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Summary

The paper presents the volume and variation oftheigd periodic increment in height of
common oaks aged 10 to 140 years, growing in twesfosite types typical of this species — fresh
mixed broadleaved forest and fresh broadleavedstfoEexperimental material included selected
results of stem analysis of 33 oaks (aged 41 toyk#8s) coming from 11 stands. Stem analysis
was performed at 10-year intervals during the diferees, which made it possible to compare
values of analyzed traits of trees for a total 86 2tems of different ages.
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1. Introduction

Growth and increment of a tree as well as factéiscéing its size and
variation belong to the basic fields of researchfdrestry (Assmann 1968,
Borowski 1974). Insight into changes occurringhe growth of trees contrib-
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utes to an appropriate course of silvicultural powres conducted in the forest
management unit (Jaworski 2004). Research in thld has been conducted
primarily in relation to Scots pine. This situatimnperfectly understandable as
it is the main forest-forming species in Polande Thuctuations in growth and
volume increment or selected volume elements haen lanalyzed. Growth
dynamics in pine have been investigated by e.gm&rski (1963),Z6iciak
(1963), Waynski (1967), Borowski, Grochowski (1969) and LemK®1{1,
1972a, 1972b, 1984, 1988).

Height and its periodic increment belong to majendrometric character-
istics. They have a direct effect on accuracy seaaf estimation of volume and
volume increment of a single tree and the entiendgt(Grochowski, 1960;
Gieruszyiski, 1961; Bruchwald, 1971, 1999). Periodic incratrie height is a
variable characteristic. It depends on the ageredst and growth conditions
(Beker, 1997; Lemke, 1972a, 1972b; NajgrakowskR8 Rymer-Dudziska,
1997, 1998; Kamierczak, 2005).

2. The objective and scope of studies

The aim of the study was to analyze fluctuationghweige in the volume
and variation of height in oaks growing in two fstrsite types — fresh mixed
broadleaved forest (LBiv) and fresh broadleaved forest). Similar analy-
ses were conducted for the current 10-year incrémeneight. Moreover, the
study included the strength of relationships betwheight and increment in
height with selected traits of trees. Based onrdeteed dependencies equations
of linear and multiple regression were developedrder to estimate height and
its periodic increment in oaks.

3. Experimental material and methodology

Experimental material included selected resultstefn analyses of 33 oaks
(aged from 41 to 148 years) coming from 11 starkle £opuchéwko Forest
Division, the Pozna Regional Directorate of State Forests). In eacthefll
stands a 1 ha experimental plot was establishedhich — following principles
of variant | of the Urich method - 3 mean sampée$rwere selected (a total of
33 stems). Some stands (6 out of 11) were growirfgesh mixed broadleaved
forest sites (LMw), while others (the other 5) — in fresh broadkshforest
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sites (Lsw). Major measurement data characterizing invesgiy&rees at felling
are presented in Table 1.

Table 1 Characteristics of selected measurement trattee$ at felling

Trait N X min | max | Sy |V (%)
w (age — years) 33| 92 41 148 33.96 3711
h (height — m) 33| 248| 18.3| 343 504 20.p9

d , (breast height diameter outside bark —cm) 33 81.44.55| 56.85| 11.17 35.4
k (double bark thickness at a height
of 1.3 m—cm)

v (volume established in sections 3m 33 |1.11 | 0.18 | 3.81| 0.93] 83.483

O

33 | 187 | 090 | 3.40| 0.63| 33.59

Complete stem analyses were conducted on felled seaple trees in 2 m
sections. Stem analyses were conducted duringifiheof trees at 10-year
intervals. This facilitated a comparison of valeésnalyzed traits of trees for a
total of 285 stems of different ages (from 10 t® y#ars). Stem analysis is a
method to investigate changes in different charattes of a tree during its
lifetime. Thanks to this type of analysis we mayedaine the lifetime history
of this tree. This method is based on the numbéwmaddth of annual rings iden-
tified in cross-sections collected from differenéra heights. Discs were cut
from stems at half-length of assumed 2-m secti@n {ney were collected from
a height of 1, 3, 5, 7 m, etc. counting from theeaf the tree). Additionally,
blocks were collected from the base of trees (heifl®.0 m) and from breast
height — the characteristic diameter of a tree d@ht of 1.3 m). The age of
trees was determined based on the number of animgal from the base. The
disc collected from a height of 1.3 m made it poigsio follow the fluctuations
of breast height diameter with age. On all disogsiwere counted, diameters
were identified and measured in years of life &f tiee (in this experiment this
pertained to the age of 10, 20, 30 ... up to 140s)eOn this basis diameters were
obtained, which a tree had at respective heighitglimidual periods of life.

Results of complete stem analysis made it possiblglot growth curves
and increment curves for individual traits of tre@s well as determine the stem
profile, which in a simple way illustrates ratiokincrement in height and vol-
ume increment as well as the development of stem feith age. The picture
of tree development in terms of height, diametelume and other characteris-
tics of trees was obtained based on stem anafysisducted stem analysis dur-
ing the lifetime of a tree made it possible to cameptraits and draw general
conclusions concerning the development of invetgtyaaks for the total number
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of 285 stems of different ages (from 10 to 140 geaDne of the 33 oaks aged
10 years did not reach the height of 1.3 m. At tieight one of the basic and
characteristic traits of trees is measured, i.diaaeter referred to as the di-
ameter at breast height. This measurement traitusad in further analyses,
thus this tree for the youngest age class was dgdlidrom the calculations.
The presented study focused on growth and increfieeranly one trait, i.e.
tree height.

4. Results

Analysis of height growth and its increment wagteth at the age of 10
years. Fluctuations of mean height of oaks with @gepresented in Fig. 1 (on
the left). Mean height of a tree grew with age fr8rf@5 m to 30.73 m (tab. 2).
Height growth pertains both to the arithmetic messtablished on the basis of
measurements of many trees as well as single trght of individual trees
fell within a wide range in the course of 140 ye@rem 2.01 m to 33.35 m).

Table 2. Selected statistical characteristics of height@mtent 10-year increment in height
of analyzed oak stems

Heighth Increment in heighZh

Age N X min | max | Sy, \ X min | max | Sy, \

szt.| m m m m (%) m m m m (%)
10 32 | 395 | 2.01| 800| 1.26)] 31.93 3.95 201 8.00 1.p81.93
20 33 1786 | 3.75| 12.00 2.07] 26.88 4.0¢ 1.7 6.80 41333.46
30 33 | 11.61] 7.15| 17.00 2.72] 23.48 3.74 1.82 5.8406 1] 28.43
40 33 | 14.72] 869 | 20.67 3.20 21.y4 311 1.17 46091 0] 29.11
50 28 | 16.35| 10.07 20.85 2.85 1744 2.45 1.21 4.86.81 0| 33.06
60 25 | 18.28] 1150 22.7% 3.16 17.81 2.29 1.00 3.8.79 0| 34.50
70 22 | 19.96] 13.20 25.50 3.41 17.p7 2.14 1.02 3.88.79 0] 36.79
80 20 | 21.93]| 15.20 27.67 3.8 17.37 2.02 0.66 3.82.89 0| 44.22
90 16 | 24.35| 17.13 29.80 4.21 17.p9 2.04 1.11  3.40.63 0] 30.59
100 | 15 | 26.09] 18.29 31.38 4.27 1635 1.4b 1.01 1.89.32 | 21.83
110 | 10 | 26.55] 19.63 3194 463 1743 1.34 0.56 3.20.78 | 58.12
120 | 8 28.06| 20.88 32.09 4.30 15.831 1.3B 0.65 2.58.63 0| 47.43
130 | 6 28.30| 22.82 3194 4.05 1483 1.36 0.72 2.J8.76 0| 56.30
140 |4 | 30.73] 25.44 3335 3.61 11.y5 1.7 0.72 2.52.83 0| 47.09
all 285|/16.18 | 2.01 | 33.35) 7.98| 49.32 2.78 056 8.00 1.82 62A47.
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The highest variation in height, expressed in thefficient of variation, in ana-
lyzed oaks was found in the youngest, 10-year t(8&93%). With age the
variation in height generally decreased (tab. 8, B). Between the age of 50 to
110 years the variation was found to stabilize parex. 17%, followed by a
repeated drop to 11.75% at the age of 140 yearsrdrge of height grew up to
the age of 50 years, next it decreased slightlyranthined at a similar level up
to the age of 100 years, followed by a decrease.

The curve of current periodic increment in heightlifferent in shape from the
growth curve for this trait (Fig. 1). The peak afrient increment in height in
oaks was found in the increment period of 10-20gje@aching 4.00 m at the
end of this period (tab. 2). After this culminatimerement in height decreased.
An opposite trend was recorded for the variationhis trait, which generally
grew with age, with a considerable slump in thaqakfrom 80 to 100 years in
the lives of trees (tab. 2, Fig. 2). Increment @ight exhibited a much bigger
variation than tree height. Differences betweenimarm and minimum incre-
ments in height (the range) decreased with age.

Their strength was determined for relationships@ifyht f) and periodic
increment in heightZh) with selected traits of trees. For the purposaraly-
ses the simplest traits were selected, easily méted in standing trees with no
need to fell them. Correlation coefficients weréuakated for the correlation of
height with its periodic increment and age),(breast height diameter inside
bark ), periodic increment in breast height diame#d) ( Similar calculations
were used in relation to increment in height. Thergest correlation with
height was found for breast height diameter indidek (0.922) and tree age
(0.903). A weaker relationship with height was releal for its periodic incre-
ment (-0.501), while the weakest with periodic @roent in breast height di-
ameter (-0.214). All obtained correlation coeffittie were statistically signifi-
cant ato = 0.05. The correlation was negative with the taftber traits. This
means that with an increase in height the increnmehtight and increment in
breast height diameter decreased. In case of imerein height the calculated
correlation coefficients with the same traits welightly smaller, but also sta-
tistically significant. An exception in this respaeas the relationship of incre-
ment in height with increment in breast height déten (0.454), which was
bigger than that found for height and incrementbieast height diameter
(-0.214). For age and periodic increment in heightcorrelation coefficient was
-0.666, while for breast height diameter and inaenin height it was -0.516.

Results concerning the dependence of height anérment in height on
age, breast height diameter and increment in biegight diameter were pro-
mising and thus equations of linear and multipressions were developed in
order to determine the height of oaks and incremienieight.
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As a result of estimation of parameters for redogsgquations the following
equations were obtained in order to determine heifjbaks:

h= 4533259+ 0.211777w (3.1)
h=4.291777+0.658594d (3.2)
h = 3.888593+ 0.085036 w+ 0.421857.d (3.3)

In order to determine periodic increment in heighbaks regression equations
were developed, which took the form:

Zh=4.200766-0.025886 w (3.4)
Zh=2.699722-0.037956 w+ 0.081604h - 0.007125d +0.299348Zd  (3.5)
Zh=2.762335- 0.039260w+ 0.076986 h + 0.285569 Zd (3.6)
Zh=1.841383+ 0.053585 h - 0.092782d + 0.536377.Zd (3.7)

The fit of all equations was assessed. Resultgiaes in Table 3.

Table 3. Coefficients of linear, multiple and partial coatbn of height and increment in height
with selected traits of trees used in regressiaratgns

Equation Traits oftrees_— indeCorretla_ttion coef R? R
pendent variables ficients partial
X1 | X% | X3 | X [linear| multiple w h d Zd
(3.1) w 0.903 0.815
(3.2) d 0.922 0.851
(3.3) w| d 0.934 | 0.872] 0.38D 0.556
(3.4) w -0.666 0.443
(3.5) w | h d| zd 0.745 | 0.554| -0.4230.277|-0.025*| 0.295
(3.6) w| h| zd 0.744 | 0.554| -0.5330.284 0.337
(3.7) h| d]| zd 0.677 | 0.458 0.158 -0.358 | 0.507

*correlation coefficient non-significant at= 0.05

Empirical development of regression functions airailar level of accu-
racy describes variation of height in oaks. Valoésige may be used to de-
scribe 81.5% variation in height, while slightly rapi.e. 85.1% for breast
height diameter, whereas for both traits jointlyvas 87.2% (tab. 3). After the
exclusion of the effect of age the strength ofdbpendence between height and
breast height diameter was smaller (0.556). Whenefifiect of breast height
diameter was excluded, the strength of the relakigmof height with age was
much smaller, as it amounted to only 0.380 (tab. 3)
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Regression equations for the calculation of increnme height of oaks at a
much lower level explain variation in incrementhieight (tab. 3). Age of oaks
explain only 44.3% variation in 10-year currentrgmoent in height. When we
considered four traits, i.e. age, height, breasght diameter and its periodic
increment to be independent variables, the vanadf increment in height was
explained in 55.4%. In this equation (3.5) the fioet atd was statistically
non-significant, which was confirmed by the coeéitt of partial correlation at
the excluded effect of the other traits. After élienination of this measurement
characteristic from the equation the input of labaas reduced at the collec-
tion of data for calculations, which did not resumlta reduced fit of the devel-
oped function (3.6) of multiple regression. Vaatiin height, breast height
diameter and its periodic increment (equation 3n8s explained in 45.8%.

In relation to the developed functions for the dwiaation of increment in
height it is of interest to point to the charactédrdependence between tree
height and increment in height at the exclusiothefeffect of other traits. This
correlation was weaker, but it changed into a pasibne (tab. 3). This may
have been caused by a higher intensity of growthr@ast height diameter of
trees in comparison to their height growth.

5. Conclusions

=

. Mean tree height increased with age.

2. This variation in height generally decreasechweitie. The biggest variation
in height of analyzed oaks was found in the youhgre®s, amounting to
31.93%. In the oldest trees it dropped to 11.75%.

3. The peak of the current 10-year increment igliteof oaks was recorded at
the age of 20 years and it amounted to 4.00 m, thighincrement in height
decreasing afterwards.

4. Increment in height exhibited a much bigger aton than tree height and
generally increased with age, although this inerewass irregular.

5. Breast height diameter inside bark and treehagethe strongest correlations
with height, while the correlation was weaker faripdic increment in
height and increment in breast height diameter.

6. In case of increment in height calculated catreh coefficients with the
same traits were slightly smaller.

7. In order to determine height of oaks and peciodcrement in height new

empirical functions were proposed, which practigpplications should be

assessed in the future, based on independent ealpiraterial.
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ANALIZA WZROSTU | PRZYROSTU WYSOKO SCI
DEBU SZYPULKOWEGO (QUERCUS ROBUR L.)

Streszczenie

W pracy przedstawiono wielké i zmiennd¢ wysokdci oraz okresowego przyrostu wyso-
kosci debu szyputkowego dla drzew w wieku od 10 do 140amtostych na dwu typowych dla
tego gatunku siedliskowych typach lasu — lasu raiesgoswiezego i lasuswiezego. Materiat
badawczy obejmuje wybrane wyniki analizy pniowej &Boéw (w wieku od 41 do 148 lat) po-
chodzacych z 11 drzewostanéw. Analipniowa wykonano w latackycia drzewa w okresach 10-
letnich, co umaliwia poréwnanie wielkéci analizowanych cech drzew diginej liczby 285 pni
w réznym wieku.

Stowa kluczowe dab szyputkowy, wysok&, przyrost wysokeéci, krzywa wzrostu, krzywa przy-
rostu, wspoétczynnik zmiengoi, wspotczynnik korelacji, regresja liniowa i widdrotna
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