptees from each stand).
Larches were selected according to the assumptitreddartig method from 8
stands in the Babimost Forest Division (also 3grfem each stand). Most
important measurement data characterizing analyresd at the time of their
felling are given in Table 1.

Age of each treew) was determined by calculating the number of ahnua
rings at the tree base. Breast height diameters measured outside baidk ()
and inside barkd ) in two perpendicular directions N-S and E-W. Dieub
bark thicknesskj in all trees was established as the differenclereést height
diameter outside bark and breast height diametdenbark. Tree heighh)
was assumed as the total length measured after weee felled. Volume of
each tree\) was calculated by sectional measurements. Bheaght tree form
factor 13 was calculated as a ratio of whole tree voluméhtovolume of a
comparative cylinder with a diameter equal to theabt height diameter of a
given tree and height equal to its height.

Based on the collected experimental material fehespecies basic statisti-
cal characteristics were determined (arithmetic mesandard deviation and
coefficient of variation, minimum and maximum vatjlePower was established
for the relationship of double bark thickness atast height with selected men-
suration traits (agews breast height diameter outside bar#d 5, breast height
diameter inside bark € ,, height —h, whole tree volume determined by sec-
tions —v, breast height tree form factoff -3 and stem slenderness)-
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Table 1. Characteristics of selected measurement traitees tat the time of their felling

Traits of trees N X min max Six V (%)
So
w (age — years) 55 23 87 20.06 36.28
d ,« (breast height diameter
outside bark — cm) 20.59 10.11 31.3( 6.66 32.33
h (height — m) 40 21.03 12.73 28.05 4.70 22.34
v (volume — ) 0.37 0.05 0.86 0.26 71.63
f 1,3 (breast height tree form
factor) 0.43 0.31 0.52 0.05 10.64
Md
w (age — years) 52 15 82 25.09 48.58
d ,« (breast height diameter
outside bark — cm) 26.35 8.35 49.35 10.58 40.15
h (height — m) 24 22.84 9.27 30.20 6.51 28.52
v (volume — ) 0.75 0.03 2.31 0.59 79.29
f 1,3 (breast height tree form
factor) 0.48 0.39 0.54 0.05 9.91
Db
w (age — years) 92 41 148 33.96 37.11
d , (breast height diameter
outside bark — cm) 33 31.48 14.55 56.85 11.17 35.49
h (height — m) 24.83 18.30 34.30 5.04 20.29
v (volume — ) 1.11 0.18 3.81 0.93 83.43
f 1,3 (breast height tree form
factor) 0.48 0.33 0.58 0.05 9.51
3. Results

Among analyzed tree species the biggest double thaoskness was found
for pine, for which the arithmetic mean was 2.05 @ab. 2). This species is
also characterized by the highest variation in y@rea traits, amounting to as
much as 55.53%. Only a slightly lower mean douldekkthickness was re-
corded for larch (2.01 cm), while the smallest whserved for oak (1.87 cm).
The same order was also found for the variatiothefanalyzed trait. In larch it
was 40.71 %, while in oak it was only 33.59% (t&h.
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Table 2. Basic statistical characteristics of double baigkitiess of analyzed tree species

Species N ;( min max Sux V (%)
So 40 2.05 0.60 4.90 1.14 55.53
Md 24 2.01 0.92 4.50 0.82 40.71
Db 33 1.87 0.90 3.40 0.63 33.59

The goodness of fit of double bark thickness wibhnmal distribution was
verified in the analyzed tree species. Goodned# of empirical distribution
with the normal distribution was tested using th@rifogorov-Smirnoff, Lillie-
fors and Shapiro-Wilk tests (tab. 3). Only in cadepine two of the applied
tests (the Lilliefors and Shapiro-Wilk tests) inalied a deviation of the empiri-
cal distribution. In case of larch only the Shapividk test found a basis for the
rejection of the hypothesis on the goodness dbfitdouble bark thickness with
normal distribution. However, due to the slightadlépancy it was assumed that
empirical distributions of the analyzed trait iretmvestigated species are at
least close to the normal distribution.

Table 3.Tests of goodness of fit of double bark thicknésse species with normal distribution

Kotmogorov- - Shapiro-Wilk
Species N Smirnc?ff test Lilliefors test IC;est
p-value
Db 33 p>0.20 p>0.20 p=0.09
Md 24 p>0.20 p>0.20 p=0.04
So 40 p>0.20 p <0.05 p=0.01

The power of relationships of double bark thicknedth selected biome-
tric characteristics was determined in this stddhe following parameters were
taken into consideration: agw)(of trees, breast height diameter outside bark
(d ,), breast height diameter inside badk,f), breast height tree form factor
(f 1.9), height f), tree volume\{) and slenderness)( Results are given in Table
4. All correlation coefficients were statisticallignificant. In each of the inve-
stigated tree species the correlation with breasitt tree form factor and slen-
derness was negative, which means that doubleth&H#ness increases with a
decrease in tree slenderness and a decrease fortrefactor.
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Table 4.Linear correlation coefficients between doublektthickness and selected biometric
traits of trees for analyzed species

Species w d d fi3 h v S
Db 0.595 0.803 0.782 -0.676 0.550 0.691 -0.743
Md 0.598 0.748 0.711 -0.788 0.512 0.608 -0.7%4
So 0.657 0.795 0.717 -0.546 0.644 0.766 -0.804

Recorded results concerning the relationship betwdmuble bark thick-
ness and their selected biometric traits were guuise to develop linear re-
gression equations to estimate double bark thickmag¢dreast height for oak,
larch and pine.
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Fig. 1. Values of double bark thickness at a height 0® IrBdepending on breast height diameter
in oak (Db), larch (Md) and pine (So)
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Fig. 2. Values of double bark thickness at a height 0® IrBdepending on age of trees in
oak (Db), larch (Md) and pine (So)

As a result of estimation of regression equatioraipeters six equations
were generated for the determination of double hhitkness at a height of
1.30 m. Linear equations to estimate double badktiess depending on breast
height diameter measured outside bark:

Db k =0.0452[d,, +0.4487 (3.1)
Md k = 0.0578[d,, +0.4847 (3.2)
So k =0.13620d,, — 0.7506 (3.3)
Linear equations to estimate double bark thickuegending on age:

Db k =0.0110[w+ 0.8633 (3.4)
Md k =0.0195[w+1.0011 (3.5
So k =0.0373(w-0.0148 (3.6)

Variation in breast height diameter in oaks ex@a@#.5% variation in
double bark thickness, in pine it is 63.2%, whitelarches it is the least, i.e.
56%. Variation of tree age in analyzed specieslasser extent explains varia-
tion in double bark thickness. This is most appaiepine, where it amounts to
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43.2%. In case of oaks and larches much lower icomfts of determination
were recorded, exceeding only 35%.

Due to the course of linear dependences of doudnlle thickness with age
(fig. 2) regression lines were compared for threalyzed species (pine, larch
and oak). The aim of the comparison was to veriheter the course of the
dependence in trees of all the analyzed spec&mitar in character or whether
slopes of regression lines are different (Eland4)9Results of comparisons of
three regression lines for this dependence (dobhh thickness on age of
trees) are given in table 5.

Table 5. Comparison of three regression lines for doublé& Bdckness on age dependence

Variability [df| . (x=%)% [ D (y=y)* | D (X=x)(y-y) 5§3frffcsi2'not'hdf Z(y—Y)2
Db 32 36902.24 12.65 406.75 0.0110 |31 8.17
Md 23| 14480.96 15.38 282.20 0.0195 |22 9.88
So 39 15699.38 50.66 586.09 0.0373 |38 28.78
sum 94 67082.58 78.68 1275.04 91 46.82

Error 94 67082.58 78.68 1275.04 0.019 93 54.45
Total 9 97927.55 79.30 1143.39 0.0117
F e = 7.412489; F,,= 3.096553

On their basis it may be stated that not all linege the same direction. i.e.
they are not parallel. Figure 2 illustrating thespendence shows that the course
of the dependence of double bark thickness on ag@ihe differs from the
course of regression lines for the other two sged@ which they are similar.
The course of regression lines for larch and oak ezampared. No statistically
significant differences were found in the course tloése regression lines
(F cac = 2.188844; k= 4.023016811). Thus for these two species coreside
jointly (Db and Md), estimation was conducted farameters of equations to
estimate double bark thickness depending on theohgrees. The linear equa-
tion took the form:

k = 0.0084Lw +1.305 (3.7)

Analogous comparisons for species were conductelihfar dependencies
of double bark thickness on breast height diamai¢side bark (fig. 1). Results
are presented in table 6.
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Also in this case it was found that lines were patallel. Moreover. the
course of regression lines was compared for larch @ak (Fca = 1.17276;
F @b = 4.023016811). No statistically significant difece was found in the
course of these lines. Parameters of the equatiesttimate double bark thick-
ness depending on breast height diameter wereatstinfior larch and oak con-
sidered jointly. The equation took the form:

k =0,0461d,, +05773 (3.8)

Table 6. Comparison of three regression lines for doubl& b@ckness on breast height diameter
outside bark dependence

Variability [df| Y (x=x)2 | > (y=y)? | D (x=x)(y-Y) 553;?:;'“‘1’*‘ df | > (y-Y)?

Db 32 3992.72 12.65 180.54 0.0452 31 4.49
Md 23] 2574.90 15.38 148.91 0.0578 22 6.7

So 39 1727.55 50.66 235.22 0.1362 38 18.63
sum 94 8295.17 78.68 564.67 9L 29.88
Error 94  8295.17 78.68 564.67 0.0681 93 40.p5
Total 9§ 10452.17 79.30 529.70 0.05Q7

F cac= 15.7813; Fop= 3.096553

4. Discussion

Studies conducted to date on bark thickness andlationships with other
traits have been conducted mainly on pine. Thisngerstandable, since it is a
dominant species in Poland and a species of highasmtomic importance.
Long-term studies on breast height bark thicknasgime and its relationship
with breast height diameter outside bark and brbegiht tree form factors
were conducted by Meixner (1964, 1965, 1967, 1970&0b, 1971a, 1971b,
1972, 1973, 1977, 1978, 1986, 1988). Distinct ieteships with breast height
diameter outside bark were confirmed by studieBhychwald (1969, 1970),
while papers by Rymer-Dudmka (1962, 1965, 1969) consolidated knowledge
on the dependence between bark thickness and Ineight tree from factors in
pine. Knowledge of bark thickness at breast heghted for the determination
of stand basal area inside bark (Bruchwald 197@cofding to the concept
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presented by Bruchwald (1971a, 1971b), for therdetation of stand volume
inside bark and its increment it is necessary taldish mean double bark
thickness in diameter subclasses or diameter daksmwledge on this trait is
also required for the estimation of periodical barkrement. which is used
when determining stand volume increment outsid& baing volume tables for
standing trees by a single measurement at the éntieogrowing period

(Smelko 1964).

Meixner (1973) for bark thickness in pine overmatstands found the
mean coefficient of variation to be 25.9%. In ca$eesults presented here a
higher variation was found in pines. as it amounttedhs much as 55.53%.
Meixner also observed a linear dependence of lhéekrtess with breast height
diameter outside bark. Correlation coefficient mohgrom 0.546 to 0.669,
which showed an effect of variation in breast heidgiameter on the overall
variation of bark thickness ranging from 29.8% #08%%6. In this study the rela-
tionship of bark thickness outside bark was strongg correlation amounted to
0.795. Variation in breast height diameters of yred pines in 63.2% explains
variation of the discussed trait.

5. Conclusions

1. Mean double bark thickness at breast heighesan different analyzed
species. It is thickest in pines. followed by lasland finally oaks.

2. Bark thickness is characterized by a very highagion. For pine it was
as much as 55.53 %, for larches it was 40.71 %\gbikie lowest for oaks, i.e.
33.59%.

3. Bark thickness increases with age of all analyzee species and with
an increase in breast height diameter, height adme. In case of breast
height tree form factor and slenderness the cdioelds negative.

4. The new linear regression equations to estirdatéle bark thickness
depending on age and on breast height diametemunmgshsutside bark for pine.
oak and larch were developed.
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STATYSTYCZNA CHARAKTERYSTYKA PODWOJNEJ
GRUBOSCI KORY DRZEW NA PIERSNICY NA PRZYKLADZIE
SOSNY(PINUS SYLVESTRIS L.). MODRZEWIA
(LARIX DECIDUA MILL. ) | DEBU (QUERCUS ROBUR L.)

Streszczenie

Korg drzew mana nazwa naturalnym ptaszczem ochronnym. Jej gédbmalery od gatunku
drzewa. z&u drzew tego samego gatunku od wieku. Géélkory zmienia si tez wzdtuz pnia. Jest
cechy bardzo zmierng Najlepiej poznana jest grusdokory na wysokéci 1.3 m. Celem badgest:

— okrélenie wielkaci i zmienndgci podwadjnej grubéci kory na pie¢nicy na przyktadzie
badanych sosen. modrzewigtmw.

— ustalenie mocy zwzkéw podwadjnej grubgei kory na piegnicy z wybranymi cechami bio-
metrycznymi analizowanych drzew.

— opracowanie rowriaregresji liniowej do szacowania wiel@ podwadjnej grubéci kory
na pieénicy w zalenosci od wieku i piegnicy dla omawianych gatunkéw drzew.

Na podstawie zebranego materiatu badawczego ditega gatunku oké&kono podstawowe
charakterystyki statystyczne. Sprawdzono zgédrrozktadéw podwojnej grubsei kory bada-
nych gatunkéw drzew z rozktadem normalnym. Ustalsito zwiazku podwdjnej grubgei kory
na piegnicy z wybranymi cechami dendrometrycznymi.

Stowa kluczowe:sosna zwyczajna, modrzew europejskb dzyputkowy, grub& kory, wspot-
czynnik korelacji, regresja liniowa
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